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| R Hawkes @FEO R & o [I2DW0W T

H AL -l EA - A R = 4 )

FOBRRIL, ERATIE, BRI, JUSE, HIE, MR, RoOfE, BiofiE, @Eky b —
7 OREERE, i U722 M, K, FoRREHERTRAET IRV Fo TSt
AR T HARLY —NVTH D, A XY MPFAET ZHEBOMBEIIS LT, MBRET VI,
ZER B L B (F X)) HBRED 2007 5 AIZGHEENS, O 2MEOEFILVD
EWIE, BEICIENZERESS ), ZRICESVTA XY FEEBRVICERSE Z LS TE
LEV)HETHD. AT A TOHBREOHT, RN EZIGREMMIC, 9 X5 —fb3h
7oAk, HUEZAE O ETAS (epidemic-type aftershock sequence) E 7 )V (Ogata, 1988) % &
#r Hawkes O H b 82 (Hawkes, 1971a, 1971b; Hawkes and Oakes, 1974) (IZ34HE LA, 2
DAL DORIZ, Hawkes ALK LT, MERINT 7 7 A5 ¥ 7, FERNHMEK, EM 7VT
)AL, FREGHT, A XENT R EDL K Oy — VB S, F7z, AR B
T 5B b % X N7z (Reinhart, 2018 DL ¥ 2 — %5 ).

D71, Hawkes MFEOEN, FBE, IWHICHT2HESZRTTS I LIl o7, Hawkes
BRI TARHEFTIIINETIIIHE L DS, AEEEFTIIMICEE RV OTHAS. H
AFETHDIPNTVE720, IDELOHARFEER—ALTHENOWNIEE, FFICRFERAERHE
FRHEIS, COBNLEY—VEBALTL bW\, I, oo BROAR Ok S
7 o 72 Alan Hawkes FCA%, 1960 EAUA 5 1970 SEAUIZ T TORUHFEDIIJE &, Hawkes #F
ORI OV TOHFRMICABEL TN/ ET, LYz HBLE o7z,

AYFETIE, 7TOOWMXAEEEIN, 3 200H 7T —IZHHINTWA.

RAID 2 DDFLTIE, Hawkes #FEEL ETAS EF VDA =1 —IZOWTFHLIMBAMLT
Wa, [BHEORERIIR%ZD0HDTH 5] (Johann Wolfgan von Goethe). Alan Hawkes D
XX, Jing Chen & OIFET, HFETHIAN TV L2, WMERTHARIEICHRL, LFEOHE T
e LT 20T, RFTOHEEICHEATH TS, FEREORLTIE, HitHEs
OB ORER L, Hawkes WAEDSHERETICED I HIDHEN20Z2 3B L TEB Y, Hawkes
MREOR O EERICHAB L LTETAS EFVEMMAL TV 5.

2OH®OH T T —DFHL L Hawkes @R ICE T2 FETH 5. MUOTXLTIE, F XU
DAY b T — 8 ORRY % Hawkes DI TR T b, i, FREMAT vy FTOAY ¥
M, TR AOBREEY &N TC, BTV VA LA THA R VTV A, FRI, B
MELT AHEERERET S HEEZRLTWAS., FIREAOORMLIE, 2EEFR—7 L
2, EAHEEEOMIC, WERMOY — R VHEEEE S5 270 Waxed, HRICBITAS
IaF AN ADOYHEBREOGHTIIEH S TW 5.

3 2DHODH 7 3 —IF Hawkes FEDISHIZDOWT, &b B ETAS £ 7NV OHEFE~DIN
HTH 5. aHOMmXIE, EHIZHED IR Hawkes ET VORI OBIZ R L, HET—

LRRRIEEMESERT ¢ T 190-8562 BRI T AEHT 10-3
2 BFRHKRS: i be KBS ETZERr | T 169-8050 Hifed X VH AR HI 1-6-1
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FIHHAL TS, FEEOMLIE, BEORES EHENEORMBEIRLERL T, hkah
7ZETAS €7 V@M L7z Rz L &0, Bll7T— 5 oWiEe T 7 VARG LR
LTwab. B & AR OFLIE, Hawkes B & IXEHEREIR % 2%, Hawkes WA ICH WD
W EANLETZDDRWHIEZ/RLTWS. Thid, Wheatley et al. (2016) & Stindle and
Chen (2018) TH -z S5 N7 W Hawkes WMEE L 120, WESZ I A5 Y ¥ FEEIHE - TR
LN AL TR TOHEIBEELEL T ENETH 5.

SR OFFETIL, Hawkes BFRICEE T 2 8GR, FE, BMiE2 IO 7 RKOFGLICEY) AL 2
ERARTEETH Y, HBRELLTHHETAZ EIZEELY. LA L, Hawkes BREOEE, HE
B, WHZ EIZ2onTlE, T TIREERIERS LI N TS,

Hawkes M2 (X, 4 OFRPLRTHDOZ 5 A7 =R (EOHENER) 2iiX, Zh o0/
OB R RNEBREZHB T 20122 Eh s, BREFEASRFOWMFIZBNT, &
BREF— T M ORDRE LG —LETFND—DE R >TW0A, AT, BHEMNRT—%
RAEBMOSRERREICID, HBRET—FVFITCBVWT Yy 77— EHEIN TV 5.
ZEDOY = Y A(F—=Fty MR, BREEOMBFLREZELEVWY T VA (F—=F Ly
M) TIE, FREOZ 725 —LRFHEWRE ERmLL TP 2720 00HEL Y — R —f
M7 L—2T7—702LFEN, Hawkes HEBIZ O LI RHWIHEL TWVWE. 2OTOELAD
e, HpERRetP B IS  OFE L IRRVEREZIOR L CE DY, FLRFLE IS4
TA Y TRERAPH L EITHECRVWES),

2 £ X #
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Hawkes JBEFE DA A 52 *

Alan Hawkes' + Jing Chen?
(Zfl20214F1 H2H 8ET2H9H #8217 H)

= =

COENT Hawkes BFEE LTHION A Z L2 72, HOEHENSER & B R 5 8
FIZOWT, 1971 FE0 5 1974 EEDOMICHER EN/2—H D 5 KOFHLIZ DWW TP, Alan Hawkes
ANDA VEF 2= ZHESLHDTE. MAT, TNSDHLDIEER D Alan Hawkes DL,
Hawkes BEEDWIEICR > TL B F T, YA ED PP o700, TFORIEI T2
EIZOoWVTHEWVWLDOPESTHEHoTWET,

F—U—F:!Fa2—, ETASTEFN, 4 FFx ), S, 4B, HREE.

REE . AL, Hawkes BFEDELEE TH A Alan Hawkes K72 B X L, Hawkes BFEDO WA
DEFUIZONWT, TELRLDOVLDPDHEMICHEL TWA22 LI DIFEFS LA
DERZERVE L, ERITE LW L2, Alan DVRAAMKIAL 2L &2 LzwEH L
TN FE L7z, Alan & Hawkes MO ER L72F —/8—Y ' TH 5% Jing Chen (B
) H Iz D EEDORFEFHEHIFE S TNBEEH TT.

CONEDHBIL Alan HHV2D O T 41 HOEHEZFIBH & 20 T4, KHEONE
WCZANDOFEENEDb> THWET.

1. 1FU®IC

DX BBLLNFEREERITT 5 Y v —FIVOEETIZ, Hawkes BREDERIZOWTE
FOEEE W R EREZZIE LT L2, BOUIZW AL O OEBA~RSHET 2 TE W)
REEWLREETILLY, 3IPLBHELEIE TV AZEwERVE LA ZORERZD
XETYT. ZOXHERPYEMIHTI2ROEEEZEATTH, LVELDTF—<IZo0THEW
TVET., ZOTF—<IZOWTORDOIFERIIWP O L 2012 SELUBEZ OBFIRE > T2 D
DWFFED 2 DICWREIC T BT . BHITOWTIE, RAORMETH 5 Jing Chen %% LT
WBEHATLI LG R o72TL ). BROBMIFFIIRKZNDOPDN TT. 20720,
R FBEZR IR > T NL L HIZBHVWE LT L. ZOXEDORTEIEFA (Alan) 2%
FEN2LOT, Jing PWHBREOFEHEZL LD ET, FHONBEIZZAOEENEDL > T
F9.

1 School of Management, Swansea University, Bay Campus, Fabian Way, Swansea SA1 8EN, UK;
a.g.hawkes@swansea.ac.uk

2 School of Mathematics, Cardiff University, Senghennydd Road, Cardiff CF24 4AG, UK;
Chenj60@cardiff.ac.uk
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1.1 BE

FUL 1960 4EIZF V7R - AL v Y - 0y FUOMFREFEL, & 5ITHMVARRZHIT O
FHEDO 1 ERBR 2 B0 L7202 —= T4 ALy Y -0y K OMGHEHRICEY T L2
ZOEDOKD Y IZIL, EEHEGEMEIZISH S TY AL TH B Z % L TV 5 Maurice
Bartlett #IZOIFED T CTHFEAEZIZ LD FE L2, 1 EBRIZOFRETHRMOR 45, &F
EFOMOEREZ R LEDOMIgEE T E Lz, BROEMRICIX 1965 £ L T L2,
Z DDA ERERE X David Cox #I% T L7z, David Cox ZIZIZIIMAIN CTEE R 7R ERED
B HDTTH, Cox HiZld Cox BEELIFIINS L L AMSNBREF NV ZRMIIED X
L7.

AR TR, RIEFEBITHHEBICOVWTHEIZ 2 OOMXEREL T Lz, BEEIZH
GO E D o U”H%’\%%Eﬁtk#ﬂliﬁbi L7z, Z0%IIMkA BT —<IZDOWTHE
WCADDWMLERELT L, 22— 4 - ALy Y -0y FVIEMRICEREDEH
ERAELTINFE Lz, 0y FUREN, 0¥ FrOMoREDHE (Cox X David Brillinger
D& BFEE)RHEN S OELLHMBLRRT A ENTELLIF—2HBELTINE
L7z, SAED S OF LRSI, BEZZHT S % 5 X BB ICEHBR L 7205 E Jerzy
Neyman % Peter Lewis 2% £ $ 9. Cox and Lewis (1966) &, W{ 29 DHEET IV E —F4
WCHEIRIRWE ) 7S5 7R BRLF LD, BIETF—FOMICEPFLTHE L Ride b bir
O OIERE TdH 5 Bartlett (1963) (24l % =T £ L7z, Bartlett (ZZ DL D H
T, ZO®HIZELR L LTHBRIZBIT S Bartlett ARZ MLVELTHOSNEZ LIZRDL D%
POTHAMALE L7z, I LIES S ORI BRSSPI REERBEWASH 2R L TS
THAHH) EVIHBICED F L7

2. WL DHPDOREMABEE

Z DETIX Hawkes WBREINZ DWW T D 5 KOG (Hawkes, 1971a, 1971b, 1972; Hawkes
and Adamopoulos, 1973; Hawkes and Oakes, 1974) 23E 2 1172 1971 4E00 5 1974 FEDEHIZD W
THEXFT. ZOUKRIETD DA A Hawkes BFE L FIFIENTE 59, HOBHE R OHEE)E S
W LIFEINTHWE L. AP ZZTHELS RN RO 2T LI2iE, BSEICE R LR
D5 DODEMDND 3 O DREFEThTHET.

REE D S5DEM 1 Hawkes BEEARB I NI, LX) LEBEREFTVICAZDYH D
¥ L72%. Hawkes BREEFIVRMEFT NV ZIBHTEICH2-o TORELR S TEL 72D DI
EDLHIBLDOTLIH.

1969 4128 T A RFIIE - 728, RIFBICHBERICOVWTHEANIE Z KO TWE L.
Mg, MEBEIIHLIEEOMLELED TITWVFE L7255, Poisson iﬂ’fi, V)= a—T7 Vi,
semi-Markov BFE (Hawkes, 1970 (ZIE DT —~< I T %530, UM Z T Neyman-Scott
R Bartlett-Lewis A2, Cox #FEZBRIFIEX, %< 0){‘7‘)1/533%“$%0)E§ LEEDTNHS X
INHMCIERZ FHATL . FAZHRIC Bartlett 12 B2 2T CWie7z0, HHVWH LWET
WVaREAL, €0 Bartlett A7 MVERDIFZZEHRTELZDd LG nERsT0E L.

SHRIEBRIIOVWT o LAV ERE L, FEHA75BE R @t i Markov 8K (Bl 3,
HHLRE ] CTHEBCREE 2 & O Markov #8f8), =2 — 80 Y D5K, BRISERITHEE, X T2A0RE
M, F0LIBARY FOFNEETMET LD THNEED L) LbDOTHoTHEH
WEOTWET.

ZOLIFH L o/ EREIE, FIREEETTH S Z2ED » 2FHRE L TR 5 2
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ETLZ, avyEa—FI3WHENICERCTERIICH D T LN, FENINS CHED BN
bOTL, V7 My =T 3EH#EEO N TRENTL. ETIIHMADOTAZ ETRELS
NV HVWRT TN Ay Ca—y EBREEHOYV 7 by 2 7HFIHTEETL, V7
72T D% L BMRAPOMEZEDOEHOBETERTHHTAZIENTEEY. IV Ea—%
DN—=FTxT7EVT7 N2 TOREE, BEEOSVWREDOT—%, Hl 2 13HEIR &/
TORIVBITLEOREIRENDT— %, Z#HEOLIEIREFHICL T L.

REZED S5 DER] 2 : Hawkes #BFEIZ E ) R o TERVO WD TT D). Hawkes BWERITFADE
FNBUFICHICI T FE L. REDECIIRBEDOZL LI OBEMOE Z \ZHIKDH 5 DT
FawnhrtBuig,

EREICEDIRSTEI Lrolzd, THEREFDIII 2PN TIL, Bo& 0 EiI3HE
ATVWERTA. WOPDIHOWRENY:, FHIRGGERITBENOIGH IO WTIEED
NTWE L7225, BIfEARIC N2 b O TLR. %< @AY Hawkes BFEIZIC 4 IZHED
WA T B DI E N2 v o T Hawkes BIEDH L ZEH XD T T4, ZHIIIEL
L BWZ B STY. 7272, Vere-Jones (1970) D BLBEZE W EH LAY Hawkes (1971a) THIH &
NTEVETH. oL SHEHFBOREREELZ - AFRH L L2, RIS RICrEHN
BT ELEITRELEZTCVD, RICHBOGHT 2R 58T L. Hawkes (1972) Tld~—
A EFHEEEERAL, (=X BEEOEFTVOHEF — ¥ ~DOHEIET T L RFED L.
Adamopoulos {2 X % [E W I EREEFDTVWE L7-.

Z ® Z & 1% Hawkes and Adamopoulos (1973) THEEZME O F L7z, FEE Hawkes MFEDFZHMN
BRBEANOMDTOHBATLZ, 7272, TS OBBEFRMNEA SN2 KE, FROFHEOHFIZIE
LHLAAMBEOZ LIS THATLE., TAIIIHBOMBMNIIEALEHYTRATLED
T, ZOMLIIFNBRVHLTIEH ) TEATLRD, HESZIHEVTREENH 5 LD
TWE L7 WEFRZRECOVTIL Ao THETND, MERE, HICELLRARAD
HEEMEIL, BEICA RS — A NVEEALT 2L EFLRLZENTETCEL
L, BELZBEHREFSVEEOAEL R ETAS EF V2B L TWE L7 (Ogata, 1998). &
NOHOZ LIZFRER 2 FHUT HUEEDMY LiFCnE Lz, LREBHFUOFIZOVTIE
Mohler et al. (2011) #ZH L TL 728 W,

wEE D 5> DB 3 MatiiEiRICOWT, ROHRTIEAXRY bv, BRHBEELTE—
A Y MZHEDCHED, BT — I CEICHV SN TV EEMZE 572D TTA, TEIZ
Heo CHEGREHEE) b i SN T L7z, SHUIARY T .

AREZEENES, HLHEH SN TS )L Cox and Lewis (1966) 25EH W\ Ty £ 928,
Lewis et al. (1969) 13 FN 5D FiEEFEH T 5720 % V>3 Ea—% 712 5 A (SASE IV)
ZHE L £ L7z, Metropolis-Hastings ¥ED & 9 %3 Y ¥ 2 — % 2% L 72 MCMC Bayes 13
FEMICH ) (RoOREOR Y Tid) MBI O— R Y —VITIZEZ R o TR o720
T3 . Hawkes and Adamopoulos (1973)1%, ¥ Z VD AR bV (EY F K75 4 LTI
52r3H5) LEEISRIINKEL I ECENSE L2 BRI 7% Bartlett 2-X27 MV LI,
BIEMT RS BMREBRO L) ot kb E VW) FEZITEILTARY PIVEEE]%
BMALE L.

R 1974425 T A RENH AT 4 ¥ T —RFITEB L, 1978 4EEIC David Vere-Jones %%
A4 vV —IGEREIR TN E L, BETIRE, — iR MOERIZ DWW T O Rubin (1972)
DFERITHEDOWTRIF (Ozaki, 1979) 255K L 72 Hawkes BEOSH TR LS AMSNABER
FUZOWTHFHI LT NF L7, Vere-Jones (ZZF DRI Y #HIr X 5 ICRIGZBZMNITHZ &
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ozt BnEd. wRKLED EM 70T X Al Dempster et al. (1977) DiFEH X
EWFZELLENICIE— i e N TV ELATLA. 4 Tld Hawkes 8% (Hawkes and Oakes,
1974) DIEGEEZ RIS L (DR THET.

3. hEf

REEDPSDEM 4 ZDOADPEHRL T T, BHIIREOR, BHOBERBEDH
BT T RO TV L2, TORS BB T, oMM, 2587 0T %078
WHRIZoT=DTY .

ROWHEZLE L TOF Yy Y TE2BLT, FICAIZEGZOZ L2 ARKRIIHAERRHZ LTS
TWE L7, RIEEFEGRO-OICHRZHET 5 2 L I3ECHL0EH ) FHATLE. B
3H AR Rt Ah 5 EELR BARNEEZ RS 5 2L 2irA 3. Zh oo HARR
HRFZFNIEEDOBEEL (EHEOBI) B 725 L L) RAFEATLE. =2 X
#15 =12 X E, D Hawkes D7 Hawkes (1971a) 232 E ENTH S 30 EOR, 5IHIX
XK 1.5 WTY. 5 HTRERK 200 BIOFIHZEH D 9. FAITEHGHH 2 ITHERCEY:
JEWC DWW TCEBICRLOEME T LI M@ EALE TV DL EIEEZFEATLE. R
3D o ERBRASFCTHZ E R RO TWE L7

A== 74 - H Ly Y -0y N CRILAED S EBAE O David Colquhoun @
ZEEMoTVWEL. HAFBNTVWAARTH Lo BFMEVE L2OTY. EWHEIFOR
(Colquhoun, 1971) OFEFRMEMEICET LIETHOBFEVE LE L7z, MR T—#D 231
7 RBBT LIS, EOL B VOBETRFICKER AN 7 2 BI85 2 L Hffsh b0
) B B IRIZRAANTRITHNT £ L7228, Hawkes (1970) 13 Z OE M5 A EIZE L TER
NBOTLHDFT. MLEFZOILZ L LERZ L Lo VvIZEMBIEL T T L
A%, ENHPEAME %2 RD TWIZEHMTL .

FOBRMBEA X v F ¥ VAN ZBABNERICOVTRICEMEZ LTEE L. A+ F vy
YERIVIIETICERE S B R A VMR EERDARTREEST, Rz LTIEEL4IIEL S
CLLEZLHILIML LI ML TERLS RV ET. A F v F X Y AVITEMIERICS
WTHEERYA MR EF. Bz, BB F v A VESELESEATE W
IIACLFETH, ZOZLICL o TERAIHAZELZVWEIICRDTET. RdAF v F x>~
ANIZOWTH T ) Hi#kdd ) TRATLZ2DS, David [IZHFH#EADH Y, MBLETH LI %
B Z B ENTE, ROFFLAMHT L LB TEE L.

ZFOEHITLTERA DETH 40 4ED DEHN 72 FERE S LWILFEFZE AT » £ L7z, David
BHDFELFHODH L AMTY. HIZLoN—YF 4 - ALy Y -0y Ry TERHEOEIES
JUOEVHEET7zu—LR), 3AD —NVEZEHFEMRELI L. BEALIELVA
MTHEKATT. LB DIIRELZEOTL.

BL Y VTN - Ty YA VOBFOMREFVOREH L2 T L2, ZDOET N
W, HPAEE LA, AW E A HEIICHE T B EEHE RIS OV I 2 BR AT
ST EEWRICL, HOSOMRPOII2=F 4 TRLZIEDTELRVLDERD T LT
o nz, ABREWoEE, EICIIRHWICOWCIHREED 2 EHB RS, ChET
ToltlikbEELMAFLEZTCVET. ZRIIMZEOHFEDEHS LdboTLA. ek
20 DFHLEFRELI L2, ZORIEEL 10 DL % 2% Lk (Colquhoun and Hawkes,
1977, 1982, 1987, 1995a, 1995b; Colquhoun et al., 1996, 1997, 2003; Hawkes et al., 1990, 1992)
IR LE L7z, ROREETH S Assad Jalali LD, F v v AIVEPARERAH 25 ~ 4 7 10
FLUF &) IEFAHIFH L D e W DIBE TE v, W DD F ¥ ¥ VPR
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IZDW T D time interval ommision D EE L FIEOMIII K E L EHKE SN/ 2 & (Hawkes et
al., 1990, 1992; Jalali and Hawkes, 1992) B RTE QIR D FHA. 2OT—< TIIRADME
—DHAREWRL R HHZEDIFICSRLTBE T (A i, 1989).

IV AT LAORBEEICOVTH UOMXERRLELL., TOT7—<IZDOnTIL, 20
BFEO—HBA T F v ANV EHHTLIBICHWAZ2 D EMTIZWE L2AS, RIZERITE
RS H o 72bIFTRHY FRA. ZOF—<IH LD o 2 EREZIRE L7 2 LS E LR
TY. ZELMICIZTZOT—<IZBT % 8 DD (Cui and Hawkes, 1994, 2008; Cui et al.,
1995, 2012; Fawzi and Hawkes, 1990; Hawkes et al., 2011; Jalali et al., 2005; Zheng et al., 2006)
EFEODTHYET. 1ZE A LB T RSO Lirong Cui Z3% & M4 O OBGeAE & o33
T7.

ZOMkE % T =IOV RN G EEREIDHFVEL LV I RKOWLLIH D F L7

4. Hawkes BEADEF

2012 4F{Z Jing Chen &A1Y &) BEAH Y F L7, HLIE Hawkes MO T — < IZK 5
EIICREBELE L7z, MlE, Hawkes BN E&RSH CldAy VT —~]Thor 2k
R S8, e OfFRFRICHRE TS TR E L. RISz owvTida < Ak
HYFHATLESD, BEBELOICHHC LS BFEZHR L -ZNEFNOGEOFiED 5 5
Re, HO—#AFTLI L) T LA FABICHKIEZD SWAH LwES L Hawkes B
DI IZIEWVIBHERHIZOWTEBWDO L 20BN L L) EBwE LAz 7272, THIEARE
ZHETHLZEPHAIKRE Y F L2 O (Hawkes, 1971a) (345 TIX4EM 200 BLEF]
HaEInhtwid.

Fe 4 DSEFE T Hawkes MEEIZOW TR - EIFETHOZIE (T—2 v av S, Yy—F
FE4E S, H) X Jing EEEZ RHB LEM2Z LTNF LD T, ZORIEL DT D 5T T
WheREE .

REHE @ 4.1 BEIIPEFHEED T

4.1 Hawkes B2 & 2RIDRITDFESH

2010 fEICHRME A Y + ¥ YV —RFZOFEEHFIBICEMFOMMmE LTHEMELF L. 2011
FIZIZERIoOWZE, FICEEERGI O~ —7y b A 70 A N5 7F ¥ —DOWET,
Hawkes AR EE LY — VL) DOH B LIZGN D& L2, RRd T2, BT 5%E0
Alan Hawkes 225 #IZAHE 1L Hawkes BEDFZTTH L I LIZHANDE T Lz, WHENG]
OEELRFEO 121, ARV FPEIZE, BEIEZ 5= MNP EFICERTIIBTAELS
2l ENHRLELE I TR —L o THAETHILTYT. DI EITLD Hawkes #FE
T A2 HRGERENTEDNY 3. FEE, T3 TUIF2HHTHL I LINEHI N
TETBY, &RNCBIT 2D Hawkes MO X, BEMEZ BT 2 &2 b EHIEE 5
BRI Ty ZATEIS ED X 5 IZHlb o> T AP HET 5 720D H DT (Bowsher, 2007
& Large, 2007 # ZM). fRBRTid, Hawkes BEZffio Ty I A ¥ — & o THAET LR
K& ETFTIVALT BHFED W DHHTE F L7z (Stabile and Torrisi, 2010 & Dassios and Zhao,
2011 Z2M). RBGEEREEZ, BORER T 22 LR 2 R T B &gl A | & &
BT EVIEZRTT. 20X RIBAIL, REMIIIHEEMREOHREEICEHD-TL S
DT, HEVAZETMUIBWTE L DLATIERICEIRLE V) T EFbhroTVET.

NS OWIIZBIF S Hawkes BFED IS HIZFEH ICHIEZE WD O T . Hawkes BFEDT SR
DEVEL OB THROTEETH VHEICTEDE VD T &% Alan ICHEESELDIZ, FAICD
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IRNEIH D FHATL. 2012 FEICFKR A IZHFIIZEZ 1HD F L7z, Alan I ZFAICHEZRAE (OF
|2 Hawkes iBf%) & #eT#2 8 2, FFFICHD Alan IC&RIZ2 82 T L72. Alan I2& o TORL)
DEMOINHO—EIL, BOBERR Y v —FVITIRIB LTV WL O DRI TRE L Wt
EF v 73 AIEETL.

P& DY W o M OWIET — <12, Hawkes ¥ % ¥ 78 % GARCH &€ 7V IZH#
ARtz ETL., HEHEFIVIZHRE LT L2, BAICGE—EOERM) ¥ —2IZBVWT Yy
VT EBRITAODHEPLETL, HRAREDERLTVEIHED 122 FViEDE L
2hs, VxRS AEIA, BV Yy v TR R R LBRIS, RIS o TS
ZENWA DL ENDLRY T L. FORD, BARZEFOLIZRNTTD IWKIGERT
EEDbND, HILOWHERERLE L, A RIBOTEESBREEZLILZ L2 BRLW
DTTD, BELDPLINEFTOLEIA MY XY —FTNVediHFTAsZLICHLIZELTVE
T, SOk LT TWET. 7275, x0Ty MR, 7Yy DCIZBY
T, KREBUFEREGIFERE Cd 2 KRERE MW 1 ZH 4 (CFTO) il THRE LR, &<
i S F L7z, mEWICEAOH LW FEEZ WA Z L THS 2B LY v »
7 GARCHETWIZRY £ L7, EFNVIIEEMAETYT. BLAIZASZHEDOETVEHELUT,
VXY YTOREDL ) L HTFOWGOWRBIED, EDOXIITKRIT AV T AR LTNS
ONPEBFLIZVEBVET., 297, PL—F—Z1HOEDLYIIRT T4 T1DL
DIEMERTFMEZRONSL L)L A WHEESHDET. TOZLE ML —F—OHFEWNLRER
WEICBOTEBWIER, EHATEETT.

FFREIZ, FAIE Hawkes MAEDORE ST 25T LT 5 2 5 & 9 12 Quantitative Finance ¥ ¥ —
FLVEHELI L. VX —F SRS EORESOEMELR IR L2 EKHINTL
72, B TIE 2018 EOMOIZHRIE L E L7, Chen and Hawkes & ¥4 R LFRIFMEZIZ L -
TENPNTZ 32D (Chen et al., 2018; Khashanah et al., 2018; Yang et al., 2018) & Hawkes
12 & B85 (Hawkes, 2018) 28BS N CTwWE 5.

®#1Z, Khashanah et al. (2018) ® HAEFEHAE K Hawkes €7 )V % 8 U CTEBT S TOHEL
OFNEETFTMMEL T, ZHRIEOFHEERZH VI RPEOXE THEO L 0T, &4 id
—HDARY IIMBD Y 4 TDAXRY P EDOHEERIZLYBAT AL - FTHAETLLHIC
L7z, MHEREM -ZEHETIII L7 +— 2 ETFMELTWET.

KIZ, Chen et al. (2018) 1%, FAFEL D AR D — A IV OEED HFEIRT 5720, KiblEH=
F:#E (AIC), Bayes THHtRH%E (BIC) K& UF Hannan-Quinn T5#HEHHE (HQ) @ 3 > D MEIH 72 1%
WEEHEZ LB L TV ET.

F L, T8 7 7 4 F Y AMERPILBD22H D F LA LD, =2a—RAITXoTHED
B IEEDAAE LTl 2 B2 L TV 2 OIEBETY . Yang et al. (2018)1, EDXHIZLT
BB B 2 likg & RIB OB X SHEANEH T 2 05 % BfFT 572012, HAFE Hawkes
HEZEHLE L, R4, 55122008 SEDOERGEHELEICB VT, T A ML —4—
DEEZ T 5= 2 — AED, ~—4 v POLHZHFET S LTI HRMICE->TET
WL EEFERLTVWET.

COREFICIFESICHIO 6 ROEBS LumXdbBREINTWE T, 7 —<IZHHW
BODEERNRLOMA T, PleB 5L, BIEEXT Y 7 HOBEXIERE Hawkes €7
)V (Achab et al., 2018; Lu and Abergel, 2018), ¥ —2 - 7—J)V - FL—54 ¥ 7 (Gao et al.,
2018), &RICBII AT v v 7L T ¥ 7 (Calcagnile et al., 2018), FLEhME ~FEFEENEIE K
ZhF (Schneider et al., 2018) R OEHR AR — 7 + 1) 4B (Buccioli and Kokholm, 2018) T7F.

SRS T D Hawkes BREDINHZ S 512D 5720, TAIZHAED H 11, The European
Journal of Finance D EFDRMEXED TVWET. XTITA4 VT4 -2 TFRAFY 7, &
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Vv, Ay b —2, K= 74V FR#L, FOL)LERICBITLEDINE
ROV TERT L TETY. TORETITIIERMIZH T S Hawkes ¥ ¥ ¥ 7THHUZD
WT D Hawkes 12 & %5 (Hawkes, 2021) WIS F 5.

Txlx, A—=7147 Q0ITHE), A+ vy IV— QUSHE) Rz -V r—V—HF—FK—
FYDAT 4 =T ATEKE (2019 4F) TO—HED 3 DD T —2 ¥ 3 v 7T Hawkes WD
EREHD LTEE L. A+ YTV —TORMHEIE Alan © 80 M HOFAEH ZHH 2 HFHIZ
D725 DT L7, David Colquhoun 284 4 ¥ F ¥ ¥ AWV T 5 Alan DEBICOWTHEE
LE L7 Moo REH L4 TO Hawkes BRI T 5250 TLZ. AL VA —F—
1¥ Mathieu Rosenbaum, Frédéric Abergel. Steve Hardiman & Judith Rousseau (Paris), Valérie
Chavez-Demoulin & Matthias Kirchner (Switzerland), Khaldoun Khashanah & Steve Yang (New
Jersey) , Fabrizio Lillo (Italy) , Mark Tippett (Australia) , Lirong Cui (China), Anton Merlushkin
(Credit Suisse, London), Enrico Scalas(Sussex, UK)Z LTCT% b5 A Alan Hawkes. &5 L
WEEAEH T L7z,

Hawkes #%E & Z DISHOFERED S ) 1 DDOEH L, HEEA— A V2 bo LEHTLI L2k
952 LT, Chenetal (2021)1F, W% ETAS EFNVOREFH H —F V2B SRR
572012, Mittag-Lefler Bl A — A2V EBEALTWEF. It & % L7 Mittag-Leffler
DT 77 2ALEMEFHT 5 2 EDHHET, €I X o T Hawkes ET VDWW D D¢
OFHEOEMEALZWHEIZ L 3. Cui et al. (2020) 13> { D5 D Hawkes MFEOFHEDE— 2 ~
FEROTLHEERHELTCNET.

FalZ= 2 — ARG L MBATEIOMZE b #kFE L CWE T . Liuet al. ® 2205w (2020a,
2020b) I+ Hawkes #8#2 &2{fibF ¥ PO ¥ =DV TWEF. Liuet al. (2020a) 1%, fifi
BEEZ 22— R X5 THRP S NLHRMOMNE ERILT ST PaE— |20 ERE
AL, BN Lo ThRA 5 A TORGHTEIRHHOL ¥V — A 2R L TWE ¥, 11 EHO
Za—ALWHT—FICHERDE, GRHSRY TV - 754 A (2008 FFEOHENEE L — O
BERER) ORROFI% THA ZBEROMNICEZLEIN TV L2 BRALTWET. HHRO
MNANDOKIGIE, 7Ly Iy —RHENOIREICE D 5 ERBERO LT L > 220 e s T
WX 9. Liuetal. (2020b) ZHPLY PBE—2ZHWT, Z2—XZd4§5 b L= —D G
PEBOWIEHFIZT > L DBFEL LY, Lo TX DRRN MR BRI, Mikks
Za—ADOWMFHIZ Lo TEPENBHEREIW) ANLLERH L L V) I EZHERALTVET.

5. Hawkes BfEDIRTE & [k
REE P Alan OFEIZEY FL X 9. TIIRBOEMTY.

WEED S DER 5 Hawkes ET VORI D TR LIGHIZOWT E ) BE 2 T H. Hawkes
EFIVORROFERIIEDL I RO L EHEFLTVET .

Hawkes WA 30 D DHEHEHEIN T2 L2 E 2 5L, O 54FEMO Hawkes 18
BROBHTGHEEZRTEBEVTVET. B2 —F—ThrHEFEEHISD LBIGTR
TY. REDZI—F—DHTIZER, V—Y v VAT A TRHFHHZOITF CERLB XL
CRONFETL, #RA2OSE, WURERLENITHOLH TS —EDWRGE Lo E T.
Hawkes B2 H W72 ORITHE IV INEDEE VTV EFHL TWE 5%, Poisson
BEBZEITHAHIINE, HAELEVWIZEIFIHEWTLED. HAEAIIIEMEXET.
Hawkes #8213, N— 28, Ry — 2V (WEL LI~ —27 L ZMARMA ), SEERE
OMEMEHOBIRICBVTTILF TN TT. FFHARRKIZE) LKA LR ) HTEET
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HZEBURETY. HA Ik 4 %58 T2 O PEOMEAIN 72 FIH OWFFE 2SRRI HE 2 T <
EFPHELTVwET.

BBV Z & 121, AL (Hawkes, 1971a) TOREIZ S B H 59, Hawkes BEEIIHEZ
EFMET B0 V20 LhERA. ETAS L W) ¥4 FVAVRIRT HNRZDH DT
TH, EEHITEFLDH T ) Hawkes L TEH LT EHA. Fiflao ;2 4V ZEGED
HIZAWEBOZL 2L LE L. BELMOPTIEIZOY 4 7Oz W Tiadsplfi
TRVWEETA. ENMDPEELLOLOPRBD 5 IIEHR T EL720TY. BIREWZ &2,
LIZLIE R N A5 L, Y FIv 7 2m2 b HAD=2— ATV 2 HTL 55
5T

Hawkes MO —W L FHD72012, F-AIZ LoD EF A MINIERTATTRER Y
TET 2T EETNVHEATEOESN 2ty NORBEATVERS>TWE T, LRk E €T
WEEBREE 2 A DTN, ZFIIFICERETT.
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A Personal History of Hawkes Processes

Alan Hawkes! and Jing Chen?

1School of Management, Swansea University
2School of Mathematics, Cardiff University

This paper is based on an interview with Alan Hawkes about the series of five papers
published 1971-1974 on self-exciting and mutually-exciting point processes that came to
be known as Hawkes processes. This is supplemented by additional material describing
the background before the papers were published, why it was 40 years before he returned
to the subject of Hawkes processes and some of the things that have since been achieved.
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A Personal History of Hawkes Processes

Alan Hawkes' and Jing Chen?

1School of Management, Swansea University, Bay Campus, Fabian Way, Swansea SA1 8EN, UK;
a.g.hawkes@swansea.ac.uk
2School of Mathematics, Cardiff University, Senghennydd Road, Cardiff CF24 4AG, UK;
Chenj60Q@cardiff.ac.uk

The editor: 1 thought that it was a great idea to invite Alan Hawkes, the inventor of the Hawkes
process, to answer some questions about the early history related to it. I was so delighted that
Alan told me that he would like to do more than that. Prof. Jing Chen, the key person who had
brought Alan back to the direction of Hawkes processes, would also tell the readers the facts in
recent years.

The first part of this article has been written by Alan, and Jing is the main author of Section

4.1. Both authors contributed to each section.

Abstract

This paper is based on an interview with Alan Hawkes about the series of five papers pub-
lished 1971-1974 on self-exciting and mutually-exciting point processes that came to be known as
Hawkes processes. This is supplemented by additional material describing the background before
the papers were published, why it was 40 years before he returned to the subject of Hawkes
processes and some of the things that have since been achieved.

1. Introduction

I was very honoured to be asked to contribute something on the history of Hawkes processes
to a special issue of a journal produced by such an illustrious Institute. At first it was suggested
that I might answer a few questions, but I thought that I would like to say a bit more: the
result is this article which covers more topics as well as including answers to those questions. My
work on this topic falls distinctly into two parts: the early work and a late return starting in
2012. The latter would never have happened without my colleague, Professor Jing Chen, who has
contributed so much. I therefore asked her to be co-author. The first part of this article has been
written by me (Alan) and Jing is the main author of the second part, but we both contributed

to each section.

1.1 Background

I graduated in Mathematics from King’s College London in 1960 and moved to the Statistics
Department in University College London (UCL) to study a one-year postgraduate diploma in
Statistics. At the end of that year, I started as a research student under the direction of Professor
Maurice Bartlett, working on queueing theory applied to problems in road traffic. One year later
I was appointed to a lectureship in the department and continued my research alongside teaching

and other duties. My thesis was completed in 1965: the external examiner was Professor David
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Cox who, amongst many of his important original works, introduced a well-known point process
model called the Cox process.

On completion of my thesis, I published two more queuing theory papers then decided that it
was time to broaden my research area. I published another four papers on a variety of topics.
UCL provided excellent facilities for research. London University had seminars that enabled one
to meet scholars from other colleges in London (such as Cox and David Brillinger) and distin-
guished visitors from abroad, including Jerzy Neyman and Peter Lewis, to name just a few who
made contributions to point process theory. Cox and Lewis [1] published an interesting mono-
graph with some theoretical models, but mostly concentrating on data analysis. Most of all, I
was stimulated by a paper by my PhD supervisor, Bartlett [2], in which he introduced what soon
became known as the Bartlett spectrum for a point process. I decided that point processes might

provide an interesting area to concentrate on for a while.

2. Some exciting point processes

In this section I discuss the time, 1971-1974, when those five early papers on Hawkes pro-
cesses, [3]-[7], were written. Of course, they were not called Hawkes processes at that time but
self-exciting and mutually-exciting point processes. What I have to say includes answers to three

of the five questions that I mentioned were posed to me.

Editor’s Question 1: At the time when the Hawkes process was proposed, what point
process models were popular? What were the main difficulties of applying Hawkes

models and other models?

When I moved to Durham University 1n 1969 I had already begun to think seriously about
point processes. There was some interest in point processes at that time but, it seemed to me
then, not many models apart from the obvious Poisson, renewal, semi-Markov processes (Hawkes,
1970, [8] was on the latter topic) together with Neyman-Scott, Bartlett-Lewis and Cox processes.
I was influenced particularly by Bartlett so that I thought maybe I could introduce a new model
and find its Bartlett spectrum.

Nowadays I have a much broader definition of point processes to include anything that models
streams of events, such as queueing theory, continuous-time Markov chains (i.e. Markov processes
with discrete states in continuous time), neuron firing, epidemic processes, systems reliability etc.

The main difficulties in those days were computing and availability of ample accurate data.
Computers were physically large and remote, though small in capacity and slow in speed. Soft-
ware was limited in scope. Today you can have an incredibly powerful machine on your desk and
a huge range of software, much of it freely available as the result of work of scholars from around
the World. The developments in computer hardware and software have also made it much easier
today to get large amounts of reliable data, for example in physiology or recording transactions

on financial markets every few milliseconds.

Editor’s Question 2: How did the process come out in your idea? This process ap-
peared before I was born. I wonder many researchers who are younger than I might be

interested in the answer to this question.

I do not have a clear memory of exactly how or why things turned out the way they did.
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The motivation was purely mathematical, although some possible applications were mentioned,
particularly epidemic processes. Many people begin articles on Hawkes processes saying that
they were originally invented to describe earthquake sequences. This is clearly not true, although
the interesting paper by Vere-Jones [9] was cited in Hawkes [3]. At this time I acquired a PhD
student and I thought that he should do something practical, so I set him to work on analysing
earthquake data. Hawkes [5] introduced marked exciting processes and included the remark “A
marked process model is being fitted to earthquake data by L. Adamopoulos at Durham”.

This came to fruition in Hawkes and Adamopoulos [6], which was indeed the first application
of Hawkes processes to any practical subject: but earthquakes were certainly not on my mind
when those processes were first introduced. It was not a particularly good paper, because we
knew little about earthquakes, but Seismologists felt that it had interesting possibilities. Since
they do know about earthquakes they, particularly the famous Japanese experts, have been able
to do much better with sensible exciting kernels and developing the well-known ETAS models,
including important spatio-temporal versions (Ogata, 1998, [10]). These have also been taken up

by people predicting criminal activity, see for example Mohler et al., 2011, [11].

Editor’s Question 3: On statistical inference, in my impression, spectrum, generating
functional and moment-based methods were the main techniques used in point process
data analysis. Likelihood based method (MLE) was just introduced. Is this true?

I think that is true. The methods most in use were described in Cox and Lewis [1] while
Lewis et al. (1969, [12]) provided useful computer programs (SASE IV) to apply those meth-
ods. Computer-intensive MCMC Bayes methods, such as Metropolis-Hastings, were in their
infancy but (as far as I can recall) had not yet become common tools for analysing point pro-
cesses. Hawkes and Adamopoulos [6] introduced “a spectral likelihood” method that relied on the
idea that the ratio of the sample spectrum (sometimes called periodogram) and the theoretical
Bartlett spectrum computed at various well-chosen frequencies were approximately distributed
as i.i.d exponential random variables.

I moved from Durham to Swansea university in 1974 and about 1978 David Vere-Jones visited
Swansea to give a talk in which he described the now well-known likelihood formula for Hawkes
processes published by Ozaki (1979, [13]) following a result of Rubin (1972, [14]) for general point
processes. I believe Vere-Jones had some part in encouraging Ozaki to work on that problem.
The EM algorithm for maximum likelihood was not generally known before the notable work of
Dempster et al. (1977, [15]): now it is often used on the branching process representation of the
Hawkes process [7].

3. The middle years

Editor’s Question 4: As many people have noticed, you gave up to continue your
work in self-exciting process for many years, what are the main reasons? During these

years what were your main research focuses?

Throughout my academic career I have always thought of myself primarily as an applied proba-
bilist. I have not been particularly interested in developing mathematical theory for its own sake.
I like to work on a concrete problem that has some practical importance. Those self-exciting

processes did not seem to have generated all that much excitement: according to Google Scholar,
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over the next 30 years the first Hawkes paper [3] received on average about 1.5 citations per year:
nowadays it gets about 200 citations per year. I did not feel that I had sufficient knowledge to
make a practical contribution to, say, earthquakes or epidemics. But I found something much
more interesting to do.

I had known pharmacologist, David Colquhoun, from my time at UCL. I had made a small
contribution to a book he was writing, on biostatistics [16] by helping him with the chapter
on stochastic processes. Also, Hawkes [8] was written in response to a question he asked me
about how often you might expect to see extra-large spikes when observing a series of spikes in
a nerve system. The paper generalised it and abstracted it out of all recognition, but that was
the question he wanted answered.

Then he started asking me questions about minute electric currents passing through ion-
channels, an essential part of the complex communication system that carries electrical signals
around the body, without which we would be unable to feel, think, move or do anything at all.
They are also important sites of drug action. For example, local anaesthetics close channels so
that no signal can pass and therefore the patient feels no pain. I did not know much about ion
channels, but David did and was able to communicate what he needed to know and to understand
the mathematics that I produced.

So began a wonderful collaboration between us that lasted for about 40 years. David is im-
mensely talented: he became professor of Pharmacology at UCL, a Fellow of the Royal Society
(FRS) who worked with three Nobel prize-winners. Such a nice man and good friend, it was a
great pleasure to work with him.

Together we pioneered the stochastic modelling of single-channel dynamics which came to be
indispensable to the worldwide community of pharmacologists, physiologists and biophysicists
who were thereby enabled to extract detailed understanding of the experimental results that
they routinely measure. I regard this as the most important work that I ever did, having prac-
tical importance for our understanding of the bodies of people, animals and even plants. And
the mathematics was nice too! We published 21 papers, of which 10 of the most important are
included in the bibliography [17]—[26]. I should also mention that my colleague, Dr Assad Jalali,
also made a significant contribution to solving the important problem of time interval omission
([20], [21], [27]), when some open or shut channel periods may not be observed because they
last for such a short time; less than about 25 us. Under this topic I also note my only previous
publication in Japanese [28].

I also published 14 papers on systems reliability. I was not so motivated by this topic, although
some of the mathematics was similar to that used for describing ion-channels. I was mainly drawn
into this by students or former students of mine who were interested in that subject and wanted
my help from time to time. The bibliography includes 8 of these papers, [29]-[36], mostly in
collaboration with Professor Lirong Cui, from Beijing Institute of Technology, and some of his
research students.

There were also 15 papers of little lasting importance on a miscellaneous collection of topics.

4. Return to Hawkes processes

In 2012 I got to know Jing Chen, who persuaded me to return to the subject of Hawkes pro-

cesses, which she assured me was a “hot topic in finance” and invited me to work with her on
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that subject. I knew nothing about finance but once again I found myself working with a talented
specialist in their field who understood the mathematics sufficiently well to guide my efforts. At
the same time, I thought I might try to catch up with all the new mathematics and the very broad
range of applications of Hawkes processes. This proved to be an impossible task: the original
paper [3] now gets over 200 citations per year.

As Jing motivated and organised almost everything we did on Hawkes processes in Finance
(workshops, journal special issues ... ), she will continue the story.

The Editor: Section 4.1 was narrated by Jing Chen

4.1 Recent history of Hawkes processes and Finance

In 2010 I joined Swansea School of Management as a lecturer in Finance. In 2011 I realized
that Hawkes processes were becoming important tools in Finance research, particularly in high
frequency trading (HFT) and market microstructure. I also realized that Emeritus Professor
Alan Hawkes, in my department, was actually the author of Hawkes processes. One of the im-
portant features of HFT is that the events (e.g. trades and quotes) occur at extremely high speed
(in milliseconds) and, often, in clusters. This provides a natural environment to apply Hawkes
processes. This, indeed, has proved to be the case and the early Hawkes process applications in
finance are to understand how limit order book activities related to bids and asks that would
move trading prices (See Bowsher, 2007 [37] and Large, 2007 [38]). In insurance, a few researches
also appeared using Hawkes processes to model the clusters in arrivals of insurance claims (see
Stabile & Torrisi, 2010 [39] and Dassios & Zhao, 2011, [40]). The idea is to consider the claim
process as a “dynamic contagion process” that exhibits the self- or mutual-exciting characteris-
tics. Such applications are often found highly useful in credit risk modelling as they ultimately
relate to the classic problem of the probability of ruin

These early applications of Hawkes processes are fascinating, and I hesitated no more to con-
vince Alan that Hawkes processes will be hugely important and helpful in many more areas in
Finance. In 2012, we started to work together, Alan teaching me Stochastic processes — espe-
cially Hawkes processes — and Statistics, while I taught him Finance. Part of his initial training
in Finance was to check the Mathematics and Statistics in several papers that I was submitting
to Finance journals.

Our first research idea that we worked on was to incorporate a Hawkes jump process into a
GARCH financial model. Having developed a theoretical model, we needed a method of identify-
ing jumps in a series of financial returns. We started using one of the most popular methods: we
found that it was sometimes very poor at identifying jumps, especially when the jumps showed
a contagious property. Therefore, we devised a new method that would behave well in those
circumstances. Unfortunately, we have so far found it difficult to persuade quality journals to
publish what we think are quite important results — but we keep trying. Our method of jump de-
tection was, however, well received when presented in a talk to the Commodities Futures Trading
Commission (CFTC), a US government financial regulatory body in Washington DC. Eventually,
we returned to our planned jump-GARCH model, using our new methods of detection, and are
close to completion. We hope, through our model, to understand how intra-day behaviour, such
as occurrence of jumps, is related to volatility. Subsequently, traders may be able to get more

accurate forecasts of volatility at the end of each day, which are practically achievable and feasible
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for their routine decision making.

Meanwhile, I persuaded the journal Quantitative Finance to publish a special issue on Hawkes
processes, and they asked me to be its chief editor. The issue was published in early 2018. It
included three papers written by Chen and Hawkes with various other co-authors, [41], [42] and
[43], and a review paper by Hawkes [44].

First, we model order flows in a financial market through a birth-death-immigration Hawkes
model in Khashanah, Chen and Hawkes [41]. This is opposite to most literature using positively
exciting processes: we model trades and quotes in a mutual-exciting bi-variate setting so that
one stream of events occurs at a decreasing rate due to interactions with the other type of events.

Second, Chen, Hawkes, Scalas and Trinh [42] compare three typical information criteria for
choosing from a collection of possible exciting kernels: Akaike’s information criterion (AIC),
Bayesian information criterion (BIC) and the Hannan-Quinn criterion (HQ).

In the meanwhile, behaviour finance research has been prevailing. Especially, it is clear that
news sentiment exists and drives market prices to move. Yang, Liu, Chen and Hawkes [43]
applied a mutually-exciting Hawkes process to understand how positive/negative price and sen-
timent movements interact. We find that, in particular post the 2008 financial crisis, the news
sentiment that reflects traders’ belief about the market has become more dominant in leading
the market to fluctuate.

Another half dozen excellent papers are also published in this special issue, addressing various
theoretical and practical issues such as high-dimensional, non-linear Hawkes model for limit order
book (Achab et al., [45]; Lu & Abergel, [46]), dark pool trading (Gao et al., [47]), financial jumps
and co-jumps (Calcagnile et al., [48]), liquidity/illiquidity spillover (Schneider et al., [49]) and
constant proportion portfolio insurance (Buccioli & Kokholm, [50]).

To further advance the applications of Hawkes processes in Finance, we are currently editing
another special issue of The Furopean Journal of Finance. Many more important issues in finance
such as volatility clustering, financial jumps, financial networks, portfolio optimisation etc. will
be discussed. This will also include a review by Hawkes (2021, [51]) on Hawkes jump-diffusions
in Finance.

We have also promoted Hawkes processes by a series of three Workshops in Cardiff (2017),
Swansea (2018) and Stevens Institute in Hoboken, New Jersey (2019). The Swansea meeting
was a 2-day affair to celebrate Alan’s 80*" birthday. David Colquhoun talked about Alan’s work
on ion channels. Most of the other talks were about Hawkes processes in Finance. Main speak-
ers were Mathieu Rosenbaum, Frédéric Abergel. Steve Hardiman and Judith Rousseau (Paris);
Valérie Chavez-Demoulin and Matthias Kirchner (Switzerland); Khaldoun Khashanah and Steve
Yang (New Jersey); Fabrizio Lillo (Italy); Mark Tippett (Australia), Lirong Cui (China), Anton
Merlushkin (Credit Suisse, London), Enrico Scalas (Sussex, UK) and, of course, Alan Hawkes. It
was a great birthday!

Another strand of development in Hawkes processes and their applications is to consider using
more complex kernels.: Chen, Hawkes and Scalas (2020, [52]) introduce a Mittag-Leffler type
kernel to replace the classic ETAS models’ power law kernel. This can take advantage of the
well-studied Laplace transform of the Mittag-Leffler function, thus providing a simpler calcula-
tion of some properties of such a Hawkes model. Cui, Hawkes and Yi (2020, [53]) develop a
method for finding moments of properties of some Hawkes processes.

We also continue the research in news sentiment and price behaviour. Two papers by Liu, Yang,
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Chen and Hawkes (2020) do not involve Hawkes processes at all, but are based on entropy. [54]
introduces entropy-based measures to quantify information flows driven by prices or news, and
thus identify different types of trading behaviours and market regimes. Based on 11 years of news
and market data, we find that the financial market has been dominated by different information
flows before and after the double crises period (the 2008 liquidity and euro-zone debt crises).
The responses to information flows are well studied in finance literature of Granger causality
studies. [55] again uses entropy to further find traders’ responses to news have become much
more pre-dominant during the crisis and, therefore, the more effective price discovery process

will need to adopt both price- and news-driven information.

5. The present and the future of Hawkes processes
Editor: Let us back to Alan again. And now the final question.

Editor’s Question 5: How do you think about recent developments and applications

of Hawkes models? How do you expect future development of Hawkes models will be?

It has been amazing to see the volume and scope of applications of Hawkes processes over the
last five years, considering that they were virtually ignored for about 30 years. The traditional
users, the seismologists, are still active. Among the more recent users we find plenty of activity
in finance, social media and mathematical theory, with some regular work also in Neuroscience;
crime and acts of violence. We suppose that the frequency of publications using Hawkes processes
will die down eventually but, like the Poisson process, it will never entirely fade away: it is just
too useful. The processes are flexible in choice of base process, and exciting kernels, with marks
and spatial effects if needed, and interaction with exogenous processes. They can also be modified
in various ways to suit particular circumstances. We expect an increasing number of researches
in various fields of study will continue to make ingenious use of these properties.

It is interesting to note that, despite the suggestion in [3], that these processes might be useful
for modelling disease, and the obvious implications of the title ETAS, epidemiologists have not
made a great deal of use of Hawkes processes. The arrival of COVID-19 has brought a sudden
spurt of interest. We do not refer to any particular publication of this type in the bibliography as
it is too early to decide which are the important ones. It is interesting to note that the branching
ratio, often called R, is a regular part of the daily news reporting of the pandemic.

For the general use of Hawkes processes we would like to see development of a coherent set
of model-fitting techniques with well-tested, freely available, software. Bayesian methods show

particular promise, combining time-varying properties and model-learning features.
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METHE 21T 5 ETAS E 7LV —Z DR &
F—2 ZREF L

EEa - B BE2
(Zf+ 202142 H 15 H s ET 7 H26 H ; #RI"7 A 26 H)

= =
AT IR IS BT AN 2 REEI O TV & LT, Epidemic-Type Aftershock Sequence

(ETAS) EFNIZDOWT, ZOREW, B, HE, BHIZBIF2HLVWER, BXO—#N%
=27 ABBRICE 2 5B OWTHNT 5.

¥—7—FETAS 7V, &—7 ZA#fE, HetHEy, Bk

1. @FUBIC

WA R, MBS E BT 2T TV RRETIER TR 2L, g
T—=oYHENA S = AL EEENICEMG L, SOHESEFS CHREOMRETHZ D 322
Thb. fcd, MEYHENA oN—T a3 VR EONRAL ZELR E, BRI EFEOMZEIC
VELFEHNFEORBEOZIN TS, MRS TRy EY:, RPN, HETE,
B B2 LR FOZBN L S IFIOL S EH SN Tn 5,

WA RO 150 EICH Y, BHEFIVERKFTETVOMOE Y v 72D, HE
OFANB L UOREORKEZ HIELFMTH 57, BERTEOMICERICIERE L. BT
1970 AT, MEERE (RLERD), W (= v oY —), BEHRHEE () X 7 T O8R5 8T
BFINHEoOMES &M S REME IS AOMEoft: 22 BEMSTH L. ZNE—%E
DR X [ THUE A ARSI B EE OB (FRISEAERR) T, K[ - ZZRHINICEE)§ 5 15
R EP BT 5 DICHR BB TEETH L. Z0 ) 2 TFMMEREDFEMATHERAME] & L
TERETE S, ST SMERBOBAKNZ—HL LT, BIE (Ogata, 1985, 1988) i ETAS
(Epidemic-Type Aftershock Sequence) ET NV ZIE L7z, TNIE, 4H T, S0
BEORT Y VBEETFVIIRDZEEN 2 MEFRHORBEMIGHETVE LT, L{FIHSN
Twb. oL OMBEFREET N LEDIBHRE L > TWAEETFTRL, WEFHHOREHR
LOMMRPIRFAZEICRA I N TV 5.

ETAS ETNVOEERTTH 5 —27 2D SR (Hawkes, 1971a, 1971b) 1%, <& 2 S50
SRR CTHERAT I S, LEEE L CHEIN RN BN 7 T a0 —F THhH - 7228, &
I, & - RROSECTIHEH SN S TR IR ENIEZEL { o7z, ETAS ET N
FEEEIZIE R — 7 ZBROMBRIINO BRLDO—FITH 5755, BICETEDORELID 5.
AT, ETAS EFVARETHMBZOSH TEDIIIIRELTCE DD, T2, MHHT

LRRRIEEMSERT ¢ T 190-8562 MR T AEHT 10-3
2 SRR BRI Ie T AR ¢ T 190-8562 BRI THARNT 10-3
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DR — 7 ZBBEOHENIEROHRLFLEORBIZED L ) LhEBE2 52 TE 200, ZORE
W T 5.

2. MEADOESR

WFRAEN A1 19 A I RITEER T CHARB AR VRIR S ND L 2 HITHT o 7.
TR WEFTOREICL Y, WRPTOMBORELMINTE 2 L) oz, TOFRE
KRR B 2 G L, B EMERIES Y0 72 BT 5 2 ENFTEDL L) ko7
ORISRV, WEEMIEICH T 2 MEt A0, HURIC X 2 RCadREr, MR A
BIAT 7 & O— M 2t Et TETH D, AR OIFFEITHAE L Tz (53X, 1956).

21 J—=F7XNILT - Yeg—0FKEIEXFR - FiEZR
Gutenberg & Richter 1&, WEOHB (w7 =F 22— F) OHEIZEAT 530

logo(N > m) =a—bm

%5 L7 (Gutenberg and Richter 1944). 22T, N(>m) &, G-z bzl MilIcE
WCTRZ=2F 2= Fm U EOMBEOHTHY, @8 b oI, SHICES L THE
FOmLTROBEIHENTVS., 37 =F 2= FOFTRNm. L&, TNIIMHRG A
ELTRD L) i8BOHAI L 5.

N(=m)
N(=me)

ZZTB=bn10TH5H. ARETERIIHEMT LT, Dk GRAIEIERT 5.
fli 7, K#F (Omori, 1894) 1 1891 FEDERBHBE O KRB EFFEOWEIIOWVWT, kT, W
FICRLRONBWIERE UCTIRBBRE 7 — 2125 T 72785, OV HEREME SN
Mofz. KR, Pk 1 47201284 2 REOHN

n(t)=K(t+c)™"

TRARABTE LI EZRRA L. 22T, t BABREEDPSORHTHY , K & c IZEHT
5.
T (1957) 1%, REHE L RERR R OMI D 7T 7 2o T, REHEDWMFED I

n(t)=K({t+c)?

b lERLE. FEHIZZOREZMBIERHRIE DT, SHTEIARE - sEkl L
EN TV 5.

—B(m—mc)

Ofb(mfmc) —e 7

(2.1) P {magnitude > m | magnitude > m.} =~

2.2 RETROHEFICH T B AERRDEA

Vere-Jones and Davies (1966) 3 & U Vere-Jones (1970) @ s 12 & A #ERHEATIE, FETHH
BFDOIANVAI—rThb. Thbb, MEBERINORV LIRS 572012 it % H
WHZERIREL, BBIENT R AN PV Z KT B Y -V ERIELZ. 0Bl LT,
HiZZHEDFEIE IZ Neyman-Scott €77V (Neyman and Scott, 1953, 1958) % Lewis-Barlett & 7V
(Bartlett, 1963; Lewis, 1964) ® 2 fi¥H o fMFE 2 3R L T 5. Neyman-Scott 82 (3§ 32 Hi
DILE AT OFLIRIZ, Lewis-Barlett € 7V BFIZBEFEAE D E 7 MLICH W STz,

LAaL, SROEMBIEHOETVE LTERLALI M)A —ETVIERELFETE DM
BOEE 1R L TELRVHECGE 2MME) 2 FORTRITNUER S v, ZR 5N
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REERBEZRXPL72DDTH B9, Vere-Jones (1970) DIEE FVAEH#EE TOREFFTH T,
FHIEFIHBRT S L9110, ZARBOFEEZEIHLTVD. L722S> THERVFT—5 1285
851 MR & A5 2 FHBE ORI IZHM A G DR RN EMENY: (e.g., Baudin, 1981)25H 0, =
NEFRVBZ 2TNEE SRV, 20T, WRHNBZETOSRMMIEBELZELL 2 HELW
7280, LEHER AIC THAEEZEWMCTE LW, ZORDYICE—X ¥ MEICED W -G
D7 T 7L THTR R BE EMT A EH S 7z, B3 X & 2 & 12 Hawkes D% Adamopoulos
(1976) 1%, P F—FFNEBBDOF—27 ZEFIVE ANRY PVEEE (Whittle, 1962) THEE L
7o REMEORDDIZARYZ MUVEEZFHETIUL, AIC TETFIVILE S WEEZDS, KR
FUOEBORTEICHERTRL 2w,

Sl & BRI B

AB)dt = P{t & ¢ + dt DI FRATAET 2 | B LB F— 5.

WKLo TERESN, BEOHPBRORELRHBIN 7 — & % &0, EERKOHBEIA
DOHFHERLZ 527250 TH Y, ZOEEMIIHA Vere-Jones (1973, 1975, 1978) (T HiFES 2
32T A EEROREEORIHZHER L TV D, SO SGREBEE S 551,
ERYIal—variEUTHOHNOZOICHREMETHLE V) 2L THS (Ogata,
1978, 1981).

WEREDT =517 =F 22— bbb e, =X pBRICRS. Bz, REOH
Bid & TPilld 2 8k €701k

Ks(m)

(t+c)p

IZh %, 22T EIIARBERAED S OKBIEH T, s(m) & G-RANCHIET A7 =F2—FD
WREERBTH D, ZOEFNVEGR OV =F 2 — FEEEKE K - FHERX AL
H72d DT, 1990 FRH 5, KEIGEZ FH T 572012 Reasenberg and Jones (1989, 1994) 12
Lo THEESNL.

Alt,m) =

2.3 KF—U XBEOHE

EIZFFEIC, Hawkes I3 —# O THOB L OCHEFERE TV % S04 SmERR TS
A, MBROMEANRZ MVEEEFE L (Hawkes, 1971a, 1971b). EF 5128 — 7 Z#fE
X, BWHROEY Poisson BAEDD &, BEICKELI-ETOFEROFREIETERIN-EHSL
DH% DB TH L. TNENOHRIL, ZANERFRTHS D LFRINHRTHS
9 &, WAMHERBANCHES T, FROBEZIAKFEE ) 5. COETNVIE, KDL %
O ZMA EMEL > T 5.

A =+ D glt—ta).
ity <t

2L pldBERONy 2 7T F)REERL, gt) 13 HCTIHNE (self-exciting) AR 2 .
O RGBREDLE GER) TH LD EKMN p= [Fgu)du <1 ZLEETH. ZIT, p 3EHR
NTA—=F LIRS, 2F ), BEOEL) SHBEWICHEREIN-FROTHEA1LUTT
HHIEERRLTVS, BRI A — 7 ZBREDMEGR O ML (SRR #E2) (Kendall,
1949 IZHIBE LTV A Z EHTREINT WS (Hawkes and Oakes, 1974) .

[FFFIZ, Hawkes (1971a, 1971b) Tid 2 KD BB OMEFRELZFOETFTNVEREL TV
5. ZO—E5OMED S X TREIX
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Mﬂ:pGH*E:g@th*E:hﬁf@)

i t; <t Jjrsj<t

L#EIFH, TTT, b)), AEBERE s i =1,2,..., N, 50, FiROEEKE KT,

3. ETAS EFIILLEIDMETRIHES

ETAS E 7 VHARESNBHEOMIE L LT (1) K - FHROIRE & REBIT~OFIH, (2)M
HiFEFEA— 7 A'T VI X ZWEGEEN~NOBHPE T 5N L. KEITIX, Ihb 2@
T 5.

3.1 AFHF - FERICLIEET -2 D@EM

1950 AFARLIRE, K% - FEE R B QAT IOA K HW O N T & 72 FHUIREEHEE
RS B O Wyt R TEINALO 200 DL EOFERINDOWTER L, p EAY0.6 225 2.5 Ofi
PHC, hofliid 11 THAEZEERLE. T pHOBEEHEREDY = F 2 — FRTR<
Fo=Fa—FEOMIIMBIE W L2 L, REFITEICvHEN TR =F 12— FIZ
MbOOLTAELRERTHAHI L ERLTWS (Utsuy, 1962, 1971; Utsu et al., 1995). & 525
X, RBOFHRHCHE L 20O ORBAIZRELTE Y, TOHIIIRBOMMEE AR
XRT=ZF 2= FNTATr =0y 7355 - OB (52 - B, 1955) bEFN T 5.
FHEE, RBZTTEL, RELRBIVELIABRQREB) 2FRITILENHLI L%
BAIL., COXIRBLERD L) RIZEOKRSE - FHETFVITRLT.

Nt

K KiH(t —t;)
MU*(P%®P+Z;@—a+qWW

C T Tto BIARDIAERK], t;,i=1,2,..., Ny FHEBICKREGREORERKZRL, HIZ
Heaviside BA¥{CTH 5. ZOBNE, WEOFEFRICHL T, ARLRBITEIMEEZFH L LL
WK COMBENF R BT FEZERMELZD0T, BWE VR 5.

— e DOWRINLEOKRS - FEXZEHAT 5 LTo—2o0#ri, CoME oS
FRTENTHANTEILETHD. RRKORBE RN EREENLE) 2 LBL 0D, #
29 LIZR S v, Ogata (1983a, 1983b) iR MMIEHE A (AIC, Akaike, 1974 ) % H
WT, K- FHRBEEORWRBOMBOELRES L EPMIELEL D% 7 — 7 FH TR
LTw5A. F72 Ogata and Shimazaki (1984) 1%, 1965 ED T ) 2 — ¥ % V5| B E O RS
{tizi=1,2,...,N} ¥ A(t) = K/(t + ¢)® DHAMHRKE - FRXED LW L2, REHZHR

t;
ti > 17 = / )\(u)du
0

o TRLTWA. Thbh, BHIFLHRG (7)) IRARENZ CEEN LR T v VB
PHOREEBLTVED, BHELR 2RBSBEZECLERE - FHET VO RBEBEIZ 2200 H
FCHEMIIHER LB L HIGERL, ZOREHHITROFRMEEIHICEI N2 L%
RLTWA. f£13E, Ogata (1989) 1%, F UM OT— 512 ETAS EF V&Y TIoONE, £
D% L EPETERMICHER L T e ER L.

7B, Matsuw'ura (1986, 1991) AVKAF - FEHON 2 HAEIZ L TEH S N5 25 O #fEb
W, RELREVPRETHHICAONAEENSHALILEZP/RL. T§4bH, Ogata and
Shimazaki (1984) TH L 7= e O FSE RPN 2R T7 Y VRO FEZLEN S T HITH®R
M %624 BORRFTR L. 20 L) ZBSUITHMW L L FENTwE, 20
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BEaZ, HERD O EIER - BERIISHER SN TV A MEEE OBEILZHMICER LD D
T, T ETAS €7 WIHED  HIFEGE O EIRAL (Ogata, 1985, 1988, 1992 72 &) DR
WAL HVWSLRTWS.

3.2 AUBRRICLAHMEEEOD ML K, ZEHiME, $ & OHEEMER
RBiE—H O (B, 1981; Ogata and Akaike, 1982; Ogata et al., 1982) C, Hawkes Dl
Ny ey

Mt)=ao+Ps(t)+Cx(®)+ > glt—t)+ > h(t—s))
it <t jrs;<t
DOIAIEE L CHIBIREIZL OIS L7z, 22T, ao \dEKIH, Py 1 EE RHEET
DRMK LY F2ERT JROZHK, 2 LT COx(t) = 3, {bok—1 cos 22X + by, sin 27} 135
WELDIHTH 5. g(t) & h(t) ITHIFBHAOHFEIC L 5 HOGHEH & g/ Er s DZhEh
DOPhRIEE K L, Laguerre M DL IAK

Ky K2
gty =e "> ppt®, bty =D gut”,
k=0 k=0

ZERALTWS, 22T, K1 & K B3FEOERTHY, pi,p2,...,05,0,¢1,G2, .., qKxy, B 1E
HWETHNTA—=FTHDH. WHILEFTHEOFHEMIIOWTIX, Vere-Jones and Ozaki (1982),
Ogata and Akaike (1982), #1%~==27 ) (Utsu and Ogata, 1997; Ogata, 2006) & g S 7=
v, LY REHOMEE J, FEHECEOME K, B X OBHEEOMEE K & Ko IZRMIERER
# (AIC) THETE 5. WHIOMZETIE, TNHDOEFVITFIC, Bha Mk <o g B+
OFFMEERATT A0 SN, 728 213, B (1981), Ogata et al. (1982), Ogata
and Katsura (1986) 1%, {LAAEL T L — MIBo 72 IREHE L EBHEORLEO—FIT~NDOR
Bk (Mogi, 1968, 1973; F#E, 1975) DR LM ZRA L, #h4 LI TOHEIGE
DFEFHEALDPEFEREOEL Ny = i 52 & &R L7, [HWEEIZ, Ma and Vere-Jones
(19971, =2 =Y =7 ¥ FOERVIERIGEE OFHitE 2 5 L7z, Matsumura (1986) 13, &
WOARWETF— 51 LT, FioRMH ML v FEBHEOBNE LTEFIVEL, HEFD
HEIEE OO M2 /54T Lz, A RoKEZALANSARE 2 R EE N BEEE C I3 H BB TG ) D ZR 1
PEAE Y, PO ITARRE B b3 R it TSRS R o e nwZ L 2R L7z, Thbid, #&
WwT 5 L)%, MERAIL2HRMEOTRMEDOHEILE 2o T 5.

F7:, 20X LREHWRRBMROE TV, SO HERY F I BENZE B o Je BRI S B
FLOBIMRHETABEZFER T 572012 M7z (Nishizawa and Nagao, 1994; Zhuang
et al., 2005b, 2013a).

4. ETAS EF)L

4.1 ETAS EFILOFtE

ZHOKRE - FHATHHSIN TS L)1, REGHIEE K o6, KRS
ATWS, LAL, —RRBEEOXINE—HIICHFE TR, MBRIT— 726 KEEL
SEET DML Bk 8T A =5 MbIc Kk B N A —FFNVT, B DHRRESEETRE (Ogata,
2001) T % A PRI 72 0.

Ogata (1988) 1%, MIBFAZEFIMLT BICH72oT, FRTHIHMBLEFRINLIMES
XEIL7Z2WT, FMBIIZHIrNDLernNFERTLEEZ, K- FHEEx~x7=F2—-FO%)
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BOEAMNTE LTHERGELZERTZ. TDOT A F 71 Hawkes D H OB & WS, 15
Yoo O &G ML (5 FEAE)  (Kendall, 1949) ICHE L TW A, ENi 2 AUZRGRL O 4352 R 51
(Epidemic Type Aftershock Sequence; ETAS) €7V & A1) 6 7.

ETAS EF V&M S BERBTERTL L, BETLIHERNOT S =F 2 — FOTER
Zomo L2 X,

M) =p+ Y wlma)glt—t)
ity <t

Thb. TIT glu) BAE - FERAOTERLBR 2201+ 17, D ) HRT 2 MEERLN
ELT, ZOREVFRENDIEEFERT V VBROMER % EBL L REERETDH
5. INHITHT HEMITBEIE k(m) = Aexpla(m —mo)] FHE< 7 =F 22— Fm OR/NIC
oo TEHEWIZHFERSNIHEOHGHTH S, REORE I (R T7=2F2—F)ZFERET LM
BED NS BoTBBLEEIR . ZO%IELEFRELMENELSINLE, BiEL
[FZEIETFENS. FRlOSM) &BEIR, Ogata (1988) TRBERD~ 7 =F 2 — F&EICH
ZoN72bDE LTHMHEBIHARATVWSED, TNHDOY T =F 22— FFlENT—7 A
NEBEZZ N, TNOLHEOGMGITETVEEN TRV, L LE L OfseEE, HE
ROV I 2L — 3 YERL ETHRN®ERE T4, My EEoafi>Fh G-RHI
DHEAFEAIREL TWDE, bbby — & BEOLEMMTEEEMEE LTTIROED
X—IfFEETIV

At,m) = s(m) lu + > R(mig(t —ti)
i t;<t
#EZTWA., ZTTs(m) = Be P00 (m > mg) 1&, G-RUDHEREEEBERTH 5.
ZOR—=IFEETFTNVDOL LT, ETAS EFIVIIHIEGEE 2B T 5720 0EHEETFTVE LT
ZIIFANSNTWS (Huang et al., 2016 DIFESHR).
COV— I ERHEETAS EFVCTHET L L, BRITA—F1E, TEOI XY MILo
THBEMICHTE SN HER OIS,

o= /m O:s(mw(m)dm— A

= 5
t&é.g<1®%ﬁEﬂ$%?wu$%T%.l@tbQZatA<1—%ﬁ%¥+ﬁ%
hTHb. 0> 1 OB, t HHINT 2 &, BRI D 1 N2 b OFSAERI L T
BRRIZZ% 5. E57% 5 ETAS 7V OMEREOFEMIC O W T, Helmstetter and Sornette
(2002), Zhuang and Ogata (2006), Zhuang et al. (2013b) 3 X U Saichev and Sornette (2007)
eI N,

HL, #E~7=F 2 — FIRRFIOMVFEGA O G-RANTEIES N T L bIFTRL, &
P b0 L BT RXETH L. MR IER— DML O E 7 VALITKHLE DR T D
BLI B E N TW A (Utsu, 1970a, 1970b; Ogata and Katsura, 2014; Ogata et al., 2018; B
¥ + B, 2020; Zhuang et al., 2004).

4.2 BEETFILHLSEBEEETILA

ETAS E 7V ASHE 22 ETAS B 7 WIC—#AL I NS ETIZ, Musmeci and Vere-Jones (1992)
&, RRZERILEERE T VEMEHLTA ¥ ) TORENE S L. TRSDET VDS
PR & BRI RUE
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am; —c(t—t;) 2 2
e L (@ -
= A —
Al 2,y) = il y) + ; 2moL0y(t — t;) P { 2(t —t;) < o2 + o2
i<

Aevmie” U (1t — 1,)°CL O,y
Ato) =)+ 4D ey - eRCll - ) + (= 6FC3

t;<t
D2 TH D, T, A, 00,0.,Ce, BLOEC, ZEHETHS. INHIZL DL, EEM
B (2,y) Tt o0 DEX, TNENOETNOKERAERKIZWHEMIC e 7213 ¢ 2
WZHE > TR & & B IZIE T 5. Kagan (1991) & Rathbun (1993) b H DORFZEH € 7V % 5-
Z7z.
INHIZH LT, BAEZH SN T AIFEZER ETAS E7 )V (Ogata, 1998) D 4{4) & @k

Mta,y) = pla,y) + > w(ma)g(t — ) f(@ — o,y — yisma),
SR H IS TH S, 22T,
k(m) = Aem=mo)
B 7 =Fa—Fm OWESSFRSNOMEOMERTH D, 2= LTHHEK
o) — {(p— D) P >0
0, t>0
ATV 2 SRS OFERBRIEBI AL K2 - F50) ©, ZMIIEAT) 1S L C

@, yim) = — fo<“’ “’)

wo(m) o(m)

B3~ 7 =F2—Fm OBMBEIPOFRINLIZBEBEOMIAWMEICHET2HEEMETH .
fo(z,y) & o(m) 3k~ RBABAEBENTWDH, W fo (T RICIEHR A O e L
fow) = ghye 57 TEAT =N D & GHUNEFOME fow) = 5 (1+ %) " HEZS
NTwb, TLTATY =) Y 7B o(m) < s(m) £7213 o(m)  [s(m)]> THb. BT
D,q, BXU~ 3EE/SF A —% TdHA. Zhuang et al. (2004), Zhuang (2006) B & U° Ogata
and Zhuang (2006) [Z/R SN T WD X I IZ, HERFOE fo & o(m) o« [k(m)]= ZREBRIIZHY
BF= 5L AT D BIMERE 2+ & e (B0 - 2ony + 37) THEM
ANERBEROIIEEFHBIRZ LB T 5 (Ogata, 1998; Ogata et al., 2003b; Ogata and Zhuang,
2006) .

FFZE[H ETAS € 7 VIS BTG EENT IR < S Tw b (Ogata, 1998; Ogata et al., 2003a;
Zhuang et al., 2002, 2004; Console et al., 2003; Helmstetter et al., 2003; Lombardi et al., 2010;
Guo et al., 2015b & &). I b, FEMEROMEKRBESLBUFREICE - C, EELZMET
HWEFIVE L THRHAEINTWS (Schorlemmer et al., 2018). & 7 AV H &R EHE AT
(USGS)1&, ETAS EF V&4 3 REH ) 7 4 V=7 MEMERT € 7V (UCERF3) D4 ¥

2 UCERF3-ETAS EF NV & LTHRM L7z (Field et al., 2017).

4.3 ETAS EFNICEAET 2 HERDEHRE
4.3.1 WERIPRREEE
Zhuang et al. (2002)1ZLLTF D X 9 [ #ERRHL 2 Lz, KM ETAS €7 VI K
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B j BB OBEORAEMEMERE (1), :,;) TOW R HH) WEREFAOFGOME,
oy = ) Thg. UL, B HOWESERNETH AR TS, WHLC, jEHHO

DT H OWIRIC & > TR S RLa eSS,

r(mq)g(ty—ti) f(zj—2i,y5 —yims) i<
pij =

At z5,95) ’
0, Otherwise

Ehh. MR o & opy OFME ZRIRT 5 L, WRBEGEHBESL  FHOWBIZL > TH
BENMBIEHOMREEZN TN L, SREZHERIHBELEZI LI ENTES.

WEGBEEL R 2B RT Y VIHTRET 572012, MEOHNZIY B SEN
Bbolz. TDE) BHHET— 7 285 20O, k) SEEIREIND, R
HOBMLZRAEOMBROENT, FENZBREEOASZICH L THEHECHL TS, 2L 2
X, TRERZPEOHAERVOBRIERIBIICE Ly, 2 L TLERR® ETAS EF V2 H
W2 HEET OV T R L (RESRARREEE) 12, WM OMEY &1 72 5B R0 MmENE %2 e
BT, BERNICHET L7290, Z2HOBRBEMEI Y% 32— a Y TERT
E2UFE LWhHEEIZ% 572 (van Stiphout et al., 2012).

TR o; & pij BEHHD T & THEEZ 2 THERBEEZBVET I LICXY, e k-
TVarOBREMESY - ERETESL. ZOX) RERUNY —C DEBIZ, HEOR L KREE
THBOARHEERZRTDHIOTHY, HEBY I XY — ORI LA B % 57§
B DIEALD.

Bz, B 5 HIS o B R

St =Y @
ity <t
EEZRLTWD., ZOMBEHVDZET, 2O ZEGE)AMT T CEfab LT
WENEIPETETEDL BlZ1E, Wang et al., 2010; Guo et al., 2017; Zhuang et al., 2017).
163l Tl Nishikawa and Ide (2017, 2018) % Nishikawa et al. (2019) 1%, WERMBREEEZ AW,
LA AH OHFHERI W - D TRY) JOMEZEM L TWwb. F72 Ueda and Kato (2019)
IR BRIEE 2 W CHh BTGB O FEHE O R RN 2 3 L T 5.

4.3.2 B[ ETAS £7IVOHETE

Zhuang et al. (2004) 1%, %27 T A5 Y ¥ ZE5D[FRi#ESHT ] (residual analysis) & F2473 5
728, WERBREFECHM L 20 M EZ Y I 2L =3 3 Y LCHIBRT 2 7V 3 X AT
BEBRE 2 REL. ToTva) XaiE, Wk r—27 ZAE T IV (Zhuang, 2006;
Marsan and Lengliné, 2008; Mohler et al., 2011), ¥ 7zIZ#ME LT REELZRHFOHR—27 AET NV
(Zhuang and Mateu, 2019) D/ ¥ /35 X N v 7 R Fih e LTRE L.

Zhuang et al. (2002) 1%, FEZE[] ETAS €7V OF RFEE u(z,y) 2RO 5720, MERGER
HETHONIZMEER ) 287 X M) v 7 IHEL, TheERRMBIC L7 ETAS €7V %
HiEEL, ShTRT— Y 2HBRNEL 5. ZHNII—HREBERILHROT, TOBRELX
BLTETFNVEEZ PR S, HRREEZ RO L HEZRE L 72, WIS, HERIBRTEEC
25X, Veen and Schoenberg (2008) & Li et al. (2020) 13735 X — & a5 D 720 O WRHE iR K
b7 VT XA %L

4.4 ETAS EFILOH
ETAS EFVEBEH LT, UTDO LI IZE L OBEBRIEVIEESIIZZE SN TNV A,
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4.4.1 FEY|D Bath OER|
BTREHEITLLAMON TV ARERNITH 5 Bath DI L1, REBERARED< =
F2— N7 My — M, OHFILEIE 1.2 (Bath, 1965) TH B EFEETLHOTH 5. L) K%
ERIL, Utsu (1961, 1970a) 3D 725 L72d DT, KDL H k5.

Mo — My = c1 My + c2

CIZT,c b e BHLZERTHL. COBEAEREINIC LTI ERI SN WRREDD
LR EL TS 5 DITH%ID. Helmstetter and Sornette (2003a), Saichev and Sornette
(2005a), Zhuang and Ogata (2006), Vere-Jones and Zhuang (2008) 8 & UF Luo and Zhuang
(2016) 1%, REICETAS €7V E G-R Y7 =F 2— Fofi % Y4 Tid, Bath BHIAEED 7
T AY —HNOKRA X+ OBMEA (CHIREGA) L2 b T ERR LT

4.4.2 AIRIRFDIREL

G-RMVRY T =F 22— FHIERGE LB ETAS E7 VT Ialb—va v LzL &, H#
BEOPTHRRIC R > - MEBOER OMWELD, ZHRMNLZHEON - 2/ - ~ 7 =F 12— N5l
DFRETHIEE D% &% B L 72 &£ 9 Helmstetter and Sornette (2003b) DFEHi%, =/t %
o T, ZL DHBFHEOBKRET Wz, SROME THIK S W7z ETAS €7V CHIEHS A
HPATEZDEI D, 2F ), (BN ZATEMS S RO E D PITHKECHETSH 5.

JCHK ETAS EFNWVICBIT S, ZD X ) RuiEMEROMEL, Saichev and Sornette (2005a) &
Zhuang and Ogata (2006) 12 & » TR EIN Tz, THISH T, Zhuang et al. (2008) 12 H A,
Za—=Y=F Y, A7 AN THBOMBEOFEMERZHGHIESL Y I —va ¥ T
HoNfH & LB L, Helmstetter and Sornette (2003b) & EfkDHmEH LTS, FDHE,
%2 DY Iab— 3 HgE (B D Marzocchi and Zhuang, 2011; Lippiello et al., 2012; Bouchon
et al., 2013; Ogata and Katsura, 2014) 237 L7225, SRR RITR S N7z,

4.4.3 AIBLFHRME

BEHALBE R K B DM RE 72 E DO N BB R IEENRKN T 2 FRHEITEH ShTwb. AR
AL BFRMBLA ML AERICI2BABE O EVZERILL, BN - V2T 5
72DIC ETAS EFVASEA ST 5 (Lei et al., 2008, 2020; Llenos and Michael, 2013, 2016;
Jia et al., 2020). Llenos and Michael (2013){, Ogata (1992) 23325 L 7= 2 1L pis th B % i
WT, REAZ FARIMET =AY —MOW G THRHBERAREF T A—F D%
FRL, MKEARICEE LR EARIRICE s THERBI SN E IR LS E/HwmOT
72. Bachmann et al. (2011) 1&, A A ZADON—FE O EGS HiEOMEIRE 7 — ¥ 12 ETAS £
TIVEBHTAZ LT, HRBEREESKREMBICBT 25KERE L RIF2HBEBERE R L
T I EEFRLL. Etoelal (2013)1%, FEROFEZ H T, 16 EEMEPE L 2OKHEX
2BV B EEMEREIC OV C H RO REEEH L2, ETAS EF VR FOIRE %o
7z, HRHIE (Ogata et al., 2003a) R KINMEOFHFHEHIEHE (Kumazawa et al., 2016) DWFFET
&, BEAD - RAIOERIC X 2 IS Y — O AR T 2 DICHRTH L I LAVREN
TW5.,

4.4.4 ETAS EFIVERE - IREKRTFOEER

ETAS EF )V, BHAERINZERF THEGEROZLEZHE T 52 & (Ogata,
1988, 1989, 1992), F 72I3IBEMRN 2V CTERMBRAROBNEZRILT LI LN TES
(Zhuang et al., 2005a, 2019). O X9 AL ZFHIAT 572012, [§0 HEE L RBITKAET
HEEAPHVSNRTE 72 BFIZIE, Ogata, 2010; Jia et al., 2014, 2018).
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4.5 MEFZEEIETAS EF/0DE 5 45 3HREREDES

4.5.1 {IBIKIFD ETAS /ST 4 —%

Ogata et al. (2003a) & Ogata (2004) 3Kk % 2T COMGEGE 7 7 A 5 ) ¥ FHEEO#E V%
BT B 72012, FERBNEEZSE ETAS (HIST-ETAS) EFVERSE L. EFVHDOKINT A —
FHG OB (EREZTHE LTS 70— A=A OB HRIEEE) L5, IHIXF
LR EOHFHGAEMWEL T, /89 A =5 OEMWEEBOILTY 7 X & — etk Ol % e
T5. ZTODITHE LI, NPV TAAELELMA RN W EEY 7 by 2T 2R L
72 (Ogata et al., 2021). $5i2 HIST-ETAS & 7 )V 13 F BE 22 56 B BE O AT 50 & R F3N)s
ENTW5 (e.g. Ogata et al., 2018; BT, 2020; Ogata and Omi, 2020). IEXAL ZD 7 710 —F
& L T Zhuang (2015) 13BE22[ ETAS EF VDR ER 2T T 5720 DEAN S LEEZH
L7

4.5.2 BCHEMELETAS 7/

Vere-Jones (2005) 1%, ETAS EF VO TR 7 =F 2 — FORE ISR T 5 [ 58 % 084
572012, HOHBMZ723 ETAS TF V2L, ek BN 2582 23 L7,
LA LIRIHFIIICIE, REEZORNERLHMNED 7 — 5 ORMMED 720 Rk ICETH L Tw
5. TOETFTVIIEGN iR (Saichev and Sornette, 2005b D) I2E EF - TEHY, E
OB F— Z X T EH IR T, HOHBEZEAT L7000 ORI E LT
SRR Y — o 2 A (BASS) E 7V (Turcotte et al., 2007; Holliday et al., 2008) 3% 5 %%, Z
OMBTRATLZETCOMED GRIUPHEIEINTLEI 2D, BILTVWEEEEZEW
(Zhuang, 2013).

4.5.3 WEHOFEFAMLEERREDTE

RELHWRORES T AY —I38%, REOERLOFY TIEFEHETIIZ L, REOWIEIZ
o THALTWw5b. Hainzl et al. (2008) &, HZEM ETAS €7 VDY I 2L —ya v T, 2
OMWEEZERT L L, Wo72/8F A—FHEMIAREON, FFIZa 3T A—FIE/NMEERIC
BB H B ERR L. BRET T A Y — DI ORI 572012, Tk
Ogata (1998, 2004) & Ogata et al. (2003b) (ZFEMTEEMO B A EKEZ L > Tnb. 5
IZ Ogata et al. (2018) IZ¥E & % £ L7z 3 XJC HIST-ETAS E 7V T35 H RS 1 o0 221 45
MEBERHAL, BEBATETOTF—2I2HTIEHTWAS.

T Guo et al. (2015b, 2017, 2019) i, KHEOBBHSEIRIC X 5 RERE~OHEE L EE
L, WiBIZH > 72 “RICABRBEIBICHES L ETAS EFVERZE L. SOEFILTIE, Kl
BORAERIL, DIRPEMABERTIIRL, ZHMILAPZ2BEMTHE. ZOETIVOER
L TIE, HEIHEETHE S OAROBINEZFOMBONE, 22 OIS

Loy — [y w(z —u,y — v)7(u, v)dudv
flz,y;8) = = ffST(u,v)dudv

2%, 23T, (uo) ZEIE S EOMETH Y,

—q
g—1 @ +y°

CZTD BHLEBAINIZNTA—=FTHE. B 7(u,v) EERIBITH > 2ARKEOIE
—RRGRREERORERETH Y, SRHOBSESFEIEBLT 2720050 THL. &5
12 Guo et al. (2015a, 2018) iX, RIEDE I DT — % MM AIRATE 3 RICH REIRI O 221
ETAS EFVHIWE L. ZOEFIVTIZLEMIS S BAK R & RS OERET
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f(x7y7 23 Mi, Zl) = f(xz Y; ml)h(z7 Zl)

LB, ZTT fr,y;m:) FETBO RICZEEISEBEEEF U T, 3ROSR Z LT
DEITHZTVWE, Thbb,

i

Z; H— 7 2 \"H 2\
::mBm@:ﬁﬁ%WL¢W4&uN—&%ﬁ,%Lf%ﬁHu%@?é%é®%k@T
5. Zhuang et al. (2019) 1&, 3 RICHRERIBRZEH ETAS €7V 24 2 ) 7TOhya s
WA SEYE, “RICHEIORFZER ETAS EF VI D ENLTHWAZ L 2R L.

5. MAFTHOR—7 XBREDICH

HEZIZBI HIF2EH ETAS €7V OKINIE, o558 Ch— 2 ARE 7V O % e L
72. F. R. Schoenberg & fli® UCLA W7t 7V — 7i%, 2000 4ECLARE, 11°KZE (e.g., Peng et al.,
2005), JLSET—4% (Molher et al., 2011), Y —Y ¥V A v b7 —2 (Fox et al., 2016; Zipkin
et al, 2015 % &) &, ZLOBHITEF -7 AREFTVEBEAL, TORKEEIT A I0E
BRAF 4 T TOEHEINS, ZOMTEEOTFT—F5E LT, 7uY A MOTEIS Y —
(e.g., Tench et al., 2016), FEFIZBIT BMitEZE) (e.g., Bacry et al., 2014), BL T/ A F 72
id= 2 —u U{fH) (e.g., Truccolo et al., 2005) 72 EH3H 5.

WTFNOGHFICBWT Y, FOMBRHEROKERE, TCRFEETHEMIEHTIC BT 5 MM
AT OISR ETAS EF VO OB R L LT, HETF— 5 OMETHESNZLDTH
5. WEDEZAH, MHHTOFR—7 ZBEOSHIE, EIT85 A —FiEE L EEHBEOLD
DLDIEEFoTwHEEDNS.

6. FEDEMRDODRE

F—7 AMFERET NV, B4 OFERRLN TR0 A5 ) v 73R (EOMELER) 2 Ml
L, ZNSOHOEBEN R KREBRZIET HDIEILDOZ E»S, HKXEE LA SR2EZOW
FOEBHFT— M TROARDHHEFVD 1D EoTWAD., BT, BUNHEMNR
F— Y EROSELRERICLY, HERTFT—-FBITICBV T Yy 77— EIESRIC R -
TWwh., Z2EOFELIZNNR, BRKLEBOESZ2E5LERBOIERRYITIE, HEMOBELP
FHHRNR T ERAL L TP T 5720 OBMRIFNT - Tl — VEZER — B 2 H L Wil s
UINTWE, FOLEDERTHLEF— 7 AMEFVIZZOHMICEET 51T TH 5.

K= AR BB OFEELIGHOT T, ETAS XV IIHEIERORBICB W CTEHEERK
HERLLTE, SNOSOBERKEIMNEMNICED, ETAS EFVIIHKEHBEZICBWTE
P RE e B2 TR, d=2 ARG BE2MMOL  OFBILT, BT ENT
ETw5b.

A

44 513 David Vere-Jones K2 L EMMZF 720 E L& FEWHKRICEH L TnD. Kk
X, FARELE OFRHAIFIE B MBI 4 (JSPS Kakenhi 17H00727 & 19H04073) 12 & Y 8 s 7.
72, LE2—THhL0HFR%I XY MIHEKHT 5.
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Pernice et al., 2011), EYIE (Meyer et al., 2012; Chiang et al., 2020; Koyama et al., 2021),
7 74 F A (Bacry et al., 2015; Hawkes, 2018), Y —Y %) - 2y bT—=F 7 - —VE R
(Fox et al., 2016; Kobayashi and Lambiotte, 2016; Koyama and Shinomoto, 2020), JBIER#y
4+ (Mohler et al., 2011; Lewis et al., 2012; Zhuang and Mateu, 2019), 2@ (Kalair et al.,
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Hawkes D E L AZHITHEA TV EIEROVEDIZ, FHll7T—7 DLz 5 2 &
WTEB. filx DA XY SAFET LEFRLRRPIEMICTIFHI N, FEOY L IV 7HE
IZHBRASH % & &, HAhE R CER S M7z Hawkes B IZEY R ET NV TH 5.
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F=5 LT 5. PlZIE, ARTWDY LIF28R 3w )y 1)V ZEGHE (COVID-19) T
i, 1 HOFREMEEEBEOIHRE SN TS, BRI LLEBBLAEBEZAXRY M T
X, BYYEDRIE L Hawkes BETET VLT HZ LITTE A, LA L, FEBEIZE 1 HOME
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EREALIND., ZOL)HT— 512 Hawkes BFREEZ M TIEHET7 70 —FHEZ 6N
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7L, HEEEEEOFEERY <F0db 0 22TV STAET IO —F R LD,

AL TIE, Hawkes B BT 2 MERRH O FHERERINE TV A RET 5. 5HUERY)
WCRT2LMONZETY v 7EE LT, BIW—BILHIEE TNV (West and Harrison, 1997;
Fahrmeir and Tutz, 2001) (3 %\ 3 —BIREEZEME 7 )V, Kitagawa, 2010) 25 fE B CLIJE €
7V (Kirchner, 2016, 2017; I fill, 2017) 32T SN 575, TS EREBELRL T e —F %28
B9 5. 22 TIEHFIC Hawkes 2 & GIBREOMNISICEHR L, 5HEERYE 7V TR DM
a3 5. £ 2 fiTld Hawkes 82 & S IB R OMISEGEE L ©, 5§ 3 5T Hawkes £
IR TV 2T B, 5 4 5Tl Hawkes BIGHEIE R Y & 7V 2 & RN A pE B 3
ERmTEX, COVID-19DF—FIZoHT 5. E5Hico it ol#EEHERT 5.

2. Hawkes 182

W%t € RETICERLIZAXRY MIE Nt) &L, T4 XY MNEERLZ ¢
(i=1,2,..) 55, BHlt TTOANRY NORBERE H, = {t:|t: < t} BEZHNIZTFTRD
BERIZ A X PAFEET HHERRAS, SefbF S RBEBIE (1) Z FIVT

P{N(t+ At) — N(t) = 1|H:} = A(t)At + o(At)
P{N(t+ At) — N(t) > 1|H:} = o(At)

CHABNDEF D, Hawkes BEIALEH X HUEMHA
(2.1) A = it / o(t — w)AN ()
0

THZONLHBETH S (Hawkes, 1971b). F(2.1) DLW 1 HD p i3 RX—2 51 Y OFHE
ReRL, F2HEIBEOAXNY FORELET. BEOAXNY FOREORMEILE LT
A=AV g(r) 1 g(r) >0BLWg(r) =0 (r <0) Zii7z3 &3 5. WM (0,71 nHDA
N NG {t1,. .., ta} WOFAET BHIERE AL, SO0 SREREK(2.D) ZHWT

(2.2) P(o,T) (t1,... ,tn) = [H )\(tl)‘| exp |:— / )\(t)dt:|
i=1 0
=IIP+§:ﬂh—m]wpkwT—§:/sﬂ-hﬂ%

71<i
ThH 2 5N 5 (Daley and Vere-Jones, 2003, Chap.7).

S REME (2. B EDOTRTOANY FOFEEZITHDT, HL2DANY FIH
FDEDARY Mo THIERIENZONIIET SRV, 22T, HAXY MIHLTE
NG ERI L2 HANY b 28 Y TSHZ LT, Hawkes AL IS 5 43Ik 8 A2 2 Bk
35 LATE %S (Hawkes and Oakes, 1974; #{L - ¥PAF, 2019, 8 53F). i FHOA XY b %
FIERILZBANRY FOFTE 2,€{0,1,...,i—1} £ T 5. 2, =0 DEEFHEA XY b2
Tenwe$h, ARV MRAERHNERA XY NOFSE2EDLELMERY {(ti,z)|i =1,...,n}
BEUTONV—= VIt THEEEINS LT 5.

Q) BEFT= A XYM {(#,2:)|2: = 0} (XURIE 11 D Poisson BFEIHE - THAT 5.
M C1)FEHOAXRY P EBITEDA XY N {(ti, 2)|2z = j} \3EE gt — t;) D Poisson
WA L7225 THAET 5.



Hawkes BIEHEURERYIE 7V 167

(ta,1)
4 8 (]
(t1,0) o 5 ./
7
@
(0 (ts3) (92
tq oty 1y tstg t7 tsto t1o
Time
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(b)ZFEL, RENIBTFHBZET. T 14X MEERAZZTZ R 5 & Hawkes #2
259 .

COEIICLTHRELZANRNY FOBTHABREZBTF TN E, BERFLwWI XY Mafde
T2 EBREORFRERH 2 LA TEL (K1 1).

A X2 MR AR i<a) ED)OEREDLETEZONL LTS L, WM (0,7]12B1F2
{(ti,z)]i = 1,...,n} ORESREREEIL

(2.3) po({ti zili = 1,...,n}) = p({ti, zi|z = 0}) ﬁ ({ts, zilz: = j}t;)
ThHzohs, 22T _

(2.4) p({ti, zilz = 0}) = lH u] exp(—uT)

BIW™
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n n T

:H exp l,uTZ/ g(ttj)dt‘|
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& 7 ) Hawkes #FEOMERE I (2.2) 2E2rN L. ThbbH A X MHOKRBERIZHN
ENT, ARV MRARRZTEM SN/ D DD Hawkes BIETH S LFMT L L TES
(17F).

K22DERQODE, 4NV FEHF {t,... 6. BHE R ORI TFTTOBRA X b
{z1,..., 20} OFMAF EHERIZ
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d)izi
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_ wzz,
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BA XY MOFMA EERIIMA 2 HBICIBH SN TV S, Zhuang et al. (2002) 13 & O
RICEDCTHARY I EF T T THTVITY) AL EREL. 72, BAXY MNE2HE
HEBERRLT, XIA—FHEDZODEM TNV ITYY AL EHETHZLHTES (Veen
and Schoenberg, 2008).

(28) p(2i|t17 ey tl)

3. Hawkes BIEEBERIIET IV

S5, ARV PEEEMESK EEICET SN BRI BN EEZ L. O
X9 %7 —#I12x LT, Hawkes 2 & FMAOME 05 BRI F IV 2 MR T 5.
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Wipiic {1,2,.. } IXBIFBAXRY MiEn £35. HIfHE N =E(n) 287 A =5 12H> 4
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P(ni\nl, ey ni71) = p(ni, )\1)
THZONLFHHIERYET V%% 2 5. Hawkes RO ST XEEEE(2.1) 225 OFHET
HfEfili S A —4% %

1—1
(3.1) Ai :M+Zgi—jnj
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A XY MROWEZG A p(n, \) 1213 Poisson 734 b L IFHO B M2 WS 2 &2 5.
Poisson 474 O 7 B

(3.3) MmM:%ﬁ”

THZON5., FHERIIELL EMR) = Var(n) =X TH 26N 5., H£EXENOK LD A
NV MEEFE WIS TH D E &4 XY ML Poisson A ICHED) DT, TD X9 Likil%
P B A E T & 535613 Poisson A IEZ M EBIRTH 5.

—J, EEXHEHATA XY FOHBRIREBEHRTERVEE, AXY MIOGEIZTFH LD
bREL D, ITEBGHE (over-dispersion) &\ 9. 2D X ) ZIGAIBGEE FHOMR
GAEHGAEZ ERLEE L. ADHSFIIZFD L) G0V EDTH L. T TIEUT
OHFE=RBBEFOROH M %% 2 5 (Koyama and Fujiwara, 2019) :
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EHESEUEENZENEM) = A BL U Var(n) = (1+ p)X TH X 5N, p(> 0) (& B5Eo B
BVWERIT NI A=FTHY, p— 0T (3.4) 1% Poisson 7545 (3.3) IZPURT 5. B IHGA
ZOWTIEHE AT LD/

A RV N DOMESS A A Poisson 704 (3.3) D L < 13RO IHG A (3.4) TH-2 5N 5 KERY
EFIV(3.1)-(3.2) % “Hawkes B IR ET IV EMERZ LI2T 5. MMOMRGA THRR
FIEFIVIZERENDD, FRIIh S o054 v 2B HIZHE 3.3 M TH LIk 5.

3.2 AN FDOEI)HT

Hawkes B TIX, KA XY MIEARY P20 D8 ) BTEH 2 & THBEEEE WIS
5 ZENTE. FBRIC Hawkes BEHHIFRIIE T VIS L CTHOHA XY F2H )BT TAL
V. R DAXRY Miin, ®9 b, BEDOKE j(<i) DAY MIFIERI SN XY |
Bxk oy, &L, BEFewAXRY M E g E55. 2F0 {yi,. ..,y } (& 0 OFEZERIC
DWTOHNATH Y
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Gi—ing DYEZEDAT P(yizng) \ZHED .
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GNIZFTHWIZHY . THLET S !

i—1
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j=1
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L
(3.7) P(Yi.L) = P(y11) HP(yih e Yilna, - miet)

=2

= HP(yii) ﬁp(yij|nj)

THE2ZoN5., REBDEEHEDA XY MEONRERZELEFNVTH Y, Hawkes BRI
3 B 43I @ AR (2.6) 1B LT b

K (3.7 % Vi IZ2WTK(3.5) %(ﬁﬁta“ct BT B L FHEIRERY {na,. .., nr} ORESE
BB OND. THEDLLY, = {yi,...,yu} EL, RE5)E2M-T Y OMOELEE Y, &F
5 &

(3.8) P nl, . Z Z Y'1L

1€ YLeYL

i—1

=y > pr,, [T Pwiln)

YieEV1 Y ey i=1 j=1

:H Z P(yii)HP(yijmj)

i=1Y;€Y;

= P(nl) HP(TL¢|TL1,. .. 717,»;71)

t%b, 22T
(3.9 P(nilni,...,ni—1) = Z (yii HP Yij|nj)
Y;€Y;
ORI, BE @) & (B) XY
E(ni|n1,...,ni—1) = E(yi) +ZE Yijln;)

=p+ Zgifjnj
j=1

ERDRBDIC—FTE. T4abbRXEBDNE2AXRXY MEOWFTIZOWTHELT A ET
Hawkes BIFHEERFIEF VAR SN2 2, 2BGBFE (2.6) 284 XY MZoWTEBAL
95 Z & T Hawkes BRI ONLEZ EITHIGLTWS

3.3 MiEMEE M4 N PAROEER EEERIH

Hawkes #1253 2 BA X+ QLA &S (2.8) L FBRIC, FREHOA XY Mo, 255
ZAONIZTFTONR y; OFHMNZHERLEZ ). 207201, y; [ LTUFO itk
DEMEMZ 5.

EFE. n O 2 HEREB DA

y=y1+-+yYn, vi~pyi\i)
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B — DFERGAE py, M + -+ M) WHED & EMBERTH B L.
A XY MO yi; HIIER) AT p(yij, i) WD £ T H. 22T

o o Jj=1

Vi; = E(yi5) { gy, 1<j<i

EBw, 758, KBHBLUOKBY LY, ng FEWVITHY LR gy (j=1,...,1) OFTE 2
SNBH5, MEM XY FE-— ORI

(3.10) P(ni\nl,...,nifl) :p(m,)\i)

WZHEH . 2T IRRGBDTHEZONE, 2FVMEMZIRET S &, FHEDL XY MY
n DEOWiR yi; (G =1,...,1) DE—DOHERHAIRIIHKE) DTH 5.

KB3.6)EXB10) LY, KR ETOAXRY M {ny,...,ni} BEGROENTTTORE ¢ D
AXRY MEOWRY; = {yir, ..., yis } DFMAT EHERGAIE

_ p(Yi|na, ..., ni—1)
T op(nilna, ... miet)
1= p(yis, ¥is)
p(ni, Ai)

ERDOEND, TZTFTHERDE, £ XY MEDIAIZ Poisson 4374 (3.3) & O " IH/ 5 (3.4)
EFRHALZBEPHOCR D, T4hbb, INHIFEBITINENTH L. TNFNOMHERY
BT XGCIDIRATL LT, vV, OFMFMN SMHEELZ BARMIZE 2 LTS 5.

Poisson 0 D6 N(3.3) #XNGIDIRAT S L, V¥ OFMAT MRS IXLHS A

A

p(Yi|n1, N ,ni)

(3.11) =

N is \ Vi
(3.12) p(Yilna,...,ni) = =" 2

! Hj:l yU' ]1;[1 ( Az >
ELTROLNG. FHEGHIEZERER
(313) E(yij\nl,...,m) = nl)\—%
(3.14) Var(ysj|ni,...,ni) = % (1 — ¢/\—?>
THRbN5%.

FOZFHHORE RGO ERGIDIRAT 2L, ¥ ORI S HAHAIA1
D(ns + DA £ Dy + 22)

(3.15) p(Yilna, ... ni,p) = Fo s ) Er(yijﬂ)rf()%)

LEPNL, ZHUET 4 Y 7 VEIEGA EEEN, FHESHIEENFRUT T 2515 ¢
(3.16) Eys |, ... ni) = ”;”J

(3.17) Var(yi;|na, . ...ni) = ri n/\z/u (1 - 1‘/’\])

Z ZTHBICED AR ks 1

(3.18) jo= NPy

Ai+p
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THZONAE., ZHAAOSH(B1) L) B RENI LIZ W27 B8O HS A DESHELT
HHZEITHIBLTWS

4. BIEEETFIADIGH

B THERE L 72 Hawkes BUFHBURE R E 75U % JEGURE O FERN FAEBEFL (effective reproduction
number) DIEEIIICHT 5. FAEERIT 1 AOBEJEI G SR § 2 KIEEEROFEYTH 5.
TR A FERIE T TIEREDRIA D > TV B IRRIC B 2 TEERORKT, or0RL5E
#HH 5 (Fraser, 2007; Nishiura and Chowell, 2009). = Z T 13 Wallinga and Teunis (2004) {2
X 2 FER AR % Hawkes BIGHBIRERSIE TV HE X, @HHOBAEIZ LT 5.

4.1 Wallinga and Teunis (2004) D5&
BYE kBEGE I OREG L2 L, TNENORERA L ty, t, &9 5. AR A3
KB o(r) 12HEH 95 &, BAEBATOH T kA% 2 S I&Ge L 72 iERIX

P,y = —¢(tk —4)
(k0 Em;ék ¢(tk - t'm)
THZHN5. ETOREEIMILIC 2 RIERZZERSETOZERET S L, BRF 1O
2 RIEHA B

(4.1) Ry ~ ZBernoulli(p(kyl))

k
K%%.::fz;u%%uﬂ%@@%%ﬁ&fuow1®ﬂf%é.taﬁwiﬁﬁiﬁﬁ
Re %, t HHIZER L ZZBED 2 REREBOVIY R = -5, R TEHRT L. TITn
Ft HHOBEEHRTHS., XA H»5¢tH E@%?)ﬁﬁé%iﬁ@?i’]&ﬁﬁﬂi%h%ﬂ

(4.2) R = Z ZP kD)

(4.3) s> = Var(Ry) = — Z Zp(k n(1 = pw,p) Z Z Pk, )P (k,m)

=t ty=t,m#l

T%i%ﬂé(&mhyﬁ&ﬁ%@.;ﬂ#Wﬂmmmd%mﬁQm@Kiofﬁi%ﬂt
ERHAEEROHEERTH 5.

4.2 Hawkes BIEtHERIIET LD S DEH
JRYYE DIEHE % Hawkes WEHEIFRIIE TNV CTHRT. ny 7« HHOFRBEGEL L L, H
pe

1—1
(4.4) Ai =i Z Pi—jn;

THZoNAETAH, 22T ¢, AR Fﬁ@’\?ﬁffﬁk) Y b =12, ki HH
DEGNERITNTA—F LT EH, ZDOLE, [ RV ]‘@Z@V\]nﬁyzj X« HHOBEREDH L
jHHORGEE»HEG L2 ANE” & 7% 5. Wallinga and Teunis (2004) I2fit9 &, j HHO%
REHAEERIIEOHDOEGE 1 NS0 0 2 REEE R TH L0 0, y; THWT
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THzbN5%.

LHHITOFBBEEBORERINT =% {n1,...,n.} BGRAONTWDR ET 5. ERH
B2s Poisson 35 ICHED £ T 5 &, T—F W52 H5NIZTTO y; DG SHESRIZEL HI
(31212 DT, R; DHEMAT S HFHE & 7 #idsN(3.13) £ (3.14) 2T

(4.5) ﬁj = E(Rj|n1,...,n1)
L
1
= E(yij|na, ... ni)
ng —=
i=7+1
L
= _ M
i1
i=j+1 Zk:l ik
BIW
(46) 82 :Var(lenlj'”’nL)

L
1

=3 Z Var(yij|ni, ..., ni)
j

i=j+1

_ 1 - NiPij 1__ i-ing
g S S Gk \ DD dikn
Lkovoh, ehehl4.2) X3 IT—FT 5 GEHIIMEB 22H). 374b%5, Poisson
53 % 72 Hawkes B EHEURE RS E 7V % 5 Wallinga and Teunis (2004) 12 X % ER) A4
BoHE i & EASE N7z,
—7, BRBBAO TG (BIHED LT B &, ERTHAEELDO LM X IR
(45) EMULTH B, SO &I G17) LD

T
(4.7) 2= L Ky ifi‘:‘bi—j 1_ fi—jnj

[ D ke PimkNk D ket Dkl
ER DL, WD TGA—=F o BWHPLZEICEBILL). k=1 DL EIERNU)ITFES

N5, L7z23o7T, M. Wallinga and Teunis (2004) D F % WD A —MRIL L 72
bDEALES.

4.3 COVID-19 NDJ5H

FCHEWETHAEEROHEERE (4.5) @) 2 H M au F T 4 )V AEEHE (COVID-19) D
T2 5. HRAKEO 1 HOHBEMERIBEHEE SR, -T2 77— LT
KRESINTwE. 22T, BEAGHE»AHT 57— % (https://www.mhlw.go.jp/stf/covid-
19/open-data.html) & IV 72,

2 LICHAOHHEME R ZRT. BEERICASNS 1 ARORINASE, FHEEEK
DRAERESBOENTER T 5. ZORMEBOENFLEEBNORELIR 5720, BHED
FrHLGEE RO Z Y ,

Saturday

% Z Bi=1

Sunday
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3000
2000~
Fod [ “
b i
3 waEEss 1 fiht
1000, ‘ ‘ 1l
l RABETERE ‘ ';l ‘
| ' l ‘ il ol 4 i* i I
0 L L Y I I I L “ L
38 48 58 68 78 88 98 108 118 128
20205
3

SRUNBE Y

g |

33 48 58 68 78 88 A 108 1A 128
20205

2. b BAROHHBGEER. T € L2 ERF AR CFIE £SD). HWwIKGIZT—
¥ OMGBEZRICANTEEEZRL, ROKGRIZEICANZVWEEZERT.

EBEALL TRDA-EAR B 2HT, b EOHBBEE v i =1,...,L) & 71 = n;/Bi
(i=1,...,L) L7z OMNIGRIZ R D I WERITHDOAA ).

ZE9E I W3 (serial interval) 34 ¢, 121, Nishiura et al. (2020) DIRGIHEYY, FE 4.7 H, &
AR 2.9 HOMBIER MR L, BREISAEK

1 logm —p
4.8 d,. = —erfc| — ,
(4.8) ; < — )

EHVWCT ¢ =@, — 0,1 & L7, MEBUEBDAD/ST X =% (u,0°) &, F¥m =47,
7 s =29 & LT, p=log(m?/vs2+m2) BIUWo? =log(l +s?/m?) THZ 7.
AD G (3.4) DIST A= p DIEIET =5 5

L —
.1 (R — Xi)?
P

LT S2T N = Y00 iy, /7 1 L EBOBBBEEBOTFHTH L. ThEeX
(318) X WX UT)DIST XA —% i 1T

EROLNS.

2 MIZHERE L 72 FER R PE R CPIgME £SD) 2R . #WIRTIE T — & Oz LRI
AN EERL, BOIKBIIZEICANZ WA (Wallinga and Teunis, 2004 O ) & 3%
9. EBEOT— 73BT H 5728, Wallinga and Teunis (2004) D 51 TldHlE 2 & D553
BWPEHi ST 5.
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ERFAEBIL A HCTA R0 1 2 T2, BRAFBESHEN SN ORI 4A7THTS
B, LIES SEMAERIZ 1 2 THS25 5 H 25 HICRAHBESPEECHERS M, BT
NI THELZ2BR 5. 8 AICHEMNHAEEBIIF 1 %Tlﬁlé?)‘, R 541 TRtk B
FEHWLTWS

5. ¥&O

AR TlE, Hawkes MFEOVEE, FFICHERRE L OXISICHEH LT, AR % o5 Hs
RIVE TN ZRE L7z, 5 3 HiD Hawkes BIFHERSRYIE 7V ORI %, 4 2 HiD Hawkes #
FENRT VIVIER S, WHEOMNIEE ATz, 7272 LEHEIERSIE 7 VIS LT, RSO
MEEE VI S22, 2L Hawkes BRI R VEFETH 5. 6 4 HiTlE, Wallinga
and Teunis (2004) |2 & % FERhEE O E = % Hawkes BIFHERER Y€ 7L %75‘ B L
oo SHLICBREERICAOZHMAZIRET 5 2 LT, EXNHEEROHEEEIEFTIOLH
e 2 | A=Y (A

Hawkes #F2 & 51 RS % B#AH I 5 7 70 —F & LC, Kirchner (2016, 2017) 1335 il H
C.IJ5 € 7V (Integer-valued Autoregressive Models, INAR €7 W) IZHD HEEREL T»
b. TOFETIE, B SN7: Hawkes #MFE% INAR(p) EF NV TEML, b &R/ 2
P TROIZHEE R % Hawkes BIED 7 — R VEIEIIHIL S TW5S, WERNFENES 1T
FREETH— ANV D ) 23T XA M) v 7 HfEREGZTWE I EDPFETH L. 73T R
MYy 7 BB A ERICEETE W E &, Kirchner DHET Y285 X MY v 7 IZHERE L,
FNEZZTRELZHRNETFT VO —FVEEIE) 2L D TELTHA).

AL TIE, 3I)—2D7 70—FTh b —HIRBEMET N (H 5 VIZEN—BILHIEE
TW) b h o 72%%, Hawkes MEHEIRSRIIE T V2 BIIET VE L, X7 X =5 B.1DITY
AT AETNVEMAALZ ET, BHIIHRIRBEHETVE LTERMLT LI LI TES.
Koyama et al. (2021) 1%, 2O 7 70 —F TIEF T ZAFFALT NV T X 2% H 7 FER AR
BoHEHEEREL NS

Hawkes OSBRI L 5KBIE, 727 F A% 1) 7 (Zhuang et al., 2002), ¥ I 2L —
¥ g ¥ (Moller and Rasmussen, 2005), EM 7 JV T 1) X2 (Veen and Schoenberg, 2008) 7 &
BeA 7N T) ZARISHOIEREZ % 5. Hawkes BIFHEIIRSRYE 70V IIK T 2 Ak 3
SROMERETDH 5.

T 3

A. BOZIBEST

RO I ANLEE, I p DNV X — A AT T r WIS B HRBT 2 By O
oA

(A1) Ply,p.7) = (yjﬁgl) (L=

ELTREING. PHEGEIIZR TN

B) = 2 var) = 122

Thb. NIA—F%
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1
1+p’
CEWLUTHEL T MBIz +1) =2 TRTERGBHDEIBELND.
XBAHDF 2TV R

p=

>

K(s) = B(e™) = == logl1 = (¢" = 1)
THEZ BN, pCEMLTEEHER &
K(5) = 21(e" = Do+ o(p)]

L% BDT, p— 0T Poisson BADF 255 Y M K(s) = Me® — 1) KT 5. T4
bHHEO IS (3.4) 1 p — 0 T Poisson 73745 (3.3) IZPURT 5.

yi (i=1,...,n) DEWVHV. 28O TG GBI ETEE, y=yi+- +yn DA
DF 205 v MU

K;@>:—2;§¥¥bal—w5—nm
ERDBDT, ylZFEENRT A—=F N\ + -+ X, EROR—OGAIH). Lo THD
WA 3. EMENTH 5.
FNALDDNIRTA=F % . )

Py T

EEWHA L LB ET VT MEDbNDE D ) —DD/XF X —F TR

_ Ty+ph A Y[ 1\
(A-2) M%Amy_F@+UF@4)<1HA> 1+ pA

ﬁﬁ%ﬂ%@MMZMU L GHIEZENZNE(Y) = A BEU Var(y) = A+ p\2 THZ 5

. RBYADGERERERLZ LIZHEEL L 9. Cameron and Trivedi (1986) 1Z3X(3.4) & X
(A.2) % ZNZEN “Negbin I” B £ U “Negbin 117 &L IEATXHI L T4, Negbin TN %
FO A%, Negbin ILIZMENTIE RV, Z D720 Hawkes B EHE 251 € 7 )V I121% Negbin I %
w23

B. Wallinga and Teunis (2004) D5 % & OZEfi1EDFLRR

BEHEE L IOBRELI-HEENEN L, =5, 1 =t ET DL ¢ty —t) = ¢ps—t TH 5.
St —t) = nas—y \WTEETZ LK (4.2) 13

L
k — tl _ nsﬁbs—t
P DB e m ) 2 S e

t;=t k s=t+1

ERDRUBIT—HT 5.
FIREICE (4.3) DAELE 1 THEE 2 HITZFNEFR

tk—tl tk_tl
T nott-nun) = DT Rt (1 ) )

ko t=t =t k
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L
1 NsPs—t Ps—t
= — 1 _
ne Z S Bemunta ( St ¢Sunu>

s=t+1
3 Z Z Z P(k,1)P(k,m)

ty=t tym=t,m#l

ng — 1 Z Z tk — tz) 1 Z ¢(tk - tm)
e e > j Ptk = t5) ne—1 Ej;ék o(tk —t5)

ty=t tm=t,m#l

L
Ny = 1 Z nsd)sft d)sft
= — —
it 22:1 ¢s—unu Zs

s=t+1 u=1 ¢s—unu

E%RBH0T, INHENMUI)DEHITRT &

L L
2 1 ns¢s—t < (,bs—t ) Uz 71 ns¢s t ¢s t
§°=— E — 1— —— _ } :
el D MRV N G D NN n S Gy S Bemuta

s=t+1 s=t+1

L
1 NsPs—t Ps—tnt
= — 1 _
ny Z S femuna ( St ¢,5unu>

s=t+1

E N (4.6)I2—%T 5.

Bacry, E., Mastromatteo, I. and Muzy, J. F. (2015). Hawkes processes in finance, Market Microstructure
and Liquidity, 1, 1550005.

Cameron, A. C. and Trivedi, P. K. (1986). Econometric models based on count data: Comparisons and
applications of some estimators and tests, Journal of Applied Econometrics, 1, 29-53.

Cheysson, F. and Lang, G. (2020). Strong mixing condition for Hawkes processes and application to
Whittle estimation from count data (preprint), arXiv:2003.04314.

Chiang, W. H., Liu, X. and Mohler, G. (2020). Hawkes process modeling of COVID-19 with mobility
leading indicators and spatial covariates (preprint), medRxiv:2020.06.06.20124149.

Chornoboy, E. S., Schramm, L. P. and Karr, A. F. (1988). Maximum likelihood identification of neural
point process systems, Biological Cybernetics, 59, 265-275.

Cowling, B. J., Ho, L. M. and Leung, G. M. (2008). Effectiveness of control measures during the SARS
epidemic in Beijing: A comparison of the Rt curve and the epidemic curve, Epidemiology and
Infection, 136, 562—566.

Daley, D. and Vere-Jones, D. (2003). An Introduction to the Theory of Point Processes Vol.1: Ele-
mentary Theory and Methods, 2nd ed., Springer-Verlag, New York.

Fahrmeir, L. and Tutz, G. (2001). Multivariate Statistical Modeling Based on Generalized Linear Mod-
els, 2nd ed., Springer-Verlag, New York.

Fox, E. W., Short, M. B., Schoenberg, F. P.; Coronges, K. D. and Bertozzi, A. L. (2016). Model-
ing e-mail networks and inferring leadership using self-exciting point processes, Journal of the
American Statistical Association, 111, 564—584.

Fraser, C. (2007). Estimating individual and household reproduction numbers in an emerging epidemic,
PLoS ONE, 2, e758.

Hawkes, A. G. (1971a). Point spectra of some mutually exciting point processes, Journal of the Royal
Statistical Society. Series B (Methodological), 33, 438—443.



178 MEIEFL Heok F2m 2021

Hawkes, A. G. (1971b). Spectra of some self-exciting and mutually exciting point processes, Biometrika,
58, 83-90.

Hawkes, A. G. (2018). Hawkes processes and their applications to finance: A review, Quantitative
Finance, 18, 193—198.

Hawkes, A. G. and Oakes, D. (1974). A cluster process representation of a self-exciting process, Journal
of Applied Probability, 11, 493-503.

Hilbe, J. M. (2011). Negative Binomial Regression, 2nd ed., Cambridge University Press, Cambridge.

Kalair, K., Connaughton, C. and Loro, P. A. D. (2021). A non-parametric Hawkes process model of pri-
mary and secondary accidents on a UK smart motorway, Journal of the Royal Statistical Society
Series. C (Applied Statistics), 70, 80-97.

Kirchner, M. (2016). Hawkes and INAR(oco) processes, Stochastic Processes and Their Applications,
126, 2494-2525.

Kirchner, M. (2017). An estimation procedure for the Hawkes process, Quantitative Finance, 17, 571—
595.

Kitagawa, G. (2010). Introduction to Time Series Modeling, Chapman & Hall/CRC, Boca Raton.

Kobayashi, R. and Lambiotte, R. (2016). TiDeH: Time-dependent Hawkes process for predicting retweet
dynamics, ICWSM 2016, 191-200.

Koyama, S. and Fujiwara, Y. (2019). Modeling event cascades using networks of additive count se-
quences, Journal of Statistical Mechanics: Theory and Experiment, 2019, 023402.

Koyama, S. and Shinomoto, S. (2020). Statistical physics of discovering exogenous and endogenous
factors in a chain of events, Physical Review Research, 2, 043358.

Koyama, S., Horie, T. and Shinomoto, S. (2021). Estimating the time-varying reproduction number of
COVID-19 with a state-space method, PLOS Computational Biology, 17, e1008679.

Lewis, E., Mohler, G., Brantingham, P. J. and Bertozzi, A. L. (2012). Self-exciting point process models
of civilian deaths in Iraq, Security Journal, 25, 244-264.

Meyer, S., Elias, J. and Hohle, M. (2012). A space-time conditional intensity model for invasive
meningococcal disease occurrence, Biometrics, 68, 607—616.

Mohler, G., Short, M. B., Brantingham, P. J., Schoenberg, F. P. and Tita, G. E. (2011). Self-exciting
point process modeling of crime, Journal of the American Statistical Association, 106, 100-108.

Moller, J. and Rasmussen, J. G. (2005). Perfect simulation of Hawkes processes, Advances in Applied
Probability, 37, 629—646.

FRISHES WEPTSCIE, JIFRES (2017). FEEE QG E TV OREDOFE, HatH, 65, 323-339.

Nishiura, H. and Chowell, G. (2009). The effective reproduction number as a prelude to statistical esti-
mation of time-dependent epidemic trends, Mathematical and Statistical Estimation Approaches
in Epidemiology, 103—121, Springer, Dordrecht.

Nishiura, H., Lintona, N. M. and Akhmetzhanov, A. R. (2020). Serial interval of novel coronavirus
(COVID-19) infections, International Journal of Infectious Diseases, 93, 284-286.

WVLERT, WA e — (2019). [RGBFEDRERFIMFNT ], 237 BAR, HT.

Ogata, Y. (1988). Statistical models for earthquake occurrences and residual analysis for point pro-
cesses, Journal of the American Statistical Association, 83(401), 9-27.

Pernice, V., Staude, B., Cardanobile, S. and Rotter, S. (2011). How structure determines correlations
in neuronal networks, PLoS Computational Biology, 7(5), €1002059.

Veen, A. and Schoenberg, F. P. (2008). Estimation of space-time branching process models in seismol-
ogy using an EM-type algorithm, Journal of the American Statistical Association, 103, 614-624.

Wallinga, J. and Teunis, P. (2004). Different epidemic curves for severe acute respiratory syndrome
reveal similar impacts of control measures, American Journal of Epidemiology, 160, 509-516.

West, M. and Harrison, J. (1997). Bayesian Forecasting and Dynamic Models, 2nd ed., Springer-Verlag,
New York.

Zhuang, J. and Mateu, J. (2019). A semiparametric spatiotemporal Hawkes— Type point process



Hawkes BIEHEURERYIE 7V 179

model with periodic background for crime data, Journal of the Royal Statistical Society. Series
A (Statistics in Society), 182, 919-942.

Zhuang, J., Ogata, Y. and Vere-Jones, D. (2002). Stochastic declustering of space-time earthquake
occurrences, Journal of the American Statistical Association, 97, 369—-380.



180 Proceedings of the Institute of Statistical Mathematics Vol. 69, No. 2, 165-180 (2021)

Hawkes-type Count Time Series Models

Shinsuke Koyama

The Institute of Statistical Mathematics

We propose a “Hawkes-type” count time series model. By emphasizing the branch-
ing process representation of the Hawkes process on a real number line, our model has a
similar representation. The applicability of the proposed model is demonstrated using an
epidemiological example where the effective reproduction number proposed by Wallinga
and Teunis (2004) is generalized for over-dispersion.

Key words: Hawkes process, branching process, count time series model, negative binomial distribution,
effective reproduction number.
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MERDPENLEETHL., ZNSOMWE & 72052 Hawkes BFETH 5. Hawkes HFE
&, Hawkes (19712 & o TIEFIR O EGMEEDE T IWAL R EORHZ RIEZ TIREI N,
Hawkes AR 38R 4 2o 08 CIDH S, E2ERETO 58 Tl Rizoiu et al. (2018) 12 X » TIEHE
MIIEARET TR 2 L5 SIR 7NV & OBEAHT AT H 7z, Park et al. (2020) i& Hawkes
WFEZE 2014 FEICWHT 7Y I THRITLEZR T IA NV ADF—ZIZEM L, SIR £ 7 VO
TH5HSEIR ET VIS L DS LRVHEREZHEL T3,

PO ST UAC S, BOEERHERRE L RO TR A NV & L THEIZT
NG, BAEBICKREZS SR THEIL Hawkes BAENO B TIZFE D 27X {, Ogata (1988)

LB SR EL R AR A b LT AR ZER) ¢ T 223-8522 A IIIAHE T ALX H 3% 3-14-1
2 e RIS P TSAES - T 223-8522 41| EAGET L X H 3% 3-14-1
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WX o THEREE XA I =X LDET VDG fThI, TOHL A RETIVOIL
EAREIN TS, T2, 774 F VABEOIGHD SNTWa. FRICEFEIE S BRG]
T—F 2ER LT, AR ES % 4 X b & L7 Hawkes HFEDISHPHE 2 TWw 5.
Bowsher (2007) 1= 2 — 3 — 7 5T IFTO “WHIDOFEA” & “mid-quote DZEAL L 72KEX” 12
— &AL L7z 2 225 Hawkes #8482 2 4 TIZO TN 2175 TV 5. Yang et al. (2018) 13, #kaXili
BT — 555580 NTRMMOEIN - A D 2 D0 r##E & Thomson Reuters News sentiment
data D HEFRENI2E Y F A ¥+ (FHEEEK O8N - AP0 2 o0 B E AbE 4 KR
Hawkes B % Y4 Cld O TREMEZMIT L TBY, v F X v b EMAMOZET OB 7 B4R
IOV CTOWISER T 7. F72, BW - Il (2019) IBEREOEIFHEOET) V7%
% & Hawkes X W TW 5.

Hawkes # 2 & FEBUfH T %, W2 BBE L2 KT E 7 — A VK E VWS . 1K,
Hawkes BREOHETIZH — FNVEHKAE NS A N v 21252 THRT A= OBELERTD 2
EWE otz AR MPFAE LD S OEEOBEDRT PREBENICBH ShTw 5,
FRIZHRICEZONLIMBEGTHER T 74 F Y A0 HOEHENS |7 — % OMATIIZZ D)k
BEYTH D, 774 F Y AGHIZBIT S Hawkes BEDISHIIZEZ £ L 72 Bacry (2015) 12
L5 &, BEE D — A VEEEHCIRSS (IThIhvTwa. LA L, EFRETOSHICE W
T, HEORMZALE T AN) v 7IHETSH I ERRELRGEND L. BIUEICH LT
IREBRI AR T 0 THR WS L e EFEHTH S (Park et al., 2020). D K9 RREICHL,
Kirchner (2017)1&% — % VB % /8T A M) v 7 IHFEETICHEE T 2 FEEREL TV 5.
Kirchner ® £ TlX, Hawkes MFIZEEE 2 & % BRI ESRT)IC AR #FE (AutoRegressive
process) D & 9 % % AR A 72 INAR #FE (INteger valued AutoRegressive process) (2B
AT S, INAR HEBEOHEE % L C Hawkes BFEDHEE D TH NS . Hawkes DI
WWRE2WHAT L HED 1 D8 LT Hawkes 75 75 5. Hawkes 75 71 Embrechts and

HREDEAPZFNEFNA XY PERROFEAELRTEE 1 HOA XY MEEPRIZTTEREN 2
WEBEAVELRL TV,

AL T, ®AHPE Kirchner O FED B 2479 72012 (1) | BEAEE T 5 BIEEIC
H—AVEEPR L TWRGELE QRLUENPEET H2HEIRICH) — KA VEENRE L Tnin
BED220RNTYI 2= a vy &fr). 20k, ThENOERZ HWTET— 5 T
2175, 9, RAETHEN T 57— 7 IZHARIZB T 52 KRTFOREEEIGIFTT® % bitFlyer
BT REBED 15587 —% Thb. HAiTHHIITIEITE 2 WKH2H 5 DI LT,
IRAELEE TS 24 IV T WA % EDEWDEDH 5 25, HEEORF LIS & L
TWwhb EEZ, Yang et al. (2018) & [FAAk, FBHEIU A — R VEEEZE LTI 247H. A XV
FELTERSIND DMK L RSO LA - KT OHRTELDORE SH3DH % BE %8 2 72
O ENDL ABEFERT— 7 23 5. KT Kirchner D% T, 2020 £I12H
K G0 7 F R CHRAT L T b COVID-19 (COronaVIrus Disease 2019 @ Hfl a7 1 v
) O HARENOFHRERZIZOWTOT —F ZfFHT 3 5. Hawkes @82 % H\ 72 COVID-19 @
ANT B DWW TIE, Garetto et al. (2021), Lesage (2020), Gong et al. (2021) 72 E&DOH» D
WEDPREIC R SN TV DA, COVID-19 ZH LI A VATH Y, EEIHE IOV TOHA
BT TRV EOHAIZ LY, KX TlE Kirchner DF 2 HWTH— 2 IVEEKE /) VN
FAM) w7 ICHEET S, BRI X OB ORI OB EORHEZE L T, HAREMNIZ
BT 5 COVID-19 DIERAERKOHE 1 P L FE 2 W TORBRED R 2N T 5. T2, AOE
Bh & YR E O BRI OWT LT 2479 .

ARG 2 HiC Hawkes 2 & Hawkes 75 7B L N2 oDHEEFE /AL, 3HiTY I 2
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L—YarvaBLT2O00FFEORELZITH. 48HiTIREF—FHNE LT, EEETSO
WERE TR AEZHOTRNT 5 L & 12, COVID-19 DGR DN 2 Kirchner O ik
TIT). 5EITELEOEITV, SHROBHEIZONVWTHRRS,

2. ZZEE Hawkes 82 & Hawkes 77 7

AREITIE, %2 & Hawkes #FEB X ' Hawkes 7T 7 DEHZEZ AL 72 LT, Hawkes BFED
NG A—=F ZHETH 2DODHETH SIILEL Kirchner DFEZBMNT 5.

2.1 Z%ZEE Hawkes 182

W77 4 V5 —F EEMERZER (Q, F, (Fi)iso, P) %2 5. IEOfli% & 2 F,-f5 1Rk
DOMKRHN {TD}jen % Fr-BEZEMELED. TY 2 jHHOA XY DOFERG E AR L,
TW < TU Pas &35, SOITHMBE {TO) ey O EHRSINDLFEBE N = (V)0 &
Ne=3 cnlirinay £F 5. 4tk N il LI,

Hawkes A MEBOET NV TH Y, ROMELHWTREMTONS.

EE 1. GUBROBEE) [0,00) Lo F-BELREBHR N 2Z2 5. L0z L% F-1 7l
TRREHBREE N = (\)iso 25, EED0< s <t Ziii/zd 5,6 1T LT

¢
E[N; — Ng|Fs] =E [/ /\udu|]-'s] P-a.s.

BT EE, AR NO (PF)-BRIEEVS.

[0,T) L0 FGBEE N A5 (P, F)-HEN 2RO L35, AEEO 1L T [) \ds < 0o P-a.s. 7
BB, A DY Y T NS AR O R 2 RS, HEED t € [0,T] IZOWT A\ <Y P-a.s.
BT MRERY BT H L &, MEIIROEBR%FO (Aalen, 1978, Lemma 3.3).

1 B
AharrJer ZE[Nt+A — Nt|]:t] = )\t+ P-a.s.

72720, My =limapodgn TH D, TORIIBWT, N OBEE N, DA X, 3G ¢
TOFBERPG-Z2 HNIZFCOBRBEN R A XY MEEMELHRT LI ENTES.
Hawkes B I1Z @D A4 X2 A BIEOREIHE L KITTHAREF LV TH B.

EF 2. (HZEH Hawkes BFE) SR N 2% Hawkes B2 TH 5 &1, GREE N\ 2°
t
A =1+ / h(t — s)N(ds)

THALNDLDE V). 72721, 1> 0 FHEMEE, h(t) > 0137 — A VEEEMIEN t <0
LTI At =0 &F 5.

ER2DODDND LI, H—FIVEEIZ h 2D Hawkes HIEIZBWT, gl s TRAEL
7oA XY MEKEE t(> s) IZBWT h(t —s) ZUTHREZML RIS, ZHdA X2 Mo HC)E
HERL, A XY IPREWTREZ ) R WHIE O IC Hawkes BAEDYL { b T 5 HH
Thb.

RIZ, TOHLER Hawkes B2 L LR ICHIRT 5. HARE M 252, £ie{l,2,...,M}
CXLT, EDfl% L B F-lit e il (T jen %25, %ic{l,2,..., M} ITHLT
{TOYjen B HEFRSND MBI N = (N))is0 2 N =Y YL, Th2EZIY

JEN 1{Ti(j)§t}
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DN =(Ny= (N}, o, NM))iso & M-ZRRMBELE W, ie{1,2,... M} ARV DY A
TEER, LERBMBEN ORER NG =1,..., M) DEE XN = (\)i>o (& N' O (P, FN)-if
ETHH., CTFN BN OARLZ 74V L= a v ERLTWAS. %R Hawkes
WA OB T CHEREED ZELIZETVTH Y, B 2R OMEA MR
DARY L ELBREDORAETEREIKAE L TERINS.

EF 3. (L5 Hawkes BF) M-ZEHEE N 2% M-Z % Hawkes BETH L E1X, 24
EHEEE A = (A = 0L, AM))iso0 28

At=77+/ H(t — s)N(ds)

THZONELDE V. 72721, %54 TOREKMRE n;, W72 0 = ()M, FHIKHEN
MV, YA T §OANRY NREEVRS AT i OMBEIIRITTRELRTI— 2 VBT hi; () &
BHRITHD H(t) = (hij (1)Y= BA—FVEBAT EWENS., $72, Fi=1,...,M K

LT y
(/H@-@Nw§>_<§;/ %U—wa@>

j=1"-

Thb.

=3 VEBIE 1T DA XY M FEENT] S TRBORREL 2 %3 5B T, Hawkes
WA RN T2 HEELEBTH L. HEROBIETIZNT X MY v 72— VDG 2 5
N2 EDEhrorz, FRTHREI A — %V

h(t) = ae ?', t>0

PRESINDLZENL . ZON—FVHEBIZ2DOD/XF X =% (o, 8) € RZy = {(z1,22) €
R?*|z1 > 0,22 > 0} TRESIND., 774 F Y AGFIZBVTOHREBI S — A VIFE S FH S
N THBY, Bowsher (2007) R Yang et al. (2018) 3% %A & Hawkes A IR LTKRD A — AV
BATH & 7T 2 T - TV 5.

(2.1) (H(t))i; = cije %3t £ >0

Z DI —FIVEBATH % R8O M-Z 5 Hawkes ALIE M(2M+1) HD/8F X =% (n;, g, Bijs i,
j=1,...,M) THEMIONS.

CHITH LT, EAREOTE TR EOREDHTIZOVTOHMENZLL, =%V
BENTAR) v ZIETELWI LD E. TOLH) L XL, I—FIVEAKZHR-S T
ET B L WES RN R 52 M H 5. ThE Y 551 CTH S Kirchner O F-:
T, =R VBBATH (hiy(8)M_y 38T A MY v 7 RS RS, b D ICHa/hERIE
BALTHREBHABRE p IS LT h(kA), k=1,...,p DHER h(kA) 2 IRFBIIRKD 5.

2.2 Hawkes 7 77

M -7 58 Hawkes ##1%, HOBHEW & HEFEEOMEZ GEATVS, IS OBRIIHEM
THY, EDILTDARYEIPREDT AL TDANRY MIEREGEEN 2o Twborzlt
BIAZLIZWNETHS. 3BEBTITHI T I2L—Y a3 DX H I —FVEBITH OEE R Z
NENBRLDLNRTANY) v 7 BBEICEENAGEICHBESHETH S 2 EI3URTH S,
H— A VEEPETEEE A — ANV TRQDOEKHRZFFOL XD, KRELHNE (@ & g8
REV)HELI BN (0 & BAVNS V) EERLORKEIES TEAV. 22T, ¥
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BOERIZRTROFEEZHV2
(2.2) aji :/ hij(t)dt
0

aj i ZIAT jO—FEDAXRY MERENS A T i OWMEIZG 25 BOBMTHS. T2, X

22005, a;; \E¥A4 T jO—FEDL XY l\"é#ﬁ’""?é ¥4 T i DA XY MEEREOW

FHMETH % LN T A2 LB TEAS. Embrechts and Kirchner (2018) 232% L 72 Hawkes 7° 5
FRX@Q2)ZMTROIHITERSINS.

EF 4. Hawkes 77 7) E%?)"Cni%éﬂé M-% 1 Hawkes BFE N 2% 2 5. ZDOL X,
N @ Hawkes 775 7 LI THMICIEIKGREE, DI (2.2) TEHREINAEEZEA L L THROEA
EHFMTT7 G:=(V,E)THY, TE)?I?E/\V LWEE EIRATHEZONS.

V={@Gm),i=1,...,M}, E:{(i,j;ai,j:/ hji(t)dt),i,j:17...7M}
0

FRIS, Q2D TERSND A — F VBATHI 2 5D M -2 Hawkes O &1 a;; = 3
¢ %%, 72, Kirchner OFFEZ VDL E XL, =2 NVEETHOt=A, ..., pA DEEET
DR hij(kA) Jk=1,...,p ZHWTHRSZEEBGEP S 52 12X D, ai; =1 Ahji(kA) &
T5.

2.3 RAEZEICEZHEE Hawkes 77 7RHE

[0,71(0 < T < o0) 1> M-Z & B N B 522 L ml B A 7% 2 A BRKICZEH
OCR! (qeN) EDNF A =% 0 c0IX o> THEILIN A®B) = (A(0) = (ML), \2(0),...,
AMO)))is0 EEREND LT EH. ZOLE, FEDwe QITHNT 2 LEBEI

(2.3) L(f|w) = exp {Z [/ (1 = Xo(0|w))ds +/ ]log Ai(9|w)N"(dsw)} }
0 0,T

i=1
TH 2 5N 5% (Daley and Vere-Jones, 2003, Proposition 7.3. III). ¥F12 4 — 3 )V EAEATH A3
(2 1)‘(51%*1’%&% 97( )1 1 :(7717(0‘13)3 17(5“)] 1)1 1 @ifiﬁjﬂﬁ?ﬁgiﬁ

log L(0) = log (exp {Z [/ (1= A.(6))ds —|—/ log)\i(B)Ni(ds)] })
— LJo (0,7

i=1
M

ZU (1—Ai(9))ds+/( ]log)\i(H)Ni(ds)}

i;jl
i=1

LWy RHEHRSL, 22T

zi(ei):/ (1—Ai(9))ds+/( ]1ogAf;(9)Ni(ds)

M

Qij —Big (T—TH)

1 ’I]Z —(1l—e "™ J + log 7+ a;iRii(k
Zl (k)Z /Bij ( ) (k)Z Zl ’ J( )
J T;"€(0,T) T, €(0,T] I=

THY, Riy(k) IR
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g ) (k=) P e N
e Pia (T =T, )Rz‘j(k —-1)+ ZTQ)G[T_(IC—Q rk)y € Big (T; =157 (i#j,k>1)
J 7 i
— (k (k—
Rij(k) = § =2 =180 (1 4 Ryy(k — 1)) (i=jk>1)
0 (k=0)

LEHKT 5.

K LIZBWTiF# =2 — MO TH S BFGS HEHAVT, ZOMEZRKILT 58
FA—F KD D.

LB ERED SO NS RAMEER 0 = (i, (&) Ly, (Bi) )M, & a;; ORISR
AT 5 Z & T Hawkes 77 7DOLOEADHERDPRD L HIZET 5.

. Gy
RFLIZB VT Hawkes 777 7D (4,7), i, =1,...,.M ODFMIE, BOELDOHER 4;; D
Wi A5 D 95% BIHEXEICADMENEEINL0E»THN 2T 5. BB &, B &K
KHERTH H72%0, WHEICERSAIZLZHD. TASOLOEBEXMEZ KD 572012
Fieller (1932) 23#2% L 7z Fieller’s method % HI\* 5. Fieller’s method & IEHAGIC L7229 2
DOMERERORDEFX M %KD 5 HET, (a,8) B2 EZEERSMGC LA >TwDE
L, ZOlZ a/f=kETh. COLE, kD52 0NIE XD o — Bk DEMA & 5401
N(0, Var(a) — 2Cov(a, B)k + Var(8)k?) & e 005, BEEIER DA O T % W% Zy £ T 5L

P(|la — Bk| < | Zg7 591/ Var(B)k? — 2Cov(a, B)k + Var()|) = 0.95

ERTILENTES. ZOXO ()NOWBE 2FLTEIZOVTEHT S L,
{/32 - Z§7A5%Var(5)}k2 —2{aB — 292745%00"(047 B)}k + {042 - Z927.5%Var(a)} <0
Eeh, ZOEIZOWTO 2 KRBT THHXPIEOMEE & A8, kIZOWTOHPAT
HEHETIENTELD, LOEEXMOTRIZ
{Otﬁ—Z927'5%COV(Oé7 ,3)}—\/{04,3—2927‘5%COV(057 5)}2—{52—2927_5%\/211"(6)}{(12—Z§7'5%Var(a)}
62_23745%\/3‘1"(5)

C‘Z 7;@ Z) :_ hﬁ: OACjZ', Bji jb) J: UVar(aji), Var(ﬁji)7 Cov(aji, sz) @#ﬁéﬁii \7a\1‘(06j~;), \73\1‘(5]'1'),
Cov(ayi, Bji) ®RATHZ L TRERBO—BHERELZHLI LB TESL. 22T, mAHEE
i@ﬁﬁ%ﬁ%ﬁ%ﬁﬂu74v&%—%%ﬁﬂf%b,%%ﬁ@%ﬁfu,ﬂﬁ@ﬁ%ﬁ@
N X ATHI 04T % % (Bowsher, 2007, Theorem 2.2). 72721, B% — Z2, .o Var(B;:) < 0
DEE, KIZOWTO 2 KB RIS E %5720, FBEXEIL [—oo,00] LT 5.

2.4 Kirchner DFEICL B HTE & Hawkes 7 7 7RIR

%75 & Hawkes WIEIC BT B RMOBEREL ) V35 A MY v 7 IZHEE T 5 Kirchner DF
LEERNT 5. B, RUBIEREMBIH S N2Y TV ESEEFETH 525,
Kirchner O P33 BB 7 — & TO W LR EETHTH 5.

FIEHE n, H— X NVEBATH H #5504 % & Hawkes WARIZ L 72259 [0,T] Lo MR N

XIEM = Nia — N@g—1)a

Y¥ B, T2 Tn= |T/A| Thb.
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X = (XYoo BEENT =5 o™ = Ay, 5] X (thinning) FREATH] AD) =
AH(kA), k € N 8D M-Z 58 INAR(co) #FEIC L7225 ) MEREEI L § 5. T2, XAP =
(XA Yo, 0 BIERIST X =5 a(®P) = o), HHIEREATH ALY = 15y A K eN
ZFO M-Z5 INAR(p) BRI L7220 MERERINET S, ZotE, TohhdvwAa>oL
FREVpA > 01 LT

X 4 x@ 4
EV ) EPATHL Y LD Z & % Kirchner (2017) 1IZER L TWA. ZOFERDOFT, ABICHERK
B S 72 Hawkes #F2 % INAR(p) #FE T L, CLS % (Conditional Least Square method,
ZAEAT & fe/s 2 Feds) TR D 7232 1 % T Hawkes 82D 7 — 2 OV BIEATHI OHE 8 IR A
BB LN TESL. LT TIIAMMAE N »OLFHE SN2 B MR E X L£T.

EZ 5. (Kirchner D FEIZ L 2 R) MR N 25, RIKHENRZ vy, 71— 3V
75 H = (hij)M—y 282 [0,T] L M-Z5 Hawkes B L7 &L, 5 A>01TxL

x (&)

veey

,,,,,

XY = Nga — Njmya

ET5H. ZZTn:=|T/A] ThHbD. TOLEA<s<TZGTHEYFR— b s Z#HITH
Cp=|s/Al L LT, BHRDOHZ/F 2 =% % HS® = (H(A),...,H(pA),n) € RM*Mp+D)
LR s, S0 HOD ST aEEE HAD = (™Y, HSY 58 %

N 1
H*Y = vz (zZ2")™!
A (2z)
LEFKT D, 22T,
A A A
X xB X
x5 XY > S
7 = : : .. : c R(MP+1)><("_P)
A A A
X2 X X2
1 1 1
Y = (XL X0, X)) e RMX ()
Thb

HP (k=1,...,p) &, =2 VEESTIHO A XEOHERE R,

ﬁll(kA) iL12(l€A) BIIVI(kA)
A (ALS) hgl(k‘A) h22 (kA) e h2M (kA)
Hy = . . . .

szl(kA) iLMz(k)A) iLAIAI(kA)

EERIMENS. Kirchner 20171k p #FEE L2 LT, n - 00 & L7z2E EIC vec(ﬁ) € RMMp+1)
DU IEREZ > &R L7.
V/(n = p){vec(H) = vec(H)} 5 Nys2pi11(0,V)

CORERD S, vec(H) N7 Nyyzpyar(vec(H), ﬁv) ERTIENTESL, 2D S*= %_pV
OREBN—T a ¥ §2 &£ LT, Kirchner (2017) 1IZLLIFZREL TV 5.
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§? .— A2 ZZT ®IM ZZT ®I c RM(Mp+1)xM(Mp+1)

ZIT, Q@Brutry A =M, Inv & MROEMTH, W = 30 waw, €

RM(Mp+1)xM(Mp+1)
we = (XA T, (XD (X)) @ ) (X“) A~ Z lAX(A))

ThbH. B, KEOBHETHRR/EY), Kirchner ® T Hawkes l_ﬁf)‘ C)@%ﬁﬁﬁﬁ@]?’“—
FEHCWTHRET A ENRNTE S, Lo IIBMRMEE A 255/~ E YA
THFETHY, ADPTHNSDRE) PREHOBICIIEFEEFLETH S.

3. V32l —YalIlLBBEDOLER

RKETIE2ODRATTHOY I 2L —Y a3 vzl LT, S Kirchner DI L HHEE
FWEOKEZIT)., ARXRVINIATORE M=2%1L, EEREXZ MBI -3
BEATH H 22072 LT, EETOH Y 782 % 1000 BHAEKT 5. 0 ET Hawkes 75
TDINT A= ThHb ()i=1,20 (ai;)ij=1,2 DHEEM (7:)iz1,2, (@i5)i =12 ZaIHL, ZOHE
ERBERIT 5., HEEOEFEI N OF 2 TUNRAD[0,T) DEXTHIShTnwa L
L, 7= VEEREER S — AV ERET S, —77, Kirchner DFEDRETIE N %>
TS ZAHEENE A TEERAICEBI S hTwa e L, 38— b s(I— 2 VBT DA%
EL1OOGDVIEL Dt DR #HLEMOMETHEE L2 ELTAZELIE, ToORE
HA. 9, Casel & L TELE R Hawkes MEDE D H — R IVEHEFBEN Y -2V TH S
WHERHEELTCTF—7 2 AWK L, AL Kirchner D FETHZEZ1T). RiZCase2 & LT
B — A NVEEDREE A — ANV TROWHBEDOT— 5 2 E L, RUETIHERE S — AL
ZHELZET 200 EEILKT 5.

KRR A 2 1 — 2 VI F52 Hawkes BREOAER 7V T X 20T - B4 (2019) 1238
WENTWD, KBV TRERBED TR A — R VBB D Hawkes %2 Z 2 5 72
b,%E%MitA@mmm1K%dwfﬁyfwﬂxmim%ﬁot.meﬁﬁﬁu,ﬂ

AT T, ROANRY FEET TIIBRENRERNICET S, T2, HLHEY
“C""éEL?"/f’\/ FDF AT THAHHERIEZHE EH#ZIJ CBULBEORTERINS. §
Tbt, IATEXHN LW EREOA XY MEERARG 2N/ E, k+1HEDA X
¥ NEAEREINIIE-ERT v VBRI L 20N, %@4«zb747@%*“ﬁ@%ﬁ@m
12H0 <. Algorithm 1 @ Step. 3-10 IZFE—HAR TV VB OY TN RZADERT-HETH 5
thinning theorem (Lewis and Shedler, 1979) # & L TH D, Step.11-13 TH LN/ XV MIZ
WLTEATERELTNDS

Algorithm 1 Simulation of Multivariate Hawkes Processes
Ensure: T>0 A M €N
1t=0,k=0,k=00¢(=1,....,M), Xi=n; (i=1,...,M), To =0
2: while t <T do
3: C= ZZ ()\;‘5 + max;—1,. .. a max;>g hij (t))
4: DT OREEAET 5.
T ~ Exp(C)
2 ~ Uniform([0, 1])

M
if =" > 3 then

ot
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6: t—t+71
7 else
8: k+—k+1
9: t<—t+71
10: T; <t
11: T ofl iz s 5.
¢ ~ Multi (1’ (Aé>z‘:1 ..... M)
12: ki «— k; +1
13: Tk
14: end if

15: end while

3.1 Casel
FEEBRENRZ MUy, —2VEETH HZ2DTFOXHIZEDR 2 48 Hawkes DI~
TIWINA KT 5.

(3.1} . <0.2>7 ) — <O.Sexp(—2t) O.Sexp(—lt)>

0.1 0.4exp(—2t) 0.2exp(—1t)
BT LR OE S % T =100,500,1000 & L, Z1FN A =1.0,0.5,0.11 ’“’““’Ltﬁﬁ*ﬂtﬂf
RIS D < Kirchner O FEIC X BHExE & X[ [0, 7] TR B ENIC Eo otz

BHEE AT, Hawkes 77 7 DEKMB L CTHEOEADHEEMIZOVTE LD 0)753‘2% 1
T&)z) J—it(?)l)@ct ’\) ( ) %IEabfu 7ij|:|, (am)i,j:l,g ﬂi%h%i’t

a1 = / 0.3exp(—2t)dt = 0.15, a12 = / 0.4 exp(—2t)dt = 0.2
0 0

az1 = / 0.5exp(—1t)dt = 0.5, az2= / 0.2 exp(—1t)dt = 0.2
0 0

L%, B EFHOSAKT 5 NS OHEEME ()i =12 (k=1,...,1000) & F 5. %1
DIEIE 1000 DY I 2 b= a3 YICK 2P ai; = 15 Sy 4l 2EL, () HOBHIZ

FEHERR S SE, ; = 1000\/21000 (k) —ai;)? ®EKLTW5b., Kirchner DFHEIZBIFHHAR— 1
lE s =6 IZHEE L 7.

1L, THRKEL, AWNSL R BITE, Kirchner DFEDOWGHE ORMEFREI/NS
HIEINICH Y, T =1000,A =0.1 D& & DHEEMAEADE 204 AEHIAICH D Z LA
HH%. Kirchner DT &L HHEIHEFIFHBINTH 0, HLEICHNTHAEDS D2V
O, WIFEITHARS EFERENRE S RHENIIH LS. 2R T, Kirchner DFHEIZ &
% H— A WVEBORESE (a:))i =1, DHEEHFIIEOMEIZH L TADHADREY N4 7 R)
ERHoTWLEIICHZE, 2, V—ANVEEOYR—1IPEKEEs=c0c THDHEIA%
s=6IHELTHEL TS0 LEZLNE. TNIIHLT, RAEEIZLS (ai))i =12 D
HEREINMEEDSDHH E )RR D, TNOORRNS, A—FNVEEINT AN v 7 R H
BELTHETE AR, RUEZHWIE) PHEEHESRWEIIICH S Z L3bh 5

#2113 T = 1000,A = 0.1 ® Kirchner ® FiE & R LEDO TN ZH O MSE (MSE;,; =
To55 ;O:OIO(&E? —a;;)?) L ZDHTH % Relative Efficiency (5 1235 D MSE; ; /Kirchner O F-
BOMSE; ;) 2 FLOEKTH 5.

MSE O FEIRIZB W TH LT HRED R EHANIZH 2 Z &0 b7rb.
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£ 1. Case 1. HOH — R VEIBMREA A — ANV THEHEDY I 2 L— 3 VHEE. 1000
BOYIalb—3a ildsn(i=1,2) BLWa;,;(4,j = 1,2) OHEHEDT (i
7)) 2 L Tw5b. b 3 BiZ Kirchner DTETZEFNRZN A =1.0,0.5,0.1 DA
DHERTH Y, TBREIRLEOHKETH S, FHUFEMRDIEVDOEKRTTEL,
P E AR B /N E D o 72 b DITTRHET 7.

[ <5 x—% (2MH) | #EE T =100 T=50 | T=1000 |

B | 0.1877(0.0061) | 0.1568(0.0027
A =1.0 | 0.4280(0.0147

0.1559(0.0023)

A =10 |0.2819(0.0034) | 0.2548(0.0013) | 0.2489(0.0009)
m A =0.5 | 0.2600(0.0032) | 0.2338(0.0013) | 0.2286(0.0009)
(0.2) A =0.1|0.2377(0.0030) | 0.2138(0.0012) | 0.2089(0.0008)
A | 0.1572(0.0029) | 0.1936(0.0011) | 0.1948(0.0010)
A =1.0 | 0.1575(0.0026) | 0.1415(0.0010) | 0.1393(0.0007)
2 A =0.5|0.1391(0.0025) | 0.1251(0.0009) | 0.1231(0.0007)
(0.1) A =0.110.1208(0.0023) | 0.1079(0.0009) | 0.1061(0.0006)
B | 0.0678(0.0020) | 0.0931(0.0008) | 0.0929(0.0007)
A =1.0 | 0.0354(0.0097) | 0.0696(0.0038) | 0.0830(0.0027)
a1 A =0.5 | 0.0125(0.0090) | 0.0916(0.0037) | 0.1054(0.0026)
(0.15) A =0.1|0.0129(0.0090) | 0.1155(0.0036) | 0.1295(0.0024)
( )
( )

0.3808(0.0056 0.3822(0.0039)

az A =0.5 | 0.4878(0.0145 ( )
(0.5) A =0.1]0.5467(0.0139) | 0.4941(0.0053) | 0.4905(0.0036)
B | 0.5726(0.0111) | 0.5099(0.0043) | 0.5104(0.0040)
( )

(

)
) | 0.4414(0.0054) | 0.4392(0.0038
)
)
A =1.0|0.1044(0.0078) | 0.1098(0.0032) | 0.1071(0.0022
)
)
)
)

a2 A =0.5| 0.1462(0.0076 0.1455(0.0031) 0.1436(0.0021)

(
(
( 0.1909(0.0030) | 0.1885(0.0021)
BILIE | 0.2469(0.0078) | 0.2053(0.0032) | 0.2027(0.0030)
(
(
(
(

(0.2) A =0.1|0.1942(0.0074

A =1.0 | 0.0681(0.0100) | 0.1508(0.0041) | 0.1678(0.0028)
aza A =0.5 | 0.0817(0.0094) | 0.1667(0.0039) | 0.1818(0.0027)
(0.2) A =0.1 | 0.0839(0.0091) | 0.1700(0.0038) | 0.1851(0.0026)
AL | 0.2161(0.0057) | 0.2067(0.0020) | 0.2069(0.0019)

# 2. T = 1000, A = 0.1 ® Kirchner ®F % & i Lik:®d MSE & Relative Efficiency G/
#® MSE/Kirchner ®F-#:0 MSE).

[ ] | MSE | Relative Efficiency |

Kirchner DF#& | 7.95 x 1074 0.561
" Bk 446 x 104 '

Kirchner DF& | 4.80 x 1074
" Bk 2.82 x 10~

Kirchner DF% | 6.42 x 1073 0,463
a .
H B 2.98 x 10-3

Kirchner D% | 13.17 x 1073 0673
a N . .
21 BAE 8.86 x 103

Kirchner DF& | 4.36 x 1073 155
a N p .
2 Btk 5.03 x 103

Kirchner DF% | 7.11 x 1073 0,343
a N .
22 Bk 2.44 % 103

0.587
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3.2 Case 2
INZED T2 2 2 & Hawkes 3
0.5
(3:2) n= ;
0.25
HRT AR

BREOY TN ARERT 5.

( 0
H(t) =

1{1<<310.25

+1)2
1{t<.,(}0.25 sin(t)
ERHIOE S % T = 100,500,1000 & L, %h%hAflmM01V“%Lt%%h

B 12 HD < Kirchner DI & 2458 & X [0, T T ek 8L o < e
6%%%ﬁw,Hw&s757®§Lﬁl@ﬁﬁ®i&®%ﬁﬁﬁﬁwfikbt@ﬁ§3ﬁ

5. XNB2DDIHIZH

a1’1 = / Odt = 07
0

# 3. Case 2. DA — F VAR /1 — 3 VTl

H(t) DT, (ai))ij=1,2 FTNZER

a2 = / 1{1<t<3}0.25dt =0.5
0

05 *
= ——dt = 0. = 1 .25 si =0.
as,1 /0 D dt =0.5, az2 /0 ft<m)0 5sin(t)dt = 0.5

it E3IOMIZ1000HOY I 2L —Ya IZk Al a; #EKL

ADYI 2L — a3 VR, 1000

BOYIalb—varilidn6=1,2) BEWa, ;6,7 =1,2) OREMOF (R
7)) 2k L Twb. k3 Bid Kirchner DFETZENRENR A =1.0,0.5,0.1 D4
ORERTHY, TREIRLEOHETH L. FHPEMIIRDIENVDOZRKFETEL

PEHEIEIR LN E Do 72 b DI TRET V.

[ 852 —% (BUB) | #5EE T=10 | T=50 | T=1000 |
A=1.0| 0.7631(0.0099) | 0.6432(0.0038) | 0.6343(0.0027)
m A =05 0.7401(0.0100) | 0.6248(0.0037) | 0.6119(0.0026)
(0.5) A =01 0.7104(0.0099) | 0.6041(0.0037) | 0.5935(0.0026)
B | 0.3869(0.0066) | 0.4397(0.0040) | 0.4502(0.0031)
A=10| 0.4239(0.0116) | 0.3041(0.0044) | 0.2812(0.0030)
2 A=05| 0.4169(0.0112) | 0.2947(0.0043) | 0.2700(0.0030)
(0.25) A=01| 04175(0.0111) | 0.2944(0.0043) | 0.2687(0.0030)
B | 0.1973(0.0066) | 0.1873(0.0033) | 0.1829(0.0024)
A =1.0| -0.0403(0.0098) | 0.0702(0.0040) | 0.0828(0.0028)
a11 A =05 -0.0745(0.0098) | 0.0415(0.0040) | 0.0550(0.0028)
(0.0) A =01 -0.1088(0.0098) | 0.0094(0.0039) | 0.0186(0.0028)
A | 0.2618(0.0098) | 0.1894(0.0039) | 0.1752(0.0032)
A=10| 0.3648(0.0065) | 0.3682(0.0025) | 0.3673(0.0018)
a1 A =05 0.4034(0.0064) | 0.3992(0.0025) | 0.3988(0.0018)
(0.5) A=0.1|0.4453(0.0064) | 0.4339(0.0025) | 0.4327(0.0017)
B | 0.3842(0.0043) | 0.3948(0.0019) | 0.3996(0.0014)
A=10| 0.5386(0.0125) | 0.5176(0.0049) | 0.5241(0.0034)
a1z A =05 05110(0.0121) | 0.4998(0.0048) | 0.5034(0.0034)
(0.5) A=0.1| 0.5049(0.0120) | 0.4924(0.0047) | 0.5016(0.0034)
B | 0.4751(0.0057) | 0.5190(0.0023) | 0.5354(0.0017)
A=10| 0.3623(0.0074) | 0.4562(0.0030) | 0.4649(0.0021)
az A=05| 0.3859(0.0073) | 0.4744(0.0030) | 0.4858(0.0021)
(0.5) A=0.1| 0.3902(0.0073) | 0.4802(0.0029) | 0.4877(0.0022)
B | 0.5882(0.0091) | 0.5150(0.0041) | 0.4975(0.0030)

() OB i
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1. Kirchner OFP:CTHEE L7277 — F V% (ilij(t))i’jzlj 7z X [0, 6] TR LR
775U, T =1000,A = 0.1 £ LCTW5.

i SE;; £ L TW5. Kirchner DFHEIZBIF LYK —Mds=6I1CHEEL .

F1EMAM, B35 THKEL, AWML R 513E, Kirchner O F O EEHER A
INEL B BMEFICH Y, T =1000,A =0.1 D& EDOHEBHEASEMDU 5T B HEBICH 5
Z e D, BEIZIE Kirchner D FEICBIT 5 £HEERIE, T 00, A5 0DH & T—
B2, TORBENR VI AL - a3 IZENTWLEI b2 5. —J, RLEEZE
2BE, a1 DHWBICKELRTY O T A)DBHELTWBEIIICRRZS. 2O Lotz
X572, T=1000,A =0.1 DT, Kirchner DFHETHE L72H — 2 VIEHEE XM [0,6] T
FORL7AEREA 1 TH Y, MBI o b & TRETHEE Lz s — 2 OVBEE X [0, 6)
THERLIERVPK 2 TH 5.

B 11%, HEEHEPEOH —F VEBDE D IZHH L TWBEDITH L, M2 TIE, hy 720 T
%<, hoy R hae DIELLKHEEBTETWRWI LD DRAS., ZHIZEDOH —FIVEEE1ZRL S
FBEMOMBE LY TIIOTVE72OTH L. SOMEND, #o7285 2 M) v 7 R IK
ETHZETHERBIIREGNA T ABELLZB®NDEH L b h -7, —J, Kirchner
OF L, P—FVEEE AMBECHEELTBY, HEMEIK1ICHE LI IIREEE L -
TP WG OEPMETH % a; ; OWEEMHOBEMREZAE BN ZEL TWD., T, AR
MVEERE ) 0¥ F K75 8RR f,(0) O—FEO+ — 5 =13 — iz Vo
XDV, ZoORGILBEEIE va-—EME% b2 (5710, 2005) 2 & LFBLTWE, ZoZk
2o, H—AVEABOHERICE L TIHEEHENEL, F—N"—T1 v 74 V7B EEINS
B, O TH D ai; OHEERIZO W TIHILEMEDO RWEENTETWwL L BbN 5.

4. E7— 8RB

AREITIE, 22D ERETT — 7128 L T Hawkes BENDO Y TIZOZTY.
F3 1 DH®OF— %1, bitFlyer (https://bitflyer.com/ja-jp/ (AT 7 £ & 2019 4 8 H 15
H)D 1557 =5 Thb. TOF7— 7 IHERHEBINT— % Th 525, 15 50 EHE
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hy4(8) hy(t)

4 06
Lo

00 02 04 06
00 02 04
L L

-0
0.4
F

hyy (t) ha, (1)

00 02 04 06
' 1 L L L
00 02 04 06

-04
04
AR

time time

2. WABETHE L7z — R VB (hij(8))i j=1,2 2 X [0,6] TERLMEH. 22750,
T =1000 & LTw5.

F=FTHY, 1TLALHEGERERBNT—5 %2 5152 &, Bacry (2015) % Yang et al.
(2018) R EDOHATLI T - TV B TFT—F LEP L TWB I Lh s, BEMI— ANV 2o T
WAFICE DTG X =T HEEEIT).

2 OHOF— %1, HAEWNIZE TS COVID-19 ® 7 — ¥ (https://gis.jag-japan.com/
covid19jp/, [HBBIFIRFFHF M a g F I A VW ABEER~ Yy 7 (T x v 7T v 8 VB &HE
R D THsb. AFTELT— 2 ITHEBEICBN S MBS T — 7 Tch b 2 &, BE
B IZBI L CA % K COHMER TIE Y — A VBRI EL T 512 L0l o> T i
WZ EH D, Kirchner DFHEIZLD 2 V85 A M) v 2 12h — A VKA HEET 5.

4.1 REBEDEEIZICOVWTORLEICEZHEE Hawkes 75 7RE

Z T, bitFlyer D7 — ¥ Z N3 5. EHTS & 3 % WX 2019 4F 6 7 16 H 00:00 2*
5 20194E 7 H 25 H 00:00 ® 39 HETH 5. ZOMENTIZA XY FIEZ BHAMED D 5 HE
B IGELTH. COANRY MEAEERT HHEOREDDITHHITIM & D IRV 2019
46 H 6 H 00:00 2*5 2019 4E 7 H 25 H 00:00 @ 49 H % BHEARK & L7z, X3 IZBHEARIC
B 5 15 5O EB L OE O FORESR AR L L 0% 2 N-720 0) D% 7
Oy hLTWS. ZOMNEEREROMIHED LA 80% 1% M L 72 K4 2 ilitg D2 b £ X
Y IMBEAERHE L, ZOHRTHIEOEMNE il LA 2K T 54T 104 XY MEARH
LEFL, ADE LT DT 2KT 54 7204 XV MEARL L EHT 5.

AZEBIRIIC BT S 15 pEolkEB L UF0ZbE il L 0ELZE - 725 0) D
BE7oy FLTWwS, K3 ERABRIILT, ZILRaOM3HED LM 80% ri% 8 L 72k %
HkmnZibn 4 Xy bERG L L, ZomTHIEOZELE “HkEo L7 2%+ 51473
DA Ry MRAERZEERL, AOELE “HREOKT? 2K T 54 74 DA XV MR
HEEET .

RN G L 2 BN D 4 DD % £ TDOA XY M EAEBATHREBIWZL0DX 5 TH Y,
KLLMD LA (4 715i=1), GLPMEOKT (547 2;i=2), ETFHFHEEO L
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3. BUNEIMICBY 5 15 FEOMIiES L Z 0o BRER RO 7T v b, TRIOBIME

I BRRROHESHEO LM 80% M TH Y, Zheil LRz MitgnZitof X
Y MRAERFIE L, ZOMTHIEOZ LR “HlitsD LA 2RI I A4 T1O4 XY M
AR, BOZELE “IROBET” 2RI 547204 XY MEERRE T 5.

volume
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o
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4. BHMIEICIB T % 15 pEOHKEB L U202 tEnfiBo 7oy b, FRIOMEIZ

AL OMED L 80% HTH Y, ThilE Lzkiz kS0 Z o X
FEAERHIE L, TOWMTHIEDZELE “HRED LR 2RI ¥4 73 D4 XY A
W%, ADZELE “HREDOERT” 2RT 54 T4 DA XY MEERIALET 2.
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T T T T
0 1000 2000 3000 0 1000 2000 3000

T T T
0 1000 2000 3000
Index

5 A4 THOAXRY MEAERGOTay b, A XY MEERIIHEIT IR TV S ()
LI OER(FAT15i=1), AL IEOKT (¥4 72,i=2), £T : HEkE
DLER(5A4735i=3), AF HBREOETF (547 4;i=4)).

H(Z473;i=3), ATVHEEOVET (¥4 T 4;i=0)DARY P 2ELTWVE., FRE
NAT YV VHEHBEICL22) BEBICIT#EERONL W «A T PR TESL., TEHEAN
VNBENFEFEDOA NS FEFETHIEICIoTHELBARVIEEZS A —THY, H
CEME 2> TWAI EPHEEEIND, $72, ¥4 T 1E5 4T 21 HGEVEGNZ <A 57
BEELTVEEICHZ B2, ThEZD 29004 Xy FOBICHERRRESHFELET S L
ERELTWDS,

4.1.1 INTA—ZDOHEERR
BI5DF—=FHN=(N= (N .. , N ey POBMSNIzbDET B, 72720, N/
i, i=10LE5 A4 71O ER), i=20L &5 4 7 2(lilEOKT), i=3DL &%
A 73HEREOLA), i=4DLE5 4 T4AHREOET) DKL Ny MEEREEERL,
M=4T=39,95. ZOt&, NQIIDOLEMBLEO) 2RKRIZTLEHITLTRDA
5 A =% 0 ORAHEEM Opr, DHEEHERIZEAD L) o7z,

ROMITRAHEEME T EOEERELRL TV D, I OEERZITHW 28R 58O
AL L) O~y RAFFI R T (£ Chel@) )T RS THEL TV b,
FALEEIZBOVT a3 DBV KRECZ E S, “HREO L7 B itk 5>
OREEZRE L ETF2EEICHL Wb 0b. LEALMNIET S Bz DHEEMDIH %Y K
ENWZENS, FORBIIBRENTHLIEHENEINE. —F, o DIEEMIT a3 1ZEK
EL WD, B DWEMEA/NE V0, L LIFOSNABEIRRLPITHET S, Lizh-
TEZORBIHRTLMENNCH L 2 PR SNL. WL T, F4HEICBWT axs O
FEMEAHAINC K E VDS, Boz DIEEMEA D Y KRE WD, ZOEBIRENEEbND.
—FHT, ag OFMEIZFNITEREL VDS, B2z DOFEMH/NEI W 0D, FOEEITF
WMTHZEDVHMEND., RALETOER, asi,ass & B3, OWEHEIENFNRKENT
EMD, “HREO LR 3% 880, MKEOZLIZE S O KE VY ZOHEIIERY
THAHILDWbPDE. RAATIIBWT ays DHEEMEHSAHRIZKE , Bz DHEEMITZN
BEREL WD, “HRED LA 23 “HREOR T 1252 2 BPHE IS 2 &8
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# 4. bitFlyer ® 7 — % |Z Hawkes B2 IR ALETHE L7z & ED/3F X — ¥ O EflE &
IR (L L A0 1A= D22 2588, A5 iROKT (= 2) 2521 55
,OET HEREOLAG=3)7Z0 588 AT BEBOKRTG=D4%T5

W),
BAHEME IRHEAE BAHEM TR
m 1.15 0.62 o 0.24 0.23
an 0.63 0.39 ag 0.70 0.33
an 2.71 0.74 a 1.28 0.42
a3 87.3 21.3 as3 43.3 10.0
ayy 0.79 1.76 Qg4 0.22 0.90
Bu 2.68 1.55 Ba1 2.38 0.94
Bz 4.76 1.43 B2z 2.84 0.86
B3 701 148 Bas 222 62.8
Bra 31.0 98.5 Boa 15.0 28.5
n3 2.76 1.16 N4 0.41 0.38
az 78.6 17.6 g 7.02 13.8
gz 84.6 19.6 o773 0.01 0.11
ass 0.56 0.23 au3 33.1 3.47
Q34 1.87 x 1075 6.67 x 1073 || agq 0.25 0.17
Ba1 656 122 Ba 1.52 x 10% 1.61 x 10%
Bs2 684 140 Bz 0.94 2.24
B33 1.26 0.51 Bas 39.3 3.93
Bsa 17.9 50.1 Baa 1.32 0.63

MM SND., F72, 220 TIE, 0 OHEEMEDS 1, n2, na DIEBMEICHERTREVHEICR ST
By, “WRED LA IZBEDOA XY MIBEARLSEELRTWAXRY FTHDHZ EHER
ns.

4.1.2 Hawkes 777

411HITERELZL I, T A= OHEBHERNS, 4 XV AR A X2 M4
NG ZBHBORMERINICIBT LI EDTE . LaL, B2 5MeHopEnEt%
BENNCHEET 5 2 13 £ SIEWEEZR Z L A%\, Hawkes 7 F 7 2 Hi 2 & T, W%
BRI T2 LATE, MIBROMERLMHT LI L0 TE 5. KA (i,5) DE
HOHEENMIL 2.3 WIHHMY, &,/ THAOLN, £5ICFEDLNTVS., ThZIOE
JEX [ Fieller’s method Z W THEH L7-.

NS DD SV 7z Hawkes 7T 7H K 6 TH A, B, HHBADOELD 95% 15 HHIX [
WCARDMEZEALEBIIFAEL VD DL Lz, ZhIBRERDw; =0, W AK#a:; > 0]
DFME 2 B BKE 25% TIHoTWA I L LASTH Y, BEEHSFENEINTS 0N
57 FICATEE LTHiPNTWAS, MelcBWTTHEEAIEIOEMIETE SIS & LD
12, TNFNHoOmEME, BRI TERIAINTWS. Hawkes 75 70 HLHENIZH 25
£, “HERE O LS 23 «HEFOKT” OMEEICE 2 2 BN ERICERTH LI E2b
A, FERIZ, “IEOKT” 28 il LA #5[ZRI LT VI EERLTWS. F7-,
ARG DALTF? & “HiskEmo A oA HOEEZ - Twa LitE Shi.

4.1.3 E%E

Hawkes 7T 7 HH» 6, “MREO LA ZHIICBELRT VARV MTHDY, ZhITxt
LT “HRBOIT? IR EL OO WA XY N THBEH, —E “HEkEo LA B54E
THECHEEOET ZF LRI A5 HEEINS. HIZ, “HEFOEKT” 2«3k
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£ 5. ANRGLOEAD 95% BHXE. E#HHXHIZ Fieller’s method % T8 L 7.

EEXH D TR HEME | EEXEO LR
a1 —00 0.093 00
az 0.365 0.569 0.960
a3, 0.082 0.124 0.175
a4, —00 0.026 o
ay2 0.039 0.295 0.870
az2 0.218 0.451 0.841
a3 0.137 0.195 0.314
a2 —00 0.015 00
a3 0.082 0.120 0.163
az3 0.083 0.124 0.172
as3 0.163 0.441 1.047
a4,3 —00 0.000 [e'9)
ay 4 —00 0.005 00
az4 —00 0.012 00
as 4 0.731 0.842 0.968
as 4 —0.234 0.192 0.982

B 6. bitFlyer ®F— #1283 % Hawkes 75 7 FKH. THHEOMOWHMIE 7 = 1,2,3,4)
ORESIEHLTHY, AABOKEE a;;(,5 =1,2,3,4) DRSS SITEPLTW
5. BHAOFHEL 5% FBEEEICAOEZ ELIPEPTHEL TV .

ko
(i=3)
276

L5

197
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BOLEA ZFERETH I LIFERICLL, HREOER S5 %5 kRO LR 2R
I 5 ACEEEOEE SN —T, O LR LETIEBEVISHEZ RITLH ) 25,
BIDPERZHHET 5B VPREMICERTH L Z EHHHEINL. “lIEOET” 2o
TIE, MOZIZRBELOSWANY M TH LD, KTHE 5L HET 25 % HOEBEMEA
Roniz, 72, HRE g OBREICOWTIE, BRGSO LA &Mt D2 Lo B 5
RHED D 5 LHESND, TORERIRENTH Y, HELHERIEHLLEIERA2VER
bhb.

4.2 COVID-19 DRI ARIZ DV T D Kirchner DFEIC & BHTFE & Hawkes 75 TRE

KIZ, Kirchner ® FFENZ L BT 2 AAREHNICBIT 5 COVID-19 D7 — % % HwTIT).
COVID-19 13 2019 ERIZHD THE S N2 Lo A VATH Y, Hallc Tud, PERED,
SURPIEN Y RELRPELZEZ TVWE, ELEERBEIANSOANTHLEEZZSNR, HA
EINTHEGEDNLAT > TWh, 20204E 3 H 24 HIZIZHERE A Y Y ¥y 7 oA E LI N, [
45 HITHEORBEREH 1,000 A2 =L, 202 HEIIIEE, T3, #E, s
N, KB, =, fERZ20RICBEFRESHIRS SN, 2084 H 16 HICBREFREETS
DM RIFEENIEREN, 5 H 25 HE TIZATOHITTHER X728, 2020 4 12 HBES 3
WEIFENHHATICE D EFIE 1 H 500 ALLEOFHBIREEZ2METL2HLD Y, L0
RV EENTVE, ZDX ) RIERGIEDHENH & L T Park et al. (2020) I3 Hawkes B & 1=
R EFSHEFTET NV TH S SEIR ETNVOBEEZET 7 ) HIZBIT AT RT 74V AD KRG
F=FEZ T ToTwb, ZOMmXTIE, »5HIBHNOERRERORRYTF—5 %, HEAR
Hawkes BEICUTIEOTW S, Thbb, ZOWmMLTOELZLIERE, “TRKITTALNVAND
Y L) A XY MNP FOHRORBPEORIUEE 2 R IZTHOEROAETH L. T2,
ZOWEBEDOBREDHFIZOVTORIRDS T TR EDOHENS, I — R VEEIZ 85
ARNYy ZETHEZEEINTWS, KFIFIZBEWTYH, COVID-19 DG BREEICOWTHH
BIAERASH0 TR, F—F bMEETH B 720, H—FNVEBIZ/ Y85 A M) v 7 ED
12> Td 5 Kirhcner DFETHEET S, 512, HEHORER SO MICEENS 5720,
RN B W Cid s o B8O FH IR E B (PCR A DB - AR BES MRS
DOMENH B 720, BREBREEHRT LI LIGEY RIS RA RV, AETIZF— 51280

IR ATV 220, HE LIRS EITRI L ET5) 2 24 HiTEHR LS R INAR &
BOALOBMH XA (72720, A=1RE35)RETS. S, F—»oEHRLAEN
BT DHATOE 1 I &5 2 WOWEREOBILORMICERT 5.

BIIAIE 2020 4E 1 A 1 H25 2020 4F 10 A 10 H D 284 HIHC, AT S & 3 2 Hulgi i3
o, B, ML, KB, R, EEO 1#82 3R ETE. IRSOKMIRE B ROE L,
BE, SN0k, H1 7 V—7L R Lo KK, KE, SO, S22 7 0v—7%
HR)D 2207 )V —FI25F, £7Vv—7HOHCE - HEREEOFEZ S, BN
NOEPNHBIEREMFEEATED 270y F LA 7 THL. K723 7 HE OB
By (7 AR EEY, D7 HEBEIEY IR SRV THA AN TV B, KENTIE, BN
FIBUEGE O 7 HBEITFAMD T 100 #8272 2020 4£ 3 A 26 HA 5, KIZ 100 % FlH -
7220204E5 H 7 HE COMMZRITOHE 19T 5. FBIC, 20% 7 HBRBEYITO 100
ZHBA7220204E 6 H 2T HE W 2 0k IAE 0 &9 575, 7 HBEEWASHHE TE 5 2020 4E 10
H7THZT100 2 T TWiwnizd, H2H0RDY 2 2020810 H7 HEERKRT S, L
WoT, KIFNIZBWTE1IEETHMMIZ43 HET, F2 k35 HMIZ104 HRTH 5.
BLITN—F, FE2 7NV —TOXEMWIFRIIB T 2HBEGEHE Ty PL72bDOAH S, 9
Thhb. 104d, B 1IWICBIT S, &2 7V — T 0K I O+ HAHBIBI £ (cross-correlation
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Confirmed number

-

1st wave 2nd wave

T T T T T T T T T T
2020/1/1 2020/2/1 2020/3/1 2020/4/1 2020/5/1 2020/6/1 2020/711 2020/8/1 2020/911 2020/10/1

7. 20204E 1 1 HA5 2020 4E 10 1 10 HO HAROFHHIEGE B Kt 7 HBE)IFY
2L, INAHT100 7 Lo 72 2020 463 H 26 HA 5 2020465 H 7 HE TOMM &,
2020 4E 6 A 27 HUMZ ZNENHATOH 1 9%, H2hEEHKT 5.

Group.1
""" tokyo 1st wave 2nd wave
—— saitama
kanagawa
T T T T T T T T T T
2020/111 2020/2/1 2020/3/1 2020/4/1 2020/5/1 2020/6/1 2020/7/1 2020/8/1 2020/9/1 2020/10/1
8. 17 NV—TOFBEREZ . MOBHMATE, EMHFE, M dfidmam)oF

function; ccf) V72 d D TH 5. ARIIKIK & FIMOFHIEGEBOBHNDO X VIZHET 5%
BEAVWEERT. MARICLT, PRIZEE L KROBEEA Y, ARITEE S ZOZEE S
WERTY.

10 DEKB L OER2HIERBESNR OIS, $R12, ERPSIIKRREBLZOFE L D
MBIBRAS L B, LA 53 &R ORI L ORI T 2 2 EAVRBEEN 5.
N5 7 =231 HEOHBHBREER THL00, BIHIRA =1 OFHRBNEEZ 5.
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Group.2

300
1
2
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1st wave 2nd wave

confirmed cases
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1 1 1

100
1

(=3
3
o H
T T T T T T T T T T
2020/1/1 2020/2/1 2020/3/1 2020/4/1 2020/5/1 2020/6/1 2020/7/1 2020/8/1 2020/9/1 2020/10/1
9. 2 IV —TOFBUERAEEL. MBHRDKIR, FERATHR, M SRS O HiB
CCF / Osaka & Kyoto CCF / Osaka & Hyogo CCF / Kyoto & Hyogo
o @ LS
3 3 3
© | @ @d
g g 3
< | < | < |
3 3 3
PP N N I N I W T Ty e T T T
) [ ‘ ) | | ; ‘
S 3 3
S ‘ “‘| S I ‘ g ||H|
~ ’ ‘ o ’ ‘ o ‘ ‘
g 1 ¢
0 5 o0 5 10 0 5 0 5 10 o 5 o0 5 10
Lag Lag Lag

10. 5 1 WITB B8 2 7V — 7 O & #I [ O A HAHBIBI %L (cross-correlation function;
cch). ZEENIKIR E FAROFBRBGEZE ORI O X VI T 2 BEGVERKT. [
FRIZLC, HBI e & KIROBEEE S, LRI & piio BB G2 KT,

Kirchner D FEZ BT T 5I12H7:0, HEOKRLIUMZED D p 252 5 LENH 5D, KR
M BV TIE Kirchner (2017) IZHI- T, UFTHZ OS5 AIC /N ER A p Z#HT 5.

2pM?
T-p

AIC(p) = log(det £(p)) +

C I T(p) I 2.4 HITHEN L7227 PV awy, BHIWT
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T
- 1
X(p) == T Z wrwy,
k=p+1

EL, TIIE1EOWEIT 43, E200LEIT 104 LT 5.

4.2.1 HETHER

B 7V—7 R, BWE, fEIDICBIT L4 19k E 5 2 RoHEERE RO Hawkes 777 7K
iz, ZhZhM 11, 120X 912k o7 K11, 1212B0WTH, 4.1.2 i & FERIIF A
lai; = 0], SR a;; > OJDRFMEZ 1TV, HRAKE 2.5% TRIMGHEIFTHN S NZH D
DOARAMALE LTH VTS, F/z, THH, HEOBEAOERFEIIN 6 LR TH 575,
BEAOHEEMICIMZ T 5% EHXE DL LTS, K11 A% 1 D Hawkes 7 T 7 8,
X 12 2545 2 % D Hawkes 75 7R TH 5.

ZARRNC BT D THE O K E S SO 2 Y O ERERE £ T g OfEEMIZ, EB 50
MIZBWTh, HEMMENEREICLRTREWZ EbR b, 72720, n OHEZEMHOHR
AR TH I 2 ERE ORAMERERTRETHB05, KFFTICBTIBE S L
TV WEGE D S DEGeRe 7V — TH O Mg & ORGE DA L A FENRKBL S LT W
LEWBEING, $/2, 20075 7EKRT S L, #1 oMM ERRESKE R
ENTWDEIICHZZ2Y, E2 oI HEEEDOFEIZIZEA LAV L S IR
5. —HT, E1EOMBTCIIHCHRRE IR EORCH SN, 62 koMBTIE4eT
OB THOIHEE S5 EHEESN TS, UL NS, 17 V—F08E 2 HIIBIT
5B, 1 RoOMMICHE LHEORERMES? S, FHiso | obEEIcEt L
T2 eI NG,

2 NV—T7 (KR, R, HH#B) OHEERRED Hawkes 7T 7 RKBUIK 13, 14 TH 5.

BRI BT A THEOK & S0 M 2 EKYeE OFAEMR 2 KT o OEMIE, 3 IHFROM
W17 NV—=TDEI) B REGEVEIRON o7, T2, 22007572k THE,
HRREMEICE LTI 1 I TIRERRD S BEADFF WA FEMED R S N7z A TR E 13H
RS R SN o 7225, 8 2 TS S KIAOR O R & KD S E~
DOFFCHIEFRMEDS R SNz, HERBEEICOWTIZE 1 % TR & RIRIZH SRR R
LN7AS, B2 WTIIFEICHTHEEMEDS RSN, 610k E5 20 TOBEMENKE L BL
L2 &R ENG.

B, AICKETEIRINA pld, F1EOE 1 T NV—TLE 27N —TBENENLp=2,1
T, FL2WIZBVWTEENEFNp=5,9Th-o72.

HE1IEEE 2 W THEMEDOTALD D 5 Z L BFERTE 7228, RISHERE & N0 &
DO OBRERRDI2OIZESIIENET). CCTRHENRAOBHORNZILRT 57
OIEY) - WEEEZLDL, WRETEF—FIIEN 23 KOREBO YL AR TH 5.
ADOBENIDOWTO T — F I3 27 EE SR B 5 X o @) - @2 A0 % H
Wi TIE 23 X% 5 DOHXIZT T o 7. X EFHNUTHIKIZLLTOEY) Th 5.

« ARLHIX T, X, EX, BrEX, X, SCeX

o« SPHLIX C PP, AKX

« WM D an)llIX, HREKX, KHEKX, #HEX

o BALHIX R, AL, BRI, RS X

o MK AWK, SHKX, LR, X, AKX, giX, AKX

TRMERT SR E U2 B2 20204E 4 H 1 HA25 20205 H 14 HDO 44 HMTH 5. PR 27 4EH
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First Wave in Group.1

0.76
[0.37.1.15]

Tokyo

49,9507
[20.98,78.92]

11. 17 NV—70% 1§ TO Hawkes 77 7EKH. EHHOMOMFNL 7;(i=1,2,3) O
RESICEFHLTBY, AMBOKREE a;,(i,7 =1,2,3) OREZITHB LT 5.
AL OH T 95% FHEXMICADHEEZ SLABELTHEL TV 2.

Second Wave in Group.1

Saitama

0.52
12.503 po_ 17.0.88]

[5.34,19.

0.09
[0.01,0.17]

Tokyo
51.2707 @
[21.65,80.89] ).04
[0.35,0.93]

Kanagaw
0.69
9.1626 .51.0.88]
[-0.92.19.25]

KRESIHEBHLTBY, AIBOKSE 4, (1,5 =1,2,3) OKREZITHEBHL TV 5.
HIAOH ML 95% BEXBICHAOMEE HLhBATHEL TV 5.

BRAEICL WX SHWEANDOANOBHZRTAHNZ T 705K 15 ITRSNTWVWSE. 2T T,
ANOBEZRKT 7T 7OFRGEOERIT “HEIEE - @F LT3 ANOHRT, IHEomIXIc
EATHWEANDEE” THAH, ok, BHIZHIT L7720, EEMKX @) - @G0 XA
—H LTV AOIZHIET 58IEHwTwiwn,

X 16 Z#N E ERLOMKXBEICH T 727 — 7 GO N HEE R RO Hawkes 775 7 RKBL %
ELTWE. &8, TOF77 70 HMRG a;; = 0], FAHa;; > 0JOWRHBEZITV,
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First Wave in Group.2

Osaka

0.48
9.3652 ,
[1,43,17.3]Q'”~0'831

Kgolo
55753
[2.87.8.28]

KRESITHBLTEY, HHUBOKSE ;53,5 =1,2,3) ORESITEB L T2,
AHIBOF I 95% FEXMICAOMEE HFL G THEL TR,

Second Wave in Group.2

Hyogo
2.3484
/{[—0.585.28]

/
P

”/,/ﬁ)%%.lo.a,]

1.51
[0.24,2.77]

N 066
[-0.14.4.47 0.33,0.99]

14. 2 7NV —T D% 2 HE TD Hawkes 77 7 KB, THHOMOMEFEIE 7;(i = 1,2,3) D
KRESIZHBHLTEY, FHEBOKSE ;53,5 =1,2,3) OKRESITHEF L T 5.
HIBOAEE 95% BHEXEICADEEZ GELIELTHEL TV,

HEKME 15% TIHIRAPFEININZD00AREMBE LTHWTWAS., 200K % RIEX5
&, AOBBEDS COVID-19 DJEGRErE L FHEHB L T a L) IR Z 5. Bz, #OHIE
WX B X W HLX 2> 5 OTFAD L WD, HOFNOREEFFOLHEE SN 2DIEZ D 2
WX THD. T, WIEHRAOTAIEILHX A 525 DL W28, HERE D MR s
Foritganiz., —7F, WHRBXADORAILE D 2w (HHX AN TOBEIK 85%) 28,
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0.034

15. PR 27 EESBREIC L 2 AOBE). AIEOEA L K@) - @5 LW A0
HT, HHOBKIZEATYLADEE” THY, FEMXKNTOMY) - @yE s
KITHMBIIEHEL TV,

L2l
13.073

16. #NOIHEEHE LD Hawkes 775 7 KB, #WN%E 5 DO B0 - FlEE K
7 —% %5 Kirchner ®FHEIC K D g L72#EFR % Hawkes 79 7 TRIL TV 5.
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B3 IX 20 5 DFEILZT 2\ EHEE S h e,

4.2.2 E=

BTN —TORE, 1K TRONTAMHEREN % R o 78D, 82 I TILSHIR
THCREM 2 3o 7SI CBb L 2 A S G, Wi, B2 7 V—TD%4E, 6
19 TR TR MEIZT 2 o 7285, 82 TR & i & U7z BRE o8 b L2 2 & A5
#q3ND, 2, R 23 XICOVWTOMITIZL Y, NOBE L BEMEIEUL WL L
Bhroiz. INLOFERNS, ANOBEIZHIMET 2 2 LI X 2 EGLR OGO & Rk d5R
BaIhs.

5. BbHIIC

AWFFECld, HEH Hawkes BREOHEZBICH W ONTELRILBEIC X HEE T L, Kirchner
QO HAFRFE LI V8T A M) v 7 iR FEAZREKL, WAL LTET—5 2 HW72#
WMEITo7. 2200RREMELLY Il -3 3 2@ L TCENEFNOTEOH VST AE
BCHDHIEDMHERINT, BOS— R IVEENTFRTEDEEIIROR LTI L BHEE
DJiH MSE OBUS THRIENEWHEHIIZH 5 Z L Sbhrolz. — T, BEOH—F VLR
HHBEBIREME LA, BB AHERMEERESIELTLE ) ), TFIVORE
ED) A7 BRENVIRILTIX Kirchner D B2 HWARXTHL EEBDbILS.

FEF— & RO E LT, RO MBSO & COVID-19 O R Gk O f#
M2 AT o 72 LB TS OMATIZB W TIE, Bowsher (2007) & FIRRICTREM 7 — AV 2 H5E
L7ewEEZFHCTHEERITV, HEREOZAL L MEDEILOBOEBNLEZ S L. e
WD Hawkes 775 73RBS, MitEoZbE BRFOEIICE LT, BEEdts X OHE
AL T B 2 EAURE E N7z, —F, COVID-19 D F — ¥ 12%) L T Kirchner D% M
W Hawkes 777 7 2 L7, EBOWKFRTHE Lz 2 20 7 )V —7I128B1F % COVID-19
DIEGREEZHETE L7z Hawkes 75 7HBDSIE, H 19 EH 2 B THEMEOL LIRS
Nz F72, Bl 23 K2 X BN 7V — 7400 LT M7z Hawkes 775 7 & K 27 4E[E %
AR @Y - BEOWNOBIHEET 5 8235 5 2 LM SN,

AIFEICBWTIEA XY PORERFANCORMER LTI 21772, LHL, &5 5O
WKCBWTHANRY FOBBEZET LI L3 L LR BEREOIEE 25250 Lk
W, Bl zE, AFETIEFEEO A XY b e LT L7z itk o LA 7228, BEE FEEO
FRIY) LA RE L LN EADNG 2 B0 PR ERICG 2 5 EPRECZ EDT
HaENns. /2, COVID-19 DEFEDOHTYH, BIEZRD 7NV — T L HEZD 7V — T3 E
BENR AL ENTRENS, 5%I1E, 0L % “BEZRA-E 2 SRYIERETO
EIEE” < — 27 & LTH - 72 Hawkes BRI 21TV 72\,

OB

ARH L TEL DA LR AV P2 T E o MEREB X ORGE OBRRITE KV
LEJ. 72, KWFZEiZ JSPS B E JP16K00036 DB % Z1F 725 DT,
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Comparison of Two Estimation Methods for Hawkes Processes and
Application to Actual Data Analysis

Shuji Chinone! and Hiroshi Shiraishi?

1Graduate School of Science and Technology, Keio University
2Faculty of Science and Technology, Keio University

We consider multivariate Hawkes processes that are a class of multivariate point
processes with self and mutual excitation properties. In this paper, we assume that the
observed data follow a multivariate Hawkes process, and consider two statistical estima-
tion methods of the kernel function, which represents the characteristics of the Hawkes
process. The first method is a parametric approach using the maximum likelihood method.
It estimates the parameters of the kernel function on the assumption that the intensity de-
pendency follows the exponential kernel function. The second method is a non-parametric
approach that does not specify the kernel function. The kernel function is estimated non-
parametrically by approximating the continuous-time stochastic process based on discrete
observation. After comparing the estimation results of the two methods using simulation,
we fit the price and volume fluctuations in the cryptocurrency market to the Hawkes pro-
cess based on the parametric approach, and visualize the propagation structure through
the Hawkes graph representation, which is a method for visualizing the characteristics of
kernel functions. Furthermore, the number of people in the Kanto and Kansai regions
in Japan who were newly infected COVID-19 is fitted to the Hawkes process based on
the non-parametric approach, and the propagation structure is seen by the Hawkes graph
representation.

Key words: Hawkes process, multivariate point process, INAR process, Hawkes graph, graphical modeling,
non-parametric estimation.



FETEE (2021) FEET Hawkes M2 OHTER &6
%69 % #5275 209-222 (A i)
©2021 FEEHEIITZERT

HRE2 2 360 5 JERRE Hawkes A% -
PEERERR R B D < hiEyEE) £ 7L

R

(ZfF20214F 2 H 18 H; k&l 10 H6 H ; ## 10 A 6 H)

= =

ARG I BB RNC LD C MBREE T VIZOWTRIMNT 5. ZHUEIERIE Hawkes BFE
CHY T30 THY, LLASNTWS ETAS EF VAT Hawkes TNV TdH 5D L 1R
MTH5, INUAMCEWHIIIRBWRE-ED ), TNHOLKIIOVWTHERS, F7/z,
EBOMBREERVFENEZNAL, COETFLVOFERLMEY, 2L TSHOREEIZOWT
R

ST BREE, JEHE Hawkes MR, T - RRRUCAABREE, POIELAR
T, J&JJ, Dieterich E TV,

1. @FUBIC

WRAIBTLHHEBETVE L TRORELAONTVEH DD 1 213 Ogata (1988)
12 £ % epidemic-type aftershock sequence (ETAS)ETF NV TH 5. ZNIZHEDFERH
t, = {ti,ta,...,tn} EBB(F 7 =F 22— F)m,, = {mi,mao,...,m,} THEINLE~—7
A & BRI L, Wit OERI E TOMBEFRAERINE ~— 7 DR (H, TRTIL LT 5)N
5.2 5 N7 T TOSRMT S REERE (LI, i b7 D HAIZTREE AR L ITR) &

(1.1) MHH) = p+ Y ¢mi)g(t — t:)
ity <t

ETHIDTHD. B, TITEY—2 (X7 =F 22— F) OMEICET BHERSAG R b 7%
WHoELTWwa., ZhidHOBEEE (self-exciting process) T % Hawkes 185 (Hawkes,
1971) % — 7 £ & ROBFICIER L7z b 0 (B 21 - B9A), 2019, 6.3 ) IS4 T 5. & B,
HEFTEIBEIZT M) AY) U 7R [FERIEPRZ %L, RETHLEIID L TIORK
HEHw5.

%4 OWENG| & T HE RE) OBBRAEE L IGEREZ M ENIIOWT, ETAS €7
WZBWTIIEEBRANCE DO X

(1.2) b(m) = &
(1.3) g(t) = K/(t+c)*

VRS IR BRF KREHEEBRL Y & — T 723-0023 & B E T GIHNT 5562
2HETEORTZERT ZH ¢ T 190-8562 HEHBALJITHARNT 10-3
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L35, BEBEIHEZTIIIRE - EAR] (Utsu, 1961) L IFFIEN S D TH 5 (ETAS £F
WVOFEIZDWTIE, BPIZIEERFES O F - B, 2021 2SI h72wv).

ETAS EFVIZEBROMBEEEIC L CHEALTEY, BERAIEERLZDH O (Ogata, 1998)
EEDRIRILCIIFETH LN, BHENGHMBEREITETVEEZON TS, HL, Mk
BRI SE PN HDTHE720, EFVICEINTVENRIA—FDfEZ DL HIZLTHE
ERWHEWMA LB UDF B 0%, WIS rOWBENREREZETFVICE ) LI E L0 E
W TICHHEA R TV 5.

ETAS EFNV LT, HIEZIIBWTILMONMHVENS D O L LT Dieterich (1994) 12
X BRI T TNV D 5 (DR, #ESETUIELIElibRI b L4 FRICHEV [ Dieterich E7 )V | &
R)., SHIZERICBY 50T EBE» S5SNI BEEOEEZ2 XL L 72T BRI
HI % 5Ci2, IS HEBOfE & MEREIEOEL 2 BRI L0 TH L. EBREE LTES
NI IIRERM 22 D D TH 525, Z 20 BB 72 BEERE BN D W Tt 2 0 My B
DIRHD D HREAD 5N TE D, Dieterich EFNWVIIREEF IV EWHEF VORGSO
EEZ L.

LA D Dieterich EFNVIEL ETAS EF NV EFRBN A EAD Y, COEFTLVERMNTS
ZENAROBENTDH S, 5B, FEIZLIET Dieterich €7V & ETAS EFIVICET A3 (&
[, 2009) 2F L2225, AREONEO—FIZFNERBLLENHLI R, HO1LD
BED 35,

2. EEERERANCED  EEE T 7/ (Dieterich E7 /L)

2.1 Dieterich EFILOHE
Dieterich 7 IV IEMEE KT DL, HE - IREBAKGFEEREH] (Dieterich, 1979, 1986, 1987,
1992) b5 2 N5 kONTH 5.

2.1) dqz—i-a-er+7(1—a)mﬁ
Ao o

T, y EIRBEHI IR, #Hald 580 HEGEE, AL EERBIEI O v o
BT A, 1L old, TNEFNHEILH EERSNTH S (K1), A & o 1ZIITHE - IREBIK
FEEREAICBIND N T A =5 Th b, ARREEE y OBERIET) 0 ~ORFMEZ E R
KITDICEASNZDDOTH AL, o ZHWELRI T W W) OREZ KLz 0
YR IIER SN A,
KEDICEDSVWTIRBEROEMEE v(t) 2RO D, EFVOMBELDZD, FhA L O
TR BT, () R —EDTIRIE 2L D - 72356 & Gi) B 1Y 7 (step 1Y 72) SY BTG
HOEAD 2 ODRWDAEEZ 5 (K 2). HEIEXLIRELZERD 1217V — T oEE)
WCEDAECLZRNOEALEEN THS., 7L— M MIEIIEF-EOHETBELTED, Tt
I IS JIEENN (tectonic loading) BT —E L EZ LGN TWAE. DIZZNITHIETSHDTH
% (4 2 @ “secular stress rate”). (i) ldd % HEEHHE X 720, ZOWEEE)IC L Y BT RIT
FIS AL YT 5 (XD “Sudden Stress Increase/Decrease”). fENZHIERI T LI &
FHEOWEERICE T A, FOHMBEOT I =F 22— F () IEGFET 5. DME, flziE
m D3 3BED D O THE 1 HRE (B 2 13T, 2001, 10.5 i), 2011 4 HAGHL 7 AP0
BOE) em 39 A LBERMETORIMETDH ) UK, 20120 L E2—IZ5HSh
TWhmX SR, MERSFNTICBWTIZBRERZ S 0 & R L CTREZR V.
NQUPLEINDL BN LREZ, T3 O OEHAIIODVTORT. F3HREM—EOTIRIC T
L% t(=dr/dt) LR T I LT 5. ToOK, FHROMEILD7ZOERINT] o 1ZZILL &,
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(a) (b)
T (Shear stress) l o (Normal stress)
_
x
. BYWNST) & BRUE ) OB, (a) SRS O, SERSARTRISR I 7 A2 A 2% >
TVBIICTRELELERD I RIENTHY, (b)EHSTEHEEZM Lo 5 (B
2WVIE5oiks) &) RIETITH 5.
Schematic diagram showing shear stress and normal stress. (a) Shear stress causes
dislocation along a fault (bold line), which is stretched along the direction perpen-
dicular to the sheet of paper. (b) Normal stress is compressive (or extensional)
stress acting on the fault.
FAILURE fime Advence ° FAILURE Time Delay
~ smess - stRess  _.”
-g Sudden Stress ’,»” /'/
CRA lerease Sudden Stress
g g © I Decrease
S
on ‘5‘@55 ‘5“65
seﬂ")\‘a seo\’\a

2. MM b SNz OB 2L OB & X . K — % O 5F W7 It 71 Z 1t (“secular stress

rate”) &, & B MR X 72 Z OWIREEB) I & Y A RIT T IS 2L (“Sudden
Stress Increase/Decrease”) ® 2 2 DERIZ & 1) JEJ) (“Coulomb Stress”) A3 2L
L, €hdH 24l (“FAILURE STRESS”) ICE T 2 L MR RBAET L. ZOKTIED
5 1 OOWBEORLEDAEFZZ T AE 70D, BEMZISHEND 2 VZBAICL ) 2
DHBOFENRE 572D i#L %5720 5% (“Time Advance/Delay”). Th%%¥
DHBITH L TEZ DI ET, BEMBOMEMD 5V IZHRAAE»N S (Toda et al.,
1998 £ H51H).

Schematic diagram showing the simplified temporal evolution of shear stress
(“Coulomb Stress”). Two factors are considered: the one is stress change of which
rate is constant in time (“secular stress rate”), and the other is static stress change
In this
figure, only the occurrence of a particular earthquake is considered and it is ad-

caused by co-seismic dislocations (“Sudden Stress Increase/Decrease”).

vanced or delayed by “Sudden Stress Increase/Decrease.” The increase or decrease
of an intensity function is derived from the application of this concept to a set of
many earthquakes. This figure is taken from Toda et al. (1998) and is produced
with the permission of American Geophysical Union. Copyright 1998 American
Geophysical Union.

Wb do/dt=0%EbETRET S E, X(@1DIF

(2.2)

5.

= L e

d
7AU

h&h
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(23) 10 = (10 — 3 ) e [t —t0)] + 3

1D, TIT, g Tt =t 2B Dy DMEEIDL y(t) TH 5.

RIZGEIZPWTTH D, ZTITIE, t=t, ICERHW LIS OZAL Ar 35728 T 5.
(BRG] THZ2OTAd=0THY, MATHOHAELEA, ZOBHEDERET] o TEL
BWwEET A, $5E0QDIF

1

THhbh, Zhih
+ AT
(25) A(EF) = (1) exp (—E)

b, ZTTHE) IZRHR ¢ = ¢, ISR E 725INS N ZELDBERIZE T S v DIETH 5.

1 HiCEE L7z ETAS €7V ORE & FEk, HWEOFRAERI t, = {ti,t2,...,t,} &L, ¥7
=F 2 — NI THEIEG| SR THIS DAL A, = (A1, A, ..., AT} X — 7
ETHr~v— M ENBREEZE LS. 72, MTRRUIEE (5,7 & L, fiifELD7z0 S = t0,
T=tw1 £55.

R@23)EHRQHEFLDLIETH 1 <t<t; (1=1,2,...,n+1)ITRLT

T

(2.6) ~(t) = {7(t¢1)exp (A‘Zyl) - 1} exp [fAiJ(t —ti—1)| + %

ELT, NI AEmICEDS y(t) 215 2 LA HKS.
CD () I LT, S &SRR R

(2.7) A(t|H:) = r/(t)

ELTH2oNS., 22 TridEBRBOMBENEE (RNICESHENE O, HALKH D7
DO LB TH 5.

%GB, hTlEl~—27 & LTHBENELE2ME) JEZRL LA, Lal, HEOHERS %
FHETA2D0 L LTS & ERISNEZHAGDE 7 — 0 Y H3EEE (Coulomb failure
stress; CFS) (fl 2. 1E Jeager et al., 2007) 2% 5. F#IZ King et al. (1994) LLFE, AREIZ X 5 CFS
DEALED R 545 & REDOZER 54T & DHBEPEAIL LR ENEL L) Hho722L b H T,
Dieterich €7V & F\ 2 B S SIWTIS 12 2 C CFS # WV 2 2 L MEMMICAT b Tw 3

ML:fLKiBZ,mmmm%?wrbﬁéﬂix FII S DO EN TR Ko 72
bDOTHY, ETAS ETNVOEFEICHN, BO5N723F A =5 DEOHBMEIT 25w, F 77,
~—2 L THWONS DI i%Lﬁﬂ:ﬁﬂ[ﬁT% D, 20X HEENZYIRELETIVITH
DAL ZEDPUERTH L. TH) Vo MEEEN LT, WHELED SRS L HEEE) &
EBEO L0 LOERNILEKR, SICHEEED SIS ELE % T T 5 - A0% 1990 £ HE Y
XD BEAAT DN T WS (Dieterich, 2015 DL ¥ 2 —IZFEL W),

SHICATICADEE G2 5 2 L CIADNE] (M2b)ZR)ZHELIELILOHELTH
D, EBRICKHEORA R, HENEIHIH ERMM) SN -FHUANOFFIRALN TV S
(#1213 Toda et al., 2012). ETAS EFIVIZBWTHADFFREZ/EY 42 L IZFBIZIZT
RETH 205, HIRDODDEIIRT 2LENH S Bz I1EK(1.3) D8F7 A—% K 2O LA
a)bﬁﬂﬁjb VELBATHADMEET5). F72, MERBOMEIAILE S WX ) M5 2]
HWEL52Z50LELDHY, HENLBITICBWTIME Cld LW,
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2.2 Hawkes 8%2 & L T®D Dieterich €7/
&) —# b S N7z Hawkes ##81E, BEBABIBRO L) 2NTERINLLDOTHSL Bz,
Daley and Vere-Jones, 2003, Section 7.3).

(2.8) At|Hy) =@ (M +/ h(t — s)N(ds))
s

=& <M+Zh(tt¢)>
t; <t
CZTo() IZFADMHEERLEETH L. T2, o() BIERIETH 58, ThzE BEO%E
EXBT % 72012) BRI Hawkes B LRI LD 5.
T, X(2.6)TlE, FMIICHVS Z LI2X D Dieterich €7 NV DIREER ~(t) £ L 7.
SRMET(E) =y(t) ELT, UTOL) ICEXHE L LHHEKS.

(2.9) () = Z [exp(—AT;) — 1] exp < Z ATk) exp ( t ; t,)

=0 =i+1

ZIZTjldt<t; 27T RO OETH 5.
TR QDD S Nt H) =r7/T(t) TH5D. UExEFEz 5L, ZomERHIIX(28)I1CB
g

O(AT;) = [exp(—AT;) — 1] exp( Z A’Tk)

(2.10) h(t) = exp(—t/ta)
D(z) =r7/z

& L7248 OIERIE Hawkes A2 o T D, THICKH L ETAS E7NVIE &(z) =2 TH D,
MY Hawkes B2 TH 5. BlL, FEHIE HE L V9 HTH ETAS E7 )V & Dieterich €7 V1
BRI 72 BIARIC B 5

2.3 Dieterich TFJ/LDMEIEA

K- FEAKXGUABITIR L@, REGEE O, KRBT 25 XFRANHE
I EMREBMIZAMSNT WS, ZORITBIT 5 XFEE p (3 1 ETHROM, BAKIZIZ 0.9 2
515 REERERINICL o TERTH S (FH, 1999, 7.3.2 ).

—7J7, X (2.3) %R L7 Dieterich € 7V X 2 MERIGB O, WM - 5984
RIZBUIT L p=1DHEIZOANIE L TWSE I EWRGhoTnb (X 3). Alh, Dieterich EF°
wup¢1®%éuuﬁmtfﬁ%f,%%ﬁ%@%ﬁ@%%ﬁb%n&wawBWHﬁﬁé

Z OREIL Dieterich (1994) B &2 EEICHRW L TB Y, FHmLTE 1 2Dk L THED
step WZRIDIELICE D FVUFT) Y ZHBIZED, pDfEZ AT E1UNOL D GFIZp > 1
OHE)E LD Z L 2L TV 5 (M 4). fi2iC Dieterich (1994) 133 (2.3) DE R IARE &
NTWLIRH—ED + TR CTIRHMZLT 2 72 RET LI ETp#£1 LR 2HEHEHO
ﬁﬁ%ﬁb%%:k%ﬁ&fwé(’h’omfu4%f&w1mhé) & B ITHERIE AR D
ISZAL (R (25) 128 % Ar) OB LAHEEZERT 5 L B L TV, 0¥
HFldp<1 ERBWEIIEDHEE—T, p>1 &% BEMEIIEIHIGH R V. Borovkov and
Bebbington (2003) %°> Helmstetter and Shaw (2009) % i% U & 3% Dieterich € 7 WV LER D A
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o

Normalized seismicity rate

o
o
o

Ti:’ne 10 100

3. H(2.3) 258 512 Dieterich EFNVIZHBIT 5 REIEH ORFRIBEORT. WHIEOR
BEB BT D 7/Ac DIEEZ BN OWTORT. 2B, HlidEiGeg Grg
BI%D) % WIRIE O HRIEEIEE r TR0 DTH 5.
Decays of aftershock activity derived from eq. (2.3) of the Dieterich model. Decay
patterns with various values of 7/Ac, which dominates the pattern, are shown.
The vertical axis indicates the seismicity rate (intensity function) normalized by
the steady (reference) seismicity rate r.

10 T
At/Ac=3.0
—
10°
At/Ac=15
s, Yy
< 10
g 0.80
e -1.00
£ 1.25
g 10'
3
w
10°
Stress step at t=0,
At/Ag=10.
107" g
10° 102 10" 10° 10’ 10?
Time, t/t,

4. Dieterich ETIWIZBWT, step WRIBDEENCE L MY A Y 7R ICED, K-

FHAXD p OHEZL S T LHT 2R TSN, WEREB 2T 2 & T step 19
RISHEEHD 2o 7256 B p= 1ITHM T3 L, & T step RIS EBH
B2 EHETEp OERE S HKD (Y. Dieterich (1994) (ZHIEE.
A schematic diagram showing that the triggering effect caused by stepwise stress
change makes the value of p of the Omori-Utsu formula variable. Without any
stepwise stress change, the decay of the seismic activity (earthquake rate) approx-
imately follows the Omori-Utsu formula with p = 1 (dashed line). Contrastively,
several stepwise stress changes can produce the decay with p > 1 (solid line). This
figure is modified from Dieterich (1994) and is produced with the permission of
American Geophysical Union. Copyright 1994 American Geophysical Union.

LRBROMEZIEZ TV,
F72, TZFTIRLAEY, ETAS EFN EE U L 9 12 Dieterich EFIVIZBWTH[AT
OHEFHCOHE GER) RN ZHOJEINEEINTWS, ZLTC, 21 &I LE91L, &4
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OWEOHCEIREIES, HERABEZIISECTHNIOLEY ERbT BN b~ —7
12, ETAS EF NV~ =F 22— FEHWSLDIZx L, Dieterich & 7 WIS MRS PHIC S 2
LB S N EREZHC TV, COHBPHEZEZERDADLEWIFIELE RS
— T, BEF—FIEHATABICIIMEE 5. SHIZLUTICBERE#EY), ZOHE{LED
FHEDSHUERT R R L O EBR L SIIKGF LB TH 5720, BHTIEILWRrLTHA.

WRETEFHCONLBOEDOHPANT, WEESZ SIS B HENEEZHET LA 7
075 AMILLHTA S L (Okada, 1992), FHEZO I DIIIWETH S, HLEHIZ 2BO T
VINTH DD, FORGE MUNBEEEHST 5 2 & THENIGTELRE &) FFEDIRTIK
GERDDLZENHEL. ZOREABROBIZE, REZFISEZIMISHELS Z5MH) - 5]
ERISNLH SN 25 2 51 5H) B O ERBHOHNY RAE L mE, &L CHER
WCAELZTRY)DIMENRLEL 25, AL, TSR THIVUISIWIGHZELROMEZ KD
AT ENRHER V.

CHVS ERIIHBELAOROOSNB[ A A XLHEILVELZ MRS, HL, HE
BRI EAEICRBEINTOVBLITEATIZH > T, SRR LTI, BERL XH=X
L RDD I EEFLTLIAESTIE RV (B 21X Yukutake et al., 2020). 9 o 7B
£ D, Dieterich E7 NV & EBOHBEHEIET T 28121, A& - KERIVITHIUIAREICH
BT DLIRKDO m ZFOMEDA, HLVIEIAEBLUOABLABREOREZ m THHHROHN
RBOMEBIZLZICNEALDOEELZ T EEZRLTETY 735 (HlZ1E Toda and Stein,
2003) Z EHEEfT DN TE . Wb, ETOMBICIZFERMEZEZETEY, BENLE
T Y ZDET ETAS EFNVICE LD E 7o Tz,

3. Dieterich EFILDETFT —2ADEAF : Iwata (2016)

Z 2Tl 2.3 fiiT/R L 72 Dieterich & 7V O RE IR 5 805 % ik A, FEBE O HEE TG E)~H
HLUZ—#lE LT, Iwata (2016) Z#N3 5.

MED 1 DR SN HERE - RERNTHNERE) O M) FY Y 7R LI A
ENTWARVE W) BHIZH o7, THITKH LT, Iwata (2016) T, »BHEIZ L ZI6HZEAL
EZOMBED m & ORI A, = aexp(dm;) L LTRENLLEWVWIHIIRELZEE, ETAS ET
VDX HIZETOHBIZEE V) FY Y IR OEELZIN) AL TREH L.

Iwata (2016) TH- 727 — ¥ 1% 2004 FEFER L HBRMEE & 1995 4F I IR B SRR O, ARFEH
B 05 HPS 4ETTORBRINITH S, ABREEBOT—F 2RV THHDIE, —fik
FIC AR RIS B OMERAMEN L, F— 7 OBICHERH 5720 TH S (6213 Nanjo
et al., 2007; Iwata, 2008). CNHDOTF—FIIx L, ETOHMED MY H) ¥ IR oBEZ A
NIZETFV(EFNVA)ERBOAD N ) V IRBEOEEL ANTZEFTV(EFTIVB) D 2D
WAL, BETFNRNT A= FIIRAFEICL YRS, FRiiFHEBE (AIC) (Akaike, 1974) 12
LBETNVHKET -T2, RIIRTHY), TNV A D AIC DEIZET VB OB DITHR
THED D VIS, KEZTTHLETOMBEO V)T Y 7HE2H) AnbZ E
TETNRRELUBEN 2 ED5H 5.

FREET N OESNMBENEE X 5 1R, FRICIEARTENE) O KR 2 R4 8)
ERTIZORE - FREARKEOAD M) ¥ 7R ZE LGEICHS T 5) 12X 55
EEBLELETRLTHL. KF - FERARONFRE p o LHEEMEIX, 2004 EHEE T
M & 1995 AE LI R R Z N ENICH LT 1.35 £ 1.22 TH 5.

L, EF)VB OBENBIES AR THY ¢t LTI THDL. 223
HilZ/R L7281, Dieterich ETIVIC X ZMEIEHOMEHN KR - FTEHARNICB TS p=1 D%



216 MEIEFL Heok F2m 2021

% 1. BH®D 5 1 7D Dieterich €7V (7 )V A-C) BL U ETAS E7 V% 2 DORERS]
(28 T TH B M 72kt BLEE (AIC) O .
Akaike’s Information Criterion (AIC) values of the several types of the Dieterich
model and ETAS model applied to the two aftershock sequences.

T ETINVA EFIVB EFINLC ETAS
2004 FEFIBEPBIME 3755  -193.9  —260.3 —446.7
1995 4 S IR F s AR —50.9 -20.7 -59.2  —80.0

10 T r :
—_ Omori-Utsu: p=1.35 s
. 10° with secondary (model A) ——
Ea ithout spcondary (model B) - - -
S, logdrithmical (model C) -~
. 10° |
T f1°
S10'F
2
S ol
£ 10
(72} ~
@10 -
(%) (a) Mid-Niigata
] —— L 1 h
1 10 100 1000
10% T T T
- Omori-Utsu: p=1.22 s
‘> 102 with secondary (model A) —— 4
g without secondary (model B) - - -
=o'l logarithmical (model C) wwww &
2
© ol
5710
Sk
£ 0
.%10-2 [
3 (b) Kobe
10

I1 1‘0 1.00 10‘00
Time elapsed since the mainshock [day]
5. BB D% 4 7O Dieterich 7V & RKF - FHANITH L THEE S W72 5REERIRL.

(a) 2004 4EHT R I P LEE B X OF (b) 1995 4RI B BB IR IS5 2 b . Twata
(2016) % B,

Estimated intensity functions of the several types of the Dieterich model and
Omori-Utsu formula for (a) the 2004 Mid-Niigata (Chuuetsu) earthquake and
(b) the 1995 Kobe earthquake. This figure is modified from Iwata (2016).

BFRXOAMIGELTWAZ LKL DOTH Y, EEOKBREEOREHFEISHIG LY Tni
WERT AR LTV A,

—7, EFI)V A Tld Dieterich (1994) AVRBLTW/2EY) (M 4), ETORBIZIB M
VU TEIRERD ANSLZET, (AR p DEEZEILEEEIEFHRL LIk,
DT EHAICHERRESEL—RE LTS, HL, FEEPBBZEICOWTIX, EF
VA OWMREBBIEAR - FERARDODDICEM L TWwa—J, LEREHBEICOVWTIZLL
R% & 10~100 H BUHIE, €7V A OMEREITIAE - TEARO D O X ) &IEH /N
L, ENVUBIIMEIKREL ZoTwAD, ML, M50 X)) RWixEs s 7 T3 2 Eehii
HEDPFERPICHR>TEY, pOEI1LDIFIKREVDLOORSE - FHRANICL L p=1.2213
EETICRRESH RGP0 EZRBLTVWS.

PR B OSBRI BT, BT T, REBOm L 01 DTOMEN3 D
HETWS (REDOm =688 L, SELRIEICES, 6.1, 5.9). Wiz 5L, {RERYIE
HROTTRBDHNOHEIC X o THEEEN B LD DE G E Y. kL, &
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FERFE MBI B VT, KBOm =731, BT CORREEm=51&, m®
ZF2ULETHD. 20D, KBIZLLZFROBENKRE V. TOEWD, K4ITRLZL
I IR OEB LY SICHR, HiEERBETII T p 2 RELT L2 kT,
LHEEETHETII OPE p 2 RECHELZDOO T3 EET 2B LIRS R o7k
EZoNb.

F72, SO LU ERTRoTHRIIVELITREN TV A, Dieterich EF VOB
X, ETAS EFVDHDITHRTER L >TWDE. SO LI, BEREICRM) KF - 5
HARD LB SN p DMEITHIE LY T e v i R B 120 LTl SROFE R L S 2
L. LLl, FELTWA(LHIZRZ %) FiBRpstEICd LChRETH D, ZhiZidhl
DEREZZZBLENHLH. ZOFERD 1L LTI, Dieterich EF IV & ETAS EFVIZBIT
LRADHBIZESL N HY YV OMBEOBNT DECDBEITSNS.

KADIWRLZZ@ED, ETAS EFVIZBWTIZZK 4 OMFEIZL B MU A Y ¥ 7% AF1,
EI S IEMICEN S, ZHIZH LT, Dieterich EFMIZBWTIER (2.5) H 5% (2.9) AR
XK ADHBEN) A ¥ 7RI, AIHRERENICHENLS., Z0ENIE 2.2 BTt
WETFTNVOIHE MEETVOENTLEDH 5.

EC, MENEHEICEEL, 20)b0RMD 1 DHPRBICHLETEEII R KE L m
EROYEEHEZ THA. ETAS ETNVICBWTIE—FRMOMEIZ X D EmERE % 412K
XL LTHMEDZ ., —, Dieterich EFNIZBWTIX, —FRIOOMECHEEKZ KE
CLTLEI L, FENTHIDDICZDORICHEHED MY FY ¥ ZFRIRTE S IZHRER
BrBEELFRCLET->T0E, WMEMBOMEPIEREICE Y BETCLE)I LIRS,
INZMTB720, EBOMITICBW T, RYOBBEZOBERKZIHIL, ZoBkol
BON)IW) VIR CHEEMBERLSTAZILICR L. S0z 5L, Dieterich EF VI
BAOHRFEEDNS, WL OPENTHRERBSRKMEEZINSGZ L2k A, —F, ETAS €7
MZBW TR OMBEOERZIC, MERKOMEIRKICESZEXNETH L. HEOME
WEICRON MBI AR - RERIVNICBVWTL, RPUOHENAKETHY, ZARAD
mEWAEZEPFRAETHSD. Z LT, TOAREREERICROMBHEHILMLL 2D, HE
Hawkes MM TH 5 ETAS EFNVOMBEHIZ I ICHEI L BEREE a5 —7, JE#
% Hawkes & 7 )V CTd 5 Dieterich EF N OFOFEMIIFIFE L mEMAKE 2> TLES. 2
DT LB AGEIFE IR LT Dieterich EFIVOBEAMATETAS EFIVOZFNIIE - 72
RELENTH 5.

4. Dieterich EFIICET 35 EDERM

23R L7z, Ki%F - FHEARKCBI 2T p # 1 0BEITHIE LY TnZzwn
MEWET S 2 &1, Dieterich EFIVIZBITAKELFETH S, TNIZDWTIE, Dieterich
(1994) BRI L, F723MTET—IHNOFERIRLAELHIICMIFY VIR eERQLED
¥ LT, HHREIMIL SN, HL, LERMREORERINIHN T 2 TR EI7R
FTEICTHFERIEZLVWEELDY, SORIZTRIVLETHS.

2.3 BICHjHICAIAL722%, Dieterich (1994) IZREHMIZ LT I NELEBAT LI L Tp#£1
LA EE ML TCWS, BAAIZIE,

(4.1) T =70+ uln(wt + 1)

EVIHIDDEEZR, TNIZEDVRIZp>1 L2 EGEORTEEZ/EY T I LAk 8
ZAR L7z, RWBOFEMTEIRNET | LIFITh 5, KERLEOR, RIMIZESTY®-<
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NDELETRD (A=Y v 7)o HRBBIN S TS (B 2 1F Heki et al., 1997). [
EBNBL LY, FABHEEOZAT -2 v THED% > TEY (Obara and Kato, 2016 @
LE 2= L), 2V ZBRICE > CHEEHMWRICTIENIWE T A UMD 5.
EBIZ LR r oz, [ IEL 7 B—E & o REIiz TN @D A LT
& R@pHEFLEDDE, tini<t<t; (i=1,2,....,n+ 1) ITHLT

(4.2) 7@)2{VUFJNXP(—AXZI)——Aawén+1ﬂ[w@—%p&)+lrm

1

+Aaw(m+l)
& 7% (Dieterich, 1994 @3 (B21) # &), HlH, ThzX26) X2 THWAZ LT, 20
BaOMBEREERSZ LK.

RUDDRTEZAR, —m>1Hbm< -1 08, F1HEISTEMELRY, ELHIC
Yt) o (t—tic) " THHIETHD. MEMBIIRQNITRLZZEY y(t) OB TH LW
Z, SNt —ti)" TRETLII LIRS, THLT, KF - - FEHARD p#£10%6%,
u & Ac DL %S 5 Z LT, Dieterich EF VO H/EY BT 2 &K 5.

TiE, R@DWCED CEEREE AV, BICETFUPREEESNSL725 ) D Iwata (2010)
WZHEDOE, AL LT3H TR 22 200RBERINC, ZOEFNVLTF, EFVCO) 2@ L
AR ERT. T4 &, THERETMBEICH L TIE AIC DEAIVNEL b —TF, HiBdubi
BICHLTIEREL o7 (K D).

BHhETHREBRBRED I ) I o2 RTHaBE, K512H58EY), HBEAERMBTEIC
L CTIIIRAEDMMAHEBL, SLRONAZDDIZED MYV FOEENRLNLIET
ThHb. F-Z20RBLITLbTHTHS. BHEEFMTHEICE> T, GRERHOEEKN
GRBEZREARLEABIZIAZLOZBVT)EL NI AY) U ORENBNL TV W,

ZDEITHhoHEE, ORI B THo A ERNUDDEL) B DTH o7
WEORENBOFBOENICH L. X6 IHEDITIZEILIC 2 MO step BRI IZLE M
A7 EOMBETREIE GRERE) OWRMEOB 2R $. KIIZAHET step WRIEHIEAL
L2 oA R, 2RO DO 1 NEZFESZHEAEOLOLRLTH L. [HE—E]
DT step WRISHEACOFEIIHD S FREICIEF CRENERE-> T, —F, R

[w(t —ti—1) + 1] (fHL m = u/Ao0)

T-dot = constant T = Tyt+uln(wt+1)
[}
s
2
3 N
(7]
(@) (b) NN
Time Time

6. BED step B RIENIEALD B o 7256 (REM) & 2eh o 7284 OB & Tl
BB ORHZALRED LI IR L 202 R THER. (BN ELL—E0HEB LV
(b)) K@D IHE D LI DS A,
A schematic diagram showing the temporal evolution of the intensity function
(seismicity rate) with multiple stepwise stress changes (solid black curves) and
with none of one stepwise stress change (dotted gray curves) for (a) constant
stress rate and (b) stress change as shown in eq. (4.1).
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41D &) BISHEALDEGE, step WRISHDEATHRERFEHEIBRR ELS->TLE) L2
DEBHIKREINIIRY , step MRS HEALD B d o IRBICIZE S v, THE[& 4 DORE
HENI WO L2 EFENREEICKAATIN (DR LB R2AT DR T ZIEwH)IInET
OBIMFEFE (B 2 1F Ogata and Shimazaki, 1984) L FHEL TW5b. FD 7z, REDNOHE
WCEBNIT) U TOMBEBAMZ L) E L, FRAED B \VIE4E MM O RV igEE AR
Ehaztbhosz, 20 VUFY Y IRHEITRA LM Z SNIAER, FrE IR AR b E I

LTt AIC DIEDSTEL o7z, M)y, JCA4 YT Y ZTRHRF ST ERE S B LKRFE - FHA
KO p=121CHETETCVLEPrs 2 RERMEIHMEICO VTR, XU DT E/LEEA
T5HIET, ZOpDEICIEINIETE S X )% o7 (FEB, MEMBITARE - FEARIC X
L5HDEFHRAE—HLTBYHD ETIIRGTI»Mf %), ThICXBEFTVEEIKE L,
AICOMHIZ L o/ EZOLNS,

VL EOFERIRT Z 13, OB T2 L) I L THRBEEOBMEDOL L,
ETOWED N FY) ¥ IR OEE % Dieterich EFINV T S8 52 EIXfHE Tl L,
HY R EREPLETH DL LW HTHAH. /2, T2 T Dieterich (1994) DILEIZIHD &
R4 DISHEALZ - 7205, TOWTEt — co THIHEMIZ 01285 720, MERITHED
01ERH (6 (b)ZH). ZHIZOWTIER @A T, FlAIE T =70+ uln(wt + 1) + ¢t
(CREBEDEIRLDZEZNTI VA, MIF) VIR OBEILIVEMEE LD, ik
DERLICBIFBMEPOTRBLELLLTHA .

T 3HORBIIH LMY, FRITKRE - HERHNC Dieterich EF NV A2 BH L6, &d
HWRBIGEHIEA TH 2 EOREREEZRITHEEABPRRICE S ZEFHREVEV I HED
H5H. I Dieterich &7 NVIERIE Hawkes FETH B & W) REW 4 SISERTAHHDT
HLY, ELONBEOHBFH L &) BESLLID, SHOBEHICHTICEETH 5.

O, 2.1 EIICRELZEY, ToAx OBBREITEZ SN TV b DESIHISI Th - 72
DIZ, EBOEFT) Y ZIZBWTIIREICESTCFS Z2HWTED, EFVOKELIZBWY
TRIDHIZODOVWTOREOLENRDH A ). 251T, (2.3) % (2.5) OBEH OB X RIS T
o WALV EVHIREVPEINTVED, EBEOLZAHRIERENLZLOTHSL.
ZHFIWIRTT (B B\ id CFS) HEDORBEIEE 2 i d L K AT 200 A L W) BED H
% (DeVries et al., 2018). Bl %, BEERERIIOI Y e, BEERERIITA L Sha i
B2 FOFFTHEOMBEISEHIIZEH LTV ONE W) HIZOoWT, FRAFEERTLLER
HbHEERD.

BHHIORR28 Y, BENTIE ETAS TR VIHEOHERIGHICRD X GEATHETFLT
HbH. LTz, ETASETFNVETHOW L MENEICEEIZAI D DL W) Z & TIERL,
ETAS EFNVICH R4 RWEORIDH A H. 2 F TR TE /L 9T Dieterich EFIWVIdFE4
ZMEZHRZT I TH LD, ETAS EFIVENBHLEMZHOLOTH L. T ) volxnf
BMRETNERSD &, T—FAROBERMEE (2 I TRIBERAD X I = X L)~ Hf#
BEDDDITED L, &%, ETAS EF )R Dieterich & 7 )V % 8 2 % G E) € 7 )L DL
OB NLETHA).

B, RRTIEAMN R o 72A ETAS T IVHRFZEEAN LR &Nz X 912 (Ogata, 1998),
Dieterich € 7V O ZEHRANDILIR D TR bIDDH 5 (Cattania et al., 2015, 2018; Mancini
et al., 2019). fHL, IGHEHOL- 2 HIZEBEN R ZREZET L UENEL L7290, BRI
LIDBMRETFT) V7 h, TNEEIGZENICELTIED T Y BARRAA BN T2
bhTwinid, TOHFMmMIIOWTHSHEORENHEENS.
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AT ZE T O R IRICIE, AREF BRI L TT S 5 2312, P Hawkes
BRICHET AiEma LCHHE E L. FUEoRIERZRICIE, IR OMFHICET 5 15k
AR LCHE F L2, ®ILKEOREME XK, Temblor #:0 Ross S. Stein K7 5 1 X o 5
FIMLLCHEHXF L. BROKREH» O IIH 0B 2 SEBE2ES, 2L ) &RIZK
ElWEBEEINT L2, ABOMEICH 2o TIE, KNEHEBAY & 7 SilREE F - KFsE
By 43 & OV H REAMIRIL S - BHADFe B wiBh 4 GLENIge (B), REE 5 21H01191) 2 L
Tl SSWKRLTHEEZELE Y.
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A Nonlinear Hawkes Process in Seismology: A Seismicity Model Based on
Rate- and State-dependent Friction Law

Takaki Iwatal?

LComprehensive Education Center, Prefectural University of Hiroshima
2The Institute of Statistical Mathematics

This review introduces the Dieterich model, which is a seismicity model based on
rate- and state-dependent friction law. Herein the Dieterich model is compared to the
epidemic-type aftershock sequence (ETAS) model, which is the best-known model for
seismicity analysis. The Dieterich model is a nonlinear Hawkes process, while ETAS is a
linear Hawkes process. This review also presents other contrastive characteristics between
the two models. Additionally, the advantages and disadvantages of the Dieterich model
along with future directions are discussed.

Key words: Seismicity, nonlinear Hawkes process, rate- and state-dependent friction law, point-process anal-
ysis, stress, Dieterich model.
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225 ETAS € 7L O N — ¥ 5 v & Z DIEH

R A
(%A} 202142 H 15 B ET9OH 14 H s 9 H 16 H)

= =

C O, BEHHEZSTIL I Tw 5 FZE R Epidemic-Type Aftershock Sequence
(ETAS) EF VDOV DOPDIWEN—TV a3 v &2 T 02D THA. ETAS EF IV OGRS —
Ta i, 2 RCABREBEE TV, 3RICHERET NV, BLU3RICHERERETFVIE
INns. ARBEEFVIIKHBEOREIEIRE, 3 XICEFREFVIZHEORI ZEZEICAN
TWhb., ZOmE, EFVHE, MEWTZSA5) 7, BIUHEYI2L—Ya v
BT 527NV T) AL %ERL, TNETICHAR, /1 FU7, AU T+ NV=T TEBINTE
2% ETAS EFVOBMHERZ T EOTWD., 74 v T4 7 ORRIE, 2 ROUHERERB X
U3 RTCARBRETNAN, HEFREFVEDVDRER iz b3 28X, REOH
BAENBELZMRIELILERLTVS., REOEEREMBETRY) ZHIETLE, K&
I RO FIHTREND R, B LONBRERBREEOEE /(5 — i, HLMITRDY
OREXRLTVWE I Ebhb.

F—7— N DRESREE, BT, MRS, KR, WMEREFEMK.

1. EiEE

W14 C, Epidemic-Type Aftershock Sequences(ETAS)E 7V ik, MEFF O E AL
(Ogata, 1988, 1998; Console and Murru, 2001), % R EEBE OHEE (Zhuang et al., 2002;
Console et al., 2003; Zhuang et al., 2005), HIEEHEIERE O (Reverso et al., 2015; Nishikawa,
and Ide, 2017), B X OEIRED T (Zhuang, 2011; Tsuruoka et al., 2012) % LAY —
VTHAHI EPEW SN, B2 ETAS 7V T, REDOHATITRERNG 72X & Fe 0 (B
RICBE B K7 - FEtiEHl (Utsu, 1969; Omori, 1894) & 2212 B¢ 5 i~ & FeHl) (126 H & 48
EINTWVE, EBIZ, ZOETFNVRMBEOSY S =F o —F - HEGi % RETH720D T —
FYNVT )y —DFEHI(GR ) (Gutenberg and Richter, 1956) % ETAS € 7 )L & flA
Eb¥EYIal—YarEfioTwhb., ETAS EFNVIIEFEMIZIE A — 27 A (Hawkes,
1971a, 1971b) D HIERHTI~NO LKL DO—BITH 5. ETAS EFVIIBEICETEDORE RS 1,
fi 53 ¥ T O R — 7 ABEOKMETHIEROMML FEORBICLED LS L5271 (E- B
¥, 2021).

ETAS E7 VT, MEFEHIZ 2 2OERIIFTTONTVS I BROMBHFE L FREIN
HWEEETH 5. BEIAWZ, o ftAMEL QIFIN 2T RMWBEREOMEIL, WM

L ERM bR Y HEREY ) A EERE 100049 HEHEE T A RILX E R E 19 H
2RI ZERT ¢ T 190-8562 HUEARN NI T ARHIT 10-3
SAWERF RS BAFEMERET R AR | T 190-8562 H (R )ITARIT 10-3
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EWHTHLPZHCAY—LRTV VBRICEEZ3DTH S, HAXY MBEET S L,
FNEERBE T ZEFRINIA XY MCEBRE L, RV —IVIHES> T DPDTA X
YN EFETH. ETAS EF VI, HEOTHEZOBROMDZ 4 55 7HKHE - FHBEHNC
WosTHAL, BANRNY POKEERZORAEBM LB, BLOBARY FOKE SITKE
LawZ Lauiite LTwh., WRHECE o OIS L » TEHEFESNIARY M2 1
£, 1 MROEZOTHREE 2 WAL L LIERICGHT L. 4 XY ML o THBMSESR
ENARY ME, 2R TFREFENS.

22 ETAS €7V OS5 S MEREIE, XOXTRABTE 5.

(11) /\(taxvy | Ht) = :L‘L(x7y) + Z H(mz)g(t - tl)f(x —TiY — yzaml)

Qrty <t
ZZT, Hld T4 v T4 WU OMBICEEESFEINTVwEA XY NTH Y, BATHIE O
ARV IFHEL. ERITBOT p(e,y) EME (z,y) THEESNFRBREETDH D, wim)
3~ =Fa—FmOREEELEZRT.

Kk(m) = Ae®m=me),

ZZTC, M i3hy VA7 7 =2F2—FTHb. Bigl ¢ 128 5 MEREREEE (Probability

Density Function, PDF) g(¢) i, SREATKD X ) IZHET R0 2 K% - FHEOHEHNCHE S
EET 5.

—1 t\ P
g(t) =L (1+—) L t>0.
C C

22L& PDF &
_ 2 2 —4q
f@anw—-—JL—L——<1+—ﬁiiﬂ——)

© wDev(m—me) Den(m—me)

TH5b.

ETAS E7NVAERI AR — 7 A@BORHR LA THL Z LIEHL A TH L. TORDHH
ELT, Wil (c,y) EHH ¢t TOHE) 27D, TROMBFBERTOZA XY ML 5 TH]
SRIINWETRHP SR LV ZEDBRITONL. A RV MATRE L, 220 &AL
WwWige, PYAT—RIIKREL BTV,

FFZE[E ETAS EFNMIC K 2 KHBEOEFMLEHRET A2 213, HICEELZHEE 2o Tw
5., TNETOMEICE S E, MBORMILIRZ ML TEFWERBISEZINET S &, 7§
FGA=FHWEICKERMWY AL CLMEMEAND Y (Hainzl et al., 2008), RS ORI
M) 72 B A Th T & 72 (Ogata, 1998; Marsan and Lengliné, 2010; Bach and Hainzl, 2012).
COMEEBRT 512, MEERPEETHY, ZOZEEREDITE A EHWREOHIEN
B> TRETAZIELLDRA.

KB EOEBEREOR - 2B 2 WHET 572012, Guo et al. (2015a) 1, AEDOWEIE
REMARAT 2 RICEREIR ETAS EFVERE L. COETNVIE, RAEOEENE %ML
S, REBWBICB T2 REORTTELHH T2 Z LIT8I L TWw5 (Zhuang et al., 2018).
E 51T, Guoetal. (2015b) 1X 3 RICEIR ETAS EFNVERELTBY, TOEFTNVTIE, X—
F AN o TRIEDOESAHMARTIN TS, E51Z, Guoet al. (2019) 1%, HHRZEF ETAS
EFVDIRTGN—T a3 VEREL, BAHBIZOWTHRIELZ:. ZRIZELT, KREDHZE
M ETAS €7 VI 2 KITHEIR ETAS EF IV EIFIEN 5.

COFIE, B ETAS EFVOIEEN—Tari T, ThTTOET T s~
DOBMPAFEGZRTIEICEY, FEROERIZBIT A RMBEBOMBRIKOBEES 2T L2 L



FEZ2] ETAS EFNVOIRN—Y a3 v L 20 225
ZHROE L TWA,

2. T

2.1 EFILOERAE
IRITCEBERE 2 RITTHRENE ETAS EF OS5 EREMBRIZ, FhFh

(2'1) )‘(t7x7y7 z | Ht) = “($7y7 Z) + Z K(mi)g(t - tl)f(x —TiY — yi;mi)h(Z; Zi)

ity <t

&

(22) /\(taxvy | Ht) = }L(:E,y) + Z N(ml)g(t - ti)fQD(m — T, Y — Yi; Si, ml)

ity <t
TRBT 2. TIT, BESERL, M bp kel g BIO R0 EMBCERS R
5. 3RICHFERETIVIZE T k% S N7ZHR ORI SR — 5 5AZHE ) EGEL,
()% (1-5)"" P

zZ Z
ZB (% +1n(1-%)+1)
ART PDFA"H A, NQ3) THRADER Z 252522125, WEIFRESW IR EE
AL TWAEWHIIREFBHICH /-T2 TE S, 2 KTHEBREE ETAS EF VBT
LR E N MEDZEMALE PDF 1

(2.3) h(z, z) =

_ 2 2 —-q .
B et I N TRt T a Ty
7|'De"/(mz*mc> De’Y(mlf’mc)

fZD(-Tay; S@,mb) - f‘]‘SI f*(a:fu,y*v)ﬂ(“»”) dudv
ffSi 7 (u,v) dudv

. qg—1 22 +y2\
- 1
I (z,y) T ( +

, WRE XA RERTH 254,

Dl
Thb. TIT, 7i(u,v) i EA4 XY b i OWEREDOME (u,v) IZDOWTT-HREOABREFE T
H5s.
K (2.1) & (2.2) ZHAAAT, Guo et al. (2019) 1% 3 XKIGHREIR ETAS EF IV EI_E L /2.
CDET VDG EHEERBIIROATRLS 5.

(24) A(t7 T,Y,z | Ht) = :u’(x7 Y, Z) + Z K(ml)g(t - ti)f3D(£L’ — Ti Y — Yi, &5 Ziy Si, mb)
ity <t

2T, HREIIHEBEGS = {(z,v:,2))) OBA,

_ 2, .2 —aq
fap(x,y,z; Si,mi) = R <1 + Dxi) h(z, z;).

mDeY(mi—me) ev(mi—me)

WriE A8t km Ll EOKRMFETIE, WIBERE EFVICHARGLERD S, HE  ITHRE
BOYe,

[Ifs, 1 (& = u,y = 0)h(z, w)7i(u, v, w) dudvdw
(2.5) fap(@,y, 25 2, Si,mi) = T T, 7w, v,w) dudvdw '

ZZT, m(u,v,w) TRIFE S, LOMEED 3 RITME (u,v,w) DFHEERRHETH 5.
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L7220%5C, 2 RICHER, 2 Z0uH RENR, 3 X0umEZH, 3 Xoofa BREIR ETAS €7V THEE
‘ESZ/LZ)/\7)( y i%n%n n'|'71@(9—(A,a,c,p,D,q, )),81@(0—(14,0(,0,]3,D,D,q, ))’
816 (6 = (A, o, ¢,p, D, q,v,m), 9186 =(A,0,c,p,D,D',q,7,m) £ 5.

2.2 WMEFROWEEG LKA

ETAS EFNVTIE, A7 u 7o EREZHMBT 5272010, UTO L) eEHzREHNT,
AREERBEOFREBEHERMICGEEL TS, 3XTHBRZEF ETAS EFVEFIE LT, 4
NY M jHEERBBETHLMEE o &, ARV jEENRDUFDOANRY P i lZL o THIERS
SNBHEE pi; EUTO LI IEHT 2.

/J(l’j,yj,Zj)
2.6 p; =
26) Aty | Hey)
k(mi)g(t; — i) fap(®j — i, yi — Yi, 255 Si, M
(2_7) pij = ( )(] )3(3 J J )

Atj, i, y; | Hey)

AHRFRIR S D% DXy F, Si,0=1,2,...,0 IXHHEINTWD ERET S, FFKIZ, S
FORNyF LI EoTHIERIENE ARV b jOMEE, 2F Y p; 1d, ROLHITEFRT S
ZENTES.
fffs (= u,y —v)h(z, w)r(u, v, w) dudvdw

2.8 g =
(2:8) P )\(tj,l'j,ythj) fffs 7 (u, v, w) dudvdw

BB, ANYEFHEFRINIARY T p; =307 py EHDMEFRZ, ¢j+p=1Th%.
J=1DWEEITIE, p;=0,0,=1Th5b.

X(2.6) EXNQ@NIF, EHEFEE AREZXNT 2720058252 5. KR 8T 5,
ARV NG, j=i+1,... N, DHERBETHLMER p; £T5H2LT, ZOREDOBREET S
tﬁf%é.mmgme@mm Lo TRESNIMRNT 7 SA5) Y 7 FiE, 20k
A BHEZFIHEDVTEBY, A TZHNDANY M ZRZUBEKICTET A LN TE S,

2.3 pu(x,y,2) & T(u,v,w) DHETE
3 KICETAS EF IV TIE, RIEIRAER M(z,y,2) A —FNVETHEEL TS

; (2)"* g F)
2. -
( 9) $y7 ; l‘ Tj,Y — yJ)ZB(dZ%-i-l,d (1__)+1)
T, d. BESEOSDOR=F =2 VONY FIETHY, d; 1TRE - EERTOFT YT
/i] FIVDOINY RIETH 5.

1 x2+y2
Ka;(@,y) = 2&”(‘2@)'
5B, dild, ARV EFORFHICECAXRY M EDHBETERINLE LD A XY Mt
LT, DAy M+ 7 (—HIIZ 0.02~0.05 ) 2 W TEFNEFNRL L2 ED, Th
i, BEREREICHYLTEEEZONS. Q6 EXQI)EZMAEDLELIET, DTO
WL CHEMEREREZRET LI ENTE S,

(2.10) iz, y, z TZQD;Kd — T,y — Yj)
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T(u,v,w) ZEFHET 5120, K@) 2ERIL L2 0E2HHT 5.

(2.11) fap(z,y,2;Si,ms) = %f*(xfuu,yfv“)h(z;w“).

=1
BB, i ld (i, vi,wi,) ZHOET D S By F L OEERTHY, P=3Y"" 1 34N
Ui O, n 3Ny FETH L. NQY) RN, 1, = Zj:j>ipuj &Y 25
DR TAHIENTESL., LA L, BAOERIZINE, ZOX) EMRUBIIRENS
FEZT A —ALIN T8y FICKELREARAE G2, REWIZIZ ST X —F —HEEOHiE
EAGEIT LML HAH. TN L7202, rn OFTEICTFE LR EAT 5.

ng

A 1 *
(212) Ti, = m 2Kdl,d2(uj — Uy, V5 — 'UL,'UJj|wL) Z Pick-
j=

kik>i
ZIT, FED— AN zg BROEE LS.

(5)"% (- 5)*%)

zZ
ZB (2% +1,ds (1— %) +1)
CIT, di BEWd i, FRERKEEDDOHAT I AHA—FNBLOESEDSDNR—F 51— %
VOREBIROMETH 5. R(2.12) TlE, j 13 S LT RTS8y FITE SR, ROXTIER
fLERTWEZ LITHEET 5.

(2.13) Kj 4, (u, v, ww') = Kq, (u,v)

n;
Haya (1)) = Y Ky a (= 10,05 = vy wjlw,).
j=1

3. 7IDUXL

3.1 EFILORLHEE

WM RN u(x,y, 2) EARBOEENY 7(u,v,w) PG ONE L, RLEEHVTET IV
TA—YZWETDHIEDNTEL. WBLERBIERDLHICELZEHNTES (Daley and
Vere-Jones, 2003) .

z Ty
log L(0) = Zlog Atj, @i, y5,25) — / // / At z,y, z)dt dedy dz.
j o JJrRJm

B, T2TO=(Aao,cp D,q7ynD)IZBWT3RLAKRER ETAS E7IVORE, ji,
R (T, To), FRATHEIS R, B X OVREEHB [0, 2] HOX ¥ 0 Z7HOTRTHOAL XY+ EH
ELTW3, Guoetal (20171, 2 RICAMEIH ETAS EFNVTETIIRT X —5F, HiEH
BINE) p(z,y), BELORBORBAERERERE r(u,v) ZFRAIFICHET 27200 KET VT X
AL TS, 3SRICARBROESE, LFOL) ZRABOT VI XL 2HHLTET
WVHEEZAT .

SL.ANRY I j=1,2,...,N TEZEBLRZEHT Y AR d; £2&ToO §j I3 lR RS %o
DIODONR—F NV N d, RRET 5.

$2.£=0, p'9x,y,2) =70 (u,v,w) =1, WP/NT A =% 0= (A,0,¢,p,D,q,v,n,D"), B&
OR(2.13) DA — A NDNY Rl dy, do ZRET .

$3. K (211D BEX T QIDICE 5T 7O (u, v, w) ZEAER LT, BELE 7O (u,v,w) B
5.
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@) P1j Pi-1,j Pij Pis1, Pkj Pj-1.j
b P e Taaa e LA e I R
Pi1j Pi2j Pinj
0 v 1

X 1. fERMEREON. £ 72 FPoRSIE, W THHEROMEEERT. i DHOL XY
M2, n Sy FEEUCERBENSZ. UL, [0,1] oA T 28K TH5.
ORTI, UldtZ A Y b pp ICHFEN, ANV P EDjORELTHRES R T
52 E%RRLTWA (Zhuang et al., 2019).

S4. #% %€ (Maximum Likelihood Estimation, MLE) FME% i L T At z,y,2 | He) %
T4y bR, EFANT A== FEHL, 8 L LT 5.

S5. K(26) D ¢; ERQR8)Dpi; &, 7=1,2,...,N, 1 =1,2,....n; BLLFi=1,2,..., Now
WCOWTEHET A, 22T, New EHRERORE R,

S6. (21D XY alx,y,2) ZFHEHEL, p“Y(x,y,2) & LTREL, X@Q12I1ICLD,
i=1,2,..., Newp, T 5 7(u,v,w) ZFHFIHEL, ﬂ“"’l)(u,v,w) L LCidsrd 5.

S7. d L max |pHV (z,y,2) — nO(z,y,2)| > e TH D E, TD e BPORZHIET % DI 45012
INESWIEDHT, 0% 04+1 EBHL, A7y 7 83, ZhAOSEE, a D (2,y, 2)
& f'i(e"'l)(u,v,w) =L, Bk 5.

3.2 WMEWNTISZX2UYT

228 i0R(2.6) ERQT)TRENTVSE LI, HEFNEHAXRY PBLIF MY ARV b
W27 BHERIE, ETAS EFNVICE 5 TRHETE . MU ARV MR, FhPFho¥ 7ot
AZGEEN, ENEFROY T IO ARIFEDOI T —A XY ML oT MY TFENS.

IS ORI VT, Zhuang et al. (2002) (ZHFEH & 0 72 & F IR HUE RS 2 R8I0
G2B1O0MBNT I IRAY) VY 7EEREL TS, ZOHITIE, ETAS E7TVOHRE
BPN—TVavDF AT ) T NVT) X 6%2F b, HyashoRKEMHERHICZE 2
BT NVIT) XALEUTO@EY) TH 5.

S1.j=1%%ET 5.

S2. X [0,1] O—kkELE U; AWK T 5.

S3.U;j < ablE, A XV jRFHEANRYFEART,

SA. ZNUSNOYEIR, Uy <+ 30, py Bl TRAD I ZFRL, ANV jEAN
YMIWZEoTMIAEINZZDDLRLT.

S5. ARV M DEBEHWAERTH L6, U < ¢ + Zf;ll pij + 2;7:1 pi; ZWMIZTIRND J
EHOTSH. FLT, AXVEFGIFIEERS LOXRYyF L IZEoT I NITENLDIDERLT.
ENUNOEE, AT v T 6 I,

S6. 5 =N OB, FiIkT5. £ THRIFNE, j=7+1I1CEEL, FIHS2 IHED.

D&%, FMIZEAOAHEEEZ, BFIMHEHSNLEABO Y — FIZXko THPI SR,
BIRZMEIRY BT EICL->TERILEINS.
COFMI 1 ISHB S he.

33 YIalL—Yg>7IdUX LA

[0,t] DB A & 1 7 23B UL, Zhuang(2011) D 2 KJC ETAS EF VDT TY A ALIZHE IV
T, [Lt+ A OB 22 I2b—Yary$HILNTEL. 7 =F 2— FEESM (GR
HDCTofliz 1.0 EIRET A EICEY, HL2DOTVITY XA % 3 RIEOBEIT LT 5.
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SL. HRpEA ¥ 0 V&2 EWT D, I B THOKA XY b ilZ20WT, [0,1] (Z—F53 i
T VTAERU BHEKL, U <vpAt/(t—to) DEEZITANSL. 22T, vidTr—7%
DT 49T 4 Y TONREED B 72D p(z,y,2) = vpo(z,y,z) E LTERASNI, told74 v
T4 YT OREKETH S, BIRENA XY MIOWT, ZORERLZ [t,t+ At] D—F
GiA, BEIRENTER d; @ 2 ROCH 7 A5H, BEXT—F 749 T4 TSRl ngDR—
Y AATENENG 2 5. THEDH LA XY b % Generate 0, $2bbH 'Y & L Cilsk
T 5.

$2. GO % GO DEFLEL, HFUTTOTRTOARY et PR DL T 5.

S3.£+ 0 %2HEETA.

Sa. & ur GO DHEA XYM (i, xi,yi, zi,mi) 1TV,

Ou) — {(t(z) xkz),y,E),z,il),mk y:k=1,2,. N“)}

ELTCRESEINA ND JREBED Y 3 _—LI/—‘/a YEAT) . NOIZ, SEHEDS k(mi) TH
BRT Y VHAIHE) BB TH B, ¢, 20y BEO D RERER, WHREE o - t),
Fe—zi-—y) BEOR(| 2) f.»ra@ajaéné. t eft,t+ At TOY DAY PEFRERL,
o' LTEST 5.

5. GV Lo 00 BRET 5.

S6. GUAD PETLVIGEIZ 6 (+1 ERELT, AT v 7T S4IRY, £ Thirhud
¢Oul, GV BT

4. T—24&

Ok aviROr v arTiE, HILVWERXD ETAS EFVEEAE, A ¥V 7, BA
V74 NV=TOF—F A L7F%Z7RT (Guo et al., 2017, 2021; Zhuang et al., 2018).

2 RICHEF & 2 RICEREF O ETAS EF V2 HAMIICEH L, K704 ¥ 17 (1964
E1H1HDS 201447 H31 HET) ZHWT, Jb# 32~46 EE, BHEE 130~148 FE 2 S b
W& L7z, 1983 4ELLREL “&L% M7.5 &1 %)j:éw:c 6 ODOFELRMEY, FREFEL, <
J=Fa— FOBMEIZ 40 IR ELZ(FELD. F—F L ETFNVEREDFFMIZOVTIE, Guoet
al. (2017) xS Nz,

4 %) THIRIZOWTIZ, INGV A4 L7 2005 4405 2017 £ F TO ISIDE #1587 ¥ 0 &

K1 AR A%2)7, AV 7NV TOEELMBEO S, SCREAIV 7+ V=T D

5.

Index Year Lon.(°E) Lat.°N Mag. Depth (km) Region
1 Akita-Oki 1983 139.07 40.36 Tt 14.0 Japan
2 Hokkaido-Nansei-Oki 1993 139.18 42.78 7.8 35.1 Japan
3 Sanriku-Haruka-Oki 1994 143.75 40.43 7.6 0.0 Japan
4 Tokachi-oki 2003 144.08 41.78 8.0 45.1 Japan
5 Tohoku 2011 142.86 38.10 9.0 23.7 Japan
6 Tohoku aftershock 2011 141.25 36.12 7.6 42.7 Japan
7 L’Aquila 2009 13.38 42.34 5.9 8.3 Italy
8 Finale Emilia 2012 11.20 44.90 5.9 9.5 Italy
9 Mirandola 2012 11.07 44.84 5.8 8.1 Italy

10 Amatrice 2016 13.23 42.70 6.0 8.1 Italy
11 Visso 2016 13.13 42.91 5.9 7.5 Italy
12 Norcia 2016 13.11 42.83 6.1 9.2 Italy
13 Landers 1992 -116.44 34.20 7.3 2.0 sC
14 Northridge 1994 -118.54 34.21 6.7 20.3 SC
15 Hector Mine 1999 -116.27 34.60 7.1 15.8 SC

16 Ridgecrest 2019 -117.60 35.77 7.1 10.1 SC
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#ﬁﬁéhfw . A FEBIL AR 35~48 [, WAk 6~19 L L. ¥ =F 2 — FEMHIX
29 %énfwé BHIREEE L CHRAEDISICBITS 6 2D M5.5 DL EORZNE % #h#

MLK%@%mv%A%U.T & L i FE i 0 FEIE Zhuang et al. (2018) IZFEIRE T
V\Z).

BAY 7+ V=7 ~OBEHIZIE, 1980 EEH S 2019 EFTOHHI ) 7+ V=THETFT— %
Ly —nHhvarT—5E M, FAMEIE, bR 33~37 B, TR 122~114 ETH 5.
1990 FELIREIC TS L2 M6.5 L ED < 7 =F 2 — F 28D 4 DO FE L B OWMIIRA, &
R ETAS ETVICHARENTVAE (). TOWIED LY EEMZEEIZDOWTIX, Guo
et al. (2021) Z B I N/,

5. fER

51 EFNWVT71avT71>7T
(1) FEBET IV EARERE TV O,

F2D14THE 24THIE, IMA F— 7D 2 RICHEIFRB X O 2 RTAHREIRD ETAS €
TNVNDT 4 T4 Y TRERERLTWS, £ 7)) THEBADT 4 v 74 7RI, 3/7THE
SATHICRENTWAS, 2D 6~74THICIEMAY 74 V=7 HIBO 3 ROCEERE 3 K90
EFRBEFDO ETAS ETIVDT 4 v T4 Y TRRERT. 22T, REDFIOLELHRIET S
L, ERBBRETFUIFSOHEBRET VL VENTWDL Z Ebh b, F7o, FEAENE
FA—=% ald, HEFEETVICBWTAREBEETFT VLD L /NZ W, Thid o fidEnizy,
INER ARV DNERERARY PORBEEMDOENKREL BD72DTHH. K2ORED 2
TIZOVWTIE, ¥7=F2—F 700545, 3XARERETAS ETVTIIEE I N, RE
DEFEVED 34.3 205 2245 IZHM L THB Y Mc=3.0), BEWIEIRZIY ANb I & TRBEI
BOEEEDRBCM ETAZEEZRBLTVS, T2 TafiPREVIEIL, REXS S
T 7HNORRKDARY P SICE o THERATAWHEEDSIBVWI L 2EKT 5. o fioEnid
FEHBWEEISE N — ANV EMHA LT, IEFHEEBEIERIITT 2 REBERORTEINE %
EFIET A EICE o THI&ERZI IS, 21D Hainzl et al. (2008), Guo et al. (2015b) B
& U Zhuang et al. (201912 & o THFTIT b Nz, F72, A L o IKMHBEBERICH D, o2t
BMT 2L PL—FF7ELTREFTAVDT 4 T4 VT TAPRBYT 5.

(2)2 RITETFIV & 3 RICET VDL,

2 RICETAS EF )V L 3 KICETAS EFNVOME—DIL#RIZ, 31THE 5THTH L. LEE

W3 5E, SRIEETNVIE2RILETNINEA IV TOT—FIZEANICEHEEL, T

F2 HR, AFVT, MBIV TANZTIIBISH ETAS EFVOEN=T a7 4y
TAYTHRER. AN FPOESIH KM PDF: h(z) = 1/Z, 0 < 2 < Z)
WD 2 RITETF VO BELIEME. ¥4 XY FOESH L AT T 4454 (PDF:
h(z) o El I(int(2) < z; < int(2) + 1) IZHED 2D E 7NV O EIEEAH.

Model A a c P D? q v D" n log L
Unit (102day) (10~*deg?) (10~%deg?)

JMA
2D-PS  0.34 1.33 1.16 1.12 1.91 1.56 1.33 - - -15526.4
2D-FS 0.18 1.80 1.85 1.10 1.62 1.74 145 2.14 ) -14628.7

Italy
2D-PS 032 1.54 1.84 1.21 1.08 2.46 1.16 - -5637.0"/ -2426.9""
2D-FS 018 2.03 2.61 1.21 1.25 289 110 1.06 —4930.1*/ -1719.9™
3D-PS 049 1.04 1.51 1.22 1.04 217 1.02 = 77.5 7445.4

S California

3D-PS 0.58 1.02 0.46 1.10 0.15 1.57 107 53.8 2063.3

3D-FS 0.25 1.70 0.72 1.11 0.095 1.69  1.38 0.17 65.2 2916.8
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OGN 2 KU BHETNVE 2 XKEREEBRETVOREREI D SIZE0ITKENI LS
bhb., T, EISOHMBERSHEGSOZRICEELRFEH R LTWDL I L2 EKRT
L. LoL, BAREZ LI, REOEEN T A =% ald, 3KITHBBREFVIIBNT, 2
RICHBRETVLEDDBNELL BoTWS, FHUKED Guo et al. (2015a) IZL > THAE SN
72. Zhuang et al. (2019) 1%, T, HREA XY b OBFETAHERD 2 RKITHEEE K 22 I3
XNbE, SRTRE-HE-FEEZHOZDL D BRI TE-0THE EFHH L.
ZDE NI afEAME 728, Zhuang et al. (2019) IZANEE 5H T 5 WHELEAEV 3 kI HENH
55 2 AL EOARETH B L Wiw L. UK, 3 XTHEREN ETAS EFVId%EEIhTW
%725 7225, Zhuang et al. (2019) 1% 3 RyGA MBI ETAS EFVAMEFRHOETY » 7ITB
WTHMENTH S Z L 2R L7z, EitoEiE, 3 XATCHRERETAS TFUVHRINS$XT
DEFVOHTHRL B TH L E V) MimEEMNIT TS,

ST =Fa— F 7.0 DA, 3 KICHRER ETAS TFVTIE, MESNLREOEFENED
34.3 75 2245 IZHWMLTHBY (me.=3.0), BEHIEIRZIMY AN b Z & TRELEHEO L EN
DRI LT 52 EZRBLTWAS.

5.2 ETIVORREE
(D) &(2) &B)E(B)D %R TH L 72 NAESR I 5L TR € & 72 (Zhuang et al.,
2004). 72& ZAF, REEANCER & R EZESA OFHERI ST 2 HRERIEE TR,
S5 pil(ms € [m — Am, m + Am))
R(m) = ==~
> pigI(mi € [m — Am,m + Am))
() = D2 pigl(ti —ti € [t — At t + At])
= 2A¢ Zi,j Pij
THb. T, py IR TERSN, [(X) L, X PETHNI1, £ ThIFUT0DfHE
ERORREETH 5.
MRBRFEOYE, ROKI Lo CEEfbIN-HiELERL,
. \/m — 20)? + (g — 9)?
ij —

De"/(m*"”c)

)

I

2512, ZEREOBHEEKTIX, K,
7 _ Zz Zj piil(rij € [r — Ar,r + Ar])
fr(r) = — Z” —

TEEN, AHREFEOES, SEIIAREN Ny FOFLHIS OIS U TREL, BRI
ROEHZ% 5.

N pigl(riy € [r—Ar,r+ Ar
(5.1) f&@yzz“” iy € | D
QAT Zi,L,j Pij

rg &, MNIHELBSTZANY L BNy T TTOFEILINTHMETH Y, LTORXTE
FIND.

(52) Tij = \/(mj - uiL)2 + Y; — 'UiL)? .

(

D/
X 2(a) D ETAS @ 2 XITCHEIRE TIVE 2 RICH REIRE 7OV H ARG O 4 e 1504, W
M550, 225 DTSSR 2R L TWS., Lo T, TR SR amix,
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(a) (b}

N
S
<1
=)

x — point - L x — it

w
Q
S

100 0.
g 2 8,0
2
< 8
£ 5 & 10
1078
1 107 e
o. y
': 1077
B
< - 107" . r 5 2
4 5 8 7 9 103 1072 01 1 10 g9? g g0t 0 2 4 [ 8 10 12
Magnitude e indays Standardized distance

2. () EEMGA, (b) 54 5957 (REHORBRER) 540, () R k5 A O iR
R k(M) OREEIGAT & 220 55040 O R B Mm% S L itz heh
Ty PLEDDTHAE. ()DMIE, ARER LDy FF TOHBED S TR L7
WRTHDH., ZOXIE Guoetal. 2017 DH3 EBIELZHDOTH 5.

AEME D) SENAHERES Vo HEEZFOMEBIDH L. HFRBEHEETVTIE, ZORETH
BRIEZ R ORE LRI L THIESATwAS, K2(0) TlE, REESMIZ2DODET VT
BIEFCTH Y, FMREZEHGEIHREFEFICL—EL D, K20 hb, ZHZE
FROEPTEIHERBEETVOLPKREL, ELRBOZEMZBENIHEL %5 Lhbh
5. FRZ, WIREIARZI) ANS 2 12X, AREEE 7V O (3.1) DR HT B & 5¢
EIZ-HLTVB I LAREINS.

5.3 WEBE CAEEMEREST

HIEH ETAS EFVICE o THLNMZEND ) 1 DOEELFBERIE, [REOEEREE
NE =V ERBIZE > THIERI ESNZHERFOTRY LOMBEBEKRTHS. K31, 3200
F=5ty LD 3ODOFEELMBEOREEL IR L TVED. Z0 3 D2OMEITEHARKME
(Guo et al., 2017 &), / VF ¥ #i5E (Zhuang et al., 2018), U v V27 L A PHE (Guo et
al., 2021) TH 5. ZOHT, WHPD2O0D/8% — 2 F 2 Kjt/N—T 3 » OARE ETAS £
TNVIZEDWTBY, 3FHD/NY = IE 3 RN —T a Y OFRERFS EF VIS WT
w5,

X 3(a) X HALI S A FEEMIEOME R, T8 - O KE S B AR 505, K&k
FTRYFEAHOEYHLPEET— AV VORI EOFELRBBIZENLTWE., TbEk4
OFER L BT 2 L, WEORCERS TIREEEIFF I L, TRDPIEFICREN L8
brolz, T, 7L — MRMICERE SN T ADBRICHERICHR I N TV b 729
Lz 5N 5 (Yagi and Fukahata 2011). L722%5C, FHEABRREEORVIGINE, FIZ
FTRY)EOKRE VD SN S VFIFAOBITHRL, 22007 AR 74 OFFEICET S &
ZEZoND. BREEZM2ITRTAREOTRY 5461L, Dreger (1994) 2255[H L7z, K 3(c) D
Vv Y7 VA METIIAEEEOBCESKIERA LICHFEELTY S, BouRBELEEEZRT
FIFIE I 5km A5 15km DIZHA L THE Y, FRIFTIL 20km DR S T TTR) DIED -
TWwWhb.

X 3 TlE, HEEDOE Sy F25, SRMIZE A v TR E MmNy — 2R LT
Wah, BIZIE, K3 IRL7ZY vy V7 VA MROTRY EEBEEERO (Y — i, &
FICR RN 2 b DL o Twh, EREEIRDEVEBIINEOLETHY, =2 TldH
EREOT ) DR,
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35.6 S -117.6
-117.8

3. AMREI ETAS E7VIC L BHEM 1 REEAEREE L HAFBOMET ) O3
F— oM. (a)2011 4RI TG AF 2R 5E O MR 19 7 A A . SRR,
Yagi and Fukahata (2011) D3RO G4 TH Y, L£OH T —N—33TXY &, HMWT
i, EEMERT. ZOMIEE Guoetal. 2017 DK 5 ZBIELZBDTHAE. (b)) /
VT v R ¥uh Sk KT TOMBERTRY) OfEI, MEaofk)»HRkE TOHFERHRT
RENTVD., FORIIARMBORRMEZ LKL, F\IEZOMILON LT OBt
FELTVS. Bulild, AEOBEBICEELZZ/NMEOMEZRLTWS, T2, iF
WigOEBED T ay bENTWAE. ZORIE Zhuang et al. (2018) DX 10 A 5 FEIRN S
N7z, (VY y IV 27 VA MIERTRY (ENR V) & REAEREESA (/SR V).
FTRY EFNVIL, Jin & Fialko (2020) #Z#ICLTWw5. ZOKIE Guo et al. (2021)
DK S1 #BIELDDTH 5.

6. T&

WTFNOMEIZH LTS, ARBHEEFS VT, BEBOEELEO A —) V75 A —%
aWKREL LY, FOVKREL 7 =2F 22— FORBOFERENINMNLEL TS, Thbb, FS
EFNTI, REOBEEH TORBIIEEREL LTHEILON, PSETFVTEIZRFEE L
THBMEN D WTRELEDSE .

HA, 45U 7, A7+ V=T OF—FIZETAS EFVAEEH L, SEEEROFRSE
ENSy =2k Y, RKEOWREH FIEEEOMEHNT 2 2 LML 2o/ &k
LT, T EREOEEMIIHMI RN — V2K T S, O L3, FEVPHERDOE
DEMOBEEZREL, WHOEBLITHIELTWDE I EZRT. T, KEBLRTN)HE
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BONHTEIRBERIIZEACBMINTES T, REORAERICIE, Z0k) RS
RO FEBRIIWHIEINTwEI LS, REBERBICRETIRESRONTWD Z LAVRE
END. ZORE, TORICKETLIRER, KBELRT7 AX) 74 OFBMNETRET S
B2 H 5. ZOFERE, INEFTORBEDMICHET S (Das and Henry, 2003; Ebel and
Chambers, 2016; Wetzler et al., 2018; Woessner et al., 2006) & —E LT\ 5.
FLOVEFIVOHEILEE 2 FHTEEONT + —< ¥ AW THHEIZHHT 5. 1-day D
WETFIIC3XITHERETAS EF VA AT 2 L IMHTH Y, 2 RICHEER ETAS €7
WK L THEETEN 7 + =< VAR 5. 72721, FRERETAS E7 VA @MY
HZEIRBED TRV, I, AEREEOHREICHERVNEEROERILETH ), RNE
DOFEEBZIIFIAFATE LRV D TH S, Guo et al. (2021) 1x, FIHISREOME OFH % 6T
FTHZEIZEY, HERBEOEMNEEOK T P LRMEEPNYRZEOLTOFZ28ETE
HZlwRL7.

#oo®

FHIERLIA Y M EHFETLANLERE ST 5. 2 OWFEITRITE 19H04073 12
FoTHR=IFEINHDTH5.
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Extended Versions of the Space-time ETAS Model and Their Applications

Yicun Guo' and Jiancang Zhuang??

1Key Laboratory of Computational Geodynamics, University of Chinese Academy of Sciences
2The Institute of Statistical Mathematics
3Department of Statistical Science, School of Multidisciplinary Sciences,
The Graduate University for Advanced Studies (SOKENDAT)

This paper summarizes several extended versions of the space-time Epidemic-type
Aftershock Sequence (ETAS) model. The ETAS model is commonly accepted as a stan-
dard model in statistical seismology, and its extended versions include the 2D finite source
(FS) model, the 3D hypocentral model, and the 3D-FS model. The finite source model
incorporates the rupture geometries of large earthquakes, while the 3D hypocentral model
considers focal depths of earthquakes. The relevant algorithms for model estimation,
stochastic declustering, and earthquake simulations are given. Additionally, the results
from previous applications of the finite source and 3D ETAS models to Japan, Italy, and
Southern California are summarized. The 2D-FS and 3D-FS models enhance the produc-
tivity of mainshocks by yielding a larger « value than the point source model. Comparing
the aftershock productivity with the coseismic slip suggests that large slip areas are de-
pleted of aftershocks, and the trajectory of the productivity pattern on the fault plane
demonstrates the apparent compensation to the slip.

Key words: ETAS model, probability density, residual analysis, earthquake triggering, aftershock, stochastic
reconstruction.
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Fig. 1. Epicenters of repeating earthquake sequences (stars with the group numbers)
and the 2011 Tohoku earthquake (a large star without a number). The dashed
contour lines represent the depth to the upper boundary of the Pacific Plate.
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Fig. 2. Magnitude-time diagrams of repeating earthquake sequences. Gray dashed ver-
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tical line represents the occurrence time of the 2011 Tohoku earthquake (M9.0).
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TR OBAGGIFZ S 240 B LHEORMOFAERL ¢, L Lz &, Z22h56 jHHOME
DIFERER t;01 TlE Aov (tj41|K,c,p) = jus L ARETHAH. £oT, ETVHRLEFLHT
1 F o TwiUE, BERO IS B TE 5 2B BEREH Aov (t K, ¢, p)/us KBRS BB
LERODDLEE TROBENRISLZ LIRS, 3(a) DKL B OHER IS
BZLTBY, MRARBIYTETF-TWwAEEEZOLNS.

ZIZT, HBDO72DIZUTD 2 DDERFRDBEL vimear (t|d), vexp (t|a, b) % (2.15) O EFHK
vou (t|K,c,p) DIRDDIZUTIIDBILEEZS .

1 t < tmai
4.1 o t d _ 5 o mainy
( ) llnear( | ) {d7 t > tmain)
1’ t S tmm'nv

4.2 exp (¢ 7b =
( ) v p( |a ) {1+aexp{—b(t_tmain)}7 t > tmain-
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R 1. KRBT 2 IE R TR O RLMEEMEE AIC.
Table 1. Maximum likelihood estimates and AIC of the nonstationary renewal process

in each analysis.

FENTI DR 5 Group 3 D#H Groups 1-3 Groups 4-5 Groups 1-5
K 20.29 17.84 3.71 15.60
c 0.31 0.26 4.5X1077 0.48
P 1.08 1.00 0.52 1.04
Hi - 28.06 - 23.59
e - 14.82 - 11.79
Us 6.31 6.12 - 491
4 . - 3.90 6.62
P - - 5.77 9.40
a 0.29 0.25 0.76 0.47
AIC 9.92 41.35 38.41 93.36

BB A T ORI R i £ TR AT d ST 2 5 D TH ), BRFISHALHTT AT
FEMMHEROBERR O G R RBEBIICRE T 5 b0 L Lz, EXOFRFIIZNENHE )
L

t
t— S, t < tmainy
(43) Alinear(t|d) = / Uliﬂear(s|d)ds = -
s t—S+d(t—tmain)7 t > tmain:

t
tfs t<tmain
4.4 Aexp(t|d) = ox ,b)ds = ) = )
(44) (1) /Qq"*ﬂa Jds {tS%a(lexp{Mttmmnﬂ), t> tomain,

WCEDRMERTLILT, ZRNENEFCETBABICH) 2L L b, ThOOEREL
BTRDTNNT XA =7 2l LHEE L TRO 72ZBBEIRER Atinear (t|d) /13, Aexp(t|a,b)/ps 24 3
(b), IZENENBHEHTRLTVS. H3(0h) OEHEBEIFIIZIKOERO R ERZ E K
ECTREELCTBY, K3(c) THHRIMG K FHEMBEOE R L EIED 5 ERNICERBZRER & R
BIAENME OT/HAROSNS., 22T, FEFLVONRTIETT Y DR S 2 RXA0RIIESEH
#(AIC) 12 X 0 3- Ml 5 .

(4.5) AIC = —Qm?xi[S,T)(H\tl,...,tn)+2dim0.

2L, 0FFET VORI A=y FERL, dmh 3T A—F 0 DRTLThbHNT
A= OB ZEERYT. M3 ~)DELIIKEEFTIVD AIC ZRLTHEY, K3GQ) DKRHE: 5
HEOPHNCIED  ERER vou (t K, ¢,p) DET VA D AIC KRWIERE 2o 72,

FZTC, KF - FEHEOFINE S ERFR vov (tK, ¢,p) EHVZEFTVER LD 2F5HITR
L7z BV TC, RO RO & LR O A MR 2 M3 5. X 4121, £#ik
R A(t) = Aou (H K, ¢, p) ICBIT DA DOMED SIFROROHE T TORBIER A(t) — A(tn)
DBFES AT F(A)-A(tn)| iz, &) ORAHEEM iz = 6.31, & = 0.29 AL TW5B) Z/RL
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3. Group 3 D RMIEA B QR B IR & I 564 MIFE TREHEAL S M-SR BRI A () /s
DHEEM (R . ZHRERENIZIE @) AW) = Aou (H K, ¢, p) (KRF - FEHOBEH),
(1) A(t) = Alinear (t|d) BRIEBED, (c) A(t) = Aexp(t|a, b) GEEBIE) % 7z, £
ROFEBENIZBT 5, REEROERERH & IKEIERORFELERZDOEOE S 12
LoT, EFVOLETREVORSEHWITE .

Fig. 3. Cumulative count of the events in Group 3 (gray solid line) and estimated
transformed time A(t)/u3 (black dashed line) normalized by mean recurrence
time. The time is transformed along (a) A(t) = Aoy (t|K,¢,p) (Omori-Utsu
law), (b) A(t) = Alinear(t|d) (linear function), (c) A(t) = Aexp(t|a,b) (exponen-
tial function) in each panel. Goodness-of-fit of the model can be judged by the
difference between the gray and black lines just before each occurrence.

TWa. HILH TR PRI RZEOBERROE X ) BRIEHEV TV L 72012, M4 B

ERF ECTIEIRBEOHEN S 3SEDHFMEL TV 2022 EOH D IIIEHBEREMICBIT 5P
WREMBISELTWA Z EDSHN5h. 22T, BINHRTEA (2019 £K) 25 1 4L (2020
FERFTOICKOBYELUHEIRZ 25EEZ 2170 KICL VFM$ 2. X 4 O 2019 4F KK
15.(2020 4EOHMEEH) TORBOSMEBIZIIIZ0 THAH7-D Q11RO FIZIEIF 1 &% 505,
2.17) RDGTIT L B 2020 FR K (2021 5 OHERH) TORIEHA BT 2.8%(0.028) & %2 b
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Fig. 4. Cumulative distribution function F(A(t) — A(tn)|fs, &) (i3 = 6.31, & = 0.29

are the maximum likelihood estimates) of lapse time from the latest event on
2019/9/25 to the next event. Upper horizontal axis and vertical dotted lines

o
N

show the real time (year) of the next event.

7o, (217)RUTEDO VEDNOMERAERESRIL 2.8% &2 5. FKIZ, K4 D 2022 FKE
11.(2023 AEOME R TO RO UL 89.1%(0.891) & 7 B 728, (2.17) FUHD K 34ELA
(2022 FER F TTKRDOB D B LHIED R Z 2RI 89.1% &b, TS OMEROFHIIK
3R 20 25 HICHRLTW A,

4.2 BEORIIT 28 & FHl

VLE®D X 9512 Group 3 122V IO D R LRFITHENAITE LD DD, DRHNIZD
WTIEE D R LEIESE iz, BHEORITEDbDNT XA =7 2HE T 5 DIZHEN
Thwv, £22T, BEMSEVEICD 2HEBORINK LT, —HD8F7 A =5 2 IH LT
ETHILEEZLD.

My R LHWERGNDS T RHHY, jFHORNOMY ELUMERZ n;, TNEFNOMER
FERER % th0, .ty EB L. SO TRINSH LT, (2.15) R THINZILBOMN I ERF
v(t|K,c,p) DIEBREZRE L CIHEFEEIBRELEHT L. 518, BB ALK, cp) &
DOIERBIHED BPT AT DI85 X — Z 20T, SAEMBOLEEIRE o \ERFIETHED
iz b 2bDEREL, —HTRAEMBOTINIRIMCTRRELING A—=F ..., uy ZHE
5.

ZoLE, JRNEAHELELEPRRDI I IZEONS

J
(46) L(K7 C,Py U1y ,/,LJ,OC) = HE[Sj,T)(K7 C,p7ﬂj7a|tj,1: o ~7tj7'flj)
=1

72721, Sj=tj EBV T0LE, HRITRENRNTA=FIE0=(K,c,p,p1,...,175,0) D
J+4afE s,

£, Groups 1-3 D 3 RFNIH L TCU LD X HIZHBED/NT A —F HEWTHETE Lz R%E
F 1D 3FHITRY. BPT G4 DY 85 A — & (BACH T K FE M bR 0 33845 R k)
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£ 2. BEANTIZBUT D RO K L HE OIS AR O GRS R,

Table 2. Probabilistic forecasts of the next repeating earthquakes in each analysis.

FRMTY 5 R 5
R 53R TR T
Group 3 DH Groups 1-3 Groups 4-5
14 - 6.3%
Group 1
3 - 24.1%
14 - 0.2%
Group 2
34 - 20.3%
14 2.8% 2.4%
Group 3
3 89.1% 94.8%
14 - - 60.1%
Group 4
3 - - 93.8%
14 - - 40.0%
Group 5
34 - - 78.9%

BRINTEDORELSE RO ADMEE LTHEL TWAED, FRUHNDI/IET 2 —=FI12D00n
TIEERVIFTEFBOLDOE LTHEL TV A,

5121%, Groups 1-3 ®RFN T L 12, BREIEAER %2 KEMT, HE S NI LHREER %2
WREMBTH 300 ZEEHTRLTED, WTFNORNIWMEIBB I NEXK
LTwa. 2512, £203F5HITIERHZ L OB TR 0 2019 £ 225 1 4ELLN (2020
ERTT)B IO 3LELIN (2022 4ER T T) DXRDH Y K L HEO T EMEOFMF R Z2 R LT
W5, Group 1 RRFEOHENOBIEIENIFBLTEY, 1ELHNOREMEREIL 6.3% T,
SEDNOFEEMERIL 24.1% L 72 572, Group 2 IZHRBOMELIS 1 EDIRHEL TRV
O, TEDNOFEMRIL 0.2% LK W2S, 3EDNOIAEMERZEMT 5 & 203% & ko7,
Group 3 DHIEFAEFER O FHMME I AT O Group 3 M THANT Lz EKELIEIEDLL W
2%, 1TAEDINOFEAERERIZE T T35 T 2.4%, 3ELNOFAEMERITE ST EDT> T 94.8% &
Tholz.

KIZ, Groups 4-5 D 2 RFNIH LTHIHNT X —F PAMIILHED/RT 2 — 7 2% L TR
Mg L7#ER 2 £ 1 D 45BITRT. BPT A OEBIRENT A —F o OHEEEIL 0.76 & 7%
N, F21TR L7 Groups 1-3 2% F 5 a DHEEM 0.25 L D HREAICKEWEE 7o 7.

X 6 121%, Groups 4-5 DRFN T &12, BN L IKQHET, e SN/ EHEBIFE % F
YRR TE - 725 OO Z BB TR LTV A, 2011 E R APREM b2 o0 B
FROBBIX 5 L HRB EERLHTH Y, Groups 4-5 (2B 2 RILHH K HEIC X A4
HHEEREOEILIE Groups 1-3 LD /M Enos/eEZoNS. R2D4FHIZIFRF T L
D 2019 FERHDS 1 HELIHN (2020 FE R T T) B L O3 ELIN (2022 SE R T T) DR D# Y K LHLE
DOFAEMEEOFMAERZ R L TVAE. WTNORY S REOWEDLP S H 2 BEORH 258E L
TWh 79, Group 4 D 1 ELINOFAFERIE 60.1%, 3 ELUNOIE LM 03.8% & o 7.
Group 5 @ 1 SELNDFEEFERIZ 40.0%, 3 HELNOFAEMERIE 78.9% & o7z,
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Fig. 5. Cumulative count of the events in Groups 1-3 (gray solid line) and estimated
transformed time (black dashed line) normalized by mean recurrence time.
Goodness-of-fit of the model can be judged by the difference between the gray

and black lines just before each occurrence.
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Fig. 6. Cumulative count of the events in Groups 4-5 (gray solid line) and estimated
transformed time (black dashed line) normalized by mean recurrence time.
Goodness-of-fit of the model can be judged by the difference between the gray
and black lines just before each occurrence.

M T A L THRONZIIEZETIBBEEL -2 L L, ZORKRMEILE NN ERE)
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fi$ % 50080 R LIRS 2R, R¥I L OFAERIES G (BPT 504i) D87 A—% &,
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LOERRINTA—F o IR ENL DL LTHFENZETVEN T, LML, L0
BhHRFMAEITH 121X, Nomura et al. (2017) A3 D R LHEOIREMEL? S 7 L — T MHEFHN
W0 OREZEME L EZHEE L2 X512, MR ERER S RALH KRR X 9 2ERKiE
R TEREBRORBERAT—RA) v TOLELEZEETRETHL. AT—RY v 7Tk
A EEROZALZ IR TT LI EIZ LV EHLVIREE 25720, SHEOR) A
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#H OB
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Forecasting Repeating Earthquakes Considering Aftershock-triggering
Effects

Shunichi Nomura! and Masayuki Tanaka?

1Faculty of Commerce, Graduate School of Accountancy, Waseda University
2Department of Seismology and Tsunami Research, Meteorological Research Institute

Point process models to predict earthquake occurrences (other than the simplest
Poisson processes) can be roughly classified into two types: the renewal process for earth-
quakes repeating periodically on the same hypocenter, such as active faults; and the ETAS
(epidemic-type aftershock sequence) model, which takes the aftershock-triggering effect
of every earthquake into account. However, relatively small repeating earthquakes have
the characteristics of both models: they usually recur periodically, but have very short
recurrence intervals after large earthquakes nearby. In this paper, we propose a non-
stationary renewal process model for such repeating earthquakes that incorporates the
aftershock-triggering effect of nearby large earthquakes as a relative change in the loading
rate. We apply the proposed model to the repeating earthquake catalog on the Pacific
Plate subduction zone in the northeastern Japan and evaluate probabilistic forecasts of
the next repeating events, considering the aftershock-triggering effect of the 2011 Tohoku
earthquake.

Key words: Recurrent earthquakes, long-term forecast, Brownian Passage Time distribution, renewal pro-
cesses, ETAS model.
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EZOMEER X, BRIICHO2MEHEAETHEH0%2 &0 0L O00REICED 5 Hik
DEHHIZDOWTONEY 6 IS DOZELIZOWTE KL, €L TRIAFALIZO W TIIBUAE R
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(ZJ)V FY v ¥, 2003, pp.106-107; #51G, 2002). ik, [EHRIUES & BRI E Iz ] &
WAL VT V2V ADOHERE[ERNRET — 7 IO BERVE I O—2DOMBITH L, =
DOFENIDWTIL, KBS XV N—=TH - 728 (2002) 2%, KEFHE~D AL ¥ & ¥ 2 —% 1990
AERT R SRR MR R S 0 AR T S ~R S 72K E S8R O SCHRFHZS CTREMNCERE L CTw
L. Xk, BIE, BRMEARFFREL V5.

KENE, WEIBRIZEAL, HEPHEOBNE,» S HAREE OIS % U NS H S ITRE
STV (RIRFIIZE, 1952). THUCHEBRICEEL, MK, HAROMESFERLHEFESLE
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XD EEEEG DR EN, BADOT H 73 v 7 RREIEITINTwo 7z GEF, 2012).
T A A, Wik, HLPICAROREMFRE D, FNEEZHIE S0 7205, RIEMER
ENLHRZE/ETLZVEE GRS FLRIEE SR LAY, PRS2 FHU L HADORHE
iz % & W) FIEERBL TW L (LI, 2019; KHE, 2012; 4411 - ZERE, 2019).

5. THXRADERMIFRE

AR ZERT TlE, [HiAE & BB ] CHBMICHZE S N7z IAE 2 BE A hh Y
[ZHEO X, WA 28 4E X D [ HANOE R A B S vz OKEF Al 1992; 5%, 2011a,
2011b). T, 4 H TIINMAFOMFSEHRICE T 2 HEHRA % O NHK O HAR A O E#R
L BRI L T b HROZRERRE L FIEhTwa, (TERE]TERL, TH
REMIE VI ZBAEZZ N2 dH o725 WETNICHED-D O T AL OB #E Cf H
RASMENFE L V) bOVH Y, BFERIRDZZITHS. LrL, TOREL KS &
RS % Z & D3 5 7% Kokumin Seishin DAL FHH ETW5E B L\, KWAIZ, WaiAlEko[
B ST AT IR BEIE S, #7210 TEEWHERT JAsik S h, BEZ UM% T,
HAEDTEZEBORMIERT | & > Tw 5 (ESCEERE, 2020 2R).)

[ ElRM: (National Character) ] &9 S31E, 4 H TIEFEMICD BIGMIZ D 8 2 HFET
Ehwek LTI nTtwna, T rOFETIE, FEDOBUANY; & dEin T, #Afo=yv >
A—LELTHWTWS., 1990 FR K WVHELLZRE S 072 A8 ¥ 7+ — FRF¥ET =" —Hi%k
Fr O Alex Inkeles 1%, BHIFMIYIZ] National Character] (Inkeles, 1996) % H\\ 72 ER R L 2 &
LT &7 TERM]ZRERNSE T — % 0F— F ) ICHbh - S EROSMERZ S &
W) BIRTIE, bUONOFERIN—TOBHEEBEL LB DN H 5 (Inkeles, 1996, 2003).

VNI A2 HE LTV d oz X 9 T, 5AEBRORA 33 ERETIIH -G HEE %
WR L7225, il & CEBEE CRIESAA0 % DB L-bDhH Y, [ UEH TRk
WAL T 52 OEEEZEFL, WA 38 FEDE 3 MFHA LI, EARMICE{HURROY
MEBZH VWL hHeE Lz, 727220, 20%, RROZLLERL, gz EL 35 KR
(ke s)) RIS 2 > THIHHE 2 ) ANz MBI CGRREME) 0 2 DOFEZEAER L,
RS E 2 R AN S A oL L7 &2 AT KA - MALCIRD 4 5 2 1S
Golz. TOKE, MEOWRATRHAIZBROKERY T — & O EEWHK DE 2 K15, 72
2L, EE, ZOROEENENELN, TRy 7 REMEHEBOANRZIC > TWEHEE
VDb,

HARANDOERERAEORBEIIZ KR LODBDH L0, 122FHIF5L35L, FHEIVWODH
RO[BoAEFThEHLY | OHH OB LRG3 ZFIRT 5 L) I LT,

BR#e2[drynwbEEIhnrbas Lz, HiidB Lo,
EHE5I1L, ENTELVWERWTTH ? ]

BHEOMEIZ 60 FELL 5w LT 9BATHIT], i 1958 Fi2[ BI2ID762%, [&IZIH
27% THoloh, HELELZRE, A S5DLERD 1993 FEI2IF TN S OEFEAIERKIICE
0, ZOMEAIRN TS, FET—F ORMEP RN 720 TIZE S IIZERBERIIR T &
s, ZoREOZEE, THELIFASmLSIEARERE | F o RPN O B)H < BORIGH A
EIATL TS (WEAF, 2020). LA L, #EHICIE, FNEBLAT, BEOARSAROLLE SR
WMLTWAEIIZHEZSL (X 13H).

Bk O EEEILK E OBET, 9 126l2HFTEL. 2t [FRURb DL v
T—=T, RO X)) REMLIZHT 2 HHRBIETH 5.
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—— 5 (B EE —0— KI(BEE) --o--BIL(XEE) e=@eeiil(ZEE)

1. #6.2 BhofFhEbLY. BoOHEIF72BI2ITHENEDL LW, KhobE
FRESEL TE 7. [BRILFB WAL IEARL R E OS] EAEATL, HARDOEHED
BALERMLTWD LI TR 5.

50  ———
Ed - R
a5 8%
— F it
40 Ft
35 — %
30 +—— -
--------- R - KAl
25
—_— - ME
20
—— i - A
15 «
10 —ft% - EH
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") o O ~ ~ 0 0 [=2) [=2 o o bl fl
a (2] D a () D a (2] ()] o o o o
2 2 g 2 2 & 2 & 2 R KR 8 R

2. #2.7 [—FKE % b O JOWRHI

R

fL(HHEEZ S 7T —1b).

H2T BTl o T—FRWEEI LD RATT . —D220
HIFTLZEV? (BATOHDPTVIERA)

2R E NI L IIT, 1980 FARDIRE, TR & W) HBEOFE L WHIENR SN2, Zh
WZDWTIEIME A B fEBATHETH A 9 A% (A - $57K, 2006; Yoshino, 2015), A Tld 4 E R
DOEAEMEE, BRARPEL 2B 72 EEEE SO HATRICMNS.

1980 4EAL T TOMAKE R Z I L €, UK E T, BARAOHEEIZTEEL LTUT D 3 K
FLOLNTWD (FE, 1993; FHEF, 1994).

D Mz & [Ef & O TYHEEZ R DD D - 7.
2) NHIBIFROIRIG T RBAE OB DD - 72,
3) WA LF R D % .

LD 1, 22w T, ZOBOEBIHRN L OIEKHFHETHIZELHEA TS (B - SK,
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1997). IZ2OWVTIE, HRANI[FHIRMBOIZ2FHE > TR WwETD, £ DANFEHG]
FRUEBSTOEE WA H L. T, —MHEOFERERE IRLY, 2B 55EHC
DERLEBERE BN L. (72720, ARADLEDLZLDOANLIT, BRICEHEEIRZ L
7oA OFE S EHFRNCEIAEREZ 2B LR iERv.) LaL, 1980 EEHD
5, HHEOKMIMERE ZRZAAHARZTELEEINEY., RPHBETIEIZVES b
72WEAHN 30 AR I A AR, 20 IR o TE B TH 5 72,

F72, RETTHRRS EERBEO RO P TIE, HAR AR R 2R ITE ) GEIRIE o dhde %
BREV) XL, WBEEBTZY), DK SRW] EHE LD T LEIE) SFENPD
L2855 TL % (FK, 1993; Yoshino, 2009b).

Z0%, 1990 FAALED H AN OBEEE R ZHROWRMIZITT (2000, 2005, 2010) 3 L Tw
b, B THR, 70—nN) ZLDL4D T TRENALSHIEOLEZ KD S5, Ezra Vogel 2%
[Japan as Number One] (Vogel, 1979) THANRBF I RE L LTEBLTCWIHAHE Y AT
AFETEEORME Sz, P13 1993 4705 1995 4 X T, CIA EIRGHEHE (CIA D5H
MORT YV THUMOERERE L % h. GERHETH, VEIIEDLS> THREZBH LIBD-T
A1) AT, Vogel DFVED HARHEBFRO[F LI oo TLEFSEITHE. TR
HiE, ToH%, DERORENHFVICOEDICHBELTCLE -2 LIS, ZOROEEY
BN, HEHOPBBIFICKTIZI) THAS.

LaL, 2O, ERRAMBERE TEEZEON, 28, B, FRETOMEE] DM
MR s Nz, B E & B ICER - B - A oBIE (ERHGE) ICEE SR IER S v
Mixd A9 25, BAEO LR LRl ERYE R ZE U 72 2581 A\ 18T B AR R0 8 1 25 3k <o i ik 8
(REHEE) OB ETITHSORAZHF 2T TH S (FEF, 2003b).

6. [EROERLLERE DR

[EBRIEIEERMAEOER TH 5 | L1, MAICED, RIFEORKEDSHFEL-R#ETH-
72 (#k, 1984, 2001, 2011, p.158). EEHERTIX, BROAL ST, o 7Y v ki y, &H
BEHORECTHREIZBRLR D HER L 5822852 E0% B OER T 4~ 0 F
BUEMEHY 2 508, FOEKEMRT, AAROHETRBAITIN TV AMEEIER s 2]
%<, EBREEOZOZTTREVAIRESZTNE L) ERETH .

SRR ZERTIC & 2 E BRI B ZE 1L, MBS AR A ISR T 2 A o 72 BRAE,
1963 E DOV (2000) DI VEL L OFEFIRE R &, ENTO/EAN & O LR E o BEAFE o
AR L OO DD HAFTER ENBHE D, T O—EBITMEIEERIZERT - BF5e) K—
MZHE 2T 5 (http://www.ism.ac.jp/editsec/kenripo/index.html) .

AW R WEAVRAL, 1971 EDONT A HRARED RN T, HAANEZ X DRIEETLH
BWTHADUAMIAELHAAN - HRAZIED, MWOEDO A4 & DOREFHRAENEIRINTEL
bk tin, 1998; FHEF W, 2007; FHE A, 2010). [ HARAOERMFAE NIWFERT ORBENIZEE L
TSN TE 022N, ERILEBITREKEDS, FOREE, KREFEE % EE L TEITLT
EMANEORTHE L. LarL, EHEIRFPHANLEBEEZRFTETWA.
2011-2016 4E X PR A28 ~ ¥ — % Bi% L NOE (Network of Excellence) DA & L, 2016
EPSIZER - VAT AWEEED 7 — & 3 4 = > 2 LEF BRI - 47— bt
Yy —%ARL, MABRREDEREPHHOTTOVY - v )V - ¥y 7 F— ZiGHTEON
geL BT, WEF— IO BABHFEXELERHL TV,

T ZE T AN BR LL R A & L Tl (1970 4E) IS4 L 72 775 YV H R AFAE T,
LB O BEE B THARMCTIREM T CTERAZDORED, UK, BERTOT I I VERFEIL
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BEIFRRHBINT, 28, MEOWEEENINT A REOOARANGRBHEE a5 7 b
FRY, (INTAHRARAEINEHLZEW) Y — FEhH o7z, FOH, 1991-92 121,
HHE RPN H I OZEE 2, RIFLEINLTS VNV THEOHRARY >3y o kEsE
CHFEL, ARANRAEEZZIT L2, 7)) v 7%, SEBICHEIREREER2 Y 44 7 LTH
HZRTW/REHA JICA DHRAY A M2 LISEIT L. AREOMTTH-72HAA
AL ANEFEEOFE—IZ, BOLOTFHEHZLTHS, MERNEELLTT Y Y ORM
TADVRALEZI ThHBH. (i, BRITIIVNVHABRMROE - AL L LTHRFEHRIZL
o l2h, 2019 4E 10 HICAAHE L 72.)

HEFIE, MAICRKE LD ICH R aR ) T F VXY A A UDFBEREL 2T ThHo 72
A5, LFIFTEE & % - 72 IAREE, WHSOBII, =RAE, WAERES OB HRAOREHY S
ZTh, NMECBW TS ES LTELD, TF0REEREN LV REETH S
NI b 5T, HBFAEEPVPICERKERN 2 AErBTHIN:z. 2o, HAR
REDVPIHTEHOART T VIVASTEERFe | CTHBEXITRTW225, SR ARA»SES
NOWB RN KT ARG AR RS SEFEO 2O 2 THEZ L TWADREE VIR
HFOHITCOH R ON TV DB HZTWA,

BoNETF—FIZEELDDOTHY, ZOBOTIINBER BIEL E L kAR, FIATL:
PEMZE ) B— 1+ (A fifF, 1993) 322 DRI L 2 iEe b vz EFEXH -2, &
TiX, WEB L CT¥wru— FIREICLTH 5.

* 11, WETEBIERIZE D EIT L CEA - EELFRATOV A MNTH Y, KATICSH L
A& bRk L7z, FEBICE, FY 2 MIEBTERWIEIEDEHOT A4 H 50, MEOWH
NRXEBH Y, ZOMWRTHAHA R RE L BBLEAEIE L L CEDTH 5.

4 O3 IEME R BZREOR D o720, ZELNVOFEGREREREEL &
H—OWMHTE - HEWRICIEHTE L o720, ROTEREZARET ZHET— 7 215
HOEBEZTIEIRVwWEZALHAL. T2, XbF2ahe, MTALIZOREERIOL L ToIt
A EME L wETIE, TREMOBRAEERD S OS2 it s Lo w P& 2%
HAENTWALZENFEEDL I THS. 57 ARMINE, REFHAEKE IHERA TR
ZETR2OBETHA20D, [1 A1 EORFEFERIOTH X (28 U R AR 2525
ZH5H EIZRE v,

WHROARDLHIZ, RETHRBBOEBE L CORME 2R FRM 3T 0 5B
ZLTE7-01E, MHRFTHEADINZEZ RO TIER VY. RETTS, £ 0%a, Y
THERE, WtNEROBEL S 13T L AVWHENH LR TV T, EO M Vv—< >,
2016 ED b7 Y T ORER E, LIFLIE, KREESFROFR T %L ECRILEAEATE .
KE TR HAEOM LW HFNDEARCEMICKE R EL2 525225k, WHH
HEOHEARICHERD > TE, BEFEREFLILIETE LWV,

5T, BARTEMmREDRFHRPHEDOBIRICEZEFTRIEEINTVEZO0130b &%
V. 2002 4ED A T AL, REITIEREZBREL CECTHIEROKEDBET 22 L - T
POESEHEELE 0% D MEE R E i) 72 L S T3 (Washington Post, 2019). i)y
T, HRTIZEROKEIIAS TH - 7225, KRENGEHRE L. REOFEDO T TRE L 72#%
RFEFFRI, LEILIEREICI->THENZMESHEZLLTLE > TS (KR, 2015). &F
T, BMEZBOERIEIZIISL B AL Z LIETE WS, MEYE & LIt ort& 25
EmbL TOBHRETLIEEFFICSHICEI»RTNER S W,

EBELEOTF— 71220 T, Mo ARAOERERHED F—F Lxtiis ¢ 572012, 5B
ZOEFIFNEDLY | OBHAOMESAiz/RLTHEIZH (K 3(a) (b)).

7 VT REESE OB o AL, FICEoRSENIE S E O SHESEOMISEE R L
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L ORAHRBEMARRTICE 2 2 EROBERLBERHAELWHESF — 2. B)EWAEX >~
W= 2 MROCERT— 5 O, AR EN ORAENE) K- T
(https://www.ism.ac.jp/editsec/kenripo/contents.html) , J& P4 Jl F: M 4£FHZ > W
Tld, https://www.ism.ac.jp/~yoshino/index.html & S { 72 &\,

+ 1953 - present Japanese National Character Survey [HAADEEM]
. Surveys on Japanese Americans of Hawaii & of the West Coast, and Japanese Brazilian
1971  Honolulu Residents with Japanese ancestry VA H3% AHZE
ok, FILMWRRAL, WPEE, iR, Frsd(E@H, BELE U4 KX])
1978 Honolulu Residents, Americans in the Mainland
1983 Honolulu Residents
1988 Honolulu Residents
1991  Japanese Brazilians (JB) in Brazil 7 ZV/VHRARE
GhEIT R, AU, SRS, M, FFH= [Pty o ASTRERrseRlilARE, ARk, RREN, &Rk, HE)
1998  Americans with Japanese ancestry on the West coast of U.S.A. KXEE¥ER: H RAHRZE
(KHH=, HMOK, SAEZ, H, ARDE, WA, {R3AT, & LAER Dk] Frank Shotaro Miyamoto, Tetsuden
Kashima, Tsukasa Namekata, Stephen Fugita)
1999 Honolulu Residents with Japanese ancestry (FH#=, Mok, $HAES, KL ESHTF, §T8EZ,
Per AIEM, WMRE, AT, K] BEKE, Frank Shotaro Miyamoto, Tetsuden Kashima, Stephen Fugita)
- 1987-1993 Seven Country Survey  (Japan, USA, & 5 European Nations) HKBR 7 » E ik
(B R, $HAES, ZE—8, ExAEH, #X, FHHED)
1987 UK, Germany & France
1988 Americans in the mainland of U.S.A, the Japanese in Japan
1992 Italy 1993 The Netherlands
+  2002-20056 East Asia Values Survey (EAVS) X7 U7 fiEBIERRHE
Japan, China [Beijing, Shanghail, Hong Kong, Taiwan, South Korea & Singapore
(EBRZ, o, ik, WERE, $RES, mroREE, HLEY, SR PRES LERW fTEEE,
EEEAN, AW, HEx, RENK KR, A8, FIUE ZHT, FUKR, Hing Po Lo, Agnes Law)
+  2004-2009 Pacific-Rim Values Survey (PRVS) TRASE 3 il 5 = BR ik
Japan, China [Beijing, Shanghail, Hong Kong, Taiwan, South Korea, USA, Singapore, Australia
& India (&BFaR=, #3C (LAFOE, SRS, EWsl, BORM, WEBE, SR, BHHE
HBIFRE, EBUE, WER, Hing Po Lo Agnes Law)
+ 2010-2014 Asia-Pacific Values Survey (APVS)7 7 - KPEHMEBERLE Japan, China [Beijing,
Shanghail, Hong Kong, Taiwan, South Korea, USA, Singapore, Australia, India & Vietnam
(EFWR=, LBE®, LMK, ferREE, SEE AL BAY, SR, fTREE, AELT, THREE
RER, THWA, RTER, KELT, HFERE, WHE, EBUE, WEXR, Agnes Law)

TWHEHICRZS.
b9 1o, GER, EBREREOHMATIEILDT, HANEAOREZ R 72 85 7% il

HEARZ D EWIBlZHITTEI ). HRADERERAEIZT — 7 3HHEOM 2D X912,
1980 AFfURE L D, B E s T—HFRI LR D DELT, [FKEIL W) HEPEMLTE 7.
CHIZHELT, 4 DEBELEHATIE, ROL) ZEHEYSH 2.

Q18 KIZH T B AIEHIBD T NZFNIZONWT, Sl AEEZ L B REICH ST
1~7 DFMti 2 DI TL 2 & W,
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(b)

3. TVT - KPEREMEERERS I (2010-2014) X 1, THEINZED Y JOEMICT 5 (a) B
Homg. EZoEDBEORPEEMBICIEEET 2. b)Lhon%. LoEoLH
LMPRIRIZICIE AT 2300, FEPLPHMTOZEESAONS., £ - Hufoth
K E D ZEDIZE DML R AN EHCDREL PP Do TVEDTHA ).

@) EF, [HAEHFORES TR0 TS TTh

£21%, —HIE LTT7 YT REERMERERYRO 7 — 5 2R,

HI R © H A A o v i 18] 255 A IS D W Tt 7228, THRIBEJRTRAJOBEEEICOWT
X, HERAZED, ECORRDIEBEMNE AL REMSN T HRE) 2HF5Z L0909 hoT
&7 (FH i, 2015). K207 V7 RKFEFREBRIEKREOAL 5T, HAOBEOTRTO
EHNAORET, [REOKRY S IFHEOFERLRCEZBZ TEBNTH DL I EFMHRIND
(Yoshino, 2015). 7272L, [RKEOEENIERPHMRICLI->-TRLZZT5LHSHDIIHENITDH
D, ZNH[EREH OB NI T WS EF LR D WD (Todd, 1999).

LT, HEAOERMRA L W) RIMEERE L, ERoOEBILBEIIE CHENPATE S
i3, FIZRBDTOX) 2 tdds G585 i, 2010),

D) — M BRI O 2. 2L, HA N O i 2 @A) (i 2 25 2 80, [0 5
Wl wHRELZ ), 7Ty ZANOBHR GHRER) RIEER, 77 VAR ¥ FADS
TRy el 5 .
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£ 2. [HELRFREIOBERE (7 Y 7 KFEMEBRERRILERE Q18 X 0). 7THAL MR
=V ORIELR (%) [Zof] (52520 DT, 1 SIEETRVIDS 748
[EENAIET 2 HEROEEHE 100% TiZZw)., WEROE - #35TH &2 (7 5)
OEENEEWTH A, M FEH M (2015).

2 Bl X| | £E| & B | 8| | v | 4 4
7 = =] 1 > >

7 * = &% & & | B2 1)z % I
® k # ka
R 7 | IS
B ) »

7

1 (07 |13 |04 |13 |03 |11 |02 |05 |01 |04
2 |07 |- 04 |04 |02 |04 |03 |01 |- 02 |02
3 |08 |03 |09 |09 (07 |12 |05 |01 (01 |04 |03
4 |50 |12 |29 |20 |22 |42 |17 |05 |07 |10 |05
5 |60 |10 |81 |25 |53 |74 |43 |32 (32 |101 |42
6 [101 |34 |41 |64 [128 |187 |221 |84 |13.7 |230 |183
7 |75.9 |883 |87.7 |855 |77.7 | 658 |705 |85 |77.3 | 635 | 757

(HigR) EE - S - ZRERR(2016)

2) B o HCHRMEOZEE. . Bl 2 LT 2 S R0 FaE S A58, T L]
EZRTHRUOREPELME R E, —AFETHH, [HCRHRE I oBELEESINS. i
12 [RADIEROTFA ORI LMD T IZE D, EBIZIZE L OETLREED AR
MR o 72 ) FDBENPo720 T4, T, BRERERITEOTIEVD, HERZEED
HHAEW, TSk, HCBREE XA ML AN L L ORI TEIE SIS,

3) BB - LB 2 o SRR, . [ &R, HRIIMICIEZEERO L X
WV, ZEADOL XNV THEAEORE LEINE RES. BIZIE, 1980 FL0 H ARKEF IR O
by Tr S5 ATH o, BikACEIR IS Mo, 721990 ERiR, TIY
WREBAZEH LT /28y, L TERRIEA QML ERPEREEZ R L Tni, iR E IR
&, T, BERAESIR & HEBRTIERWTH S I P, FEUMICEZERSEMAD $—
VFI)F 4 OBERIPELSBRELEmZRT LD, MET, —HORTYH, FMEADIER
BRI R E {LB§ 5 2 LA Kahneman (2011) 5 DEBLHETHRE IR TV S,

7. EBRHCERIGEMEDEBKRD 2D DINT 1A L—EFH LB E CLA » 5 AL SRR
CULMAN N

fk% 2 EZ KT 5L, FROME, SERAOFEFLEOECICEDLEMER L, H
BRIEB A REPEAS K E 72 5. bIvb i 2 O ERR I etk | %2 85K 3 5 720 0 F i % i 5
L, [7—% ®F4] (Yoshino and Hayashi, 2002) & #3251 SO T T X % BB
LTWwWbEEZRS.

MOPHLVELRDELERLE L ZHKLTH, HRFAETIIFENICEROD 2 ki3
L., 520 EERILBEEIH 5 E L2 DB S50, PlTwb i, Bz 8z sd,
CDWBOMI IR LR L, Fa— VR kigE Higd. eI o e — 413,
ZOJEO T CHEBEBILER Z#ED, [T (Cultural Link Analysis, CLA) |& IFF&AT %
WA L CE. ZOEZIE, 1980 FERONT A HRNRAEZTRICER SN (Suzuki,
1989; #k, 1984, 2000, 2001; T %F, 2001, 2005, 2011b; HFE #i, 2007; HEH i1, 2010).

Bz, AARCEGHOARNEHENT A EEOHRANER E QD X 9512, @l s
H7 W% FOE A RHXEMOLKD MG, BMEAZEEANRZ RV OELIZED
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a) BRFIOEPH. EHOBRERAETIE, BE & big, AEHERIRLZICANEZIIMTD

NBZEbH2S.
%108 % 14 [
KS1 KS?2 . KS14
(1953) (1958) (2018)

b) ZEMOEH BT IEL U - REOHESERLITIK
L, BEic/o— )izl z2 B

Hawaii Residents

4 2
& P S g5 o ® 5
] ) 2 S
L] 3 8 < o S g e
o @ 5 5 2.
=] 5 B ] E- 8.5
? 5 2 ] 55 5 o®
3 g 8 8 5 2 e 5
@ 5 @ = o = O @
@ e 3 5 -
@ 2 B

c) MEFHARCHAET —<OHEY BRTHEEZRT

B 4. GESHMILE CLA O k. W, ZH, HEHER T - OLBRORE R4 ISR L
Twl.

WROBROME AT, R TULZr e — "V EBEREEZ BigS. MRS, THRAOERE
PEID L 5 RRERFIFAET, RARLEDCHBEZRACENTHI L 2EFEZLPOREMOM
BOMETE 2, BRVILEOEZZ 2 5. 3512, AT —~RHHO#HE> % 2, EHx
AL DL RICIMTH %2 B 5 212 LTI < (K 4).

CLA O[FAT — <RI H O 122\ T, Louis Guttmann (1982) DI EMEHHE R ¥ v
JOREMP LD T 7l BN, MHIEEL 52759 TH 5. HIZIFFH 45
EE, FEEINEH L7z Guttmann & 7 — Z T ICOWCEm 2R b L7z, ZOB, &FL X
WV ORERMEAE AR X 20 0 7)) V77— 51200 T, MoFELTILEY) k5%
235 5N %A Guttman Scale TIE EFL Wi ho/oZ e 2@EmL72F ) THDH. BEFLHL,
WINDBIE LW ERE W) T ETIERL, A AT VEWS HEZHHA 572 Guttman DS

WERTRERBRBE DV SN T 2 LI R R B W TS TEBRN R HFIEOZEZITRKD Sz
EP'(@ SHTH Y, RF v 72 EOEINIAREREICH > TT— 7 OPERENT VST HET
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B o TRET I FEIT TOMLFH L DZEED D - 720b Lz,

HAIZ, DNbNOPFET— F BT, ORI ¥ E DL RILT — & Tk
(&, BEEICBURCTRBEICHER 2 kL LT, HEMEHEORERR Y —7 4 ¥ 7 OlE, 7
VN0 EE, BINT—5 Oy 4 VRBELZEOZEOMEE R YBZ T, BELIERY
DO T T EMNBBNICTHEN, LIFLITEHIN TS G55 i, 2010). HEITE-T
i, MALTWAMEENET—7 12T 52 E0MRERESEDH S (FE, 2001, pp.8s-91,
superculture model DH ).

CLA O A 722 1ix, Yamaoka and Hayashi (2002) ® HARN « HRKE AN - KE N D=
REEOHBHRAEICOAONS., BFRITE, ¥ 7 MVOHARAEROFT 4 (Namekata et al.,
1996) EHHC R EDHARN, HERA, 72 ANOEANE L DERER EOLBIFERD 5.
T, MHNCROIIR TR EZ BT TELZ L2 EEFHLTBY, 2000 EFBOTT MV
TOHRANREOLEME LT, HoEREZMEH I & TN UL TH72OWAD
HAERELTBE L OTH 7.

COWMBEDING T A ML, I VAV KRED Inglehart S & A [ FUREETE ] (WVS) D X
I, KREEOH—OFAFE 2 A EFECHRL, HREETHA L A RoLH LofEz o
bO% FERILI T 25 E13E L R4 5. Inglehart ORFFEAMRICE 2 728 BIIL K TH S
2%, AT, ROWMFEOH.OMES TH 5[ post-materialism ] 2 Ml 2 EFEBE L, 7V 7O A
i, LA, 7VT7OEHIGERICTINT 5 L) ICAZ 255 dH D, #ED cultural map
&, HERT7 V7 HBISMNMLES T SN 2 e bdhotz. 727210, £ oML 20k
@ Inglehart O XAEDFTANZET, D cultural map WFMEKIBIE SN, FAFHL WA
DO—FALIZDOWTIE, BOFEIEMIIBTET S L)% o725 9 THS (Inglehart, 2019). )5
T, HAD S NHK A2 L T\ 5 ISSP (International Social Survey Program) @ EE LT
&, FEHLEO-EMB LIS, SR ESEOFEN R 2ENE LWIEHB X EEEAG OE M
HEI) ANTEY, bhibho#E/NT7 74 2ORBIE . (B, ISSP X4, Kt
BFZERTIC M DF B h3 - 7205, UKE, FAEZ IV — 7 TIIME O EBRIBUIZE2fm ST
WABIKHT, YT —ORANS, NHK 2504 T 2 X ) 1% - 72RHER D 5.)

EFOIFEBREEHEOHTZ S ICHRLAZYS, ThooZEi, K, MAEFHE O
BRI B M 2 8 A U UL BRRF#HT Cultural Manifold Analysis (CULMAN) | & #R9
37 54 AEFRSETEL (M 5) (F¥F, 2005, 2011b; HEF ##, 2007; #E 1, 2007, 2010;
Yoshino et al., 2009, 2015) .

CULMAN OZMIL, FEBENZBOETEDZODNRSF AL L LTHSEIh b eI
% (X 6 ZM8) (Fujita and Yoshino, 2009; Yoshino, 2015).

CTZT, bUbNOHRAMEICEHML CTEZZAOKERICOWTHELTBZ ) Gl
(&, HEF, 2019, ZH).

2018 4EFNDITT A ) A WIGEAE S 7 MV HARBEEE D SEFNEKERH Y, 73V K
D Tetsuden Kashima ZEHIZITMWH/NRDEP;ZE- N5 Z L127% Y (Yamaguchi, 2017), 3
RPN B LT v a oSz, BELWH T I XTHo72h8, 2R3 T THELIH
BTETHERIRFEE S 2/ ah o205, —EOMWETT Y =7 F DA 23— T Kashima
D Kanako KA & b REDKNTH 5 INFFIEEIZ KBS ML, HREZRD 7.

BEIZ#E2: ST A Frank Miyamoto Z8#% % &, Kashima ##Z, Stephen Fugita ¥¥%
b, BERHFAKEFOHRANESOREIEZ AT, B, G0 ALk 7-
HATH 572, 1988 FEIC L — A Y KfE#HIEZ, HART 2V A AOHiRE L TOREANAH & &k
TIREESNZMER ZREL 722 LI L CERRIEEZRE L THIRT L L L, 5 442 8K
BRI (HR7 XU AABFR)ICH LT 7 7 v XA L AFERN E VD oDl BV, 0l
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5. BT ¥ — + ORERE % %330S BR (Cultural Manifold).

FIZHLA LB L2 1E @2 TwA. 2002 FI12iE, L9 HETEF» S BENEZBEHE -
TWiz,

)5, 2019 SEDHITIE, NT A RFOBHEZELEHZ» S, EF O[5k ERR LBt
TN—=TFHBWBDOT TV MY RE, FUF7T55KEDAN—=5E LB IT 2002-2003 4E &
2009 412 Behaviormetrika 245 2 % (Yoshino and Hayashi, 2002; Yoshino, 2002, 2009a, 2009c¢)
W DFITF LA ICET 2580 5 72, Kuroda (2009) TEDNT: “KDEF IV (Ha
model) ” A%, 2016 FEICHHERIBE2 S ERE T THERYE HIREHELE LTHNTALMNEFRIC
THIREN TV Z LIZRAMTE, MOHETELZDE, b L HRALED, Eﬁ*lﬁ/ﬂ}r
%3/\7 4 THIZE 2 HAQTEBEHKD, Kuroda (2003) OHTNT A %% ANFEO AN 7 3L47

Fett 4 L LTV 72 rainbow model (LD X 912, WD R4: 54 AFEOEL W) 2 BB
L TH o7
B’Eé\bi, W T SN SERRGHI OMRRIC 2 0, RN FLORELZ B EHEILHAOL TS
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The World SAFTA
South Asian Free Trade Area)
- J
/ APEC (Asia Pacific Economic Cooperation)

East Asia Summit

CER
ASEAN ASEAN [ ASEAN (Closer Economjk Relations [Oceania])
+3 +6
(Associatio of South East Asian Nations) NAFTA

t\lonh American Free Trade Agreement)

J

ALADI
EC > EU (Asociacion Latinoamericang de Integracion)
(European Community, European Union)
ECOWAS
(Economic Communny of West African States)
ee Trade Association)

B 6. I EAOKE D B SRR, HUIRIL RO KD A DIFITH I ‘ISEZEV) -72h
=M B WAERAIZY L, TOEBFRLAEHRS 54 F I v 712813 5. 14\&
L’Cﬂiﬂté:% REEEHRED, 1 OOMBHEE RS, ROV TEE L kR
BDTzbI2iE, ERERTOR—OREZRIEE]ITIEIR L, FRIBSERAORN &S L2
DT BIRRR D RUNOEE I LELZDTH A .

Z0EH b0 BIE, TNENO—REIEE LN R0 Km bEEe RihiAK D AIC
LEREITNEP-/THA).

TOOAISRIE, —FHT20014E9 A 11 HONY F OB, BORED b T > T REHE
ZIIL®, HRPIIETZoTWE ABENWREAZEZRERIZLTLNS XD I A
Z, MW CTHEMEORYLOBEEL ZMAZPRLTNDE LI ICERS.

FLRER 72 7 — 7 128D MR BOR V. EANOEEKIZ, DIUbNOFEMFEAEH# L TR 2
EERERAL, 5BLEOLBRENET 5.

8. HBHWIZKAT

ifz, MaTAEEAHIIN GG D (HRWAEDO TR, itz &4, ASUEEFEo%
FERIRFZEDHERE L L CTHENZ ST E 7288, 20T, [HARANOERMRA ISR 2 &#H %
LT&7%. Lal, HIRGEroHET L L, ZOIPBIRL . HWikd St BT [
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B H LRI E LT U5 Lt 2 it 24 T & 20T, FATIIREW
HEAEA AR Z RS L C &2, LA L, RESCTNAENIIGRFAETIER L, [FWRE]R
HEREIOETH B, TRTOEMBERLHSWELSFREDOFHEICH) S EARA ML
BR & 720,

BIZIE, HBE 3 THNB, REHLCANHER O 100 HAOHINE, #EHEWEE LTE
ETHLH, INSOBFIFWMRAED L) 2 PECIIERREICENLHAICZ->TLE
J. F72, AAICHE, TIPER, HARES L W) REHERNIZEI O BEAIM 0 2 ¥ 8 —H3HEFT 20
FERD D - TE - ENEFEZEIT OS5I 3 2 kA TlE, UEED S BRI LT L
b dz L, TR - ERENIC X 2EM THORH R EZNZNO TRD 2 ST 5 (H
WFZERT D &k — A~ — ¥ http:/ /www2.ninjal.ac.jp/longitudinal /Z 1) .

—5, FROBEMIEHZk) AL TD, gl L o aRmELT LA L TIXHWB
HERRZY, ThZhoffoxs, HIHE L 2R SRR TSl H v Sz g
v, EHRAREL, HAKENEE ECKMHOREMETD, 2, FAEOERTDH
Hlx=nN—=2, &M, IV ]OMREEE LRAEE 2852 EPRETH L HEF,
2011a, 2011b). ZHIZDOWTIE, HHMCKDO[ 77— DFE] Bk, 2001) R[FREOFE] (B,
1984, 2011) D#FE BED T 5.

kB, RETikME, ERMRAEOIFENRENMM TN TE LY, EBILEIZOW T[T
BEtE] (322% 2%, 33% 1% )% Behaviormetrika (Vol.29 No.2 & Vol.30 Nol, Vol.36 No.2
& Vol.37 No.1, Vol.42 No.2) THHFESHMEFN TV 5.

F72, EBLBOFERIZOWTIE, EETED R D5 TEEDD 55Y, Dogan and Pelassy
(1984), Scheuch (1993), Inkeles and Sasaki (1996), F 724k (2001) RHEF i (2010) Hk - 11
W (2002) % ED[ 77— ORI Y — X, B3 - FH (2016), E4A fit (2018) 3FEEIY 2 5K
FORBETIE RV, MA252Tws. 15T, Meyer (2014) ®F/E[ Cultural Map i, 4
DL KRB LB F L TE 20 TIE %L, FETOMANREBOEEO AR T
HEHN, EIVRAAREDEMETHEROBEZEORMADEEXBMT LI LOEEEZ R
HFIZELTWS, #@FIE, ZOFEOMANRERICE D BT oL, FMELEoH N
OIS RSN 507225, [Cultural Map 13527 ) AZIZH Y, 34 D[ Cultural Manifold
Analysis ] OFEEICDREEZ 5.2 T b,

ZOfl, [FHMCTKEFEMEES 15 8] HRANCKEMERETES, 2004) 121, EHHTOE
BRI RN O AR I 7 — 7 IO BSR VRO D ORI EHE I TV 5.

AT B ZE T O [ AR A THEB SN T E 2 EBMRICE S L 0MRREEIZZ KT
HY, KETIRT2HEHNDLILIITELR Y. TLARIELZOBHDILOHRETHY,
REEVRHEVD DA ) L, ol 4 0BmzHRT52b0Th v, bhvbh o EEIE
FiEm SO NMAD, FREMEEDENZNOSE Tl F— 7 WE L [7— 7 38T |
75y —DNEICET A ENHIITTENTH L. WMt 2wz ier L, BT
XBEMEIUE, ETAHILICLY, BWTREL OHEHMBEZEAEL, HROFMOMR
ERBIZET H I EPARHEMEDOEHNTH 5.

(WEEH BT FE T O EIBS R A http: //www.ism.ac.jp/~yoshino ZH&. )

.
D 72720, HRATHHRDEZD Y, BIZIETHEA 10 F404 F ho o Ao ik

BEiL, TNED ST 2R FEOMMNEEFHFE LI RLL 2 epiar— M T s h
TWwa., —HIICHANIEIRICZ 2 ISENTELE T 2 NAORPB R MDD - 72
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A, EERZZOMALBEN TS, THIERMROLALZ DA, W10 F404: T it
RO G E % o7220%, ZOMKDONIHFCEDP L EGHWTEEH LD, & HITHHH
VETH L., BERICIE, IR, FStoit, IR, RO AEES
(R AN

D ZOREOITFIIL, FEHDT 1980 4 California K Irvine £ (UCI) @ W. H. Batchelder
HIZOWZEBF & LTI L 72 Cultural Consensus Theory D JEFAH 5. W B IZ
9 % Romney, A. K., Weller, S. C. and Batchelder, W. H. (1986) @i X%, American An-
thropology #&IZ B} 582 100 SEMCTHIHMBA KL THH L DT L TH5S (Batchelder,
A5, 201543 H). $72, CULMAN O&F v — M o[k G5, 2015) 1%, 13D
WFeBF & LC UCI @ L. Narens (1985) #(#%Z 5 H 4 A 72, D. H. Krantz, R. D. Luce, P.
Suupes, A. Tversky 512 & 2 AW EHFICBIT 2[HFEINLIEHBEO D L TORER
EVHHEREDERICHTETATTLLDOTFRY—ThHb.

Boo®

N E CTHENSAOIFENIZES 2 &0, ZROT 456 O, MEOHEHILHEIRIZLY,
C OMFUT b A A e Rk A & ERRILBGER A AL L C & 72, IR, SCEfbR A, H
AFMRIL Sy, b Iy MHE, BN 2RO &3 252 L DOMRIRETERELDT
Hh. HoIOTHRIEH ZLET.
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DK. 41%  4.0% 41% | 37%  3.7% 3.5%
#5.6b D & -4t M #) (K )
by SR ARE=F o 39.4%  41.4% 40.7% | 50.5%  52.8% 53.6%
KIEH R FHEKDH 524t 56.9% 55.1% 55.6% | 46.0%  43.6% 42.5%
Z DAt 05%  0.5% 0.6% | 06%  0.6% 0.7%
DK. 32%  3.0% 3.0% | 3.0%  3.0% 3.1%
#7.36 R L OFER - FIHIZAEBRIRLOH (K &) M B
BN-oTWVD 38.8%  40.0% 39.8% | 33.1%  34.6% 357%
DUREML->TWS 458%  45.3% 45.0% | 499.8%  49.5% 48.4%
B> TWVWRW 10.4%  10.1% 103% | 11.2%  10.5% 10.3%
DAt 0.6%  0.4% 04% | 06%  0.5% 0.4%
DXK. 50%  4.6% 48% | 58%  5.4% 5.6%

DEDVEMITRIKENRFZRRDOD 5 S ]OEENH-o> Twb, TNHORENIS,
INA T ATEERFTH) ZETLALAND R X0 HHARREZ ERT 2 HICHEEMEIEE L
TWBIEeDWbhb, [#7.25 BELHF ITRIMFHEI LT IV]DOHEGIHZ, [#5.24 1)
OEEEZDVITRIPbol BN W IDEENHEZ, [#5.6b D& Dzt | TIETHED
ZOSHLIOBEENWMZ TVD., TNHDERNS, N TAWEEITH) 2L TEENL DD
X ORDLFINHEMPEH L TWDE I Ebrsb, 72, [#2.12b AF23HIITHIH X
NP TRIFALZERZZ2V]IOFEDY, [#2.12c NIIBETEX 22 ]TIIMEHETE 3]
DEEI > TVD, INSDOMENS, N4 TAREEITIZETAZ I VEEL VI
WCHEEMEDZEE L TWA I Ebh 5.

FLHrbE, NMTAPEETIZLTLVEEN LD OERD, MEE2H T HEHET,
i & Db ) B BB FIMCHEEMEIE TV L Z LR INZ. IS OFRIZE
11K - 885 12 KIS L CTif e 217> 72L& (2005, 2010) L EETHERTH Y, H 13X -
14 RATICB W CH oM IHE s N, 2, £6~8 1BV, &L Txy
V7 L= a YHEROEPEIN A 27 E Gz HERE L D b HEAES D S o EEOEE DK
EL BAEMDBALNTZ, ZOL) BEEMEON-OF, 31HERRIZ, YU T -3
VHETRENA 37 2R TR L TOWARVEEE? S LGS o 22 HD
FHHLTWDLZERFREHOOEDLEEEZ NS,

SZETE, N TAWEELITH) L TEHHFASNEBIER UCRR2 BB 7225,
B13 K - 1A RMEERTNHNA T ANEZIT- 72 L EOHEEMOEE) O %2 KIS
5. 1 OEBRERIZE 13K - F 14 R K BFAECHBEBOEMEHIZBIT 5 L£RILICB N
T, WA 7 Z AW EMD S HMEFHC L 2HEMZFIVEEZE 13K - £ 14 REFN
EFNTRDZDDEMARTRL TS, M1 OLEEARIEHE 13 K - 55 14 X M BRI
THEAMOKTHY, TRIEFY)TL— 3 v 2HAWEEEOHEEHOEE T 5 8GR
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1. 8813 K+ 8 14 JGRE T OHE 0 Z N Eh O BRF O M EF G IZOWTNA 7 X

IR AT o 72 HEE Il L MAMERT L 0, FBRIEmMA 27 ofET, TRIEIFY Y 7
L—3 3 Y OREHR.

THbH. EORIIBOWTHHELENY) DMETAEA SN, 13 KEHE 14 KON T AFEZLTH
ZEIC X BHRMEOERID ZBERENDNH D Z RN, 72, LEBEROROTH
TEORI D BIESDEAVNEL, AR T2 HWIHEEDTTHEE 13 REH 14 RIZBWT
LB EMERL TSI e bbb ((HERK]ZRKDZ L, HATTEHH#EET
3K BFRAICBWTIZ 0738, M AIFAEICBWTIZ0640. Fx YT —Y g vH#HETITKE
AT B W TIZ 0544, M BIFAEICB W TIE 0.492).

4. FEHEEE

AT, THARAOERMEIF 13 K - 8 14 REFERAZIZBVTN, T A
RrRL7.

F9, RHENERIEON TV LEMEBICEH LT, TARBEZITTo R E2 /Ao L, B
FERTEHNED  HMCHEZMAZE L T 5 2 L AR S L.

RIFZEDFER D S 13 K - 85 14 KB ICB T AHEEMHOZH O H I 5 5 RREBEEESH

%&i

Bt o 124
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LT EPHERENT. T, WA TAWEEZITHI L TINEENLIDERD, ELdH T

DIEHEY, MEE Db Y AL &L HANHEEEDSEI TV 2 E DRI, 2
DFEFITEE 11 K - 12 KATITBIT 512 (2005, 2010) DFERE D HLBREBREN LR L
HoTWh, FBERENSA T AZRKT LI ETHEONLHEEMICE L TIZ[EZ 1AV,
KL DHE R STHERTENA T AZRHET L TEND LBRERELHEELHE L TVWEIE
Whholz, kL LI L THERBORICH L GEREITOBE, T0LHE L 2 5MEHE
DN T AZDVTOHATLZIEETH ), AROHEREIFEOSHL2BEORENZRTHD
EWVWZ D, RAEREENA T AOFTENELSFHENL LHICh D010, 20X RifED
BABRVBLEIILRLEEZOLNS.

TEARGENA 7 AOFTEEIT O BRI, AHAZMERAFHEEN & pAafEEITRE &
WErbO, 35\, L ZAHRMIERERATICBVTENLTW 2L LT, HEDE
PEAEBRESEORBEIBRID 2R E I L TRV E ZOMBIEHREZ T Y 7L —
YarvETRAIHT LI ENTELRL LS. ZD720, BRMORETOBREED S HERSIEN
DB EET LI EDBLEIILDLIEAD.

F72, AW T, BEMFEGOHEE LT BoMhEHRE L CHEREOMEHREZFHT 5
e, (DL, @B, B)E%E2L, WHEFAHOBEATHE MGON 227200 %
F=F OB L7270, FOREBMITHERVLECLRLI2D Lk, ZOMIZELTIESH
DHEET S,

z £ X ™
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Nonresponse-adjusted Estimates of Population Proportions in the 13th and
14th Nationwide Surveys on the Japanese National Character

Tadayoshi Fushiki

Faculty of Education, Niigata University

Nonresponse rates have increased in recent sample surveys in many countries. Since
the response rates in the 13th and 14th “Surveys on the Japanese National Character”
were about 50%, nonresponse bias is a serious concern. In this study, two nonresponse
weighting adjustment methods are used to estimate population proportions based on the
13th and 14th “Surveys on the Japanese National Character” The results showed that
estimates of the proportion of people who seek monetary reward, do not trust others,
and are not involved with others were increased by bias adjustment. The tendency of
bias-adjusted estimates in the 14th survey was relatively consistent with that in the 13th
survey.

Key words: Calibration estimation, nonresponse, bias adjustment.
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AL, ARERICH L TREEOD 2HEWETH LIARAOEREHE]ZH T,
HARANOBREE®RZEBNICHOMCTAILZHNE TS, H—I12, PEIICERSIR6
EOREHREEZD L2, HAANOBRE SRS ZOMM ¢ AHE (HARE, T A VEF—RE, HA
DOREFINIZOWTDONAIDEBR EZE L. ZORE, bHETIIEE, BEEROSKNZ
TR SND T ERHS IR o7 OB, BESROTFEOET I #EHmL
W 2 il & § A G LW o TV A, HUT, 45 14 KA (2018 4E) O F — ¥ (n = 1,602)
FHWT, BREEHCFOMMT 2 EMIEE S (Y, Ei, S8, RERE) B L U
B L OREIZOWT, BV AT 4 v 7 BRGHTICE DIERMITHRET L7z, Zo8E, Fekic
BUDLTERMRELERL Y, HERIEEEERMEERSBIZE S N i, BEEE
BIVRBEBEESIEVEITE, BEERSEWENSBE IR SOV TIE, BRICE
FBEATIZEE 3 LTz, SZRBURE, BREEHZ DL OHEBICHEL TWwizos,
WK R F IR IC B B BATHFZE THEE SN2 N OVEGE S H & 5RO BIFRICH L Tid, ARFE
DFERIZR R AWM TDH o 72, BEBEEORICHEL LA KRB R BUSHAP A RICEE L v &
R, URINVIZHPHENLIBwDOBRZD L ONTHREIZE o TRPBTH 5 REESE 2 bh
AR, RO X YFEMEOMBLETH 5.

F—U— FDRBIEG, OARANOERMERLE, BHABL, ©AvE— LR, HERE,
SCHRFBUE.

1. BU®IC

AR, RBEEAFHZIICO L LARENEIST T 2T REZRSEAWICE T TnELE S
1% (Forgaci and Van Timmeren, 2014; Capstick et al., 2015; Mravcova, 2019) . J#IZRKIN T
i, 2050 4E F TORMER (ALK FE (CO)PREFERE ) 20 S35 MHEEZE] (European
Commission, 2020) DFERIZA BN D X )2, BRBOROWA L2 BN L3 2 HREHRIE ) bIF
HEoTwh., FlloTHARDIRIIZE D 7259 H. 2015 SEDEHY I v T SDGs (Sustainable
Development Goals, FHEtHREZ S HED 2SRRI N2 X 912, Fikenlfes 7o — 1\ viha%
EZHBEICEREMEIEOERIZBNTHY DT LIETES, HADEZL 2D THAS.
HARNOBEEZRE, WINEFEBRIGEEET > TwWLIDEALIH. T2, HRAAOREEHRO

TR - AT AW T — 7 A T AR RS S T — Y g bt v & — L T 190-0014 HH
HRAL)N T AEAT 10-3
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N IZ—=2ariid, EOLH)LBERPEEL TWEDESH 2. KRETld, HARERIZHL
TREUDOD 2 HEZHETHH[HAANDOERERE] ZH T, ThHH5DOMWIZOWTERNY
WKERTLHIEZzHNET 5.

AR, WMERBRESOMHE L FEEH L, REBOROWT % XFT 2 HIOE &% [ R
EERZEICT B, FDD, TIRF v 7 TABERTEBAL T AHEREE L o AR 0 FH
I IREEREIIRLY, L) -BALSNREEREES. BRAEKEGRE L
— M R BREEERICOVWTOETT AU HRE IR VDI v, FRICERNELE B -
T2WFFRIRIER IS v As, E S BRBENIFEAT OWIZEH & (Sampei and Aoyagi-Usui, 2009; HHl,
2016) IC X AT HA TR D EEZME 2 M) HEIZOWT, B - AFBEZ SR
LWVo 2 ZDMORBEE O IZB VTR L7272 5. ORI L, REMEE
M EEE T 2B AOESE, AT 7TETRKELWEI L SN2 & ZITHIMEM & 25
2, HAEROBREEHRZ O b O EFERFITHMD 5 VI3 L TWw b & v o 728LT iR
Ba3hTwniw, o, JBEEHICHET2EFEOZEORROLEEL L Y 2 — LD
eI, W2 R o m L 2R3 E D WL BROK T EmM A2 /R TE S 5% (Capstick et
al, 2015). €2 CARTI, B2, FEMICBIT 2 6 101 (1993 4205 2018 4F) O HARADH
REAEL]DOTF—7 2 HWT, HFEOHRANDEREFROLEEOHEAIIOVWTERTLILE
HwE 35,

ARROE_OHME, EAICEM SN/ 14 K (2018 FF) DT — ¥ # HWT, BAEOHAA
DORBEHRON) -2 a3 VIS5 2 2 EN 2 ERBMICERT L2 LIZH L. RERRD
ZEICBM T B R & o 72 BATITSE T, WBINEAYEEHE L 72 2019 SFE O [BREFEICEET 5
WERENS, 7T AF v 7 TAHAMEE W) FEEORBEIENORLE 2 E LR, HiFERE
FEBODEMEWE VI HEEPRE SN TS, T2, TOMETIE, BRICEATAIELED
LRI OV L W) R SN Tw 5. FBRIZ, BT & V) FEE OB O R % W45
ELZZRERERTH 5%, MHETEREANER O 2015 12817 5 [BRBEICH T 5 1 REGRA ]
ENUE, BIROBEEH~NOZINIOWT, [BILTw51dH5wiE[ERrdiiEsint
e B2 BEET 20 ROREFERBIZ LKL, F[BMLIzVEIZEDLLEW]EEZLEE
20 ROBEFEBILTL Lo Twh, T/, 2018 EDHFAETI, [ (M o) BB 5
ORHLIZELAH D F3H & V) BRI LT, [OOSRV LB 2 58613 20 ROEAEF
BIZERVHEREL > T, IEREZENCBI 2REEHR L FEROBEIIOVWTIE, HERIT
CBRBEHEGEN TH 5 LIRHG L 720982055 %5 —7; (e.g. Tabi et al., 2014), W& 843 5058
DHY, —HLIRHBEIHE SN TV (Wiernik et al., 2013; Al Blooshi et al., 2020). EZ
TLIZEOEME R L ENTHENS 2D, HEAAO BB ERICBIT 2 REEMR L E
BEDOHEEEZARTIBVWTERTLILIE, BEEIVDHLLEZONS.

SO, BORICBIT2BEEERE OEER L Ham L 2ETld, XREBSE L OlE L 1R
T AMEPEL L HEREINTWS (e.g. Lacasse, 2015; Dunlap, 1975; Johnson and Schwadel,
2019; Cheung et al., 2019; Wall, 1995). ZZ TiZ, VRJFIVEDITI) HEFRB L L T, &
RERAEWI EPME SN TS, T, BYREERLENAEY L) BRI meC & %
T8I L7213 d » % (e.g. Johnson and Schwadel, 2019; Ramos et al., 2016). L2 L7245, Kk
KIZBTF 2 N6 OXITHIEOMRE T ICE R L7z 2T, HARER-FIE L TREED
»HHEREEHCCRERRE OMBERZ ERMICHER LRI, BLALADLR
VW, FZTARWIETIE, EEOSE 14 RERERE (2018 ) 07— 5 1M % H T, BAEOH
ANOBBERIEEL 5 2 5 BRICOWT, FRICER, ¥, 2L CRER L OMEIcE
HLZBOGH 2179,

REEHRE Vo EDOERIIOWTERT L7-0121F, ZOMoFmEICHTLIEREDOIL
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BOBBEPOMRET A2 LD, XDRVELZWHEICT 2L E 2 O5N5. BT T, BREE
MO LA HROBER FROFHICOWTOEMREBE L TWB I EPFEIEIR TS
(Torkar and Bogher, 2019; ¥§ fif, 2006). F7z, T AL F—RFEHMEIEZ, UIELISREME
EXVTHMELE LTEMMICERIND T THRL, BEEREOAOHENBIR IR
WREHE E LT, TANF—REZ B L 2 FEiEIED H 5 (e.g. Pothitou et al., 2016). &5
12, RENZBT B RIECOFBO O L DICERERMEN K2 BT 2 AR ST 5 DIxt
LT (VHIl, 2014), EFISEIEZ N T ¥ TBHEIC BT 2280 ED L ORI E SN S XL 512,
REHREL ) ORFENFEELETI2EMCH L ES8NL, ZZTERBTE, [HRADERME:
FAENIBTL2AKRE AR EOMKR, TAVF—E, 2L THROBBFI~OFME o7z
BREEEGRICHE T 2 S F S F L EMIHA LI SRS, HARANORSEEMRICE®E S 2 2K
WZDOWTERETHIL LTS,

2. B

2.1 F—REPMAE

AT, HI, FEPICBT2 6 MOlARADOERERAE] (559 KD 1993 FE0 54
14 KD 2018EFE) P50 F—5 2T, BEEHREHOSMOLELZBIET L. [HRADHE
RUHAEIEE, BARR RIS 2RFBEO D AW AT, HEH BB A3 A T4
L0 1953 VR 5 AET L ICHRER SN T WS, AR THEEE A WINERTH 2BIE
BilkEM) 2 00HEHIZOWTOMMEZRD 572012, HRE AMEOBIR, T3V F—[HHE,
ZLTHROBEFN L Vo220 3 00BREHOSMOLEEBICIONWTD, TOMIEE BT
L. BIORDOE I3 RDF— 7 DOFMICOVTIE, ZRENOFEICH L THITENL TV S
AT BRI R ZE ) R— MERMEOMZE] 2 BB L Tz 2 & 2nP,

AEOE" ORI, BEOHAANDBREEMRIZOWT, HAE AME DMK, TAVF—
M, 2L CHARORFE D L Vo 2BREERICHEES 2 20130 0EMIEH Lt lb 88455,
ZOREERIZOWTHINICRAT A LIZH b, 2072012, [HRAOERMEFEICE
FAEEDE 14 KTNSO F—F 5D, 5 14 KA, 2018 4F 11 HICFE Sz,
85 14 KA BT ARG M ONE 2 EREOFEMIZOWTE, Al il (2020) IFEd ST
WA, GATICIE, BV AT 4 v 7 RGSHT GREEAD) 2 w5, B, HEHAERIC T T
) DERAIRIN AR, PO F TV IHRETELRWATTUNEThEI L
TETFIVORENHEETH o 723560, BT TV ERMEL, HIRLZD ZTHNELT).

2.2 AR

AT I W22 FH AR O — S 2 R 1IRT. &b, eV 274 v Z7AREEFVEH
WIS 14 KIAKD T — 5 DA EH VT WSED, FNENOBHAZE KD 5/ DR
MWEEBEOBISZ SR T, RN TbE 9 K (1993 4F) 20 5 55 13 XK (2013 4F) OFAEIT B
5 ENENOEROGA D FAAICEK LIRS, ZHEMER IO VT, THERADER
HRENCBWCTHEBOEIHO - DITH W T WAL TIHET 2EME G L, ZOWEEHWTOR
T. 2B, BEOBBTRARONEZRKH LIS WIHHOBAIZIE, REMEICHNA 2L
729 A THER L ITHFET 5.

2.2.1 RIEERE

REEBROMFICEBLTIX, 22008 Z2HVA. 1001, [REOHR#EL, il s
TENLSLVWEELZBBETT»JEVIEMb LT, [IFFICEETHL IDSIHEETIZR
WD 77— a yTHEENETAEETHS., ZOZEMEBIZOWT, DIREI#7.35 35
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F 1. O ICHCHESINER D 540 & RERLAL.

#1735 MEORBWIIEES
y s[375

mEsx FucEE EE S5 RR ERTEL Loh  pponn e N
14 (2018) 31.4% 57.0% 8.8% 0.6% 0.1% 2.1% 100% 1,627
13 (2013) 39.2% 53.7% 5.7% 0.4% 0.1% 0.8% 100% 1,591
12 (2008) 43.7% 48.5% 5.8% 0.4% 0.1% 1.5% 100% 1,729
11 (2003) 44.8% 47.5% 5.4% 0.5% 0.1% 1.8% 100% 1,192
10 (1998) 49.1% 43.1% 5.9% 0.4% - 1.6% 100% 1,339

9 (1993) 50.4% 42.6% 5.0% 0.3% - 1.7% 100% 1,833

#9.17 BRBEH BB DEFH

BEFR REEE £EFRE  EToh bhohL S N
14 (2018) 80.8% 15.6% 0.5% 3.1% 100% 1,627
13 (2013) 84.6% 13.0% 0.4% 2.0% 100% 1,579
12 (2008) 88.2% 9.9% 0.1% 1.7% 100% 1,573
11 (2003) 81.9% 14.4% 0.4% 3.3% 100% 1,158
10 (1998) 85.2% 12.6% 0.1% 2.2% 100% 1,341
9 (1993) 79.2% 16.7% 0.4% 3.7% 100% 1,905

#25 BREAMEDBRF

WEFR BRICHX BREAA BREMER 2o bhrduw & N

14 (2018) 42.8% 45.1% 6.4% 0.4% 5.3% 100% 1,627

13 (2013) 48.3% 40.9% 5.6% 0.9% 4.4% 100% 1,591

12 (2008) 50.8% 38.4% 5.0% 1.2% 4.6% 100% 1,729

11 (2003) 44.6% 42.6% 5.2% 1.5% 6.0% 100% 1,192

10 (1998) 48.8% 38.9% 6.2% 0.7% 5.5% 100% 1,339
9 (1993) 48.5% 37.6% 6.5% 0.5% 6.8% 100% 1,833

#2.30g FRE: RFHER

14 (2018) 26.8% 23.8% 36.1% 12.1% 1.2% 100% 1,627

13 (2013) 36.8% 28.1% 25.1% 9.2% 0.8% 100% 1,579

12 (2008) 23.0% 22.3% 37.6% 15.4% 1.8% 100% 1,573

11 (2003) 26.3% 23.4% 33.3% 14.8% 2.2% 100% 1,158

10 (1998) 26.1% 26.0% 32.0% 14.3% 1.6% 100% 1,341
9 (1993)

#9.12c BADIEFAN)

BEER TN boi pebAL TR Eol bhstln AR N
14 (2018) 5.1% 44.8% 41.5% 5.1% 0.1% 3.4% 100% 1,627
13 (2013) 5.4% 43.7% 41.5% 6.1% 0.1% 3.3% 100% 1,579
12 (2008) 5.4% 32.4% 45.8% 14.0% 0.1% 2.2% 100% 1,573
11 (2003) 2.8% 29.2% 50.9% 13.8% - 3.4% 100% 1,158
10 (1998) 3.7% 27.6% 42.3% 23.3% - 3.2% 100% 1,341

9 (1993) 32.8% 46.1% 14.1% 2.6% 0.1% 4.3% 100% 1,905

DRI EE P LT 5.

COEBOGA ORI L LTiE, $9X19934F) L D IEFWICHEE JOMER—HL T
BALTWDE—F, [EE|OBNES-HLTHEMLTWa. 49 K (1993 4F) 1281 % FR A1
WCIETIFFFICEREIDPRDEL L, 208 E HEOTW 200, 5 11 XK (2003 4F) I HH
#EL, 13 X (2013 4F) TRIEEIDEPEE HD L X)o7, F 13 RITBIT S Z O
35514 K018 FF)ICBWVWTELICEE->TEY, [HFTHVHEETIILZVIBLIOTHEETIES
W EEZ RS ERO L2 TROKEV 94% L W FERICR o 72, F1IZ, 20 RORAEE
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JBIZEBHLTHBE, [FEHICEEIE ONZIZE 12 K (2008 4) 1213 43% ThHho7zb Do,
85 13 K (2013 4£) 121349 30% 12, BT 14 K (2018 ) 12134 25% & E I L TWwW 5.
B, TEETRZVIBIUIHT Y EETIIZWIO 20 ROREIZIE 12 X TEH 1%, B
FUEI3RTIIN 6% THo72DITHF LT, 14 RTIIH 15% TTHWIMLTW5. #BI5T 5
&, BREEHEICOVWTOHAREROERISERZETERNCH ), BICEERBICBVWTZEOME
MABHETHLZ LT 5.

200, [HEREELBOD-DbOEELOBRIZOVWT, DEXDO208R, HhOK
FRELHICEWVWTTNIEWHIEMOB ET, THFbDEENES L) LV AHICR T
b, MERBREAZTA7-012, eV DEDPENTREZ]DH LV FLEE AN DOEN
Z, VAT EIEEEZAIREZIOFEIC2IRTHET AHEETH S, ZTOEMEHIZ,
[#9.17 MiERBREE DM TH 5 2%, AR TIELIRRI#9.17 MERIREDNH 5725 O LG | L W9
b, WIS ZITHERREZ BT LIRED, HLVEHSLOEEEELTLIREIDE
LohaMHOHEHETHA.

COEHORBIERT EDSAOMEME LTIE, EOERTHEREEL] KR 2E 46D
[ % Lo Twh, —F, BENERETALE, NTUVREOREEEZTH 5K
(55 9 2k, 1993 4F) A 555 12 K (2008 4E) F T3 [BEEEIL 12T R MMEmIcH 0, [4E
B DA TH - 7255, BHAKERK (2011 4F) ZRER L 2R ICE S 725 13 KR &
DB 125 L, [TARIGEG A 2 @EAICIE LT b, BT 5 &, EEDMEN &
LCid, HERRBOMIMELEIRA KT LTCETEY, BO725 0AEOMNEELE
PIEAIZER L TWEZ ENBEINS.

2.2.2 BREABE DR

[HREAMEDHRIZOWT, D2EDXH)LEBRBHVET. LK) bEEICE
WUTAEIDZEIZEW LRI DRV EDTFITFZOATLERS N, [EWHHEEZH WS,
[ NS 2 B 720121F, BRI D RITF IR S w], TABDEEIC R 5720121, H
REFH LT NEE S 5w, TABASERICARS7-0120F, HAZIERL W2z s
LRV IDFIZ 3 oOBIFETHE S, K2, HREAMZRIESEAERICBWTOAA
OHEKIIHTT MBI (HAB) 2 H)EETH L. COEMIEE 2 DI I#2.5 HARE AR L O
AR LW 5.

859 K (1993 4F) ORI X D Bl 28 13 K (2013 4F) £ T—H L CITHARICHEZ IHIR D b
BENELL, ZHFRAPTERENH], ZFEFEBRZMERIOIETH > 7212d b 5T, E
D 14 K (2018 4E) ICBWT—HFH & “FH MR L, [#2.5 HREZAHIAEK D BAEEH»S
WHTF TN Ro TS, ZOMBI 5 ERDE 15 X (2023 ST E) kT 52 D THNIT,
HokE A& OBFRICHET 2 AARADREEITFEEIL L EEZZ6N5725 9.

2.2.3 Ix)I¥—MEE

[LaXE, HFHEOZERREDOZ LT, RRICRDLZEDNDHDLERVET. A,
DEDI ) BRERICOWT, FEEELLIEDEHNITH. LIV —FXDL LT, [k
¥, [P 8DO0DY A2 ICHTARZEEMET2HABR D L. ZOLhD[ T, K
THRHEOFRIZOWTIE, EHTLEI 2 [ EMEAZHVS. [FERICKLS ], [2
ZOEUL], [HPLIELA] [FoELAVWIOFEIC4DO0BIRFTHEENTWS. Ll
Me, COEMIEE % [#2.30g R Tk & s 5.

COHEHEIZ, FEMORETIE, 410 K (1998 4E) DIEMkE L CHIEDS R S hTwd, XK
ROMEI & LCid, 45 13 K (2013 4E) O A[FEWICIE U B AR O ALV E o7 DD, FD
fOFHETIE, MRMERZ VI[P UIZRE S ], THEFICELE], [2RVELS], [
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AR UEARW]E R TWAS, BFETSHE, WHARKERZREL 728 13 XTI —RNICAE
ERLVEFE-72b 00, 814 KIAEDOSAEND 5 EH O 15 K (2023 4EF &) DK T 5
DOTHNE, HHAKBEKLAT ORI & FFEOBERICR 72 IR TE 57259,

2.2.4 FFIIHT BT

[BUED B ARRZRHABMR ORIEE V) H TR, KD 420NN EBWETH? 2w
IEMEHIZOWT, [FEFICRWV], [RRLv], [Rebdw], [FEIZDLIVIDFEIZ4D
DB THEZ KD LEANRDH S, FOHEITHNT, [T, REHEVI) ETREARIRYE
NTLEIP e LT, FAOBRINEZRTZEMERZHVS, HEBNTOHROREN
WZOWTOREEDEBNFMZNET 2HETH L. ZOYMEBIZOWT, DIFEI#9.12¢
HARORBENIEWT 5.

INTIVRFORBIESLRTH 58 9 K (1993 4F) T, [FEFICIVWIBIOTRW]EE 2 -NH%E
FHVREDLET 8% 1TEEED TV, §10 K(1998 FE) 2BV T[RRb b\ B L UTIEF
WZbBW I EEZNEBZOGEIMPELRE LY, EOMEMMDEE 12 K (2008 4F) F Tk L 7.
13 K (2013 4E) B L U 14 K (2018 4E) i, [L W ]llE b o w2/ L CTWw b h, X
[EWV AL eI FERIZE > TV,

2.3 EHEAZEH

85 14 K (2018 4E) AT — Z 2B B2 AR OME AT W 723 ER O 5 i # £ 2 12
Y.

ARETE, MR, [E#wRIFR]IEvo2BHIEBITMA T, BEEREEG L 2RCko
FATIRICB W THES R SN TV A X HERE |2 HHERE LTETNVICEAT S, K2
WRTEBED, ZREEAMHYHB, TBR%], TVERIER], TERRIR], W%,
[BASLER], [HARMEFO], [HZoR], THHR], HERER]ID 9 >OBEHKRED
AT I E[ZOMOBUR], TZHBRELEL], BXUOTbrbhw]ogit12oh 53 THl
EENTWVAS.

THREREZBE D EEE, THRAOEREMNENZBV CIIHHEEB L L TEOMEFEXTD
RHASNTOWARHHTH 55, EREBICBUEOEEYN D L7120, BN —FETld 2w, 5614
RAXICBIF 0% A5 L, ROMEEEN L ORI LRHERELZLID562% THY, TH
R3E]D 29.3%, (O H]D 3.7%, [VERIFRI3.4%, [AWEI3.0% L. BZEET
2, 45 14 KERAT (2018 4F) & 4R IZ9EH0E & M7z NHK % SCALBFZERTIC & A4 10 M A A D
HRAENCBI 2R~ 1204 7 I3 TRK S N2 THER 2 HE ofeERE R
T&, [XEESER LI 59.6%, [HRE1269%, [V.ERIRI38%, [Hhbkvy, MmE%E ]
3.9%, W10 2.2% &, FIZFBEOGAE R >TWD. 7B, H9KAETIE, & 14 KR
HLIZ—ERERZBE 127 TV THEENTVE DD, [ZEBEE LK 41% THY, [H
R 3R 27% TH o7z, 9 RIS LTH 14 RCIX[HEFBSE R LIS 15 B4~ MEML
TWAHZEIZRY, TOZ L ZbAENIBIT 5 MEIRE OB % 5 L 722 { DT (e
T i, 2001; #FE#, 2016) & —H L TWwWhA. %28, RiFETIE, BEODHARIZBIFLE—RT
HY, HMOBGEE LTEIRIIHEOBVERE TH L E EHIRTE L TNEISTONLH
Rygzslara) &35,

EH12, [HARANOERMRENCE, NAFORBNRMAORFIRELWET 2HEE
INTuanizd, ZORMIMEHE LCl#18 REREIZNET S TROERZET NVIE
AL7Zz [H0icBEDO HROHE LA EZ, 5 DDRBIZFT B ETE, BEIEX, TOERIZA
HERVETY JCoEBICHT 2ERE(HFTU)E, TR oLkl [dhod], Tho
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2. GHICH BB B D 554

BE HFIU— N % &3t AEtN
MR 2 758  46.6%
100% 1627
4 869  53.4%
Eiip 20-29%% 146 9.0%
30-397% 213 13.1%
40-497% 310 19.1%
100% 1627
50-597% 269 16.5%
60-697% 339 20.8%
70-847% 350  21.5%
SRE PR (BRICTD BN TIBEERT) 2 0.1%
FREARL (e A & 7o BRI B M PhR) 190 11.7%
= A s 3 S| B A A A d -
m%ﬂx (1%/@5&&&@3&#1%&&@) et . 43.9%
BHlsRE (htk, TH/MEYR. (5% k35
R @Ky - B (BEHMIER) 283 17.4% 100% 1627
b
BHSEPR. BHTE/EESPIEE BHEST 10 0.6%
¥/
KRF FHIKE - BHIKS) 371 22.8%
Pl 29 1.8%
ZDfts 27 1.7%
IRERE *E 30 1.8%
1o 209 12.8%
D 69
oLy 905  55.6% 100% 1627
hoOT 391 24.0%
T 67 4.1%
b s 25 1.5%
B BRR 476 29.3%
VERER 56 3.4%
ERRER 21 1.3%
N 48 3.0%
HARHER 21 1.3%
BAMETOR 8 0.5% .
HFEDH 1 0.1% 100% - 1627
BEE 3 0.2%
HERER 8 0.5%
Z D OBE 11 0.7%
HEBR R L 914  56.2%
hhbAwn 60 3.7%

T, [T, Thhrbw|De>Thb.

2.4 BHORE

2.4.1 AT

SIS 5 DO EEBICOWTIE, Frelliil+ 282475 72.

BB, SWICHRT AEHEAERICIE, WHhOLEEREEOLIIHE T I A NVEEK
EALEDLLDLEINDD, HHEEH— L il 2 @ingitds7-012, £HEaYy VEF
WVEEO VAT 4 v 7 g ORTHI bD LT 5.

[#7.35 BREOREIEEN IOV TIE, FTinkHicya—FL7.

[IEHICEE =1, [EHE =2, [HETIIRWV], [ZFoMl, BIUOThbhrbhw|=3(FEEL
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bRV, EESFTVIE, 3THAS.

[#9.17 HIKBRIE D H 572 b OEFEI NIZOoVTIE, TR kHIZ)a—FL7.

[k DOk &) (BREEES) |=1, THS 725 OEIGEAN (EIGER) =2, [Zoftl, B
XOThbrshw]=3. XKEHTTYIL, 2TH5.

[#2.5 HRE A EDOERIZOVWTIE, T2 LHIY a—FL7.

TEHRICHEZ J=1, THRZFMH =2, THREZLEMR =3, [ZOMIBIUOTbh 5w ]=4.
HHESFITNIE3THD.

[#2.30g A& TPk iconwCid, TRto L)) a— L7
[EFICER L =1, [HRDELSL =2, [HLIFELAS]=3, [Fo7 B LhVv]=4. %
B, (b2 IZ2oWTREPEFICALEL, EFVOHRENHEEETH D, oMo d
TIVICHAANS Z EPMENIIABEY 2720, REPFVE L RESZTFITYVIE, 4
Thb.

[#9.12c HRDOBEFNNZOWTIE, TROIHIC2HEKLLTY a—FL7.
[FEFICE VB IUOTRR L v ]=1, [RRbLBEVIBIUTEFIZhEV]=0. &8, [ZD
flBLOTHL2S W IZOWTIEHAEHE D7 a AR TEHEPIEF IRV VI
AT BIEDLBYRMEENTELRNWIE, BXOZOHFI) 20 A5 T ITHAA
N5 2 EDBAMIIRBEYTH L7720, Killflne L.

2.4.2 FREAEHE

HAEBD S L, BlEEToEHEZFONEE TRRICHERS.

[N, TiROLHIIZYa—FL7.
MNe#ER], TEX, BE] [RE], TRERI=1GEFE), [N, The], B, (£
O I=0UKFIE). B AT 4 v 7RG TIE, MKFERI2SB I TIT) ELTWA.

[#1.8 BB 1x, TR L )iz a—FL7.
[F1BXUTHo =1, ["howl=2, THOTI=3, [Tl=4. &b, [bhrSHEV]EEL
L7225 4ERME L, WS LE. ¥ R574 v 7RO TIE, [Flaesis
FIY)ELTWA.

[ZFrEsE ix, Ttk oz a—FL7Z.
AR =6, [AW%] [ HAMEH O ]=5 (TP lrrs L ORHE), [VERIER], [HAR
Hpesel, TH&ERIER], TEHRRERI=4(IXRIVER), [ZOMOBREZRF]=3, %
e e Ll=2(f5eiRiE), Thhbhwl=1. aY A5 v 7 ERSHTIE, THRER]%
ZWRHATFIT)ELTNAD.

3. &R

OYAF 4y 7RG ORKBREEZRT. &b, UTOMEHPIIBVTE Yy ARICERT
. ZET I AT 4 v 7 HRETIVICBIT B EBIZEEH 7 T OBFFERISH T 5 L0 7
T OFERERDOILOMNETH Y, “HOIAT A v 7 EFTNVIIBITEFy AL dRE 5
B, F v ALOHFESEAMLLTBY, ARTLENEHVWL I L L5, RIRREOFERIC
BWTh, COMEOIIHT S (MOEKLHEH L2 B&0)F5 LRI ns. 72, K
TGP BRENERCH L 28T 2, AHEBOAERAKEIZOWTIE p < 0.1 OHBHZE
THHT 5.

3.1 REER

[#7.35 BRI ORI EED |2 HINERE L2ZHO VAT 1 v 7 MR OFER %5 3



HANDOBSTEH  [HANOERMEMENC & 5 T0%E L BN DE 5 303

# 3. [#7.35 BEOREIEE» NHT2LEHT VAT 4 v 7 1R

WERAAZEL SEAZ HhFIY B (S.E) Wald (v’) Exp(B) 95 % CI P
LL HL
FBICEE MR (S8 BH) otk 0.098 (0.179)  0.296 1.103 0638 0776  0.586
iR (B #:20-29) 30-39 0.756 (0.391)  3.737 2129 0990 4581 0.053 °
40-49 0.597 (0.345)  2.982 1.816 0923 3574 0084 '
50-59 0.960 (0.370)  6.743 2612 1265 5391 0009
60-69 0.897 (0.342)  6.893 2452 1255 4791 0009
70-84 0.827 (0.348)  5.660 2286 1157 4518 0017 °
FE (BB ERE) 0.734 (0.207)  12.562 2.083 1388 3.127 0.000
)i J o et 1.514 (0.473)  10.236 4.547 1798 11499 0.001 ™
(BR:T) fod 0.339 (0.354)  0.915 1403 0701  2.809  0.339
FOF 0.282(0.371) 0579 1326 0.641  2.747  0.447
KBS hhbiwn -0.581 (0.467)  1.553 0.559 0224  1.395 0213
(BB BRR) XPBEEAL -0.106 (0.206)  0.262 0.900  0.601 1348  0.609
Z Dt 0.240 (1.111)  0.047 1271 0.144 11225 0.829
URFLER 0.847 (0.444)  3.646 2333 0978 5564  0.056
RFEFE &R 0.904 (0.645) 1.961 2468  0.697 8743  0.16]
BF MR (B8 BK) et -0.084 (0.168)  0.252 0919 0662 1277 0616
Ein (B H7:20-29) 30-39 0.706 (0.353) 4.000 2.025 1.014 4044 0046 °
40-49 0.362 (0.309) 1.367 1436 0783  2.634  0.242
50-59 0.761 (0.335)  5.170 2141 LIl 4126 0023 °
60-69 0.279 (0.310)  0.808 1321 0720 2425 0369
70-84 0.391 (0.313) 1.561 1.478 0801 2727 0211
FHE (BB EPE)  EE 0.629 (0.195)  10.417 1.875 1280 2746 0.001 "
it SR S e tedot 1.580 (0.462)  11.705 4857 1964 12012 0.001 "
(BB TF) dhos 0.976 (0.341) 8210 2,655 1361 5177 0004 "
FOF 0.722 (0.356)  4.102 2058 1024 4136 0.043 °
pEE 6 hh i -0.474(0.423)  1.257 0.622 0272 1426 0262
(B8R BR®) HEBEAL -0.037(0.193)  0.037 0.964  0.660 1407  0.848
Z Dt % X FF -0.038 (1.092)  0.001 0962  0.113 8185 0972
URF LR 0.396 (0.437)  0.820 1.485  0.631 3497 0365
RTEF ENBER 0848 (0.625) 1.841 233  0.68 7957 0.175
B ET LR Negelkerke R’ 0.064
s 22LL 1031.718%**
1602

WRY. E#EHD T TV RITEEEIZEDLEW]THA.

EFIVOED. R? 13 0.064 TH A, Tz, TEREOREREIIHATICEETH S (p < 0.001).
[HEEL ARV OHEHES 7 T8 LD —ED D & TIIEFICHEE | L %2 A1
MBI SN L HETCH B2 HHERIL, FoTXTohT T L, P8R, JREEEO[ k
toblorsFay, FLTEXEREOI) NS VE]THY, IR B)IZTXTETH
5. 2FD, 20ROBHEERITLTENRI Y LT RTOMRDS, KERERB I L TidEsE
FEREDY, JREBERET T oI LCidl Eedo bloEsy, 2L CTHRENIR LTI
NIV D@D, BRIEREICOVTIIEFICEE | LA MM E VL. Fv XL
(Exp(B) THEET 2L, mIRKEVHEEIBIESNLOTEKEET, [LEthol |oEik
[TIOREOK) 4.5 5[ IEFICHE | L &2 2HERNE . 72, VR VERNE, THR®E]X
0K 2.3 REIEWICEE | L& 2 DHERIE .

KIZ, THEELZEDLLVIOATF TV L TOLLEN—EDDH & TIEE LA 2 LR
DHETICE B2, REBREOTToAFITY &, o 30ftB X 5048, #LT
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4. [#9.17 HERREEDH G 72 b OEE L NT 2 LHT VAT 4 v 7 [IRGHT.

WRPEK MEAEHK HhF3Y B(SE) Wald (x>) Exp(B) 95 % CI P
LL HL
RIEZER R (B8 B b33 0.116 (0.143)  0.661 1.123 0.849 1487 0416
D (B18:20-29) 30-39 0.911(0.306) 8875  2.487 1366 4.530 0.003
40-49 0.781(0.273) 8.163  2.183 1278 3729 0.004 "
50-59 0.737(0275) 7.164  2.089 1218 3582 0.007 "
60-69 0.893 (0.270) 10.908  2.442 1438 4149 0001 ™
70-84 0.410(0.262)  2.460 1507 0.903 2516 0.117
P (BR:BEE) ®BEE 0.503 (0.164)  9.450 1.654 1200 2279 0.002 "
RBMEE tedot 1.106 (0.384) 8292  3.021 1423 6411 0.004 "
(BR:TF) Fof 0.604 (0.314)  3.710 1.829 0.989 3.383 00541
SIoNS 0.263 (0.325)  0.658 1.301 0.689 2458 0417
XREBER bbb -0.510(0.349)  2.133 0.601 0303 1191 0.144
(BR:BRR) XBBREAL 0.460 (0.163)  7.976 1.585 1.151  2.181 0.005 "
ZOthE X 0.004 (0.793)  0.000 1.004 0212 4749 0996
YRFLER 0.184(0.293)  0.395 1.202 0.677 2.136 0.529
RIBREQBR 0.174 (0.376)  0.214 1.190 0570 2.484 0.644
Z Ofth_ MR (BR: 8% oqid 0.164 (0.317)  0.267 1.178 0.633 2193  0.605
ey N7/ il (B5:20-29) 30-39 0.578 (0.669)  0.745 1.782 0480 6.615 0.388
40-49 0.627 (0.605)  1.073 1.872 0572  6.132  0.300
50-59 0.007 (0.685)  0.000 1.007 0263 3.854 0.992
60-69 0.322(0.644)  0.250 1.380 0391  4.880 0617
70-84 0.820(0.589) 1.940 2271 0716  7.203 0.164
2R (SR EEE) &R 0.403 (0.362)  1.245 1.497 0.737  3.041 0264
RIBPLE tedok 0.135(0.699)  0.037 1.144 0291  4.505 0.847
BR:T) doh -0.555(0.576) 0.927  0.574 0.186 1776 0336
L loRS -0.619(0.606) 1.043  0.538 0.164 1767 0307
HHBE bhbin 0.629 (0.653)  0.928 1.876 0522  6.743  0.335
(BR:BRR®) XBHEREAZL 0.605 (0.374)  2.615 1.832 0.880 3.814 0.106
Z Db & XFF 0.790 (1.275)  0.384 2.203 0.181 2679 0.535
YRS LR -1.047 (1.077) 0945  0.351 0.043 2899 0331
RIBFREELHAR  -0268(1.096) 0060  0.765 0.089 6.548 0.807
£ BHELO Negelkerke R” 0.071
PR S2LL 733.864%%*
1602

ZETHY, MIRBREP)IZTRTETH L. &8, LRHBERICBVW TR, HREL OEND
LZEBIIBIE SN N o7z, 72, BOUKREVEEIBEIN-03RERECT, [LeFo
LFIoRBETFIoROK 4.9 fETEE L& 2 EAHNEVWZ 5.

RIS, [#9.17 WERBRED H 5725 OEE D |2 WS ERE LZHO VAT 1 v 7 WiRs
MORBRERAIORT. LEHIF TV RHG-DOLEZERITH 5.

EFVOEM R? 13 0.071 TH A, Tz, TEREOEFEIIHAINICEETH S (p < 0.001).
[H V*%@ékﬁf%ﬁﬁj@%ﬁﬁ—?:f‘) WX LT, Mostrs—End L TIEREE2EHIEE
A LHEEISHEICEBICHVHAERIL, FERoTXTorsr T &, 25, REREO! L
UP@J:Jia;UFtPODEPJOMT:H), ZLTHERBEEOIZFHBER LITH Y, YRR B)
BIRTIETHA. 2F 1, 20RORHGEBISTLTENRL Y LOTRTOMRDS, TR
B LTk &R, BERENTTIoBIC LTk Eeho bk loEs, #LTlH
R loa LM fBue s LIoas, THS7-bo4E L0 IS 2 EHTRE LS 2
LA NE VR D, v ANTHET S E, HDIREVEEIBHEINSL ORREE
T, [Eeho 0BT 0RO 3.0 58S+ B2 BINT 2HELIE. 72, Hy:%
B LNE, THRSIX DM 1.6 B8+ B 2803 2Rrmv. —J), THH7:H
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ENGEEZEBOEEH T TV LT, MOFEHER—EDS ETIZEDOMIBIUOTL2L ]
2RI T 2RV HVHHE RIS SN e h o 72

3.2 BREABEEDER

[#25 HRE AN E ORI ZWHNAERE L2ZHa Y AT 4 v 7 AR ORERZ K5
R, 3EEEAF T ITHRZMERITH 5.

EFNVOERM R2120.079 TH A, T2, BEREDORERIIHMETICEETDH S (p < 0.001).
[AREER OIS 7 T VI LT, MOLMS Db & TIHKRICHE S | L& 2 DR
MAMICE B ICEWHHERE, BB LI OIRBEREOIZFBER L], TVRIVERE]ITH
D, MR DPIETH D, T2, MOEMF—EDD & TIHRICH ) J L& 2 LRI
FHIAR WA E R BA R, XRBEEOMATI R E AW TH Y, BIFHREK () 18T
. 2F 0, MEFE I L@ s, 2 L CTHRENSH Ll RBusz L,
BIUOT)VRIVERE |ORED, [HARZARIEL D DTHRIIHE) INE L& 2 D HADH & W
25, F72, THR®ENIH LRI L AW o@os, THRZMERIX ) LTHRICHE
) INEEBEZBMEANITTE VD, Fy ARTHET 2 &, RO REVWEMEPBIESNS
HE BT HRBUET, [HRERER LIoBIZMTHRSE IO 1.71, TV XIVEREIOBIZMHE
RAJE 08 2.7 f5THRICHE D 12 BIRT 25, [BERIOREIMEFE ok XY 1.7
e HERIZHE D % @IS R = . i, [HRTFEEE AR o THRE] &L T
[ERICHE S 12BN BHERIE, 0515 TH 5.

RIZ, THRZMERIOIEHES 7 TV L TBOLAF—ED L L TIHKREZNHIE A2 5
MERAHEICA FISRH OB EETH ), FRRE (B BIETH 5. THRENIHF LT
[PRTE 5 & AR NI BRZFIR ] &% 2 A RESRDSHRENNICA ZITE L, MRRE(B) - TH
b, F v AWTHET 2 L[EEE]ORBIEMEFE OB X 0 2.1 & HA %2 FH 1% 8IS 55
hE L, TRFEREE AR I ORMHERE LY 0.4 5 HARZ A 28I SRR .

BB, [ZOMBI0L2LRV]OHTFITY 2525 L, HEHOICHE % 3ERIT K
HOARTHY, [DhLLV]OBE L OTHRBGESR LIOETH - 72 (MR (3) H3IE). [H
POV IDORBIZTHE | R LTI 2B X b5 v %28 IRT 2 HERD 258 i L,
[ZFEGe s LoRIETHEE | B LTI 2B X hh 5 v %8R 5 HERH 3.9 5

F=A

3.3 IXI¥—fE

[#2.30g AN A% 2 B E e L-ZHa Y A5 4 v Z RSOk RE2E 6
WRT. RMZEIBEL72 1,586 IS LCTaotrair-7z. L7 T) 3 (A E%E) 5724
LW TH 5.

ETFNVORM R?130.183 TH 5. 7z, LEHRE O FIIHATNICEETH S (p < 0.001).
[(REE) T2 ELRVIATIVICH LT, oLl —ED b & T (RE%E) IEH I
U5 L% 2 BMEEIREICARICE WHAZEZIMER (M), Fi@o1t, 501t 60 1L,
70f0PL L), F L CHRBUE (VRIS VER)TH Y, BRREQG) PSIETH L. [BEJE L
TI&RMEIDIE D) D% 2.3 1%, [HEINB LR LTI - SEIEI 32805 1154, ZLT
TR B LTINS VR IOEH 2.1/, [$o72 U] E L Tl
ULz DHEIE. ZoMNE, [(REE)2RVELLIBLIOTRL%) D LITEL
HITHIRIEFFABETDH 5205, THBEIZOWTHELREDIE SN0 R[IEFICEL 5 DA
THo7.
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F 5. [#2.5 AREABE OBBRNEST AT Y AT 4 v 7 BT,
LB SEAEE H7IY B (SE) Wald (v*) Exp(B) 95 % CI P
BRIZHED LL HL
3 (B8R BH) i -0.119 (0.219) 0294 0888 0578 1364 0.588
£ iih (B18:20-29) 30-39 -0.145 (0.500) 0.084 0865 0325 2307 0772
40-49 0.548 (0.508) 1161  1.729 0.639  4.681 0.281
50-59 0.120 (0.483) 0.061 1.127 0437 2904 0.804
60-69 0.333 (0.486) 0468 1395 0538 3615 0494
70-84 -0.169 (0.468) 0.131 0844 0338 2111 0717
PR (SR B¥E) BEE 0.556 (0.257) 4673 1744 1053 23888 0.031°
R RRE R rtedot 0.498 (0.733) 0462 1.645 0391 6916 0497
(BB TF) Foh -0.168 (0.636) 0.070 0845 0243 2942 0.792
fDTF -0.092 (0.655) 0.020 0912 0253 3292 0888
B hh by 1.180 (1.048) 1266 3253 0417 25391  0.261
(BB ARY) XBFEELL 0.526 (0.241) 4765 1.693 1055 2716 0.029°
Z D% XFF 0.102 (1.113) 0.008 1108 0.125 9.808 0927
URFILER 0.998 (0.553) 3260 2712 0918 8010 0.071°"
RFFR QPR -0.707 (0.425) 2763 0493 0214 1135 0.09 '
BAEFA HR (B8 BH) g -0.385 (0.219) 3.097 0.680 0443 1045 00787
i (B8:20-29) 30-39 -0.411 (0.493) 0.693 0.663 0252 1743  0.405
40-49 0.112 (0.503) 0.049 1118 0418 2995 0.824
50-59 -0.389 (0.478) 0.664 0.677 0266 1728 0415
60-69 0.078 (0.479) 0.026 1.081 0423 2764 0871
70-84 -0.620 (0.462) 1.803 0538 0217 1330 0179
2R (SR B¥E) HEE 0.746 (0.257) 8438 2108 1275 3487 0.004 "
RBRE rtedot -0.028 (0.721) 0.001 0973 0237 3.998  0.969
(BR:TF) Fof -0.689 (0.624) 1220 0502 0.148 1705 0.269
fDF -0.706 (0.643) 1206 0493 0140 1.740 0272
BET 40 bhh bRy 1.401 (1.040) 1.814 4059 0529 31.167 0.969
(BR:BRR) XBEELL 0.383 (0.241) 2535 1467 0915 2351 0269
Z DA X 0.008 (1.119) 0.000 1.008 0.113  9.029 0272
URSLEBR 0.581 (0.557) 1.086 1787 0600 5327 0297
BRIBE QAR -0.898 (0.431) 4330 0407 0.175 0949 0.037"
Z 01ty H3 (B8 8H) i 0.054 (0.312) 0.030 1056 0573 1946 0.862
bh sk £ (B8 :20-29) 30-39 -0.275 (0.804) 0.117 0760 0.157 3.673 0.733
40-49 0.538 (0.769) 0490 1713 0380 7729 0.484
50-59 0.506 (0.737) 0472 1659 0392 7.029 0.492
60-69 0.695 (0.741) 0.879 2003 0469 8561 0.348
70-84 1.153 (0.704) 2683 3166 0797 12576 0.101
FE (SR BRE) BEE 0.580 (0.358) 2624 178 0885  3.602  0.105
RBIEE ot -0.145 (0.960) 0023 0865 0.132 5676 0.880
(BB TF) FoF -0.485 (0.811) 0357 0616 0126 3.022 0.550
fOTF 0.081 (0.830) 0.009 1.084 0213 5509 0923
RFHEE bhosin 3.250 (1.105) 8.653 25784 2.958 224760  0.003
(BR: BRR) ZHEELL 1.127 (0.376) 8.996 3086 1478 6445 0.003™
Z Ot % X5 0.750 (1.465) 0262 2118 0.120 37393  0.609
URFLEBR 0.825 (0.777) 1.126 2282 0497 10472  0.289
RFFREQNHER -0.634 (0.837) 0.574 0530 0103 2737  0.449
2% gR% Negelkerke R* 0.079
fERR -2LL 1222.352%%
N 1602
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6. [#2.30g AR B3 22Ha VA7 4 v 7 [BR5H7.
WERBAZH HATH AFIY B(SE)  Wald(x’) Exp(B)  95%CI P
FEBICHELS LL  HL
M3 (BE: BY) oy 0.827 (0.185) 19.885 2286 1.589 3.287  0.000 ™
F i (B8 : 20-29) 30-39 0.428 (0.401) 1.139  1.534 0.699 3364 0.286
40-49 1.169(0.368)  10.062 3217 1.563 6.623  0.002 "
50-59 1.948 (0.392) 24662 7.014 3251 15.13  0.000 "™
60-69 2444 (0374) 42759 11.516 5.536 23.955 0.000 "™
70-84 2.383(0.375)  40.390 10.838 5.197 22.601  0.000 ***
FE (2R ELE) BEE -0.051 (0.201) 0.064 0950 0.641 1.408  0.800
IRERE tedot -0.639 (0.484) 1743 0.528 0205 1.363 0.187
(BB :TF) Foh -0.390 (0.426) 0.841 0.677 0.294 1559 0.359
HDTF 0.070 (0.449) 0.024 1.072 0444 2588 0.876
THEE EeYATY R 0.214 (0.521) 0.169 1239 0446 3.437 0.681
(BR:ERR) ZHBERALL -0.062 (0.211) 0.087 0940 0.621 1.422 0.768
Z Otk X 0.702 (1.139) 0380 2.018 0.217 18.800 0.538
YRS LER 0.724 (0.401) 3262 2063 0940 4526 00711
RFHR L DBR -0.070 (0.483) 0.021 0932 0.362 2403 0.885
YLD MR (B B oq3 0.849 (0.186) 20.826  2.337 1.623 3.365  0.000 "
Filh (B8 1 20-29) 30-39 0.607 (0.371) 2675 1.836 0.886 3.802 0.102
40-49 1.244 (0.348) 12.750  3.469 1.753 6.868 0.000 ™"
50-59 2.180 (0.372) 34299 8.842 4.264 18.338  0.000 "
60-69 1.944 (0.365) 28.433  6.986 3.419 14275 0.000 "™
70-84 1.728 (0.369) 21.985 5632 2.735 11.600  0.000 ***
2R (2R BPE) BRE -0.010 (0.199) 0.003 0990 0.670 1.463 0.959
IRERE tedotk 0.433 (0.530) 0.666 1.542 0.545 4359 0.414
(BR:T) Fos 0.505 (0.482) 1.099 1.657 0.644 4.263 0.295
T 0.746 (0.505) 2.186  2.109 0.784 5.671 0.139
KRR LY ALY -0.139 (0.556) 0.062 0.871 0.293 2590 0.803
(BR: BRR) ZFBERHL 0.130 (0.213) 0373 1139 0.750 1730  0.541
Z D% X 0.001 (1.254) 0.000 1.001 0.086 11.693  0.999
YRFILER 0.447 (0.420) 1.128  1.563 0.686 3.563 0.288
RIFFRELHE 0.221 (0.477) 0214 1247 0489 3.177 0.644
HLIBEL S MR (B Bi) k3 0.566 (0.172) 10.851 1762 1258 2468 0.001""
£ (B8 : 20-29) 30-39 0.547 (0.279) 3.835 1.728 1.000 2989 0.050 "
40-49 0.700 (0.273) 6.557 2013 1.178 3439 0.010"
50-59 0.896 (0.316) 8.054 2449 1319 4.547 0.005"
60-69 0.742 (0.305) 5.898 2.099 1.154 3.819 0.015"
70-84 0.415 (0.312) 1762 1.514 0821 2793 0.184
BE (R ERE) BRE 0.221 (0.183) 1.458 1.248 0.871 1.787 0.227
YRR B R Lok 0.351 (0.472) 0.555 1.421 0.564 3.581 0.456
(BR:TF) ok 0.248 (0.431) 0.333 1282 0.551 2.982 0.564
HOF 0.486 (0.453) 1.152  1.626 0.669 3.951 0.283
THBR [V YR -0.143 (0.483) 0.088 0.867 0.337 2232 0.767
(B BRR) XIFBELL -0.070 (0.195) 0.129 0932 0636 1368 0.720
Z Dl %X 0.539 (1.099) 0241  1.714 0.199 14.768  0.624
YRS LR -0.371 (0.423) 0.768  0.690 0301 1582 0.381
RIFEFR & RHR -0.750 (0.492) 2322 0472 0.180 1240 0.128
BE: F>7 KL Negelkerke R? 0.183
7w -2LL 1563.871""

N

1586
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£ 7. [#9.12c HAROKF I NI T2 _HT IR 1 v 7 MIHH5HT.

AT HFIY B (SE) Wald (v*) Exp(B) 95 % CI P
LL HL

MR (BB BH) ot 0.590 (0.108)  29.787  1.805 1460 2231  0.000 ***

£l (B 18:20-29) 30-39 0.366 (0.232) 2478 1441 0914 2273 0.115
40-49 0.282 (0.217) 1.697 1326 0867 2.028 0.193
50-59 0.536 (0.221) 5856 1.709  1.107 2637 0.016 *
60-69 0.443 (0.217) 4178 1557  1.018 2380 0.041*
70-84 0.607 (0.224) 7354 1835 1183 2847  0.007

2R (BR:EFZE) BEE -0.111 (0.117) 0905 0.895 0711 1.125 0342

1RIBRE tehotk 1776 (0.325)  29.814 5904  3.121 11.167  0.000 ***

BR:T) $foH 1.137(0.293) 15071 3.118 1.756  5.536  0.000 ***

hF 0.331 (0.304) 1.182 1392 0767 2525 0277

FE5756) hhrsin 0.012 (0.317) 0.001 1012 0543 1.885 0.969

(BB BRER) XFHE#AEL -0.349 (0.124) 7871  0.706  0.553  0.900  0.005 **

Z Dbk RFF -0.089 (0.586) 0.023 0915 0290 2884 0.880
URFILEE -0.606 (0.231) 6.859 0546 0347 0.859  0.009 **
RIHE L NEE -0.229 (0.296) 0.600 0.795 0445 1420 0.439

Negelkerke R” 0.119

2LL 2004.767""

N 1552

3.4 #BEFICHT B

[#9.12¢c HARDOKRFE N 12 HHHALHE LA-HO Y X574 v 7 RSO R £ 7 (R
T, AT TNIE[EwIZ L, [bdwlzo kL, RillZEHIELZ 1,552 %28 LCHHr % FEAT
L7-.

ETFIVOEPR? 120119 TH B, Tz, LEIMEDHERIIHMMEETH S (p < 0.001).
EJRER %L (8) ARIE T, METWICE B REROF v AR ROEBY THo72. Thbb, o
SR —EL ST, [T WIEEZLMERIECDIZ, R (B E LTt 1.8 1),
ARG (20 ROEERB E LKL T, 5018, 6018, 70 R EDOEHHK 1.6 5008 1.815), FL
ThRBBE (Tl Tl kedo b]a594, THhod d3.14) Thb.

)7, MR (B AET, RETWICEBRELRERO L vy ARIEROLEBY THHo72. Thb
L, WMOEMEN—E R 5L, [XV]EFZZHERIMDIL, ZFBEL(THREIE LT
[ZREE R LIORE2S 0.7 15, TV XRIVEREI250585) TH 5.

4. WEFECEE

AT, HARAORBEERE, REERICHEL GERINLZ L0ZEKk, &%, £
LT ANE—CHE T A MEICHET 2ERICOVWT, THRAOEREFE]IOFT— % % Hwv
TeE 247 - 7.

B2, BRIEEHRICETAHEEZIZ Lo L L2EB BRI DA ORI R 2 ER i B
589 K (1993 4E) AN 555 14 R (2018 ) FAED T — 5 # H W TEL L. ZoE, &
WCRAPBIEES N7,

o RBIRHEAZHEMT L Z LITHT A HARANOERDS, THFEIMETHEIICZH D, FFICHEFERBIC
BOWTZOMHTMMPHEETH 5.
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o« WERBRBE IO 2 HA N DX EERED R4 KT 5 —0, HO72bOAEGIIN Y5
FHRF BB EE DR 4 (I LA L T 5.

« [#25 HAE AH L DBRIZOWT, 5 14 KREICB W TTHAZ A AT HZRICHER ]
Z CPERINC 2o TR OO ML, ROZVEEL Lo 7.

o JF IR T ALK, 13 KAEICBTHNICEE - 72b00, § 14 K& T
(5 12 KAA DT & 2 IZ RO IRBIZRE - 7.

o HARDRF NI 55l Tld, EHEE[ I E[D LV ]OFHiiA 2L TEY, £
NENZ T ENBMEICH 5.

DbEzFlodsrl, HEOTERMEME LT, HAANOREESRMETETICZH S Z EHUR
IBEN5b., KRENIBIT ZEITIIZETIE, BEAIRDCOSH 2 I B U 5 KREI AN DOBRBEZFER O
T AR STV 5 A (Johnson and Schwadel, 2019), ARIFFEICB W TIIREE#RE HA
ORI OFHM & DA% REREN 2 0 A O—BUEIN I BB S N s oz, 2O LiE, HARE
ROBREEROK T2, BFRAOBLLEHL THH3NLDDOTHS LITERTE LW
TREEZ REL T3, HREROBRERROK THIIA 2B 725 N0 TOH
BeE520121%, 2R — Mk e HW2 X 0 MG RETN OB EE 257259,

KIZ, 14 KQOISE)AEDT— 5 #HWT, [#7.35 BEOREIIEE D 1B X UOT4#9.17
HIERBREE N H A 72 ORGP J 2 RS E R E L, W, FE, 58, RERE, &L TR
WERBAERE Lzu Y X7 4 vy 7RG v zmid 21772, COE, FicasHl s 2
2o/,

« BURMREL L ) IS 2 MM DGR 0, HEB XD - WA, KRR XD S
J&, JRIEBERE A K] Do, € U TTAREISRE L O XTIVEFE SRR T
H5b.

c WERBRBEZ HO 72 b DA L ) S EEMTRETH S LE R LMMARODIL, F4ER &
D - EARRE, RSAEERE & SRR, R R R X 0 (R0, € LTTHR%ES
Fi &0 MESEIRIE CORBE R L) TH 5.

KENZ BT 5 HAERE TIE, FEBIEIEEBEERFIFVI LB EN TS (eg. Pew
Research Center, 2017) b ® D, HARIZBWTIIHOF R L L7, 2O &L, HERBORE
AR OME S 2 Wy U7 i A e o i m) (B i BRBEA 2 R BUREE, 2015, 2018) X, 77
AF v 7 W&o 7R OB B9 2 B A (MBI BUM A $RE, 2019) D H) 23,
TR — M 2 BRIEREIC B W T 2EM 2@ L LTBIREN/ 2 LE2RLTwE. 20,
HARA & bW REEEF OB EROME S OEKIZOWTIE, L FMe#AICd D
CHFIIMRE BB TH A ). HEIXRDPLE 14 RETORGN RO OELBIIB VT, TF
OREEHROBRTHAPBIEINLIOEZ, 20, HGFEEBOREE#BROGHESPEELERNTD
AUREELHZZAHH. TORIZOVWTIE, I TvF— Mre v X0 iR o8
H5.

TB, HEHEOREXNGE LZFRMNIZBI 54 (Szagun and Pavlov, 1995) TlX, &M
139 2B LD DRBEEFRFBH N L 2RI L7298 D H 555, RWRICB W TIEM & 3REE
BEikoBoOMEIBRE I N e o7, M, RWIRICEIT 28T - BINAFEDIT) HER
BEGRDE W E V) HERIE, BORIZBIT 2 BT O R L Ak TH 5 72 (e.g. Johnson and
Schwadel, 2019; Ramos et al., 2016).

WORIZBUT 2 5EATHISE T, TTROSCHRBURE & BEERGRE OBENERICERm SINTVwAE T
&3, BTz RETIE, RFEEINZIARIIELE LN E V) ERFLEM L -BUER
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Y, YRIVEISNDLIRERIE, BEFZEHRLABEREZ EAHMICH L. 20X ) IKREIL
2 KERMITH 5720, AREUIMINREBEES LK TH S HARL LB L T, BREBRL I
LHSFSFRBEOEVEFILI R TV E VS 2SS, T2, FAVEIILDEL
72 EUGEER A — A 59 7 T, #D5% (Global Greens, 2001, 2012) &\ o 72BREEBURZ D
DOEHEICI|ITBUES, HAEOHIKICBEWTIZ X ) KB OERLENICH L. D
720, REREZOLOVPBOROER L LTHEmINL TV, TALDZ L2, BRIZBWT
BRIEERE THERE OEEIVEAIKRFT IR TR hb 56T, HRTIRINETIEE
AEFERENT IR TBHOVEDTHAHESY.

RO SHAERTIE, [#7.35 BEOHREIIEEL IOV TIE, BT THLHRRE L ILEL
T, URFIVEREDITH) HBIIFFICEE | B LW R - 72 SO EIEHCRIZBT 5 5647
MAEDORHERL —H LTV 200D, [#9.17 HIEREEEPAS 725 OEERLJITOVWTIE, YRT
VISIIER TR, ERERE CGHFBEER L) 013 ) 25 REE 2 B L & 2 2@ IRHH A -
7. 2FD, AR THE 722 00REEREHIC-ELTHRVEEOD 2 BEIEALN R
Molz. A, MUR7IT7ETHY, 2 KBEEHIZ R, »oERIRBHHK 60% & HARL
WS 2HU L CW A FIBICB W TIE, WORFIRRICY XS OVER SR & BB Rk & o
RS 2N TV % (Cheung et al., 2019). FHRICBIT 2 HTMAEOKREE AL L, AWK
DOXEH s & BRI E OB 25 R I2 oW T, BREEOEICEML L 72 R EUR O K 0 A
SORTERTLILIEIATHESLS. HRIZBWTIE, UYNTIVIIHHE SN L BEOBOEZ
DLDOHFHRICZE > THRHETH 0 HetEe, HREFBTIEIRULERE VW EDERIRE
ORRERNP R DR EPEZONL. I INSO&mE Y FTIF7-M%E kit
BB onie T — 7 IO BB R OB UEE 25725 5.

A OBREEHROMRME T Y 2 ETE, DHFEICBWTH ZRBUR L RBEERE O
WELDECHY T, BERNERTEDO TV I EOEEWIL, HizHlktwv. 207200
BWHRWLRE R LT, AREI—E0BH 2R Lz E2 505, 5B, HsOBEEHE
P B EEMERREBOEO FIatE % L ) g oL, EEEL729 2T, 4 DBl
X5 SRR & B L OB A X 0 SR O A EA IR S S,

[#2.5 HARE AL OBFR], [#2.30g AR - R T IhEEE], # L CTl#9.12c HARDRHII ]
EREHAERE Lzu Y X7 4 v 7 BRGHTORBRTIE, TRIHL PR - 7.

o [#25 HIAE A EOBFRITIE, BIREMRE 3RRY, Hind X OFE L ORMEIIBIE S
Nipozz. THERIZHED) J& w9 BAREMENZR L7201, ARESFE LKL T,
HESEIRIE B L OV RV SR E DS Do 72 M), IRFEE & AW SREIE, HR
SECHEREG &I LT, HAREREN D R ho 7.

o [#2.30g AL TR L, FHER KO - SRR OANLEDNE C, HIRESHR &
KRB L TYNFIVESESRBOANLED E o7z, FEEOBMERBIS ST e h o7,
 [#9.12¢ HARDKEF INOFHlTIE, RIS LT - SRS, RIEREA TR XY
(DB RY T4 TRl 2R L7z, —77, [HRE ISR LKL T, [MEiRkE B
KT NG IVEPGE SCFEREHA AT 4 7 725 il 2 7R L7z,

WA (2006) OWFZETIE, HARBIL FEhie OBEIX, WEARL, FiE, HE, ¥ AR—-L,
BE, HRKOWTRIZBWTHBIEIN o7, AROKEIE, ToOKREE—B LTS,
PR EDETITIIBWT, BREBEERHEOBEIHEV I, Lhitwv, —F, HREX
L iR L ¢, BREREBL Y RNIVHREIFRBSE SICTHKICHK S &) BREHE
HASBRA > 72 & v RERIE, REFREOMEZRIEL TWAZIF TR, BRICHET A1l
BIOBRBIRE L OMECBOREIC O R VL 2 L2 RE LTV A00d Lk,
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[#2.30g ANZIE - BTk ] & T ARORRF OGN, WERMED L8R ko7, =
FANVF—EERFMEIEBRICHE LTS L, BLU, TRV XF—HEE BREME I
VIABORREE 2D EA I ENERMITRBEINLHR L o /2. BT HINORLEHHE A
LY EERETEVEV ) FERIE, DAV F—REINT 5 B E R L 22N B0 B AT
WIe L BB D 5 L E 2 SN 505, KEOHE (Pew Research Center, 2015) & I8 DFFF &
HoTWwh, TANTF—BORIIZ OETEELERFETHL-0, EOBMHETOED LS
BIANF—HRDOLETEDL ) BERTH o202 L o T, BBl RERECOHEL LT
RERDH L., HRANOEREEREEZ L9 AT, REEROALLT, TARAIVF—EiRiZow
THHEML T BEYNH L5,

AEOFERL Y, bAETEEE, BEEBROSERY R TEADSASNS Z &2 50
otz EEOE 14 KAEOBKESHTIT B TIE, $FICEERE TS & kAL W g 2B
THHLZENHSPIC o7z, —J7, THREAMEOBRICOWTIZ, £l OBEIZEILE
ENdrolz, REBEREHRENE VWS LHRISHT2EBELIE, FRAPEMLTWS &%
ZAONDHLTHEH, ARBIBOTIERREL ZHREIBEIN. M, TRV F R
R DWW TIZREICAER & ORISR S 7275, TR Z-TBY, BEFHIANOREK
FAERARWIZERE L, BROBEI OO W TIERITE O IZ BV R E 2o 72,
F 7o, BREEEG, HARE, TAVX—ME, HARORFENZEL T, LHRER L oRM#IRE
ENLD, HxOHEHIZOWT, MAlWICABERTRHREIE -HLTwawiREe o7, &
NOHDOREPSIZ, BREHEIZOWT, BIFLORBETEL L2 L B0 L Vo 2EERIZE—
OMETHERT DI EDOMEEILD TRBEINTVEE VWL L), Bz v, [BE],
[ A VF—], TRFE] TERNE, HRETRZERZ2EZZIBOF—T—-FTHHI2L00b
57, TNOOHEERZFEFICERT A EOREBEZ ZHICELTVALE L WVWR S,

AWFFEDMERIL, B TOHARERIZBI B B2 BREEMRICOVWTERNICHERT 5
OORBEERE L THIEMLIZDDOTHAE. L2LEYNDS, KMEOHEEDOARDNSIZ,
[ EI o TVEONRNIDOVTORGEZIT) L IXHETH Y, ZOEBRIIEDORR L
WZBEAH). AFEOBERP SRS FEERRFVER SN, TNOEWIET 5700 %
S OF 72 FEHMEIITbN L Z EFENS.

.
EIORDPLE1IIROENRBHZIZILDE Lz 0 ARIZOWTIE, BT A — &

NR—YTHAANDERERA]OFHRE B E 72\, https://www.ism.ac.jp/kokuminsei/
index.html

2 £ X B
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Environmental Awareness of Japanese Citizens: Quantitative Analysis
of Chronological Changes and Related Factors Performed

Using the Japanese National Character Survey

Naoko Kato-Nitta

Joint Support-Center for Data Science Research, Research Organization of Information and Systems

This paper statistically explored Japanese people’s environmental awareness using
nationally representative social survey data from the Japanese National Character Sur-
vey. It focused on two topics: recent trends in the distribution of the answers to the
items assessing environmental awareness, and the determinants of current environmen-
tal awareness in Japanese people. For these purposes, analysis was performed using six
data series beginning with the 9th Japanese National Character Survey, conducted in
1993, and ending with the 14th Japanese National Character Survey, conducted in 2018
in the Heisei Period. The results revealed that there has been an overall downward trend
in environmental awareness in Japan in recent years. This is in contrast with global
trends, especially in Europe, which demonstrate a recent increase in people’s environmen-
tal awareness. Logistic regression analyses of the 14th (2018) data (n = 1,602) revealed
that the younger generation, especially individuals in their 20s, showed relatively lower
environmental awareness. This finding is the opposite of the results of previous studies in
some western countries. Highly educated people and those who perceived themselves as
being in a higher social class tended to have higher environmental awareness, which was
consistent with previous studies in some western countries. Political orientation was also
associated with many items, but the results were less clear than those in previous studies
in the United States, Europe, or Hong Kong that indicated a strong relationship between
environmental awareness and support of liberal parties. This may be because Japan cur-
rently lacks explicitly environmental political parties, and because political independents
are predominant (56.2%). Further research is needed to confirm these findings.

Key words: Environmental awareness, Japanese National Character Survey, view of nature, energy and econ-
omy, political orientation.
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EHREOAFHRMAERIZ 092 THY, DIEFRPWMRTHDT 1.0 2 FHLREKREZEHLT
Wb (EEREENT, 2018). F72, W LEROMEBICBVTOIE, RAKEZHEREL TV 5K
Thb. ZH)vokBiE, YU ATR=VTLRLNTEY, 5HDET V7 EOEHRLA
HRATNTOLRRTH S (K 2).

ZH 2D NOWAIIE, ZRE BT BRI gD T L, #75 TEEZ 2 M AR
A TEBDOZREBHEANDOFN < A & Vo 2 2 BEIMREICH 5. HATIZ, 2040
EF TICEREICH 1,800 H A THIXEA O 5 B, 896 DSTHIT 5 WD B 5 | & OB 72 itk
(HARESHE - ABARERF SRS, 2014) D X 512, %< oG ET TIRBBILA A
WCHEATWS, 20720, %< OMBiEHER TV 5 HBERTIZHIS OGN 7264 7%
B Z D TWDED, ZOhTYH, HE, UF—rR1 8 —rEvoMii~oBEIEH %
B2 0dh 5.

B EFEEZD CHETHMEDOL F, FRELOREBMBRERTIONEL L, ZDIFEA
ENSEMBREL, AEOFMBEMESICRL2 WENER R, HIEEED L) RSN ERSTHHES
N5 (HE - T, 2019). BZIXES (2013)1%, EFEEMEEELOEBREZIY FIF, H4
G IR BRI ORI AT A LZ R TSR ERICA Y ) B2 L 2BHLTWE, —F
T, BIER AR (201001, UL) ¥ — v OBMEHEEZWNRE LT v 7r— MilE» S, BEZID S
BN IR AR ENREO L 2Tl R, A4 L OBBREIBEOREIZES L TW
LT ErWLNILTwS, F7-, BEFLBALOHMBAERE DR, 332=714—-0DF
B - HEHEAS, BAE - EREICEETH L LML H 5 (W fil, 2004; KAE M1, 2011 &), 4R
T, B - EEENE FHEO)LHBEHLERNEZEDETRELZ L £, il »
Pbho THRLEAFICERZEE, HEOEGER, HEHESR, REERSHBBETLSMC
DRVLBEBEENILZ>TVDLEOERML DS (P M, 2015). S5 OWFFRIIEME - EHEN
DOWBERO—2 L LT, HHEHMPII 2=T 4 =2 D X ) R To NFBRICENZ
BEWTWAZ D@L T b, BARMIZIE, M To AMBRO X912, HiE»ORE I
TeBRE A ZRE LTIRZATBY, ZLOAERHLBERETE L N4 DM TORS /-
BFIZIEE o TWh, 20720, HFEOEHIEZ, ThIEFTHARANEL ASEL S, EERADOHR
EINTVULWRELLRABRIZIOVTIEEAN-LE LWV,

Mo REZRLE LB RAOERERERZES T, HL20EMPRLEOLRMTLIEL
BT HHRMARE 2 HRAD ARBEROFME LTEZ, REFEICD>THREAEZNS
REZRMBE L TE 7 GREHEEEIIZEI B RERER B S, 1961; &, 2001 ). RREL, [HAE
ANOERWERE]OE 3 K (1963 1) AL S REICHZo THOON TS HEEE TH 5.
AR - BREE (2002) 1, FMEAENRZEZHH, RROEH I ENE S 2 AN LHMRH
RKADERELTDHOD—DOTH D ERIT NS,

KIHATEOBRIZWEICE T > TWHR WA, Bz, FHNFEAGETRIC v EEow
EZORLALADLEDITHITOLNLEMFEAVRAICHT IRV ) L L3N Tn5,
Sz UL, BEABOMSIZIE, BEOVE XL LIS AN L S 2D BRE
ENERMEZ T TR, MFEICHT 2RV L2 KELRAMBERIEE TR TV A.

g & OB ERIMEDO—2I121F, V=2 ¥V F ¥ € ¥V (Social Capital, fEEMHRE
KV EWVI OB HL. V=T x LIy LER, [AAOMTTHEZERICTLIZIEICES
T, oM LrHOLIL0TE S, [FH] [HHE] [y M7 —2]Lwvo A
AOFE ] (Putnam, 1993) EERENTWA. X HICHEE (20111, HALEOXIRIZEHE
T, TOBMExEH [BHEIADZORL5F] [FHbo8-h2] [BEWE] L v o 72 HME
OB, FLTARZ NV —THORIEBEHLTwD, 72720, fi#E 01D)R£Lny -y
VE Y EY VigHd, WERLEEOBFED D & ToME & OBRMEICHENEZE N TV S JA
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HiEL b,

CHUTHRL, MOARIBT 2JIANIENARE Z 5L, W B EMEOBH 28 2 72 AR
ERTIDOTHD. 20720, HMABHLRZEZHITE, AEEOBMZ @2 72X ) ILVEK
TOMBENOFMM L TEER, WhbWAABKRO L) REERENEENLTVWS. ZLT, £
I Vo 2K E R ARBERIE, HE&RESE, MR THEDOIEZIPLVEET L 228
FHREINGL., ZO0, RIABHLREZ TE2 L2038, H~OBEENIE T 5 WHEMED
HYIH)5b.

A (2001) 1, 1963 FA 5 1998 SEF TOIHARADERMEFE 07— % b L1, JAAH
DEEVHELVORHNEI X 1EH 200, BOTERELLETHLIL2HRALTWE.
O, 2000 FEHLLEOTHARANOERMEFE IO 12 K (2008 4F) RET— & # 724
BEA 5 b FBEOHE K3, 2012) B 5NTH Y, ML (2012) 1, E#EOEVZ b $K
RELTHBABOEGOWASWI E2FHL TS, 2F), 2O THKSIERHL TV L
T, THREAE N, LTEAEBERLODDOTIERL, BIROBARANZBWTHRE L HAT
LZHAAD NBEREZETHOD—DOTHLI L2 E®RT S, 27°L, ZhFTHHI~DR
B3 5 (FREAGE) & OMEBRICOVWTIRRE S Tw v, 22 TARIIR T,
HAEIE R £ 5O VD2 B2 T RO AE RO IRTD, HANEAD AR
RO E LT (FRHAFEE) A, MH~OBEZEI IS IETTHEICET L —ED X =X 4
WP OL. ZO720, [HRANOERERAEIOR 14 X (2018 F) AT — FI2HKO &, HA
ANOEREREOERMGED TH L HBABATr— Vo 7HHZHVWTWS,

¥ 72, HNOBMEZN) 2 ET 2ERICIE, FrBKEDXEDSAE L L RFENEEDLD
DH5, HENGZERICBWTHASTOEDS LR TELWEARH D H 5. 51T, NHK
WOk SCALRFZR T A34T - 7 ke 2 H AR AN OB NI L, HARANEHRERBLED 35
M, ARIZ)I INTE Do/ EORMBNFRELED 2L, W9 HU Eomv k% i
FLTWws (NHK B LI ZEpT i EsR A58, 2014; AT H, 2014). ‘HARIZH) FhTE o7z
X, HRISHTAHEELZRLTBY, HEWCAEINTI»o/-eBH 2 i, HEEIN
BRICH L COHEREZRF > TWAZ LIZo4H 5 (fb - Bill, 2015). ZOEKT, #flzid
HEZEINZZHIRICH L TOEEERE/FOIENTELRWEA, BIRD» SOk %KD 5]
RN E L, FOZENMTNOBEBRENMIZEHNL I ENFEHEINS, L5 T, 290
oA S DB ERIE, A NOBMERID IS 202825 2 5 WHEE D 5.

FITARRTIE, F10HME LT, BE, 22 ANORPIEATYS AR EHEEIZBW
T, WEOERIE > T3 WHNOBEREN) 2 RE T 4. BAMIZIE, THRADOERME
A D% 14 K (2018 4F) Fa4 & [ W ERE A+ THA KGSS] (2018 4F) A0 RE b &2, &
FIEE B X O AR O RS GO L ) HF~OBEER) OB L OBEMIZoOWw
TOHBEK 4T .

EHICE20HME LT, EEOWMAETH LI ARADERMEFEOH 14 X (2018 4F) ffk
F—=5E2FHL, IAHERAPE > T HE~OBMERN) ORELRRNEZ L. BRI
&, HARBAOAMBRGEEFZTGEHABE) O&WDS, A ~NOBEEDICRIZTTEEL
MEES 5. ZORRIZ, B4 RASERRPITENCET 2 HHEERIIED T, —EO.LHEHE A
HZALDEADL EbETRET 5.

2. MEHE

2.1 F 14 REEMHRAEOHE
ARETEPIF AT E R R B & T, 1953 DO 1 KA LEE, [HARAOERMEFHE]O
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EERAETZ 5 FEIC1EERL CWD, ATIMERETH L2 00, HREEIIFRMET S
20 LA LD AARANB 0 & b L B e A X D i S E R E L, 33
BRI OVHEMYREO TR TEITEINTE TS, 7272 LI RE OERTEHIZOWT
&, 5512 K (2008 4E) A LIREZ 20 UL L 84 L F & e o T B,

AfgE T, MADOGHF~NOBEER) Z2MDE UF—vRI1 57— L2wh OFHEH
*HWEZE L THWS. [HARANOEREHRAE]TIE, BMONENRL S 2 MO FASE
(K& e M A % FA M T AL CTHE L TR REICH ) M TTRELZERL T 555, K%k
TiX, HWEHETH 5 MWH~OBEES OFBHAPE TN, K AFAEROHAKEZHW 2
T & D,

2018 4EFAE D K BIFAEZE O MUEEAR Y 4 X GEHiAEA) 12 3,209 TH 0, MIEL 1,584, MUY
H49.4% TH5H. B, [HRANOERERAE | OREARZERE - J048 75 8% MU S E iR o0 #F
M DWTIE, dat Mt (2015) B X ORTH il (2020) 2B SN0,

2.2 [The Korean General Social Survey (KGSS)RAZE |DRAEWNGF ERAEHE

HETIE, 27 EE bS8 ER, 2025 FITIIAMISED 5 65 %Ll Lo FEEDOE G
20.3% &\ ) MEEESAFIRT 2 L AT Tw D @EEHENT, 2019). 20 X9 2RO
he, HAREFRZ, BETHIRELE VST ~NOBENEH IS0 5.

L2»L4H, HERTOER T — LR HMEIND LI BHEVOME - AE~NOBLOEZED
PG SIND T, P ERN 2 STOWA % EOBEAR B EBEEASEZ D 9 2169 SHLIE
LIZEINTVAE., 20X ) RBHRIE, I3 H L 2 AR OMMEEBOX 720 Clddi L
ENLVWDDOTHAS. TOLH) AN - BUANZIRNIZ, Ihi CERERZAHE LT
7-ERME (EROMMEBOBRMR) ZOb DI L THRALIDOEEEZ 5.2 2T EENH L. Z0
BT, B0 ECTEREOBIREZEES Z 21X, WMEOBUR - &% - tSHOHEW IR 5
ORI RTHSL. HI4RBRAOERBERETIE, FLVEAAE LT, HRADOERME
FHATIZ VU 5 B ERR A 4L & AR (KGSS, Korean General Social Survey) & OHHETR A 24T -
7o BARIICE, THARADOERERAE IOMEIHE OV D2 %, 2018 FREEIZHE N L 72 HER
HHEETA (KGSS) FHEICBVTH WAL Z LT L.

[ ER AT (KGSS) Jid 2003 SEN LU E o -fkfeiiEmTH L 2 &2 b, HEHES
JOEAROMEZEIZINRTTARE SO Y 27 PABHIEL TR, EAMICEEL Tw
5. [HERAHAHFAAE (KGSS) JORERN, BE O 18 MU LEABLTH Y, LEMHE
(multi-stage area probability sampling) (23D W79 ¥ 7)) U F 2475 Twb., F-#HEDE
Wiz d 7z o Tid, EBEEI 1 (person to person interview) TEATLTHBH, HARADERK
PR & FARD EETEBL TV 5. 2018 SFFHADPIEEARY 4 X1 1,031, BRI 43% T
H5b.

%k, [HEHREGHSTA (KGSS) IOREAEET - Bl )70 MU F2 itk o 5l IS D v
Tid, Kim et al. (2019) % B S 72\,

2.3 SAICAVWREH

[HARANDERMEFRANCBUT 2 EMEHE I, FICA~ OMiEBRLRERE, S#iCET230T
HY, BEEBNICAFES 2T TEIMESA TS GEIZOWTIX, it (2015) B X O°
B i (2020) OFEEE —ERIZ2SH).

AWFZETIE, UTOEMEHDO~Q%Z oI H W, QOERNEREZBWT, EREH®
NEZRAEZEDRIGEVWETRLICE LD, MTCH7z-o TR, KOXH) A TIT) OPEs
HOMBEIT 72, OWNBRERBLTORHETH Y, #F 50RO TR TRENDERME
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2 POHER
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2 SEOBEIZEFHhTE:LN

® <MEAME1>#44 RENEBNLELE

f6 MR EANFM BN EELIZIEWVSLS4EEE . FHAMOTET. BRI ThitE RIEEANIFALITHII LM
TVBBE. FRIZEMZALIERBNIEVSEARENEBVET O, ZhELTTRRIFAESE 1LV FANENERL
FIHM?

1 FABIERBLENDS

2 FAESEENS

<WEAME2>#5.1 ‘BANFEIDEE #5.1b ‘BHFIIDEE’

f212) (£ZREGAD) FUSALLSAR DMSVEFICARITEISFIN, ELYDOROLBERBSAICEHETONT, K¥EE
TEEIETHLLELZ, ZLT AUTARHIRH O RICETHMLEL -, LCHHBBO. BTNz, BRBSA
DIFRIENLATAILIEVWSBRER T EoT-bE  BILSADERHDSNDH ., DINGELA, ENSTEMEFESTL
FESRBUEEHNHYET,
[CCTIRMZERE DI HEIEDEDELLDEEELDIDMNEINERVET I, KNERSHE—DLEFIBATTEN?

1 fAEEVTL, I<CRBARD

2 BBOIENRITLSTH, KBURXMICHETS

b) (HfalRL#KE. ALYART) WEOBEMTIE. BASRICESHEEE . SHMNELLA HLFFIBDOABATIEAL
T AWSADRESTD, ESLELEVEBNET A, ELLNIBATTFEN?

1 fAESVTH. IT<CHRBARD

2 BBOIENRITESTH, KBLERBICHETD

<HMEAMEI>#5.1c1 ‘AHRBRERR)’ #5.1c2 ‘ARRBR(BAOF)’

f30a) (VRF10) HE1H, HEIRHOURIEELET . TORU T, HLLMBE— AFATIOIRBELELL,
AMBBREINME TEVERES. HROTEBD S F2ETLI LML FAELEL TR, 1BOATYL. CREBNOATH,
ELLTHENEBNETAESLFELLIMEHRDBHLIITRELEL=.

BEIFELLEEN BALD) EVWVET M ?

1 1EFOAERATRILIICNS
2 BEERATILIICNS
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HRBEERLURRE—K

b) (YAMI1) ETATE. COEH., 2FIZH =W HEI-OBBDFH-THLT, HREDRADFHRE>fzELE
5. HEEFESLETI ? (EbbEENEVNVETH?)

1 1BOANERATHESIZNDS
2 BAOFHERATHESICNDS

<HBEAWEAS#56'EDIhI-VRE’

B31 (URM2) HERHITIFDLIHL2ADBRRMNNET ALHAEAFEDNDELEL, ELLDRRITONDN
BAEMENERNETH, ELLM—DHIFTTEL?

1 RAZFFTET, BEGAELSEILRIHYELAN AFLUNDIETRADDHAESE
RFEEA

2 BIZIEBRAEEFC BEGHEESEIILLHYTETN ABOILUNTEADDHAESE
FKRET
<HBFAEBES>#5.1d KYIAHEE’

250 RAR5]) DEDSH ., KENI LE22HIFThELWbTzb, ENISLETH ? (MA)
1 BETETLHIL

BRLETHL

BADEFZEETLHL

BHZEETEHIL

b ON

® <EERERER> #.8 ' RERRERE

Ri410URR22) MYICREDBADHELLEE, CORITHVTHALIIEDDEIZHTEETIIE. BEE. CDE
NICABERWNETMN?

t
ok
O
HOF
'F

a d ON =

@ <*hBONHE®E> #1.80 KhBIZEEL
540" AR35) RBIE. HEEIESHEEDIENZNTT I TRELEENTDIENZENTT M ?
1 [FEAEEELLD
2 EELMNEVRIEEELTVRIEIAZLY
3 EELMEVRIEEMFTLRIFEFIHN S
4 (FEAERITITLVELY

<AVE—FIFDOFA> #1110 10 8—FVMERBRK’
Ri52(1)RR33) BHLT=IE STEA L R—LR—=I(V1D) DB PEFA—ILTOPYLYREDT=DIZ, 1V 8—RUrE
FIALTLET A B LORALANGHRADELSTHEAFENEEA?

1 FESEAMALTNS

2 =FICFALTLS

3 [FEAERALTLVGL

4 2<FIALTLELY

FENRESIE FURAEOLDTHS.
FDMESO®RAICMWRANERTOHPER X, BEEISRREZRALEAEE (VAN ERLTEEEROER,
ANFBEBOETERBRBEDAETRLTHY, HBICHEIN TSI ZOMITDKOASEL) I DNTIFERELL,
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MAETHEDHA =y 7 2 — A LITHFEE2EL TV E0H 5.

QM F~OBEEI) #2510 UF—vR1¥—r& LIzwdy

AEFZETIE, BUCHAADE 5 T B G H~NOBMEEIR (#2.51)) 2R ERZHFEL L %
HRELTBY, TOEMPBRNERELD, 200F R LTAHRAIWERY & SR LnE
Bbw oblbop—2%RATHELTLL) D THA. HIBEZRAIENHIT~NOE
EEIN (#251))OHE, BEABRRAIEDBZOEETHY, VX514 v 7RSI TIE F
Ofy DK.(bh b)) 2k 2MEERE LTHbh 5.

Q(F EVBELDBEETEE) #7.51 ‘T & BB EEEELD

COEMEH I, PTERILOETIEY, Shh S ARPMELETREBORICOWTHRAT
Wb, 20BN BB DOZDDOBORN L VHERILICE->Td, TEDEEOBREHRES &
BERED P FELDODOBENSE VBN LICE>ThH, SEEELOBE2TEIELN
E1HhT—OREZTLS ). AEME, MEEESD, PTEBLOBRASTHE LTV
BT, TELBEROBRE W IFRERNZE 2 ), T2, SEEBELOBOEL W) BfEE
W BREZF2RHoT0wE002ME50THE. B, HHF~NOBFEICHLE2EE VLY
FICIE, WHETHOHEEE W) RN R EHRERAREICH D, Lz - T, HSERERIC
T BRRERW L EZ T E2HOIEE, I ~OBEZER ST LWHRENED D S 5.

QMG BIEBIEANDEA) #7.52 MG ~DOBAEF IR H A

COEMEHIE, B, RRBH, R, K O 4 DB S D2 EAT
b ool ST, BE & RRBR 2EbETER LL, R &K #E&b
TR & Lz, RERNE, BAE, ERHBERPSED T FBEERICHT 2B
RLDOTHD., NEHHEPHTBEBRIH L THENTH 513L, RMEHEHEOH~
BEEMNPBILIENTFHEINL., 20720, AZETIE, MHBEBUR~NOBET (#7.52))
HHZHELEO—2E LTHWAZ EIZ L.

B, FRo®, @B LU, 2018 4FE RS THO TREMICHAV S, 614
K (2018 4E) AT HARAN OB EEFAE 0P HED & LTRHSNZHETH 5.

@HENZHTBEHE) #9.22¢ T Nb ) 72WED

COEMEE X, 1997 EEREERTA, 2002 FEEREEHRAL TSN, F12X
(2008 4F) WA L HAANOERERENCHVONAZHA TH A, REE X, HERAD, BHF
RIRE SRR DALV, HEZ EOREHFATHSDONIZOWTHllo TWwW5b, HARIZAET
NTELV, LZFOEIEFINTELW DELELNTEZTLL ).

OFEHANBA T —N)

FTINEATr—n&id, HRIZBIFA2RERFA L VO TW 2 RINAEN A ERICHE
BT 0FREILEZDBDOTHS (B, 2001). Zhid, WL OPDEMIZBIT 5 EEDHA
AhEDPOLRZZBDE LTS, BARBICIZ, #44 BB NZ L% L7, #5.1 BAD
FrI7DEE, #51b BB F b7 DE &, #5.1cl AFRER (B, #5.1c2 AR (BA
DF)’, #5.6 b7z WikE, #5.1d KU RER © 7 TSI TWw5 (Fk, 2001).

BRI 2 HE OO VT, e (2000) DREEEB#ES 52 L2 L7z, BRI
1, #4.4 GEFBENZEEZ L2 I LTR2ODER FALZI LIV EW) L UFAL
IBEV DELLPDH L, FIBEEZESI EDVRMAGRIEE S, #5.1 BARXF IO
EEIHLTE 2200FRA MEBNTH, T IHBMANRES & MO EFRICR-TDH,
RKELEBICHET 2 0EL5005 L, BT BRI ENFNRHABHEL LTS, —F
TH#5.1b ‘BAF F 7 DL X T LTIE, 2200ERMEzBNTY, T SIS & i
DZEDPRICE->TH, RFELEBIIHETH OELLPD L, BEZERI LKA
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TEHEE LTko7z. #5.1cl ‘ARREBER) IS L TiE 2208 R 1 FOANEZHRAT S &
IV E BEAERIATH LIV DELLPDI B, BWiEERAZ &EPHHAGEEL
ERBH, —FTH#51c2 AHBEBR(BADOF) ITH L TE 2 20BR 1 FOANEZRET S &
IV L BADOTREZRITTHLIICV) DELLhDI L, BEEZRRIEPHRILA
BHEIZE LTWA, Fl#s56 bR ISH L2 20E R #HAZ FFTET, #
HAHHEZ2SE523H ) TRADN, HFEUSHOZETEADDAL) ZRITEA L BFIC
SHHIZ F0C, EHEAAHRZIEL2LBHDFT, AFHOZLUATHOLADDALI %
ICREFT OELLDIDIL, BHEEBEAT EDHBAGENEIC %5, #5.1d KY) 2B 12
WLTE4A20ER HHFETETHIL, BELEZTLZ L, HAOHMNEZEET LI &,
HHZEETLIZE DL, BETETHIE, BRELETAI L 2EAT LKA
H&ELTWS, HHABREDZA r — M EIZ1 E%-5TEY, ThSOEFHMETHEBAER
THLNE)PHFHIEN TV 5.

B, RAAEHEAGHEIEFREKED S DTIEHE25, 77 TV ORGEEN TG
WCEFT-TWARW., ZO00, BT Y A7 4 v 7 BURSHTIE, BEEISHEREHE L
THS> 2 &IiTL7-.

© PR R ER) #1.8 JnmEREkE

COEMEH X, b, oL, hod, hoTF, T 05 00BRIE S D72 EA
Thoo7. AEHRBIAFEREKEDHEE TIZH A2, BTV AT v 7 RS T
BULWHEIBWREREZX T FHIICY) a—-FL, YK(F~FoTF), HFHof), &Fo
F~FE) O 3BBIZHTTRo7. &b, TOWHHEIZE 7 K (1983) FA&, 4 8 K (1988 4F)
&, 9 x(1993)METHLEMEIN TS, T/, 410 X (1988) A ~4 13 X (2013 4E) # 4
TR KAFAEETIZEML TRV METORER L TW5a)2, 4 14 X (2018 4F) & T
KRR CTH LN TV, (BEREZER#1.8))PHOCOFERINAD X 9 2 REHMN
GHAICBEESNDLZ LI, TRETOELDOIFRICE > TRENTWS (7)1, 1998; HE,
2002). FOZEND, (BERREER#1.8) 7 Hv, A - HHFORFRRD, HE~OB
RN G225 RIFTEBEERET L2 L iC L.

@URH DA A ) #1.80 “AKHIZEE D

COEMEEE, KHONMEREEZFTEHNR—ATHRNRLI LT, W3EAEEEL TS, &
HLHNEVZITHEBLTWDLIEIDBEL, EHE 50V ZITHNTTWAIZ) LV, Tk
AERIZIZV Y D ADDBRKEDSH—DFITFRATE boZz. HHTIE, UFEAEAEEL
Tna L EELNREVZIBEELTVRIEII VLV 25bETHEBLTWE EL, LD
SMEVZITHENTTVBIT)IDNL W & UIEAERIZITV AW Z2HbETYHHEL TV S
EL7: AN OBEEZ RO ZERO—D2IF, HENG LTINS X912, HRRLHEE D
i VW E KYICTAEZHIRDOLNTHWAEI L HA. T4bh, NELZHERTYMF
THWREETHHITE, H~BERA ST LZUERESD D 5 5. REM» 51, (KAOB®
TLAHFZHEBUT, BEBELT I FRFTHTHAEINEI NE W) 2 Eemsrlis 2o, bl
BAEBORANOER (#7.52) HH ZHAZHO—D L LTHWA Z &IZ L7,

Q@A ¥F—4 v bOFIH) #1.11b A ¥ & — % v MMEJHHHE

COEMEHIZ, 4 vy —F v MEABEZEEZTEIR—-XATHRZHDT, QIITHEHFAHLT
W2, FICFHLTWS, A3EAEFHLTwARY, AL TOYRY O 4D0%IR
e H—27 1 BATH 5o/, TR, FIITHBHAPALTWS & FIZFILTVS
ZELETHHLTWS L, WFEAEFHLTWRW & @ HHLTWARWY 28bt
THHELTVRW EL B2, BEPOA Y -2y P 2B THOVLIEHE TS
AFTELYA, #MOELIEORX ) vy MPENLZWRERELD L. Thbh, (WHNOE
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EER (#251)) L ¥ 7 —F vy FOFAIZIIMT S DEEIEDH Y ) B, ZD20, AFET
i, (A& —2v VOFAHAZHWAEED 2L LTHWAZ LITL 7.

QFEARKFME (#1.1 VER), #1.2 4F#y, #1.3 S, #1.5 THER)

ERBIZOWVTIE, 20 A5 70 UL LD 6 BRREIZMT T A, FRIZOWTIL, FF
I (hEE LI, <SR ERER), SR (REFED L) © 3EIFICHITTwa. Zhbbl
HMZ, REFZETIE, BB EZ QBULAKRE LTHWAZ L2 L. BIAIE, MEEIMEA
TOVB OB RIS X 5> T, BWELR ) PRZZWHEELEDH D ) 5. 207
B, HHHBORREEDS, M ~OBEREN (#2501 ) 1240 508 L RITT RS 5. £
CTARMTETIE, TTO#1.5 TR O 7 BBEX 5% By~ 5 05 K, i 5 75 LL B~ 50
TR, T 50 HUE~IX 6 KERT @ 3 BERFICY 23— FL, MEENEATY S FRTTHE
(#1.5)) T 5. &b, KPEEATIE, REEINAZZRATHRWZD, A - 5 ORFIR
WIS 2 EBNRERE 202479 2 LI TE R,

SR T2o TE, HWZEMEEON 1 DTH “F2ofl, ‘DK.(bHh 5750\ IZ#E4 T Hx)
BEFHENTWE, 07, SHHITHGWZZERY 7 4 Xid KGSS AFETld 890, 4 14
REIRMFAELTIE 1,223 & o7z, 0721 SPSS Statistics21.0J for Windows 3 & U Statal3
i AV

2.4 HWAE

AfFgecix, TIEMPIOEFNCI Y HAREBEEICE T 5 HH~OBIEEIN (#2.51)) D]
BEG L BBMERE OBBREMRET A, RIZ, HH~OBAEEN (#251)) % HRZEEET S
O VAT 4 v 7 BIEGH AT, HEILEIEE TH 5 (T ELEROBIRTE (#7.51)), (M)
BAEBRNOESG (#7.52)), (HENIH T 55 (#£9.220)) 45, MAHNOBAEEN (#2.51)) 1
FAZT BRI D 5.

E51Z, BIMHARANO G ~ORBAEEN (#251)) 2 WETHERZIY TP THEKT 572
®, HRAOERMREORMMKEGIEE Th 2 (BHABAr—L), (BEFREER(#1.8))L
Vo 7R S DN ER A, (A NOBMAEER F2.5)) IS RITTHEZ IO L. mEIZ, (K
HOAMHA T (#1.80)), (4 ¥ % —% v FOFIH (#1.11b)) DITEZEREE 2 M A2, BULHARAN
HIE L 5 (HH ORI (#2.51)) OEHRITHAET .08 2 7 = X 2% L) FFHICH S 20
295, B, aVATF 4y 7RI OREIZOWTIE, KEOHIIZ X b ERRBOFER
IEEEL, v XbE 5% EEXMEEH - FRTHZ LI

3. RBREER

3.1 (MANOBEER (#2.51)) DEIZEED HiELEE

U, BHAREBEENIBT S G ~OBEER (#2.51)) DRIEE G2 WETT 5. £213,
814 K HARANOEREFA | B ERAHAFA (KGSS ) 1B 2 M hi~oBAEREN
(#2.51)) OF EMNRIEOH G ZBEICL > THEKEL w5,

ZORER, UF—vRIF—viL0d L) EBIZH LT LTHRIEVWEERS Lo
LHEED, HARIL38%, WEIL46% £->TEBY, HERDITHINNS KA ¥ MIEEW(ZhS
DO 2.3 IO HE THRRZZAGHICHCIZERIZOVWTO LD TH L), # L THATD HE
T, BEOIE) BEMEICHERT LTALZWELS L w) GH~OBEEN (#2.51)) % &
CRELTWRZEMPHBEL TS, R LERBHTRS L, HARTIZ 70 i LOEkRE %
Bz OERBIZBWTD 3525 4 SEEEOH EMN R RIAEmAA SN TV S,
— 5T, BETIZ, 20 SOEREZR: EOERED 4 25805 5 BEREOE E M 2% A&



326 MEIEFL Heok F2m 2021

# 2. [HAAOE R & [HER G (KGSS) I2B1) 2 <HI~OBERE >0

RS-
<HHEADBEEAH2.51)> ‘UF—UPI4—2ELELD EOEERE (%)
B Y B F33
(n=1223) (n=588) (n=635)
&k 38% (468/1223)
<TERI@H1.1)>
it 36% (226/635)
B 41% (242/588)
<EBHERN@#1.2)>
20~298% 46% (51/110) 42% (26/62) 52% (25/48)
30~394% 45% (80/179) 43% (35/81) 46% (45/98)
40~498% 42% (97/230) 45% (54/119) 39% (43/111)
50~59%% 37% (76/207) 37% (38/102) 36% (38/105)
60~695% 38% (82/218) 46% (43/93) 31% (39/125)
TR E 29% (82/279) 35% (46/131) 24% (36/148)
<HEH#1.3)>
SR (ch2 2R ) 34% (48/143) 33% (19/57) 34% (29/86)
SRR Ch (AR EE) 35% (189/540) 40% (104/258) 30% (85/282)
FEE(KFELE) 43% (231/540) 44% (119/273) 42% (112/267)
<HAAOBEEREH2.51)> ‘UL—2PIF—2 LD LOREEE (%)
a= Y B &
(n=890) (n=403) (n=487)
24k 46% (412/890)
<PERIE1.1)>
& 44% (215/487)
7S 49% (197/403)
<EBRER#1.2)>
20~298% 28% (44/159) 27% (24/89) 29% (20/70)
30~39%% 44% (54/123) 50% (27/54) 39% (27/69)
40~498% 50% (76/151) 64% (39/61) 41% (37/90)
50~595% 56% (87/155) 62% (51/82) 49% (36/73)
60~695% 56% (71/127) 54% (30/56) 58% (41/71)
TR E 46% (80/175) 43% (26/61) 47% (54/114)
<ZPRE#1.3)>
SHFE R (chE2 25 L) ) 53% (116/220) 52% (33/63) 53% (83/157)
SEEh (B ZE) 49% (122/247) 57% (65/114) 43% (57/133)
FEEKFELE) 41% (174/423) 44% (99/226) 38% (75/197)

F ORRBRPTEOLI ABEEER/ YU TNHY (X IERLEZDLO,

BRERoTWS, UF—URI1IF7—V 2 LTAHAIWER) s i~oBEEIX, H
RCIEEIERE, TAEREA, EETIIPEE, SERESECELTWS L wvo 7287 2 i)
ALNTVE, SSHITHR - FROEEINTHRS &, HATIE, FEOKVEBIZHRTEED
BT E M NOBEREIN (#2.51)) 2 FoBE . COMEMIILENIT ) 25K 1 Bk
Thotz. — T, BETIZ, HAOHRELIZIERIIC, HBEOEGBIZLETHEOEVE
3G ~OBMEREN (#2.51)) # & U 2EEMME W AR SN, oM, H%E
M FRKFELL DR D M ~OBAEREN (#2.51)) & L 5B AR D KD - 72,

BAE, HATRHBERZHLIZ, UF—rR 15— 2372008~ 2B ) M E
NTwa., LaL, A NOBEEN (#251))%BHET 2 EHRICOVWTIEELAICERTHY
Bz Ers, HEROBYTIFWICTIRYV RN TH 5. ZoOEKTIX, WA ~NOBMEEN
(#251)) D &) ZHEEFOHEMEA TH 200220, FHICThEBEET 2R HAR
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% 3. HHER OB

BX -4
(n=1223) (n=890)
<PERIH1.1)>
it 52% (635) 55% (487)
Bt 48% (588) 45% (403)
<FEEHH#1.2)>
20~298% 9% (110) 18% (159)
30~393% 15% (179) 14% (123)
40~495% 19%  (230) 17% (151)
50~59%% 17% (207) 17% (155)
60~695% 18% (218) 14% (127)
708 E 23% (279) 20% (175)
<HEH1.3)>
FEE(PFEZELUT) 12% (143) 25% (220)
PRED(ERE) 44%  (540) 28% (247)
PEE(KEZEUL) 44%  (540) 48% (432)
<#ATHIE#H1.5)>
BT #t ~ 575 K i 18% (218)
1575 ~ 5075 K& 54% (662)
Mm50F U E~K 6XK#RH 28% (343)
< FELBEDBERTEMHT51)>
L 29% (350) 32% (283)
HY 71% (873) 68% (607)
<HEBEBE~DOEEHT.52)>
Rxt (Rt + ) 12%  (149) 18% (162)
BRL (R +O0ER) 88% (1074) 82% (728)
<BEICHTIEEM#I.22¢)>
FEDREIZEFNTELY 17% (203) 36% (322)
BAICEFATEL 83% (1020) 64% (568)
< HIEANEEE (#4.4#5.1#5.1b#5.1c1#5.1c2#5.6#5.1d) >
R—)LiEO 12% (142)
Rr—)LiE1 37% (449)
Rr—)LiE2 34% (413)
R4r—)LE3 15%  (186)
Rir—)LiE4 3%  (32)
R4 —)UIES 0% 1)
<KEEREEHE®18)>
E(F~5OTF) 32% (389)
B () 53% (652)
B(hoL~E) 15% (182)
<{kB D5 HH F#1.80)>
LBWFEAEEE+ELLMNEVRITEE) 46% (559)
HAFD(EELMNENZIEE M TE+HFEEAEENTD) 54% (664)
<AUB—FYEOFIFAM#1.11b)>
LABWIZEAEFALLZL+2<FIALAELY) 30% (368)
TH(FEEBRATHH-FIFATS) 70%  (855)

F ORRBEZATIIOER

ANDLDHYA D AL ERT LI EPLELELD.
PRETIE, (W ~NOBEZINGH250)PE LB LA AL E2HELILEET S,
B, K3, COXROHGMTHCLIHEHAZE T ZbE, (TELELOBIRLE
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(#751) ), (WHBMEBER~NOEE (#7.52)), (HENIH§ 2 %4 (#9.22¢) ), (FH A
BE (#4.445. 145 1b#5. 1c1#5.1c2#5.6#5.1d) ), (B IFIE Bk (#1.8) ), (RH o4 4
(#1.80)), (4 ¥ ¥ —% v bOFA(#1.11b) ), FEARMEEEL L ToOWMERN (#1.1)), (Fi
J& (#1.2)), (FHE(#1.3)), EHBEL(#1.5)) Dtttz R7.

3.2 (UANOBEER (#2.51))# BMEHE LA-AJ T v VEIESHT 1 BELEIE
B & DR

22T, HAFARRE L MEREEREOZNEZNRIZOVWTO Y AT 1 v 7 IR %247 >
72, ARRCIE, T ~OBMAEEN (#2.51)) % HWEHE L, WHFEEICB T 2 MEE ((1-&
LEHDOBORTE (#7.51)), HWHBEBSRNOES (#7.52)), (HENIXT 555 (#9.22¢)),
R (#1.1) ), CGERRE (#1.2)), (I #1.3)) 2HPEHE LTHWSE Z LITL. Z20%K
Wh, FABIUESITRT.

Fax, R (#1.1)), CGEMRRE (#1.2)), CGERE(#1.3)) Lo 7@~ OBAE N
(#2252 H 726 THEEZRLTVWEIDTHSE. TTHNDENTAHSLE, 20D
RohTwn/zriis, HEE DI, BEHEOIEHI PILHEICERTU I —URIF—VE2LTH
f’\m‘: o TWAIZEPRERIN, 2oz ki, WEEDBEHEOIET ) PLEICHRTHEE

WCHTEN=FLMENZ EZBFRL TS, T, EBBOECTHT~OBLEN

#zm» BT HBEAL L, HATIE 2020 #2325 L 70 UL OERHRED
F v AHiZ 0.518(p = 0.007) TH Y, 70 L DITH AT, 2029 % (AR THIE~OBMEIC
WHLTEHEEMNTH S, ZHIxL, BETIE 30 AL EOLERE DT ) 25, 20-29 % (2~
THH~NOBEENZEEMICEZ TS, B, FREROENIESEE, AARE L HICHERE
BV THABELRMEL L TER N 2D 7.

K512, £5TIE, WER(#1.1)), GEEE (#1.2), FE#1.3) L 0BEEIIC, (F£3
ﬁ%@ﬁ%ﬁ%%ﬁm»<ﬂﬁ%&ﬂm«@ T (#7.52)), (HENZXS 555 (49.22¢) ) A5,
W ~NOBEZN (#2500 I RITTEEZRLTWAS. (T ELEEOBERTHE (#7.51))
Lowf&é.ﬂﬁ,ﬂﬁ«@?&&%b%%&fwé%% &, AR S G o

F 4. QH~OBERIN) EHWERE L2V R T 4 v 7 BRSO R - HigE 1.

B& ’BE
BRAER Ay X (95%EME M) Pl Ay X H (95%EME M) pllE
<HERI#1.1)>
(S BHTIY) 1.000 (ref) 1.000 (ref.)
Bt 1.252 (0.990 - 1.581)  0.060 1.351 (1.020 - 1.789)  0.036
<EWMBRH1.2)>
20~29%% (BBAHTIY) 1.000 (ref) 1.000 (ref)
30~39%% 0.954 (0.591 - 1.539)  0.847 2.154 (1.304 - 3556)  0.003
40~49%% 0.862 (0.545 - 1.363) 0525 2676 (1.657 - 4.324)  0.000
50~59%% 0.710 (0.442 - 1.139)  0.155 3008 (1.842 - 4913)  0.000
60~69%% 0.758 (0473 - 1.217)  0.251 2707 (1.549 - 4.733)  0.000
708t 0518 (0.321 - 0.838) 0.007 1.758 (1.007 - 3.068)  0.047
<HEE(#1.3)>
FEE(PRELT . BBATI)) 1.000 (ref) 1.000 (ref.)
PRSP (BRE) 0.875 (0.578 - 1.322) 0525 0.793 (0517 - 1.218)  0.290
PEE(KPELL) 1.081 (0.703 - 1.662) 0.722 0.654 (0.409 - 1.045) 0.076
AR -801.874 SBAE -593.658
R EELE x AdF=8) 23710 (p<0.01) A RELE x X(df=8) 41590 (p<0.001)
PseudoR? 0.015 PseudoR? 0.034
n 1223 n 890

) BARDBRIL. REICHBITIKEFILIDELTOREEZ RTINS,
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# 5. QWAH~NOBAEREIN EZHWERE LY AT 4 v 7 BRSO R - HigkbE 2.

B& L4c7)
RAEH Ay X (95%EEE M) piE Ay X (95%EHEM) plE
<MERIGH1)>
ZHE(SRATIY) 1.000 (ref.) 1.000 (ref.)
Bt 1.343 (1.057 - 1.708) 0.016 1.351 (1.018-1.792) 0037
<SRRI (#1.2)>
20~29i% (BBAHTI)) 1.000 (ref) 1.000 (ref.)
30~395% 0.951 (0583 - 1.554) 0.842 2.174 (1.310 - 3.608)  0.003
40~495% 0818 (0511 -1.309) 0.402 2608 (1.610 - 4.224)  0.000
50~59%% 0.694 (0.426 - 1.129)  0.141 2976 (1.815-4.878) 0.000
60~698% 0.954 (0505 - 1.338)  0.430 2659 (1510 - 4.684) 0.001
708 LLE 0.600 (0.364 - 0.987) 0.044 1.773 (1.005 - 3.126)  0.048
<HEEE#H1.3)>
FEIE(FEEUT - SRBHATIY) 1.000 (ref.) 1.000 (ref.)
FED(FKE) 0.807 (0527 - 1.235) 0.323 0.808 (0.524 - 1.247)  0.336
FEB(KPELUL) 1.062 (0.682 - 1.654) 0.790 0.642 (0.399 - 1.031)  0.067
<FELBADBERIFTRHT51)>
LZL(BBATIY) 1.000 (ref.) 1.000 (ref)
»HY 0.738 (0.563 - 0.966)  0.027 1.033 (0.770 - 1.386)  0.827
<ABEBEADEEHT52)>
Rt (BBATI)) 1.000 (ref.) 1.000 (ref.)
HA 3800 (2377 - 6.073)  0.000 1.775 (1.232 - 2557)  0.002
<BEIZHT2EEHI.22¢)>
FEDOEICEFNTELN(SRBHATIY) 1.000 (ref) 1.000 (ref.)
BRIZEFNTERL 0565 (0.411 - 0.777)  0.000 1.104 (0.813 - 1.498) 0527
SR -774.554 AR -588.570
K BELE x Adf=11) 78350 (p<0.001)  AREEH x Xd=11) 51.760 (p<0.001)
PseudoR? 0.048 PseudoR? 0.042
n 1223 n 890

) BEDHERIT. ROICETHKETILO>ELTORREHR LTS,

W E Vo 7 EREBAIMKICH B, Z070, KT, HABREMRITH T 5 IFREH
MEz2 TERFOIZE, SVEIZNEIND L ZEPELTREBORIZOWT EmE D720
DBERDPZABEI LI > TH, FELEBLEOBOERREIRLIRED L EZ2 13L, )l
NOBEBFMAHNEFHL W, LA L, K5 TRLEZERTIE, LATELELOB
REREIEDLRED LEZ DAV SR T B REMRN 2 E 2T & T ~OBREE
MICIZBEOMBRYEH B Z LR IR, 72, 10 RU EOEEREIZ, B ~OBEICH

LTHENTHLIEBALN. SO ERD, 0B LOBEERER ESmE0-00K
KL PHB LI >TD, TELBLEOBOREZ KESELRED L) REREHN L 2
FHE b TELERDOZDODERNLVHBLICR->TD, BHEOKRKRERLESELRE
I VWIHIBEERN LRI T 24 FHoTEBY, FNIMHANOBMENIN L THER 78
ZRITTWREMEAS) 252 5. BRBICW AL, 70U EOEERBIZE W TOM T ~OBE
HI (#2.51)) LT EHBLOBORTFE (#7.51)) L O Z QDO L Z ENFLETH L. 72
2L, YUy IV EBOHIZEY, 2 TRRHEIRICEDLZ LI,

KIZ, FERHBERTHED SN TWS GTBIEBEENDORT (#7.52))%%, HARL@HEE 12,
WS ~NOBEZN (#2.5D) 10 L THE R IEOREZHOMEIEShTWwa, FRHBK
DEDHATOEHGTANOBEBFEICOVWTERLTWAE I LIE, 52 ~OBMEICH
TLHODEL, FOZERNHHT~NOBLEEN (#251)) FRLTWL EMIRTE 3.

—HT, GHNOBEEIN (#2500 LT HRIZET b ) 72vy & B S (HENZ RS
B 75 (#9.220) ) BREHIICRAOBRICH 5. (HENTHTT 2 a5 (#9.22¢) Y IHHE X, ENIRF
HEHLE LTHN AR SOBREBESEEL Tw5D (kb - 51, 2015). L72A%> T,
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(B ~OBEER (#2.51))121F, HENIHT5EH0E LTHL H AR S OBUIRE EEA
BIE L TWB I EZRBLTWS., Sz UL, BARMESOBIREEREIMEWITE, i~
OBAEZBIFLTVALI EDEHAING., ZOZ L, EBEOBEZEDOLIICIX, EATER
T2NADS, WHNOBEZEIRT 27 —APED R LW LaGbETEETLLE, 20
RizHHrBEEEMOH L 0TI v tBbhs, <, BETE, hH~NOBEE
M (#2.51)) & BWENAEZT b ) 72wy & B (HENSHT 2 %5 ORICIZMFICAEZE 2]
TR SN Lo Tz. Fiz, HETIEEENSH T 254) 576 RETHARL DKW L A%
REsnz(FE3sW). 2oz LiF, £ oBREEAD, AENIHT2EHLE L THNE
EtEZOBUIRE BN E2H R L TWb, S 5ICEENEE O VERE ABIESTIC X
X, 2011 LR, HEIANOEHABAEZRSEZBIIWINL TS, 2ol tzBEEz L, BN
BE NS OBURE BEMEWIT L, F~NOBEENL ) NN OBEEERL TS
CENBEWDIC R TDTIE W EEZOLNS.

3.3 (MANOBEER (#2.51)) 5 BWERE LAY I T 1y VAR 21 (FEASE
D3R

TR, —HOAEMRFIEOTIRTD, HAANFEA DO NFBERO %2 2§ GEBLATE
J (#4445 145.1b#5.1c1#5.1c2#5.645.1d) ) 2%, (M ~OBALRE I (#2.51) ) I2 K IT T B
MY 5 MDA XLRHENDE. TD10, 614 K[ HARANOERMEFRA FRICKOX,
KD RWHIEHE TH 5 (EHAERAr — V)0 THEZHWT, Y A5 1 v 7 HFESH
AT, (WAENOBEZN (#2.51)) 2 EBERE Lu Y AT 4 v 7 W)dah&4r5. 72,
(MH~OBAEEIN (#2.50) IHEBL ) 2L E LT, Gl (#1.5)), (BREREER
(#1.8)) &Mz, (HWH~OBMAEIN (#2.51)) & OBMEEZMRT 5. 512, B - @EICH®E
THEATHEZ BT 2, HHNOBMEZIN (#25D))ITHE L) 2WAMNERE LT, Hi2l
(RH OAVAEE (#1.80)), (£ ¥ & —4 v ORI (#1.11b)) L Vo 7ATEIERE I Z, (W5
NOBEREN (#2550 I RITTHE LI O 5.

B, TEFVHEREKO®, HEEBEFHESERICBYC, HECTHUBTEEOALHHE
BMEL7ZEFNV(FDZ(EFNVLY, TRECHLZHE ((FEHEBEOBERE (#751)),
M B EBORNOREE (#7.52)), (HENIKT 2 E8 (#9.22¢))) ZHHE L LTz €7
V(E5E(ETNV2ETS.

F72, FUARKARAOERERAIERICESE, (EFV DE(ETV I LT, Hir
IR MEERE U CEHRHBIEL (#1.5)), (BEBIRERERSR#1.8))2MA-ETVEZNEN(E
FINECETFT NV ALY, ThoERKEITIRT. E512, HWHNOBAEREN (#2.51)) & (F
BETEEE (#4.445.145.1b#5.1c1#45.1c245.645.1d) ) & DR Z 5 L2 EF NV Z(EF N 5)
&35, KH oM EHE (#£1.80)), (£ ¥ & —% v bOFIH (#£1.110)) ZMRZEF NV E(ET
V6)EIEDY, (EFNV5), (BEFNV6)DORERE, RTIRT. B, (EFNV1)E(ETIL 2T
DVTIZENEFNELEESOREEBHTLI L L LT

FFE LIS, (EFVDBIO(EFT L DIZBWTIE, (EFNV1D)E(EF NV 2)THER SN
MEEAHLE L CTHBE SN TS, BARIZIE, ), (ol hofmiE), (TFEbEko
BORTHE (#7.51)), (MFBEBOENOBE (#7.52)), (HENIHT 5% (#9.22¢)) A, (M)
ANOBAEN (#251) ) U THRENNICHEE L3R EZ R LTWA, 72, B (#1.5))®
PEIZE LT, hREETTICEE L T B A OB (#2.51) ) MW AR S
NTVLR, ZOEEBILTHIDL)TH5S.

212, (EFNV )OI I, HHFNOBEEN (#2.50) ) I2x L CERMANE
(#4445 145.1b#5.1c1#5.1c2#5.6#5.1d) ) DA IEOBIMRICH 5. iz UL, BAE -
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# 6. 9 14 RERMIEFREITBT 5 ERTTBELD & B E R 2 M2 72E 7V ORE.

ETNLS ETI4
BREEHK Ay XH (95%EEX M) pll Ay XH (95% mEX M) pll
<PERIH11)>
ZE(BRATIY) 1.000 (ref.) 1.000 (ref.)
Bt 1.262 (0.996 - 1.599) 0.054 1.352 (1.060 - 1.724) 0015
<FEERI(#1.2)>
20~29i% (BBHTI)) 1.000 (ref) 1.000 (ref.)
30~39%% 0.921 (0.572 -1.490) 0.738 0.921 (0.563 - 1.506) 0.742
40~495% 0.845 (0.533 - 1.339) 0473 0.802 (0.500 - 1.286) 0.359
50~59% 0.697 (0.439 - 1.121) 0.136 0.680 (0.416 - 1.110) 0.123
60~694% 0.728 (0.452 - 1.171) 0.190 0.789 (0.483 - 1.289) 0.345
70U L 0.512 (0.316 - 0.828) 0.006 0.590 (0.358 - 0.972) 0.038
<HEE#1.3)>
FPEE(RRELT: SBHTIY) 1.000 (ref.) 1.000 (ref.)
FE (BRE) 0.924 (0.609 - 1.402) 0.709 0.853 (0.555 - 1.311) 0.468
FER(KPEUL) 1.184 (0.762 - 1.838) 0.452 1.150 (0.730 - 1.811) 0.546
<HRHTHRAR#1.5)>
B4t ~ M5 AR (BRBATTY) 1.000 (ref.) 1.000 (ref.)
#5755 ~ M50 Gk H 0.725 (0.527 - 0.999) 0.050 0.883 (0.523 - 1.006) 0.054
M50H L E~K 6X#H 0.716 (0.501 - 1.022) 0.066 0.729 (0.507 - 1.050) 0.089
<BEBImEEH¢H1.8)>
BE(F~HOTF:. 88BATIY) 1.000 (ref)
H(RDF) 0.866 (0.664 - 1.129) 0.287 0.883 (0.673 - 1.160) 0.371
\(PDOL~L) 0.883 (0.608 - 1.282) 0514 0.942 (0.643 - 1.381) 0.760
< FELBEDBUERFTEEM#7.51)>
ZL(BBATIY) 1.000 (ref.)
HY 0.739 (0.564 - 0.968) 0.028
<MABEBERADHE#H7.52)>
Bxt(BBATIY) 1.000 (ref.)
B 3.807 (2.378 - 6.093) 0.000
<BEICHTHEMH(#9.22¢)>
FEDOEICEFENTELN(BBEHTT)) 1.000 (ref.)
BARICEFERTEW 0.570 (0.414 - 0.785) 0.001
< FER AN BE (#4.4#5.14#5.1045.1c 1#5.1c2#5.6#5.1d) >
BEAERT—ILEF
<tkB D5 HHH(#1.80)>
LW (BBHTIY)
Ht+S
<AUB—2 DR AE#1.11D)>
LW (BBHTI))
T3
SR E -798.971 L E -771.994
KB x Adf=12) 29510  (p<0.001) KEELE x *(df=15) 82.660 (p<0.001)
PseudoR’? 0018 PseudoR’? 0.051
n 1223 n 1223

EENOBEERO—2 L LT, —HilFIIH L TORMAFBHRIEEZHFOZ L84
Tr I —ThbILEERLTVSE, ZOZ L, TNEITHEL 777y —LENTET:
II2=F 4 —REOHIBTOABBERE VI RSNHEHTO ARG ZTldRl, #
DR % B2 72— AR TEROLIRICB N TOFBABO 2 ARBERELHEL VLI L E
RIBLTWAHRE VR B,

NEEREED - 0L - LI EAERIEEROMARERE (W, 202012 LU, HE
P CRECER, Aiz)IR, T3, JEREEFEZRIRE LAEZ D LI, &fRTiEfhsE
SLIZERLZZoNTITRREDSA 7T %2E27:2 [LOMENKDL LV, FHit
M FFHIZ L 5 TEHRITIZ Z o DFIZEWIMBEDIZI B RDOFIA T TT v 2 E 222
1% EHoTwa, FRoREHE I, BENICKRITOE) VI BHBE P TICk s 720h
WZOWTIEHLAIZL TR, FlIZIERETOEDAN T TV HERZE LT, HTD
N4 DOBE) SR NEWRIZAINS = 21, REICHT2EVA A—JI2ohds2 e LIFLIE
H5. BEHETEENOEEZ B THWRwDS, RIFEOKEEGLETERTL L, RIPAH
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7.8 14 REIREREICE ) 2 GEHARE) LATEIEKE I 7287V O
EFIS ETIE
RAXTH Ay Xt (95%ERX M) Pl Ay X (95% EHEE M) plE
<HERIH1LD>
ZE(BBATIY) 1.000 (ref.) 1.000 (ref)
Bt 1.374 (1.076 - 1.755) 0.011 1.372 (1.073 - 1.754) 0.012
<FEEN#1.2)>
20~29%% (BBATIY) 1.000 (ref) 1.000 (ref.)
30~39%% 0.914 (0.558 - 1.497) 0.722 0.920 (0.562 - 1.5086) 0.740
40~498% 0.776 (0.483 - 1.247) 0.295 0.781 (0.486 - 1.255) 0.308
50~59%% 0.667 (0.408 - 1.090) 0.106 0.699 (0.426 - 1.147) 0.156
60~69%% 0.768 (0.470 - 1.256) 0.294 0.866 (0.520 - 1.442) 0.580
708LLE 0.578 (0.350 - 0.954) 0.032 0.699 (0.406 - 1.201) 0.195
<HE#1.3)>
FEE(PREEZEUT . SBATI)) 1.000 (ref) 1.000 (ref)
FER(ERE) 0.862 (0.560 - 1.326) 0.499 0.787 (0.506 - 1.225) 0.290
PES(KFEUL) 1.185 (0.752 - 1.868) 0.465 1.047 (0.653 - 1.680) 0.849
<EBTTHRE#1.5)>
BT #t ~ 55 ki (SBATIY) 1.000 (ref.) 1.000 (ref.)
55 ~ 505K 0.721 (0.520 - 1.001) 0.051 0.707 (0.509 - 0.983) 0.039
505 U E~K 6X#H 0.733 (0.509 - 1.055) 0.095 0.719 (0.499 - 1.037) 0.078
<BEREEEHH#1.8)>
BE(F~H0TF:88ATIY)) 1.000 (ref) 1.000 (ref)
(R ) 0.882 (0.672 - 1.159) 0.368 0.864 (0.655 - 1.138) 0.298
B(POL~E) 0.945 (0.644 - 1.386) 0.773 0.926 (0.631 - 1.359) 0.694
<FELBRADBIRFEHTS51)>
ZL(BBATIY) 1.000 (ref) 1.000 (ref)
HY 0.741 (0.566 - 0.971) 0.030 0.729 (0.555 - 0.956) 0.023
<HEBEBERAOBT#7.52)>
&3t (BBATI)) 1.000 (ref) 1.000 (ref)
" 3.840 (2.396 - 6.154) 0.000 3.727 (2.322 - 5.982) 0.000
<BEIIHTHIEEH#I.220)>
KEORICEFNTELWN(SBATIY) 1.000 (ref.) 1.000 (ref.)
BRICEFENTEL 0.562 (0.407 - 0.774) 0.000 0.579 (0.419 - 0.800) 0.001
< HIPANERE (#4.445.1#5.1b#5.1c1#5.1c2#5.645.1d) >
BBEAER—ILEE 1.133 (1.000 - 1.284) 0.050 1.139 (1.005 - 1.292) 0.042
<tKEDOSHEHE#1.80)>
LW (B8BATIY) 1.000 (ref.)
HhTE 0.969 (0.751 - 1.252) 0811
<AVE—FIOFF#I11D)>
LWL (BBATIY) 1.000 (ref.)
EX) 1.452 (1.018 - 2.069) 0.039
-770.073 S E -767.912
KB x A(df=16) 87.310  (p<0.001) K EEL x AdF=18) 91.630  (p<0.001)
PseudoR? 0.054 PseudoR’ 0.056
n 1223 n 1223

ARG DS (b ~DORAEE N (#2.5D))TKR T F 4 T T 0BT I3 TE 5.

F72, A V5 —dy ORI FH#1.11b)) DREE AL L, (ETNVO)IZBITS FIHA LRV
FERILHEICT 2 &, (MHNOBMEER #2508 T 5 FHT 2 LEIBOL v A1,
1.452(p = 0.039) ThH o7z, TOI L, HELLA I —Fy NEHEUET, F—2R—-TVRHE
TA=NREFHEIMI) ZLF, HOWILHERICHTLT7 7 ANPFENZ L EEERT 5.
72720, 47 =%y bOMFRHEELX, REHEOREHIBICAEGSNAWERERDHY S 5. F
D7z, (A4 v F—d v FOFM (#1.11b) ) & EBHHEL (#1.5)) O HAEHEZ N2 72{E TV
TVEFE IR LT

(EFNV DORKRTIE, GH~OBMAEN F2.50) 1% LTI HOES RHEMEHH»A T
TIE W EDREIESN TS, T2, (EFIV6)THA LN ERE ER B, £ 25—
2y FOMEH) DY, 5% KETREAETIELZWI EAMERINZ. X512, EFVEOLER
MEZ AT 2RI I, (BEFNV6)E(ETIV T)OMICIIMEITICEE R ZE IR, L
o T, WHEMICENROAD(ET NV 6)ERMT LI LIZLT.

VAR, TEHCREHMES LT, BEHREO—RELTTF LY — 2 20T 58 Z0%)
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# 8. 14 REIRMERAEICB T 2 KHAEHEZ MR 72E 7V OfR.

ETNLT

BAEHK A 9XH (95%EERM) pil
<HERIH#1.1)>

ZHE(BBHTIY) 1.000 (ref)

B 1.368 (1.070 - 1.749) 0.012
<ERERI#1.2)>

20~298% (BRATI) 1.000 (ref.)

30~39%% 0.919 (0.561 - 1.504) 0.736

40~498% 0.773 (0.481 - 1.244) 0.289

50~59%% 0.693 (0.422 - 1.136) 0.146

60~697% 0.846 (0.507 - 1.413) 0.523

708 LLE 0.686 (0.398 - 1.183) 0.176
<EHEMH1.3)>

FEIE(PRELT . SRBATIY) 1.000 (ref.)

FED(ERE) 0.794 (0509 - 1.238) 0.308

FES(KPEELL) 1.048 (0.652 - 1.684) 0.846
<EATIRE(#1.5)>

BT ~ 5 A KRB (BBATIY) 1.000 (ref.)

55 ~H505 ki 0.720 (0.412 - 1.257) 0.248

W505 L E~K 6X#H 0.501 (0.256 - 0.983) 0.044
<BEBRBmEHH1.8)>

E(F~FnT;88H7I)) 1.000 (ref.)

F(PDF) 0.856 (0.650 - 1.128) 0.271

BH(PDOE~1L) 0.917 (0.624 - 1.347) 0.658
<FELBEDBIRFTEMHTS51)>

ZL(BBATIY) 1.000 (ref.)

HY 0.715 (0.544 - 0.940) 0.016
<HHBEBERAODEEH1.52)>

Rt (BBHATIY) 1.000 (ref.)

A 3.684 (2.293 - 5917) 0.000
<BEIZHTHEEMWHI.22¢)>

FEDEICEFATELN(BRATIY) 1.000 (ref.)

BRICEFNTE:L 0.573 (0.415 - 0.792) 0.001
< I AR (#4.4#5.145.1b#5.1c1#5.1c2#5.6#5.1d) >

BEABRT—ILER 1.143 (1.008 - 1.297) 0.037
<tKBE DS HEFR#1.80)>
LWL (BBATIY) 1.000 (ref.)
Hhit+d 0.967 (0.748 - 1.250) 0.796
<AUB—FYrDOFAMH1.116)>
LELN(BEBATITY) 1.000 (ref.)

EX) 1.278 (0.695 - 2.350) 0.431
ZEEA

A8—FyMERA x ‘M5B ~H50ARMEICEE
A8—FyMER x ‘W50FLE~K 6XEHICEE

1.001 (0.502 - 1.996) 0.997
1.637 (0.730 - 3.667) 0.231

X8R -766.787
K EELE x Adf=20) 93.880 (p<0.001)
PseudoR’ 0.058
n 1223

EHRLIFLIEER SN TE L., E5IZHBlagaF 74 )V ADORERGEIERIES T, oW 558
CBWTRESHEBEIRELL ENTVERETDHE. )0 iNZD AL EDE
125, HOIZHELIED X v FPAENTETVLLEDER DL H S (Rachel and Ben, 2020;
=i, 2020). F O XD RAMEBIOZAL, HAHNOBEEN (#2510 ITHELTWEEER
BND. LA oT, (47 —%vy bOFIH (#1.11b)) 2%, MELBAEL L OHMAkE LT
B, HNOBEREN (#251)) 2RI ENIIR TS LEREINS.

4. #EEE

BUE, AOEAICHE, £ < o@sis AR T, iliils» 5 0B ERZHRT 272012, 3
KA R S AN OF &, HEES LARO PRIGEI 213 U, BEZ~OET - 37
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RO ERIES, ke 2HBED SN TV 5.

WETYH, HAHOHEERBALDORA L & 12, BHNOEEE OB EA T & 5B
RTEDO—2 L LTEHMEL ST ~NOBENED SN TS, BE, BEITHREEI 3P
(2021) THE, Hf I BRI FERRMIEELSMOMENTBY, 2018 4ENDS 2021 EFTT %
NOFTEPRFE > TWLIRNTH L. L L, AEE IS, 43 LI BEEOBIMIIRFHN>
WTELHT, £LOBYTIE, BHNOBAEZIGESEL T 77 7 —=DMPICOVTTEI O
REETH 5.

DX BRIRBUSHT L, RIFFETIX, 5 14 K[ HARAOFERMERA | &8 ER A ST
(KGSS #iAr) |Z@ U T, (MAHNOBMEREN (#2.50)) OB EHL 2L TS, FORKE,
U= RIT—=VZL720H EWIEMIH LT LTALWER Y LoRZKEED, H
AL 38%, HENZ 46% Lo TWwah, EHIERBITRS &, HARTIX 70 Ml LoEkE
BN WTNOERBIZBWTD 3EERA, S 4 EREEOHE BN R BEEHIASA SN TV
— 5T, BETI, 20 COEREZR - EOERED 4 5805 5 BREREOE E M 2% A&
BE % ->TWAE, THODRRZEEE 2 5L, FRICELN DT HEMLICEE L TW A E
THHZLDPPDLET, DI UFT—rRIy—rE L0y LWy F~OBAEN
WX 2 SR AT E & b ICAERE O W TR 5 TW A DIZFREW., BZF 5, I
HA X =T DEN, WETEY)ETSR TV NOBEICHEET A8 EK08) X, Bk
R E LM S hOERH Y 5 57259,

BAEZOCBLELDETMIETIE, V=% - 2y VI —2 R EOHEHEMIC, BAEFE
BAGOMBERE O, 2322571 —0OBK - MEPEETHL LI TS, Z1F
LY =Ty Ry b= EMHEN, FELTHRKRTRELCELMET—~ThHb. HAE
T 1980 FE0 B4 H ¥ TH&E, ARMES, S EHOUIFEER 2 Fu0z, FEIERFEDs
ThbNTV5EY, ZOLEHENRENBVELSIABREEZ Y-V YV - 2y b T—2
ELTAHARLTWS, 200, HRAPEL 2SR, BehR#if cobEiox3 2 Bk
PEIZOWTIE, RAENZWEREED L. iz L, RiFRE, [HRAOEREMEFE]ITO
EHFMGHE Th 5 (FEHABAr— V) 2 v, “HEABY -y V- 2y bT—27OWE” %
HATWS,

MH~OBEEMN (#£2.51)) #23121F, —EORSNHATO AMBERTIERL, B
M EETOME T S ANEER, TobbRMAEESTLTHL I EPHLNIRo
7o TARANOERERA |2 HAIM 2 53 2 72 E R0 L L, “EiH- 1w v
AT LOWERZ ) DL ) %EZ OB 1978 B HIZS KX LH TS (Fk, 2001, 56
B L), M (2000) DIRTHELIED AARAND <& 2 OfFE” OB ED L) REE E OO0 P
ST WA, (GRINIEEE (#4.445.145.1b#5.1c145.1c245.645.1d) ) & G~ DAL E A
(#F25I)ICHE S TE 2L, BUCARANZS D 2B, =M - AW ABREZ - T
BY, 0o ZBREANORBSHT~NOBELIRTEEPDO—DIZ% > TWnb Z L 25, 2018
HEHEEOAROHEFTHRIRNO—MNEHE LTELRZBIENTELLEEZIONS., TH90Volz
BT, RUFRIE, WHNOBMERM (F2.50))ICHENEZE X205, JUCH RN O Z#AE
HBO—HHZHAT LI EIORDBLLDEMEITTEIENTELEL). SHITA%
THALNZE I, ARTIEZ 2018, 3080 4 EIREHH~OBAEZEN (#2501 LTH
EMTH B I, BREV. ZOHRE, T SCHERICBOTEADL SERAONE 2 X
TVBIREREZRET S —HICRD 95 5.

FTBANFEAr —vix, Jok, HEOEHZE LT, REAEND, JREAABHTIZZWA %
WHrLDOELTHD (B, 2001). FD720, ThT THEIAFZA T — VIS 5 E705ET
BEREZETHEED 1D LTHMTHYORTWS, 2RI L, ABETIE, HEAR
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A — N E(HHNOBEZI (#2.50)) EOMICTFOEE S H L L2 HLNIIL TS, K
W7 TIE, FMEAEA T —VE OARANO M RZTHAERE L THVDLZ EXERTH DS
&, FRHCIHE M OBEEOREZ B 2N 5 2 biEREIN. ZoZkix, 5%0
HAANDERUEZEOIRICEMTE b £2 51 5.
SEOMETHWZ-HNEREHPAZHOLZ CIZHCHMIC L 2 FBWERTHL L %
E, WSOPDORAEZZ Tw5, FlzZ1E, THRAOERMEFA]ITIZINAZL EORBINE
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What Factors Determine the Intent to Out-migrate from Urban Areas to
Rural Areas? Focusing on the Sense of “Giri ninjo” (Humanity) in the

Survey on the Japanese National Character

Yoosung Park

The Institute of Statistical Mathematics

Since rural areas in Japan face challenges such as aging populations, abandoned
houses, and out-migration, particularly of young people, local governments in many de-
populated areas have been promoting several positive rural life activities and experiences,
subsidies for housing, and employment support for migrants to rural areas. Previous
studies have focused on the effectiveness of maintaining personal community networks,
but these networks are subjective and comprise surrounding environments such as limited
interpersonal relationships. Therefore, this article focuses on the sense of “Giri ninj6” (hu-
manity), a Japanese psychological mechanism, to clarify the intent to out-migrate from
urban areas to rural areas. The sense of “Giri ninjo” has long been accepted as a peculiar
characteristic of Japanese interpersonal relationships.

This study seeks to evaluate the intent to out-migrate from urban areas to rural areas
in Japan and South Korea, both of which are experiencing a rapid decline in population.
According to an analysis using the data of “the Survey on the Japanese National Charac-
ter” and the “Korean General Social Survey,” the groups most likely to out-migrate from
urban areas to rural areas are young and middle-aged people in Japan, and middle-aged
and older people in South Korea.

This study also aims to explore the relationship between the sense of “Giri ninjo” and
the intent to out-migrate from urban areas to rural areas in terms of Japanese attitudes.
We conducted logistic regression analysis using the data of “the Survey on the Japanese
National Character.” The main findings were as follows: (a) the sense of “Giri ninj6” had
a positive effect on an intent to out-migrate from urban areas to rural areas; (b) this intent
was affected byhigh ability to access information regarding frequent use of the Internet;
and (c) the lower perceived positive feelings about the current state of Japanese society
derived from the feeling of attachment to the country, the higher intent to out-migrate
from urban areas to rural areas.

Key words: The Survey on the Japanese National Character, intent to out-migrate from urban areas to rural

areas, sense of “Giri ninj6” (humanity), “Korean General Social Survey”, feeling of attachment to the country.
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MEE A, BRI E LT, (DA TRAZZIESN] L EIREOTFEAM]OWNE
W7 EDOT-EMGHT ] L % LA A 72 mixed methods approach DA, (2) @I DRI
ERXIOEBZOWTOEREIEDOT A T4 TICL LI YATIT 4 v 7 BREr, 2T
LN,

F—T—=F THRNOERMEGEA], ko, Bz is, o, JHHoR
B OB

1. @FUBIC

AfiZ, THARANOERMFA]D K5 (secondary analysis) # & B LT, HERADFHE
WOEEMECHE T A2EMEEH O MmN T RIAHEL L LI, Enoo[NEJEER] %
A9 5 ik R ATH 5.

TIX, &8, 20X LHERNERFAZT )L &, 2k, THRADERM:H
1D, —HIZBWTiE, ARPFEFICHELREERLLEWEOERD 1 0L LT L §Hl
ENLHH L, MHICBWTIE, ZOEMBIERD D OHAGHNREROTHTHLT L Wk

1)

TR BORIIZERT B BEI% ¢ T 190-8562 HEHBALJITHARNT 10-3
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TiEAR L, BEMHHBOINEILERNCHET L2 HERN AR bR LT3t SN TE 7
LIV Z VR BIZIEN S SRV (EHH, 2019a, 2019b).

ARk, TERANDOEREFE IO - RGWEEBLT, TDOX) RHERV R Z2RAAS
bDOTH5H. —MIZ, [R5 (primary analysis) [0SR ZERL, T—F 2IUEL, O
REGMTAHILEZBITOCHLT, ZOLICLTPEINLT—FE2HWT, #iziHl
WE— - ARHE - HE— S, Wk T8 R R, kMR E ZOMM, F LT
MEbo Mz BEX M3 2 & 2T RG] LS — RGOSR - BIK - FFEICO VTS,
Bl 012) #2Enizvw—. Z22C, AROIHH7-RBEIPMbNRAEZ IR 5. TTIC
HBR72EZAHDPOWELPREHIC, THRAOERERANIBIT S, NCLOFEHERFTH
TS 2 EMFHEICESEZE8DE, TROOMGNLTRZHEL L L LI, HMFHEHHED
[WEIETERNCHERN R EZMZ S 0D DD, REICBT L KGO0 H
TR IE WS kB,

COX) RIFH7BENZ, UTOL) 2EZOIMEMCICE > TEINL., £2b 2D,
CZTOEMMEH LI boIL, FHEER FHEICET A HREKIIHIL T 5 RHRE
BlEWINBOFFRENEZITOLOTHS., 22T, TNSEMBHEE OIERERIZS
WT, EDXD RIHHLEBEIZHEL COWOPOMHRILEE 2L, ZLT, ZOLH%

BEWEZILET, DI, IUOOEMBHEBIIEHER FHEEo LD L) wHlH%E
MELL)EL T OIOMERBLIELE L. 2L, —#K&IZ, [HEZEE T IV (measurement
model) JDFEIEM ZFEREFIEN D S DIZIIH% S, RAEO KON, 20X [HE
LIk o TEPNLEIDTH S,

29 LT, KfiE, THRAOERMREOFZHER FHMEICHET 2 EMHEBICERZ
Gb¥, ZOMEERE—EWNHEHBICH T 250K - - 7 - &%l |7
%, WhWwa[FEREITIELRL, 20 L) ZEMHHEOIHEHN 2T RIOMEL, EMGFE
HHEIZ X ATEE TNV IOMREZ O ST HERNRRAAL V) B TE S,

LHL, 20X BRI, KEINDTE VI bIFTIEZR V. TTIZ, 017 EEF— 79
A = v A FEFH SR ROIS-DS-JOINT / —#t 3L mafse [ % & B LT, % 13 XA (2013
) OFEHERFHEECHTAEMBHE O RO OBENE 2 oM. ZO5NER%Y
FLObDE LT, HH (20192, 2019b) 23D 5.

T, ZNOHRIMEARAROEBVREZIZH L E W) &, T, AT, £ 14 k¥t
(2018 4F) DT — ¥ i 2 AT\, TORERZAIR DK 13 KAED T — & 5 OfE R & KT
HEWHEZAILHAS.

T, 20X BRI, EOL)IBRBEHREIDLOTHAH 0. TOHIIOVTIE, B
TD20%HITHI LN TELTHA.

OFROTF—=5 5z LB LT, BROT—7 W OMREF CHERVHONL LT LR
i, ZREHRO T =5 5ol lo, SRo7F—5 5k BRI W) 2 &ilzb,
ZRCE ST, ZDL) BIARIOMEEN LYV RE L DELDEV) T ETHD.

QFMHDFT =55t BLT, HHOT—F 0 ORRE R DRRD»ErNDL LT D%
51, TNIADE OFEHEWR FEEOTRRIIN 2 Z DR ROE L b L) 2 LT
b5

Dbk &9 % HEMMIER T, KL, OFHAANOERMEHRE N BT 2 HRM#EHH O
TER O BN 2T R IOREK L, QHANDFEEER FE M2 IR 5720 O HMHHHE O
EXIOKGET, 25052 LET 5.
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2. ZRAMELTDT — 25t DEMIESE

2.1 [BRAANOERMRAE]ICH I 2EMBEEE OEROIERNEER|DRER
[HARANOERMEFAENE, 1953 41268 1 KA, 1958 125 2 KA Em I, Thb 2
FOREHEREZ LY FLOT, ZoMEHRESE, [HRAOERM] b, 1961) 2SS L7z,
FIT, MRAICERIE, CoOMBETOY 2 MIBITAEMBEEOERO 7T X 2120w Tl
HLTw5 (pp.27-52). i, HRADOERME—BEMAENIZIE, HARAOIMERK [MEARE
B TE#] TR - FEb ] TAMBR] [BaozEi] 4 - 3t - A - EoME] TBIGH
B THARN - SAEAN 2T 52558, Mt FEZ2EOH - B2 IETL L LI,
ZORBAEE, 3000 DI — FIZEEHLE, FRS5ICHESHTRHEDEMEER 21&
BLTWo/zl W) FIHTH A, ZOL) ZEAMBHHOERD S L Lozl ONE D
M, 8k vV (pp.530-54) IZPERE N TV 5,

FIT, EHXOMERLISTEE0IE, Lok ) ZEMEEEOERO 7o 212 L
T, 2EDOX) RIMEIREINE I LIk 5.

(1) [HRANDFEE®FEEI L IMEOERE L) TIEINEVIMEID L. 20X
I [ HARNDSEE G S8 ORI - T, [ERM (national character) ] &\ 9 BE&
IZ2WT, i, 2¥DLHIZE TS,

[EREOREIRNEER, HAZT T GGEHEICBVTHHE SIS N TV LD, D)
Hid, SCHK - BEHZD LK R b 00 % <, Lzdt> THROFMMHRIZ KD > T
%] (p.27).

ZIT, MiE, ToX) BRMAREHHTENIRD- T, TERME]E W) B2 [HR1ER (opera-
tional) IZEF#T 5 2 L KT 5. 9 LBRERERD T B 28I, 2& 0 2 /i
ERR LY (N

QEMEKHAEORH RO BIZE D540 19 S EREZ HIB§5 &9 A Inkeles (1997) DIEET
AIB 78— F1) 7 4 (modal personality) 1& 9 74 74 7 L RDEZEPRHAEINT
w5,

QS DIEHI B2 121, collective consciousness & aggregate consciousness 23 5 .
Collective consciousness & V9 DI, HAHAXLEFMAOER &AL LTRIMETHY, £
NI 2 NOEBOBMNZ B2 72 ME O D 5 &3 5[ Fikimiy 4k FE 2% (methodological
collectivism) |O# 2 HIZVOM&TH 5. L2 A0, WEIMHAZHME LT, ZOADRT
Z DHMTOEAERELTAT, ZOREGINTHEEHEOLRMEEL RE] (.29 LT
Wb, ZTZT, MOWI[HEAEIEL IS aggregate # EHERTHHETH Y, Z2I121%, ERE%
aggregate consciousness & L CTHZ X9 &35, Wbw 5[ J7 Em M A 3 2% (methodological
individualism) /OB EP I TV 5.

VD ED XD lERE]E VI MEED ChiEm» S LT, 20 L9) RIERMEIO TS E
LTMESTONLT AN E OFEEFRFEENE, [FHEVIHRISHTIREBOAY
EORTIT - ZEZH - RBUFG - BTl EgkshszbotEzons. LrL, TOXH
BN HIEFE LTS & v ) FH S OFFH o ME— 3228, WHEE (1996) O HiE
TV RS IE[FHEFEFZHOB I E VIME—DTTL B2 LIk 5.

2 THRAOERERE BV CIE, ZOEMHEEDOERICH T, TRFTOL
Bk - BEHNCBITATHRANDOERME 2D 5 S T EE 2Rl PUE] [54] [#IN ] o # e
ENLIHDIL S, 22T, EMAFEBOERO 70t ANFHENL TS, LirL, 2
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DX HFWHIL, FOMMEE OB (reproducibility) 12 B4 5[ 7 0t AR B | (i
¥, 1981 O HFE) OFHBIZIE L > TRV E VI RBFEHEZEZ L Twb. T EANIZWI 25
WBUTO L) ZBETHS.

i) 3CHE - BROTUEENZO VT, HRIZDED L H BTV

[ERMEICE L TRtk L Td 59X TOIXHA S OMERIEAROMINE TE o7z, (Pig)
WY HIF 72 bDONDOATL ) 2HPAT, EHH, HEk, HEICX o720 (p.31).

COBHAPSIE, DT L) RMENITTL 5.

O3CHk - BRONED T - HPAAIIE T L.

QHIBEDI HiLlE vy ZLITELT, F£45— B8 (1985, p.257-281), HiH (1998, pp. 356
432) —i%, 2T, THARAGORGE] L TTTREBROBFEICB W THBEOFEZHRRE L7225,
Z DX %K - BROIED BARN 72 F7 512D W TEHIA D 2 .

OBED[HPAIE WA Z LI LTI, AROTF—<ThsbHRADTEHER FHEEIZD
W, HADEH] [FHAAY% OEBIC BT 2 ¥ MESBRBEINTZ0 L) »IEHSHT
v, FLTEBIE, ARAOFHES FEMEICHT 23X - BRE W E, ZofH
DOHBIE EITEHDONE W) MEITTL 5. BIZE, Ak1992) 1, ZIIEHE W) SE
FE 572 TTI RV P26, [MTIWFENALEOEELZRD TV LA, ZUITiH
OS] — TR EBERPERICL > TR ENDL — 2B BERRE— ABADODL OTIE W2
SR EZDI> T THOMB NI L > THRBEND —DHFEAEDPRBEEINTVS EIZBW
THOLNTHEEVS)., FH72L35645061E, COLIBREH -AAHLEEODEEDTTI W
SCHR - BEBIEDONRE LS TLHDTHA D .

i) SCHR - BRORLBO[5H L TREIRNZOWT, RIEZ2ED L HITHE VTV S,

[EREIZOVWTWAVARBENTVANAEEZA—FIZEY, TAZHHEL, Z05bHh
L%t —OMTERALIIBITAEME LT, BHLEENENL LI R ODOARE RN 7]
(p.29).

LL, SZICRENTZLEDOANL, ZO[FHIE[EIRIDO T 0t 2 2 84K8T 52 &
AR TH 5.

WIFRIZLTYH, UED L) %7 22T, Hizbid, 1 XKHEOWEE CEMK 2
SR ER2D, AROT—<TH 5 HARANOFHEMR FHMEICHET 28, 17HBE R
72(p.37). ZhoHDIEBIL, WEOHZENRLEEDIILHRLRY, H 13K, 6 14 ROHFE
T, ZTNHRUTOR1IDEB) 4HBE LR >TWA, L2L, %28, E0XHIiZ, HEEK
ZWS LTELZONIOWTIE, BEERHIIHME RS v,

2.2 BARAOREER SHMEIIRZ 2 -00EMEER O[]0k

[HARANDEREFAE BT 2EMEHOER 2, i, THHEGEOER] [ERLLH#
RL, BEERD LM BB R %2 E B8] TR 250kl % K 72200 ]
HE1NOF AL TIFELTWA, Lo, UWTFIRLZM 12, M 13a, B 13b, M 14 O HA
ANDOFHERFHEMECE TS 4 o0EMERIZ, COFEEENPSTLIROE, TC[—
BN EREFMEBTEMIE 2. 22T, 81, Ihs 4 20EMEBISHT B[ HED
BIRE OO ED L9 RIEHEXITEET 5.
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# 1. THAANOERMERIE N B 2 FHEMR SIS 2 B HEEHE.

12 HAliFEL ot VAIE, FREZESS TTH, TR & BEIRVFT TN ?

1 2 3 4 5
L8Ny ] BTN T Z Dfth bbby
(REA )

f13a) REUZSOVWTRBEE LEZWVOTTA,
Tl i, Sialid, AAMEMEMELLEDERF>TVNETL?

1 2
HoTWS, FLTWVS Ho TR, FL TV, Lz

a) ZTNTHE, WEETORHZIEI» bV 2L [FEEWRL] LI boik, KEELERN
T, EhE B REULELITRVERAN?

1 2 3 4
X KEIThn F DA kel NCYAdA
A ]

14 Stk Thott] LI bn%E, FLTHETH?

1 2 3 4 5
B3 Ebbkt FLTix Z DAL b
ZHhiad A/ (REA )

M12 JGHZERR,?
1. %R — RI T4 T I
2. — 0RA b
3. EIX . o FH T4 TR I5IN
M13(a) B - BoxrFHoTwaie?
1. FoTwd - ELTWA - RI T4 7K
2. FoTwuZwn - - EFLTwhwy - ATTF 4 T IiH
M 13(b)  SFEEWZ LT KA ?
1. K4 - RIF 4 THRI5IN
2. RYITH o AHT 4 THITH
Mi14 [HoOWIZFELTHE0?

2. L htkdRL - 0KA Vb
3. RELTwRL - AATA TR

PLErs, T 4THH X Louis Guttman @ Facet Theory DHEETW 9 & 51X, attitude,
belief & % 1 values & 5 7z[content @ J5 [ J TR & LT 5 b D D —Facet Theory (2D
WTIE, Levy (1994), E#% (2002, 2021) 2R & hizv—, ZoORRFE OB D i
BWTIE, ZNSHIEZOQORIY T4 T AT 4 7OMNTE M1 %5FE, QEARIZ R
AV EEE, ZOWICRY T4 TOHMERTT 1+ TOHMERLEZE, ©D2o0054F
WA ensdZeasbirsd. LerL, 77— 5ol #EEH (a rule of thumb) |72 59 5 7% 513,
COE) REFRBOEXRBERICL - T, BHFEEHHBOBRMEIIRE 2B L2252
D & 9 B, “format effect” &I TS —.
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BETRK, K.
Z L ThrBRy

REHEA

FRERHYHER

HEBREY IR ZHRIRT 2 5
—fxft EHTHHEVHRE

I, EEfL RE1L,
EFLTHY TV YT

g, ¥ S VOEHIL,
Z L THEOHE

1. [79 2Dk L HEN WD E T IV, Wallace (2018) X 1 iz,

ST, DED L) 200 fEEEZD o T, T TEBEDO RN O NI % [T IFERR
LTBE2Ww, ZRIEUTOLIICTFEDOENLETHA).

HRo&#HE, €L THENEDERN 2EZ D12 LT, KHIIRLEZ[TIAD
] (Wallace, 1971) EMHINAIEHBEDOEFT VA H L. ZOEFADSLT A% 5L, [ERHK
Tl V) ERIC X ATEIZE N, THIER A © G BlE i M E AN A TIRF NS S & DWW TR S
ﬂér’gﬁﬁéﬁfﬁﬁj%ﬂilﬂfﬁfﬁbﬂé AN E OFEHFR FEEDR T —< & INLEGEETY

I % BlE, FOROOBMBEHEL, FHEERFEHEME L WO THEEARNIHIG T 5[ ERE
%Uk‘/")uﬁ’) TR HREINBIEZTOLDTHAL. F2T, ZRKOGWE, CHSEMHEEASE
DL BIHWEBI»SEINTZLDTHLEDEHERT LI ENOERETLIONEBEE V) Z
EWXh b, EZ2AHD, THRANOEREFRAENZBWTIX, oL 9 2B %2 (theoretical
consideration) /DG LT LLHETLEW—22TiE, M1DO[T7F A0 ]ITWwW2IX, A1
OTFEREOMEICESEZ L TTHEMLTERD, SHICEHO EABROMEIZOWTOR
b, URHYIHDH—.

Fhekdiz, TnkH &%Eﬁ@ﬂ%’ﬁhf‘, SHICHEMLTBIRELLLT, HizbD
[—RAHT N H O s - BATAKR - @R LiCBF 5, HRANOFEHZER wFEHEoHM
%&D<Z>uﬂﬂifﬂ§b\f‘onf§t DL DS, FEHAASFOFIRTHE, SN T & 22[HMHEE
THbHE0L, GLAAVEDH %EEYE BOTHHASNTWB[HFEHEITHL L) T L
BHb., TOHIZOVTOFMNIE, $EHIC X Dk (EH, 2019a, pp. 279-282) # B S /2w
A5, CCTHIEBMLTBIRITNE ROV E2H b, FUE, DL LEHESR EH
Hewvd) F—< BT 2EMKAEOHROFD - 04 - ERZD o T, —HOBKIZE
WIS - HEEDO ZEHRNE OIEEEAL (standardization) | & D W) RE FAIAFE. I NTE 72
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(Hill and Hood, Jr., 1999 ZZ M) D23 LT, MO HRIZBWTCII[ HEHFEOSEEE D
WARXBIRPPEFETH L. T, REZFI 0w b, ZREIEHBIIEZONALH L
[T Rwhd kv, LaL, Pid b HRAOFEHER FHWD, BkoFY
ANBHEDOENLEL HRT, ELDTERTEIOLRXVOF LD THLENLTHLE N
I ZEIFHEBEVWREWTHA ). ) LT, LBOARANDOZFHER FEMERZ D 400Y
MIEEZ, TNEFNEDO L) RIZRTMEI2EETHLDE RS> TV AWHEED EbDOTHY
EVZDBDOTIERPAIP. O LD RERLYS, EHICLAHARAOEREFTAE | OR
GO BARR [ 2 5.

3. RUER/FUEICEATIERREREOT -2 0MH

VLSRR T EEZOMBERL—F L THE—IZb 2 D0n TR ENE 7= 7 5E, AD
L OFERER TEHEARZ LD LT A EMHEEE ONHE D #EE (measurement instrument) |
ELCOBMEDOEHMRE — 2 T TOMED, [—RAOMNCELTRINZTHA ) FEHmM %
FEETR LT, TR NCBU 2 ML BE» ST 5 TH 5 L v ) FBRICBWT,
HWREEWIEREZH W —2FRETEIDTH 5.

TiE, TOX)LEIMOBERIEZ, BAMICEDLI T RINEnH &, T, FF
BEMEB T H2MEDOMER—2F D HEDERGA ] —I2H L ORFA» SO T, X
2, TNZENoHHE O[EHEY (reliability) | & [ % 24 (validity) [12d & D REINE#EDTW
CEWIHFETH D, BEOMBIEM: L TZ BN EORFDRS W - HEY - HEEIZDOW
TRBBS 225, BiEOIHEDOERGAAND &L MFHIOW TR, [HMERE] (FE2)I
ROENL[Z0M - bS] EVWIHIED % DRESZHALTBL ZEFREELREE &
5. ZFOREE, ENHIEHOR IR E W) ERICBWT, 13 X#E D 13%, H14 X
TE18% L, RREL o TWVABIEDWbPsb. ZOMEELED LI IZHRITEH1ICON
TiE, E#i(2019b) 2B ENT WA, S TRUTOF— 55 Hz2#DB1IH72oT, 2D
ZERREICEEDTBLIENKRYTH .

3.1 ERFEEEB ST 3 EEDEHS T DIRET

(D EMoREORIREOBRICEDE CTRIGEDOERS M2 B Tn v hk

4DODEMEHOHMEFTR (R 22 R TR oR, [EHEER2 T, TEIXhw]
(13%) — B (28%) — [ER] 59%), [BW - FBLitHFoo Twa 2T, [FHoTwna]
(26%) — [FoTwiw] (74%), [FEEM IR TIE, TRETRW] (30%) — K1)
(70%) L) X912, EED % B—HIZhro TREL ZoTWwAb0D, M1 doit%
Brahlcid, MELiV] 36%) « [Eb5EbE00hb] 21%) > [BL 5] (43%) &
WA XA, HED % PFEATTEL, MBRTEVEWITBE—\WbWw B[N, E—F V5070
(bimodal distribution) ]| — & 5> TWAZ EWbhb. TORENIS, =ZHERMOEIRKD
Y riZid, middle point OERPFOEZAHD % S[HEOMHEI%E &L 85— &, [T/NOfE%
WANT =2 D2ODINF = HHI ehbhb. ZOX)BEROMERIIZOWVWTIE, &
5k AP EERD.

(2) FHERFHEOFHMHEHENIIHET 5 L) Kk

CZTORER, 4 OEMERICHT AHE/REEY, TN ENOEBIIK T2 HEMN %
KD %DOREZIIBLT, TE2ALO LBAERALY, €53y FORTRIEMIIHET S L
WA TETH S, FRIIK20EB) TH 5.

22, TOLI)BRRETRDLTRLIE, HRAOFERER FHEOHHICOWTOLE
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2. FHERFRRIC S 5 BRI H o HAER

f12 et e &0 0 Y a— Pk
BISRFE (KR BLARPE (KH)
%4 % H3h% x4 % 5%
R Hignwn (18) 180 11.3% 11.5% 202 12.8% 13.0%
il (257) 356 22.4% 22.7% 443 28.0% 28.5%
BMEH (357) 1032 64.9% 65.8% 912 57.6% 58.6%
&t 1568 98.6% 100% 1657 98.3% 100%
REE  zofh 6 0.4% 4 0.3%
D.K. 17 1.1% 23 1.5%
&t 23 1.4% 27 1.7%
&t 1591 100% 1584 100%

f13a 5l - FLEFF>oTwah ) a— Pk

BISKIE (KB

HI4RME (KR

i % H5h% g % HH%

% Lo T fFUTwaw (14) 1151 72.3% 72.3% 1175 74.2% 74.2%
Ho T3 - FLTw2 (25) 440 27.7% 27.7% 409 25.8% 25.8%

At 1591 100% 100% 1584 100% 100%

FI13b TREEMAL BRI ) a— Pk

13K (KH)

SE1ARFTE (KHY)

BEHL % 2% BE#L % H%1%
a5 KEITAHw (18) 328 20.6% 23.8% 388 24.5% 29.9%
K] 2R) 1053 66.2% 76.2% 909 57.4% 70.1%
&t 1381 86.8% 100% 1297 81.9% 100%
RAEME Z Dl 47 3.0% 48 3.0%
D. K. 163 10.2% 239 15.1%
&it 210 13.2% 287 18.1%
&t 1591 100% 1584 100%

Ml4 "Hott) 2EL 55 Ya—FR

SHI3KAAE (KEY)

FIARHE (KB)

FE# % H%h% FE# % %%
B BLThv (1K) 530 33.3% 35.8% 540 34.1% 36.1%
Ebs b (28) 310 19.5% 21.0% 308 19.4% 20.6%
8l s (3x) 639 40.2% 43.2% 648 40.9% 43.3%
&t 1479 93.0% 100% 1496 94.4% 100%
RAEME Z Dt 10 0.6% 2 0.1%
D.K. 102 6.4% 86 5.4%
Gt 112 7.0% 88 5.6%
Ait 1591 100% 1584 100%
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BA4  ThHhott)] 2EV5
(5 1Y RAE : 43%., % 14 KRE \43%)

fl12 Sz ees
(% 13 RGHE : 66%. % 14 KA : 59%)

B 18(b)  TREA 0 1XKY)
(% 13 RFAE : 76%. % 14 KHE : 70%)

2. HARIZBY 2 FZHEROFMOE T I v F.

BEDBVIRX{DD, BAWEETARA—ITELZ LIRS, TRIE, —HORTRED
[RER 2 ERE L) I (T0%) &, ok EBOMEN - BLhitRoTwna e vy
B (26%) D 2 DODM—Z D 2 2D, Bk B[R MERILORMOFEEER FH Ml L
o st BERFBHE I E2 R L Tw b —OFEIREINTEY, F0 200D
2, THEHZER]E V) HIEGBI%) &, THOWMERF LS IE I HEU3%) PMUEDT SRS
KrlhoTWBEWN)IZLETHA.

CORERD S HRANDEE G FHIECOVTOUTORBAELLNEZ LIZRD. VWD
FTH%L, TOLX) HaRRIE, BUOTHKIEWHYHELSEINLZ LIRS, 21T, &
ZTOREIE, [EW - FBLEFoTwd [ E[FHMNRLIRYE W) 220[HIED %Dl
BE WML LIS, SEHES S SHEEIC OV TOER IR WO HETLH 5. HAW
W9 e biE, MiEE, THAHEREW - BLoxRo TR D [FEH N LR L&
I W) MELEDHFHEZRTHAREZOMABOBEREZDEIDTH . 0L ) REIEHEH
M, 41 KAE, OB L TRBINTELDLOT, #- 4 (1995), FHE (1994, 1998, 2001)
W& oT, MEkM - B2 ODRT - E2 T - 8ot )] T3 - AF & v AR
DHYFHIELHIZ, THRANOERME 2O 2 FEAR[HE - Xt - REI012& LT
MESFLNTEZ. 2F), TRETHRAOEEIIWNTHEZZTORMTHL] THAAD
HJEEME D2 5L LT nation specific 2 D& LTHRMRISNTEX7-0TH 5.

L2L, ThE CEBREBEREDT— 7 50 % & B L CTHCkOFZHER FHEOZL %k
YR T EEZOREN ST 5% 51X, FIUTHARIZHAE 2 ESHEBROEH E W)
I0d, L LANCKOZEHER FHEOEAD T EDBOMEZ/RERLTVWE LI ICH
bhs.

WK DFEEAEF OB BT 2 EHOBALICHET A Hm e LTIE, [HBILHER] 5%
B TR GRER PP LN EDDEVZSE I NSDOFMIZOVTIZES (2020) %
sRENzvw—, SZTELRIEHERAEG NERT 24251, 20X REROFHIFIL
Luckman (1967) 12 F T#ll b Z &EATE S. Luckman (&, —J7 TIEHI & H EAL S /-2 H 0
FERLTERLELETIN, LALLM ETATEDEHEZRDLLERE LD TIEEVEN
I. ) TIELLT, AEDLD LI RZ % WiE#K (invisible religion) |23l T & 72 &
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Wy, D%, EEAEOERICE L L) FHOBALE, EHEMRIGIOFERELTTERERL,
ZOHEMNRTEEIOEL—RL AL - FETHEANDEN— & LTI ZDTH 5.

D L) BFEROEANZDONTDEZ T %, FlchBE =8 e3P ), ZOEHRE
HPHIC b 2B — 5, EBEREREOMAN ZHF O 1 D TH 5[ FAlEE A (World
Values Survey) JIZd & DWT, EHIZER L72D2%, Inglehart (1997), Norris and Inglehart
(2004) THBH. FIZTiE, HEDOHEREIZE LT, NEOEBEERLHMIZOWTIELERZ L)
ETHANPENBEZTVLA, ZD XD % AL BN BN BB EMEE 2 HT 5 A
YeThHsbELT, [RXMERICORROFZHER FHNM ] & B % B8R =k
DS TIER S HNCATE DT O NB I B B.

VLo XS #3565 01X, MOROMGHN - FIEMIEICBIT 2 RA R WEH D 5
WIE[RA MERILOIREROFZHER FH I L ) e, THRAOEREFAENCBIT S
[RH O] &I & & NEIIE D 2% ) Flli (equivalent) 2 b D EVWZ DT RN 59
e BT TL A EIlh 5.

ZLT, 2972235501, HREFCROECIZIZBWT, 2L EDIDL) REHEE
WOREEOMHEIC BT, [HEE]EDVIRELDOPTTETNEZLEVZ DT 2N
BB ZDE D) RN E OFEEER FEEOBE, FROF ) 2 M ERRIIBWTEY
b, bo LRI, TTIRHAMRZIIBWTEOHEIULDPIEE > TWADTIEGers9 0. 2
DEHZ, NOE DFEEEDR FEEDOBALIZO W T OEIFW R 2 H2 3 5 & v BEIRIC
BT, [HRAOERERENIZEBREBROREIS LT, EHLOTRELEZRN DL LV
DRIFNE RS RO THD, BYVELICESD, [ARAOERERAAENL, ORAOFEHE
HhOEEo AN TEREEJZRB L2 W) EICBWTEREEHLEVILD L, &L
AZORKE O H@EME] THOME]2RBT A LIl HIZBWTEENH L LW
IDH, T TOELEODEELH N TH 5.

B2, LED X ) L HARANDOFHER FHMEICHET 5 4 20 EMEB ST 5 MED
EEOA IO, £ 14 KATICEALERTH L0 E) 2, WbhbZ ilhb., 2
T, SZTORREZHE1I3XAEEL ORTAL LS, ZOEERNLRENEISRLIH72ED,
MEICKERBEBVIIR N, ZNTOMHEIC % U EOENTTCETVRLEIAZHIFT
BLETHRBE, [HHZERID 6% 25 59% (2, F L TR IIRYIA 76% 205
70% 12, ZNFNBPLTVwE, TN 1O0[MEBE LTHEL TV HDTHL0EHI 0
X, GHOEDbD THRBFVEELRFERETHL LV L.

3.2 HEAADOREER REMEICET 3 4 DOBERIBEROIRE D&

ZOkr v a vOEIE, A oOEMEBICEINLIERNEOMRFT L VWIZETHE. 2
DX BRBEIIH LT, I TIIHSLIEIC BT AREOHE  OWMge L, Ha%IicBiTs
[MAEROWEEIOMREE VD 2 0DRBO LD STHEBINIE VI TA 74 7 28BHT
5. FhuE, BRIV 2513, L0 4 o0EMEBOMILEOIBEFROBMEIE v 2 &

BT 5. 2F0, TITE, F0L) EEIOMGH 2L BLT, 4 oOEMEHOIN
BIOWMFAERALDTH S, T, TD L) L[HEEST 07012, LD X ) REFN T —
MO EIVHESNTCE 2wy &, THES M) v 7 2] TR T2 Ny
70 aBEIBBHITONL. 22T, KEIIBWTYH, UTOF— ¥ 50— S —128
WC, TNHOFEXFHTLIL2HALDOTH 5.

LaL, ARTIE, ThooBEez iy — 2 50k T, Beko@E8E# w8t
OWRFIRIZB W TUIE, IS OFLEOFHAIENOBEREFOLDTH 722 nH) 2 & &l
ALTBEZW., FhUd, —STWI 251, BCkoFy 2 A IIBW T, ATEDLE



AARNOFH B FHI B 2 EHEEIE H 077 im0 2 i 349

HER S FEMERA L ORI T E A EMFEEE X, HEICEVWHBEBEERZRL, %
ISR 1IRTSHEN, 2008y 70 o RBOMEDRKEVWEW) T LA, EHELEHE
ENTERLENH)ZLETHL. 2F), ZOXHI)BT—FH5MOFFEIZL T, BRIZBWT
AL OFEEER FHEETFEND L 0N, EbOTHET, BET, BATHrI LD
MERRINTEA, Z2LTC, 2OL) 2 EMFHEEB MO BEROMM]Z 223, THESE] L HFE T
ENHICHBELWEDEEZ SNTELDTHA.

LAY, BERT, BCkOF ) X MHAIIBWTYH, 20X 2E8aE@  wSEtkoli
BN, HEIEADORBEIBEENDL I I -TL A, INTTHRKDEHERZRBT S
BEICHWSNTEZESNRRIL W HEEN, F3IZ0MERIE VI HITBWT, SR
ENBEEIIH->TLBEDIE, FERXZDEHIRIAVTFTFAMIBVWTTHHo72. THLT,
MR DFEAEZHIIB T, TO L) REHER FHMEOEICET 558 — [ b
W) TEBERHG] TS8R 7 & — OBEORADIET - 72 (S, 20200 DTH 5.

T, Z0X) RIERILE]E W) RELS LT, HRIZBWTIE, &0k ) LiERvuE,
NHEZEIWZHABTHAHIN. UED, T2 TOF—75WOMERLTH 5.

(1) M~ b v o XU & 245

M~ MY v 7 2, n lMOZEBOMEMO TR TOHRMMEBREEZ nxn D~ M) v 7 2D
FBATRL72bDTHSH., 22T, U Ebo4HHZHCWT, HEREOMED, 7128V THE
BV THRNABPSENRLIZONT, BEBEMINEIL R W) HICERS OIEH 26T
(M~ Yy 2 2] (R3)ZER L. Z0E) REHONEFOERIZOWTIZERT 5.

SO LTHERLZTMHE~ MY v 27 2 1%, 2XD 2 20 TR L TwL.

OMBREDEA D55 ORET

[HBE~ MY v 7 2N2BWT, 6 2OBNOMBREOIFE X, $XTIE(TIR) Lk
TWAHIZENbHI D, ZORPIL, FERER FEHECHET S 4 o0-MEHY, £hEnH
HIZ[HHMB I TH 2 L0 H, G LATRBMITH LI L 2R LTWAE, HATHEDFIHEEIC
BT LR 788 D — AN T3 % Louis Guttman 1%, [FfHE~ MY v 7 2 JIZBWTHBIEIN
L5ZDL) BBG% %, ANHATE —BRMHAE L VI TETIRZ 5h s AMITE— ol F—nik
HIJE WA ZE (Levy, 1994; B4, 2002, HH, 2021). 2 TlX, HARANDOFEHER FZHMICH
T5AOOEMEBHIZOWTHE DB Y EoZ LD FER SN 2D TH B, Z LT,
[E—DBA 29 ) o wn) 2 i, FhOoOEMER P THEONE]— ) TTH %L,
CCTRIFHERFHREIE VO EHEOANE —Z2E5LDVDTHELEVZIEEVHITLETH
5. ZOL) BRIFEAOMERY, SRIOTF—55HoE—kEib.
QOMHBERBEDEBEDOK E S |OME

(M~ N v 7 212 BT A HBERBOMEIE, 03617 —2Z, 02837 —Z, 0.1 BH
27 —AT, ZNLOMITT—F AHMOIRBAII2S LT, RLTHV D EIIWZ R, &
ORREPST L5 51E, ARANOFEHFTHR SN2 NS 4HATHRZ 2 —ZF0 X9 %[l
EE 7N (measurement model) ]2 KT 5 —0 XD IZBWTIX, ZOMHELoO L~V ]k, -
LTEVwWbOLIFWZ RV, ZhuE, 212 HAANOEEER FHEMEfLI L Twh
WOT, FOIEEIDBZOTIRMENT, ZOL) LHEENTTE 0, Fhed, Zh
S5AHEPAARNDOEEEDR,FEMEOTNEDOER L LTHEN TR o205, whid
“artifact” EDWVIREDDE LT, TOEHILHERELSTZONE, T2 TOF—F5HT
RS A L IIARTRETH 5.

S5, [~ MY v 7 X JomeEr—fmk - BEREOGANY — 128135359 1 20#
JEIZOWTHBRTBE 2w, FIDI[HEA~ M) v 72 2 JOEROFHEEICOVWT, T2 T
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F 4. FEBER FENECH T 2 BMFREH O WA

FI3IGAE
RBPEA=DBORET EF35
B7 YA BEEIE HHEOBTRESM HF
A&t DEWHO%  BHES a&t DO %  BE% 1
1 1.628 40.70 40.70 .860 21.51 21.51 Q11 fABEE RN .430
2 .885 2214 62.83 Q12a {50 - fFLERF> T B .500
3 791 19.78 8261 Q12b [RERMMRCC 3] EAHA .554
4 696 17.39 100.00 Q13 [Hnt] EEL A .344
#AREE
PSS =DBORET EF75
BF Mo BEEE HHEOERESH BEF
A&t DEWH%  BHES BEt SHD % FBR% 1
1 1.696 42.41 42.41 962 24.04 24.04 Q12 FHREHAH 443
2 .889 22.22 64.63 Q13a 5l - FLERH->TL BN .565
3 778 19.45 84.07 Q13b [FEMAKRSC 3] (XAHA .566
4 637 15.93 100.00 Q14 [HotH] £EL B, 37

O 4 VEH % [ AR WCB 2EMOMEFICERTY M) v 72 AR 2R T LD TIE %R
$, HERBOEIFIZBWTIFNCBWTD, dARI SRS ICONT, BRMIZ/HEL
H5X)REFTHEAE2ERL L L. ZLT, NS, GHOF—FZI2Oo00WTIEZZINLYH
ZIAHE< MY v 7 ZJOEEDSWEECTH o 72, LT, IO HED, SHOTF—7 5HD
[HRITH o7, WIFTHARL, TOEHLFTHXIE, Gutman D[ AT —)V - 7F1) T 2|
DTAFATIZHEDLKBDTH A, Guttman i, [HE< Py 27 2RO EZDED
ZHMERBOKE SO OREEZTY 7Ly 7 A (Simplex) J E MY, ZO XA R[5V -
F—=F—DERIDIRENTWBEEL, FNO0OEH IR —XITORE (Guttman scale) | &
T 5 &0, LHL, FRIOF—F5HIIBNT, FOL9H R 27—V OB EERD
HiEhEw L, FREFZRLTHETELZ DL ERVEALRW., FhUE, wWI T THARL, [H
< Yy 7 ZNRENTEADOBMEIRL TRELLDEIFTVZEVWEWVW) T LT TR
{, ESITHB~ M) v 2 ZNIRENZBEOREED[T V7 - F—F—DIRZ | —T1EW -
BlLaFHoTWwWa ] [FEHM NI TEH2ER] (o2 ELLIEVWIS Yy - F—
F—=pNF =2 —122o0nT, WhIEMHEENRER]IE DV IRELDE R 2 & 2980kt
ThH—PHLEDEZFIES>TIE DI DRV,

RBIZ, 20X ZHE~ MY v 7 22OV TOH 13 KK LS 14 RFAEOLEZ & B
LT, MEDMENIIEAERUMEMEZRL TSI EPHERS NI,

(2) BBRIEF 2 &£ 24%5T

PEIZBWT, 4 o0EMEHIZMHE~ MY v 2 2128 2 HBERBOTEAOHF ok
FEEBLT, [HHEOHNBEIZELLIDTHLI EHVREIN. L L, FREREENZ, [F
UL, MBERHMOIBEORE S o2 LB LT, ZO[HNEQEEIDOL VIFEnD D
TIERVEWVWI) ZEHRBINZ. O L) BRBE%E [RBIINT-4547 ] & v Bdie v Ch
FTDLEVHION, TITOF=F5Molabw - Al - BETH 5.

RToHr ORI, R40E2BY), 1RTIMEEINAEZZEE2RLTVWESE, ZOHKEIL, 2
NOAEHEN 1 OO LEBHN T —FHER FHEL I AR T | —%2FH->Tnwar 2t %
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ERTHLDOTHDH., TIE, FNFIOHEITED[HTAMNREIDPEDL BWVWTHEHhE V)
L, FRSIF03ETL 05 BNHEICEET TS, HATIE, —#%IZ, 04l wnwoizt
ZANR[ENZFROEE JE T IR 2K T OBBEEITRV E W) HIFoI#EE SNTwb
(3%, 2012, p.148). &£ T AP, WkDE CIZTIE, TRFEMRIZ0.6 L ETRITFIUER S %
W (Jagodzinski *+ B8, 2013, p.24) 1 & SN TWw5b. HE, FARD, AMFEAEONE, L
TEDT—T4 v FRBINEOE R L3R L5500, Hl213 1998 O EEtLaRA 71 7
F A (International Social Survey Programme: ISSP) JO 5 E D57 #Eik /SB35 E R
FHIEB O T — 7 oA OFEFR (B, 2020, p.222) 26555061, [FAVI 75 A [T A
U AERENCBWTER, TRTAKRIIZZ COHEA, 06 AP 5 08 ADHEERL TV,

INLDORFERELORE L HIE, SHOHAIOfEIZ, RIEVENLNVIZHSE. 51T,
ISSP O F — & M TOIAARJOTH AR L, 05875 0.6 BDfEEZRLTEY, 0Ok
FLLORTYH, SO ARAOEREFE ] COMNNTFAME |OfEIZ, REIENLXLVD
bDOEVDLELEZ R\,

WA ETH %L, BRMHETINE, DEDX ) iRz [Gil 45 —FEWHIcds—5
BETHoTh, TOLI)BREZIHWIT L — 48, 20X GRHERPTTELL2Z[HW)T
bH—FHETIE R,

B, TOX)%E U KAEORTFITOMRIE, H 13 KFALEOLGLIZLEALFHLT
HoloZ b RBRHLTBE -V,

(3) [7O>INy 7D o BEIC & B85

MR LIS A, AR TOMER.NE, TEEo4o0EMEEE, HLLH12, BARAD
EHEHR FEEEERITVUAETHAIDNIE VI BDTHL., 2T, Thb4oD0HMIH
H 2R EEA M (internal consistency) |2SHEFREN S L5642 561F, ZNoDHHEIX[E—®
bD|l—2FY), HEAANDEHEER FHMEVI[F—Db0]— 22 Tws LTS 2
ENRTESL., ZLTC, 2OL) REAMBEEMOINESME oMK 72012, TEEERE
(coefficient of reliability) |2SH W S 5. [FEMEREIIETVAVA LD OVFBINTET
WAD, TITEZFORBRENZRIZ 0Ny 7D o £28 (Cronbach’s Alpha coefficient) | %
Wb, TE, afBEBEDL S5VDETHIETARNESEIDHEIRTE 2w EnEn)
&, TOHIZOVTIE—KZIC0.T U E(06 LETHBETEL) LW ONREFDIIEL ENTWD
(35, 2012, p. 150; =, 2007, p.232).

SHOF—=FHHTOI7a Ny 720 o 725130499 L WV HFERIZR > TS (FKs5). Lk
RO ISSP O F— 7 5 MIZBWTIE, (20N y 20 o BB FAVI 75 VA [T AY
HEREITIZ08EBENS 09 BDELL->TEY, [HEITH08BEWIHIHERLTVED
T, SHOIHARAOERMEFENZBIT 5 4HBIZOWTOIHWESE IO L X)Viddk DK
WHDEWbRIFIUEE SR,

WBBIZ, (700 Ny 70 o BREIDMEIZOWT D, 413 KA (0.457) & 45 14 KA (0.499)
DD H1%, WHITITEALEVII WV E W) FERIEINS.

Pk, 1) (2) 3)?D 3 0D#aH R E Wil HARANDERERE | OFRE8ER w8t
T2 4 oOHMEH O ORE, s 4HHEIE, ~FHTEEER FHEE v
WG EARLNL L, M TENENTRELTS | 2HO DO TH S Z LARE SIS NI,
T, TORELRESNTEABCEDE ) BHNBEDDLDLZDTHAI 0. WHIFETH R,
CCTHH LRGN EE2 b o T L TR, TOX) REMICEEMICELS I LIIATRE
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Methodical Examination on Question Items Measuring Japanese Religious
Consciousness/Religiosity: Secondary Analysis of the Japanese National

Character Survey

Kazufumi Manabe

Visiting Professor, The Institute of Statistical Mathematics

This paper evaluates the theoretical background of the Japanese National Charac-
ter Survey. It methodically examines the question items measuring Japanese religious
consciousness/religiosity in the 13" and 14*® surveys. The theoretical background is ex-
plored from the relevant descriptions in various publications about this survey, whereas
“structural analysis” and a “item validity approach” are applied to four question items
of Japanese religious consciousness/religiosity after checking the frequency distribution
tables. The methods used for “structural analysis” are: (1) a correlation matrix, (2) fac-
tor analysis, and (3) Cronbach’s Alpha. The specific procedures in the “item validity
approach” are examinations on (1) the relationships between the socio-demographic items
and the religious consciousness/religiosity items, and (2) the relationships between the
religious consciousness/religiosity items and the personal-social consciousness and value
items.

The results reveal the following;:

1. The relevant literature does not explain the theoretical background of these ques-
tion items.

2. The four religious question items have low internal correlations, consistencies, and
reliabilities.

3. The relationships between the socio-demographic items and the religious question
items, and the relationships between the religious question items and the personal-social
consciousness and value items are, in some cases, inconsistent with the theoretical predic-
tions from the relevant literature.

In the future, the factors influencing these results should be explored. Specific strate-
gies include:

1. Applying mixed-method approaches to explain the results by combining quantita-
tive methods such as factor analysis with qualitative ones such as content analysis of open
answers to probe questions.

2. Applying experimental design to systematically investigate the effects of the re-
sponse styles used in the surveys.

Key words: Japanese National Character Survey, secondary analysis, theoretical background, structure anal-
ysis, item validity approach.
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SRMECRITR L e X = X L O RRGLE

RIH 5L IhF 82
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= =

ERBORR R O FEFE NI E S RF G Cifbh, ISR VEIRGTTbITE 72 L
AL, THOEEHEE AR LIS WERITD Y I —EREZEALTEY, HERIZBW Tl
OFHALEHI ) REEREZ 5 I —EBRICHHASE T WRESEYRD 5. KFRTIE, BWmsE
OFMHEOH S ZFH LT, ERMEBERORFIZOVTELET L. 1 2DDOGHITIL, ©¥ED
s ARTAE I 2 BRI, SRIBORE B A B e U CHIERICH Y, 2o, SAT4
(OMBERR~ 7 ORRFREERPNEOMANFERICHEL 52 5 ), SMEBROMNA
AN BT 5 L% 272 T, Double Machine Learning(DML) % fiWwC, V—E Y ®
KRR RICB T D FMER R E2HEE L2, COBE, R¥EONT VA= 2E U4
BRONARNERH DI EDIRBENTDOD, ZOHEBELEVIIREL LW LR bro
72, 200D HTIE, BEDMHEARIEIL Z BN E A CHERZE BUI LI U CHRFHE R,
ERIBORA I HRERO T F, FITRCFEOMBERRS ~ 7 O RXFEEL & I
BIHWTI Y F A7+ LA MILLFUET IV EME L, Partial Dependence Plot (PDP),
Accumulated Local Effect (ALE), MO 2 RJG ALE 2 X 5 SRR KIS E W #4175 72
COMER, 1 2O LRI, SMEBOROZEEAVIIKREL 2w L E, FYTOE S
WMLV BLEDEEFREZH U BENRNZ Wb rz., —F, ERBUORIET] & #EORH%
FOKERLEADIFE VI XD, BORZWHR L2 LWL S5 TVWBWMHRENH S 2
&, FEA 2 GRUBCR T TEBEEAYN S WEAT R BT AR YT R E M RIE 2 £ D
ERIAT ) KA SN L Z EATRE I N,

F—TJ—F I F=FHE, SRBORMER, TFHLERE, Double Machine Learning
(DML), Partial Dependence Plot (PDP), Accumulated Local Effects (ALE).

1. BA

SRIGE T, 37075 ICBMEB LTINS FELEHT2RAAPEATYS. f
Z1ZE, Peer to Peer Lending (P2P) & M-I A B O EH (Zhou et al., 2019; Malekipirbazari
and Aksakalli, 2015), 7 L' ¥ v b & — Fiki% (Butaru et al., 2016), $UATEHIIBIT S 77 +
WV NERIGROHEE (Hurlin et al., 2018), SRIEE QBN SHATOREY X 7 Z5H§ 23
M (Beutel et al., 2019; Suss and Treitel, 2019; Petropoulos et al., 2020), EIBSH) 72 &Rl B o

LA RZEBER S BARHFIIZERHRET R HI - T 190-8562 HARVITIARIT 10-3
2 SRR EPRIZEHT ¢ T 190-8562 B HUERIZ)ITARAT 10-3
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Brah o ENOEREHTSE Y X7 2503 55510 (Alessi and Detken, 2018; Baruning et al.,
2019) T MRDAAD L SN T VD, FOFE, BITHETE  HV SN T E 2ZHIE NG5
ML T, BWEEICE DL ETFT VOB ECTFHRBELZER L Tn5S.

BRI BRI L2 O ERFOSHIZBWTIE, 37857 —% 2V 72BORROMEEIZ
2 SRIVIENR IS L ARGER L {fTbhCT& 7. Lo L, MRETFVERHWA X,
AR E SHHEROMRZIEL L EFMEL 2T IUE, HEEHERP AN 7 2282, MEHE
BORBREERBIT L7012, EFVEZHGICIHET 2 LEN L L, BEOBIRS FIKIZEEE
T&2H—ANVERGH 24T S L HH 5 DY (Jiménez et al., 2014), a5 I A PAEL, @
BAABE L THY AL ZENTELIEDPROENTVS., 22T, EFIVORBEL BT R
LRET—F 2R T ENFTETCTFMHENBERMET 2D AND FEFERLTWS
(Kleinberg et al., 2015; Athey and Imbens, 2017; Athey, 2018).

FEWAEE % W CEMBOROR R L BGET 2 e LT, BT — 5 1CB3 2R R ER
e (BLEP, 2009) OFALAIHMAEF 2 ) AN HEPEZ 6D, 12720, Zoiig,
BORNAZRZT 120NV —=T,, ZF TV V—=TDF =7 PEMIN TN 5 2 LA s
%5, SEMBRO L), WG E L ZE S 570 ICHREEE L, BEFERICL E
BERITT L) AAE, BEHLTWLRE, RRUCHZHTERHL TV ARVKEEZ T -5 EX
MNTHZEVEEL V. JIEOFEE LT, BMAEOFHETHELLETVIZBWT, SRIE
R THHEHALEORIS % RS HENEZ oA, SERBORIZSITRREDONT VAT —
F2EUTIEKREES THERT S EBEINTWVSD (Bernanke and Gertler, 1995), ZDF
HE, FANCEABIEAIBET ALED, FI—EBEEATLILEDL R, ZL0EHTHw
BEOLXHEADOERTEXDIEIND, T —N—=TA v T4 7% O =V LEDEL, BV
ETHRBUROMEEZFHNT LI LATE S, T2, ITNLOFHZAETHRIC LR ASEHOR)
RERDL L, EOLX) TR MIED, SRBORIIHLTE) LT 202 ETxsZ Ly
5, SRBORORIEREKICHE T ABAOHR L FEIET 52D A TH 5.

I 70T —FITHED L ERBUK DR RO FEFEDHT B E = w726 Tr%eE, &L
BRY BOM B, 23 RIVIEEGHTIC & 5 5EATHFZEIR, Jiménez et al. (2012, 2014), Dell’Ariccia
et al. (2017). HAIZDWTIE, Hosono and Miyakawa (2014), Ono et al. (2016), Nakashima
et al. (2017 5N H L. TNLOXITHIRIZ, HILEFENEDFITLLVISMY TWE 2%
A L7z, PUTEREDOI Y F - LRV - F—=F (B—2 - LRV - F—F L IEN L) 2
WT, fEAR (D LIZZORIMEN) 23T 5T VAL, RRMICEATT 5 SMBUL %
KIEEOREDS, pMlTRTHERTHNIBERAMIADH S & LTWw5h. BHFHEmTIE, &l
BORIZSATONT VAT — b e, REONGT VAT =IO ZHBLETELT L EEbhTw
HTEMS, MHEBICIIFITEREOHBERD VT, FUTOMKEREAEOTEL
EXBTSH. LaL, INOHHEROEIE, Jiménez et al. (2014) Tl 16, Nakashima et al.
(2017) 1x 25, Hosono and Miyakawa (2014) iZ 15, Ono et al. (2016) 1% 18 %4 &, #AFHE
DTF=FEBF10TUEDH L DI L THRL, Kbo T, RHOBIZAERSLFITHER L
2D I—EEEANTVS., LML, INLHF I —EHIIFFHIE FRIITE T, 85 X —
5 DHEFHI D 725 T, MOFHALTAA K ) REERE ¥ I —ZFHUHH S TW LR
Vb5,

ARTIE, BMAEEHOPNEEOS S 2R LT, SMBOEORE, FIZZ0MHkLEKYE
PEARLRLTHIET 2. AROMBEIILDTO@EY TH5H. 28T, BE-FITHOITIBR
Ty EME LT, REMBT—5, ST ET—5, ~7u0RET—Y, SMBOET -5 %
WMETAHEEHPT S, 3ETIE, FITRPEEOMBLESL~ 7 URFHREERSSEOM
ARGEHACEEE 5 25—, SMBOEONA SN HETLERELT, BREIMEA
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BRI 2 AR e U, SMBORERZ AR L U THINABIIH VT, SRBEEO K
R EHEET 5. 4HITIE, SRMBOROMN AT, REOFEAPCILMR 2L n) XD,
FAZHRLT PO L V) B LT M) FOBRIERIEISERT 2 LIREL T, REOE
AHAEH 2 BTG 2 CHEREBUC L TET IV ORFIHE R E L, SRBORAK T EHL o
T IHWERIIH 2 ET, BMEBRICL D PHETVEMET L. 48T, TFVEHEE
L721%12, SRBOROA AT § 2 BISE TS X o T, SMBORORA & W it & e
5. BEOMOEGILHOBRKETIT, 5HT, 2RO LD LE5BROPELBND.

2. T -2 EOEME, RTME, v /0EET -4, ERMBGRT -2 DS

GNTT— 5%, AT L FARIC, OO L FUTHONGIBRT— %, QFUToMET—7%,
ONEDMBT—%, @37 ufRFET—%, OFRMECET— 4 %, ®¥ORA 1D, $ATOEA
D, FEEM-T, BEMEICL > THESETERT 2 (1), BERD 520075 N—
ADIH B, 321 3 XILEFIT, 22375 TH 5.

PTG BB T —F R—2 Y &, % c(1,...,n) x AT b(1,...,np) x EJE
t(1,...,n) 2 HEAH 3 RICEHIT, HFEEIL, ©Eco, #IToh 50, EFELIIBITS
BARAES yep: THDH. BREMBFT—FX—=2 C 1%, ¥ c(1,...,n.) x BEOMBLEH
F(,oong) < SEBE (1, ) DK A 3 RITECHI T, FEREZ, ¥ cOMBLR o
tAEEDM S, , THDH. FUATHH T — 5 =2 B &, $UTb(1,...,m) x PATOMBEHK
s(1,...,ns) X SEEE ¢(1,...,ne) 2B D 3 ROCESI T, FERIE, ST 0 OMBLEH s D¢
EEOM of,, THDH. I7URFET—FRX—2 Q, X7 IRKRBEE ¢1,...,ny) x FHE
t(1,...,n) BOMBITHIT, KBEHZ, 7 URFELE q Ot FEDM 22, ThH L. SEBOK
F—FNR—2 Z 1, GRBOEER 2(1,. .. n.) < EE 1(1,. .. ,n) B HKBITHIT, FEHIL,
EREBCRER » O t EEDfE 272, TH 5.

9, &ThD Ye,bot 1, e i(1,...,m|n=ne X np X ny) IR o T IR A T, 17O
Dn, IO 1HEAFEL) DAV F—F 1L X7 MV yllT 5, yOHHETIO X
I BRI o TV D,

Y1 o Yim,

Yne,l 0 Yneny

(2.2) y=vec(Yepr)

{1, Y1), (W12, Y1m0.2)5 -+ o5 (Yltines -+ Ylny ne) 3
{2,005 Y2,m00), (U212, Y2m5,2)5 -+ o5 (Y2100, -+ -5 Y2,mp 00) T

{Wne 1,15 s Ynenp1)s Wne, 1,250 3 Yneing,2)s - o5 (Unesdings - -5 ynmnb,m)}

RKIZ, 3RIEEHITH S C,BIZDOVT, 2 RXIGEINIT S, BEMET—F RX—Z C 1I%
B, EH#al,, &, RERCEEICOWTHEIEA LIFTRZ PUILT 2.

(2.3) xy = vec(xy)

= [(xlﬂfal’ .. ~7$1,f,nt)7 ($2,f,1,, .. ~7x2,f,nt)7 R (:C"mfylv s axnc,fﬂ’lt)]

=3 LT L7z oy FIHICHEAS S & T, ne x ne 47 ny BIOFFINCT 2. = OFFHIR,
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TERBET—ER—XC T E-RITHEIE | T—42R—RY SRITHET—2~—ZB

®EI—ILFc(1, ...,n.),n.=1,869 EI4—ILRC, ..., n.), 1. =1,869 SRITHBET(—ILRs(L, ..., ng), n,=8
EEHHI—ILF |ITT4—ILK RITT1—ILKR "
f@,..,np), b(1,...,mp), b(1,...,np),
ny =167 n, = 145 n, = 145

i Ay
R [ t(lf.;gnr). _7’ S /ﬂ

t(1,...,n,), - t1,...,n,).
ny=35 | | Al n, =35 O .

RRIDX FE @ $RATID x £ v
ETHHYIZ ETHMYIZ
IFT ROFA

FEETIVFUYT @

TOORET—ER—2RQ ERMBET—HIN—RZ

ROREFIA—IEG(L, - img) mg=2 SRBEI—ILK2(L, .. n,), n,=4

FE £
t(1, .., mp), E(Lys 1)
n, =35 n, =35

KBET—2A—Z(Y_X)

ER-BITHREIT—20)+ RRMBENRO67+ RITHBEREG)
+IU0RFER(Q)+ERBUIRE K (4)=1825)

A
LXID|RiTID| FX | FASEL | CREBZTR |- - - | ®RTHBIN | - - - [voomEzm| - - - | eREEER
1 1 [1390
1 1 1991
1 2 |1992
1 2 |1993
2 | 15 |2000 .
2 | 80 |2000 348,3821T x 1825l
3 | 26 |2001 I | | ‘
3 | 101 |2002
4

101 2001 BEM(n) X WITE (ny) XFEEDOE (n,) OFFE
. : =T—2D¥n

(BIIMT—ELUREUR )

) ) ) ' '
K 1869 | 145 |2016 ‘ | ‘
—

CE) 1. BR-SRTRIREIT—2R—XDtEEISHLT, TNLNDT—ER—AD-1EFEEIVF T EE TS,
2. RABEAREL T BITIEHIBRL TS,
3. T—41Tnld, SHO, T—FRAMSYTIZE>TSUH LITHL T TEND.

1. F— ¥ OEEHE.

ny TAFFELTHBY, WHHERO T =58 TH 5 niTn; HIOFHIE B 5.
BUTH BT — 5 R—Z B M, s i, BHal,, &, SUTROEEICOWTTH
FZFE A AT TR S vAbd 5.



3E-PUTH O 7 — & f5E & BB X 2 SRUBORAR L W e A A = X 5 ORGE 371

(2.4) x5 = vec(zs)
= (@151, Trsme)s (@250, T2 )s o5 (Tngsds oo Tagsine)]

) LT L7z 2 ZHIH NSRS Z & T, ny x ne 4T ne HIOFTHNCT 5. 2 DITFHIHS,
ne BHEELTEY, ndT n, HIOFTH L 42 5.

X7 UFFET— I R=R QZ, n 1T ng FIDATHIT, ZDITHID ne x np WMHELELTEY, n
1T ng FIDFTHI L 72 5. BRUBOET — % X— 2 Z 1%, n 47 n. HIOFTHIT, ZOITHID ne x
BHEELTBY, niTn, SIOITHIE 5.

2O LTHTHME L7z 5 2D F =7 RXR—= 2%, FIHRNCHERLOD, 5HTF—F Y _X TH5H
(1), 2095, yZRVWALOZFHMALETH X LIFEAZ LI12T 5.

Y X, By llBnT, HEHITEDLEEORIHE L72BEIA R, twvnalZ
ENRAERICAEL TS Z LS RIBIEDPIEFICEL L, FOFEMHPT L &GRS T
AHAL B, ROFFEIERIBMESFEOERICIEBEO % L, RBEOHFES G LOTA) v
%228 00, Y X PoRBELZECTEHIRLT, BUMICEET—5 2/EYH L2
ANTAXGE). ZOMRE, Y_X1F, 348382 fF(IT) x 181 B G bbb TF—F L e o7z
(EH) A MIRD. ZNUZH72oT, TELRITELOEREHH LD, —HOEEDOK
HEIZ L 27— % Ol % fR/RRIZIZ 572012, HNWICRIBESZ WEEOW BT — 712
DWTC, BREICRIBEOREREGEZFIL, REMEFTFT— 7170 28U L2 50 585 % C
BT = R=ACHLBENLTAE. T2, HWICRIBEDI D2 WEITOMET— %1
OVWThH, HHEEHIELEZWEEZZONEEREZ T — I X—ZA BPSBIHI LTS, &
B, 5007 = R—RF, KHEMEEETHE L, #HAERL L2 4007 =7 X— 2138k
HHERO 1 EEROMEEERZE L.

BT L OEMONG BRT— 7 Dt % 5D1E, H#E NEEDS #E05HETIREL TV A4
RSB B A 47— # I T (Nakashima et al., 2017; Hosono and Miyakawa, 2014 &[] L), {3
LT, REARETEDRITP LV HHEY TVE2E2TELT -5 Thb. MELH
TOMBT— 1%, AtoMBEGEE - A8 F—FRX—2AD0TWEF— % IR OTHBES —
FIhOEAE L. 7— 7 ML, 1982~2016 £ED 35 4F, SEDL T X v MIEEFEHRIG]
BT F A3 (80T, A B<), S4T0oR 7 A v MIBHSITE M FRITTH L. T— Y i
L8, TiROLIZF— L% 7.

HNEANDIIE - WHRIEIZOWTIE, KEZOMEICY—ML, 1% ME, FE T
1% LTI W TIE, ZREFNLEAM 1% (2B A1, T 1% 2B 5EICER Z 7.

EREBROER | &£ TOEHIID W TH A T neglog 2 (-, 2009; (LF - =i
2011) #WEH L7=1%, 045 1 O#IPAICINE 2 & 5 ICHIBEEH AT o7z, a—) VL — PR HE:Y
FETE 4 (SBORE ) X, BORBEARII/NSSEF S TRIRZBEL, EILEL TS
LB A L RELSEH I EBMADNDH D, D728, WEERIZE 5T, MV kEEZE
WTHLEHWMEH D, T/, SUFLTHLVANTIE, DENRELRDL ) —FORIHEZ 512
B OEZREDHA IS 5720, BHEEROFTHIDY 152 HBTONBIIKE N
W HEDOOOBEZ L LD ENTEL2D), KRIEL D T L ICEEESHAIC
EHAENDEDH 5. ZOBI~ONLOHR L B 5.

F7z, ST BWT, HARELZHRNITE T & LTI BEE, yep: &, TITAT
HNT1, 0UTTHIUT0D 2lF— FITEM L7228 6 2ER L THVWTWA,

(2.5) v =0 Wert=0)
1 (yc,b,t > 0)
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(58) FERBERFIZRE
(59) B EINFEE —ROI
(60) #FH T ERINEE—ROIC
X - Y v B &

(15) S EFEER

(16) B EAREXRHE

(17) BEEFFILBBENRE
(18) BEEEXRRERRE

(19) BE & EEERE

(20) B EE B EREE

(21) FREEEEREE - REMmEEE
(22) FRENVEEREZEARK

(23) 5E L{RHEREZH

(24) EABHEEAHK

(25) HENE EEER AR

(61) 55 L S#FIESE

(62) FE LB EFIEE
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(64) FELEHEERIME
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3. ARELZEREEE L R LI5EDERMBURIIR SR X H Z X LDOARFE

3.1 EFIOBELEAMICHAVWIEE

RGP TIE, LTOHFETL—Y Y ORENHE (Rubin, 1974) ZHEET 25 (LT, FHELIZS
DEWRTHNDS). ERBOEICE 2N AZZT 27— % Zv— 7 QLERE) O SiHE o %
yl, WAEZ T hah ol —5 7 v—7 GHEE) OWFHHAEEOMEE ° £ 55, EBICHAE
T = TN—TB LNMAEZT b o 2Ba s, EBRIIAAZZ T h ol F—% 7
V=T LAAEZZITFEHELNEREL, £TOF—FI122oWT, 2 DDBIENR W3
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(00%)

=z & % (119) BERHEARE
(75) FLRBIMELE (120) B EARLLE(A)
(76) KILEfRE (121) B2 ERLE(B)
(77) FEtE=E (122) &L=
(78) HE-ELIFAFEMELE (123) AR FERE
(79) HEEHEE (124) fiHEHFAMEE
(80) FRENLLER (125) HRFRBNECERLE
(81) IERREERE HEE (126) fiFFIFABIBACERLE
(82) fHiEsR & A%E (127) EARKEE
(83) IEBREEREALLLER (128) HFFEERF=
(84) 55 L{BHER B AEHLILE (129) 412 BL AR 7L YT (A)
(85) HIEN& FE X B AEHHLE (130) 1> BL AR H/ALwT (B)
(86) MFHEIG IS EER AL (131) Bl E R
(87) AR BB AHEEEELLE(A) (132) AEE EERMENRETE
(88) Bl BENAHECEELLEB) (133) 18U (R RIZALL)

(89) EELLE
(90) AERMABES =
91) BEEEXLLEA)

(134) BEEARRE RTEREL)
FrviaO—pEE

(135) F B ¥y 20— (B)

(92) BEEEXRLE(B) (136) EBIT

(93) BfFLEE (137) EBITDA(B)

(94) HFFEESE (138) #EUNXZ

(95) MR FEELE (139) BEUNIZ 3

(96) Rl FAEBNBESEARLE (140) B B ¥y aTn—(A)
97) ENFEERESERLE (141) HERITF vy 20—
(98) tEARKEE (142) EBITDA(A)

(99) BT &FkLE R
(100) HFFEEFFE
(101) A2 BL AR HLY P (A)
(102) 12 BL AR 1LY (B)
(103) jEfEE RN
(104) HREEE EBMENREHE
(105) FLmEhtEtLE
(106) XL EfFRE
(107) FEfEE
(108) HE-FELHREHFAEMFLE
(109) HpELER

(143) EBITDA(B)

(144) BEWZ

(145) Frvian—xtaEHE

(146) FyyLaon—xErEELE
(147) Fyviaon—xtFREaELE
(148) Fvyiavn—xmRAGBERSLE
(149) Fryiazo—xEFHFEELE
(150) A2 2L ARANL S FovSaT0—
(151) Frvia70—x R HERELEB)
(152) Fyvyian—xt5E LEHLE

(153) Frywavo—xaEtE

(110) FRBHLLEE (154) Foviayn—nEEaELE
(111) ERBEREA2E (155) Fpvian—mHBaEhE
(112) &SR E A28 (156) Fyvaon—xEHEERSHE
(113) ERBEREARLLLE (157) Frvian—ntEHHFaERE
(114) SEEEER B ABHILE (158) 42 AL ALY - F oy 20—
(115) MM EEN EABHLE (159) FvyiayO—xiE LaHE

(116) Bl BB A HEEEELLE(A) ROERS:E$54Z

(117) BB EEEEELEB) (160) ROE(E 2 &EAFI%E) (A)

(118) EEHLE

(161) SE LB FIEE

(162) FE E &5 FIFLRIRIZEER
(163) E AR EREERE

(164) BAFEL /ALY

(165) ROE(B 2 & AFI# ) (B)
(166) FEFRBEF (1 —H =)

(167) AR E AR EERE
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BRSO DBEIET L EE2 D, oyt &y OEOHE Byt — ) ZINEMFELERL T, &
TOT—=5 Dyt L y° OEOFEEZ ZOH e CERERSE) £ 3% (Rosenbaum and Rubin,
1983).

HELTWDHDIE, WHHERD, SRBORERE ZNIRE /3T X —F & LTOTFHEE
ML, SMBORUNOFHER L ZNIRE 3T A =7, ZLT, BRINLWHEHEHK
DOPRERF HHAFHEIZ ) D OHD EVIEFNVTHDH. A TIEERMEGE DM AR R 2 HFin
LA L, EMBORERAZMOFTHER L ). /2, HEEKE ARG CIIILLER LT
B, B, KECTHRIET 2 SREBORERIL, . ERED, FlMERTA2ERTH L. #HiHH
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# 2. KRR OHEE TR T 2 SMBOREHK.

VAL

FE FERTF—4% 15| B (Tight) 251 B (Loose) HET—42%
1982 5,463 0 1

1983 15,629 0 1

1984 5,296 z2kva 0 Eri] 1 36,086
1985 2,834 0 1

1986 6,864 0 1

1987 12,809 1 0

1988 12,076 1 " 0

1685 10911 5#H ; [22kva 5 46,630
1990 10,834 1 0

1991 12,238 0 1

1992 14,009 0 1

1993 14,970 0 1

1994 15,304 0 1

1995 15,196 E2kva 0 &= 1 132,444
1996 15,553 0 1

1997 14,927 0 1

1998 16,056 0 1

1999 14,191 0 1

2000 12,746 Bl 1 3z 0 12,746
2001 10,531 0 1

2002 9,632 0 1

2003 10,249 z2kva 0 B 1 47,244
2004 9,032 0 1

2005 7,800 0 1

2006 8,262 1 - 0

007 2310 5l#HD : Z2kva 2 16,572
2008 7,926 0 5l

2009 7,788 0 1

2010 7,525 0 1

2011 7,420 0 1

2012 6,927 22kva 0 &M e 56,660
2013 5,760 0 1

2014 5,188 0 1

2015 4,163 0 1

2016 3,963 0 1

BRI PVIEEEHO ¢y T, HEBII X PHERLE—HOEKTH 5.

SRBORERI, SHBURICEANADLD 07T =5 b ah ol b A8 7 —7 DXHN
L, L L, EHIESEASRE S T2 & B3] X o MBOEDSER S T w2z o
W, BT THARRED T & Y AD%B 5 (Hosono and Miyakawa, 2014; Sonoda and
Sudo, 2015). ZZ T, HAMARBORL I EMHDNLBORD 2 MEHOERE £ 2, ThZholK
FIZOWT, ELTWAEEIZ 1, TRUSMNOMEIZ0 2 EFEE TS n 47 2 VO EBBORE
BATH ZzP 2B L7z (K 2). ZOITHD ne x ny BHEELTEBY, nfT 27075 E R 5.

BRBEREOBE2SBZINA TV DNMIEERER DD Y, SERECRL V-2 08lH2 51,
INT VIO KA & 2B HERIC & 2 BOBH], EREICA > Th I =M S pliEk
W2 CIERMEMBOR F TLIRIAVBOSRFESHEON TS, KEFOT—IHENS
L, EOEEDOT = BIBImICLZ NE VD) T EIF VA, WERENREORE RS L, 2P
@ 151 H (Tight ZH0) TIZILETEDY 22% GHEETEDS 78%), ZP @ 2 5| H (Loose Z %) Tl il
BHEDY 78% (RHIRIEAY 22%) &R ) 23 5.

HRBROHEICH 2o THEL TV R EKMOBERRIE, R20X)%bD0THS. R
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Y EBHER) 7P (BEER
—— -
BEOHBAREL SRBE
CVEIES T
(hRIZHD)
EAOMBEER

Xo—8 xz®)

EOEHFEH, GDP,
SRITOUBEH

|
2. PR R OHEE TRGES 5 AR OB MR,

HTHENBHE L2 RS &, WERLE LTHRE LZZEBIIOWTIE T OREIIY i
T, CRIBORZEBOSBEHRNEBICG R 2B ehb Il N TES.

SRBORIE, STOMBER BRI TRBEEOH G2 RTMBLLY) 2@ LT, HHNERK
(DM AFEL) IS ET 5 L ET 5. REOMBLEL (F) 2 XXM EOH G2 LT
BEK) Z, BEOBIREZRT V7PV e ko T, EMBOROMNADH BT 5—)7, st
IR (EEDMEARER) ISR L 525 E2 5. <7 URHEERETH S GDP b, BUR
EREWHWEBOMGHERZ G R HEER L. b, JUTOMBLERL, BOREBOZE
R L TR BUS B 2 KT 720 T, SUTOMBEBDOIRND SREBER DA D
AHIEEL, POBHENABICOEEL T, (WEETHL)EHZRONL. T01D,
AR OV TP O E THERN 21T - /2.

3.2 EFILDINT XA —REERE

ERBIZ L > T, BTOTF—=FITy' L’ PHFET DL EZLDOD, FEEIITLERIX
YO A%, BB o BB ERTICRIL TS, 22T, BHERATVWEF—7DAa %z
THREREZHET 572012, f#HITA 27 (Rosenbaum and Rubin, 1983) % VT, #EDR
DOFTBETH (FEHIZOWTIZAE, 2000 2 B1R).

2 a7 oEid, REEZHMERE L, SRECELEO 2 i T 9. A
REILHORERBEMEZH O L L, TNOOELPMEBE T - THL-DICHE D S =
&, Fi, GMBORERICH U CREEAZFOWREESEH L2 L0, ETIVOREEL T
EL72F LoD, BMAILOT—5 2o CFIEELEOLIBET, 527+ VAL
E 7 )V (Breiman, 2001) (2 & % 2 {HHOMERIHERT 2 17 - 72,

%B, BtHEORFMMDD, HWERL LTHATIEEOMET— 713, & 167 EBH» 5
35 EH A BN L7z, BPRUTH 2o TUE, 0¥ ZHHBHERE LAHER O Y X7 1 v 7 G %
75T, AUC DHRIICE VTV — 7 (AUC A7 052 L) 1B L= 2B % IR L 2. #1470
M7 — 5 (&8ZERICHELTE, &2T2HvTws., FHLESROHFOB L CIE, =&
(Za N b %R (Bang and Robins, 2005; Hoshino, 2007) 2479 . EIZa/NX b+ &I T
&, A I 7 OHEEEFTANELLIBESN TS, HEETHINERZHNAT 5 H
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# 3. FIRAROHEERR CELER) .

W BEER HLE BEEH  ATE(%) il
1 Loose S SRITEIHE -0.22 0.85
2 Tight R RITEIEE 0.26 0.85
3 Loose 1 %EF#EGDP SRITEATS -0.38 0.96
4 Tight 3BT EGDP RITEATS 0.44 0.95
5 Loose RITEATE - 0.47 0.81
6 Tight SRITEATS - -0.54 0.84

J—FOFRHMEDEITCFERERVELT, ETILELADVTIERDOKE KD FEE10
ETNBEADNTIERDHI ADFESIIEEEL THEILL.

JRBEESIELLTEEINTIUL, WNEEO—HMEELEHDL T EHTE S (Scharfstein et
al., 1999). ARBfFETIX, HINA I 7 OHREETNVIIOVWTIE T VY F A7+ VA MNGHET,
LR CHIIHE B Z ST 2 HIFEHICOVWTIES VA7 5 LA Mg TITo 72, RN
Python @ EconML 7% v 7 — V2324t 9 % Double Machine Learning (DML) & F:-EN 5 7V T
) XL %FH L7 (Chernozhukov et al., 2017, 2018). ~EIZ T N b R iEFHo BAKKTHi X
X, OIERCHHIERLHETT 5, QLR CTERERZIET 5, OOLQEMARD
BEEREFVEES, THHD, DML IZQIZBWT, ODEEZQOKRAEIZHRE LT, &
BRETFTNIZBIBRAFETELZFNEL LTS, T2, EFVHEETHWSIEHNMEIZ X 5
THRT BMENDD B354 T ARNESLTEHEMEF AT VERGE ZMATwZ L L, #
R ®T 572012, (TIEMR 37 EFEHUERROEFHIHE T8 25115, (1)F
BWALER RO TT—F % 2 0E LT 2 EH#RI2 L TR RO TS, Lwoizru A
TA YT AV TERATY, BWEBOREEZM ) TRPFEN TS (Chernozhukov et al., 2017,
2018).

3.3 EFIDHTHEREE

SEREBE SR Z R L7 REK 3 TH S, HEFHE, T A NS T T TR
5-fold 7 @ AN F—3 3 Y Tiro 7.

MR 27 OHEFHIH 2TV F LT+ LA MEFNVICE S 2l EDONNT +—< v A%,
T b FT - H Y TUKEEEIZ L S AUC OFHITHEE L7248, A M TF—7I1043 57
HWHEONRT =< Y ZAZEDETIVE 08 F 2TV,

O AFEICET 2 FHUER R, HERE LTEEMETF— %2, PREKEL
THITMBET— 7 Z2H/ELZET V1 L 20 RICL DL, BNMNLEREBSRICH LTS
F ZADENH(—0.22%), BlXHFDRREBMBORICH LTT I Z20O%H(0.26%) &, BUEOEKIC
Y BRI oTWD, 72, HERELLTREMBT—ZIIMAT, <7 uRERETH
%5 GDP KERZI/BELZETIVI & 4OFED, AN LSRBORIST LT A FAORHE
(—0.38%), BIXFEOMRERBERIZN L TT I ADOMH(0.44%) &, BEEOEKIZILT 545 %
2o TWnW5b,

fln )y, HEREE L THITHMBE TV 2IBELETIVE L 6 DRFRIZE D E, SRIBIROE
LT, 75 ADOMB0.47%), BIEFDIH LT A F 2ADRHE(—0.54%) & BOEE I
BolfRheoTWna, HERE LTHTHE T — 7 OB 2 Y v T b SRBuk o =X
EFBELRON, ©EMBT -5 ORBEZWOBESETET A LMD, SRBORFHRITON
FGUVAY—= I EBLUTELTAEICOVTIEHLN TRV, REONT VAT — 2L
THERTIHEN DD L ZRBL TS,
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SEMHLHITHHEIER L LCRELAEAIC, SRBUEPEEOM ARIEILICKITT
AL, BWAMTHNEIEHOTHN, HIHET 1% 12D, FITONT VAT —F e
EDNTG VAT — T OW S AERMBOR DM KA TH 2 W REES D 2 DI, WERE L TEh
POFER IR L TV B9, $RZ BN L T A EEERD 5.

4. BARFLEZBBMNTEHT —2E L TR LGEEDEMBRIREBR A HZZXLD
FRELE
3HITIE, WEDOMAFEILZ EHRLERD L THWHILHE Lz, LaLl, SMEGKE, &
ERHATHENLZ A (BRI 2WR3h L) L 0id, T4, A EHELIEL %
W= ZADZ T, FA R 280Gl v, B2 EEIEISEEE S5 2 v
5 EMGELT, AT, ESEOMANFEILZ BB R ISR L THESNERE L2 A TH
g 5.

4.1 DA E

411 EFNLVOBEESHICHVIZIERRUHEEHE

AEITIE, BHFEOTEDOI LTIV FLTF VA NEHERT AT 4 ¥ 712DV, 1
HEOMEATIER yepr DT T AR B2 DEPETETFUT2ETVEMHET L. PHHERIC
&, 0¥ %, AR, X VA Thbh, BIfiERRY, SEEMBORERIC o, W,
BRI R EMBCEZ R TERELTa— VL — %, EEHRNRERBOELZ#T2EHELTH
MBS Z V5. fE, SRBOETFERIZHEL TV, MhoTEKd HELEEED
BRI EN L7200 TH S, SHAIVERETFTVICE BHITHREE ZRLY, JERR—2D
EFVTE, 0T EALZHOLEMEE, V) =20 ETT LI 20000 50 1) LR
XY, BEE L TOREREEPHNMICEL 25 L I3EZ D500, ¥ —EHITEA L.
I/, FUFLATHLAMEHRT AT 4 Y ZIMTNBRERICEITCTE Y, THEHE
ICERDSHIIIROBEOFHTEBEINSL Z LA ENE 70, ZHAEFED I A F .
i T HOBFHERE ¢, ZOHMERE v, L35 L, HWEK f(2) 3z, DF T A1 T
HHMERERT.

(4.1) f(@) = Pr (6} = 1]z:)

72, fo) &, HAEE 2 (T 2 RMOBE g OTEFHIOFERDOETIZB T, E[{6 —g(x:)}?]
ERNNITEHHDET D,

(4.2) f@):a%ngﬂﬂw?—gwﬂf]

HEFTO HIIE, Mi/NTREZR R [f(x) — f@))? SANE R B XD 7, LR 2 DIX5 A —
¥ BERDTT, f) B flz) L —HTHLIICTHILTHAH. AIETIE, 82T 5
72D FLTH VAN, FOB, 7TV ITY XL E LT Python @ scikit-learn 7 A
T RY, HET—AF 4 Y ZDOTNVITY X4 E LT Python ® LightGBM % L 722,

TUTY XLNGEMAT BB RINT A—=F (N[ 3=35 X =7 )DORFUL, N[ 8=
A—=F OFERICHVD T =7 &, EFVOMEIIHNET—F &, HELIZETVObE
TO7DICHVETFT = EHNEHRE LWL IC(EEPD 25 TRETTNVORIUSNA 7 XU
2T Cawley and Talbot, 2010) AALTHiE DA ZEMFLD: TdH 5 Nested 5-fold Cross-validation
TiioZe. ¥, SV FL 74 VA MERART AT 4 Y 7ZFNENIZ, NAI8—85 A —%
ELTWL DDA E S 2T, b5-fold 7 @ANY F—3 3 YIZBIT A AUC FHll T K A3
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£ 4 RERETIVONAIS=INT A —F QWA ERINCTH .

RF
criterion /—FOFRFEDIEE ginientropy
max_depth RDFES 1,5,10,14,20,30
n_estimators RO 1,10,100
GB
num_leaves EDH 30,100,1000
learning rate FEE 0.01,0.1
min_child_samples K/ —RIZEENZBR/NDT—2% 100,1000
colsample_bytree REERTDRICERTIHUENREERIZEE 0.8
subsample FRTEITHDEREE 0.8
reg_lambda L2 FEAHE 0.01,0.1

bRWEZ ZNZFILERT 5. KIZ, TNENRDBELINNTA—FZHHA LT ¥ AT+
VANEART = AT 4 Y ZETNVEREKT 57202 5fold 7O ANY F—2 3 YIZBITA
AUC §Mli 17\, B, TAMT =9 2 HWTRANOT— 712335 FHKE L2 S0 L T
Wb, AFFTVIFTLTF VAL, ART—AT A4 YV TDEETFTIVIZOWTHE LIz A 78—
RTG A= D, RORKIIHEA LINA =G A =5 ThHA. B, T—FIE7—FA
NGO TTITVTLIH YT TFENTWS.
ETFNORERBICHV - ZEBEOEHICOVWTILTOMD .

TP (True Positive) . EFIIMHAFEL T T R, 20, IELL 7T AL TSN

TN (True Negative) | EEIIMEARTELL 0 £, 22, IELL 0KmE Pl Sh25

FP (False Positive) | FEIIMEARTEL 0 £iili7275, o TT I AL FM SN

FN (False Negative) | EBIIMEARIEL T T X72H, o ToRmE FHl SN

AUC (Area Under the Curve) : ROC i (Receiver Operatorating Characteristic curve)
OTMEG QMR TEFZ SN LI, AUC IZE F IV ONER Y (B ARIELA T T 21245
FEROE W (W) 3T ERARFELE T X0 LLF) IR > T0ah) 25T 570
DOWETHY, TOEPKREVEFEFMHESSVEVZ S,

SRIBOR DR ROBE A DI, EEELBEAEITBVI EPEE L., i), BEOMER
EASPATOBMEREZ ML X ) BT THoThH, T, 7 oRERLEMBCERENHITO
BHPEEOMAZHBIMLTLLI) RBETH-o72E LT, RRICEESFESZITTEE
DOHRAARIT R L, HBAREL TS 2RI S AL LRV, #12, FioAEOMBREIH
b, MSPOBMEATAL YNV I BRFICHHZLZEZONE. 2D, BEME
RRMEMEOHEIIZ DL ) ZEBOEELZTLRENS L. &b, SHHRELTWS
F=FIMEARELTIA(ZFADIDB 0K (T FTRA0)DEBL 2D (7 FR0137 5
21 OR 2EHFET 5), BEEPFREIEWEREINS.

4.1.2 BICEAMDFIE

Partial Dependence Plot (LLF, PD 70 v b)id, EH T2 HHLHZ MV (RIFZETlE4
BBORE S . R~ 7 UEFEE M x,, UTTlda, 261L35)MOEKEMEL TninE
B LT, x, OMORDPEAL LU 7z0E, BEHHERANRZ My AL TED X S ITELT S
WETITITITRLIZDDOTHAS. AL, HBAPRVEWIIREDK ) V72 WL, $HA1H
% ox, WZHRH L2, EBRICEH ) 2K BT — 7 RA U MOE ENTRERNME S WTHE
WD 5. KFEIERTLEERMBOREEIE, FOMOEHICE>TEINET ay 7 THDHEE
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#£ 5. PFEAKRE TN OFM.

RIETHHIEE
TP TN FP FN
RF 9,011 57,216 3,685 17,184
GB 11,883 55,224 5,677 14,312
iEtE =3k B e
EREE s EhE HiGtEE i
RF 0.76 0.71 0.77 0.34 0.94
GB 0.77 0.68 0.79 0.45 0.91
aEtEER AR
RF 0.06 0.66
GB 0.09 0.55
AUC
5—fold 5—fold BEEFRIMERE
B3] BERE L1-=90%{EE R
RF 0.798 0.0016 [ 0796 , 0.801]
GB 0.802 0.0018 [ 0799 ,  0.805]

AN, COREZRMIELTWAEEHICHERZ 575 T, BREHHIZ, = 3MMOZEE W 2
WEHITOMBERANR Y MV ) M TIER L, 220, KEEHERF2LEELZ TS, £2 T,
x, &z, DM p(x.|xs) BEZ, B2, FHOEILOFHEFETLIET, 2. BIWY
xs WHORRE, x, & o, DXHEAEHZ ZNZENHNICEKT 2 KILD Accumulated Local Effects
(LLF, ALE) 70 v MZ X BBISESH S 1T - 72 (Apley and Zhu, 2020). #FFHEHATER LT
W5 ERBORE R L SRITOME 7 — ¥ ZROMEAERR RS L 2T UL, 2 K58 ALE 7
Ty hOfHIX 0 IEWEIC R S, BISESHTO TV T XL I21E R O ALEPlot Z i L 7-.

4.2 HEKR

4.2.1 EFILDOHETERER

#51%, SUYFLTFVANEHBRT —AT 4 VT ENENT, TEFIVOREIIHAW D o7
KADOT— 5 OFETFHN T, ZORBZIEEL722RTH 5. Nested 5-fold Cross-validation
Z3MFTo28 R, MOREVAUCHETH > 72RO R 2 EZL TS, EHEIZT V5 A
T4+ VARMI0T6, BHET—AT 14 713077, BEEZTVFLA 75 VA MH0.71, A
T—AF A VITD0.68 EEVWESRAAMETHo 7. BIEERIZ, S5 L7+ LA MD0.06,
HET = AT 4 ¥ 7H0.09 BTN ED 572D, FHFHNEICEEFEIN LT THE
ARHE T G ADERPHEL Z R vEw), FINIAR ARG LD b, BERAERCH
EHORBGOTFT— DL L Y TRTh o ENBELTWLEEZ LN, i), HEDE
N, BEEEOMHEIZT L7+ VA RNIT0.66, AT —AT 4 728055 EEwv. i,
ETFTNVORIT, AL NV 7EOBEIITONTEZFLETIE WP LR TE 5.

AUC IZEEDWTH BT 2L, 50527+ LA M09 LTHE T —AF 4 7
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EFNIE(0.802) 72 o 72

4.2.2 BISEMHOER

<~ 7 OREEH & SRIBEREICH § % Partial Dependence Plot D#ER

31, WL A7+ VA MEFVIIESIVT, &TCOF— ¥ 2FHLTEHE L
PD 70y b Thb. ~7 TREELEH (Y GDP KER, %H CDP ILEREEE®E) L &Rl
RER(T—N L=, 3= — MEEREZ, HEYNMHEESER, HSY M HE SRS E g
NI T B, REOEAFELY T I AR IMEROEERLTWS., I— VL —FEH
FUYFETHAT B EUS, ZRDANE neglog L L7214, 0~1 OFPHICER L T2, 0
BREFOBEOBIMEOR/ME, 1 3RKEZRT. T2, 01HAED TNV 10 547 TlE
7, MR/ S WELIME % S L 72 R Bl > Tw b,

6 2ONF T 7% BIETE, MNOERDBEOMAFELI T T ANk BHRIZE 2 5 wE
RO TS, R KEEZH > TR &, B, 28 GDP RERTRK 0.4% (Bi4ERE
713 0.3%), IT—IVL— bTHK0.3% (7 0.8%), HIRBEEFHETRK 0.6% (H 1.5%) TH 5.

77 70RRERLSD L, HEIIHM, 5V IGHEHFHISRD L TCwaEIE—-2ob v, EH
GDPDF 5 7% R5bE, BEDEY GDP(-3.4~6.2) % 0~1 DFEPHICEE TS &, #4205
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Data Linkage and Machine Learning Approach for Identifying
Monetary Policy Effects and Transmission Mechanisms

Katsurako Sonoda! and Satoshi Yamashita?

IDepartment of Statistical Science, School of Multidisciplinary Sciences,
The Graduate University for Advanced Studies, SOKENDAI
2The Institute of Statistical Mathematics

In many empirical analyses of the effects of monetary policy, panel regression anal-
yses are conducted that introduce many dummy variables that cannot be evaluated or
interpreted. In such settings, dummy variables can have negative effect to estimation of
other variables’ true parameters in the regression equation. In this paper, we combined
multiple database by data linkage, and then studied the effect of monetary policy, tak-
ing advantage of the high prediction accuracy of machine learning. We conducted two
analyses. In both analysis, corporate borrowing was used as the dependent variable, and
the monetary policy variable was used as the explanatory variable along with other vari-
ables. In the first analysis, we estimated the average treatment effect (ATE) of monetary
easing or tightening policy using the Double Machine Learning (DML) algorithm in the
framework of Rubin’s causal effect. In this analysis, the dependent variable is continuous,
whereas the monetary policy variable is a discrete variable. We consider that the financial
variables of banks and firms and macroeconomic environment variables affect the depen-
dent variable and also influence intervention or non-intervention in monetary policy. Our
results suggested that monetary policy intervention exerts an effect through firms’ balance
sheets, but that the size of the effect is small. In the second analysis, we constructed a
random forest forecasting model. In this analysis, the dependent variable was discrete and
the monetary policy variable was continuous, as monetary policy is expected to affect the
decision of whether to increase borrowing, but not the extent of the change in borrow-
ing. Then, we analyzed the sensitivity to monetary policy using the Partial Dependence
Plot (PDP), Accumulated Local Effect (ALE), and two-dimensional ALE. The results
confirmed that the impact of monetary policy is small, and that monetary policy has a
greater impact on the demand for funds by firms than on the supply of funds by banks;
however, the impact of monetary policy may be due to a change in policy direction rather
than the degree of tightening or easing and the extent of the change. We also detected
an interaction effect in which smaller banks and banks with lower liquidity holdings are
more active in lending to firms under accommodative monetary policy.

Key words: Data linkage, monetary policy effect, average treatment effect, Double Machine Learning (DML),
Partial Dependence Plot (PDP), Accumulated Local Effects (ALE).
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