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B, L OWFEIC X - T, HEREIL t@?éﬂ%m&mﬁfﬁaﬂﬁ@ﬁawm%@um
ENTw5D, AT, ZOMOMEEERTA0ICLIHOONTWLKEINTEE, #
PUCHE L 22E4E ORI O W TR T 5. ¥, CoOMOMBOAEDS, ko jkEr
MBIDOIREL RV RLZ L 2L, HETHEOMEMEICOWTHERT 5. HiZ, MM
ERRIICHANRSL Z L MRS EIT R, TOFTHOSHIIOVWTEET 5.

F—T7—F DHESE), HWEREY, RGBT, HERIEE T,

1. @FUBHIC

H%k%#mﬁ' ETHATINCE ) MIROWBE AT E T35 2 8 I3FERBRT
AR & FARIC, HEROBEARTRS S RMIMICEIEL, I8 BAZIELTED, Z
n%%ﬂ%ﬁﬂﬁjkﬁ&.

C OWIRIW RN MG 207 EAZIIE Y, WENRE X 250, H L 01
RHEDOEIEZF X, ZL OWEIMON TS, HBEZHEEMIIRLIHESNE LT, 5
RoNiigio, FIMBEOTEE Z <720 O (Bl 21X, Klein, 1976; Rydelek et al., 1988; 7
M - P, 1998; Wilcock, 2001, 2009; Tolstoy et al., 2002; Stroup et al., 2007; Chen et al., 2012)

EHIRO P~ KHTR 2 G ATEHE S ¥ 10 7 % fFHT L7223 O (Tsuruoka et al., 1995; Tanaka et
al., 2002a; Cochran et al., 2004; Métivier et al., 2009) 2B 5. F7z, KHMED L) LEHELRA
Ny MES, Wb A EEFEICEH L2ZEd H 5 (1 21F, Mohler, 1980; Souriau et al.,
1982; Iwata, 2002; Crockett et al., 2006; Zhang and Zhuang, 2011). & 512, BEOHEI R S
FTWNIA, FELRE BRIk 2k &3 TR el | & IHIE N B 5 e 4 XV T & HLEREIY
k®m%ﬁ%75%%ﬁ,ﬁ$@§<%%ﬂ%i@,%dyamq%Wﬂmmem%MW%%;
Nakata et al., 2008; Thomas et al., 2009, 2012; Gallego et al., 2013; Ide and Tanaka, 2014).
®D—7T, Knopoff (1964), Heaton (1982), Rydelek et al. (1992), Vidale (1998) ® & 9 IZ ﬁ
MR L CHEENRERE R LIRS HAET 5.

CDENITHREGPNLIAHE LTEZONLDIL, HETEE) & MKMW & OB I %E
BHRRRTIE%R L, RONZHH - HIBICOABNL L W) IEEETH L. FL I 2.1 i
THIBT 525 BIAIE, B (1995) % Tanaka et al. (2002b) 1%, 1982 4ED b ¥ FHIZE D T4

LIRS O3 2 =7 4 RELEES © T 310-8585 FIRIEK AT LA 1-430-1
2AEETERTZERT % H ¢ T 190-8562 HLEARVJITHARAT 10-3
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BHICOAR, FEGZMHEPAONL ZEZBHL TS, KO I &IE, Liand Xu (2012) R
Tanaka (2012) 2%, €2 2008 V)| KHFER, 2013 AL K TFEEMHEE O EHETIZBR -
T, FORFBICBWTHEGES E ERHMF Lo ELMHBEBRONL 2 2 L TWw5.
2.2 Hi TS Yin et al. (1995) ZMED LT 2L O—HOMFED, AV 7+ V=7 - HE - H
AKOMEEM G % ETRELEELRA XY MO, ok LT, #IWIZX 520583
LHRICHIEI MR > TREEDLZEEZRLTWS, INOHAVRKET ST LI, HBEOAFIE, H
BOIBTTIRBIEGFELTBY, (RWEFRI D RT VLS ZEFRIREICH 520 AAHB A
HNBEVWIEZTHA., TNIKEDTIE, AT —F Ly ML TIEEN LR IHN,
MNOTFT—% 1y MR L TERENZERIBINDG L) ZE~0, —IEOFHHIZIE R 5.

ElTv iz, HEEE) & BRI OB ERAREE, HLEFTTr—RAZXAFZ T4 DL
HME-oTBY, WREMICARS Z & THEOE B L7283 2 RER B TH 5.
OV BRER T A, ARICBVWTIE, ZOMOBETHREMIZH VSN TE KN T
FZOWTHNL, I EHCRENLIHEIZOVWTLE2—%4T4%9. £L T, AN
BRFFEICINT T, ZEXA5BOEMIIOVWTIRET 4. AROE/LZHNZE, HL FTFEE
EZENEH IR O TH ), HWHEGE) & IR &L OMBEOAFEZ DD DIZTOWT
T ALOTIIEVWI LICEESIN W,

B, FHEIEEERIC, R0 BN RIE EAEALE EGEEIELE OMBICRT 58
FHEAT I3 23l %, Web 20 L CHREMHIEBXEE 2 RET 720070y 27 b THAH
the Community Online Resource for Statistical Seismicity Analysis (CORSSA) IZ&R L T 5
(Iwata, 2012). AKFEO—#IZ, FONBELELR->TWLILZE, HH2LHBIH LTHL.

2. RERWLEFEETOICAN

2.1 Schuster’s test

HEESHORPEZFARDICH 12T, EHL 25D, oA L MEN TV 55D Schuster’s
test (Schuster, 1897) TH 0, T DKL, HEIGE) LMW L OMHBEZRRS Z L2 Bk
5. TOHEZHCRIZHIzo TR, 7, B L2VWHERERRYOTF -5 £y MIBT
% i F HOWBOFERH 2, MBI 0, ~NEHRT 5. BRoOBIE, #EREYIC X 20871 /E
AREACDTNE TR BBED & o 72R% & —180° B L UM 180°, TS ICHF NI T) /EAZEALH
WAL RBRHE 0° & L, ZOMOIEENIFZIMAHICE YIRS, 295 LTRONLMM, D
v MWL, ROkt R 2FH T 5.

(2.1) R = \j (ﬁ: cosﬁi> + (i\f:sin&) .

ZZT, NEI7F—4ty MIEEIN TV R2HEOMETH 5. BMFEMITIE, 2 KITFm LI
BT, BEERBENELT, HaUEMA) %6, L T5EE10OXR7 MV N RKEFIZENTH -
2B, #ITOF RS O RGNS TS, T2, MalRHRICBW T, RY/N d A
AR P VOREERE L THASN TS DD TH 5 (Bartlett, 1963).

T, L, HEGD L HEREWORICHEAN WS, BIb 0, OG5 —MaMhm & % b5
AL, 2 RIEFMICB VW THER 2 AMZ2 R 2ES 1 OXZ PLE2ECTWw o7z, Wb LRk
MRE & R 2 LAk, 2R?/N D4 AiIE, WIS HEEE 2 DA 4 2 FesdAillhtH & 2551
LNTW5D, XoT, EBIZTFT—I ORI L7 ROMEW Ry ThH o 2h, [HEES & Bk
WY OBNAHE A R W E W IREARFO T T D L REAMERE S N DR (FEHEXR) 1,

(2.2) P(R > Ry) = exp(—R?/N)
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1. 2011 AFHALH T AT B O T 3000 HM D7 — #1128 L, 200km x 200 km DZE
B4 > B %, HEWE OB LTHTIZ 50km 282 LoD, £4DY 1 2 F
7 NOHFERIIH LT Schuster’s test O P iz F158 L7260, 0204554 (Tanaka,
2012 X 9 5IHD).

Fig. 1. Spatial variation in P-values from Schuster’s test for earthquakes that occurred
during the 3000 days before the 2011 off the Pacific coast of Tohoku Earthquake.
The spatial variation was computed with spatial windows of 200km x 200 km
shifted by 50 km along both the strike and dip directions. This figure was taken
from Takana (2012), and is produced by permission of American Geophysical
Union. Copyright 2012 American Geophysical Union.

ThHzbN5. Lk, Zoffiz PEERRZE LTS, PHENSTHINSITIIE, LORBER
AMAEFEHLC, [HEGE L HEREWOMICHESH 5 L ERIOTAI LIRS,

HEREWIL, 2RO 5 - IRIE - MAHZ RS ) OR LELETH L7720, £
ORI IIIEF I ETH 5. Thwz, BERARRV ZVHIICESTICH2oTEREDO L)
B SRFHOP»ETFHREZLELT L. LaL, flziE, B 12.42 Ko KE:HE
W (M2 53080 O X 9 B RIRIEZ Fio 720 E OO AER L, B 0, = 2rt, /T (T 1355
HL7Za#MoRE & LCMlzitEads2ed LIZLIED 5.

Schuster’s test % W 72WFZ261 & L CTlZ, Tsuruoka et al. (1995), &H - HP (1998), Tanaka
et al. (2002a, 2002b), Cochran et al. (2004), Stroup et al. (2007), Li and Xu (2012) 72 £43%H
Zﬁﬁ ZDOHH 5 Tanaka (2012) Z /N5 5.

DL TIZ, 2011 EFALH S AR E O SRS, ZFORIFEHICBWT, HMEIGE &
Iﬁ«ﬁﬂ(ﬁk@lﬂﬁ CHBEAH L0 E) e Twb, 7, BREEALI2ITH/N—F % 500km
x 200km OFEIE (K 1 DEPUM)IZHF L, [Global CMT # 7 0 7 JE X5, KO MBESR
Wazagtbhsuarzhs, TOMBEMRMEBNIZEZRL T M, > 50 OHELIY B L7, T
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X 2. X 10 “region A” 123 % Schuster’s test ® P {HOKHZE{L. 3000 HH D & £ A
T4 Y FYE 500 HZS LB L TR L b 0. RERARGHOKAEHTESR
T 5 (Tanaka, 2012 X D 5]H).

Fig.2. Temporal variation in P-values from Schuster’s test for earthquakes that oc-
curred in “region A” shown in Fig. 1. The temporal variation was computed
with time windows of 3000 days shifted by 500 days. This figure was taken from
Takana (2012), and is produced by permission of American Geophysical Union.
Copyright 2012 American Geophysical Union.

4] 2 AR EIEA R 3000 HIE & LT Schuster’s test {17772 25A, PHEIZ12%ER D, AEL
MHEEZRSAZW, LEL, FEOF—7ty I LT, 200km x200km O 225 (7 1
VR %, REWEEEE UCRE SNZEEOLLO IR LTI 50 km [ TBA
LADS, £74 Y FICH LT PHOFELITR-72L24, M1ITRTED, WEHEHEO
WO A>TEELZHEPRVWEENZ (M1 T, S/ v Py LTHESAL: PiEE,
FDT 4 Y R OHNIH725 50km x 50km DEBOBTRLTHS). kd/PMEW PHEIF
0.34% & FEHWITHRCAHERE SN, T2, TheB#HR (X 1T, “Region A” & LTREN
IR OV A TR F N 725 IIARER, Blb ZOmERG N, ARBEO 2 HElliE & 72
RANEOREREELDIDOTH 5.

EHIZ, TO “Region A” (DWW T, PHOKEMZEILIZOWTHFRA. %130 3000 HH
OBFEE(Z A 274 Y Fo)2FEL, IhE 500 HOBBTEH» LD, 942674V F
YRICEETNAMBICH LT, PHEEZFE L. M2IRT#EY, 30 £ EICh2 5HEMZ1L
#RAE, 2000 EROFTEEDL L) REH2S PHEOBAPHT Y, REREENYNZ &5
FALT A4 YR TPHEBRNEZoTWS, T2, ABREAE P, HoRESHOAN),
B, HUAGHL GRS O BT E IR L Cid, ARZMHEIEE S e v,

UlhoZ &hn, RERBAEIMTCORIESR, FRHCBERBRICBT 2 ZMIPE LT,
BIGE & HEREW E OFZELRMHENERONS L1272, REFEICL ) EEI NS R
Enizizd, HEAPRON RS oz ) Y FUFIRIBEINS. 72, OKMEIIH
I LN E LT, #H (1995), Tanaka et al. (2002b), Tanaka (2010) iX[FEEDHRZRLTHB
D, BFLDHRILH T REENEBICRO N2 DTIE R WL S Th 5.

Z D/NEIDEAEIZ, Schuster’s test ZWENIZH WS 720 DR B IZOWTHEICHE RS, T
T, FOBMIIHzoTE, HMEDZ A5 —H2FHHICINY B LEDIDH L. KR
BEREOBLWHREEHO LD %, FEFITECRERICER L THENEE S L) 22 2 0dbhug,
IR, ZORERFICIST A MAMHICHEIEP T2 2212420, BN E SRS PEIES
BB HTHE. TNEHITELDIZIE, MEOZFAF—H2ROVBRITFTIIAFY
YT IEMEN S E, FHECH T LENH L. FRICHEDL ST, Zomicaed mEETIC
Schuster’s test Z WL A SN, 29 Vo 2RO RICIIEETAHLERH A, F
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72, TOIFGAIN T % TRoTwzb LThH, TNFEFTHOLEIA, YENLTIZIIAFY
VIFHRRIRWIEEEASL L, FIZIEEEOFEEHCC, BROEBEZHEIDDL LD R
HEZIPATRTHS .

Mz <, 3 LEOMMASHITSE2DRY) 5 - 7256 TH->Td, PHOKNMNIFT—7H
WCHRESELAENS, Bz 5L, HBEOKEZEMZELZTHRS12H72-> T, Tanaka (2012)
WCRBESNAWZ(5H) O—EOMFETIE, [ URKHED L WIZEREOY 1V Fo 2L TP
EDZALERTWAED, ThPLTFLLBEWEIZZT A%, fl2E, RU#EEEZ2EE IO
74 Y FODOIREWNEIC L THEN 217759 TRILELD Ls\w. 72, 714 Y FYIR(H 5
WIEET A Y RTICEENLIHBR) OREEEZD L, EDOXHIHREIENT L0000
TOMGEDLE L Bbih 5,

2.2 Load/Unload Response Ratio (LURR)

HIE TS L 72 Schuster’s test DFEE L WL HhHER S & 2 AHHH B TFik e LT, Load/Unload
Response Ratio (LURR) (Yin et al., 1995) 4% 4. LURR % M\ 7z R AE £ TOMEIR,
Yin et al. (2006)IC—#) T HOLNTWD. T/, wLld, ZO77u—FOFRERL LT,
ETAS 7V (Ogata, 1988) L #lA G5 Z & T, LURR % Kifi CTik R % FBARBAT OB A
T T I-E SN TW S (Zhang and Zhuang, 2011; 3fiCTd il s).

Yin et al. (1995) TR SN72FRHEICOWTRNT 5. 1 HIOFE TN L 912, WEREY
2 X BIEHEALIEMN 2 b O TH H720, THITX VBTN SET2MBEORAEZMRT L) %
[EIDINII A3 U % W] (loading period) &, #IZFAEZ T 5 & 9 RIHIDITIAET %)
M (unloading period) AR HAZFI LA, TN 2, HiEL ZOFAEREZIZE LT, loading period
12X 723 @ & unloading period IZHEE72d D E D 2 BEIZHIT A Z KL, ZL T, £~
OB T HHBEOLANF —D m FOMZFREL, NEJOREICHT 2%, [AIORICHET
ZNTE 7250 H, WHEOH)Y 2KDD. ATHRTEUTOMY THS.

(2.3) Y =2 (EH" [ (B

CZT, Ef BIUE 3EhTh, [EIORBIVTAIOKICE T2 i FHOMEO LAV
F—ThY, N"TBIUON FIENEFNORIIEEINAMERTHA. 72, m & 02T,
2B LMEHZHB L TWDE I L%, m=1/2 ETHIE, D2 Benioff EAEE
ABHTEICHRD. Yinetal. (1995) 2D ET L, HOHLO—HOWRETIEm =1/22Ebh 5
Z D%\,

F72, WEDPEEIIT VI ATHS W EHBEILZV)IGEIL, YOI ShAE2BEY I 2
L—a vy CTRDSLTEEIR, Yin et al. (200012583 NTW5S., ZThEHWT, Schuster’s test
DI ITHEFMNREZITE ) T L BB THA.

FEBHZ LURR # W72 T, FREBOMEZTD D LY, H5H—EOFMIE (Y 1 L7 4
YR ERT, FOFLLT 4 FIEEHMALODY REMETAI LI, FORME(L
RN, KMERAOHKE LTHEZ L0 E) Dr2iERT L2 L0% . BlZIE, Yin et al
(2000) 1ZFH Y 7+ V=7 OHET— 512 LT LURR ORI L2 L7z, K3 IRd 8
0, KHEE (B OLH) ORI, ¥V OHEFELR LAPRONLE LTS, T2, ZOFE
Phid EEROME CTHRIN TV A,

HL, ZOKEICHELTIE, FHC19944FE 7 — 2 v VHIER O Y OZ LE2 3L < MEk L
HL, FEZIIKIIRAONZWE TS50 5 (Smith and Sammis, 2004). & 512, Trotta
and Tullis (2006) 1%, Yin & QAN ZRL DY &, Smith and Sammis (2004) 12 % &% IC
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3. Load/Unload Response Ratio (LURR) D# I & LC, BH Y 7+ V=7 DHiER
FaH L7zb o, R(2.3) TEHRSINZ Y OMBORHENERSL L, WDKKl
B (X oLH) OFICAERER EAPR 515 (Yin et al., 2000 X Y 51H).

Fig. 3. Application of the Load/Unload Response Ratio (LURR) to several earthquake
sequences in southern California. The values of Y defined in eq. (2.3) significantly
increase prior to the occurrences of the large earthquakes indicated by arrows.
This figure was taken from Yin et al. (2000).

2, ZNHOMFEIRLAZY OIRFMELEZFHE L L5 LikAi72205, BRTE 2P/ LRLT
W5, LT, LURRICIERD SN, WMiXh EICEFESPICEHL WLV T X =5 Dk
FBICKRELEAENB ERRLTVAS.

F7, W3 & LTHHL7, Yin et al. (2000) DXIZHZTTDOF v 7 3 »I2Id “all strong
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earthquakes that occurred in southern California from 1980 to 1994” (DRE{D Y DOREHZAL % #
R72)EHBH. LhL, TTTRY LIFSN7z ROERTIE, MliZd v <20 M6 FEED#IE
WY, “strong earthquakes” DFERFEHENL {50 H v, MHIZLTH, LURR AHETFHI
WHERITHEH, 72202 bMEEH & HIRMY L OMEZ ML DIHEN ZFETHLNE
B, FELVHEPLETHS ).

2.3 RBREERICESICTIO—F

WREDRAERESO L 12, BRRE L (EEICE, 220 F 7232 SRRk A2, 22T
FHAMAL D720, BEORERH 2 LI10T ) ICZOFRARZ ETH]E L TRMICK LS5
R FRIE SR & EN S (B 21 Daley and Vere-Jones, 2003. HuEFEA~OISHIZE L Tid,
Ogata, 1999, 2013 DIRFHHGL L SH). Z ) Vo2 F—F DFITICB VT, ZOENRY -,
BARIN AT HAZ R 472 ) o oS (A1 %, B 2 K9 [MREEBI %] (intensity function) % #E
EBTAHIED, TTHEL RS, 4B, HETF— 7 OMINIBWTIE, REEBIL RG]
(seismicity rate) & FEH LFIFE EZ TELELZ 2.

L, MOPOBEICHEDE, K ¢ 1B AHMERE A0 85256 TBY), ZOmER
BOETFTNNRG A—% 0 OEZTRVIZWET L. BT 2 HET— & FEERRYD BV
T, i FHOMBORERGNE T4 &, AtO) D {ti;i=1,2,..., NHN 7= NOME
B2 4 TdE ) BAWERTHEALE InL(0) &,

N T
(2.4) me)ZEZmAmw)—/ A(t|)dt
i=1 S
THZ6N5., 22T, SBLUOTEZENREN, BIHHOBEE Y &b ORI TH 5.

BT, TOMHMAT, BTGB S ORI R ZND D 0L ) priiizweT 5. 2

I Vo A OWMEREE LT, Ogata(1983) 13,

(2.5) At)=(PLYF)+(Z T35 —) + (JEHIH)

EVIDDERVDLILRZRELTD, MBHEHOWE, ML Y FIIIRANRBEFREIO
24, 77 AY —IIRBIEHICAER I NS BTGB ORENITH YT 5.

AR EETH B9 E ) DDV TIE, (2.5) RNOEERED S FTER S % ) BRwizE
FNEZDITHEVETIVELIZOWT, HRibEHREHLE (AIC) (Akaike, 1974) ZEHE L, MK
FTAHIETHBTES (WHhWL[ETIVER]. I<HMONTVSEEHIZ, AICITETINVINT
A—FHDENEEE L LT, EFVEF—FLOEVEASVE T 5720 0ME TR E
Thb.

Iwata and Katao (2006) (BLF, TK2006) 1%, T DF 2 FIZE ST, FHEILHOBUNER
I OWTHRz, ZoHgiE, 1995 ELERFEHBEOBRBICHE L TB Y, KHIEREH
HWEOIED SBEMICHh o T, MEREE A ofICHBE» R OE Z 25, BRI
F R (2002) I2& > THRWEEIN TV 5.

IK2006 THWZ2MERMIZBWTIE, ML Y FERDZZEATETIELE L. 75925 —
B oW TIE, Ogata (1983) Tld, UFREOFHHEMRICBIT 25HH AR ZEE L T, Laguerre
ZEAEHCEZEPREINTVLEY, FOHROFEEENON EZEAT, X VMR
5 MEFTIIBIED & 2 ABHEN ZMFEEET NV & SN TW5 ETAS £ 7L (Ogata, 1988)
FEALZ. FLT, BEESCOWTE, ZAEEHVEZEE L.

o, BAMZRERBONIZ, DUTo@E)Iichs.
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# 1. R(2.6) 12T HBREHOME. A ADDEFMIHT S AIC Oftik, HIRS
M7z b LY FEGICEDN A ZHADOKK J. 4 DDEFTNVORT, AIC RNE o7
bDEKRETRTY.

Table 1. Akaike’s Information Criterion (AIC) values and the values of J, the order of
the polynomials in the trend component obtained for the intensity function as
shown in eq.(2.6). The minimum AIC values for the examined four models are
highlighted in bold characters.

Constraints (1) (ii) (iii) (iv)
FEHELREME R AR, 2 M (1995 F 1 H 17 H - 1996 £ 12 A 11 H)
Approximately two-year period after the Kobe earthquake (January 17, 1995 — December 11, 1996)
J 3 3 3 3
AIC -4771.56  -4773.94 -4779.01 -4781.46

R R R A, 2 4 (1993 451 H 16 H - 1995 4 1 A 16 H)
Two-year period before the Kobe earthquake (January 16, 1993 — January 16, 1995)

J 1 1 1 1
AlIC 539.80 543.23 541.91 545.46
K exp(a(M; — M)
. A(t|0) = t
(2.6) (tle) u+§:m:-%§: t_t+®

iyt <t

+A1sin0(t) + By cos0(t) + A2 sin(20(t)) + Bz cos(20(t)).

2T, 0(t) W ¢ 2 ARSI T A IS E BT 2K TH L. BIb, HHERTIHHD
B % 0° F 7213 360°, TR D H DK% 180° & L, ZDMOBANIHIICAENEED
Wo72bDTHL., THITED, 0¢t) BEU200t) 25, TNENHOWHRITO 1M (B 212,
HLHAPLROHAETITHYE TS 1 WIZEARNB L OZ0 0 W2, HD2HA»PHR
DA ET) LB EMEA NS TEZEICRY), UTO4DODFFVERRSLZ AT
k5. () Al LB R L, Gl iﬁﬂ‘:@ﬁﬂﬁﬂ@&& b (i) FHLEH R O A D D,
Gv)1 WA - :lﬁzﬁﬂ“’ﬁl;lﬁﬂk bHY. FLT, FRENOEEITHIETLEFIVIST X —F~
OflFzFENFRN, ()AL = =By =By =0, (i) Ay = 32 =0, (i) 4, =B =0, (Gv) #l
WL, £%b. 72, b l/‘/ RS T 5 L HRUZOWTIE, TOXREJ ’a‘:ﬁi&)éﬂ%
WHDHH, EFIVEIROEZ T LIS, AICICEIWTE 2 X B E R EICL.

IK2006 Tl, HUESKZBE SWFFErT iy w LR BHNHEIIC & » e s 7, ﬂ(}’iw&@ﬂﬁ%%ﬁﬁﬁ
L7, BRI ZMESS S IR (2002) ko2 b o L bk e L, LLEIEFEERME A D S8 2
B (R (2002) L IZIZF T 1995 4E 1 A 17 HIEF2 5 1996 F 12 A 11 HIEFET) O M > 1.2
OWEF—r WYL, R(©2.6) DMEMBICESS EFNVHIEZITo B RE2R 1ITRT.
AICAVRNE WD, IDIWEFTATHLI DS, (vVOFr—A, AILT1HEA - FWHEA
M ED D [T EEFANRD IV LRGN D, T2, O3 ODDEF N ED AIC DZE
13245 T FNULETHE T LD, WMEAMPIGFET A2 L3RI+ EETHLT L
BEAL(XDFLIF, TW2006 W RL7ZH A 2 OIS MEL SR, 512, gD
7o, IR EIS AT 2 £ (1993 4F 1 A 17 H 0 B¥2 5 1995 4F 1 A 16 H 24 K§) I2B1)
L CHIBOME T — 5 2 L7z 25, [AEICEE LR 2 LNCHYT 2 Hor— A
MEIREN(FE D, AS, HEICEME L -G B o B, SEERTBERERDA
KRN LIRS,
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# 2. RQNIED BRI ORR. FART 4 DOETF VST 5 AIC Offik, EINE
Nz b Ly PGB L ORI fEibN 72 L HR ORI J, L1, L. 4 DDETI
DOHT, AIC /M ERS7HDERFTRT.

Table 2. Akaike’s Information Criterion (AIC) values and the values of J, L1, and L2,
the orders of the polynomials in the trend and periodic components obtained for
the intensity function as shown in eq.(2.7). The minimum AIC values for the

examined four models are highlighted in bold characters.

Constrains (1) (it) (iii) (iv)

SRR A, 4 4R (1995 1 H 17 H - 1999 ¥ 1 A 17 H)
Four-year period after the Kobe earthquake (January 17, 1995 — January 17, 1999)
(J,Li, L) (3,0,0) (3,3,0) (3,0,3) (3,3,3)

AIC -4933.03  -4938.83 -4936.18 -4942.14

SRR IR A, 4 45 (1991 4E 1 A 16 H - 1995 4 1 H 16 H)
Four-year period before the Kobe earthquake (January 16, 1991 — January 16, 1995)
(J, L1, Lz)  (3,0,0) (3,1,0) (3,0,1) 3,1, 1)

AIC 1803.59 1806.65 1804.42 1807.46

RIS, FESED X ) ITHERZAL L TW a2 iix5 2 & ailsaiz. A(2.6) TR, I
RIS B A BBOREEZ E-E LTS, LaL, ZORBDFERZILHES LI
BTNV EHHRT H 2 LT, MDD RZILIZE S AT 21772 W55, 1K2006 TIZH
MTIED 225, HEEMAEMORESD, PL Y PG EFAKICEHATESh b Lz |
L, MEMBUIDIFO X ) #ﬁéhé

K exp(a(M; — M.
(2.7) 7u+§:%t+§: t_t+® )
ity <t

+ZA1ktk -sin O(t +ZBlkt -cos0(t)
P

Lo Lo
+ZA2ktk ! sin(26(¢) —|—Zsztk L. cos(20(t)).
k=1 k=1

1WA B LWL RPN T A2 EICHN A ZHRNOXRM L BX O L, LY K
ST AL EAOKE J EFBEZ, AICIZESWTED S, HL, X (2.6) Z R~
TR oA L FERC, 1TEAB X OEMZEA ST 2 BAEOREEL D S - 7
LOBEIELT, 4DDEFEFVEFHARLIEERD, HFEEFVRERIIRT LI, L BE
O Lo WX BRI LTRIZENHEKS: () L =Ly =0, (i) L1 > 1,Ly, =0, (ii)
Li=0,Ly>1, (iv) L1 >1,Ly > 2.

M ORMELZ S 2T 572012, BT % 2 M2 5 4 4/ (1995 4 1 A 17 HIE
A5 19994FE1 A 1T HEFEFT) LEELAET, ZOBN21Th-72. 9, AICICL %4
DODEFNVORBHRREEE2ITRT. EFV(Gv), b, 1 WEABIOEMEARBEDL, #
DBEICHHZADR DB ETHEFUNFRBEOD DL LTGRIENZZ. $5612, o 320FF
WEDAICDEFARETIZFNRUETHY, ZOEEBRLMENI LSS,

M 42, EFWVGEv) L DS - BAMEE s oORHE L EZRT. 2L T, AUGEKTO®
FEORHZLZ 52D R 5572012, X(2.7)I12H 5 =MARORIEORMZELEZ RDOAT
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4. (a) SRR TR BRI A F 4 4RI (1995 4F 1 H 17 B — 1999 4 1 A 17 ) OFFjkilii
OWFEEBY%, KX (2.7) OHEEEBEE H 7z RUBRET THRARZAER, 155 78IS
S OWREHZAL. (b) (@) 1R LRI s o kg2 b %, K (2.8)D g;(¢) IC& D =F4
BIRORIE, BIH FI G OB L2 b o, FERB XA EhEh 1 §IE
HG=1DBLOEMEAAYG =230 T 5. £/, HEEITR BRSO
T H#TH 5 (Iwata and Kanao, 2006 & D 51H]).

Fig.4. (a) Temporal variation in the intensity function of the trigonometric terms in
eq.(2.7) that were obtained by analyses of microearthquakes that occurred from
17 January 1995 to 17 January 1999. (b) Temporal variation in the amplitudes
of the trigonometric terms, which are given as g;(t) in eq.(2.8). The solid and
dotted lines correspond to the periodicities of synodic (i = 1) and half-synodic
(7 = 2) months, respectively. This figure is taken from Iwata and Kanao (2006),
and is produced by permission of American Geophysical Union. Copyright 2006
American Geophysical Union.

L.

(2.8) gi(t) = \J (i: Aiktk_1> + (2 Biktk_1> (Z = 1,2).
k=1 k=1

i=1BX02F, Fhzn i M2ZA, PEARNO=ABKICHIET 5. GHEIN gi1()
BLWg(t) 2AbETH4(b) ITRT.

BUR L7280, 192H - PEZARE b, ZOMBEIIARBEREBRICRKDLIML, 20k,
FE 2B IZONBE L T 5, T/, TR EIS R 4 45/ (1991 4F 1 H 17 H 0 B2
51996 4E 1 H 16 H 24 i T) DF—F 2o\ Td, [l U 24774 57298, ZhIZ2o2W T,
EFNGE), BB 1ML - PHLARMEIZLETE2D0PRBETH-72(FK2). DLEF
b e, LM EBERICIE, MR L IR & OMBIE Rd o 72h5, FoFLEE
(ZHE RN BY & BRI & OB R DR, FERORE & HITHB bR TWw o722 T2 5.

TK2006 CTRAENTRG L Lz FRE L, SR M RO EERIC L ) ED L E (7 —
O VIR & 5272 2 E R E T 5 (Toda et al., 1998). £ - T, ZOIEDILIIZEE)
ZERE LT, FHEILIOIE ) LAV FIRE L 22 5 2 & T, — RIS IR TEE) & MhERk)




BRI & HERIEE) & OB 2 72 R E) 139

WEDOHBMAAE L. £ LT, 20k, FHEILIMBS X O OSABIC 51T 2 ERTGENIC X 28
NTELST, H5HWIFHB OB RIRD FE I X DI HEME LD, B LRV EREL
WWETL, ShiH-T, MBS E > Tt EZ 5.

3. SHRADRRCHETH

1TEICOMARAEY, HEREIW & HEGNE E OMPIIHFEET 200, TRHEETHICLTD,
HETTHRSNZYM - WIBICOARBNLDH, E5I2F) THIITE D) Vo 72 - HiIgic
HANZ0h, THoBMEIRFRTHY, ZNICTNT CORBEN LB ITLENS.

HF1Z, Yin et al. (1995, 2000), #&FE (1995), Tanaka et al. (2002b), Tanaka (2010, 2012) %
EAURTRMBERA ORISR L LCoOMBEY & i) & oMM, E TN
POEEATOMINTHL., BEELZ L, LRO—EOWIED L) RIBTFHITIERL, K
HWEREFIHMHE TE LR EZHEZ L THADH. BlZIE, Schuster’s test 12K LD THNIEZ
@ Pfl, LURR THNIXY OFtHEEFEIFT R, TE=5Y V7§ LPUETHS.

fHL, fZ1E Schuster’s test THILE, Tanaka (2012) DL TV 580, MHRETLHHE
W&k oT, ZOWICHENS PEET OB ) Bt oTnd, Sz 5L, Wik s
LTO P TEZMIBTERRLEINE, 42594 Y FYDIREHEYICEETE L2 EI»
WCKEAMKIET 525, TOBRTBIIHT 2 AN LIBHI 2 woHRTH 5. [ UMEE, 220
T4V DORESOBREBICHLTHAELSLL, THIZLURRICBWTHIHEOBRETH 5.
Wik, Bk KX SO - 2l Y FoE2HWAEE=2 Y U7 2RABICTER) 28, 2
IV o HEEIC TS R TIEHAL, THIVSE=FY T2 ALT, #EWET 4 U
TR T A RAEON A MEELEDH 5.

7, 2.3 HilIm Lz Bl BRNTIC X 55 v 270%, B - 2/ 4 v Ry OBRENLELR
Wiz, oL REEREEET S Z kS, T2, 23 WIIRLABITIE, MHEDZER
T TIEEZ TRV, JT4 D ETAS €7 )V (Ogata, 1988) 2522 fit (Ogata, 1998; Ogata
and Zhuang, 2006) N EIEREINT WS L H 12, K25 DL H 7%, HWEGEOFHMEZ RS 7
OORERE D, REEANETRT LI EE, BEOLETIIZIIEH LW ETlERWV.

HL, BARMIZE S VI BT AW TREBEEZEFEZERTNIIOVT, EXHLENH DL,
ZNLENC, WRBISE 2R T 2 K% EI)MABEDLELZPIZOVT L ERORMANDH 5.
23 ffici, R@HIEIWT, RQNDL) LMEREEHEE LT, HEOREME/IZDOW
TRz, Lal, RQHDEIICHEETOMEWMEIETIERL,

(3.1) A= [(FL> F) + (2925 —)] x GEEHE)

DX, MEOREE, FNUNOEFIHEOETHRZ LI EEZIONA.

FERE, HH - 2 (2006) TIE, N@25) 1282, NGBV B THEMBEMBEKLELT,
IK2006 CTHo 72D EFUTF—F 2T L7z, 79 A7 —H5IE ETAS EF)VCERL, MLV
N B O I 20 0 = A B E O R B ER 7 & ZTHEN TR L 72051, 1K2006 & FAMETH 5. 15
TRAT DFE R, 1K2006 TIT 7% o 72T IZIEN, AIC OfHIZ 5 T2 FRUEXLSRY, EFLVD
WEHIREI N

LURR (2R3 L Cid, 2.2 i THliiL7> Zhang and Zhuang (2011) 2%, LURR O#fEil= Y (G
Q3ICETAS EFNVEMIT b 0% BEREE T2 FEZIRELTBY, WIHEOAEN
B2 AT LT\ b, TOETFIVIEN G EAEORBICE SIS DO TH S.

ZDEIBREARITEbNOOH AL TH, MBRETOIET, WEEDE@E®WE DM
BMEWRD -00f A2 DEFNVIRE L, EBOF— BN ZOMEFZ MR ERETId %



140 MEMEFL % 63% 15 2015

V., BRICERZERIAN E RIE A RB L 22AIE, )M 0L RY, —BoOEEBELEEN
RKOOENLTHAH. F72, Schuster’s test R° LURR IEZF DMETEDFIRASILBFETHE TH 5
DIZx L, HBEBFITICB 2 BAEORE L ZORKE(ET VT X —F )1, 4
LB E LOREEZMED) S LI 3 HICHETALERS S, HL, 9 vo-Hiki,
SO EE LB, HAREIIRRERS Z LTINS,

WAL, CSEP Japan (Nanjo et al., 2011) OFSHAICT S L 9 74, HZEEE) & HERE® &
OB ORZEHEE ~ EHRE LT ANZTFHUETVORENEENS., LrLeds, k
WO, ZIIZELFTITEMYOMEREL L OFENDH L2 00, BHTHEDED, 2
DI MO EOERPLETH 5.

#HOE

AR BIERERITTCTIEIVE LAEARBES TV FAF—DREBEER, At I XV
M TEoBHOERE I EHE LY. T, FEIE0O—RZ, A EmMbh4 - &
A (C) GREEE 5 26330056) # VT e L7,
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Earthquake Forecasting Based on the Correlation between Earth Tides and
Earthquake Occurrences
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Many studies have investigated and discussed the correlation between the occur-
rence of earthquakes and periodic stress/strain changes due to earth tides. This article
introduces typical statistical methods that can be used to examine such correlation and
reviews recent achievements made in past studies. In particular, it is proposed that the
significance/non-significance of correlation can be used to measure the stress state of the
earth’s crust and that this information may be valuable for earthquake forecasting. Ad-
ditionally, this article suggests possible development of new statistical approaches in the
future that would allow for more comprehensive evaluation of such correlation.
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