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Frequency-magnitude distributions are generally expressed by the Gutenberg-Richter (G-R) law. How-
ever, frequency-magnitude distributions are sometimes a convex-upward curve rather than a straight line,
departing from the G-R law. An 7 value originally introduced by Utsu (1978) is an indicator that represents the
degree of deviation from the G-R law. We investigate » values before and after six M7-9 class mainshocks off
the Pacific coast of eastern Japan. The 7 values tend to become small (i.e., the distribution deviates from the G-
R law) before the mainshocks, and then increase (i.e., recovering to the G-R law). Taking this characteristic
into account, we suggest a simple and challenging earthquake forecast model based on 7 values. Probability
gain of the optimized forecast model by a retrospective test becomes 2.24-3.03, and the alarm rate and the
truth rate become 100% and 0.14-0.47%, respectively. According to the result of the forecast model applied to
the latest seismicity, we should pay attention to seismicity off the coast southeast of Kanto district.
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TEEMIIERTIEDNTELEVI AT Y MDY, |
WO G Ai & e 51T E pHIZ/AINES 2 D, T (1988)
1, 1926~1985 4F1Z H AT IZ 584 L 72 M5.0 L Lo
BOH L, MAOLLLOHIED 5 FLLEEA L Tnwa A

* F305-0052 FIEELO TR 1-1
tOBIFE - T100-8122 FECHETAHKATH 13-4 SG7F
HOFE LR

» value, G-R law, Deviation, Earthquake forecast model, Probability Gain

Ny 2EENGE LCHIEE SR pHa KD, Hi
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Tebbens (2002)].
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Table 1. The 7 values for six areas. Underlined boldface denotes an » value less than or equal to 1.70.
Length of major / | Occurrence time (JST) of] 5 value [Number of earthquakes]
Area . .a . M, mainshock M, t b c d
minor axis the mainshock Before After 1 After 2
Off the east of 4 October 1994
A oo 2118164/ 151.9760 22956 8.2 1.60 [177] | 1.66 [455] [1.80 [2168]
B | Off Tokachi | 204.4376/187.3101 | 26 Se(l)’;‘_”;’(‘)l.’ggzom 8.0 1.70 [182] | 1.74 [113] | 1.86 [473]
c| offiwate | 1888843/ 1321363 | 28 Dg‘fgl?;)l”“ 76 |39 | 162 (1791 | 1.81 [148] | 1.83 [528]
D | OffMiyagi | 85.4725/85.1676 9“?;",’:2?2“ 73 157 [111] | 1.63" [71] -
E | Offlbaraki | 96.8573/46.6042 8 May 2008 7.0 Le6 [1631f - L
01:45:19 2.95 - 1.90° [110]] 1.79° [216]
F | Off Tohoku | 639.9619/3463317 1“;’2‘?;?1290“ 9.0 [4.95|1.97 (5031 1.75 3971 1.83 [730]

a: Length of major and minor axis of aftershocks area. Unit is km.

b: Period from 1 January 1990 to just before each mainshock, corresponding to orange diamonds in Fig. 3 and Figs. Ala—A6a.
c: Period of 7 days in areas A—C, E, and F and of ~2 days in area D after each mainshock,

correspoindg to left blue diamonds in Fig. 3 and Figs. Alc—Aéc.

d: Period from just after each mainshock to 31 December 2012 in areas A, B, and F and to the 2011 off Tohoku Earthquake in areas C and E,
corresponding to right blue diamonds in Fig. 3a —c, e, f and Figs. Ale —A3e, ASe, A6e.

e: Value estimated by using M, =2.95.
f: Value estimated by the number of events less than 100.

L7zt Z T 72, ZOME, T2 (1988) %° Burroughs
and Tebbens (2002) O & 512, AEEHTOHEGIHEEE 554
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LIEDbhoT. EHICINLOEMERE 2, fE
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%35,

§2. ¥ — 4

AT I IE SR G T — e LBIE (1990 4F 1 7 ~2012 4F 12
H, % 100km PLi%) 27z TS L LoRE
i, T WIERICH A RO RFEFE N CIRA L7z M7.0
U EoAREG6ME L7 (Fig 1, Table 1). &AREICET
B FRNTR GaEdL, B 7 HEAAIZES A L7z M4.0 LA
FoOEEORI AR M v IV EREE A-F &
L7z (Fig. 1). 72721, #E D 2>V Ti, 20114E3 A
9H M73 OAREDH 2 HiZIZ M9.0 © 2011 4E5 AL 7
KFFEMHE (LUF, #dbm#iE) [Hirose et al. (2011)]
PAETEE L2720, ZOERMEER $ TOHMO
T PO R RE L. NT A= OEEICHN S
ALV EREIRELL B2 [FHE (1978,
1988)], iR N TAFE RIS 100 1 LL_E o> %8 1 70 H
BIEEIEI S N Do P2 ARBLIANT R S B 7z
(Fig. 2 o). F72, SHIHIEN TR O HE
e AREEL, TNLBEICEALZEE M70 L ET
HoTOLRBLEAML, KEL L COMITRLR S W
7= (Fig. 2 D).

§3. BT F &

T F 2= R M~M+dM T »HEDEH %
n(M)dM L& < &, GR BN X 2 BB GISEE A6 13 ko
Lok s.

log n(M)=a—bM 1)

ZZT, a b IEEHTHAL. TR =F2— NI
B CHE S 7 B HE S A PSS BT S Lo w
I HIFE A B, RN XA =513 1H (0) THS.

G-R HID At b BB EE 54l & 29 3 kk 2 2% &
NTwv 2 [Utsu (1999)]. R#LTlE, GRHAIZSEM L
ok RTETVORFE LCHEOR [Utsu (1974)]
& 2 [X[# G-R HI [Gutenberg (1956)] %% & L CHLY F
15,

Utsu (1974) (&, BUBEBIBRESAT A LIS E 2 AR %

ETFIWLT L7200, 7 =F2—FD R, 8 A
L7230 (5EEoR) 2REL7.
log n(M)=a,— b, M +log(c,—M) M<c) @
n(M)=0 (M =cy) (6]

CZT, au b R cu \3ERTH D, COETNVIEM
W \ED &, EUIZEnEd 5. MIKITAERTH S
7o, ¥/ =F 2— FIZLERE2FEOFEORD T GR
AL D QBENTHAH. M H/8T A — 51321
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—F, HHA—F =<7 =F 22— F M TEMEDE
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Fig. 1. Epicenter distributions in the investigation
area from 1990 through 2012. Red circles denote
mainshocks with M>7.0. Blue circles denote M>
4.0 aftershocks of each mainshock in areas A-E.
Gray circles denote M =>4.0 aftershocks of the 2011
mainshock in area F. Seismicity in area G is shown
in Fig. 10. The latitude and longitude of the four
corners of each area are A (43.297525/145.535840,
44.376068/147.674714, 43.245088/148.737108,
42.204104/146.570209), B (42.180190/142.750254,
43.283992/144.747288, 41.915468/146.080793,
40.833874/144.103236), C (40.85/142.0, 40.85/144.24,
39.66/144.24, 39.66/142.0), D (38.77/142.78, 38.77/
143.76, 38.0/143.76, 38.0/142.78), E (36.42/141.2,
36.42/142.28, 36.0/142.28, 36.0/141.2), F (40.932629/
141.998709, 40.023771/145.906228, 34.522258/
143.742367, 35.366445/140.090640), G (39.78/141.79,
39.78/141.87, 39.73/141.87, 39.73/141.79).

&5 L) R .
log n(M)=a1— b.M (M < Meor) 4)
1og n(M):llz_sz (M>Mcor) (5)

:—:VC\, a, bl, az, bz &ZﬁMmr Li%;ﬁfd—?)é 2@\127:(:/\0

T A—=51% 31l (by, bs, Meoy) T 5.

INT k=5 OHETENZIIR AT [Utsu (1999)] & H7z.
FHONZ, BRI A IO 55 20 b O Tk

Fig. 2. Calculation grids with spacing of 0.25° for
the earthquake forecast model and epicenter dis-
tributions. Green numbers denote the grid num-
ber. Red circles denote mainshocks. Blue circles
denote aftershocks with //>7.0. Aftershocks as-
sociated with each mainshock are shown by the
same symbol inside circles. Black circles denote
mainshocks for which 7 values were not calculated
because the event number was less than 100 be-
fore mainshocks.

WREL D EEPPORL L 26055 5.

Dk 32070V (GRAI, FTHEORX, 2KXKHGR
HD) 12oWTHN LA, EFVEOESOIGE L LT
AIC [Akaike (1974)] 25& < VWSS, AIC 25i b /M &
WETUDENTWD LHErEn, FZ2D Eo#Erd
TWEETVEICABE R ZNH 5D & /e 5. KiTid,
GRHI, =# oK, 2 XM GRHI® AIC % #hEh
AlCer, AlCy, AIC; TR

CCEFCTHBHLTEZLIE, FETNVDOINT A—F
HEL, AICEFHWTETFTVHOBESZHDL L V)
RN FHMETH L. L LZOMIS, BRI 5
O E D EDDINTG X —% p THEIZETZ LT
&5 [FHE (1978)]. A TIEEI 7 HOMITHFIZD
WTIRA, BUEBIARE 545 12320 (1)-6) 224 TE o720
INTA—FHIFBEMEE L ORTICE ED D, X=M—
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n=E[X?|/(E[X]) (6)

CIZTC, METRY 7 =F 2= FT, MP01AATEH
ALENTWAEE (BHOA Y a7 D% 1201 %) H)
X, 395405 2 &Mz L b, ELZIEMAIIRE
N DB OV % 73, BURBISEEE 546 25 GR RIS
WO A OMREIZ 2 T, RIS E <2, TIZ
M7ZE p>2 kA BlZIE, 100 (200) DT — 5 2 5
KDz H3170 (1.78) LT THIUL, Zhax GRANIHE
I RHEMD S DY TN E 2D DI 5% DA FEIKE
TN EWEDL E vz 5 [ (1978, 1988)]. 7 1E
DHEEIVZHV BB D ne, <2t hRTnk
W BT B [ (1988)]. R (1988) ANHEE L H
W EBIE 4 < T 50, EHIF 10 kM TH L. —
F, 3T A= OHEFICH WA AT NT Y F
WEREL 2B [5 (1978,1988)]. ARFZETIXZ D%
ZELT, 100U EDALA XY v 2HWEL LT
(727201, ko) —iestdn ).

D HOBMZIZ OV TIEDTOTRIETEE L2, A
BB A 2 2120, REM O IO Wil
EAFEET DEIC1990 £ L EDA XY P ETOT—
FERWT gz ROz HEEIHAL A XY N1
TFOMZ L lhb,. ZOLE, FIEZHGT A4
BERIE 10020 & L7z, REROBIFIZOWTIE, 1
NY b (BE) PEATLEICRERILZDAL XY b
FTTOF—F RV Zoks, KREI&EDT, FE
ERIETHDIEAREO T HE2LO & Lz, 727210, K
D22V, REOHK 2 HRICHEILM M E ST
L7720, HALMHEORZEER £ COMM & L7,
SOk EHEEICHW B TLETH S

MOAZEERINT A= OO EDTH B, IEMERHE
Ehho v, BRSNS MO TN O5h %
LCWAEE, TNNEEDR, BRARENIZLS 090
FIWTIZHE Lv, — 89121, GRAIZ 45124 Tk T
M ZJ5ET 5 2 D%\ [Flz 1, Wiemer and Wyss
(2000)] 2%, BUEHHEEE 54 25 GR QI &40 2 Blid v
<2bALND L [BIZIE, Utsu(1999)], ARfseTidz
DEIZEHLTWA 720, GRAENCESWT M, 2%
T 52 EAIAKREER TH L. MBI RE 53R HAR 0 il R
Wik KERDM% M &3 5FFE (MAXCH:) b5
[ 21X, Wiemer and Katsumata (1999)]. MAXC #T
HOND ML, — BRI HBLIAEEE 546 T % O bin
XD M (Mmazn) \2—3F 5 & S5 [Woessner and
Wiemer (2005)]. Hirose and Maeda (2011) %, _Li2/ho
WA Ry FEOXICED LTI TV E2RE L

12, My & U T Myawn ZHH L7z, G RIFRA AL Monaon &
DREREEMEE M &Lz, T =4 XETED
T2IRIB OB F O M, 1% 495, ZOMhossE 395 &%
L7z 72720, BEREIE (TabbillEORK
HIBESIASE\) BIH [Nanjo et al. (2010)] OMIZAIE T 5
S E 2B \WCiE, A (200845 A 8 H) LIBEIZOW
TiE, REEBSANES 720 (M=39572L 7 HHET
21 1#), My=295 % Fi\ 7z, RS Mo £ b 04-
3T REREE o7z,

Nanjo et al. (2010) 1%, 1970 LD SRS T—7tib 7 ¥
O 7 2% LC, EMR # [Woessner and Wiemer (2005)]
@M L, HRESHO M, ORZER A ZRD/2. Th
LB EHES0-30km DT —FIZDOWTTIEH 5755,
1990 FELABED T H RO KM O M, & 3-4 21, 2002
FELLBED M, 1$ 2-3 F2 £ CTd 5. EMR 1k GR HI %
N=Z2Z LTS METETMLTHLDTH 5.
BIZAX, BV 74 V=7 OHEFEIZOWTIE, EMR
HFIZE D MAZFEIITIE MAXCHEIZE A M 1202 %
Mz 725 D& 7% [Woessner and Wiemer (2005)].

§4. #% S

FEAT TSNz p O REM 2L % Fig 3 1IR3,
B A-E Tl&, AEWO 7 fEIE 170 LT /NS, KE
ERICKEC oz, RERO 7M1 111-182 D7 —
Zane, KREEHIL 71-455 2 SHEE SNz HEEIS
AW L% L o il & WCHRIIZA S Ao 72 (Table 1).
§3 TR L HIZ, ~100 DT =5 oKDz 5 fE
AR LT0DFCThIUE, GRS &L Tnbd Ewn
Z 5 [ (1978, 1988)]. Fig. 3 iR+ ab b, K
BEANE GRAIDSMBL L, AREHICGRANIMET 5
Wb 2 &R LTWE, ZOMAIZEETILO
AIC DI, S HIERTE 5. KERHZO » EOEAL
MU R C RO EICBU A RER EARET HBED
BUBLBIBH L 73 A % Fig 4 (R T, K 3EIR0 R 7 B
BUAHEE /34 1 Appendix A # IO Z & RERIOHH
(Fig. 4a, ¢) TlX, GRHATL D R GR % 2 X GR
Hlo AIC O BEEI/N SV, —F, KREEHOHE
M (Fig. 4b, d) Tl&, GRAID K HMEF Lo AIC &
DH/NE V. E5|ZH A-C E TlE, AEDS 408
Mok L, EFREENCR > Th p HIZREO L
NOVIZITRE - T (Fig 3).

—J5, BALHIEO&E TH 5 5K F 1281 5 K%
A2 p HORZALIL, IR A-E O#FH & o 6n
%Y (Fig 3). #HE F XL TH 5720, RERIEE
s o B H WEHET SIS L, R E LTGRANC
Beotzr, 7203 M9 DA 7 v e LT — & ks
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Fig. 3. Magnitude and » value versus time plot.

Gray vertical bars denote magnitude. The thick
green bar denotes the mainshock. Red and blue
lines denote time variations of » values before and
after the mainshock, respectively. Orange dia-
monds denote 7 values estimated using data from
1 January 1990 to just before each mainshock, cor-
responding to panels in Figs. Ala-A6a. The left
blue diamonds denote 7 values estimated using
data for 7 days in areas A-C, E, and F and for ~2
days in area D after each mainshock, correspond-
ing to panels in Figs. Alc-A6c. The right blue
diamonds denote 7 values estimated using data
from just after each mainshock to 31 December
2012 in areas A, B, and F and to the 2011 off
Tohoku Earthquake in areas C and E, correspond-
ing to panels in Figs. Ale-A3e, Abe, A6e. The
values of these diamonds are summarized in Table
1. Broken horizontal lines indicate » values of 1.7
and 2.0. Note that the range of the right vertical
axis in (f) is different from others.

n value M value n value 1 value 1 value

M value

W72 EIZMOEAIAAZ T RO Ltk
W RERO p EITMEE S FRETH 5.

§5. nfEICESWAHERETFRTETIL

§4 THARZ-EIIZ, FHETF 2BV TARERO 7 1
RiEH I D /NS (Table 1, Fig. 3). 2 O3k
Wi YTV EHETFINE TV RETIREST 5. Fill
WHRIEMT-8 7 FAE L, MY F ANz &b
Fig. 313, Fig. 1 D &HEHIZOWTHET L2 DTH S
A, BFRBUIARES 7 0 F 7213 ~2 H B o 452384
(M40 DLE) oid 5Nz DTHSH. KEZ T
LEBICELRBEZ TV AVWREOFERITMEZ 2. &5
12, REOBRPEES ) ohGEdBRs 2w
(Fig. 1), ShoopmE2ERL, FRRSFEEIEER S W
TR L, B GREBE) SO THASY &L
720 TFICFME T Vo e "y,

1) HHAROKF IR 025° o 7)) v M &
779 AR L (Fig. 2), &7V v F264:E r RO
WiE (M40LLE) ZHihs4. 2Z2Trids0 72
13 100km &4 5.

199041 H1H~H5 14X bETIZ M40 UL
OB 100 ML EH B 7)) v FT, plEZHEES
5.

NN LTI0O LT & o7z v RN ROE I
(4B 1CaEnsEvd 7o —a% T,

AKFMET N ZEEO T — F IR EH L 74
H, r=50km % V7oA, B % B < A,
C-FHDZYy FTTI—2ani &N s (Fig 5. HiC
MTHPEOA XY F2S5E L2 D ROE &1 7 T —
LEMLZZ7Y) vy REDZEMPRIEN L. —TF,
=100km % 7234 (Fig. 6) (&, #8 D X O'E AH
L7 7—AlZZEALHA, HHA-CFRADZ) v F
T7I—20MHEND. BRI M7 BF~M8 Hio A N
VMDA LESA-CEET T2 B L)y
K& D2 MIE2Y r=500km (Fig. 5) £ 0 & Xw. r
=50km K O° 100km OV OB 3R F NIZHEE
DT T — AN ENDDS, 2SR 7 IS BRI B Tl
%\ (Figs. 5-6).

Figs. 56 25 bbb L )12, nMHALT0UT &R
T I—=uWWD 7 v FiE, TR oBE (GEE)
WD 7)) v REZFTlaZv, PRSI T I—0 58
O/ EW LR LETH L. 22T, KTFHET IV
% 199041 H 1 H~20124 12 H31 HOFT— ¥ 1Zxh L
TOLFETEIZMBEMIZEH LR (Fig 7) 122w T,
AL, FHE, BRRCFME T2 AEET
T — L & OZRHI 7 RIS B AR DA B 2 A R M
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Fig. 4. Frequency-magnitude distribution of earthquakes in areas C and E in Fig. 1. Open dia-
monds denote the number of events in each magnitude bin and solid diamonds are cumulative
number of them. Distributions are approximated by three theoretical models, the original G-R
law (blue line), Utsu's formula (green line), and the two-section G-R law (orange line). Estimated
parameter values are shown on the right side. The left vertical broken line denotes the mag-
nitude bin with the largest number of events, and the right vertical broken line denotes the
threshold magnitude used to estimate parameters. Data periods are (a, ¢) from 1 January 1990 to
just before each mainshock, and (b, d) 7 days after each mainshock.
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Fig. 5. Earthquake forecast map based on 7 values. The » value was estimated using data within
a 50-km radius of each grid from 1 January 1990 to the mainshock. Blue circles denote main-
shocks. The red circle in (c) denotes a circle with a radius of 50 km.
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Fig. 6. Same as Fig. 5, but within a 100-km radius corresponding to the red circle in (c).
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(M) [Spada et al. (2013)], 7 L — b 4EAL [Nishikawa
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Fig. 7. Time variations of » values for grid num-
bers. Time output is every 0.1 years. Radius is (a)
50km, (b) 100 km. Blue circles denote the main-
shocks. See Fig. 2 for grid numbers.
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Fig. 9. Frequency-magnitude distribution of syn-
thetic data. Distributions are approximated by
three theoretical models, the original G-R law (solid
line), Utsu’'s formula (broken line), and the two-
section G-R law (dotted line). Other symbols are
the same as in Fig. 4.
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(a) Magnitude and cumulative numbers of events versus time plot in area G in Fig. 1. (b)

Frequency-magnitude distribution of earthquakes from 1998 through 2010. Symbols are the

same as in Figs. 4 and 9.
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event. Orange diamonds denote » values just be-
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note 7 values just after each mainshock. The right
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shock was estimated by 71 not 100 events in (d)
and the ranges of the right vertical axes are differ-
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shock to 31 December 2012, and (f) the same as (e) including the mainshock.

Frequency-magnitude distribution of earthquakes in area A in Fig. 1. Red diamonds in
(b, d, f) are the mainshock. Other symbols are the same as in Fig. 4. Data periods are (a) from 1
January 1990 to just before the mainshock, (b) the same as (a) including the mainshock, (c) 7 days
after the mainshock, (d) the same as (c) including the mainshock, (e) from just after the main-
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Fig. A2. Frequency-magnitude distribution of earthquakes in area B in Fig. 1. Symbols are the
same as in Fig. Al. Data periods are (a) from 1 January 1990 to just before the mainshock, (b) the
same as (a) including the mainshock, (c) 7 days after the mainshock, (d) the same as (c) including
the mainshock, (e) from just after the mainshock to 31 December 2012, and (f) the same as (e)
including the mainshock.
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Fig. A3. Frequency-magnitude distribution of earthquakes in area C in Fig. 1. Symbols are the
same as in Fig. Al. Data periods are (a) from 1 January 1990 to just before the mainshock, (b) the
same as (a) including the mainshock, (c) 7 days after the mainshock, (d) the same as (c) including
the mainshock, (e) from just after the mainshock to the 2011 off Tohoku Eq., and (f) the same as
(e) including the mainshock.



2017-04-17

AREAIZHNS GRS D@L L, £ DRFHIZEDSWIZHETIE 7L O

Area D: Off Miyagi

10000 L — L L 4 L L L - L
a) 1Jan. - : an. = 3
1 Jan. 1990 n=1574 § by 1 Jan. 1990 n=1.64
i 9 Mar. 2011 at 11:44 4/Cor 711:52 g% ' 9 Mar. 2011 at 11:45 4/Cer = 18 g gg
" "“\(Before) ' h=061 ; (a)+ma|nsl:mck) h=059
2 1000 !, i Ay =70l LIS E AlCy = 157221
< S : Bl = wexk N 1 b,=0.36
z A ¢, =" . N =764
% % ! 4261 # %, 1 {IC, = 154.16
5 100l h ol ]S, N P
[0] E : % 5 = xl ¢ § o 3 = F
5 : =026 P b7=029
° : =106f {° ! op 1 b,=093
@ ; 510 {o ! % 4 =510
_g ; =111 ' o =112
1 [ 1 o
3 10 4 ' E ' ?oo"w 3
z : ] 1%
: | K
1 ; . = : : it ;
1 8 1 2 3 4 5 6 7 8
10000 L L L L L L L L - L
() S Mar 2011 at 1146~ ‘ (d) S Mar 2011 at 11:45- M=1.69
11 Mar. 2011 at 14:454/Cc 11 Mar. 2041 at 14:454/C¢;p = 1 g gg
” (:;Aftershoclg:s for ~2 days) (:'(c)+ma|nsr:|ock) 92549
9] )} : : A ] ' ' AIC, =127.00|
£ 1000 : : : : V4,222
3 ] : ; ] : ' b,=0.24
T : 1 =773
£ : i AlC, = : : 1IC, = 129.46
] . S : : a; =273
© 100 5 : ] = ] ] a,=4.68F
g | ' ’ ) 52083
— ¢ } S 1 h, =
; . ; 1 M,,, =5.00
] °°°:o° ow: Lo :0:00 o&: : e
g 10 4 o o o | o lo o |
0 o 1] i 1
= o e § XN
1 ° ' 1 o 0 o WO
° 0 ' © i 100 00
s | s e
1 — : ot , —— : it e
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
Magnitude Magnitude

Fig. A4. Frequency-magnitude distribution of earthquakes in area D in Fig. 1. Symbols are the
same as in Fig. Al. Data periods are (a) from 1 January 1990 to just before the mainshock, (b) the
same as (a) including the mainshock, (c) from just after the mainshock to the 2011 off Tohoku Eq.,
and (d) the same as (c) including the mainshock. Utsu’s formula in (a) and (c) are not shown
because the solution did not converge.
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Fig. A5. Frequency-magnitude distribution of earthquakes in area E in Fig. 1. Symbols are the
same as in Fig. Al. Data periods are (a) from 1 January 1990 to just before the mainshock, (b) the
same as (a) including the mainshock, (c) 7 days after the mainshock, (d) the same as (c) including
the mainshock, (e) from just after the mainshock to the 2011 off Tohoku Eq., and (f) the same as
(e) including the mainshock. Utsu's formula in (d) is not shown because the solution did not

converge.
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Fig. A6. Frequency-magnitude distribution of earthquakes in area F in Fig. 1. Symbols are the
same as in Fig. Al. Data periods are (a) from 1 January 1990 to just before the mainshock, (b) the
same as (a) including the mainshock, (c) 7 days after the mainshock, (d) the same as (c) including
the mainshock, (e) from just after the mainshock to 31 December 2012, and (f) the same as (e)
including the mainshock. Utsu’s formula in (b) is not shown because the solution did not con-
verge. Please note that horizontal axis range is different in Figs. A1-Ab.
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Fig. B1. Same as Fig. 8 but from 1 January 1990 to 31 October 2016. Blue circles denote the
earthquake (23 September 2016, 1/6.7).





