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Figure 1.1 Map of the Kanto region, Central Japan. Epicenters are shown as black dots. The thick line shows the location of the EW
and NS trend, 35 km wide, cross-sections analyzed in Figures 1.3 and 1.4. A star marks the epicenter of the 1987 Chiba-toho-
oki earthquake (446.7), and circles mark aftershocks within a 30 day period.
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Figure 1.2 Magnitude of completeness (M) as a function of time for the NIED (top) and JMA (bottom) data.
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Figure 1.3 (Top left) EW-trending cross-section through the hypocenter of the 1987 Chiba-toho-oki earthquake, marked by a star.
Hypocenters are taken from the NIED data (M= 2.2). The aftershocks of the 1987 mainshock within 30 days are plotted in red.
(Bottom left) Spatial distribution of parameter Z, computed for the EW-trending cross-section shown in the top left. The Z
value compares the seismicity rate in the period 1986.46-1987.96 with the rate in the background period (1981.0-1997.0, but
excluding the period 1986.46-1992.0). Positive Z values indicate a seismicity rate decrease in the 1.5 years before the 1987
mainshock compared to the background rate and are shown in red. The N=100 nearest earthquakes to each grid-node are
sampled. (Top right) NS-trending cross-section through the 1987 hypocenter. (Bottom right) Spatial distribution of parameter
7, computed for the NS trending cross-section shown in the top right.
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Figure 1.4 Same as Figure 1.3, but using the JMA data set (M= 2.5). (Top left) EW-trending cross-section through the hypocenter of
the 1987 Chiba-toho-oki earthquake. (Bottom left)Spatial distribution of the parameter Z, computed for the EW trending cross-
section shown in the top left. The Z value compares the seismicity rates in the period 1986.46-1987.96 with the rate in the
background period (1981.0-1997.0, but excluding the period 1986.46-1992.0). (Top right) NS-trending cross-section through the
1987 hypocenter. (Bottom right) Spatial distribution of parameter Z, computed for the NS-trending cross-section shown in the
top right.

4, 72721, 1986.46-1987.96 4F & 1987.96-1992.0E DA % B <) DIHEIEE & WK L 720 TN TORKTHITB W TEHE
WEIMEE RO LA, ZOHE, YT FVERIII2km & o7z, NSBXUEWOWTEIZB VT ZiHEE K
H72%b D% Figure L3O TERIIRT . WMETE L b, ZEDEWIHHT (RE) 3BFEOS20km LIZR 6, #hb3RE
A S HEW S D BEIRER DO PIME L TV b, ZOBRILEARDOR LS Z05E26FHN TS, ROHWZED
Z=6.1 I NSHHEICR 5N, EWKMEORAMEIZZ=52THh o7, BEHONOHEBTIE, ZMEIPL THERWEEZRL
TWh, —77, WIEOREN THAREEZOLOOMETIE, #50%DEBEQCEMNASR LN, BDZE (Z=-3.1)
L7 5T\, Figure 1.5 b BAFE RN R OoNGRT &, REOHIERIGSICBIT S LT4 () B L BEE
[ D RE AL OBET %2R0

RiZ, IMADT—% % R TH NIED D& L Ffk% 205 AR o5h s (Figure LAOTE), 2T, TL=154FL
N=100 {3 NIED DM CH W2 d D L [F UEERA L T b, 7— 7 I NS & EW I ©2 2 112018 & 136618
THY, DEVHBEORMENDECSLDS, ZOBEINIEDICER2FDIUTTHE, ZOKE, FHT 7V E
ZII16km ENIEDDOBHE L D KRE L 2o TWD, BOEBIED T o 723581 (Z = 4.3) I NSHH CAREDERD L
R 5N %, NIED7— 4% TR LN 15EH D 5 OXREBEDRFMA T TOFHEOWINE, IMAT—F TlHiE-& D
EIERLNZVA, THIRREEE COMBKID VD THS ), HHERTRENIZWL ODDOPFTIZBIT 5%
B R E DX % Figure 1.5 2R T,
b) 7 AR HRIEE)IC & 2R EEOKE

K2, ECkoLNRBLENIST A =% (T,= 15 N=100) 2F2 L XOFKOEEL Z=6.1) 7T ¥ ¥ 4
RHWEEHICL > TCEDRBREOEE THNL O ERNZ, FEORY Vg v T2 R~<72%, 9, NIED &
IMADNSHE D7 — % 225 100 DY > TV 2 (A 1200 BE O L, ZRZENUZDWTT,=151239 5 LT4 ()
Bz El L, 1200 07— DR TORARDZEEZ KDL, TOFATE 1000 H#E D RT 2 LIS LY Z,. D5H %15
HBIENTED, 29 LTHERENANIED &E IMAD T — 513 F 5 Zu DA 77 & % Figure 16108 T, 20
GHDE0/N— & > & 4 MIEIRTT OKTFIERE, R, W) O ZESFEZ KDL EOFHWIHF SN b RAZIER

___6_



SEFETBARE %405 2000

100 } 100 | T
80 | 8o |
2
ENCN 60 |
2
5
= j
| 4 L
E 40 0
o
20} 20 ]
80 82 84 86 88 94 96
c .
1zool I D
80 1
1000 :
3 60
£ 800 i
=
4
2 L
g % T [ a0y
3 ~
=
© 400
20 1
2004 L
e “'I&
o . - o
80 85 90 o5
‘ + ‘ 500
100} E F
400 - ' : :
8o |
1™ =
£
- . s 3% s
2 X
- atl
g ! \:;.“m L 4
€ a0} o 200 I
3] N / L P
4 ] i , ] i
r VoA k
:. i bW T 400 - L
20 | H pRY
2 /’¢ !
f . . -4
82 84 86 88 94 96 80 85 90 95 100

Time in years Time in years

Figure 1.5 Cumulative number of earthquakes as a function of time for selected volumes. The thin line is the LTA(#) time series
computed for a window length 7, = 1.5 years using earthquakes with M= 2.2 for NIED and M= 2.5 for JMA, unless otherwise
specified. (A) Shallow part of the 1987 rupture area, declustered NIED data (see Figure 1.3 for location). The years 1988.0-
1992.0 are excluded from the graph. (B) Hypocenter area of the 1987 mainshock, declustered NIED data. The years 1988-1992
are excluded from the graph. (C) Shallow part of the 1987 rupture area, undeclustered NIED data. The solid line shows all
magnitudes; the dashed line, M= 2.0 only. (D) Hypocenter area, declustered JMA data. (E) Shallow part of the 1987 rupture
area, declustered JMA data (see Figure 1.4 for location). The years 1988-1992 are excluded from the graph. (F) Shallow part of
the 1987 rupture area, undeclustered JMA data.
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Figure 1.6 Histograms showing the distribution of the maximum and minimum Z values. (A) Z,,, distribution computed from the
NIED data using events within the NS-trending cross-section. The 50, 95, and 99 percentile are given in the figure. (B) Z,u
distribution computed from the JMA data using events within the NS trending cross-section. (C) Z,:, distribution computed

from the NIED data. The 50, 5, and 1 percentile are given in the figure.
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Figure 1.7 (Top) Alarm cube for the NIED data (left) and the JMA data (right). A circle marks all instances in space {distance versus

depth) and time when the Z value exceeds the threshold value of Z,/.,,=6.1 (NIED) and Z,urm=4.3 JMA). The Z values are

computed for a window length of 7, = 1.5 years and a sampling radius corresponding to N = 100 earthquakes. (Middle) The
1ati0 V! View Dlotted as a function of alarm threshold Z,» for the NIED data (left) and JMA data (right). (Bottom) Number

of alarm groups as a function of Zuarm.
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Figure 1.8 Maps of the Kanto region showing the spatial distribution of parameter Z at four different times (1986, 1989, 1992, and
1995) for the NIED data with M= 2.9 and depth =< 45 km (left column) and JMA data with A= 3.0 and depth < 50 km (right
column). Z values are computed by comparing the seismicity rate for a 2-year period (e.g., 1986.0-1988.0) with the overall
seismicity rate (1981.0-1997.0, excluding the 2-year period). The N=100 nearest earthquakes to each grid-node are sampled,
and nodes are only colored when the sampling radii is less than 50 km.
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Figure 1.9 (Top) Cumulative number as a function of magnitude plots using the JMA (left column) and NIED (right column) catalogs
for the seismicity within a 20 km radius from 35.7° N and 140.2° E. Circles denote the data for 1981.0-1989.0 and crosses, 1989.0-
1996.0, each normalized by the length of the period. (Bottom) Number of events per magnitude bin for the same two periods.
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Figure 1.10 Map indicating the location of the Kinugawa cluster area (in the shaded zone).
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Figure 1.11 Epicenters of earthquakes with M= 4.5 and depth 40-70 km that occurred from 1950 through 1993 (left), and the

magnitude-time diagram of earthquakes in the Kinugawa cluster area (right). The map area corresponds to the shaded zone in
Figure 1.10.
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Figure 1.12 Diagram indicating the three-year moving average of the numbers of earthquakes with M= 4.5 that occurred in the
Kinugawa cluster area.
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Figure 1.13 Sinusoidal curve with a period of ten years superposed on the graph of the three-year moving average of earthquakes
with M=4.5.
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Figure 1.14 Epicenters of earthquakes with M= 4.3 and depth 40-70 km that occurred from 1950 through 1993 (left), and the
magnitude-time diagram of earthquakes in the Kinugawa cluster area (right).
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Figure 1.15 Sinusoidal curve with a period of ten years superposed on the graph of the three-year moving average of earthquakes
with M=4.3.
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Figure 1.16 Epicenters of earthqua{kes with M=4.0 and depth 40-70 km that occurred from 1950 through 1993 (left), and the
magnitude-time diagram of earthquakes in the Kinugawa cluster area (right).
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Figure 1.17 Epicenters of earthquakes with M= 4.5 and depth 0-70 km that occurred from 1926 through 1950 (left), and the
magnitude-time diagram of earthquakes in the Kinugawa cluster area (right).
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Figure 1.18 Epicentral distribution of earthquakes in the Izu region observed by JMA from 1977 to 1991 with magnitude = 3.0 and

depth = 50km. Aftershocks are eliminated from the data. Circles indicate earthquakes treated as mainshocks in this study.
(Plotted by using the SEIS-PC program [Ishikawa ef al., 1985].)
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Figure 1.19 Cumulative number vs. magnitude plot for all earthquakes including aftershocks in the region shown in Figure 1.18 from
1976 to 1977. (Plotted by using the SEIS-PC program [Ishikawa et al., 1985].)
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Figure 1.20 Example of segmentation of the investigated region; segment size is 0.2° (latitude) x 0.2° (longitude). The segment
number is indicated at the center of each segment.
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Figure 1.21 Variation of alarm rate(chain line), truth rate(broken line) and probability gain(solid line) with the threshold number of
earthquakes(Nj) for foreshock candidates with mainshock magnitude M,, = 5, foreshock magnitude ;=3 and alarm period
T.~4 days. The three graphs correspond to different segment sizes. a) D=0.1°. b)D=0.2".¢) D=0.3".
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Figure 1.22 Similar to Figure 1.21, but for mainshocks with magnitude M, = 6.
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Figure 1.23 Variation of alarm rate (chain line), truth rate (broken line) and probability gain (solid line) with the alarm period (7,) for
M;2 3, No=10 and D=0.2" for mainshocks with different magnitude M,. a) M,, = 5. b) M, =6.
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Figure 1.24 Histogram of time between the first foreshock and the first mainshock (M, = 5) that occurred during the alarm period.
The class interval is 0.1 day.
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Figure 1.25 Probability density (thick line) and cumulative probability (dashed line) of the occurrence of mainshock as a function of
time after the first foreshock. These functions were obtained by fitting the Weibull function to the data shown in Figure 1.24
with the maximum likelihood method. Cumulative data is also shown by the thin line.
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1.21b) & Figure 1.26 a) # bk XTA B L, Mpu=400BA3HKOTEEZ EIF7-Z LIC X 2RIBREOBL D720 12
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HBLTAL Y, Mo=400) 5 EHERTH20%, HERFABEIH60%HSEoTBY, Mo=300hBRVERE
5z25% Z. EBGhB. T2, M,=6.0DEREIZDWT ATz Figure 1.22 b) & Figure 1.26 b) 2 i3 ) [{ LEEOFME
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A BEDINT X — FEOBEDRE R

BEDERNS, EHFHAOLOOMNBRERT LT 5HHEL L CHBENTHS ) LBDIRDINT X — 5 {HL
LT, RD &S 2EZRAL,

Mp=30, D=02°, Np=1018, T.=4H,

Table 1.1Z M. OLLEDKE Y X FTH B2, TO) LEWRIIANDS S D DB ELD/NT X —FEIZX o TEHR
B LBICEREEENTRE LEARTH D, 22T, KBOBBEM, =508 M,=60DFNFRIHT 5TF4H
K, BHE, HEFERFBLEERANIERE Table 121007 T, ZhiRaE, FARIIM, 25085 UM, =6008%
NZN68%, 71% & 47 1) &<, Yoshida (1990) 7*FEHIR TR L7 M, 250 DHBIC OV THALFHEE M T
T OT%) LN TH L, BPRIEIERICL - T, E7 0y 7 CHBBEHIPBENZEICH SN BREE T 5%

ST L EROK T B DT, BEWICHBEMASRAET S LEROBSZHEL, 28R T2 LW T

a) Mm>=5, Mf>=4, Ta=4, Dz.2 b) Mm>=6, Mf>=4, Ta=4, D=.2
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Figure 1.26 Variation of alarm rate (chain line), truth rate (broken line) and probability gain (solid line) with Ny, for My= 4, T, =4 days
and D= 0.2" for mainshocks with different magnitude M,. a) M, =5. b) M, =6. Compare these figures with Figure 1.21 b) or
Figure 1.22 b) to see the effect of changing the value of My
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B DT, 1 BRI 7Oy 78 ) OFERITZNEN024M, 0.080MIC%R 5, —J, HEMNBIXM, =50, M,=
6.0 DWHE A L T800ELLEDH ), BHHHN TORRDORBERPEE DB LD E L Lo TnD I W50 5,
SERHFERPIERZROEN SVOEEE EOTWELETANTAL L, Table 1220565595 B EH
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Table 1.1 Mainshocks in the Izu region. January 1, 1977 to December 31, 1991, 5.0 =< Mag = 9.0, 0 < Dep = 50 km, 33.5° = Lat<35.3°,

138.6" = Lon<139.8".

KRBT TR

H405

2000

A* N Y M/D H:MIN LAT LON DEP MAG
A 1 1978 1/14  12:24 34 46.0' 139 15.0' 0 7.0
2 1978 12/3  22:15 3453.00 13911.0' 20 54
A 3 1980 6/29 16:20 3455.0° 139 14.0¢ 10 6.7
4 1980 9/10  7:20 34 1.0 139 0.0 20 5.6
5 1982 8/12 13:33 34 53.00 139340 30 5.7
A 6 1982 12/27  20:33 3345.00 13923.0'" 20 54
A 7 1982 12/28  10:52 3346.0' 139220 20 58
A 8 1982 12/28 15:37 33520 13927.00 20 6.4
A 9 1983 10/3  22:33 34 0.1' 139308 15 6.2
A 10 1986 1121 17:9 34 41.8 139 16.3' 0 5.1
A 11 1986 11721 17:12 34446 139189 9 5.1
A 12 1986 11722 941 34328 139315 15 6.0
A 13 1987 5/11  6:35 34557 139155 15 50
A 14 1988 7/31  8:40 34 57.8 139 13.0' 5 52
A 15 1988 82 20:16 3456.77 139 12.1' 2 52
A 16 1989 172 1945 34 35 139 6.0 16 5.0
A 17 1989 71 0:1 34 585" 139 8.0 5.2
A 18 1989 779 11: 9 3459.5' 139 6.7 55
19 1989 10/14  6:19 34494 139302 21 5.7
20 1990 2/20 1553 34456 139 14.0' 6 6.5
21 1990 85 16:13 35124 139 57 14 5.1
22 1991 9/3 17:44 3341.00 138499 33 6.3

A*:alarmed mainshocks
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L270FT . EMoOFFE70y 7 FSERL, ZOAOERTHINLEFBORSLETTY ZITHIBL T 5,
KEFBATHERL ) FORHMEIABORERZ, BEL ) TORRORSTIEHRPEL2ERL, ABPREEL Do
ERMEEE SR LS LTH b, 72, HBOBIUNTRELZARE, 70y 700 FOWELE, 4757
DTy 7 CFABCENL I L ICEBETALESHL, COMER TIPS X )T, BREKOLMENS o722
ORFZERERICB VTS, BRBEZMO LD 2EEG3FEFITNS L, Kb b§, JORERAICTEE L8
OERED D B 5ENF I DBHBZEEICE TN TS (Table LIABROZ L) 2 &b, BEABIRLSLILIE
BICOBEBETE S,

(5) BMmdLUMER

WD) HTRULERE, ERLVIBEPLALLTHLEERRVETYH, HBEHWRVWERTEZVWHALED
Nz, LaL, ZSTELNZERIMOUEOREOEA22M, 6.0 EOKRITEE V) BEISERMOT— 5
POBONZLDOTHY), SHOEBEFHT 2O TFEHTHL LEFFTENEV, o LEEEORVEEER
BELDIET - YRR BT Lk, RARDOBRTHEAHHZ b - LBRICETT I LEEL <, T4,
BRI & ICHIREEASR Z WO T, BTEEE GR AT AL T L BRVWERIE O NS LIERS v, fE
5T, BROF—FDERICHET L L0 REZ)THD, 72, MLUAFELFEUNOBIBISER L2569
W TTEeEDSH B DI, Mogi (1963) % Yoshida (1990) & ORIBEB ORALKE, LTS L, HROAERCIX
BROMBEID 2TV T 3 v v 7 FHERLHIMFRTH Y, ZOMBOBIBICOVTIED T VIR TE LRV,

Table 1.2 Results for Mp=23, D=0.2, Np=10 and T,= 4 days.

Magnitude of mainshocks Mm 5.0 Mm 6.0
Total number 22 7
Alarmed 15 5
Alarm rate (%) 68 (15/22) 71 (5/7)
Truth rate* (%) 50 (1050/2100) 14 (293/2100)
Truth rate+(%) 53 (9117) 29 (5/17)
Occurrence rate 0.061 0.020
in alarmed time-space (per 1day Isegment) (per 1day 1segment)
0.24 0.08
(per 4days 1segment) (per 4days 1segment)
Probability gain ' 823 862
Ratio of alarmed time-space 83 10-4 8.3 104

to total time-space

* This rate is defined as (number of successful alarms) / (number of alarms) .

+ The definition is the same as above, but successive alarms in time or space are treated as a
single alarm.
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Figure 1.27 Example of alarm periods and times of mainshocks. Each narrow rectangle divided by a dashed line represents the
history of a segment. The segment number (see also Figure 1.20) is written at the left. Times of mainshocks are shown by
arrows in the upper part of each rectangle. Alarm periods are shown by filled columns in the lower part. Short columns
indicate false alarms.
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