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SUMMARY

A probabilistic model for seismic hazard estimation in the Kanto district was
proposed. Seismic source zones were defined in three dimensional space based on
the regional plate tectonics and seismicity. The occurrence of earthquakes in the
seismic source zones was described by either a characteristic earthquake model or
a b-value model. Attenuation equations were derived using the data collected by
TEPCO's network. The effect of focal depths is incorporated into the attenuation
equations. The effect of fault extent and the recurrence nature of large ear-
thquakes can be included. Examples calculated from the model were shown.

INTRODUCTION

The objective of the present study is to develop a probabilistic model for
seismic hazard estimation in the Kanto district, Japan, more realistically. There
exist two types of earthquakes that caused severe damage in the Kanto district.
One is the large earthquakes (magnitude M>T.5) occurred along the plate bounda-
ries. The rupture zone of the large interplate earthquake is so large that it is
necessary to use a finite-fault rupture model for seismic hazard estimation. The
other is the moderate earthquakes (M=7.0) occurred in the crust and the uppermost
mantle beneath the district. The damage patterns of the moderate earthquakes are
very sensitive to their focal depths when their magnitudes are nearly equal. For
example, the damage of the 1855 Ansei-Edo earthquake (M=6.9) is much greater than
that of the 1894 Tokyo earthquake (M=7.0). Therefore it is important to incorpo-
rate focal depths into seismic hazard estimation.

EARTHQUAKE OCCURRENCE MODEL

Seismic Source Zones The nature of seismic activity is assumed to be uniform
in a seismic source zone, which is represented by a rectangular plane in three
dimensional space in this study. We defined seismic source zones as shown in Fig.1
based on the regional plate tectonics and seismicity. The seismic source zones
were divided into two groups by the difference of earthquake occurrence models.
The occurrence of earthquakes in the seismic source zones where the large "charac-
teristie™ earthquakes occurred periodically was described by a characteristic
earthquake model (Refs.1,2). Figure 1(a) shows the seismic source zones for the
characteristic earthquake model. The distribution of magnitudes was assumed to be
uniform in a narrow range. The return period of characteristic earthquakes for
each zone was decided from previous studies about historical earthquakes and

II-107



Fig.1 Distribution of
seismic source zones :
(a) zones for the large
earthquakes, (b) zones
on the upper plane of

@
By
& |
/ )7’ the Pacific plate, (c)
é C ST | zones on the upper plane
— j(»« N of the Philippine Sea
kl\ju%[ plate, (d) zones on the

NI
:\f\f
Z)jp\\ﬁ—

N

. ) 77| horizontal plane in the
(A P ./ — |
5 \,7“ ﬁQ?i? /j,A,f | S Continental plate. Ar-
SN 28 X I s - — rows denote the dip di-
\ l rection of the zone.

138" 140" 1427 € 138" 140" 142°E
active faults. Each seismic source zone of (Type A)
this type consists of a single fault. The
occurrence of earthquakes in other seismic
source zones that include many small faults
was deseribed by a b-value model (Ref.2).
The distribution of magnitudes was given by
the truncated Gutenberg-Richter relationship

logN = a - bM (1)

where N is the annual number of earthquakes
with magnitude greater than or equal to M.
The seismic source zones for the b-value
model were distributed on and near three
planes : the upper plane of the Pacific
plate (Fig.1(b)), that of the Philippine Sea Fig.2 Schematic diagram for
plate (Fig.1(e)), and the horizontal plane explaining two types of finite
with a depth of 5km in the Continental plate fault models : (upper) Type A,
(Fig.1(d)). The partition was made based on (lower) Type B.

the difference of seismicity. The coeffi-

cient b was assumed to be constant for all zones and estimated to be 1.0 from the
data of the whole area shown in Fig.1. The coefficient a for each zone was deter-
mined from the number of earthquakes with magnitude greater than or equal to 6.0
during the period between 1885 and 1986. The minimum magnitude was 5.5 except zone
30 where few earthquakes with magnitude between 5.5 and 5.9 occurred during the
last 102 years. The maximum magnitude for each zone was estimated from the histo-
rical earthquake data. The occurrence of larger earthquakes in zone 26 was des-
cribed by the characteristiec earthquake model because the gap exists in the magni-
tude distribution.

Finite Model The Blume's method (Ref.3) for a line source was extended
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for a plane source. Figure 2 shows a schematic diagram which explains the method
for the plane source. The plane of the seismic source zone is divided into small
elements in order to make the number of fault locations finite. The size of the
small element wused in this study was 5km X Skm. Two types were assumed on the
relation between fault plane and zone plane. For type A, fault plane is placed on
zone plane. For type B, fault plane is perpendicular to zone plane and two cases
were assumed on the strike of fault. For type B-1, the strike is fixed in only one
direction. For type B-2, the strike is in two directions which are perpendicular
each other. The point source model (Type C) was applied for the seismic source
zones where the relation between fault plane and zone plane is not clear. The
parameters for the seismic source zones are listed in Table 1. In this study fault
length, L(km), and width, W(km), were determined from magnitude, M, using the
relations

logL = 0.5M - 2,044

L = 2W, (2)
Stochastic Time Predictable Model We used a stochastic time predictable model

(Ref.4) for evaluating instantaneous seismic hazard. In this study we applied the
model for three seismic source zones of numbers 4,6 and 7. The parameters of the
Weibull distribution were determined from a mean return period and a coefficient
of variation. The mean return period for each magnitude was estimated from that
for a reference magnitude by assuming that a slip rate is constant. The relation
between magnitude, M, and coseismic displacement, d, was assumed as

d oc 109+5M, (3)

The parameters of the model used in the calculation are listed in Table 2. The
magnitude of the latest earthquake was assumed to be the same as the reference
magnitude. Figure 3 shows the expected number of earthquakes from the present

. Table 2 Parameters of the
Table 1 Parameters for seismic stochastic time-predictable model.

source zones.

N Mr TR Cv T

20NE |LENGTH|WIDTH | DEPTH | DIP | MAGNITUDE [RETURN TYPE
OF TOP | ANGLE PERICD| & | b oF 4 8.0 200 0.10 1923
NUMBER| KM KM | KM | DEG RANGE __| YEAR SOuRCE
1 50 80 | 25 20 | 7.4-7.6 | 40] - |- A 8 8.1 130 0.18) 1854
2 160 60 | 20 10 | 7.8-8.1 [1000 | - | - A
3 100 70] 2 30 | 7.9-8.2 [1000 | - | - A 7 8.1 130 0.18] 1944
4 95 54| 2 25 | 7.9-8.2 | 200 | - | - A
S 30 10 0 S0 7.0-7.3 11000 | - | - A N ; zone Number, MR ; reference mag-
? :;g 1;8 § g: ;‘322': :gg s 2 nitude, TR ; mean return period
s 55 T 30 o | 56 | 7.4-7.6 | 500 | = | = n (yr.) for MR , Cv ; coefficient of
9 5s | 30| o | 56 | 7.3-7.5| so0 | - | - | A variation, T ; time (A.D.) when the
10 40 10 1 S0 6.8-7.0 11500 | - | - A latest earthquake occurred.
1 60 i15] 0© 9 | 7.7-7.8 |1000 | - | - A
12 65 15| o 90 | 7.7-7.8 [1000 | - | - A ) T T T T
13 80 | 15] 0 | 90 | 7.9-8.0 | 1000 | - | - A - S s
14 115 | 145 | 20 16 | 5.5-7.5 - [s.7[1.0] A w [ ]
15 180 | 150 | 10 12 | 5.5-7.5] - [6.0[1.0] A w | 6 ]
16 305 | 115 0 20, 5.5-7.5 - Is.s[1.0] A w L l J
17 | 100 30| 40 | 18 | 5.5-6.5| - |4.3[1.0] B-1 S g0k e ]
18 55 55 | 30 22 | 5.5-7.2 | - J4.9]1.0] B-1 & L - / ]
19 95 85 | 40 21 5.5-6.5 - [5.1]1.0] B-1 = F
20 110 85 | 40 21 5.5-6.5 | - |4.8[1.0] B-1 = S : /
21 95 45 | 70 13 | 5.5-7.1 - la.8li1.0] B-1 = roy 7
22 105 7s | 20 0 | 5.5-7.0] - Ja.9ft.0] A g 05 7/
23 55 80 | 20 0 | 5.5-7.3 | - [s.0[1.0] A 5 W 4
24 85 45 | 20 28 | 5.5-7.1 - la.3[1.0] A w [/ /
25 35| 251 40 22 | 5.5-6.1 - [4.5[1.0] A =<
26-1 75 55| 5 0 | 6.7-7.0 | 34| - |- c P A R I ol R
26-2 75| ss| s 0 | 5.5-6.1 4.4(1.0] ¢ 2000.0 2050.0 2100.0
27 125 | 110 | S 0 | 5.5-6.8 | - |s.2[1.0] ¢ YEAR (A.D.)
28 225 90 0 13 5.5-7.0 - [4.011.01 A Fig.3 Expected number of ear-
§g Z;g ;g zg ‘(7) :'2:?'; - :g :'g : thquakes as a function of time ob-
31 525 | 705 5 0 5.5-7.0 T Ta.efi.0] B-1 tained from the stochastic time-~
32 225 | 130 s 0 5.5-7.4 = [5.21.0] B-2 predictable model. Numbers denote
33 - - 5 0 5.5-6.5 - l4a.81.0] ¢ the seismic source zone in Fig.1.
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(A.D.1988) to A.D.2140 for three zones. Table 3 Coefficients of attenua-

In zone 6 a large earthquake is expec- tion equations for predicting peak
ted to occur in the near future. horizontal ground motions.
Cm Ch Ccd Co Cp

ACCELERATION (cm/s2)| 0.627 | 0.00671f 2.212 .71 0.211

ATTENUATION MODEL

VELOCITY (em/s)| 0.795 | 0.00550| 2.065 | -0.607 | 0,212

We derived attenuation equations DISPLACEMENT  (cm)| 1.023 | 0.00372| 1.967 |-0.765 | 0.230
for peak horizontal ground motions and
acceleration response spectra using the
data collected by TEPCO's network. The
acceleration records were obtained for
45 earthquakes with focal depth less
than 100km during the period from 1971
to 1986. The observed motions obtained
at the ground surface where S wave
velocity (Vs) is less than 300m/s were Fo 1
converted into the incident motions at 03 = TR 0.0 b us
the base layer where Vs is greater than NATURAL PERIOD (SEC) NATURAL PERIOD (SEC)
300m/s, using one-dimensional wave
propagation theory. The acceleration
time histories were integrated to ob-
tain those of velocity and displace-

Ch

ment. 3 2. S0
o
We fitted the data by multiple 1.
linear regression using the equations m
1oy Lo vt 1 el
107 10° -3.0 - )
logh = CmM + ChH - Cd logD + Co + CpP NATURAL PERTOD (SEC) NATOWAL PERTOD $820)
D = R + 0.35 exp(0.65M) (%) Fig.4 Variation of coefficients

with natural period for the attenua-
tion equation of acceleration respo-
nse spectra.

where A is the intensity of ground
motion (peak ground acceleration (PGA),
velocity and displacement and accelera-
tion response spectra), M is magnitude, H is the depth of the point on the fault
plane in km when R becomes the closest distance in km to the fault plane, and P is
zero for 50 percentile values and one for 84 percentile values. The expression of
D was determined so that a peak ground acceleration becomes independent of magni-
tude at the fault surface. The term of ChH was introduced because it fairly raised
the multiple correlation coefficient in the case of PGA (Ref.5). The coefficients
for the peak ground motions are listed in Table 3. The relations between the
coefficients and the natural periods for the acceleration response spectra are
shown in FIg.4. The fraction of critical damping is 5%. Intensities of ground
motions from earthquakes at each magnitude, distance and depth are assumed to be
lognormally distributed with standard deviation Cp in log-intensity. In the subse-
quent analysis the distribution of intensities is truncated at + 2.6 Cp from the
median value. The equations above can be applied to the site where the surface Vs
is between 300 and 600m/s.

CALCULATION OF SEISMIC HAZARD CURVE

By combining the earthquake occurrence model and the attenuation model above,
we can calculate a seismic hazard curve for any site in the Kanto district. The
equations used for the caleculation are

romi Nij
v=1> > Fi(M)( D P(Y>y;Mj, RkHE) / Nij)
i=1j=1 k=1
Mj =(Mmin)i+ AM (G-1) 5)
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Fig.5 Contour maps of expected PGA for a return period of 50 years : (left)
long-term hazard map. (right) instantaneous hazard map. Numerals denote PGA in

cn/s<.

where v is the mean occurrence times during T years that the maximum intensity at
the site, Y, will exceed a value y, Fi(Mj) is the expected number of earthquakes
with magnitude Mj in the seismic source zone i during the period, (Mmin)i is the
minimum magnitude in the zone i, 4AM is taken as 0.1, Nij is the number of ways
that the fault plane of earthquakes with magnitude Mj can be located on the
seismic source zone i, and P (Y>y; Mj, Rk, Hk) is the probability that intensity y
will be exceeded when the k-th earthquake having the magnitude Mj, the closest
distance Rk, and the depth Hk will occur.

For an estimate of long-term stationary seismic hazard, Fi(Mj) is derived by
a Poisson model of earthquake occurrence. For an estimate of instantaneous seismic
hazard, Fi(Mj) is derived by the stochastic time-predictable model. The probabili-
ty q of the intemsity exceeding y at the site during T years is given by

aly) = 1 - exp(-V). (6)

The return period of y is defined as 1/v and the probability density funetion of
maximum intensity is obtained by differentiating q.

RESULTS

Figure 5 shows the contour maps of expected PGA for a return period of 50
years. The left is the long-term hazard map based on Poisson process. The right is
the instantaneous hazard map during the next 50 years from the present(A.D.1988)
based on the stochastic time-predictable model shown in Fig.3. The expected PGAs
are highest near the Izu peninsula and lowest in Gunma prefecture in both maps.
The expected PGAs in and around zone 6 are larger in the instantaneous hazard map
than in the long-term hazard map. This reflects the high probability of earthquake
occurrence in zone 6 in the near future.

For each site more information can be obtained. For example, some of the
result for a reference site (139°40'E,30°40'N) in the eastern Tokyo are shown in
Figs.6~8. Figure 6 shows the probability density curves of maximum PGA during 50
years. The instantaneous hazard curve moves slightly to the lower side of PGA
compared with the long-term hazard curve because the large earthquake in zone 4 is
expected not to occur in the next 50 years as shown in Fig.3. The expected PGA for
a return period of 50 years is 186 cm/s“ from the long-term hazard curve and 171
cm/s2 from the instantaneous hazard curve. Figure T shows the relative frequency
distgibution of seismic source zones for the earthquakes whose PGAs exceed 186
en/s in the case of the long-term hazard estimation. The numbers correspond to
those in Table 1. The contributions of large earthquakes in zone 4 and moderate
earthquakes in zones 22,23 and 24 are large. This result may be useful for genera-
ting strong motions based on the probabilistic seismic hazard analysis. Figure 8
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shows the uniform risk acceleration response
spectra for three return periods in the case
of the long-term hazard estimation. The spec-
tra may be used for generating strong motions.

800. 0

600.0 —

CONCLUSIONS
400.0

A probabilistic model for seismic hazard
estimation in the Kanto district was pro-
posed. The effect of focal depths, which was
not fully investigated in the past, was taken
into account in the model. The effect of
fault extent and the recurrence nature of
large earthquakes can be included. It will be
necessary to revise the partition of seismic

SOyr,

200.0

0.0 el PR | L
107! 10°
NATURAL PERIOD (SEC)

MAXIMUM ABSOLUTE ACCELEHATION(cm/SZ)

source zones, the seismicity parameters for Fig.8 Long-term uniform
each zone, and the attenuation equations for risk acceleration response
the intensities of ground motions by further spectra for the site in the
investigations on them. eastern Tokyo.
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