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Fig. 3.1.1 Response of the friction coefficientu, to slip velocity. A stepwise increase in
slip rate from V ito V: (top); variations of friction coefficient as a function of
slip distance for rate-weakening (middle) and rate-strengthening (bottom).
When the slip rate is suddenly increased from Vi to V7, the friction parameter
u 7 jumps up fromy $(V4) and subsequently decays tou (V9. Here p¥ (V) is
solved by eq.(3.1.2).
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Fig. 3.1.2 Plate configuration in the Tokai Region. The Philippine Sea Plate begins to
subduct in an area along the Suruga Trough. The rectangle indicates the
modeled region. The solid lines are contour lines of interface depth. The
shaded region indicates the seismic zone. The solid squares denote
strainmeter locations. The solid triangles denote Kakegawa and Hamaoka
bench marks. The locations of the strainmeter and the bench mark in
Hamaoka are almost the same.
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Fig. 3.1.4 Schematic representation of the 3-D model. The plate interface is viewed
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Fig. 3.1.5 Time evolution of the cumulative displacement at the center of the seismic
zone (x=76.7km, y=42.8km, z=20.6km) (top), and at the deeper part of the
plate (x=76.7km, y=183.9km, z=55.6km) (bottom).
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Fig. 3.1.6 Snapshots of spatial distribution of seismic coupling coefficient x on
the plate interface. The scale bar is given at the right of the figure.

The region of high seismic coupling coefficient x is indicated by red.
The low region is blue.
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Fig. 3.1.7 Snapshots of spatial distribution of shear stress on the plate interface.

The highly shear-stressed region is indicated by red. The low shear-
stressed region is blue.
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Fig. 3.1.8 Velocity distribution just before the earthquake. The rupture starts at
the red triangle.
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Fig. 3.1.9 Earthquake slip distribution. The moment magnitude is about 8.0 and
the average slip is about 3.9m. The maximum slip is 6.7m; the
minimum slip is 1.8m. The red region has large slips, while the blue
region has small slips.
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Fig. 3.1.10 Subsidence of Hamaoka relative to Kakegawa in this simulation.
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Fig.3.1.11 Level change on the Earth's surface one day before the
earthquake. The maximum uplift is 1.5mm; the maximum
subsidence is -0.7mm. The red region has large uplift, while the
blue region has large subsidence.

Strain(1E-8)

Fig. 3.1.12 Strain change on the Earth's surface one day before the
earthquake. The maximum extension is 8.0x 10”% the maximum
compression is 04.7x 10°°. The red region has large extension,
while the blue region has large compression.
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lines denote compression. The solid curves are contours of interface depth.
The scales of strain rate are located at the top right of the map.

—am—



OoooOoO0OoO0OOO4e0 02005

137E 138E 139E
36N 36N
35N 35N
34N B 34N
137E . 138E 139E
Displacement(m)
0.0 MM S 4.0

Fig. 3.2.3 Slip distribution for 100 years before earthquake. The red region has large
slips, while the blue region has small slips. The solid curves are contours of
interface depth.
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Fig. 3.2.4 Temporal change of principal strain on the Earth's surface one day before
the earthquake. The solid curves are contours of interface depth. The
solid lines denote extension, and the dotted lines denote compression.
The rupture starts at the darkest triangle indicated by a black arrow. The
scales of strain are located at the top right of the map.
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the earthquake at Kakegawa station.
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Fig. 3.2.6 Epicenters of earthquakes shallower than 20km from 1990 to 2000,
determined by JMA. A, B, C, D and E encircled by ellipses
represent seismic clusters.

Table 3.2.1 Observation points of CFF

Point | Latitude() | Longitude() | Depth(km)
A 35.21 137.68 13.3
B 35.23 138.43 17.3
C 34.97 138.26 16.6
D 34.88 137.90 15.2
E 35.19 137.88 15.3
A’ 35.21 137.68 44 4
B~ 35.23 138.43 23.8
C’ 34.97 138.26 29.1
D” 34.88 137.90 34.8
E” 35.19 137.88 42.7

A, B, C, D, E: centers of the seismic clusters in the crust.

A’, B’, C’, D, E’: points in the slab S5km below the plate interface.
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Table 3.2.2 Strike, dip and slip of two nodal planes for the representative
fauls at the points in Table3.2.1

Dip(D | Slip(D) | Type
Plane 1 45 90 180 Strike
Plane 2 135 90 0 Strike
Plane 3 232.3 15 90 Dip
Plane 4 52.3 75 90 Dip
Plane 5 45 90 0 Strike
Plane 6 135 90 180 Strike
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Fig. 3.2.7 Change of CFF in one cycle for fault planes listed in Table 3.2.2: (a) 1
and 2 in region C; (b) 1 and 2 in region D; (¢) 3 and 4 in region C; (d) 5
and 6 in region C'. The arrows indicate times of considerable change
in CFF.
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denoted by lower hemisphere projection (bottom right).
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Fig. 3.2.9 Distribution of principal axes of strain rate obtained by trianguler region. The
solid lines indicate axes of extension, and the dotted lines indicate axes of
contraction. Only the Tokai region from Ishikawa and Hashimoto (1999) was
taken. The scales of strain rate are located at the bottom right of the map.
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Fig. 3.2.10 Temporal change of cumulative frequency of micro-earthquakes in the
locked region. (a) Hanging wall in the crust. (b) Foot wall in the subducted
slab. Earthquakes with a magnitude of 1.5 or greater were sampled and
counted after a declustering process. Taken from Matsumura (2002).
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line in Fig.3.2.1. P axes and T axes indicated by the short bars are
projected on a vertical section 10 years before the earthquake. The heavy
line on Y axes designates the coupled region. The thin curve shows the
plate interface. Each is plotted at 5km intervals from Okm to 120km in Y
direction and 2km with in 10km of the plate interface in Z direction.
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(a) Distribution of the backslip in the Tokai district. Arrows and solid
contours represent direction and magnitude of backslip at each point on
the plate interface. Dashed lines represent depth contours of the plate
boundary configuration. The shaded area is Matsumura's (1997) locked
zone estimated from seismicity data. Taken from Sagiya (1999). (b) Solid
contours designate the shear stress distribution exceeding 2MPa on the
plate interface 20 years before the earthquake.
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to station 950283 (35.750 latitude, 136.980]
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simulation. Results by GPS from April 1997 to
April 2000 where abnormal values exceeding
30cm are omitted (top). Results by simulation
from 20 years to 17 years before the
earthquake (bottom).
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Comparison of horizontal displacements relative
to station 950283 (35.750latitude, 136.980J
longitude) obtained by GPS observation and by
simulation. Results by GPS from April 1997 to
April 2000 where abnormal values exceeding
30cm are omitted (top). Results by simulation
from 20 years to 17 years before the
earthquake (bottom).
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Fig. 3.3.1 (a) Horizontal projections of fault planes of the 1891 Nobi earthquake of M8.0 (Mikumo and Ando,
1976), the 1923 Kanto earthquake of M7.9 (Matsu'ura and lwasaki, 1983), the 1944 Tonankai
earthquake of M7.9 (Ishibashi, 1981), and the 1946 Nankai earthquake of M8.0 (Ando, 1975), and
the model region for a 3-D simulation of plate subduction. Direction of X axis is S52.30W, and
direction of Y axis is N37.70W. The relative plate motion is assumed to occur in the Y-direction.

(b) Horizontal projection of fault planes in case 5 of Table 3.3.2. Rectangle A represents the source
region of the 1923 Kanto earthquake (Matsu'ura and lwasaki, 1983), and rectangles B and C
represent that of the 1944 Tonankai earthquake (Ishibashi, 1981). Numerals 1 to 5 indicate fault
segments of the 1891 Nobi earthquake in the model by Mikumo and Ando (1976).

(c) Horizontal projection of fault segments in case 6 of Table 3.3.2. Numerals 1' to 5' indicate fault
segments of the Nobi earthquake in the model proposed by Pollitz and Sacks (1995).
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Table 3.3.1 Fault parameters of nearby large earthquakes

segment | ar() | Lon() | 9KM | strike( D | dip(D) | rake(ry | LCkm | WCkm) | UCkm)
1 35.88 [136.39 | O 145 90 45 18 15 | 1.40
2 35.75 [136.51| O 145 90 45 18 15 | 4.25
3 35.62 [136.62| O 145 90 0 16 15 | 7.00
4 35.50 [136.72| © 107 90 53 33 15 | 2.50
5 35.50 [136.72| 2 163 90 315 34 13 | 1.40
1031 35.91 |136.34| O 144 90 0 51 33 | 7.00
2031 35.55 | 136.64 | O 120 90 34 38 33 | 1.80
3031(34.99 |137.05| 8 332 90 45 70 25 | 1.40
4031|35.31 |137.76 | 8 225 45 90 50 | 35.4 | 7.62
5031 35.21 |137.15| 15 241 31 90 20 35 | 4.20
A |34.92 |139.89| 3 203 26 142 93 53 | 4.60
B |33.52 |[137.25| 3 245 24 113 110 70 | 4.00
C |34.14 |137.92| 20 245 24 113 80 80 | 4.00

DISPLACEMENT][m]

Lat, Lon: latitude and longitude at the top right corner of the fault plane.

D: depth at the top of the fault plane.

strike: degrees measured clockwise from north.

dip: degrees measured down from the horizontal plane.

rake: slip angle. It is 0 ] for a pure left-lateral slip, and 90 [] for a pure reverse slip.
L: length of the fault plane.

W: width of the fault plane.

U: magnitude of the uniform slip on the fault plane.

10 5: fault parameters of the 1891 Nobi earthquake by Mikumo and Ando (1976).
110 5* fault parameters of the 1891 Nobi earthquake by Pollitz and Sacks (1995).
A: fault parameters of the 1923 Kanto earthquake by Matsu'ura and Iwasaki (1983).
B and C: fault parameters of the 1944 Tonankai earthquake by Ishibashi (1981).

Anticipated Tokai Eq.

EQ4
% 1854 Ansei Tokai Eq.
EQB
Tor g
20 E-QZ — )
Tp
EQ1
| <«——» nearby Eq.
10 1RO
\ ‘ 1 cycle
0
0 100 200 300 400 500 600
Time[year]

Fig. 3.3.2 Time evolution of the cumulative displacement at a point in the coupling region

(x=93.3km, y=49.6km, z=22.6km) when effects of the nearby earthquakes are
not taken into consideration. The downward arrows demonstrate times of
interplate earthquakes (EQ10 EQ4). We presume the third and the fourth
earthquakes in this diagram to be the 1854 Ansei Tokai and the anticipated
Tokai earthquakes. The interval between the two interplate earthquakes is
T..= 153.5 years. Nearby earthquakes are supposed to occur T, years after
EQ3. T, is the modulated time interval between two interplate earthquakes.
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<

Tor Anticipated Tokai Eq. (EQ4)

Fig. 3.3.3 Diagram of the time T, of nearby earthquakes, which were investigated
regarding their effects on the time of the anticipated Tokai earthquake T,. The
origin of the time is the 1854 Ansei Tokai earthquake.
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Table 3.3.2 Change in timing of the anticipated Tokai earthquake due to effects of
nearby earthquakes

Case Nearby segments T, T, r,-T,
earthquake (years) (years) (years)
1 1891 Nobi Eq. 105 37 154.6 1.1
2 1891 Nobi Eq. ¥ 05 37 182.0 28.5
3 1923 Kanto Eq. A 69 152.3 -1.2
4 1944 Tonankai Eq. B, C 90 1447 -8.8
1891 Nobi Eq. 105 37
5 1923 Kanto Eq- A 69 144.5 -9.0
1944 Tonankai Eq. B, C 90
1891 Nobi Eq. rnos 37
6 1923 Kanto Eq- A 69 173.0 19.5
1944 Tonankai Eq. B, C 90

* Fault parameters for each segment are shown in Table 3.3.1.

Case 10 the 1891 Nobi earthquake by the model of Mikumo and Ando (1976)

Case 200 the 1891 Nobi earthquake by the model of Pollitz and Sacks (1995)

Case 30 the 1923 Kanto earthquake by the model of Matsu’ura and Iwasaki (1983)

Case 400 the 1944 Tonankai earthquake by the model of Ishibashi (1981)

Case 50 combination of models by Mikumo and Ando (1976), Matsu'ura and Iwasaki (1983), and
Ishibashi (1981).

Case 6 J combination of models by Pollitz and Sacks (1995), Matsuura and Iwasaki (1983), and
Ishibashi (1981).

T » O elapsed time after the 1854 Ansei Tokai earthquake till the occurrence of nearby earthquake.

T, O time interval between the 1854 Ansei Tokai and the anticipated Tokai earthquakes when effects
of the nearby earthquakes are incorporated.

T 0O the presumed time interval (153.5 years) between the 1854 Ansei-Tokai and the anticipated

no

Tokai earthquakes when effects of the nearby earthquakes are not taken into consideration.
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Fig. 3.3.4 (a) Perturbation of the shear stress on the plate interface produced by the Nobi
earthquake in case 1. Red indicates regions where shear stress is increased, and blue
indicates regions where shear stress is decreased. (b) Shear stress on the plate
interface just before the Nobi earthquake, and (c) that just after the Nobi earthquake.
The highly shear-stressed region is indicated by red, and the low stress region is blue.

— 190 —



OoooOoO0OoO0OOO4e0 02005

a _t=37year

137E 13¢

1396

36N

35N 35N

34N

137E 138E 139
Stress(MPa)
-3.0 IRERMRRRRRRRRTF T 3.0
b 137E 138E 139E C 139E

36N 36N

3N 35N

34N 34N 34N
OE

137E 139E

138E
Stress(MPa)
~2.0 INRRERRRRRRRT R0 amm 2.0

138E
Stress(MPa)
-2.0 IRRRRRRRRRRRETE i 2.0

Fig. 3.3.5 (a) Perturbation of the shear stress on the plate interface produced by the Nobi

earthquake in case 2. (b) Shear stress just before the Nobi earthquake, and (c) that
just after the Nobi earthquake.
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Fig. 3.3.6 (a) Perturbation of the shear stress on the plate interface produced by the Kanto

earthquake in case 3. Shear stress (b) just before and (c) after the Kanto earthquake.
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Fig. 3.3.8 Shear stress on the plate interface just before the anticipated Tokai earthquake in (a)
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indicated by red, and low stress region is blue.
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Fig. 3.4.1 Plate configuration in the Tokai region. The Philippine Sea Plate begins to
subduct on the Suruga Trough. The curved solid lines show equi-depth
contour lines of plate interface. Arrows indicate directions of the relative
velocity of the Eurasian Plate (overriding plate) against the Philippine Sea
Plate inferred from backslip analysis (Nagoya Univ., 1999). The triangles
represent cells for which we calculated shear stress and slip.
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Fig. 3.4.7 Snapshots of spatial distribution of displacement on the plate interface during slow-slip
events where the stationary slip is removed. Area of large displacement is red. (a)
Slow1 (from Tg= 206.4 to Ts= 219.9) : M,= 7.5 (6.7/year) (b) Slow2 (from Ts= 263.7 to
Te= 278.9) : M,= 7.6 (6.9/year) (¢) Slow3 (from Ts= 323.8 to Te= 337.9) : M= 7.7
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Fig. 3.4.8 Snapshots of spatial distribution of horizontal displacements relative to the station
950241 (37.230atitude, 138.340ongitude) per year during slow-slip events at the GPS
stations, where the steady state slip is removed. (a) Slow1 (b) Slow2 (¢) Slow3 (d) Slow4.
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Fig. 3.4.10 Velocity distribution just before the earthquake. The rupture starts at the red triangle.
The red square represents the location of the volumetric strainmeter at the Omaezaki
station .
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Fig. 3.4.11 Temporal change of volumetric strain at the Omaezaki station one day before the
peak of moment rate for (a) Slow1, (b) Slow2, (c) Slow3, (d) Slow4, and (e) just before
the earthquake.
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Fig. 3.4.12 Spatial distribution of displacement on the plate interface in the periods (a) from the
start of the fifth slow slip event (£=446.1) to one year before the earthquake (&=450.4),
and (b) from one year before the earthquake (t=450.4) to the preslip just before the
earthquake (t=451.4). Stationary displacements are removed. The area of large
displacements is yellow. The red square represents the location of the volumetric
strainmeter at the Omaezaki station.
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