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Summary

This comprehensive report, entitled “A Study to Improve Accuracy of Forecasting the Tokai Earthquake by Modeling
the Generation Processes,” was conducted from fiscal 1999 to 2003 by the Seismology and Volcanology Research
Department, MRI, as a special research project. This study consists of three subjects:

(1) Improvement of the quantitative method to evaluate seismic activity,

(2) Development of the integrated method for analyzing crustal deformation data, and

(3) Numerical simulation of the earthquake generation process using three-dimensional models.

The results are summarized in the three chapters in this report.

Chapter 1 reports the improvement of the quantitative method to evaluate seismic activity. First, reports on the plate
structure in the Tokai region are presented. The seismicity around the Tokai region was studied in detail using the data
acquired by pop-up ocean-bottom seismometers. The JMA earthquake bulletin reported that the seismicity around this
region is declining from land to the Suruga trough. However, this study confirmed that the reverse inclination, agreeing
with that of the Philippine Sea Plate, is preferable. Three-dimensional P and S wave velocity structures beneath Central
Japan were determined by seismic wave travel time tomography. The high-velocity subducting Philippine Sea Plate was
revealed: the plate subducts at a slightly high angle at first, then at a low angle. The obtained Vp/Vs ratio indicates that
seismic coupling in the northwest neighborhood of the locked area of the Tokai earthquake is weak.

Next are reports on methods of evaluating seismic activity. The long-term variation of seismicity around Shizuoka City
from 1941 to 1995 was surveyed by utilizing S-P time. Seismicity quiescence was observed just before the 1944 Tonankai
earthquake, and the seismicity rate changed before and after the 1965 Shizuoka earthquake (M6.1). Spatial and temporal
variations of stress drop of earthquakes occurring around the Tokai region were investigated. Rather than finding the
long-term temporal variation of stress drop, we found its area and depth dependence. The stress drop of the main shock
occurring within the Philippine Sea slab was found to be greater than that of the aftershocks. An investigation focused on
the characteristics and causes of the non-volcanic low-frequency earthquakes and tremors related to the subducting
Philippine Sea Plate beneath southwest Japan. The existence of fluid has been indicated as the cause of low-frequency
earthquakes. The dehydration process of some rocks was proposed to model the source of the fluid based on data from
high-pressure and temperature experimentation. The slip distribution of the 1944 Tonankai earthquake estimated from
tsunami waveforms reveals that the earthquake did not rupture the plate interface in the northeastern end of the Nankai
trough beneath the Tokai region, which was ruptured by the penultimate earthquake in 1854.

Chapter 2 presents the result of the development of an integrated method for analyzing crustal deformation data. We
first evaluated the precision and error of GPS observation data, and examined techniques of improving its quality. We
investigated the coordinates obtained by an analysis using three-hour GPS data in the Tokai area. The existence of the
group with high correlation of the variation corresponded to analysis clusters and monument/antenna type, and the
variation was halved by the correction. We also analyzed the daily GPS coordinate data and found that the annual
variation pattern had changed in 2000. This pattern change caused a false deformation in the simple method, removing

the annual variation; therefore, appropriate removal was necessary in every period.



We conducted GPS observation at tide gauge stations established in the Tokai area. A comparison of vertical
displacements obtained by GPS observation and those obtained by the tidal data confirmed the consistency between the
two and revealed a tendency change caused by the Tokai slow event. Next, we examined the various cases of crustal
deformation based on observation data. Using the tide gauge data, we investigated the vertical change before and after
the 1946 Nankai earthquake. We determined the sea-level change that may signify a pre-slip just before the earthquake,
and we discovered after-slips that have different time constants. Analyzing the data along the leveling route between
Kakegawa and Omaezaki, as well as other leveling routes in the area west of Suruga Bay, we found that the subsidence at
Omaezaki relative to Kakegawa accelerated in 1988 and 1989, and after 2000. However, acceleration of the subsidence
was noticeable in the northwestern coast of Suruga Bay in the former period, while in the latter period the subsidence
accelerated in the whole western coast. We investigated the crustal deformation accompanying the seismo-volcanic
activity around the northern Izu Islands in 2000. We demonstrated that displacement that cannot be explained by the
sources of the northern lzu Islands remained in the Chubu district; it can be explained by the slow slip on the plate
interface of the Tokai region starting earlier. According to the strain analysis for the slow-slip event observed by GPS in
the Tokai area since 2000, expansion in and around Hamanako Lake and contraction around the Omaezaki Spit and the
Atsumi Peninsula were clearly associated with the event. Generation of the slip in the plate boundary beneath Hamanako
Lake possibly caused a concentration of the changes in the Coulomb fracture stress (A CFF) in the eastern Tokai area.
We coded a computer program to assist in crustal deformation analysis, such as estimating the sources of crustal
deformation mentioned above.

Chapter 3 details the numerical simulation of the earthquake generation process using three-dimensional models. We
estimated the first crustal deformation prior to the hypothetical Tokai earthquake based on a three-dimensional
simulation model of earthquake cycles governed by rate- and state-dependent friction law designed to explain laboratory
observations acting on the Philippine Sea Plate interface in the Tokai region. We compared the simulation results with
the observation results (strain, GPS, seismicity) and suggested that the pre-slip of the earthquake could be more
effectively detected by a three-component strainmeter. We then evaluated nearby large earthquake’s effects on the
timing of the Tokai earthquake in order to determine why the fault motion of the 1944 Tonankai earthquake did not
extend to the Tokai region. It is suggested that the 1891 Nobi earthquake delayed the Tokai earthquake, while the 1923
Kanto and the 1944 Tonankai earthquakes advanced it. A slow-slip event has been observed on the plate interface in the
Tokai region since October 2000. We examined how the Tokai slow-slip event is reproduced and discoverd that the

inhomogeneity of the friction parameters in the depth direction contributes to the occurrence of this event.
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(b) Vertical distribution of hypocenters in the rectangle of (a).
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Table 1.1.1 Observation period, number of stations and name of ship for OBS observation.
Numbers in parentheses correspond to the intended stations.

Hunber of ¥ama of ship
BLAbicn  put down  pick up

Obeervation Observation pericd

1333 19339.12.05-2M0.02.33 &1 Eyofu-mara FEyofu-maru
20049 2090.11.30-20401 .02 .40 1E] Feifu-mara REyofu-maru
23401 2001.08.02-32001 .03 .08 171 Eyofu-maru Eslfu-maru

20021 2092, 06, 08 -3002,07.27
d0iz-2 2002.10.05-2002.12.08
20403-1 2003 .05.22-2003.08.04
2003-2 2093.10.15-2003 .11 .23

{9 Eeifu-maru Rysfu-maru
171 Cheyvo-mara® Hippon-mara®
=] Fyofu-maru REyofu-mara
{591 Eyofu-maru Kelfu-maru

LR SR R T (T

* Cheyde-paria and Hippob-mars belong to Dokai Marcine Syetema LT

Table 1.1.2 Station location and recording period, rate and mode. Locations are based
on Japan geodetic datum.

Latitwde Loogibuds Oepth Fecording Recordiog

SEakl . i Bacard iod
el bt I E] i} TR rateHz} nods

TEILOmS  13.9&500 13T, SHRAT 2202 parmanent (Cables Sypa| 140 Cenkipucus
TEZDEE ¥3.54667 L3T,THEEET 1542 permanent iCable typs| 1400 Comk oo
TEMES 34.1&500 L37.96500 S17 pormanenc(Cable Typal 100 ConC ivaous
TEADRG 14 .38317  137,87300 T2Z2 pemrmansnt (Cable syps| 140 Cenkipubue
THIIA 33 84500 138 579ET DEIR 109913, 05-3&00.02_ 23 50 Teiggar
TKE388 13.71020 139,2396T 3500 1953.13.05-3000.02.3] 50 Trigger
THE35E 33.3921583 137.81700 &D03T7 1990.13.C5-2000C.02.21 S0 Trigger
TRO0A }3.82431 138.319430 3553 2030.11.30-200L.03_10 g0 ConC inaous
THOOD 3 .700E1 13823494 3491 200011 J0-2601,51.0& 50 ConE e
TEQNDO }3.53860 134,378%5 290 3000.11.30-200L,@2.1Q 50 Conk 1nuome
THOOF 13.546588 132.12MA5 2514 2000.11.30-2001.01.0& 41 Continacus
TIOOB 31 &TEL2  13T,923ET 1971 2000.11.10-2000,1%.1% 50 Cemt i tuoun
TRALA 4. AESS1  TIM.ANPE0  TA®  2001.00.02-2001,.09.08 140 Cemk drumus

TEQO1E  34.12303 138,.45385 3617 31001.08.02-2001.08.08 140 Cont lacue
TEO1Z  14.01405 133 ,.50894 3551 2001.08.02-2001,08_ 08 140 Contimaous
THO1D k4 .30340 138,2030% 800 2001.08,002-2001,00. 08 140 Eomit ipdcnis
TFEO1lE  34.10377 138,.76585 1808 3001.08.02-200L1,08.13 140 Coat loacue
THOLF  ¥3.85553 138, 150h44 38233 2001.08.02-200L.08_03 14a Comt ivaous

THS1E 34.021497 13T, 96577 1810 2001, 00,032-2001,00.08 140 Cenk drueum
TEO21A  34.207%4 138, 10TH®  B4T J0032,04,08-2003,09.2T 50 Cenk dnuous
TEDILIC 23.87717 132, 1610% 3&4 JDC2 D6, ¢B-2003.07.1% 3] Conbimaous
TEO2ID 33.71645 137.93&£90 35024 2002, D6 B-200Z_ 06.13 =41] CofE ivaods
TEOEIE 3437840 13T, %HI0]) The A0NGZ, 06 ,0R-3003 , 07 .3T 50 Cenkinacus
THEDIIF 34.12514 137.T71335 1453 20G2.D06.%E-2002 . 07.11 3] Comb imaous
TEOD2IH 33.81010 I37.85390 12689 2002.06.C8-2002.07.27 4] Conbinudus
TEDZIT T4 ,18081 13733304 1337 J002.06,00-2003,07 .37 50 Conkinucus
THOZIC 37.00B00 DAL ORELT 2FT0 I002.10.08-2003.12.08 LT Cemk drams
TEDRZD 34.15517 13T7.336850 1133 30G2.10.05-3002.10.08 =41 ] Comt lnaous
TEONIZF 34.15517 137,.T1033 18052 2002 10052003 .10.05 50 Comb i uoas
TEDIZGE 33 .88030  I3T.4A6L60 108 J0032,10,.05-2003 .12 .08 oo Conkimacus
TEOTLIR M.Z7790  138,20038 TET 200X, 0R.3Z-2007 .00 .04 %0 Cont ipucun
TEQ3I1C 313.838%3 132, Q4THO 2312 320G3.05.22-3003.38.04 e0 Conk inaous
TEOIID I3_65712 13T, 2294& 2117 2003.05.22-2003.08.04 50 CofiE i dos
TEQI1E }.37T433 137,%7709 765 3003, 05.32-2001,.08.04 50 Coak inaoue
TED3I1F 34.127&65 I3T.T1ZR3 10588 2903, 05.33-2003.08.04 50 Conk inaous
TKO3ILE 33.958513 137.44580 1483 2003.05.22-2003.08.04 S0 Cok i naos
TEJATIH 33.0114d I37,2024% 1967 3J0C3,.06.32-2003,.08.04 50 Comkimacnie
TEDI1I 34.179%28 I37,.31213 1151 32003.D05.22-2003.0H.04 50 Continaous
TEDIZA 34.323683 138,193591 =48 2003.10.15-2003.11.21 &0 Contimacus
TEHOIZC 3. A%758 134, 05344 2833 2003, 10 15-2003.11.21 4] 2ok ddbiE
TEIIZR 3¥3.6F821 13T, 83THE 3907 JA003,.108.15-2903.11.3% 50 Conk innous
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Fig. 1.1.2 Location of the OBS stations for each observation. Triangles indicates the cable stations.
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Table 1.1.3 Arrival time difference between P and PS phase (Tps)
and station correction for each station.
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Fig. 1.1.6 (continued)
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Fig.1.1.7 Frequency and cumulative frequency distributions of OBS
hypocenters specified in Fig.1.1.6 with different magnitudes.
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Fig.1.1.11 Epicenter map and cross section of OBS hypocenter and JIMA
catalogue for the last nine years (April 1995 [0 December 2003).
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Fig. 1.1.12 Map of JMA coastal stations (squares) merged with OBS
stations (circles and triangles) in this study.
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OoooOoO0OoO0OOO4e0 02005

116 O00O0OO0OO0ODOOOODOOODOOOODOOOOOO
goboooossUonoooobooooooMADOOOOOOooOoOooooooooooooooboooooooo
oooooooobooooooooooboOobooOobOOoOooboOobOoOobOOoOoOoOoOoOoOobOOOobOOoObOOobObOOobOOoOoDn
ooooooooboocooboOoooooooooOoOooOooOooooboOooon
ooboooooooobooboooboobooboooolgsrounozo030120000JMAOODOOOOODOOO
OO000O0OJMAOOODOOCOFRg. 11150 0000000033.0034.7000013650130000000000JMA
oobooooz2sordbbooboooooooooboobobooooooePODESODODOOOOOOOOODOOOOO
0000000000 D0000OFig. 1116 (U0O000O0ODO00O0D0OPODOODOODODOOOUODODUDY
ooooogobopOoOboOoOSODOOO0OOOOOOOOOOOOO 000000000000 00O00d
Oo00oooooooooo1140000000000000D000D0O00DO00OO00OOO0ODOOODOOTable
1130 00000000000000000O0Table1.1.3000000000JMA20010 0000000000000
oooooooooooooooooooookmbOOOOOCPOOOOOOOOSOO0OOSOOOOOODON.00
0000005010 000000000000000000FIg1.1.16(HO0DDDOO0DOO0OOOIMADODDOOOD
oobooooboooooooooobooooooooooooooooooooooboboooobOboOoooOooDO
000000000000 00000000000000000IMADDDDODOODO0DOO000OOFQ.L.1.17 (200
O000000000o0OBSOOOODODOODOODODOODDOOOFIgL117 (hOOOOFiglll7 (000000000
JMAOOOOOOOoOoooooooooooooooooooooooooooobooooooooooooooa
000000000000 0000000000000000O00000000000000FIg1.1.17 (KOODOODO
ooboooboooooooBsUObOOOOoOOoOoOoOOoOoOOOOoOOOOOODOoObOOOODOOODOODO
gobooooboooooboooooooboooobobooooooooOoooooooooooOooobooOoooboOooon
oooood
00000000000000000000000000000000000O0Aokietal.(1982)0 00000000
gobooobooooooooooboooooooooooooooOobooooooboboooobOboOobooOoOooDO
ooboooooooooboocoooog

Fig. 1.1.15 Epicenter map of JMA catalogue during 1979-2003
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Fig. 1.1.16 (a) Epicenter map and its cross section of original JIMA catalogue. (b) Epicenter
map and its cross section of events determined by using the velocity structure
illustrated in Fig. 1.1.4 (i).

Fig. 1.1.17 Comparison between re-determined epicenter (gray circle) and (a) JMA epicenter
(open circle) and (b) OBS-merge epicenter.
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Table 1.1.4 Station correction of P and S arrival time for each station.
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Fig.1.1.18 Epicenter maps obtained by using different station corrections. (a) case 0 : OBS hypocenter. (b)
Case 1 : correction depth of 30km. (¢) Case 2 : Vp/Vs=4.0 in sedimentary layer. (d) No station
correction.
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Fig. 1.1.19 Epicenter maps obtained by using different velocity structures. (a)
Tokai-oki structure, (b) IMA2001 structure.
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Fig. 1.1.20 Relation between water depth and horizontal distance from OBS
drop point to observation point
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Fig. 1.1.21 Relation between surface current velocity and horizontal distance
from drop point to observation point.
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Fig. 1.1.22 Location of the air-gun array and OBS stations used in this report. Thick lines

indicate profiles along which the air-gun-OBS survey was conducted in 2001.
Contours of bathymetry are drawn every 1000 m. Ocean depths exceeding
3000 m are lightly shaded and depths beyond 4000 m are heavily shaded to
indicate troughs. Stars denote pop-up types, and squares denote cable type
of OBS. Gray indicates stations not used in this report. Triangles indicate
position of OBSs used in Nakanishi et al. (1994).
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Fig. 1.1.23

Time-DistE.0 (sac) Time-Dist& 0 (sac)

Observed seismograms at TKO1E, TKO1F, TKO1G, TK30OBS, and TK4OBS for profile TokaiOki_22. The vertical
axis designates the distance between shot point and station. The upward direction of the figure corresponds to the
northern direction. Observed seismograms of vertical component are band-pass filtered (3-10Hz). The reduction
velocity is 6.0km/s. Trace amplitudes are scaled by a factor of distance.
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Fig. 1.1.24 Observed seismograms at TKO1E, TKO1F, TKO1G, TK3OBS and TK4OBS for profile TokaiOki_21_2.
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Fig.1.1.25 Observed seismograms at TKO1D and TKO1F for profile TokaiOki_1_2.
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represent active volcanoes. Also, seismic events used in the analysis near the sections are plotted simultaneously.
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Fig. 1.3.6 Monthly frequency (histogram) and its cumulative number (curve) of
earthquakes for each S-P time span observed at the SLMO from
1960 through 1969.
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Fig. 1.4.1 Distribution of events and stations used in this analysis. Stars
denote events, and circles denote stations.
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Fig. 1.4.4 Spatial variation of stress drop (Ao ) in the Tokai area. NS cross section is also drawn.
The size of the circle represents the maghitude, and its color represents the log(Ac ). The
dashed line denotes the locked region proposed by Matsumura (1997). Iso-depth curves
of the upper boundary of the Philippine Sea Plate determined by Harada et al. (1998) are

also plotted by dotted lines.
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Fig. 1.4.5 Temporal variation of stress drop in the Tokai area. The size of the circle represnts the
magnitude, and its color represents the log (Ac ). The vertical axis represents longitude of
the event, and the horizontal axis represents days from 1996/01/01.
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Fig. 1.4.7 Site response function of seismic stations. The number N represents the number of events
used in the calculation of the site response function.
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Fig. 1.5.1 Distribution of epicenters of low-frequency events in the Japan Islands
around the Moho discontinuity determined by JMA (Japan Meteorological
Agency) from September 1999 to February 20, 2003, in a) Eastern and
b) Western Japan. Open circles designate events away from active
volcanoes, and closed circles designate events within 10km of active
volcanoes. Active volcanoes are depicted by gray triangles. Top depth
contours of a) the Pacific Plate and b) the Philippine Sea Plate are also
represented with depth by km.
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Fig. 1.5.2 Distribution of low-frequency events (open circles) in Southwest Japan
(Sep. 1999 - Dec. 2001). Solid circles depict revised source locations
of selected events by Katsumata and Kamaya (2003), and filled gray
triangles represent active volcanoes in the Quaternary. The top depth
contours (km) of the subducting Philippine Sea Plate are also shown.
Line segments A and B indicate Tonankai and Nankaido profiles for
which Hyndman et al. (1995) estimated geotherms, respectively.
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September 2001 beneath eastern Shikoku (133.6E - 134.5E) projected on
the velocity structure estimated by Kurashimo et al. (2002). The horizontal
axis represents the distance from shot J2 of Kurashimo et al. (2002) which

was located nearly on the south coast line of Shikoku Island. The source
locations plotted here were precisely estimated by Katsumata and Kamaya

(2003).
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Fig. 1.5.4 Waveforms and spectra of deep low-frequency events in the Japan Islands. (a) A waveform of horizontal (NS)
component and (d) its spectrum of a low-frequency earthquake recorded at the Tannan station (DP.TNJ, 35.0313N,
135.2137E) for an event that occurred in Kyoto Pref. at 01:41:41.1 on July 30, 2000. The bold curve denotes the
spectrum calculated for a 30s waveform segment, designated with a bold line in the waveform. The thin curve
denotes the spectrum of noise calculated for a 30s waveform segment, designated with a thin line. H and DLT
denote the focal depth and epicentral distance. (b), (c), (e), and (f) present waveforms and spectra for a low-
frequency tremor in Southwestern Japan and a low-frequency earthquake away from volcanoes in Northeastern
Japan. The records were obtained at Shin-Toyone (NU.STN, 35.1355N, 137.7437E) and Gojome (TU.GJM,
39.9520N, 140.1160E).
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Fig. 1.5.5 Phase relationships for water-saturated mid-ocean ridge basalt (Schmidt and Poli,
1998) and temperature profiles for the top of the Pacific Plate under Northeastern
Japan (lwamori, 2002) and the Philippine Sea Plate beneath the Kii Peninsula and
Shikoku (Hyndman et al., 1995) in Southwestern Japan: amph = amphibole, chl =
chlorite, cld = chloritoid, cpx = jadeitic or omphacitic clinopyroxene, epi = epidote,
gar = garnet, law = lawsonite, zo = zoisite. The temperature profile for the Philippine
Sea Plate beneath Shikoku crosses a thick line "A" where the depth is about 40km.
As chlorite can not exist in the right-side of the thick line "A", water is released by
dehydration of chlorite at this line. However, the temperature profile beneath Kii
Peninsula crosses a thick line "B" at similar depth. Clinopyroxene appears above
this line. As clinopyroxene is not a hydrous mineral, total water content of the basalt
decrease.
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Fig. 1.5.6 Phase diagram for H.O-saturated average mantle peridotite a retouched figure by
Schmidt and Poli (1998) and temperature profiles for the top of the Pacific Plate
under northeastern Japan (lwamori, 2002), and the Philippine Sea Plate beneath
the Kii Peninsula and Shikoku (Hyndman et al., 1995) in southwestern Japan: 'A' =
phase A, amph = amphibole, chl = chlorite, cpx = clinopyroxene, gar = garnet, ol =
olivine, opx = orthopyroxene, serp = serpentine, sp = spinel, tc = talc.
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Fig. 1.5.7 Schematic view of the generation of deep low-frequency tremors with a belt-like
distribution in western Japan. Short arrows represent water released from the
descending Philippine Sea Plate. A considerable amount of water is released by
both of dehydration of chlorite and the formation of clinopyroxene in basalt in the
slab, and upwelling water causes the tremors. When the slab contacts the mantle
wedge, upwelling water is fixed as serpentine in the lowest part of the mantle
wedge. Therefore, a deep tremor cannot occur because of absence of fluid. The
result is the formation of northern rim of the belt of distribution of deep tremors.
The gray star represents source area for deep tremor.
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Fig. 1.6.1 Map of the tsunami computation area, location of subfaults (rectangles)
and tide gauges (soild triangles). The upper surface of the subducting
Philippine Sea Plate estimated from the microearthquake distribution
(Mizoue et al., 1983; Okano et al., 1985; Yamazaki and Ooida, 1985; Ito
1990; Harada et al., 1998) is indicated by thick contours.The shaded area
shows the one-day aftershock area obtained by Kanamori (1972). The
ocean depth is indicated by thin contours.
Table 1.6.1 Subfaults and slip distribution
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1C 24 18 0D.76 0.04&
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B 21 | 1.73 0.11
TC 24 14 o.o0 0.01
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Fig. 1.6.2 Coseismic slip distribution (top) and estimated error (below) from the
inversion of tsunami waveforms. Thick contours denote the upper surface
of the slab, the same as those in Fig.1.6.1. The shaded elliptical line (top)
represents the one-day aftershock area obtained by Kanamori (1972). The
shaded rectangle line (top) represents one of large slip regions of the 1946
Nankai earthquake estimated by Tanioka and Satake (2001). The shaded
line (below) represents the large moment release area estimated by
Kikuchi et al. (1999). Abbreviations are AP (Atsumi peninsula) and SP

(Shima peninsula).
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Fig. 1.6.3 Source areas for the two most recent cycles of large earthquakes along
the Nankai trough. After Mogi (1981).

obsares]
—————— computed
Shimntsw
& 1
AAW 45-100 nel e
Maltsuzakn Temmshirmiz
=18l = 4p-130
LY
Mnrl:-:'nﬂ-:: Ha§opmo
-
Uchiura SE-130 -ﬂ'—mw
Fubue Ahurolse
30- B0 .,_1._,_:”_"‘[1.. PTRTIRY £ o
af
15 em eI RN - iis i sl 8w |ﬂm|—-||||.|||l
O 20 0 B0 BO o 70 40 & a0 100170 o 70 40 &0
gme, min lime, min tima, min

Fig. 1.6.4 Comparison of the observed (solid) and computed (dashed) tsunami waveforms
for the result of the inversion using the 23 subfaults illustrated in Fig.1.6.1. The
numbers below the station name indicate the time (in minutes) after the
earthquake origin time. Locations of tide gauges are depicted in Fig.1.6.1.
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Fig. 2.1.1 Frequency distributions of deviations from the average of baseline lengths
obtained by GPS. Open circles indicate frequencies of the deviations
obtained from the daily analysis with precise ephemeris; the solid triargles
represent the daily analysis with combination ephemeris; and the solid
squares represent the analysis using three-hour data.
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Table 2.1.1 Statistics of some baseline lengths obtained by the daily analysis with
a precise ephemeris, the daily analysis with a combination ephemeris,
and the analysis using three-hour data.
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Table 2.1.3 Correspondence of the groups divided in this study with analysis
clusters and monument/antenna types.
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Fig. 2.3.4 Coordinate changes of the MRI's observation sites (left) and the neighboring
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Fig. 2.3.4 (continued)
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Fig. 2.4.1 Locations of tide gauge stations.
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Fig. 2.4.2 Sea level records at tide stations before the 1944 Tonankai earthquake. Graphs from

top to bottom in each figure present the original record, tide-corrected record, tide- and

atmospheric pressure-corrected record, 25-hour moving average of the corrected

record, and atmospheric pressure used for the correction.
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Fig. 2.4.3 Differences of sea level between two stations. The left figure represents the difference
of the records after corrections of the effects due to tide and atmospheric pressure,
and the right figure illustrates the 25-hour moving average of the difference in the left
figure.
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Fig. 2.4.4 Sea level records before the 1946 Nankai earthquake. From top to bottom the figure
presents the original record, tide-corrected record, tide- and atmospheric pressure-
corrected record, 25-hour moving average of the corrected record, and atmospheric
pressure used for the correction. Tidal correction is not applied for the records at Maisaka.
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Fig. 2.4.5 Differences of sea level between Uragami and Shimotsu. The top graph
depicts the difference of the records after corrections of the effects due to
tide and atmospheric pressure, and the bottom graph shows 25-hour
moving average of the difference.
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Fig. 2.4.6 Sea level records before the 1946 Nankai earthquake. From top to
bottom, the figure indicates the original record at Uragami, tide-
and atmospheric pressure-corrected record, 25-hour moving
average of the difference of sea level between Uragami and
Shimotsu, and that between Uragami and Uchiura
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Fig. 2.4.7 Difference of water temperature between the west coast of Kushimoto and Owase.
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Fig. 2.4.8 Difference of water temperature between the west coast of
Kushimoto and Owase (solid circle), and position of the Kuroshio
axis measured from Cape Shionomisaki (open square).
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Fig. 2.4.9 Differences of sea level between two stations: (a)Uragami and Uchiura;
(b)Shimotsu and Uchiura; (c)Shimotsu and Kobe. Each top graph plots
the difference of the records after corrections of the effects due to tide
and atmospheric pressure, and the bottom presents the 25-hour
moving average of the difference.

cobooooboocooooooboooOooooooboOoobooOoooooooOoOoooboboOoooOoboOoOobOboOoOooOoOoOooDo
cobooooboocooooooooooooobOoboOoOobOboOoO0oOOoOoOoOoOoOooboboOoobboOoOoDOboOoOooDoooon
cobooooboooooooooooooooooooooobooooooooooobobooooboboooooooDn
ooobooooobooobooooboooooooo

gmie3looooooooooooooboooooooooooooooooooooooboboooooooDon
cobooooboocoooOoooobooobooooooOoOoooboOoOooOooOoooOoOooboboOooOboOoOoOoOoobOboOoODn
cobodoobobocooooooooooboooooOooooooooooooooboooooOooOoooOobooooOoboOoonan
OO0OFig. 244000 00000000000O0DOOCOO0O0O0O0OODOOO1200000000000000 Fig.
249000 00000000000O0O0O0ODDODOO3KMOOO00000000O0D19%601000011000000
OO00OO0OO0OO0OO0OO00OFRg. 24500000000000000000O0100000000000O0OFig. 2460000

— 1| —

0nae

120

160

1 & % 11 1 1 2 3 ¢ 1 1 ¢ § 1 v p v B § W B @ & B 9 @0 4 9 9 1 i 3} 18':'



OoooOoO0OoO0OOO4e0 02005

0000120180 001900000000000000DLDOO0O0OD0O0DOODO0O0D0OD0OFRIg.24900000000
goooooboooboooobooboboooboboobbooboooboooboobboobDbLoobb oo
oboboooobooboobobobooooogoog

244 194600 00000000O0OO0

gobooobooooooooooobooooooooooooobobooooooooooboooooboOoooDoog
cobooooboocoooboooobooobooooooboooboooooboooooooooobboOoobOboOoooOoooDo
cobooooboocoooOoooobooobooooOoOoOoobooOoOooOooOoooOooOoOoOoOoOobOboOoOobOboOoOoOoOooDo
OO0000000o0oo0O0O0O00O0000000000COFg.2410000000000000000000O0MO0
el 00000 DODODODODOODOODOCODOODODODOOKadal 199200000000 DODOODOOOOOOOOO
ooboooobooleembooboooooooboOoOoobOooobDOoOmmbOoooooooooooooooogon
OO0O000o0ooo0Oo000000000O0Modd 196810 Kanamorl 19720 0 0000002400 000000000
0O O 00197400 Tanioka and Sataké] 20010 0000000 CO0O0O00000000O019440000000240000
gboboboboboboboboboboboboboboboboooomebbooooooon
OO00000ooomeemooooooooooosokmiooomI2ioooooooooooooog
cobooooboocoooooooobooboooooOooobooOobooboOoooOoooooOooboOoobOboOoOooOooOooDn
cobooooboocoooOoooobooooobooOoOoOooOooOoOooboOooOoOoOoOoOoOoOobOboOoOoOboOoOoOboOonan
cobooooboooooooooooooooobooooooooooooooooooooooobooooooonn
Oo000oooooooO0oooooO00Frg. 2410000000000000000D0DOOO0O000OOODODOOO
ooboooobooooootoobooooooooooobooOoomeze0lmoobooobboOoboooooooon
cobooooboooooooooOooooboooobOboOoOoObocOoOobOOoOoOoOoOoOoboboOooObOoOoOoOobocOoOooOoOooon
coooooooooobooooo

Sublldmﬁ"

: L, S0km |

Fig. 2.4.10 A possible model of a precursory fault slip that explains the rise
of sea level at Uragami before the 1946 Nankai earthquake.
Fault parameters are : dimension 39x 20km; depth of the fault
center 18km; dislocation 1.2m; strike 250deg; dip 16deg; rake
120deg; seismic moment 2.8x 10*Nm.
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Fig. 2.4.11 Daily mean sea level at each station before and after the 1946
Nankai earthquake. Effects of astronomical tide and atmospheric
pressure are corrected. We subtracted 50cm from the data of sea
level at Uragami after September 1947, because an artificial offset
of some 50cm was observed between July and September 1947.
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Fig. 2.4.12 Differences of sea level between two stations during a four-year
period. Dots indicate daily mean value, and open circles indicate
seven-month running averages.
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Fig. 2.4.13 Differences of sea level between two stations during two
years after the Nankai earthquake. Fitted curves represent
exponentially decaying functions with the same relaxation
time of 139 days.
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Fig. 2.4.14 Differences of sea level between two stations during a four-year
period. Dots indicate daily mean value and open circles indicate
seven-month running averages.
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Fig. 2.4.15 Differences of sea level between two stations for a year after the
Nankai earthquake.
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Fig. 2.4.16 A possible model of a postseismic fault slip that can explain the
upheaval at Uragami and the subsidence at Shimotsu following the
1946 Nankai earthquake. Fault parameters are: (1:east) dimension
40x80km; depth of the fault top 25km; dislocation 1.2m; strike
250deg; dip 23deg; rake 120deg. (2:west) dimension 40x80km;
depth of the fault top 25km; dislocation 0.6m; strike 270deg; dip
14deg; rake 140deg. Seismic moment for both (1) and (2) is 1.73x
10 Nm.
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Fig. 2.5.1 Result of leveling measurements performed by the Geographical Survey
Institute, showing subsidence at Hamaoka (BM25951) relative to
Kakegawa (BM140-1) since 1962. Solid circles represent data obtained
by net adjustment.
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Fig. 2.5.2 Result of the analysis of leveling data from Kakegawa to Hamaoka using computer
program BAYSEA. The top panel reveals (a) estimated trend , (b) seasonal, and (c)
irregular components. The bottom panel presents subsidence rates averaged over (d)
one, () two, and (f) three years, calculated from the estimated trend component.
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Fig. 2.5.3 Spatial pattern of the rate of vertical crustal movement in each two-year
period obtained by the leveling data at 55 benchmarks. Interval of contour
lines is 1 mm per year. Dashed lines indicate subsidence relative to
BM140-1. GMT (Wessel and Smith, 1995) is used to make these maps,
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Fig. 2.5.4 Spatial pattern of annual vertical movement on the western coast of Suruga
Bay averaged (a) from 1983 to 2002, and deviations of annual vertical
movement from the averaged pattern (b) from 1987 to 1991, (c) from 1991
to 1995, and (d) from 1998 to 2002. Interval of contour lines is 1 mm per
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Fig. 2.5.5 Spatial pattern representing distribution of components of normalized
eigenvectors for the first (#1) to fifth (#5) principal components. The radii of
circles are proportional to magnitudes of components, and the circle on the
left bottom side in each map shows the scale. Interval of contour lines is 0.04.
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Fig. 2.5.6 Temporal variation of the scores for each of the first (#1) to fifth (#5)
principal components.
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Fig. 2.5.7 Rose diagrams of scores for the first to fifth principal components in each
two-year period. Numerals in the graphs represent absolute magnitude of
the scores with the sign ignored.
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Fig. 2.6.1 Temporal changes of volumetric strain obtained by the JMA strainmeters
accompanied with the 2000 northern Izu Islands event.
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Fig. 2.6.2 Non-steady horizontal deformations in one year. Left panel: North-south
displacements. Right panel: East-west displacements. Positive values
denote northward or eastward displacements. Contour lines are drawn
at an interval of Imm/year.
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Fig. 2.6.3 Non-steady horizontal deformations in three months. Left panel: North-south
displacements. Right panel: East-west displacements. Positive values
denote northward or eastward displacements. Contour lines are drawn at an

interval of Imm/3months.
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Fig. 2.6.4 Location of the dyke, creep and the five large earthquakes.
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Table 2.6.1 Parameters of the dyke and the creeping fault obtained by the
inversion analysis and sum of dislocations on a hypothetical fault by
earthquakes with magnitudes less than 6 for each period.

Period 2000/04-07 | 05-0B o&-03 o7=-10
Thickness sf the dyke ind 1.3+0.1 2.89+0,1 1.0:0.1 1.8¢0.1
Langeh of tha dyka (km| 24 441,80 94, T£0.4 23.240.% 34 .941.5
Direction of

th= right-lateral ST HESE: HOGE+D HITE+D

creasping faulc |degh
Dislocatizn on

the right-lstersl 0. 6+0.1 0.9+0. 6 1.1x0.4 1.7¢6.1
creeping fault |mp
Sum of dislocarione

by sarthguakss with 6.7 a. oo 0.6
magnitude=s leas than & on
a hyporhecical fawlt (m)

Fined parameters: {Dvke intrusion] Sirike: M45W. Dip: S0dep, Widihe 10km (A hypotbetical fault)
Sirke: NIODE, Drip: Midey, Length: 20.9km, Width: 10.5km,

200007 D300 t&Eﬂ-m

1 I
38 140"

- 2 a 2 1
mim

Fig. 2.6.5 Difference of deformations between the observation and the model.
Left panel: North-south displacements. Right panel: East-west
displacements. Positive values denote northward or eastward
displacements. Contour lines are drawn at an interval of
1mm/3months: solid lines are for positive values and white dotted
lines are for negative values.
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Fig. 2.6.6 Estimated slip distributions on the plate interface.
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Fig. 2.6.7 Difference of deformations between the observation and the model including slip on
the plate interface. Left panel: North-south displacements. Right panel: East-west
displacements. Positive values denote northward or eastward displacements.
Contour lines are drawn at an interval of Imm/3months: solid lines are for positive
values and white dotted lines are for negative values.
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Fig. 2.7.1 Variations of corrected strain, original strain and response to precipitation for
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Fig. 2.7.5 Results of trial for detection of the Tokai slow-slip event by the
strainmeters. Contours indicate changes of dilatation associating with
the slow-slip event calculated from GPS displacements. Circles indicate
the cases of agreement, and triangles indicate unidentified charges.

Table 2.7.1 AR coefficients obtained through MR-AR analysis for strain data in
the stations of the Tokai area : m, the optimum number of terms; a (i),
the coefficients of auto-regressive terms; b (i), the coefficients of rain
correction terms. See eq.(2.7.2) in the text.
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Fig. 2.8.1 Coordinate changes at the Hamamatsu station of GEONET with respect to
the Ogata station. Left panels depict the raw data (gray point) and normal
trend (solid curve), and right panels illustrate the residuals obtained by
subtracting the secular trend from raw data.
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Fig. 2.8.2 Distribution of displacement vectors with respect to the Ogata station in

central Japan. (a) January 1998 to December 1999, (b) January 2001 to
December 2001.



OoooOoO0OoO0OOO4e0 02005

Fig. 2.8.3 Distribution of abnormal displacement vectors with respect to the Ogata
station in central Japan from January 2001 to December 2001.
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Fig. 2.8.4 Distribution of abnormal displacement vectors with respect to the Ogata station in Central Japan. The upper panel
of (a) plots the displacements with no correction in the first half of 2001, and the lower parel plots the displacements
with no correction in the second half of 2001. Upper and lower panel of (b) depict the displacements with
consideration of the change of annual pattern in first half and the second half of 2001.
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Fig. 2.8.5 Locations of the GPS observation stations where displacement data was
used in estimating slip distribution.
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Fig. 2.8.6 Slip distributions estimated from three-dimensional displacement data in each period.
The gray area indicates the anticipated epicentral area of the Tokai earthquake.
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Fig. 2.8.7 Moment in rectangular area denoted by broken line of Fig 2.8.6 in each
period (bar graph) and accumulative one (line graph).

o -

ooobooooobooooooooooooooobboooobbooooooooOooobobooobbooooboOoobooOooon
coboobooboooOoobooooobooobooobo2000O0bOOOOOOOOOOODOOOOODOOOOOOn
OO00O0O0O000000000rig.2860000000000000O0O0O0OOOOOOOOCCODOOOOOO0OO
ooboooobooooboooooopozeoibboobooooboooooooooooooooooooooooooon
20020 020030 00 00DOOOOOOODOOODOOOOOOOOOOOODOOOOOODOOOOOOODOOO
O0000O0OFRg. 286000 0000000D0000DO0O0O04x400000000000DO0O0ODOO0ODODOOO
OO0000000000rig. 287000020020 0000000000000000000CCCO0O0O0O0O0O0O0OO
oobooobboooooooooobooooooooooooooooooooooboboooobobooooooonn
ooobooooboobooooooooooooobobooooboooooooooobbooooboooooboooooDoOoo
ooooog

283 0000
goboooboooobbodooooooodoooooooooooooooooooooooooooooooon
oooooooooooboooo
GpsOOOOoOoOoOoOoboboooooooboooooooboboobooOooboooOooOoOoooDoboOoooOoOoOoDbboOonoo
coboooooobobooboOooodooOobooobOOoOooOoOooobOoOooOo0oOobooboOooOoOoOoooboboOoobOoOooOoaon
oobooooooodooboooboooooooooooooboooooooooooooboo0ooobooooooon
oobooooboooobooooooooboooooboooobobooooboooooooooooOboooooobDoOoOoOoDO
oobooooooooobocoobooboooobooooo
gobobooooocobooooobooooobooooooooobooooOoobooOoOoOobOOoOoOobOoOoOobOOoOoOooOOoo
oobooobooooooooooooooooobooooooooooooooooooooooooooonn
O0000000000000D000000O0Okade, 19920 0000000000000 ODOOOOCOOOO0O00
oobooooboooooooboooooboooooooobooobooooooooboooobobooobboOoooOooooDn
oobooooboocoooOooooooooooobOoboOoOobOboOoOoOOoOoOoOoOoOobOOoOoOoOOoOobOOoOoOobooOoOoon



OoooOoO0OoO0OOO4e0 02005

gogooooobooooobooooboooboooboooboobobooboobooDbooobooL b o
gobooboobbooboobboobuooboobobooboobboob

gooboobooobooooobooooooooooooooooooooboobooooooboobooboobooboooboo
gbobobobobobogoepSOOb0OO0OOOODODODODODODODOOOODODOOODODODOD
gbobooooooobooboboboboooooooobobobobobooboooboobooon

goooboooobooobooobooobbooobboobboobboobboobboobboobbOoo
gogboooboooboooboobobooobooobooobbooobbooobooobobooobbooobo
obobooooogoog

284 0O0O0OODOO
O0O0000000GEONETUOOODOI19960 00O 200301200 000000000000 O00OGPSOODOO
Fig. 28800 0000000000000 O0O0O0O0O0OOOOODOOOOOOCOOOOOOOOOOOOOOOOO
ooboooobooooboooooooooooobboooobobooooboooooooooOoobboOoooboboOoooooon
ooooooobooooobooooooooobooobobooobooooDooooooooooobboooDbboOoooDoooo
oobooooobooooobooooooooooboboooboboOoooOoooboOoOoooboooooOoboOoooOooOobooOooon
ooboobzz22000@uooooobooooooooooOooooooobooooooobooDbboOoobooOogeestn
gleoooooooooooboboooooooooooboooooooooooooooo0oooooooboOoooDn
oobodoobbooooooooooobooooboooboooooodoooooooooobooooooooooonn
oooooooo
cooboooooooboooooooobooooooooooooboobooooboooooOooobbooobooooobooon
oobooooboocoooooooooboooobOboOoOoobOboOoOooOoOoOoOoOoOoOoboOoOoobOboOoOoDbOboOoOooOoooon

138"
— E—_ Se— ——ﬂ-
[ = [GF5 . * [
0B5 . . |
W Strainmeter | 5 . '
B L
- =
: 2 ® ® [ | "
gt i 5 " . ”
a5 = .- ol L 8 35°
' j . m - I
| 'f! : . |
ke | - - ;
- - H H
" Arsumi AMANANRD OMAEZAKI
[ |
L T eee—— T — —
1ar 138°
— k_rT-l —
a 50

Fig. 2.8.8 Location of GPS (small circles) and strainmeter (squares) stations. Triangles
indicate trilateration nets of GPS for calculating horizontal principal strains.
ATSUMI, HAMANAKO, and OMAEZAKI are symbolic names representing regions
near the Atsumi Peninsula, Hamanako Lake, and Omaezaki Spit.
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Fig. 2.8.9 Standard deviation of the linear strains calculated from the GPS data. The standard
deviation is calculated from the data sets from 1 Apr. 1998 to 31 Mar. 2000, where
the linear trends are subtracted. The fitted curve is in proportion to the inverse of the
baseline length. To reduce fluctuation of the strain, the baseline lengths should
exceed 10km.
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Fig. 2.8.10 Configuration of triangular NET-1, NET-2 and NET-3 around Omaezaki.
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Fig. 2.8.11 Temporal changes in the horizontal principal strains calculated from GPS data
for NET-1, NET-2 and NET-3. The upper figures present the maximum and
minimum principal strains, and the lower figures, the axes of the maximum
principal strain. The polarity of the strain is positive for expansion and negative
for contraction. Here, maximum strain means, maximum contractive strain.
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Fig. 2.8.12 (Top) Spatial distribution of dilatation calculated from changes in GPS
displacements from October 2000 to December 2003. Secular trends of the
dilatation during the period were subtracted using data from 1998 to 1999.
(Bottom) Spatial distribution of horizontal principal strain axes calculated
from changes in GPS displacement from October 2000 to December 2003.
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Fig. 2.8.13 Profiles of (a) horizontal distribution of dilatation and (b) absolute horizontal
displacement , in the six periods originated from October 2000. Secular trends of
dilatation and absolute horizontal displacement were subtracted using the data
from 1998 to 1999. (¢) Temporal change in peak values of dilatation. In the map
below, the rectangle indicates the objective area. The symbols with different
colors denote the different intervals from October 2000 : white until April 2001,
light gray until October 2001, light blue until April 2002, light green until October
2002, orange until April 2003 and red until October 2003.
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Fig. 2.8.14 Temporal changes of the horizontal principal strains denoted by e-max and e-
min and dilatation denoted by e-d, converted from GPS data, at ATSUMI,
HAMANAKO, and OMAEZAKI. Large arrows with SSE mean the
commencement of the slow-slip event in the Tokai area. Small arrows indicate
the changes associated with the swarm activity around Miyake and Kozu Islands
in the summer of 2000. Here, the data include secular trends before the
commencement of slow slip event. Linear trends shown by dotted lines suggest
that the secular strain rate is largest in OMAEZAKI, where a recent acceleration
of horizontal maximum strain was also observed.
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Fig. 2.8.15 (Top) Distribution of slip sources assumed in the boundary of the Eurasia and
the Philippine Sea Plates, indicated by contours. Numerals indicate the boundary
depths in km. (Bottom) Result of inversion obtained using changes in dilatation
from October 2000 to January 2003. Arrows indicate magnitudes and directions
of slip vectors at grid-points. Contour indicated value of dilatation calculated by
the estimated slip vectors. The maximum error of the estimated slip vectors was
about 2.0 cm. The total scalar moment became 1.3x10**[Nm] and the equivalent
moment magnitude (M.), 6.7.
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Fig. 2.8.16 (a) Estimated total scalar moment and (b) equivalent magnitude vs. time. It should
be noted that the moment indicates accumulated values originating from October
2000.
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Fig. 2.8.17 Spatial distribution of changes in Coulomb failure function values estimated from
the slip vectors obtained by inversion analysis. Supposed in the planes with the
strike in N20OE, dip 100, rake 900, and depth 0 km. The Lame constants (A ,u )
are assumed to be equal. The values are indicated by strain (in ppm), and can
be translated into stress by multiplying rigidity (e.g.p O 30 GPa). The friction
coefficient is assumed to be 0.3. It is seen that OMAEZAKI is in a high-value
region.
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Fig. 2.8.18 Power spectra for the data of the strainmeter and GPS-strain, in arbitrary units.
Both data were taken from the comparatively quiet year of 1998 before the
commencement of the SSE in the Tokai area. For periods shorter than several
tens of days, the noise level of the strainmeter was higher than that of GPS-
strain, whereas for longer periods it became larger, indicating difficulty in
detecting the slow-slip event with the strainmeter.
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Fig. 2.9.1 Change of Coulomb failure function caused by the 2000 Izu Islands event.
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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. 3.1.5 Time evolution of the cumulative displacement at the center of the seismic
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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.
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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.
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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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Fig. 3.2.2 Distribution of principal strain rate on the Earth's surface for 100 years
before the earthquake. The solid lines denote extension, and the dotted
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.
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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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Fig. 3.2.5 Temporal changes of volume strain (top figure), principal strain (middle
figure) and rotation axes of principal strain (bottom figure) one day before
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
plane 1 plane 2
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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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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
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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.
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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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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 .

— DM@ —



OoooOoO0OoO0OOO4e0 02005

a c
£ £
o ¢
n n
(8] (8] | |
s = f— |
© o |
IS 1S
=2 =]
o o
> 1E-8 > 1E-8
0 6 12 18 24 0 6 12 18 24
Time(hour) Time(hour)
b d
—
c [ c ]
s g L
5 =1
n n
L ol — |
=] =
() (0]
£ £
2 S
o o
> 1E-8 > 1E-8
0 6 12 18 24 0 6 12 18 24
Time(hour) Time(hour)
e
£ T ]
E *
17
o —
= *
()
1S
=] K
o
> 1E-8

0 6 12 18 24
Time(hour)

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),
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displacements is yellow. The red square represents the location of the volumetric
strainmeter at the Omaezaki station.
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