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Systematization (1)
Requirements

o In earthquake prediction
~ +WHEN (Time)

+WHERE (Place)

+HOW BIG (Magnitude)

Earthquake prediction is to know these components
with practical accuracy before an earthquake.



Systematization(2)
CIaSS|f|cat|on of earthquake prediction
In terms of time accuracy.

+ Long-term prediction
+ Statistical prediction using time history of earthquake occurrence.

+ Mid-term prediction

+ Computer simulation based on physical model using
monitoring data.

+ Short-term prediction
+ Prediction using precursory phenomena of earthquakes.



= _P,ré‘s.;ent State of earthquake prediction

(In Japan)
Long-term Mid-term | Short-term
(tens to hundreds
years) (years to months) Days to hours

Almost established for

Place inter-pla;te Iatnol active Same as left | Same as left
aults
] Almost established for
Magnitude inter-plate and active Same as left | Same as left
aults
: Issued by the Under Under
Time

government

development

development




x"ffx"”'*‘*National earthqguake prediction
program (Old program) 1965-1998

Establishment of nationwide observation
network
e Seismic observation network
 Telemetry network
 Deep borehole measurement in Tokyo
metropolitan area
o Strain observation network
e Bury-in type volumetric strainmeters in
Kanto-Tokali
Detection of precursors for long-term and
short-term prediction of earthquakes
e Seismic gap, for long-term precursor
e Seismicity, crustal deformation etc...
e Basic research

lJapan
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: _ Short—term precursors before 1978 |zu-
AL Oshima Kinkai Earthquake.
-One of the very few examples.

Main shock (M7.0)
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From the Brochure of Earthquake prediction program (1991)



- New national program for
earthquake prediction research

' X "-'*Study of the process In the earth’s

crust leading to major earthquakes.

2. Development of predictive simulation
models and monitoring system for the
crustal activity

3. Development of new observational
and experimental technology



Earthquake Disaster reduction and
Earthquake Research in Japan.

Prediction of Countermeasure for
earthquake hazards disaster mitigation
{}

The Headquarter of
Earthquake Research Promotion

Comprehensive and basic policy [ Policy driven research
1.Probabilistic earthquake hazard based on the methodology

map of Japan : :
2.Real-time earthquake information that is already established

3.0Observation and Research of
Tokal earthquake

4. Earthquake prediction research. «— Scientific research oriented




1. L_dng—term earthquake prediction

4+ Stochastic estimate of earthquake occurrence
based on earthquake history
+ Time predictable model

‘The probabillity of the occurrence of Tonankal
earthquake in the next 30 years is 50%.’



erican plate

Plate configuration
around Japan
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Historical
earthquakes

/

Historical earthquakes
repeatedly occurred in the
southern part of Japan with
various combinations of
three ‘asperity’ patches.

N _/

g December 7, 19
SN EMEER

PR T
#1946 pecember 21, 1946

14‘4

E6. 4 18 #hig LS M¥E-BE L ERA T
EooMiBEXERORAE




(Predicted magnitude and probability of earthquake occurrence
_W|th|_n 30 years from_t_he present_} ; e — o
When there is variance in probability, the maximum value is earthquake active faul
given. Example: Max. 7%
Kuromatsunai-teichi L )
ltnigawa Shizucka-kozosen fault zone fault zane Ishikari-tgichi-toen fault zone (main
M7.3+0.2 or above part) M7 9502 Max E% or less
Max. 5% and less
w Memuro-Oki
M7.8+0.2 Max 40%
Tokachi-Oki
M3.1+0.1 Max 0.7%

{segment including Gofukuji fault)
Ma+0.2 14%
“ramagata-bonchi

. Long-term probability

M7.2 £0.2 Max. 5%
M7.8+0.2 Max 7%

Morthern Sanriku-Oki
(ME+0.1) Max. 8%
(M7.1 to 7.6) About 30%

Sanriku-Oki to Boso- Okl along Japan Trench

_In the next 30 years. mmmmee
- o } : (eastern segment) M7 3+£0.2 Max 6%
£ o e A Shonai-hefya-toen i
# . Morimoto/ Togashi fault zone faulkt zone
S M7.2+0.2 Max 5% M7.5+02 Max 6% [\ \~ 5]
— 1 — - \* ) e {lsunami earthquake) Mt3.2+0.1 About 20% *
shigata-sanmyaku fau i ( nal f +0
Atera fault zone (main part / one \ ‘?___. {normal fault type) M8.2+0.1 Max. about 7%
narthern segment) ME.B to 7.5+0.2 Max. 7% i h —
MES+02 Max 11% e —— l”« £ W’“;"f“?'f;'n%
;f g 2 =
v aai f: F
Bi m{c;;zllganmzﬂtgz;ne & Sa kaitog;r?(;‘air:r:',éajalﬁ zor;ea:g:nain part)
l 6402 Max
Mara-bonchi-toen fault zone ( ) A} S ——
M74+02 Max 5% ) | nadani fault zone
) {boundary faulf) M7.7+02 Max 7%
o ,f | (frontal fault) M7.8+0.2 Max. 8%
Yamasaki fault zone L
{main and south easiern segments) I 1g a “ Other earthquake in Southemn Kanfo
M7.3+02 Max 5% .i e " - ME.7-7.2+0.2 About 70%
)
i \. w3 Miura-hanto fault group {Takeyama fault zone)
f 4 MEG+0.2 or above Max 11%

Tokai Earthquaks \\ KannawalKozu-Matsuda fault zons

M7.5£0.2 Max 16%

—43 : H}
MB+0.2 5%
Ny
Fujikawa-kako fault zone

Futagawa'Hinagu fault zanes (central
(reference value)
M&+0.2 Max 11%

segment) M7.6=0.2 Max. 6%

ol
AT i
aF 2T
/"' L
’r'-._"

/‘I
S
}‘- o ¢
Mankai Trough \
Chuo-kozosen faull zone (Kongo-sanchi-toen
--lzumi-sanmy aku-nan’en)
ME+D0.2 Max 5%

Iy]
4 :
B 3
17 =
oy
(Tonankai Earthquake) M8.1 +0.1 About 0%
{Mankai Earthquake) M5.4 0.1 About 50%
Hyuganada (interplate earthquake)
M7.E=0.1 About 10%
T 4
Probability based on the value predicted on January 1, 2006.
* Mt : Size of an earthquake measured by a tsunami height
&

[Information] Probability immediately before the occurrence
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active fault

!uake occurrence
subduction-zone
earthquake

Ishikari-teichi-toen fault zone (main
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2. Mid-term earthqguake prediction

~+ Computer simulation based on physical
- model using monitoring data.
+ Mathematical formulation is necessary

+ Do we have Differential Equation for
Earthguake prediction ?

+ YES

+ Media : elasticity or visco-elasticity

+ Faulting: rate- and state- dependent friction law
+ Stable sliding and Stick Slip are produced.



{ Establishment of Asperity model J

i for Large Earthquakes
= Seei on Plate Boundary

Region of Slow slip .
s «Distribution of asperity do

not change through

Stick-slo - earthquakes.
&
b Stick-slip _«
- «Stress concentrate at

/ asperities due to slow slip
and stable sliding around
them

- sLarge slip occur at
asperities at earthquakes.

Schematic illustration on
Interface at subduction
plate boundary



Observational results supporting asperity model.

\w

Asperity model also gives scientific
background for long-term evaluation.
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Compari-éuc-)n between slips of 1952 and
2003 earthquakes.

*Blue contour: slip at 1952 earthquake
*Red contour: slip at 2003 earthquake

«Similar slip distribution with similar magnitude.

Yamanaka and Kikuchi (2003)



:J.'-.COSGISITIIC and after slip at 2003 Tokachi-oki earthquake

Vartical

25

80 75 100 128 150
saconds

Miyazaki et al. (2004)

using 1 sps GPS data

Area of co- and after-seismic
slip are spatially compensative.
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Predictive Simulation - 1
Interplate earthquake in Tohoku-Hokkaido region

t=0yr t=90 yr

t=30yr

t=60yr

(Matsu’ura, 2004)
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o N Predictive Simulation - 2
. great earthquakes along the Nankai Trough
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The Earth Simulator Ee nter



3. Short-term prediction

' + Need to detect phenomena that is uniquely
~_appears immediately before earthquake
occurrence

+ Pre-slip is an only possible candidate
+ Little progress for short-term prediction
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. Quantitative earthquake prediction

..‘. }
e 1}

|s earthquake impending? I

/

Monitoring

Seismic activity

strain

~

slip on earthquake fault

a I

-)

o

Computer simulation

fault.

for stress state on earthquake

J

o

|

Physical model based on research on earthquake process
throughout earthquake cycle

J




N Monitoring is essential
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GPS observation stations

More than 1300 stations



o H il ‘7@
Ny i ‘:‘_-. ‘: H'::__k
TR,
e g )
e i B j& Mon |t0 rl ng exam p I e - 1 B GPS satellites
Ny

Geodetlc monitoring at Ocean Bottom

{ Dlsplaéément at 2004 Off-Kii peninsula earthquake
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™ Monitoring example -2
Interplate slip monitoring
using repeating earthquakes

Fon ! gl .:.__1.'

e _E.X'arﬁ_p,les of repeating earthquake
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1990 430 748 "
30.331 142,066 [T, MWWMWM«WG-BEHD mi's
M=2.6
1904 331 938 "h - —
19,337 14200870, WMWWWG' 28107 mis
M=3.0

1995 925 M2

39,325 14212545,

=34

1997 12861

39.322 142703 [45,

M=3.2

1993 430023

30.330 142109 [T,

M=3.3

19099 2 6 333

33,328 V42007 [

M=3.7

J2.39%10° mis

[3.FER10° mis

1.84 %10 mis

2 53 %1075 my's)

1995-2003.4

]

3

Uchida et al. (2005)




Monitoring example -2-1
S Interplate slip monitoring
g using repeating earthquakes

', 1990-2002 Repeating oq. - - .
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Uchida et al. (2005)



Monitoring example -3
ACTIVE monitoring for the coupling




What do we monitor with continuous

e | active source.
> R g_lggestion from Laboratory experiment

ransimissive wave across fault surface

front
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Yoshioka et al. (2004)



Monitoring example -3-2
ACTIVE Monitoring

ular hole INtG ;. .
eéénclosure.is<*’ -« PEASES0e

| qeEiEliging a rotor
SIEGIstEtrIC mass




Ssummary

o New program of earthquake prediction
~_research in Japan emphasizes the
Importance of

1. Modeling of process in the Earth’s crust leading
to earthquakes

2. Monitoring the state of crust
[0 Important Role of Active Monitoring

3. Predictive simulation
4. Basic research for Short-term is necessary
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