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Earthquake prediction and pre-slip

+ “Earthquake prediction”
Deterministic statement (high probability) about a future earthquake
Specification of “Time”, “Location”, and “Size (magnitude)”
Leads to issue an earthquake alert and/or an evacuation advisory

4+ Probability of large earthquakes is generally extremely low.

T~100 yrs : 3 days probability (Poissonian) = 0.01% for 3 days

+ Precursory phenomena are the key to achieve a significant
probability gain.

+ Most of reported precursory phenomena are not considered to be
reliable because their physical mechanisms are not well understood.

+ “Pre-slip” has been considered a reliable precursor because it is
consistent with an available physical model.
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“Tokai Seismic Gap” experiment

4+ Ishibashi (1976) “Suruga-Bay /) | : P SRR
earthquake” hypothesis :

+ Act on Special Measures Concerning
Countermeasure for Large-Scale
Earthquakes (Dai-shin-ho) (1978)

- Disaster mitigation based on earthquake
prediction

4+ The framework was abolished in 2017.
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On Prediction of “the Tokai Earthquake”

Investigations have revealed that the location and the size of the anticipated Tokai

earthquake has been specified and its occurrence is imminent. Also the following facts are
known.

 The Tokai Earthquake is possibly preceded by precursory phenomena.
« Expected source region of the Tokai Earthquake is located under the land or
coastal region so that we deploy highly sensitive observation network above it.

 We can scientifically interpret observed anomalous phenomena with the “pre-slip

model” if they are the expected earthquake precursors.

Based on these facts, the Tokai Earthquake is the only earthquake in Japan we can
possibly predict. On the other hand, other earthquakes do not satisty the above three
conditions, and are difficult to predict.

It should be also mentioned that it is impossible to specity the date and the time of the
Tokai Earthquake with our current technology. We can just infer the Tokai Earthquake
may happen in a few days.

JMA web page (now deleted, translation by T. Sagiya)
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Precursory tilt change before the 1944 Tonankai Earthquake

Previous studies:
Sato (1970)
Sato (1977)
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The Pre-slip model (Kato and Hirasawa, 1999)

Y
1997 Backslip ™ ~ .

34°1

Ay
1
1944 Tona

- (‘ L .-
- : Vi1
- \
[

% :

gvear
-
137°F 13A0F 138°F

SLIP (m)

D . P s i — —

15

DISTANGE ALDNG PLATE INTERFACE, & (km)

(a) Case 1 (b) Case 2
BSM1 — B8sM1
w [0.20 natrainiday i I0.0S —
u #‘% =
< \ <
@ (¢ =
= [B5M2 = = L
Z [0.10 psirain/day o E [o.0s o——
4 0 @
5
wn
O o
s i
MLEE i CELE
gl l0.05 strainiday § 1 0.07 ustrainvay
- - |
O O
> >
ASHG BSM4
Jo.02 strainday — 0.006 ustrain/doy ———
10"”" 1—;0' 111'«‘9"". ! a‘yah'own"h% min Tyears 1;'M “*n";‘.lyl b dq’;“uﬂ‘oc.‘.s mn
TIME TO LARGE EARTHOUAKE TIME TO LARGE EARTHQUAKE
(c) Case 4 (d) Case 5
BSM i
E l'_l_l 10.10 ustraln/day
= i
-4 = |BSM2
é la20 ustrainicay é [0.20 cetrsinday
» L | B
3 0
v o
i | Bsus E BSM3
g _IL.QLA!JLIM!! g D.08 | stral )
o o) /
> > /
BSM4 BSM4 //
|o0e ystrainiday ____ —% . _
O e " gaye e N R L D L

TIME TO LARGE EARTHQUAKE TIME TO LARGE EARTHQUAKE

w NAGOYA

UNIVERSITY



Was the 1944 pre-slip true?

+ The JMA’s explanation of predictability depends solely on the tilt
anomaly before the 1944 Tonankai earthquake.

The only evidence about “observable precursors” for the Tokai
earthquake

The only evidence about “the precursory time of a few days”

4+ Reliability of the 1944 observation was crucial to the earthquake
prediction program
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Evaluation of earthquake precursors by IASPEI

Pageoph Topical Volumes

Evaluation of

Proposed
Earthquake /
Precursors / |

M. Wyss, Editor
L OWS ka (~1997)

w NAGOYA

UNIVERSITY

Wyss (1991)

-



IASPEI evaluation: first round (Wyss, 1991)

4+ Accepted cases
Seismic quiescence before strong aftershocks (R.S. Matsu’ura)
1975 M7.3 Haicheng earthquake: foreshocks (K.-T. Wu et al.)
1978 M7.0 I1zu-Oshima-Kinaki earthquake: radon (H. Wakita et al.)

4+ No decisions (pending)
1923 M7.9 Kanto earthquake: strain (Y. Fujii and K. Nakane)
1944 M7.9 Tonankai earthquake: tilt (H. Sato)

1983 M7.7 Japan Sea earthquake: crustal movements (H. Ishii et
al.), strain (A. T. Linde et al.), strain and tilt (S. Miura et al.)

4+ 14 rejected cases
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IASPEI evaluation: second round (Wyss and Dmowska, 1997)

4+ 5 significant precursors
1975 Haicheng: foreshocks (K.-T. Wu et al.)
1988 Tennant Creek, Australia: preshocks (J. R. Bowman)

Seismic quiescence before strong aftershocks (R. S. Matsu’ura)

1978 1zu-Oshima-Kinkai earthquake: radon and temperature (H.
Wakita et al.)

1985 Kettleman Hills: ground water rise (E. Roeloffs and E. G. Quilty)

4+ The 1944 Tonankai tilt anomaly was placed in a list of
“undecided” cases again.
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Revisit to the 1944 leveling data

+ Motivation
“Undecided” decision of the IASPEI committee
Thorough investigation of the all available data
Statistical testing about significance of the anomaly
Physical interpretation of the anomaly

+ Approach
Reconstruct all the leveling data from original readings

Fault modeling of the observed deformation pattern
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Leveling survey before and after the 1944 Tonankai earthquake

34055. S— + The 1944 Tonankai earthquake
SRR TR
S (M7.9)
+ December 7, 1944
+ JST13:35

4+ Evaluate the whole survey record

A\ s I gy S
< :'{ v 4.!’_¢F’ e :
N\ o e ——

4+ Survey starts: November 24

34° 50' | 4+ Survey ends: December 25

+ Two survey teams

4+ Field log of only one teamis
analyzed

+ Field log of another team has

been missing as early as in 1970

34° 45 4+ They construct a new survey

line between Kakegawa and
Omaezaki.

137° 65' 138° 00' 1387 05'
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Measurement-wise closure error
e=(F1-B1)-(F2-B2)
B2 F2

B1

dh=(F1-B1+F2-B2)/2

s> moving direction

Two-way closure error
e=d h12+d h21

BM?2
BM1 dhyq
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Frequency distribution of measurement-wise closure error

All the measurement-wise closure errors of the survey team during 1 month (Nov. 24 ~ Dec. 25, 1944)
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Large two-way closure errors irrelevant to
the main shock precursor

Large closure errors themselves are not
strong enough as a precursor.
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Was the tilt accelerated?

+ Morning survey on December 7
- 7:10am 23: +2.44mm (12/3)
- 9:10am 22:-0.21mm (12/3)
- 9:40am 28: +4.77mm (12/6)
‘ 29: +4.29mm (12/6)
- 12:13am  30:-0.15mm (12/6)

4+ Monotonous acceleration is not
+ Step-wise tilt change is also possible.
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Was the tilt change originated at plate boundary?

D=25km, Dip=15, Rake=90, Mw6.3

-50 -37.5 -25 -12.5 0 12.5 25 37.5 50

Distance(km)

o
w

tilt (urad)

—
©

Tilt change originated from plate boundary
should have a long wavelength pattern.
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Coseismic uplift of the 1944 Tonankai earthquake’

4+ Faulting at the plate interface does not explain the preseismic and
coseismic uplift pattern.

+ Depthrange:12.6~16.6km, L=26.3km, W=7.8km, slip=0.8m (Mw®6.4)
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One interpretation of anomaly

132° 133° 134° 135° 136° 137° 138° 139°
Linde and Sacks (2002)

Precursory slip at the deeper extension of the whole 1944 and 1946 rupture.
No significant change was observed in tidal record before the 1944 Tonankai

earthquake (Kobayashi et al., 2002). w NAGOYA
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4+ Surveyor’s Essay
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Summary of the 1944 Tonankai tilt anomaly

4+ The reported tilt anomaly is not rejected but not strong enough.

The case can be interpreted in both positive and negative ways.

+ “Undecided” decision by the IASPEI committee is correct.

4+ The case ¢
seismic ga

oes not provide a strong scientific basis for the Tokai

0 experiment.

+ The pre-slip duration of a few days is thus questioned.

4+ The 1944 case has become obsolete.

Scientists should look for other evidence with more precise and
reliable observations.
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List of reported precursory crustal deformation

Earthquake year \Y Location Fault Duration
Ajigasawa 1793 6.9 Japan Sea  Reverse Tide (1m) 4 hours
Sado 1802 6.6 Japan Sea  Reverse Tide (1m) 4 hours
Hamada 1872 7.1 Inland ? Tide (2m) 0.5 hour
Shonai 1894 7.0 Inland Reverse Tide (0,5m) 15 days
Kanto 1923 7.9 Sagami Reverse Tide, strain 3 years

Tango 1927 7.3 Inland Strike slip Tide (1.5m) 2,5 hours

»

As time goes, more and more precise observation is
possible. But reported anomalies become smaller in their

H magnitudes and longer in their duration: _
X\ This s a typlcal 5|gnature of a false signal detection. s
\NTTUd L CVE ovel (U.U J vedrs
Gifu-Chubu 1969 6.6 Inland Strike slip Level (0.02m) 5 years
SE Akita 1970 6.2 Inland Reverse Level (0.03m) 10 years
|Izu-Oshima-Kinkai 1978 7.0 Inland Strike slip Strain 30 days
Urakawa 1982 7.1 Inland Reverse Level (0.03m) 10 years
Japan-Sea 1983 7.7 Japan Sea  Reverse Level (3cm) 5 years
Japan-Sea 1983 7.7 Japan Sea  Reverse Strain (0.05ppm) 5 months
Kobe 1995 7.2 Inland Strike slip Triangulation 100 years
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The 2003 M, 8.3 Tokachi-oki earthquake

4+ The first M8-class megathrust earthquake after GEONET started.

4+ No sign of pre-slip.

+ My personal motivation for re-revisiting the 1944 tilt anomaly.
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The 2011 M,,9.0 Tohoku-oki earthquake

4+ Propagation of slow slip in the L xm 1T
hypocentral region - Nz Lo w arce ENZ |
- Based on repeating earthquakes e —metrieaigs

4+ Accelerated slip after the large % ‘° ?***@ 9’_' .
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East displacemnent (mm)
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Mavrommatis et al. (2014)

+ GPS Horizontal coordinates showed trench-ward acceleration along the

2011 Tohoku-oki source region.

+ Possibility of accelerated plate boundary slip

+ GPS vertical signal?
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Coordinate time series (F3 vs. PPP solutions)
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Vertical GPS velocity
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Vertical Acceleration
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3-D acceleration

Mavrommatis et al. (2014)

w NAGOYA

UNIVERSITY



Accelerated Slip on the Plate Interface (preliminary)
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4+ Geodetic inversion with a

priori constraint (Yabuki and
Matsu’ura, 1992)

Slip acceleration in the NA-PA

relative plate motion (DeMets
et al., 2010)

Depth range: 20-80km (Slab
1.0)

4+ Accelerated slip at the deeper
part of the locked zone

4+ Consistent with Mavrommatis
et al. (2014, 2015) based on
horizontal GPS data
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Conclusion

+ There is no confirmed aseismic pre-slip preceding a big earthquake

1944 M7.9 Tonankai: not strong enough
2003 M8.3 Tokachi-oki: no significant change

2011 M9.0 Tohoku-oki: There may be a precursory slip with seismic swarm, but
difficult to distinguish from foreshock afterslip. There may be a decadal accelerated
slip or lose of interplate coupling.

+ Time constant of pre-slip is still not well constrained.

a few days ~ a decade

+ Precursory phenomena of large earthquakes are a highly interesting scientific
target.

4+ But their use for practical prediction is totally another issue.

4+ Rigorous testing is indispensable before applying such hypothesis for a practical
disaster mitigation countermeasure.

+ We should focus on state-of-the-art observation. Re-interpretation of legacy data

should be supplementary.
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