Earthquake Prediction:
Fact or Fiction?
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Four Types of Earthquake Prediction

* Time-Iindependent Seismic Hazards
* Time-dependent Seismic Hazards

e Earthquake Forecasting

(= Seismic Potential Evaluation)

e Deterministic Prediction

(= Earthquake Prediction) & 74 ey B IE R
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' - %"ﬂ f’ & m.ﬁs "’T”L m.’f‘-"
Vi ) (‘Even since seismology has
been studied one of the chief aims of Its
students has been to discover some
means which enable them to foretell the
coming of an earthquake....”)



Earthquake Prediction In Japan

Brief History

The 1891 Nobi Earthquake

After the Oct. 28, 1891 M8.0
Nobi (£ Jk & 3%& Mino-Owari)
earthquake, Japanese founded
the Imperial Earthquake
Investigation Committee (Ref.:
Imamura, A., 1937. Theoretical
and Applied Seismology,
Maruzen, Tokyo).

The ‘Blueprint’ finished by
Tsuboi, Wadati and Hagiwara

(1962) was the basis for Japan’s
prediction program.

In 1980°s and 1990’s, budget
was ~USD100 million a year.
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Areas for Potential Large

Earthqguake in Japan
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China’s Program

o After the March 22,
1966 M7.2 Xingtal
earthquake (8,064
dead, 38,000 injured
and more than 5
million destroyed
houses), an extensive
earthquake research
program (including
earthquake prediction)
was developed.
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USA’s Earthquake Prediction Program

 An Ad Hoc Committee (Press et al., 1965) proposed a
large-scale empirical search for precursors.

« A panel of the US National Research Council (Allen et al.,
1976) made the recommendation to US government for
earthguake prediction.

e During the mid-1970s, optimism of earthquake prediction
was prevalent in US.

o Allen (1982) commented *“...we must face up to the fact
that our progress during the past 5 years in short-term
earthquake prediction has not been as rapid as we had
envisaged when the program started...”

* The Parkfield Earthquake Prediction Experiment (1985—
1993), coordinated by Prof. McEvilly of UC Berkeley, was
Issued by the Director of USGS on April 5, 1985.
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Waiting for Parkfield to Quake

After dark on November 16, a media van
collided with a cow while driving through
earthquake country near Parkfield, Calif. That
may have been the most damaging incident
1o occur during the T2-hour earthquake alerl
issued, on November 14, by the state’s Office
of Emergency Services (OES).

Officials issued the Level A aleft—mean-
ing there was a one in three chance of a
magnitude-6 quake within 3 days—following
& 4.8-magnitude quake in the town of Park-
field, on the San Andreas fault. The probabil-
ity of a bigger quake dies off rapidly with
time. And, although the anticipated tremaor
never came, seismologists wrote another
chapler in earthquake analysis and predic-
tion in this selsmically perilous state.

Parkfield, population thisty-four, lies mid-
way between Los Angeles and San Fran-
cisco, It is cradled in the bucolic beauty of
rolling hills and ranches. However, the
town's main claim to fame is its seismic his-
lory—impressive, if not for its kick, at least
for its consistency.

A magnitude-6 earthquake has struck the
area, on average, every 22 years since 1857
In 1985, scientists predicted thal history
would repeat itsell once more, and that the
next magnitude 6 would strike again by
1993, give or take 5 years. (See Eas, March
30, 1993.)

That deadline has come and gone. Mean-
while, other equally valid statistical models

AMERI

Ih

P

ot

F

NI

q

[

predict a greater uncertainty in the timeline -
for the next magnitude 6, said John Lang- D
bein, chief scientist for Parkfield research at g
the U.S. Geological Survey in Menlo Park. .
When the most recent tremor hit Park: ¢
field this month, Langbein's team, which H
alerted the OES, had good reason to think it H
might be a foreshock of a larger quake. n
For one thing, in previous Parkfield earth- 70
quakes, a foreshock of magnitude 4.8-5 has T
heralded the main quake about half the n

time, said Lucille Jones, a seismologist with
the USGS in Pasadena, Two of these fore-
shocks each occurred just 17 minutes prior
to the big quake,

Furthermore, “a fundamental hypothesis
of the Parkfield prediction is that all six
earthquakes were in the same place.” she
said. Therefore, scientists expect the next
magnitude 6 1o start close 1o the last one
(which struck in 1966). Additionally, seis-
malogists have established that foreshocks
occur in basically the same place as (he
main shock, said Jones. And Langbein cal-
culated that the November 14 quake was
within 1 km horizontally and 1.5 km verti-
cally from the 1966 site.

The prediction, however, drew on more
than the historical patterns. Beginning in
1985, the USGS and the California Division of
Mines and Geology turned Parkfield into the

Parkfield (cont. on page 554)
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Famous Publicly Announced Predictions
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In Los Angeles, USA, by Gribben (1971)
In North Carolina, USA, by David Stewart (1975—-1976)
In Los Angeles, USA, by Henry Minturn (1976)
In Oaxaca, Mexico, by a crank person (1978)
In Peru, by Brian Brady (1981)
In Missouri, USA, by Iben Browing (1990)
In Greece, by P. VVarotsos et al. (using VAN’s Method) (1991)
In Central California, USA, by C.G. Sammis (1995)
In Tokyo, Japan, by a JMA’s retired employee (1995)
In Tokyo, Japan, by an earth scientist (2009)
(The names in red color are earth scientists)



Debate of Two different viewpoints:
Omori’s School: Un-predictable and Random
Immamura’s School: Predictable

(They were both famous professors of seismology in Tokyo

Imperial University. Before 1923, they debated the

possibility of occurrence of an big earthquake in the Kanto

area.) = The M7.9 Kanto Earthquake occurred on September 1, 1923

= Problem? Do the imminent, short-, intermediate-, and long-term
precursors exist?

Nature, Feb — April 1999

Forum: Debates about Earthquake Prediction

Week 1: Robert Geller (x), Max Wyss (O), Pascal Bernard (?)

Week 2: Andrew Michael (?), Christopher Scholz (O)

Week 3: Leon Knopoff (O), Robert Geller (x), Max Wyss (O), Pascal Bernard (?), Per Bak (?)

Week 4: David Jackson (xx), Robert Geller (x), David Bowman & Charles Sammis (Q), Francesco Biagi (O)
Week 5: Andrew Michael (O), Robert Geller (x), Max Wyss (QO), Stuart Crampin (O), Zongliang Wu (O)
Week 6: Christopher Scholz (O), Robert Geller (x), Max Wyss (O)

(Geller, R.J., 1997. Earthquake Prediction: A Critical Review, Geophys. J. Int., 131, 425-450.)



Observations and
Laboratory Experiments

Tycho Brahe
(Danish, 1546—1601)
Highly Accurate Astronomical Observations

Phenomenological
Models
(Inspirational Experiences)
Johannes Kepler
(German, 1571-1630)
Three Laws of
Planetary Motions

Mathematical
Models
(Rigorous Mathematics)
Issac Newton
(British, 1642—1727)
Gravitational Law

Heisenbergian Diracian



Earthquake Precursors

Four Categories of Precursors

Five Types of Earthguake
Prediction and Time Windows

(1) Mechanical precursors: paleoseismicity, stress
orientation changes, crustal deformations, seismicity
pattern changes, seismic quiescence, foreshock
activities, b-value anomalies, fractal dimension
changes, changes of seismic-wave velocities,
anisotropy changes, hydrological changes, slow-slip
events, infrasound, gravity, heat, entropy, nucleation
phase, etc.

(2) Electromagnetic (EM) precursors:
anomalous ground electric resistivity and
conductivity, earthquake lights, thermal infrared
emissions/long-wave radiation, geoelectric
fluctuations, geomagnetic fluctuations, cloud-to-
ground lightning, electromagnetic emissions from
extremely low frequency (ELF) to very high
frequency (VHF), anomalous sub-ionospheric
VLF/LF signals, anomalies of total electron content
(TEC) and f,F,, etc.

(3) Chemical precursors: changes of geochemical
compositions, radon concentration changes, gamma
() ray emissions, etc.

(4) Biological precursors: anomalous behavior of
animals, humans, and plants.

Very-long-term prediction
(T>10 years or longer);

Long-term prediction (T=3 to
10 years);

Intermediate-term prediction
(T=6 months to 3 years);

Short-term prediction (T=8
days to 6 months);

Imminent prediction (T<7 days).




Temporal Variations in Stress and Pre-seismic Slip
(Main and Meredith, 1989)

T |o: =—
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long—term precursors

intermediate—term precursors
short—term precursors L

imminent precursors .—

failure
4

° Yy m ‘cr  {ime
EM anomalies, infrasound, slow-slip events,

anomalous animal activities, nucleation
phase, etc. appear mainly in steps 3b and 3c,

l.e., the short-term and imminent precursors.

Hydrological (for example groundwater level) and
geochemical anomalies may appear from the later
time of Stage 2, i.e., the intermediate-term, short-
term, and imminent precursors.

1. Elastic buildup of strain energy
= long-term precursors

2 . Inelastic strain hardening due to
dilatancy;

3. Precursory stress drop or strain
softening: (a) microcrack linkage,
(b) pore fluid diffusion, and (c)
guasi-static slip on the fault
between asperities;

4 . Fracture of asperity at time t;,
fault rupture and dynamic slip of
the fault behind the crack tip;

5. Transient stimulation of further
stress drop by aftershocks.



How T versus M?

(Linearity versus Nonlinearity)

Linear 1D Difference Equation: dn/dt=-An(t)
— dn/dt=-An(t) (without the memory effect)
— n(t)~exp(-t/A)

Non-linear 1D Difference Equation: dn/dt=
-kn(t)n(t-6t) — dn/dt=-kn?(t) (with the
memory effect) — n(t)~xt

Whitcomb et al. (1973) assumed T~ LY where
L is the fault length of the forthcoming
earthquake and vy is the scaling exponent. This
gives log(T)~vylog(L).

Due to M~log(L), we have log(T)~bM.

The first log(T)—M relationship: log(T)=3.75+
0.65M (Scholz et al., Science, 1973).
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log(T)=3.75+0.65M

(Scholz et al., Science, 1973)
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Characteristics of Nonlinearity:
1. Sensitive to Initial Conditions (SIC)
2. Capable of Generating Chaos (Unpredictable)
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Stations for Monitoring Precursors
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The First Observed Precursor In
Talwan: Gas well pressure fluctuation

 Wu (1975) and Wu and
Feng (1975) reported that

the gas well pressure
fluctuations occurred —2 "% =+ e _'"';‘_?
about 9 days before the ) g0 &
January 18, 1964 M, 6.3 0| NSRSV I ORI .. 95, S
Tainan-Chiayi (Baiho) 0| = { <
earthquake. sy ot | 12 Vo
106 dead, 650 injured, “ : < 7
4923 totally destroyed

houses, and 10885 partly
damaged houses; landside,
fissures, sand craters, etc.
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Table 1. Precursory times, T, of long-term, intermediate-term, short-term, and
immunent precursors for earthquakes ocourning in Tarwan. In the table, Mz is

the local magnitude determined by the CWE.
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Very-long-term
Prediction
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ong-term Earthguake Activity

From stress drops, Wang (TAO, 2003) assumed
that the Chi-Chi earthquake might be either a
starting event or an ending one of an
earthquake cycle including two smaller events
only rupturing the southern segment and a big
one breaking the whole fault.

From the trenching data at Fengyuan site on the northern
segment of the Cheungpu fault, Ota et al. (TAO, 2007) found
two events, i.e., the 1999 Chi-Chi earthquake and an older
event. Their earthquake cycle could be:
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Long-term Prediction



Stress Orientation Changes (T=9 years)

(Wu et al., EPSL 2010)
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SH: The orientation of the maximum
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The 20° anticlockwise rotation of SH
from the Longitudinal Valley (LV) to
western Taiwan is probably caused
by the left-lateral motion on the LV
Fault that has consumed part of the
oblique motion of plate convergence.
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21°
119°

Seismicity Changes of M>2 Events before and
after the 1999 Chi-Chi Earthquake (T=6years)

(Chen et al., 2005)
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Mumbaer of evants par month

Maps of Seismicity Activity Z-Index for M>2 Events

before and after the Mainshock (T=6 years)
(Wu and Chen, Tectonophys., 2006)
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b—value

Temporal Variation in Abnormal b-values

Prior to a Main-shock
(Wang, et. al., J. Seismaol., 2016)

Normal b—value

Time (in days)

15t kind of precursor time:
T=t,t,

2hd Kind of precursor time:
T’ =t,-t,

Waiting time: T*=t,-t,
Time of the presence of
anomalies: T-T*=t,-t,
Time of the increase in
anomalies: T-T’=t,-t,




Plot of log(T) versus M

Upper solid line: For T, log(T)=(1.5910.46)+(0.20£0.02)M

Lower solid line: For T’, log(T’)=(-0.57+0.69)+(0.4530.01)M
(Wang et al., J. Seismol., 2016)

Rectangle: data from Chan et al. (2012)
o for T data
x for T' data

X

upper solid line for T data

lower solid line for T' data

dashed line from Rikitake (1975)
dotted line from Rikitake (1984)
dashed=—dotted line from Smith (1981)

log(T) (in days)

2 ) 4 S 6 7 8 9 10

Earthquake Magnitude, M




Temporal Variations in b-values and
P-wave Travel Time (6t;) (T=6 years)

b-value (Tsai et al., 2006) ot, (Lee and Tsal, 2004)
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T versus M, for b-value Anomalies
Solid line: Iog(T):1.94+O.15ML(Wangetal.,2016)

T (in years)
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Before the May 20, 1983 M, 6.4 (or
Mp5.7) Taipingshan earthquake, Chen
and Wang (1984) and Chen et al. (1990)
estimated the average b-value in every
one year from 1973 to 1982.

Tsai et al. (2006) studied the temporal
variations of b-values for M >2.0 events
with d<40 km before the 1999 Chi-Chi
earthquake.

Wau et al. (2008) studied the temporal
variation in b-values for the December
26, 2006 Pingtung offshore doublet
earthquakes with M, =6.7 and 6.4

Lin (2010) estimated the b-values of
background seismicity and foreshocks
before the March 4, 2008 M, 5.2
Taoyuan earthquake.
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Crustal Deformations

From the GPS data From the InSar data (T=3 years)

(Yuetal., 2001)

(Tsai et al., 2004)

Strain components
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Seismic Quiescence (T=9 months)

Wu and Chen (2007) Wu and Chiao (2006)
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Groundwater Level Change before the 1999 Chi-Chi
Earthquake (T=250 days)

(Chen et al., 2015)
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Groundwater Level

(Chenetal., 2015)

Chen et al. (2013b) examined variations of amplitude at a particular
frequency band between 0.02 day~! and 0.04 day~! for M, >6
earthquakes in Taiwan from August 1, 1997 to December 31, 20009.
They found that the enhanced amplitudes in the frequency band were
consistently observed prior to the July 27, 1998 M, 6.2 Rei-Li and
November 5, 2009 M, 6.2 Ming-Jian earthquakes during the 12.5-year
study period. However, they did not provide the precursor time.

Yu and Mitchell (1988) observed groundwater level change at a well,
which has a depth of 500 m and is located at the Chingshui River in
northeastern Taiwan. This phenomenon appeared about 10 days
before the January 16, 1986 M, 6.2 offshore Ilan earthquake. The
precursor time is 10 days.




Change of Geochemical Compositions (T=7 months)

(Song et al., TAO, 2003)
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Daily Strain Rate, £

Red for £¢<0 and Blue for £>0

Latitude (M)

1-year period
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(Chen et al., 2015)

=200 day =170 day

24.0 240
1 7
25 235 ‘

1205 1210 12008 1205 1210 1200 1205 1218 1300 1205 1210

240

235

1%10”

=
Strain daily rate
Groundwater level [m])

-2
=350
Axtg”

Longituda (E)
-150 day -130 day 80 day -50 day
1

z
& o 40 20 0
2 i s
£
-

. 215 235 ‘ 3.5

1200 1205 130 120 12018 LFIE -1 1208 1210 1200 1205 12,0

Langitude [F)




Short-term Prediction



Q, Changes (T=5 months)

« Wenetal. (2015) measured the
temporal variation in Q-factor
of P-waves, i.e. Q,, from

January 2009 to January 2010 f W/\/\/ﬁ
before and after the November S wof | ]

5, 2009 M 6.2 Ming-Jen A
earthquake based on the first w |

. ERN \//"*‘ _
cycle of vertical-component of S 10 -
P-waves recorded by the CWB B ey 0 W0

Seismic Network. Results show
that the Q, began to decrease
for all stations about 2-months
before the mainshock.




Electromagnetic Emissions

Classification

Designation

ELF extremely low frequency
SLF superlow frequency
ULF ultralow frequency

VLF very low frequency

LF low frequency

MF medium frequency

HF high frequency

VHF very high frequency
UHF ultrahigh frequency
SHF superhigh frequency
EHF extremely high frequency

Frequency

3Hz to 30Hz

30Hz to 300Hz
300Hz to 3000Hz
3kHz to 30kHz
30kHz to 300kHz
300kHz to 3000kHz
3MHz to 30MHz
30MHz to 300MHz
300MHz to 3000MHz
3GHz to 30GHz
30GHz to 300GHz

Wavelength

100'000km to 10'000 km

10'000km to 1'000km
1'000km to 100km
100km to 10km
10km to 1km

1km to 100m

100m to 10m

10m to 1m

1m to 10cm

10cm to 1cm

lcm to 1mm

Distance vs. Magnitude for Seismo-ULF Emissions

(Hayakawa and Hobra, 2010)
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Schematic Presentation of Lithosphere-Atmosphere-

lonosphere-Magnetosphere Coupling
(Pulinets and Ouzounov, 2011)

OLR: Outgoing Longwave Radiation

VLF noises trapping
Jet-streams Particle precipitation
: A
OLR anomalies A Magnetosphere field
1. Air temperature shear aligned irregularities
A
. Electric field effects
Air temperature growth o _

i g Earthquake dlouds formation within the ionosphere
Latent heat release Convective ions uplift, charge '(_’ Atm?_s?:eﬂc:rtlfz;ctric
T separation, drift in anomalous EF = ng

e Ions hydration— formation ' s
Humidity drop «— R CEn e e —4A|r conductivity change

t

Air ionization by a-particles —
product of radon decay

0\

Faults activation — permeability changes ‘

Gas migration including radon
emanation



An Example of OLR for the M 7.3 Chi-Chi

Earthquake of September 20, 1999

(Genzano et al.,

2015)
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T versus M, for Thermal Infrared Radiations

(Open symbols for the events with d<40 km and Solid symbols for those with d>40 km)

26

T (in days)




ULF Signals before the 1999 Chi-Chi Earthquake

(T=2 months)
(Akinaga et al., NHESS, 2001)
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Geomagnetic total intensity data recorded at the reference

station (LP) from August to November 1999 (T=1 month)
(Yen et al., EPS, 2004; and Chen et al., 2015)
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Geomagnetic Field Change (T=1.1 months)

(Liu et al., PCE, 2006)
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Decay of °Ra and 4%°Rn

(Scholten et al., 2013)

222Rn first decays, with a half
time of 3.8 days, to %18Po and

then again decays, with a half
time of 3.85 minutes, to 214Pb.

During the two decaying
processes, there are a-particle
(*He) emissions with energy
release of 5.49 MeV in the first
step and 6 MeV in the second
one. In addition, there is energy
release by y-ray emissions.

This is a direct way to release
heat and thus increase the
temperature on the ground
surface.

| 226R a ,_| 214pp | ndex 2
T, .= 1622 v = T, =268 m
oL l £ 4.8 MoV B | =0 7 MeV
Br = 94 % Y Br=48 %
I 222Rn | 21484 mdex 3
& i T34 19.8 m
o l EL 5.5 Mav B |- oo
I 218Po I mdex 1 | 214Po
Tya=3.1m : T = 164 us
oL E = 6.0 MeV oL ‘ E = 7.7 MeV
“Ra —= “ZRn + iHe + ¥
radir-226 radon-222 alpha ENETEY
particla
222 218 0 a
g RN uPO +, v + ;He




T versus M, for Rn Concentrations:
log(T)=(-2.0510.40)+(0.58£0.01)M, (d<40 km)

180,
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T versus M, for Rn Concentrations:
log(T)=(-0.40+0.42)+(0.26+0.01)M, (d>40 km)
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Tw,and M, versus Trn Tyr

(Wang, 2021c)
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T versus M, for Geochemical
Compositions

30

™S 2.5¢ =
o]
Q
Q
L —~ 68
= ) @
U:Z\ go > ® 8 ¢0°
=} Oe .g o
T g ®) ° o
£ = a
~ g
|- P
L
(o] o
o 2o
L o -
0\ A -1
2 3 4 5 6 7 2 3 4 5 6 7




(a) Plot of T versus M, and (b) plot of log(T)
versus M, for the largest foreshocks
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(a) Plot of M, for mainshocks versus M, for
foreshocks, and (b) the epicentral distance (in km)
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Imminent-term
Prediction



ow-slip Events (5 days)

(Linetal., 2012)

Fault Depth Slip Dip Rak Fault Plane Time Disp. at SSLB  Disp. at NACB

Event (km) (m) (deg.) (deg.) (km?) (M/day) (mm) (mm)
15 12 16 5 20 10x 10 9/15 +048 -0.19
16 12 16 5 0 10 % 10 9/16 022 +0.29
17 12 16 5 0 10 x 10 9/17 032 +0.08
18A 10 9 5 90 10 % 10 9/18 -0.32 ~
18B 12 6 5 20 10x 10 9/18 ~ -0.56
19A 10 20 5 90 10 x 10 919 -0.40 ~
19B 12 5 5 90 10 x 10 9/19 ~ 0.24




(Liuetal., 2015)

Cloud-to-ground Lightnings (T=4 days)
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Variations of lonospheric Total Electron Content
(TEC) before the Mainshock (T=4 days)

(Liu et al., GRL, 2001)
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T versus M, for TEC Anomalies

(Liu et al., 2000, 2004)

T (in days)




ULF/ELF Signals (T=4 days)

(Ohta et al., 2001)
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Infrasound Signals (3 days)

(Xiaetal., 2011)

Infrasound, sometimes referred
to as low-frequency sound, is
sound that is lower in frequency
than 20 Hz that is the normal
limit of human hearing.
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Anomalous Physical Phenomena before the 1999

Chi-Chi Earthquake (Short-term Precursors)
(Chenetal., TAO, 2000)

Chelungpu Rupture Zone

Chushan

Guoshing

Puli

Jungliau j‘fa u-Fen-Erl-Shan

0

ChiChi Sun Moon Lake

10 KM

Items In # of days |[In # of hrs  |Description

Wind L.7,9-|Generally Strong

15,17,18,20- _

22,24-27 1 day

Skylight a few Red or colbrfui sky seen

L.3,8,11,13-

15,19,24

Seismic light coseismic |Emission of green light
L

Sound coseismic [Distant thunder/ Passing

L.1,2,420.21, truck- like sounds

24,25

Smell L.22 coseismic  [Gaseous odors

Initial motion coseismic |88% for lateral and 12%

for vertical first




Earthquake Lights (T=few hours)

(Derr, BSSA, 1973)




Anomalous Animal Phenomena before the 1999

Chi-Chi Earthquake (Short-term Precursors)
(Chenetal., TAO, 2000)

N Chelungpu Rupture Zone
[tems In # of weeks {In # of days_|In# ol hrs _|Description
(Ant L4 8to 10 Built new nest on tree
L7 1 Maoved & gathered beneath a shoe
L21 2103 Moved & gathered
L24 1 : Built new nest on tree
Dog L.16 1 Barked nervously
L.19 1 Barked forcibly
L20 A few Cried on hill top
1 Refused to go the hill
Dadu River
L2l A few Cried on the roof
Guoshing [Cat  L.16 1 Disappeared
Earthworm L1517 110 2 1 Climbed up onto ground surface in|
large numbers
L.19 1 Same as above
Puli Diploped L.16 lto2 Same as above
Nantou Jungliaw  f e Erl-Shan L17 |12 Many migrated indoors
Fish L.17 1 Jumped out of the water
Chi Chi Sun Moon Lake L28 lto2 Migrated downstream
Bird L.17 1 Diminished
!;.20 I 2 Disappeared
L24 1 Chirped nervously
Palm civet- like
L.1 A few Screamed nervously
Chushan Snake L..12 2 Appeared.
0 10 KM Turtle L.16 1 Appeared
Cicada L.E'p.’ 4t06 Ceased cruaking.
Roach L.24 3 Appeared




Biological Anomalies

(Chen et al., 2000)

Animals Weeks Days Hours “_.rl-ulﬁlgw
Ants 1 and 8—10 1 and 2—3 Short-term
Cicada 4-6 Short-term
Diplopods 1-2 12 Short-term
Earthwarms 1-2 1 Short-term
Fishes 1-2 1 Short-term
Birds 1 1-2 Immunent
Roach 3 Immuinent
Dogs 1 1 and a few Immunent
Cats 1 Imminent
Turtles 1 Imminent
Palm civet-like a few Immuinent
Snakes 2 Imminent




Why log(T) versus M?

(Wang, 2021d)

log(T;)=a,#+b;M (T,=t-t;: t.=the occurrence time of an
earthquake and t;=the appearance time of the i-th precursor)
For the 1st precursor, log(t,-t,)=a,+b;M — t,=t,+10@L*bIM)
For the 2" precursor, log(t,-t,)=a,+b,M — t =t,+10(@2+b2M)
N t1_|_10(a1+b1M):t2+10(a2+b2M) or tl_tzzlo(a2+b2M) _10(a1+b1M)

— to evaluate M and then to calculate t =t +10@*biM)

Disadvantage: The source area cannot be predicted from this
meth Od a,>a, and b,>b, a;<d, and by>b, a,<a, and b,<b,

d '2 b C

.;‘I
t,>t,

F,(M) and F,(M)
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before an
Impending
earthguake,
everybody
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