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Background
* The misunderstanding of natural disasters, particularly
for earthquakes, is mainly caused by the gap between
seismologists and the public.

* In Japan, there are many “earthquake prediction sites”
by amateurs, most of which have no scientific basis.

* In the Japanese high-school textbooks, they treat

<High-spec seismology> such as “the Asperity model(Lay &
Kanamori,1982) “ or “the Characteristic earthquake
model (Schwartz et.al1984)”.

* The Japanese gov. has made “the national seismic hazard
maps”’ based on the above model for a long time.

* But, the above models are now in controversy by
seismologists.

* On the other hand, statistic behaviors of earthquakes
such as famous “The Gutenberg-Richter’s law” is omitted.
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REALITY CHECK

The Japanese government publishes a
national seismic hazard map like this
every year. But since 1979, earthquakes
that have caused 10 or more fatalities in
Japan have occurred in places it
designates low risk.
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characteristic EO model”

Characteristic Earthquake Model,
1884-2011, R.L.P.

A precept of science is that theories unsupported by observa-
tions and experiments must be corrected or rejected, however
intuitively appealing they might be. Unfortunately, working
scientists sometimes reflexively continue to use buzz phrases
grounded in once-prevalent paradigms that have been subse-
quently refuted. This can impede both earthquake research
and hazard mitigation.

Well-worn seismological buzz phrases
include “earthquake cycle” (66 instances
recorded in the ISI Web of Science
database for the period 2009-2012), “seis-
mic gap” (84), and “characteristic earth-
quake” (22). And the grand prize goes
to...“seismic cycle,” with 88 hits. Each phrase
carries heavy baggage of implicit assump-
tions. The primary assumption loading these
phrases is that there are sequences of earth-
quakes that are nearly identical except for
the times of their occurrence. If so, the com-
plex process of earthquake occurrence could
be reduced to a description of one character-
istic earthquake plus the times of the others in the sequence.
Often, such a characteristic earthquake sequence is assumed to

All of us in earthquake
science must wake up
to the problems caused
by relying on selected
data. Arbitrarily

chosen data sets are
fine for formulating
hypotheses, but not for
validating them.

Andreas fault,” “near Parkfield,” and “about magnitude 6.”
Much attention was paid to the fact that no qualifying event
occurred before 2004 (11 years after the end of the prediction
window), but little was focused on the ambiguities of what was
predicted. Any event with magnitude between 5.5 and 7.5 and
rupture length over 20 km would arguably have satisfied at least
some of the published descriptions.

Jordan (2006) pointed out that a scientifically valid hy-
pothesis must be prospectively testable. Ironically, his article
made the untestable assertion that “the northern San Andreas
is entering a mature stage of the Reid cycle.” Buzz phrases die
hard. Retrospective analyses cannot provide a
rigorous foundation for any model of earth-
quake occurrence including, but not limited
to, the “seismic cycle.” Even the simplest spa-
tial window, a circle, has three degrees of free-
dom for its characterization. The famous
mathematician and physicist John von Neu-
mann remarked that with four parameters he
could “fit an elephant...” (Dyson, 2004).
Furthermore, retrospective searches of seis-
micity patterns can usually find seemingly
significant features in completely random si-
mulations (Shearer and Stark, 2012).

The case of Parkfield shows how retrospective analysis
can mislead. The presumed characteristic earthquakes were
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Origin of misunderstandings

If an earthquake occurs. (After quake)

Reversely, We estimate the focus/focal
mechanism/fault dimension/etc..

We also forecast the wave (tsunami)
propagation and seismic hazard!

But this is not the prediction of an EQ!

However, these processes sometimes
confound with each other.

And this is one of origin of misunderstanding.



Apart from ‘Hi-spec’
We should teach
‘Fundamental’ seismology!

i) Fault dislocations
ii) Propagation of seismic waves
iii) Power law behaviors



Previ
* Flour & cocoa fault




e 3D seismic maps using ChromaDepth
Glasses(Okamoto,2008




Seismic fault
+ $linky model

Piggy Bank model

$pring-Block model



Q_1: How does an earthquake occur?

* How and Why does an earthquake
occur?

* Fault and Earthquake

 How do seismic waves propagate?

 What is a quadratic pattern of
P-arrival phases?
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Normal speed movie
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What this model shows:

* Unfortunately, the movie is too fast to
recognize the initial P-phases!!

* The relation between the focal
dislocation and the seismic wave
generation is introduced.

* A theoretical (wholly predictable)
wave propagation is shown after an
earthquake shocked.



Q_2: Are the earthquakes on a
same fault periodic?

e If “the characteristic earthquake model”
is reasonable.

* The earthquakes on a same fault are
periodic!

* Periodic means: the next event is predictable!
* Simplified conditions ->
* An interesting prior study:

Hall-Wallace: Can earthquake be
predicted?, |GE 46, 439-449, 1998



Toy 2: “Piggy Bank”

as a fault slip model
Neodium magnets




“Piggy Bank”: Before Slip

- Marbless




“Piggy Bank”: After Slip

Then an earthquake happens!




Piggy Bank Movie!




weight number triggers a slip
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An Irregular distribution is appeared.
This results show even a simple friction model dose not
behave pure periodic pattern!



Q_3: How do faults affect
each other
* Even a simple model shows a little bit
complicated pattern.
* If many faults affect each-other,
what Rind of thing happens”

A Ay ’/'//'//}7///77
«— >

é_L o
Burridge and Knopoff(1967) : Model and theoretical
seismicity, BSSA.57, 341-371




Spring-block model
« What happens in a multi-block model?

* Theses models are originated by Burridge and
Knopoff(1967), This 5-B model is inspired by

Kato(2011)

Spring-block model:
8 thick iron plates
lined up in a
straight are
connected to a
surrounding
wooden frame with
rubber bands.

The frame is driven
by hand.




&
Steel block







Spring-block model Movie!!

|




Spring-Block model exercise

* The exercise is carried out on the
classroom floor, students are
watching and counting the slips of
each blocks enjoyably.
(Occurrence of earthquakes)

* The wooden rim is driving slowly
in one direction (a mimic of plate
and/or fault motion).



The Gutenberg-Richter’s Law

One dimensional

Natural earthquakes
S-B model
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Let’s count slipped blocks
on two-dimension model!

.
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on two dimensional mode]

Longitudinal Pulling

O Earthscience room
X ¥ Corridor
° ¥
c)O
X X
oa& | OO
XX O X0
BB
10

Slipped Block number

100

Diagonal Pulling

100

¥ Corridor

J, Peak?

O Earthscience room

10

Population

O 2
Xg  DOXK
O XK BXR®

10

Slipped block number

100



3% kB 2%F 2t A

oo Time
AL

ve. 3

—

-

—_— . d
|

ftsfof fthe‘béq




Latest Earthguakes

Real-time Feeds &
MNotifications

Significant EQ Archive
Search EQ Archive
"Top 107 Lists & Map
Info by Region

Historic Earthquakes

Magnitude 7.6 TURKEY htctp://ea rthquake.usgs.gov/earthquakes/eqarc
1999 August 17 00:01:39 UTC hives/year/1999/1999 08 17 ts.php

The earthquake likely occurred on a branch of the Morth Anatolian fault. Although this is the largest earthquake in the epicentral region
in this century, the region of the earthquake has a long history of destructive earthquakes. In 1967, a magnitude 7.1 earthquake caused
extensive damage along the Morth Anatolian fault just east of the current shock.

The 900 kilometer-long Morth Anatolian fault has many characteristics similar to California’s San Andreas fault. These two faults are
right-lateral, strike-slip faults having similar lengths and similar long-term rates of movement. If a person is looking across a right-lateral,
strike-slip fault during such an earthquake, that person would see the opposite side move to the right.

The Morth Anatolian fault has produced seven large (MS »= 7.0) earthquakes in the period from 1939 through 1999. These earthquakes
have ruptured the fault progressively from east to west. The seismic gap on the western part of the North Anatolian fault led Turkish and
American seismologists to specify, in published papers, that the zone ruptured by the August 17, 1999, earthquake was a zone of
special concern.

Location of August 17, 1999 Turkish Earthquake
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A PC simulation of Spring-Block model

output = createWr

t =0.0;
for (i=0;i

VLC media

player
(3 =
td -
23 ixmint-17.1-...  00002.MTS Mozilla Firefox  Old Firefox Data Amp_test_1M...
Microsc [i - .8; om{-0.3,0.3);
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PC Simulation




%Y L k;\a\ \;XXS%\

\Kr_ \_\1\2%\:\

RN é /,7,,,2//

\Vﬁlﬁ 13%

ir ; Wx&ﬂx&%&%&

/7_/77_/7_/1

//7777774

\Vm\ﬂklﬂxx;w\xgﬁl

\Q&%ﬁl

O m | L1 . |
-S | - o

\% A wj\géak
TS { | | _ ”

,/:L

G
. U &
kI
o 29
v

SIS PSS

/Z/Z/7

> 5 _ rwpr}\\\:rnﬂhﬁ\le_\_\\\—Jlﬂ\\kE\L

\L\_&L_\_\_\_H
.

&\T\ a\_jr\} =

| U U S

\W_L\

,,,,.,1,,,,1//

e

NI N

//_/

- I Pdoicd J

SEN

| A%\/_LMA_ﬂ_MH_

AAAMAMAAA o AA A

£
> 2




Frequency
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Conclusion

* Three desktop toys are developed to
inspire students for seismology.

* These models show two aspects of
earthquakes; simple and complicated.
* Also the models are introducing two
compensative approaches for nature;
deterministic and stochastic;
linear and non-linear.

e Our students fully enjoyed these
demonstrations.
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Thank you for your attention!

Please come to my Poster:#PB06

Low-Cost and Easy-Made Horizontal Seismometer with Arduino for
Educational Use -Demonstration and Observation

http://www.osaka-kyoiku.ac.jp/~yossi
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