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Seismicity and Volcanic front
in Japan

* High Seismicity
*Many Volcanos
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Earthquake and tsunami observation site in and around Japan

(At the time of the 2011 Tohoku Earthquake)

—
O IMA earthquake network for warning  ~ 60 km spacing 343 sites

@ NIED Hi-net earthquake network ~ 20 km spacing 865 sites
Universities earthquake network 260 sites
@® Other institutions earthquake network 77 sites Off Tokachi 3 sites

(JAMSTEC)
Tsunami meter 3 sites

2P
7o Off Awashima 4 sites
(ERI)

7/ Data from these 3 stations were
not used. If those data was
utilized, updated warning could
be issued 10 min. earlier.

\ /
isunami meter 3 sites

Off Boso 4 sites . . .
‘ (IMA) Seismic stations
Sagami Bay 6 sites Land area:1490 sites

Off Izu 3 sites

(Univ. Tokyo) (NIED)

Off Muroto 2 sites

Sea area: 55 sites
. Tsunami meter 3 sites
(JAMSTEC) Off Tokai- -l\_
Tonankai 9 sites| X X
R / Off Hatsushima 1 sites
Tsunami ites | (JMA)
J (JAMSTEC) _ \
Off Kilonly 100f 20sites | Tsunami meter dsites ~ ——— : nsufficient Off-shore observation
X sunami meter 1 sites
at this moment (MEXT) Tsunami meter 20 sites

in Off-Tohokuarea __—

©2016 8. Ao NIED, Network Center for Earthquake, Tsunami and Volcano
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Target Region:
__Nan‘.l._,(al Subdcutlon Zone
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DONET and Long-term Borehole Observatory

Dense Oceanfloor Network system for Earthquakes and Tsunamis

Tonankai seismogenic zone
CONNECTED! s

R
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DONET is the real time monltormg system 1{o]§
Earhquakes and Tsunamis |

4, Fioem

| Pressure sensing system .
Real-time borehole

observation
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Offshore March 11 tsunami
observed by a cabled observatory

Ocean bottom pressure gauge
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Time (JST) Simulation by Furumura (ERI, Tokyo)



Pressure (hPa)

Prof. Hino et.al Tohoku Univ.
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Ocean floor deformation before Tohoku EQ.

a Off line pressure gauges
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Difference between two OBPs (hPa ~ cm)

b Days from January 1, 2010
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Volumetric strain (10%)
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This is very important data for the understanding of this EQ.

Prof.Hino et al. Tohoku Univ.



Outline

® Nankai Seismogenic Zone

® Dense Oceanfloor Network system for
Earthquakes and Tsunamis (DONET1,DONET2)

® Large-scale Simulations for Disaster Mitigation

14
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Target Region:
Nankal Subdcutlon Zone

+ TOKAI

M8 class EQs. are occurring with the interval of 100-200 years
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Outline

® Nankai Seismogenic Zone

® Dense Oceanfloor Network system for
Earthquakes and Tsunamis (DONET1,DONET2)

® Large-scale Simulations for Disaster Mitigation
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DONET and Long-term Borehole Observatory

Dense Oceanfloor Network system for Earthquakes and Tsunamis

"ﬁuroto Geopark
land station

Real-time borehole
observation

Ground motion
sensing system




New Real-time Monitoring Syéfem
in the Nankai Trough (DONET2)

DONET2 fact sheet
(in () is DONET1)

Backbone cable length:
~350km( ~250km)
# of Branching Unit:7 (5)
# of Node:7 (5)
# of Observation system:
29 (20+2)

Total 51 Observatories

Kaiyocho
Mazeno-oka
Landing Stations

i ) * : ™ R EEEREEEENRE
}a ' o

f?_: "DONET1

Tonankai SMZ@| 320N

DONET2 tnw
= Nankai SMZ i

134°00E  134°20'E  134°40E 135°00E 135°20'E 135°40'E 136°00E 136°20'E 136°40'E  137°00'E

18



Novel functions of DONET

Expandability:

Branching unit and node enables
wide-spread distribution of
observation points.

Redundancy:
Equipping redundant

configuration on backbone
cable and node

w h Landing Station

Number of Science Node : 5 Nodes

*eeeet feeeee, Backbone Cable Number of User Interface : 8 ports / Node
#- 4  Power Distribution: 30 W/Port
< . @ % Data Transmission : 50 Mbit / s / Port
" Repeater N Precise Timing Control : < 1usec

e

I Termination Equipment‘ﬁ;\_ .

@'_.‘ (_ ':j; ._%< Instruments Package
: ' g/\;&.

Extension Cable

",

Replaceability:
p : EEEL

Operation on the seafloor by
using Remotely Operated
Vehicle (ROV)

Replacing observation unit at
the seafloor by using
underwater

removable connector



Sensing Systems to monitor
Crustal activities in Real-time

DONET

stations have

* Strong motion
sensor

e Broadband
seismometer

* Pressure sensor

 Differential
pressure sensor

* Hydrophone
* Thermometer

Ground motion sensing system

Cable

seafloor

g

Finally buried

20



New Real-time Monitoring Syéfem
in the Nankai Trough (DONET2)

L
e e — — —— — — — — e — —

I I- 34°20'N

DONET2 fact sheet
(in () is DONET1)

Backbone cable length: ﬁ;;’:,ﬁ,‘f’oka

~350km( ~250km) Landing Stations |
# of Branching Unit:7 (5) .\
# of Node:7 (5)
# of Observation system:
29 (20+2)

We got final route of
a main cable

134°00E  134°20'E  134°40E 135°00'E 135°20'E 135°40'E 136°00'E 136°20E 136°40E 137°00'E



Early Detection of Earthquake and
Tsunami by DONET1/DONET2

Seismic waves Tsunami

35'N g 4 *ata s 4 ° 35'N
= A’Aﬁ‘ XS y A
34°N

33°N gl 33'N

32°'N f

= ] Ol i = : ]
133°E 134'E 135°E 136°E 137°E 138°E 133°E 134°E 135'E 136°E 137°E 138°E
EEREETTTTTTTTT N sec SRR TT TR hour
-20 -10 0 10 20 -1.0 -05 00 05 1.0
time time

The red parts show the DONET/DONET2 detects earthquakes and

tsunamis earlier than the land stations. ’s



Data Transfer Systéiﬁ

Landing Station —......... Sl L LLLLLL LR LR
. o /'/’V' - - | | || [ |
T°ku|\snh'ma Ka'IZOChO A o Redundant data transfer = m n
(S(Z)e;;:l?z; ; g by using satellites v v =
7 |
c | ® Local government o -
S | g Life line company s
DATA receiving and distribution | © | &
_ 60| ® u
- —— N 8 N m
2 | D —| .
= (,\), Real-time -
8 $ monitoring of S
N1 DONET data v
E
Z Leased line Dissemination of analytical results via internet

(GIGA STREAM)

N RS
@ 7% JAMSTEC

Win32 0.1sec packet

Broadband seismograph 3 ch (200 Hz)

Real-time analysis for

thquak dt i - =
earthquake and tsunami @ m%ﬁ:

Strong motion seismograph High/Low
Gain 6 ch (200 Hz)

Hydrophone 1ch (200 HZ) NIED/JMA Data Japan

Differential pressure gauge 1 ch (200 Hz .

Quartz res:ure au i cﬁ (10 Hz() ! ELe U LRSI Meteorological
p gaus southwestern Japan ) Agency

Thermometer 1 ch (1 Hz) DONET

Broadband seismograph 3 ch (100 Hz) (Strong motion seismograph,

atzr)ong motion seismograph 3 ch (100 Quartz pressure gauges) Earthquake Early

Warning, Tsunami
Alert

Pressure sensing system 1 ch

Strong motion seismograph

S 2NIED SRS aRrs

Quartz pressure gauges




DONET database

DONET1 DONET2 Earth LAN for JMA and NIED
Landing station Landing station
l l T DONET2

EarthLAN

DONET DONET2 Health status

Data transmission server

Receiver server check server

Research access j Data store Archive
server server server

Relay server for data Realtime monitoring Storage of all data Tentative storage of Outreach and

transmission for of noise spectrum other institution’s oublicity

realtime analysis etc., tentative data
storage and Large disks with

. conversion of data
Realtlme data format app. 100 TB
processing server

Auto detection of events
Watching received packet

Checking waveforms Now, these are under construction

receiver server

Data storage




Monitoring of low
frequency event

Inter-seismic stage

Dip(km
Deep p( ) Shallow,
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@ Inter-seismic rupture cycle : Inactive shallow low frequency events

@ Just before large earthquake: Change for seismicity of low frequency events in not
only deeper area but also shallow area.

% Monitoring of low frequency events - One of informations for predictive researches



,Expected Seafloor Deformation after

_Z

Slip acceleration
following afterslip

A\

Tonankai

.

the Tonankai Earthquake

using pressure gauge data of DONET/DONET2 :

B

Uplift slowly

After slip

Uplift slowly

After slip

{

Afterslip of Tonankai earthquake

Vertical displacement

* DONET2(green)
|Scm

ANankail ) &

0 1}) 20 3AO a0 50
Days after Tonankai earthquake

60 70 80

Vertical displacement

Tonankai

DONET2(blue) Napkai

l Scm

/

N\

DONET 1(red)

Vertical displacement

0

10 20
Days after Tonankai earthquake

i R Tonankai —s—s——

Days after Tonankai earthquake

Scm

b

Nankai
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Expected Slow Slip after
the Tonankai earthquake

00118y _122d 02h 56m_21s

- A 2/“‘"'// Fast
= '_ (rupture)
| How to |mprove this simulation? il 8
6
=
4 >
.
<
2 @)
o
0
. | | -
Afterslip of Tonankai earthquake propagates westward and Slow

triggers nucleation of Nankai earthquake starts ,;(locked) -



Key point(® Basic concept of
prepare for the abrupt change in crustal fOrecaSting system

deformation so that we can always compare obs.
data with many scenarios.

Output the

Real Time Huge number forecast
Observation ] of simulation - weighted by the
data results consistency with

“Evaluate likelihood based\&bservation data
on the residual of obs.

data and simulation
c . \/ . e .
o Scenario 1 |V|Idd|ei|lke|lh00d
= !
£ data , Scenario 2
O \ / Scenario 3
w
S o
219" 0 ~Scenario 4 - |
- | :
S Today | Today Today
Observation database Simulation database Display the animation of the
scenario with large likelihood
Key point®®
To establish the system for forecasting.
(Increase of forecast accuracy is the next step)




Data assimilation test to estimate EQ time interval

Earthquake cycle simulation

=T

Slip veloci

Many simulations of se

from Tonankai to Nank D]O )
0
Example of syntheti
0 a U C
Va
+ Sy
005 [ * Tru

109 Models
............... - wWithout true case

'
=

o
o
—+H

Vertical displacement at a station [m]
o
o
%

-0.25

0 20 40 60 B0 100 120 140

Comparison of synthetic data(+) and models(*)
at one station

timated result [day]

Estimated result [day]

Synthetic data with DONET noise

Estimation results

20 :
15 W'th“
iOdays 4 cases of synthetic
. . data (different time
interval)
0 DU
o) & DO
U
A ld oe adppiied to
O 0 U
. - ) 3 -
20 prope
150 Lo $ BES DE =
True: 151.6 -
100 DOSE U DU
' Within 200days d mod
50
True: 43.5 Next steps: apply the
0 method to real data
with interseismic period
or SSE and improve the
-50
0 50 100 150 200 models based on
Time from Tonankai [day] likelihood

29



Predicted difference time

between Tonankai and Nankai Egs.

Numerical case study of
Data assimilation

Initial condition:

The Nankai EQ. occurred 5days after the Tonankai EQ.

day

3003

2505
znné
1505
1005
s0-

01

Correct value 5.1days ~——

—1

-504——

After 3.5day,
Reliabilities
are improving

Slow slips are occurring

Correct

value [
h-_

Expected value and allowable error (*£10)

- 00118y_122d_02h 56m_21s

0

1

2

3 4

Assimilation time

5

6 day

JAMSTEC Takane Hori SL

30

log(V/Vyy)



Numerical experiment of data assimilation

Results of the estimation from 110 models
for the case that Nankai earthquake occurs

152 days after the Tonankai earthquake

True value: 152 days

DONET1/DONET2 data will be applied to
data assimilation for
advanced prediction researches

-
i
=
E ] .
b7 -| True value is
- ] Assimilati "| not included in

1ASSIMIiation L

0fooriod ~ Expected value and | the 110 models
jperio error (£10)
| | | |

I I I
o 20 40 60 80 100 120 140 160

Assimilated days .
Hori and Hyodo (JAMSTEGC)



Utilization of DONET data
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Written by FORTRANS9SO

Hybrid parallelization by using openMP and MPI
to run on PC, clusters, scalar/vector super /
computers

Inclusion of dispersive term (Bussinesqg term)
Upgraded nesting algorithm suitable for
Bussinesg modeling

Inclusion of elastic earth deformation and
seawater density stratification

Inclusion of calculation of initial sea surface
deformation with horizontal effect, and high-cut
filter

Simultaneous execution of multi-scenario
Available via GitHub

JAGURS stands for collaboratively developed by
Jamstec, Anu, Awa (Tokushima), Geoscience
australia, URs corporation, Satake)

Prof. Baba Tokushima Univ.



JAGURS Governing Equations

o+ 9 (247 * 7o (225) _symbol |__teaning _
dt Rsinfdp\d+h Rd6\d + h t Time
__g(d+h)oh gn® e R Earth Radius
N Rsinf 0do A (d + h)7/3 MyM=+N 0} longitude
1) 6 co-latitude
_>] (1) M Depth integrated velocity
along ®
ON 1 P MN 10 N2 N Depth intael(g);agteéj velocity
ot * Rsind dg (d - h) "Rao <d h) d Water depth
g(d + h)dh gn? — h Water deviation
N R 00 +iM - mN M? + N? g Gravity acceleration
n Manning’s coefficient
] (2) f Coriolis parameter
Py Sea water density at bottom
0 h _ 1 KaM N a(Nsine))] ) . Sea W:E/eerrggegsity in
at Rsin® [\ d¢ a6 £ Earth deformation due to

tsunami load

Staggered grid, Leap-Frog method, 15t order upwind difference for
advection terms, no breaking wave  Prof. Baba Tokushima Univ.




142° 144° 146° 148°
e ———

Waveform at DART 21418 I» Non-Dispersive

AGPS807
E AGPS804
AGPS802
- /AGPS803 i
T T T T T T I T T T I T T T I T T T I T T T {
2 - /home/G10501/babot,/DART/2011,/21418t2011 filtered.sac — 7 AGPS801 TS
../ Sendai.NODISP saito/tgsvV—8-000008 sac ’
ﬂ ../ Sendai.DISP saito/tgsV-8-000008.sac -
~ AGPS806
_ Observation
1 Non-Dispersive -
\ | Dispersive : B ciive
(0) |
AGPS807
AGPS804
AGPS802
_ AGPS803
-1k DA T21418 B % AGPS801
1 — I 1 1 1 - I 1 1 1 —
0 120 150 180

p/AGPS806

Time [min. |

Prof. Baba Tokushima Univ.




JAGURS Governing Equations

lom 1 8 ( M2 1 9 1. Elastic loading
Jt * Rsinf dp (d + h) * Ea_(d + h)
_g(d+h)oh gn?
= N————M\M? + N?
Rsinf d¢ -1 (d+h)/s
d> 0 1 [0°M 09%(Nsind)
L : + (1)
3RsinB dg |Rsinf \ 0pdt d60t
& can be calculated using Green’s function
ON 1 0 / MN 1 0 N2 that describes the response to a unit mass
+ - ( ) + —— load concentrated at a point on its surface.
dt Rsin6dp\d+h/ RAO\d+h
_g(d+h)oh M- gn’ NMZ 4 N? 2 . seawater density
R 060 (d + h)7/3 stratification
d? o 1 0°M  0*(Nsinf ave
N | N (Nsinb) @) Po Pave P,
3R 00 |Rsinf \ dpat 2000t
0 h 1 oM Jd(Nsinf
— == . 4 Zsin0) 3)
dt Rsinf |\ d¢ a0
Staggered grid, Leap-Frog implicit method, 1st Z v

order upwind difference for advection terms, no




Site 51407 (Hawaii)

water height [m]

I I I I I I | I I | I I I
0.2 | o] 11/51407t2011 filtered.sac
. Obs. ESoytputp isp den el/tqs051407.bp.so
Boussinesq _ ESo is/tgs051407.bp.sac
- w/o elastic loading &
density stratification ™. N
[ Boussinesq
w/ elastic loading &
i density stratification .. ﬂ
e Jm
- | } |
- | 10cm w
o U _
-0.2— “ ]
1hr
N <| >| I 28-
21 25 28 32 36
X 10+3

time [sec] prof. Baba Tokushima Univ.



Site 51407 (Hawaii)

1 1 1 1 1 1 | 1 1 1 | 1 1 1
0.2 ././OARTA2Q11/51407t2011 filtered.soc ~ —
Obs ESoutput.l isp den el/tqs051407.bp.soc
[ Boussinesq |
w/ elastic loading &
i density stratification .. | ﬂ
E 00— R n |
- A \!
g | |10cm H \ .
) | U _
-0.2— “ —]
1hr
i | | | \l | | | /l | U | | | | | | 28-
21 25 28 32 36
X 1043

time [sec] Prof. Baba Tokushima Univ. .



Site 32401 (Chile)

l ./../DART/2011/32401t201 1 filtered.sac _
0.10— ESoutput.linedr disp den el/tqgs032401.bp.soc |
‘ ESoutput.linedr dis/tq4032401.bp.sac

- Boussinesq Obs. ﬂ -
0.05— w/o elastic loading & '
density stratification_
Boussinesq AN
w/ elastic loading &

water height [m]

-0.05—
- -

-0. 1 0 — 1 1 1
68 72 75 79 82

— AN
Vv

time [sec] Prof. Baba Tokushima Univ.



Site 32401 (Chile)

B I I I I I I I I I I I I I I I _
i ../../OART/2011/324012011 filtered.sac _
0.10 ESoutput.inear disp den el/tgs032401.bp.sac |
i Obs. |
0.05 —
E [ Boussinesq A -
= - w/ elastic loading & -
g density stratification .. | \ -
5 000 ~ <
=

- | 5cm Uﬂ t
-0.05 —
v |
I 1hr U
_010_ 1 1 1 \l 1 1 1 /l 1 1 1 | 1 1 1 28_
68 72 75 79 82

X 1043
time [sec] )

Prof. Baba Tokushima Univ.



Navigation in damaged environment

Wit h EQ. an d TS unam i Dr.Lalith Univ.of Tokyo

Undamaged Environment Damaged Environment

NN ek
- -
— °

Early Warning
For Earthquake/
Tsunami

Earthquake

00:00:00



file://vboxsrv/VirtShared/users/Lalith_ERI/Presentations/Movies/Evacuation/Stephen/NavDmagedEnv3.mpg

Outline

® Nankai Seismogenic Zone

® Dense Oceanfloor Network system for
Earthquakes and Tsunamis (DONET1,DONET2)

® Large-scale Simulations for Disaster Mitigation
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“K”(3) Computer

N 2 Innovative "6-Dimensional Mesh/Torus"

Total Performance: 10.62PFLOPS NE W g
Total Memory: 1.26PB (16GB/Node) o ) ‘
Computational node network:

Innovative “6—Dimensional Mesh/Torus” Topology

Network Technology
Performance/CPU: 128 GFLOPS (16GFLOPSx8cores)
Number of CPU:82,944CPU (663,552cores)

Machine Performance m

Titan 17.59 PFLOPS
Sequoia 16.32 PFLOPS
K 10.62 PFLOPS
ES2 131 TFLOPS
ES (#14%) 40 TFPLOPS

Intel core i/ 168 GFLOPS
(Sandy Bridge)

©RIKEN
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High-advanced Simulation from Earthquake Source
Process to Damage Evaluation on the K computer

Underground Structure
Source Model

Strong .
Motion

2 em/s
[ P S R TKY020

100s

Evacuation and
Induction

Whole City Modeling

Component
Damage



S-n el eafloor Observation etwork for arthquakes and sunamis along the Japan Trench

V/.

- Total length of the ocean bottom fiber optic cable: 5,700 km.
- Covers the wide area of Japan Trench from Kanto to Hokkaido.
- At least one observatory in a source region of M7.5 earthquake.
- Nodes are planned to install every | ®

- 30 km in a direction cross to trench J\b
- 50 - 60 km along direction to the trench i -
Objectives @ Off Iwate-Aomori "o G
Real time ocean bottom pressure measurements for the next- ) LTV
generation tsunami warnings which estimate coastal tsunami . /\ < \}i R - -
heights precisely . (B Off Miyagi-lwate (©  ~- -

Real time ocean bottom seismological measurements for a much
earlier JIMA Earthquake Information.

Investigation of a large earthquake generation process in the
vicinity of Japan Trench associated with subducting Pacific plate.

Investigation of ocean bottom crustal movements (vertical
component).

-~

4

Q :
@ off Ibaraki- © ~~_ "
Fukushima /

\“I

DONET1 (in operation)
DONET2 is now constructed by JAM

Authority of those two networks will




Prediction Researches

e Sparse modeling

* Dimension reduction analysis



¢ Sparse modeling

H 77
AN—RIRE o worims

> 3238

T (2 AROT 4203 XSy
B OrzL. EREEE)

%—Jﬁzfcﬁﬁiﬂﬂ 7"“ —43

/ Image Compression
' jpeg

)

\_.bmp 649KB ipg 102KB  /

Components of image are remained JAMSTEC Kuwatani et.al



Data Science

* Sparse modeling = Model Unknown

— Lasso*AIC-ET JLEHR - Principal Component
Analysis

* Bayesian inference

%80 Model known €T3 48N kA k=

T JL - Monte Carlo method -Data Assimilation

Geoscience data:High dimension data —+
Time special data 1

™ Sparse modeling

Bayesian inference
JAMSTEC Kuwatani et.al



Dimensionality reduction ‘ Time-Spatial information
mapping
X3

WNAWNATEFRE T

(apxl+a,x2+a,3x3)+g=k

z1

Micro earthquake mapping with PCA

X2

JAMSTEC Kuwatani et.al
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Results of dimension reduction analysis using micro Eqgs. using PCA
Dominant modes are shown as Z1,Z3,etc.
Finally, we apply Al to estimate dominant mode as the anomalies

200km 200km

Focus on Nankai trough seismogenic zone
JAMSTEC Kuwatani et.al
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Overview

Final Goal
Predicting earthquake activity for
mitigating the resulting damage

Purpose of This Study
Obtaining features of global earthquake
activity

Method

Data-driven (statistical) approach

Data
Open data catalog of earthquakes




Outline

Introduction
Prediction & Control
Earthquake
Method
Data for Analysis
Principal Component Analysis
Results
Extracted Features
Seismicity Index
Summary & Perspective
Summary
Perspective



Introduction

Prediction & Control

Traditional Way
discover physical law
relations between a few kinds of features
ex) o = Fe

https://fenicsproject.org/

Microscopic view
tremendous number of
variables!

Gap between a physical law and microscopic information



Prediction & Control

Statistical Physics solved this gap

Microscopic Macroscopic
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Statistics enable to grasp physical view by dimensionality
Reduction — prediction & control



Earthquakes

Predicting earthquake activity is
needed for saving lives,
but difficult due to the complexity.

“Microscopic” : individual earthquakes

Statistical Approach

“Macroscopic” : Features of earthquake activity?
Model of earthquake activity?



Data for Analysis

Data Source the United States Geological Survey
Period 1990/1/1-2016/12/31

Magnitude Greater than or equal to 4, less than 5
Depth of epicenter 0-200km

Total 208,614

Integrated counts shown as log(1+N)

Discretization 3600 parts
Unit region
Latitude A3 deg.
Longitude A6 deg.

Latitude

-9 = !
-180 -120 §60 0 60 12(f) 180
Longitude

Active at plate boundary in Pacific Rim



Principal Component Analysis

Earthquake occurrence rate X,(t)
count per unit area S and unittime T
N(@®)
ST
k : Regional label

S . Surface of unit region on the equator
T . 1 month

Xi(t) =

* . Lat. dependence of S is ignored (following results didn’t differ so much )

VA

A 0 = /2 - Lat.
dS = r?sin 6 dédyp

r/

6l

—y
o\
X

Earth as Sphere



Principal Component Analysis

New features extracted by PCA
region k as dimensionality (m), time t as sample (n)

mXn matrix X consists of X,(t)

X1(t1) Xi(te) -+ Xi(tn) Then, adopt only j,., vectors
X (t ) X (t ) ST X (t”) 'min
X — 2. : 2. : : 2, 2{21 Al
: : & : oy > C
X*m(tl) X'm(tQ) Sy Xm(tn) Zi:l v

eigenvalue decomposition

Y=_1XX wmp U

dimensionality is reduced!

Seismicity Index

k : principal component

Y = Z Uik i : region label

Active regions are emphasized.



Extracted features

80% of variance is retained by 16 components

100 — . . . 50
_ 40
R
S E
g =
2 = 20T
= @]
= Q
[a'4
10}
! ' . 0
0 20 40 60 80 100 1 23 456 7 8 910111213141516
1 6 PCA Components PCA Components
Dimensionality 6
original : 3600 2 j=12 > 0.8
3600 )
reducted : 16 D el i



Extracted features

Spatial Distribution in Global scale
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Perspective

Not global but local Analysis will reveal more detailed tendency in
specific region
Epicenter movement in active area
ex. Indonesia
Silent area nevertheless past massive earthquake.
ex. Canada offshore

Machine learning will be an candidate for extracting
features of earthquake activity from plate moment.

Earthquake Neuron
1. Plate tectonics 1. Diffusion of ion
2. Strain rise 2. Voltage rise
3. Occurrence 3. Firing

Unit model for NN



Thank you for

your attention
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