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IN the near,
future

This is an fake image of the news that Nankai Megathrust Earthquake has happened,

based on the prediction by a committee inside Japanese Cabinet Office.



Hyogo Prefecture Himeji Nishi SHS | DR#32

Nankai TROUGH
EARITHQUAKESs

1361 137 years

in 684)

1498 107 years

1605 102 years

} v v v
SHOHEI/Koan M85 MEIOH M8.4 KEICHO M8.0
NANKAI NANKAI NANKAI & TONANKAI
8.3.1361 (Shohei 16) M8.2 — 8.5 7.9.1498 (Meioh 7) 2.3.1605 (Keicho 9) M7.9 - 8.0
1 0.7 years 1 0.2 years
TONANKAI TOKAI & TONANKAI

11.22.1360 (Shohei 15) M7.8

o -
s s
It o %
- ¥ o ¢
‘ol T
N wi S
I’ I "'I

TN L
N
| R Cl K : :—I
-..-l.-""'--.._ ‘ : — _q"h —— — - I."I. -------"'---_. ] ."II

- )ﬁ
@ﬁ 1360!% 22:;??.3

/ 1361/8/3 M 4

I o B S PN
e o .\\ \l"'-.J‘\-J‘ U z ,I‘:} f}
N RSN o Y
l“\d_F\ C - __.__-.-D ‘ ”

9.20.1498 (Meioh 7) M8.2 — 8.4

Section 1: Introduction

6



Hyogo Prefecture Himeji Nishi SHS | DR#32 E

1707 147 years 1854 92 years 1946 76 years

) 4 ) 4 ) 4
HOuEI M8.6 Ansel M8.4 SHOWA M8.0
TOKAI & TONANKAI & NANKAI NANKAI NANKAI
10.28.1707 (Houei 4) M8.6 12.24.1854 (Kaei 7) M8.4 12.21.1946 (Showa 21) M8.0
132 hours 1 2 years
TOKAI & TONANKAI TONANKAI
12.23.1854 (Kaei 7) M8.4 12.7.1944 (Showa 19) M7.9
- . - - .
|
o, &
—wm : 2 |
-/ ““H I Ny T H“a
- ._.-;ﬁxéﬁ“‘iggﬂ MB;fI %E{ﬁﬂ 23 M8.4 FK‘ 'J #Lt}igiefu_{m ua.,(';’ 194%@3%”-9 rh‘

Section 1: Introduction ]



Hyogo Prefecture Himeji Nishi SHS | DR#32 E

7
#

e ome R
WHhOOOON ﬁlh‘
SRR

X2
-]

Within 10 years: about 30% i e
Within 30 years: 70% = 80% %
Within 50 years: 90% or K
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NANKAI
NOW We can change MEGATHRUST

Most recent earthquakes of intensity the WOtSt fUtu e EA RTH Q UAKE

over o lower B 185,000 people can be killed
2021/12/09 M6.1 Tokara Islands (Case that Tokai region would be
2022/01/04 M6.1 Chichijima Island largely damaged, Midnight in winter,
2022/01/22 M6.6 Hyuga—nada .

Average wind speed)

B By Tsunami account for About 83%
H 9,500,000 people would have to take

refuge in a week
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How

save our lives?
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3 KEY POINTS
to predict OBSERVABLENESS

Using the observation device which meets the

following conditions:

1. Already available now

01 02 2. Exist all over Japan

There’ s no time to equip new devices.

SENSIBILITY ACCURACY

How minutely can we predict the earthquake? Most important point
How large (magnitude) If an earthquake forecast was wrong, the whole
Where it happens society would go into a panic.

How early can we know

How small earthquake can we know
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GNSS-TEC Method FEATURES
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Sensibility i method OBSERVABLENESS

This method is intend to predict Calculate TEC (total electron content, 1,300 observation stations all over
Japan are available now, using

GEONET (GNSS Earth Observation
Network System) data

* In 30 mins ~ 1 hour the number of electrons in the

« Over magnitude 7 ionosphere) and find the phenomenon
that TEC increases about 30 mins ~ 1
hour before the earthquake.
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GNSS—TEC Method FEATURES
- -
GNSS =

Global Navigation Satellite System

A System which uses satellites to let us know our position
Ex. GPS, QZSS (Michibiki in Japan), GLONASS

ENSIDIITY ' MeETNOoC JE RV AD \
This method is intend to predict Calculate TEC (total electron content, 1,300 observation stations all over
* In 30 mins ~ 1 hour the number of electrons in the Japan are available now, using
 Over magnitude 7 ionosphere) and find the phenomenon GEONET (GNSS Earth Observation
Network System) data

that TEC increases about 30 mins ~ 1
hour before the earthquake.
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GNSS-TEC Method FEATURES
AR

TEC = Total Electron Content

The number of electrons in the ionosphere

Sensibility ' method OBSERVABLENESS
This method is intend to predict Calculate TEC (total electron content, 1,300 observation stations all over
* In 30 mins ~ 1 hour the number of electrons in the Japan are available now, using

GEONET (GNSS Earth Observation

« Over magnitude 7 ionosphere) and find the phenomenon
Network System) data

that TEC increases about 30 mins ~ 1
hour before the earthquake.
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GNSS-TEC Method FEATURES

Sunlight
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Sensibility

This method is intend to predict
* In 30 mins ~ 1 hour
« Over magnitude 7

Calculate TEC (total electron content,
the number of electrons in the
ionosphere) and find the phenomenon
that TEC increases about 30 mins ~ 1
hour before the earthquake.

OBSERVABLENESS

1,300 observation stations all over

Japan are available now, using
GEONET (GNSS Earth Observation
Network System) data
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GNSS-TEC Method FEATURES

€

Sens _

This method is intend to predict
* In 30 mins ~ 1 hour
« Over magnitude 7

method

Calculate TEC (total electron content,
the number of electrons in the
ionosphere) and find the phenomenon
that TEC increases about 30 mins ~ 1
hour before the earthquake.
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1,300 observation stations all over

Japan are available now, using
GEONET (GNSS Earth Observation
Network System) data
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Researching
PROCESS

O1

) 4

hypothesis

We can observe increase in TEC

in all the earthquakes of magnitude

over /
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Convert GNSS data to TEC data

(later discussed in detail).

02

Convert to TEC data

A

04

) 4

Collect primary Data

1. Make the list of the earthquakes which 03
occurred in Japanese territory
(Unite data of magnitude, intensity,
seismic center, etc.)
2. Get GNSS data from 2 hours before the
earthquake to right before the
earthquake from GEONET

)

(
A

4

Observe tEC anomaly

Make sure of the fact that the anomalies

before the earthquake really exist.
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presentation
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See If the anomaly as the sign of earthquakes

before the Great East Japan Earthquake
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Mechamsm of calculating TEC

GNSS Satellite
Ex. GPS

L1(1.5GHz2)

N\

L2(1.2GHz2)

GNSS Continuous ly
Operating Reference
Station
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Mechanism of calculating TEC

403N,
D . —_ 1. The lower frequency
LONo fz 2. The more electrons in the

lonosphere

mD, ., . lonospheric delay
nf : Frequency — The electric wave will be
H N, : Number of the electrons

delayed longer
In the ilonosphere

= TEC (total electron content)
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Mechanism of calculating TEC

GNSS Satellite
Ex. GPS

L1(1.5GHz2)

N N\
AN m&(tZGHz)

DELAY DELAY

W“ |

GNSS Continuously

Operating Reference X
Station Q/A‘r Path Length Difference — TEC
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Mechanism of calculating TEC
L=Ap =p — + Diyopo tAN+ e+ 1

_) . Carrier phase me@surement mD, .., . lonospheric delay
i : Carrier waveleng = 7 ~  pospheric delay
N0 . Carrier phase 403N€ ellite Bias

_Id - Frequency Diono —

fz seiver Bias

_ ' . TEC (total electron content)
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Mechanism of calculating TEC

40.3N,
L1 =p — T Dtropo +An +&+ 1
fi°
4‘03N The equation with onl
_) LZ — P — T Di TEC I(j chc)nstanJ’cc numslgers " 12
fZ n find these values in the GNSS data
1 1
L, —L, =—40.3N, ]ﬁ f + Const.
1 2
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Mechanism of calculating TEC

N — 1 L{—1L, -
e = —mﬁ-F onst.

1 fl fZ

— (L{ — L,) + Const.
403 £,2 — f,?
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Mechanism of calculating TEC

1
ATEC = fl 1o = —A(L;, — Ly)

403 f,% — f,°
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RESULTS




Hyogo Prefecture Himeji Nishi SHS | DR#32

Comparison between 3.10 & 3.11

e Vertical red line shows the
Vertical axis: TEC hEJI{SItE'U?EZ} time when the Great East

difference from 14:00 Japan earthquake occurred

o 07
5,

T Horizontal axis: time

Satellite’ s number E?: _eft end 14:00
P - Right end 15:00
#3
14.0 14 2 14 4 | 14 6 14 8 ;r —
14:00 ame 15:00
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Miyako, Iwate pref.

Miyako(Site:0028) 3/10 Miyako(Site:0028) 3/11
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Himeji, Hyogo pref.

Is this the sign?
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14:00

Ciahter Bius wn wiontss | 1EC difference
— TEC increases!
From 14:00 on

3.11

Decreased TEC in 14:00 Increased

¥ : The earthquake h d at 14:46
Mov|ng large stripes e earthquake happened a

~= the anomaly from the other causes

120 125 130 135 140 145 150 155
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Results

BSuccessfully managed to observe increase in TEC before

the Great East Japan earthquake occurred

B’ m unable to distinguish only the sign of the earthquake

from the other accurately so far

Section 4: Results 34
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Develop the new
way

to predict
earthquakes

B Introduce Deep Learning to GNSS-TEC method

B Deep learning can learn what kind of anomalies is the sign
of the earthquake in itself, so we can distinguish the sign

from anomalies from the other causes more accurately.

B This idea leads to automatic prediction




= - 4 ma—— . I —_ — T I

45

40

Latitude

35

30

130 135 140 145
Longitude

“Correlation analysis for preseismic total electron content anomalies around the 2011 Tohoku—Oki
earthquake” by Ken Umeno and Takuya Iwata, Reference 7

Correlation
analysis

More developed GNSS-TEC method

can remove noises and emphasize the sign of the earthquake, using

large TEC data of observation stations around the considered station to

calculate.

There were no signs in Himeji

The anomaly [ wondered if it was the sign of the earthquake in Himeji

on 3.11 was likely to be a noise or a fluctuation from another causes.

Section 5: Prospects
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THE FUTURE STARTS TODAY, NOT
TOMORROW.




THANK YOU!

ANY QUESTIONS?

Presented by Sota Kashiwagi (Leader’ s Number: 2711)
Used the template “pollux” designed by Jun Akizaki



