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Earthquakes in Japan

Earthquake possibility in Japan
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Learning step by step from historical tsunamis in Japan

* Early period:
—> Felt a shake = tsunami is coming & No tsunami in Japan Sea side
* 1856 Meiji Sanriku tsunami: tsunami-earthquake type
- Small shake but large tsunami (38.2 m / 22,000 deaths)
* 1933 Showa Sanriku tsunami: Outer-rise earthquake
— Large shake and large tsunami (28.7 m / 3,000 deaths)
* 1960 Chile tsunami: Far-field tsunami from M9.5 earthquake
- No shake but large tsunami (10.7 m / 142 deaths)
* 1983 Japan Sea tsunami: The first recent tsunami in Japan Sea
- Warning after 14 mins but tsunami arrived after 12 mins (14.9 m / 104 deaths)
* 1933 Okushiri tsunami: Just 10 years after the 1983 event
- Waning after 5 mins but tsunami arrived after 2-7 mins (32.0 m / 230 deaths)
* 2011 Tohoku tsunami: M9.0 never record in Japan

— Large shake and large tsunami (40.5 m / 19,000 deaths)



Tsunamis in Tohoku Region
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Observed tsunami waveforms
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Earthquake generation mechanism and seafloor deformation

Subsidence I

Japan trench

Land Ses
——
pacific 1896 Meiji Sanriku

869 Jogan tsunami (Tsunami earthquake)

(Typical interplate)



Strike-slip fault: No or small tsunami

How Tsunamis Work: Tsunamigenesis

Strike-Slip Fault

No tsunami but
very serious
traffic jam

26 Dec 2004 11 April 2012
M9.0 Dip-slip fault M8.6 Strike-slip fault
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Breakwater: Kamaishi Water gate: Fudai

General tsunami
countermeasures

Control forest: Rikuzenakata
Highland residence: Toni-hongo




The world’s largest breakwater

Kamaishi breakwaters
(@ sea depth = 63 m
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Approx. pre-tsunami population: 39,600; 935 dead Approx. pre-tsunami population: 600; 45 dead
The average wave height registered was 20 feet. The average wave height registered was 65 feet.
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Tsunami gate — Zero casualty in Fudai

Before the 2011
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Hazard maps

Red: 2011 tsunami inundation area
Blue: Predicted inundation area
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Overturned buildings in Onagawa

Onagawa town 2 JI[HT
Max. inundation depth =18 m

BRERRKE=18 m BE



Fukushima Dai-ichi and Onagawa NPPs

Height (m) Fukushima Onagawa
Estimated tsunami 5.7 3.1
Plant elevation 10 14.8
The 2011 tsunami 13 13

Fukushima: Less impact from 1896 and 1933 Sanriku
tsunami. Original land elevation was 30 m but cut off to the
present elevation of 10 m considered hard foundation

Onagawa: Closer to affected areas from historical Sanriku
tsunami (About 3 m at Onagawa)
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Tsunami countermeasures in Japan

* 1896 Meiji-Sanriku tsunami: by individual
Moving high ground

* 1933 Showa-Sanriku tsunami: by country and prefecture
Moving high ground + Seawall in some areas

* 1960 Chile tsunami: Structural measures
Seawalls, breakwaters and tsunami gates

* 1993 Okushiri tsunami:

Structural measures, town planning and combination
with soft measures

* 2011 Great East Japan tsunami:
Prevention =2 Reduction

15



Date Masamune’s intelligence (1611 tsunami lessons)
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Won the Siege of Osaka in 1615 !!!
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In 1935 http://yaplog.jp/sendai_kaze/monthly/200807/

1. Control forest
2. Navigation canal
3. Land use management
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Reduction effect from coastal forest
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Reduction of the flow velocity in the Teizan canal

4.4%

< (16584
~1673%)

B L E
46.4%:%5
(15974 ~16014E)

(E) BOBHCRBIECE
—BRIOHD

Teizan-bori
HiEm|

The longest man-made canal in Japan

http://takakura.fd531.com/teizannbori.html



Land use planning

Towns and villages in Edo period (1603- 1868) were located outside inundation area
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Level 1 & Level 2 tsunami

LA EE
Level 1: Level 1
High frequency (30-200 years) but small to moderate tsunami. — o
Community should be mostly protected by coastal defense structures. | f{
Height of coastal structures were decided by past Level 1 tsunami 4; !
events e
Level 2: | | LAJL I Level 2
Low frequency (200-1,000 years) but very high tsunami.
Forget about properties but secure evacuation routes for safe =L YLV
evacuation.

Coastal structures should be strong enough even in case of the
overtopping.

1. Strengthened heel 3. Improvement of joint
construction between armor sections

Inside port ’,

Seaward

http://iwww .bousai.go.jp/kaigirep/chousakai/tohokukyokun/4/pdf/2-2. pdf http://wamawv.pa.thr.mlit.go.jp/kakyoin/PDF/sankou. pdf 20



New height of seawalls in Miyagi prefecture

[ 9] L EEs 18]

5 . A @
o ‘ AT 3 WERTERR S
3 gatERys
o 1 ERERNED O SuEENE
— (EMHHETRIE)
s} { ST
i 4.4
e EO e (BRE=RE)
ANUE

After 2011 o ANEN

\ *EHM il
e ‘i__i_ﬁ_-
R 1. EEEHA)

RN
‘ =R
Ll bg ) .

Befqre 201 1. "

i

R
(BRia=ke)

maE
N el
ol [aame 1 AR
2011tsunami © L ="
; O l Ly RRT
N W s

| o e RS (AB=R)

________________________




Reconstruction plan of Miyagi prefecture

Restoration Reconstruction Development Miya gi’s
2011-2013 2014-2017 2018-2020 Recovery
(3years) (4 years) (3years)

Prefectural citizens

Groups / HE -\ NPO, etc.
Sif%3 NPOZ

University Companies
o / RE—AUVEUHAEEOEE \ e
\ BhHEESRL/-ER /
Each citizen is a key player in the recovery efforts

= Using all available resources hBETH

Z26H-)\F Prefectural governmerN __/Local municipalities

National government

Kamaishi, Hachinohe

B Relocation to high ground, separation of business and

residence
B Assemble and reorganize fishing ports, branding of
marine processed products, “sixth industry” | Eégﬁ-‘&ﬂu{}—t‘)
B Tourism promotion that draws on the nature of the
Sanriku area Residential area Industrial area
B Promoting the maintenance of Sanriku expressway {IEEI_U? E%;U'y
Roads

Evacuation building, factory
HE BEC L T15
ooo Coastal dike

W Relocation to high ground, separation of business and
residence

B Multiple barriers

B Assemble and integrate fishing ports, assemble and
advance industries

B Tourism promotion that makes use of Matsushima and

Oshika peninsula | ;lma,f){_:)

Residential area

Industrial, agricultural area

EEEIUT Railroad E* 4 }%tﬂll”? Disaster prevention green space/forest
#m i Eﬁk%ﬂ!& TS
Multiple barriers i B
Advancing logistics function by utilizing airport and B mmm%e£d£‘i;;‘ i i
ports, and advancing business location to Miyagi Farmland

Sen ai Port southern Agricultural land accumulation, “sixth industry”

B Maintenance of national public park and disaster
ﬁ!ﬂ!ﬂi prevention green space
Promoting the maintenance of Joban Expressway
AR L\:b'é KFE
http://www. pref.miyagi.jp/seisaku/sinsaihukkou/keikaku/index.htm 22




Conceptual image of tsunami-prevention facilities Defense against largest tsunami

of. ; :
e (cross-section view)
Defense against tsunami that occurs
: only once every few
- Sendai . : :
(b. TRy — Tobu Shiogama-Watari decades or centuries
?? é' Road Evacuation Line prefectural Park (hill) Coastal_disaster—_
8 g iy center road prevention forest
e 3 £ _ Coastal
-1 L ‘ breakwater
o S8 \ .
i A © Park (i) - Evacuation route Sand beach
' s Coastaliriverside breakwater Teizan canal
£ = Section to raise the height
- 4+ Evacuation route
v N

Natorigawa River

Water Punification Center
. Area for study on diverse farmland use l

Seaside exchangelrevitalization zone |

“Teizan canal

D Port area special reconstruction zone

Agricultural and food frontier zone

D Area for study on diverse farmland use

Seaside exchangefrevitalization zone

Natorigawa River

http://www.city.sendai.jp/fukko/1198749_2757.html

The 2011 tsunami
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Tsunami warning system in Japan

Assumed faults around Japan Numerical simulation results stored in

(100,000 cases)
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Tsunami warnings during the 2011 tsunami

Local Event Information

14:46 Earthquake

14:49 Tsunami Warning -
Iwate, Miyagi and Fukushima

14:50 Tsunami Information -

Iwate: 3m, Miyagi: 6m,
Fukushima: 3m, etc.

15:10
15:14 Tsunami Warnings/Advisories extended
15:14 Tsunami Information -

Iwate: 6m, Miyagi: over 10m,
Fukushima: 6m, etc.

Tsunami hit the nearest coast

15:21
15:30 Tsunami Warning extended
15:31 Tsunami Information-
Iwate, Miyagi, Fukushima: over 10m, etc.
16:00
17:30
13™ May

S

Hayashi et al {2011) and http://www.jma.go.jp/jma/en/2011_Earthquake.html|



Improvements from the 2011 tsunami

T e T Previous system (8 levels) Present system (5 levels)
Announce tsunami height Number Message Estimated tsunami height
> 10m >10m >10m
W emine Major tsunam 8 m, 6 m 10m  Major Sm-10m
4m,3m 5m 3m-5m
Tsunam 2m, 1 m 3m High lm-3m
Advisory Tsunami advisory 0.5m 1 m - 20cm - 1m
[ For Heavy Rain ] [ For Volcanic Activity 1 For Tsunami
vt ot ety ooy e e sl e
—  every few decades is predicted - — residential areas and non- -

Continuad heavy raln with residential areas closer to the crater
o cumulative precipitation o
total expected tofar
excesd the warning

criteria - A

Fuluiepn Asuagiawy

gand up to
1am

Source: IMA



Advance observation technology
& JAMSTEC i ] apamese M

http://www.jamstec.go.jp/jamst
ec-e/maritec/donet/index.html
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Characteristics of the 2016 Fukushima tsunami

(D The highest observed tsunami was in Sendai

(2 The second wave was the largest

3 Tsunami threat level was elevated from “advisory” to “warning”
@ Local runup was higher than the observed amplitude

B Tsunami intrusion into rivers

(® Tsunami warning and broadcasting



1) The highest observed tsunami was in Sendai
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(1D The highest observed tsunami was in Sendai

Observed maximum
tsunami amplitudes



(2) The second wave was the largest
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(2) The second wave was the largest

Wavelength decreases

Decpwaterwave [ Surt zone Beach
Wave height increases
Crest

Refraction in a cove
. diffuses energy

” Refraction on a headland (Plummer et al., 2001)

, Tilbfuiipeey (@ Wave properties
S B Wave reflection

| B Wave refraction

B Wave shoaling

Reflection sends
—__energy back

In addition to the fault orientation, which focused the tsunami into Sendai Bay, wave reflection and
refraction were other contributors. Sendai Bay is a very shallow (average water depth is less than 50 m) and
wide bay. Due to this coastal topography, the waves are amplified due to wave shoaling and refraction inside
the bay. Also, superposition of the incoming and reflected waves from the Fukushima coast played a role.



(2 The second wave was the largest
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(3 Tsunami threat level was elevated from “advisory” to “warning”

FREFZ
2 EFHRE
2280685024 | 2280785264 | 2280885094 | 22809654647

FHERAKEFRRE RETER HIFETER ®PGEER |EToBEEED
EFR REEER HEEER =R RFCEER
Miyagi Prefecture 2EEER HEETER RIECEEH
Fukushima Prefecture REEER
Ibaraki Prefecture REEIER HEEER ®EEER FRITER
FRERREATAR - ME| REIER FEEER =PGEER |EToEEZED
FRRAE ETOBERES| FEEIER HPGEEHR |EToEEED
FREHEE ETOBEEY| FEIER =2 PGEIER |ETOBEEH

Status of the tsunami warnings and advisories



(3) Tsunami threat level was elevated from “advisory” to “warning”

Change in Tsunami Warning System classification with
the establishment of Emergency Warnings

| m A EEPLR £ BRI, | LSS
Before Meteorological

Service Al
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Maj'nr Tsunami

Warning

Warning

Tsunami

Warning

Tsunami
Advisory

Advisory

Tsunami
Forecast

Forecast

-

Slight sea level changes

No tsunami

After Meteorclogical
Service Act amendment
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(3 Tsunami threat level was elevated from “advisory” to “warning”
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1. When a tsunami with the height ranging from 20 cm to 1 m is expected, a
tsunami advisory is issued (indicated by a yellow color; advisory).




@ Local runup was higher than the observed amplitude
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| Based on our preliminary survey,

tsunami  runup higher than the
observed tsunami wave amplitude of
1.4 m at Sendai Port was measured at
several sites. In the Miyato area of
Higashi-Matsushima City in  Miyagi
Prefecture, tsunami runup heights of
more than 2—3 m were found caused by
nearshore processes over the coastal
topography.



B) Tsunami intrusion into rivers
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This phenomenon was clearly observed at Sunaoshi
River in Tagajo City, where the tsunami propagated over
3 km into the river. The tsunami speed is estimated to
be about 14 km/s and the maximum rising of the river
level reached 0.9 m (0.6—0.7 m above the normal level).

——— GoggleEarth



(6 Tsunami warning and broadcasting
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BREAKING NEWS

TSUNAMI REACHES FUKUSHIMA
| tromi0KYO |

stern Japan on Tuesday moming. Tha Japan Meteorological Agency has issued a isunami waming for the

In contrast to the calm voice used during the 2011 tsunami, terms such as “Evacuate
immediately!”, “Tsunami! Evacuate!”, etc. were used to warn people to evacuate from locations
expected to be hit by the tsunami. Also, some phases such as “Please remember the Great East
Japan Earthquake and move to higher ground”, were used to remind the audience of the 2011
devastation. The warnings were also released in Chinese and Korean languages.



World Tsunami Awareness Day

In December 2015, the UN General Assembly designated 5
wnnln November as World Tsunami Awareness Day.

World Tsunami Awareness Day was the brainchild of Japan,
which due to its repeated, bitter experience has over the years
built up major expertise in areas such as tsunami early warning,
public action and building back better after a disaster to reduce
future impacts.

) 1 5h

5 NOVEMBER [} /1
2016

The date for the annual celebration was chosen in honor of the Japanese story of “Inamura-no-hi”,
meaning the “burning of the rice sheaves”. During an 1854 earthquake a farmer saw the tide receding, a
sign of a looming tsunami. He set fire to his entire harvest to warn villagers, who fled to high ground.
Afterwards, he built an embankment and planted trees as a buffer against future waves.
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