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Past Activity of earthquakes and
tsunamis in Tohoku

Why we fail to estimate/predict
the 2011 Eq and tsunami ?




Historical Tsunamis recorded in Tohoku

Tsunamis struck mainly Sanriku coast
Fewer records in Miyagi and Fukushima
coast

Large Tsunamis occurred by events closer

to the Japan Trench
Small Tsunamis by off-the-coast Miyagi

Occurrence Date Magnitude
Western Calender| Japanese Calender| EQ | Tsunami
13 July, B869|5#i11%£ 5B26H| 6.6 4
2 Dec, 161M|BR16E10828H| 6.1 3
17 Feb, 1793|El 5% 18 /H| 825 2
20 July, 1835|K{E 6&F 6F25H| 74 2
21 Oct, 1861|XXA 1# 9818H| 74 1
15 June, 1896  BAA29% [ 6.8 [ 4
3 Mar, 1933|mB#0 8&E[ 83 3
12 Jun, 1978 FF1534 /4 0

Above: Historical Tsunami observation hitting Tohoku Pacific
coast.
Right: Wave source, based on Watanabe 1985.
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Historical Earthquakes and Tsunamis Off-the-Coast

Sanriku and Miyagi
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Off-the-coast Miyagi EQ occurs once in 37 years



FOI’ Sel%chon from many scenarlo Disaster Management Bureau
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Disaster Prevention

* The inundation area far exceeded that indicated in
municipal hazard maps.

Ofunato City, Iwate Pref. Sendai City, Miyagi Pref.

| Inundated Area
[ ] ) _V_I-‘Iaz'ard_ Maps

Disaster Management Bureau
Cabinet office(2011)



Historical tsunamis in Tohoku for 400 years and the 2011 Tohoku Eq.

Earthquake magnitude
7.0

3 . : ; . 8.0
1600] A S I I I I S S S ) I I I
e 16106 / - ]
I B 1611/4

H——— 1 G40 / -

I

1678/ - 1677125

— ]
00 1717 / 1 i

| e—— 1736 / - L

| e 1770 / - | —— 1763/ 2.5

B 1793 /2.5
1800 | ————

B 1835/1.5
e

1856 /2.5

e 1861/ 1

- 1897 /0
| ——

L | e— 1915 /0

1896 /3.5

1933 /3

| e—— 1936 / 0

I

1968 /2.5

| o 1978 / 0

2000+
Year

40m in slip

rel
ﬁ

Stress
B 0  accumulating

« THatori, Distributions of Seismic Intensity and Tsunami of the 1 lyagi Oki Earthquake,
Northeastern Japan, Bulletin of Earthquake Research Institute, University of Tokyo, 62, 297-309 (1987). 7

~ < - 0
3 s B )

e NG SR =\ )
N e ' \ LS -3‘-




Overcoming the limitation of 400
years data



Source: Sugawara 2009, seminar material for Tohoku Gakuin Univ.
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Tsunami Sediment by Drilling
two layers; volcano ash and tsunami sand
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The 2011 Tohoku earthquake and
tsunami



The Main-shock and
Aftershock Activities

41 -

* Mainshock : M9.0 (14:46) :
500km x 200km s

The largest in size recorded

* |mmediately after

— Off-the-coast Sanriku M7.5
(15:08), Off-the-coast Ibaraki
M7.3 (15:15), Japan Trench M7.4
(15:25) T
« Aftershock activities
— Fukushima, Ibaraki, Boso
— Lasting aftershock activities - _" f"

— Stress transfer?

39

36"

Weak coupling

139 140 141 142 143 144 145

Uchida, Tohoku University 34" +—
http://www.aob.geophys.tohoku.ac.jp/info/topics/20110311_news/index_html
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Example of faults model for tsunami (rujigsatake,2011 & Tohoku Univ. models)
http://iisee kenken.go.jp/staff/fujii/OffTohokuPacific2011/tsunami_ja.html
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Tohoku Univ. model Vers.1.0
to simulate the inundation-and runup
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Damage due to the 2011 Tohoku
earthquake tsunami



The tsunami attacking Sendai area

j:t —1 > —
(/ N II:II ﬁ{ﬁ ) http://www.boston.com/bigpicture/2011/03/massive_earthquake_hits_japan.html




The 18t Tsunami Struck Sendai Plain

15:56, 11 March
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(Source: Mainichi Shimbun) http://www.boston.com/bigpicture/2011/03/massive_earthquake_hits_japan.htm
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Building a resilient society
Toward the future



Rebuilding of Tsunami-Resilient City by Integrating Measures (MLIT,2011)

(D Development of Basic Principles for Promotion of Rebuilding of Tsunami-Resistant City by
Integrating Measures

(2 Determination of expected tsunami inundation area / inundation depth based on the
scientific knowledge available

(3 Development of Promotion Plan for Rebuilding of Tsunami-Resistant City by Integrating
Measures

@ Improvement of Tsunami Protection Structures $ Protecting tsunami
utilization/improvement of inner levees, etc

(B Establishment of warning/evacuation procedures Evacuating from tsunami
prepare tsunami hazard maps, conduct evacuation drills, designate evacuation facilities, etc

(® Regulation of land use and building structures Resisting tsunami

introduce land use regulation and building code for medical/welfare facllities and residential
homes, accounting for tsunami risks of the sites

Examples of structures for soft measure i
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Past Protections in Multi-layers, Damage by the 2011 and Plan for

Tsunami Resilient city in Sendai

The 2011 Tsunami
: 'nurldated in Ser]gai
—{Kyodo, 2011)
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PLAN FOR A TSUNAMI-RESISTANT CITY

Sendai is considering refashioning its coastal area. A raised seawall would
block typical tsunamis and an elevated coastal road would protect against
giant ones. Zoning restrictions would lower the number of fatalities.

Tsunami control
forest, 200400

Evacuation Coastal road metres wide:
Only t t I d d facilities raised from 2 AR
y WO emp es were amage artificial hills Concrete
to & metres 7.2 meter seawall

among 100 with 1,000 years
history in the affected area

Yellow zone: Raised Red Zone: no houses Average
or reinforced houses allowed, but offices and tsunami stops here
allowed factories are permitted here

Cyranoski (Nature, Vo0.483, 2011)
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Establishment of International Research Institute of Disaster Science

(IRIDeS) in Tohoku University

Our institute's missions are

1) Restructuring of disaster prevention and reduction technologies based on reality of the 2011 off the Pacific coast of Tohoku earthquake and tsunami disaster,

2) construction of “Disaster area supportology” in the event of a disaster,

3) advancement of anti-hazard performance and upgrading for multiple-fail-safe in urban areas as disaster recovery projects,

4) mechanism research on mega earthquake and tsunami phenomena and development of next-generation early detection technology of earthquake tsunami occurrence,
5) establishment of disaster medicine and medical service system of responding appropriately to wide area massive disaster, and

6) regenerating region and urban and creation of disaster digital archive pass down to the next generation.

IRIDeS will take the leading role for causing paradigm shift on catastrophic disaster measures and responses by accomplishing 6 missions.
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. / Management and Public

Research Divisi\c%\ Collaboration

Human and Social
Response

Research Division of
Disaster Medicine

Research Division of
Region and Urban

Renewal Research Division of

Natural Disaster

\/ Science

U ] g

Research institute in . : Affected local
Privates companies 7

Japan and overseas governments g;*..g% W7
e IRIDeS

TOHOKU

UNIVERSITY of Disaste Scence ch [SUNAMI
SKER P E PR PR




English Name: IRIDeS

® International Research
Institute of Disaster Science

® Plural of IRIS

® Symbol of Desire, noblility

Logo Mark Design

® Japanese Saying “Reverse of
Disaster makes Fortune”

® Reverse of Disaster kanji
character

® Tohoku University's symbol
color
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IRIDeS

International Research Institute
of Disaster Science

Ry

£

FREf T PR

28



