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About IRIDeS

Disaster Disaster Institute established in Major National University
1923 The University of Tokyo
Great Kanto Earthquake Earthquake Research Institute (1925-)
1950 Kyoto University
Typhoon Jane Disaster Prevention Research Institute (1951-)
2011 Tohoku University International Research Institute of
GEJE and Tsunami Disaster Science (2012-)
Regional and
\ ‘ urban .
Human and reconstruction ShesEier
social — science
response
IRIDeS P :
e Disaster
Hazard and IRIDeS medical
KER 2 ERH PR r'Sk. science
evaluation -
* Overturning the Japanese character Disaster
meaning disaster [£¢] = reconstruction information

and sustainable and resilient societies

* Purple is the color of the Tohoku Endowed _—
University research

* The Iris is the symbol of “hope” and

“dignity”

management and
public collaboration



Tsunami trace

database (Japan) The 2011

Evaluation of historical disaster
tsunami magnitude archive
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Damage/loss estimation
-? (Human, buildings, boat)
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Natural science ¢

Tsunami numerical

simulation(TUNAMI)
+HPCI, Two-Layer

Large spatial scale: Country/region [¥

Ecosystem (i.e.

nami

A ring
Big data
L » Countermeasure for
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Application of lessons
Disaster education,
system and tool
development

coastal forest) Human/social science
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 Sedimenttransport/topographic enlightenment
change simulation (Schools/residents)
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Tsunami evacuation simulation
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Si1ze of event — casualties and economic loss
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Si1ze of disaster

size = (deaths + missing) X ( loss / GDP)

Disaster Deaths Missing Loss US$bn GDP US$bn Size of disaster

Source: Dr. Stephen Platt, Cambridge Architectural Research (CAR)



Economy
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M One y (total financial assistance from government, insurance and international aid)
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Planning strategy

AT TRAT B -

Japan

Focus on Protection strategies

Two main protection strategies:
Strategy A, moving homes to higher
ground, used along the Rias Coast.
Strategy B, providing barriers and
concentrating housing on raised

platforms, is being adopted in Sendai.

[

iy, V= 18*=

L
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Little planning for new housing

Within 15 months 10,000 new
apartments were built in Van and
5,000 in Ergis by the government
housing agency, TOKI. But little
urban planning, in town centres or
new housing estates.

Source: Dr. Stephen Platt, Cambridge Architectural Research (CAR)

Comprehensive master planning

Moving buildings back from the
beach and estuary and planting
trees. Canalising the river. Creating
a defensive esplanade. Building
tsunami resistant housing and
signing evacuation routes.



Local economic recovery: Situation after four years

Total population and aged population

Recovery ratio of

fishing port Completion in percent (%)

Fukushima Miyagi Iwate Fukushima Miyagi Iwat

Fukushla Miyagi Iwate Fukushima Miyagi Iwat Fukushima Miyagi Iw: Fukushima Miyagi Iwate

Housing Agriculture Aquaculture Seawall

Source: Yomiuri newspaper (11 Mar 2015)




Local economic recovery: Situation after four years

= [wate === Miyagi === Fukushima

Land for affected people Disaster public housing

: temporary housing
Infrastructure

Business

Source: Asahi newspaper (11 Mar 2015) 10



Local economic recovery: Situation after four years
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Underestimation of the earthquake
magnitude. Sugawara et al. (2001) estimated

magmtude of 8.3-8.6 and 2- 3 km 1nundat10n

S 5

/ Tsunami in 1611

Tsunami in 869

Record of May 26, 869
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X 7:11

Villages in Edo period

Hirakawa.,

2011

1611 Keicho-Sariku tsunami
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Sanriku tsunamis and Miyagi Sea tsunamis
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Tsunami warning systems in Japan

Assumed faults around Japan Numerical simulation results stored in database
(100,000 cases)
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Observed tsunami waveforms
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Earthquake generation mechanism and
seafloor deformation

Uplift

A

[ _?__
v ; /

Subsidence I
Japan trench
Land Seq
—
Pac"“c 1896 Meiji Sanriku

869 Jogan tsunami (Tsunami earthquake)

(Typical interplate)



2011 Tohoku earthquake 20xx Nankai earthquake
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Stochastic tsunami hazard map

If we use the hazard curve data, we can estimate tsunami inundation area

Inundation are with return period of 200 years

[- Inundation are with return period of 600 years
- Inundation are with return period of 1200 years
Y%  The 2011 GEJE inundation area

1

(Reference) : The Ministry of Land, Infrastructure, Transport and Tourism

Hazard curve at GPS wawve gauze
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Lessons : Unosumai Elementary and Junior high schools

Miracle of Kamaishi...Awareness for expected event

:rhri;él ne_arly 3,000 students survived (Famac A RERE |

principles (R, 7

- First, don't put too much faith in outdated assumptions. “In ]—" = , o
other words, don't trust hazard maps.

- The second rule of thumb is for people to make their best
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efforts to deal with the situation. They urged the teachers to - i i ,,’ e
keep moving higher, adding that the older kids also |/ W \

B0 ' r”.ﬁ
remembered to help the younger ones. HBLILUDS el

R ﬂ‘ﬁb#tﬁ 7

- And finally, to take ' Casualty
the initiative in any R S o distribution|f
evacuation. © - of deaths

http://mnj.gov- ‘ e L. on hazard
online.go.jp/kamaishi.html : o= g
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Questionnaire survey related to tsunami evacuation (1)

Source: Cabinet office of Japan

By Cabinet Office, Fire Agency and Japan Meteorological Agency
-Total answers: 870 (Iwate = 391, Miyagi = 385 and Fukushima = 94), period: During July 2011
-A: Soon evacuated (57%), B: Evacuated after some actions (31%), C: Tsunami came during doing some actions (11%)
and D: Did not evacuated (they were already in high ground) (1%)
-[A+B] Main reasons for starting evacuation: large shaking (48%), were asked to evacuate by family or surrounding
people (20%) and surrounding people start their evacuation (15%)

—> Less amount of calling out for evacuation
-[B+C] Why they did not evacuated as soon as possible: Went back home (22%), looking for family or picking up
family (21%), tsunami did not come in the past (11%) and did not think about tsunami coming (9%)

—> Have to reduce the amount of people going back home or seeking family

Condition of evacuation shelter
- C has the highest ratio of people who were inside the inundation area (38%)
- A and B are both mostly evacuated to designated evacuation shelters but C is large on the highest floor of the same

bulldlng 0% 20% 40% 60% BO% 100% .
Evacuation method
L 0 i
R - In general, abqut 57% of people evacgated using car.

A: Soon (N=496) @ - Reason for using car: Not enough time without using car
%Ya];"vlzzi‘ited | (34%), wanted to evacuate together with family (32%), far
after Something |, s s s . from safe place (20%)
done (N-267) @@ - About 34% of them were trapped in the serious traffic.
C: Last minute - In general, limit distance for evacuation by walking was
evacuated

. about 500 m and by car was 2 km.

c:tlB S 24

=) T Tsunami hazard map
Blue = outside inundation area .~ - Number of people who had seen tsunami hazard map or
Red = inside inundation area #5752 had hazard map in their house was less than 20%
Green = could not identify 1Y 0 23



Questionnaire survey related to tsunami evacuation (2)

By Weathernews
- Target area: Hokkaido, Aomori, Iwate, Miyagi, Fukushima, Ibaraki and Chiba
- Total answers: 5,296 (3,298 from survivors and 1,998 related to people who were casualty)
1) Time from earthquake generation to starting evacuation
- Survivor = 19 min and casualty = 21 min
2) Reason for starting evacuation
- Major tsunami warning or tsunami warning and only 28 % of the survivors soon evacuated
3) Evacuation condition
- Reason for not evacuated was they believe they were safe and 20% of victim could not evacuated
4) Selected evacuation place
- 75% of survivor could evacuated to safe place while 75% of victim could not
- 40% could not evacuate to high ground and 50% evacuated to non-designated evacuation place
5) Why they could not evacuate from the tsunami
- 18% of victim was because they were obstructed during their evacuation
6) Evacuated elevation from tsunami
- Approximately 2.9 floor for survivor and 1.7% floor for victim
7) Moving from evacuation place
- 60% of victim moved to tsunami inundation zone again
8) Reason for moving from evacuation place
- Looking for their family was the main reason



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 tsunami1 gates
1993 Okushir1 tsunami:

Structural measures, town planning and combination
with soft measures

e 2011 Great East Japan tsunami:

Prevention =2 Reduction

25



Breakwater: Kamaishi Water gate: Fudai

Control forest: Rikuzenakata
Highland residence: Toni-hongo




Reconstruction plan of Miyagi prefecture

Period: 10 years (Goal: 2020)

(Byears) (4 years)

Restoration R econstruction \ Development

2011-2013 2014-2017 / 2018-2020

(Byears)

Prefectural citizens

Miyagi’s

Recovery

Groups _— IRE —~——— NPO, etc.

iz

nversiy/* BRE—AVEUH EEOE

P

NPOZE

\ Companies

B3

Each ditizen is a key player in the recovery efforts

\ BAOZERL-ER /

= Using all available resources BT+t

E3|

Kamaishi, Hachinohe

£R-\F %ﬁ, Prefectural gc:-vernment\\

W Relocation to high ground, separation of business and

residence
4 W Assemble and reorganize fishing ports, branding of
*EE marine processed products, “sixth industry”
m W Tourism promotion that draws on the nature of the

Sanriku area
W Promoting the maintenance of Sanriku expressway

B Relocation to high ground, separation of business and
residence
q B Multiple barriers
%- B Assemble and integrate fishing ports, assemble and
advance industries
B Tourism promotion that makes use of Matsushima and

4 -Ishinomaki/Matsushima area Oshika peninsula

¥a§$ W Multiple barriers

B Advancing logistics function by utilizing airport and
ports, and advancing business location to Miyagi

Sendai Port, southern Agricultural land accumulation, “sixth industry”
iyagi area B Maintenance of national public park and disaster

[
v HM prevention green space
Promoting the maintenance of Joban Expressway
DR AY oT- 25/ 9=}
http://www.pref.miyagi.jp/seisaku/sinsaihukkou/keikaku/index.htm

_/Local municipalities

National government

BERE-BESE AT

Residential area

FEIUT

Roads

Industrial area

EXTU7

Evacuation building, factory

AEE L T

Coastal dike

Residential area
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EX mHTU7
Roads
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Disaster prevention green space/forest
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Kamaishi breakwaters
@ sea depth =63 m
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’s largest breakwater

KAMAISHI RYOISHI
Approx. pre-tsunami population: 39,600; 935 dead Approx. pre-tsunami population: 600; 45 dead
The average wave height registered was 29 feet The average wave height registered was 65 feet.

» Kamaishi
JAPAN

-
Tokyo
W Area flooded after

the tsunami 400 MILES

-~ e
" Karivano
: 27 houses;
5 dead

Average wave
height
- T

of 62 feet.

Effect in neighboring towns
Original designers of the breakwater, which took 30 years to complete,
worried that it would increase tsunami waves and redirect them toward
Ryoishi and Kariyado, which were destroyed by waves twice the
height of those that landed in Kamaishi.

100 feet —

Tsunami height

Maximum height of
waftermarks left by tsunami

inundation at 101 points

u along the coast.

80

&0
40
20
0

Kamaishi Ryoishi Kariyado
Kamaishi Bay |

Remaining breakwater

Kamaishi Bay

Area of breakwater
formerty visible

Remaining
above surface

visible
Bay access - breakwater

4

1,000 FEET

http://www.physics.ohio-state.edu/~wilkins/energy/Resources/nuclear/japan/GIF/kamaishi-breakwater.png



Level 1 & Level 2 tsunami

LRI T #RR
Level 1: Level 1
High frequency (30-200 years) but small to moderate tsunami. —
Community should be mostly protected by coastal defense structures.
Height of coastal structures were decided by past Level 1 tsunami
events
Level 2 . | LRI TR Level 2
Low frequency (200-1,000 years) but very high tsunami.

— Ry ALV

Forget about properties but secure evacuation routes for safe

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 ’,

QOutside port

Seaward

Tsunami wave
force

554" Elevated |
- . : s

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

2. Heavier crest and landslide

29



New height of seawalls 1n Miyagi prefecture
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Conceptual image of disaster-prevention facilities against a tsunami

. Sendai city plan:
......... P land use management

Conceptual image of tsunami-prevention facilities Defense against largest tsunami
(cross-section view)

Nanakitagawa River
Defense against tsunami that occurs
only once every few

Sendai . : 3
Tobu Shiogama-Watari decades or centuries
Road Evacuation Line prefectural Coastal disaster—_

road Park (hill)  prevention forest

Coastal
breakwater
Sand beach

center

Coaslal disaster-
prevention forest

© Park (hil

e Coastalinverside breakwater

Evacuation route
Teizan canal

e Section to raise the height

4+ Evacuation route

Natorigawa River The 2011 tsunami

‘ /. N
. Increase road 24 o ﬁ &) A
Gamo tidal flats _ — »
! level =6 m ,
4 Ufbg
""‘-.."7
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CONgry 23t~
Minami Gamo 2ong
Water Punfication Center
Area for study on diverse farmland use |
Case 0-3
. . AL (AR
D Port area special recenstruction zone o5
Natorigawa River Agricultural and food frontier zone Lt] AR
| ~ 2m
G Area for study on diverse farmland use Bl -~ -
-
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http://www.city.sendai.jp/fukko/1198749 2757 .html



Shichigahama

Breakwater

S———Breakwater

F

=

‘
F‘;‘
a2,

Reduction effect from control forest

Risith, RBEERICHR - KBTI EEH

3 m 0 Recommend 0ETTY Fr99

REFRKELTEANTEEEL R (TR OB EH LMK
E.HRETHITRACHRRIELTHBET S, AT OFEETH
KRISEROBRHEERESEDIMRNHHEAHIBAL
T, SHEBEYRRISHRESAIKDER T EZLEAT D,

SHEOFEEEREE. ERF—LHN780BSITHETEH
366008 —)LIZEY T RTEBETHITE10FELRER
BODEN  SEERIZEIFFLEVEAT, FIRMETFE
ECHEERAMBEAZT LT ESAEH.

jr-' o -
B E AT = D
=4
0 1 : "
ety | | | E— T
= L g ! HEiE
E:%f]: st ,.—"h_f.” : = @)
.._,,:# u%z == it
2 ~ _‘_] = =D S el | "
PR B g LT =08
s [ Fee e, S Sy P

SN é;mr
Zone B vl v Qé
\ Zone A

Breakwater

— ™~




Building damage: Overturned building in Onagawa town
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Condition before March 2011

Earthquake possibility in Japan
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New estimated tsunami height
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Advance technology of earthquake and tsunami observation
© JAMSTEC s (2] ConatUs

http://www.jamstec.go.jp/jamst

Dense Oceanfloor Network System for Earthquakes and Tsunamis (DONET )
5] ec-e/maritec/donet/index.htmi

-Concentrated Observation System for'an Anticipated Tonankai Earthquake- o X
DONET (Dense Oceanfloor Network Svstem for Earthquakes and Tsunamis) is a unique dﬂ'&lﬁpﬂﬁ&ﬂt prEgram of
submarine cabled real-time seafloor observatory network. This program has aimed to establish the technologies of
large scale real-time seafloor research and surveillance infrastructure for earthquake, geodetic and tsunami observation
and analvsis. The first phase of this program has been carried out since 2006 with the purpose to monitor the
hvpocentral region close to Wankai trough and the installation of observational equipment on 20 stations at
Kumanonada has been completed in 2011. The second phase (DONET2) has also started to cover a wider region in
2010. Totally 29 observatories are planned to be installed at offshore Kii peninsula for DONET?2 and 2 additionally at
Kumanonada for DONET.
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Tsunami warning and watch

Warning

New tsunami warning classification

Previous syste

Major tsunami

Tsunami

Advisory Tsunami advisory

Source: JMA

Fuluiepn Aouasiawg

[ For Heavy Rain |

To be issued when heawy rainfall with
a level of intensity observed only once
every few decades is predicted

Cantinued heawvy rain with
a cumulative precipitation
total expected to far
excead the warning
criteria

Announce tsunami

ystem (8 levels) Present system (5 levels)
height Number Message Estimated tsunami height
>10m >10m >10m
8 m, 6 m 100m  Major S5m-10m
4m,3m 5m 3m-5m
2m, 1 m 3m High Im-3m
0.5m I m - 20cm - Im

[ For Volcanic Activity

To be issued when cinders or
pyroclastic flows may affect
residential areas and non-

_residential areas closer to the crater

For Tsunami

To be issued when a huge or high
tzunami may affect even inland areas

Over3m

Over 1 m
Aand up to
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No. of evacuation drill participants in Taro village




Preservation of buildings and other facilities destroyed by the tsunami
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Highland residence




veo T kw1 reo 1 Tsunami evacuation
(min)
0 30 23% . .
B bl Thailand
0 &0 260, prooicms in dallan
0 120 34% ; F S
25 30 9% S i '
25 60 14% e, A "
25 90 21%
25 120 26%
50 30 7%
50 60 10%
50 90 16%
50 120 22%
75 30 6%
75 60 10%
75 90 16%
75 120 21%
100 30 7%
100 60 11%
100 90 15%
100 120 22%
“V” is the percentage of population using vehicles
for evacuation. Either as driver or passenger. It is
assumed that each car has four passengers.
“E” is the mean of the distribution (u) used to
construct the evacuation start time curve.
“F” is the Fatality ratio
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7 KAKEAGARE! THAILAND (June 18,2014)

—— Tsunami evacuation drill —

# KAKE T
AGARE! I~
THA|LAND —

—— Tsunami evacuation drill —

~Ban Kalim School

#=*  (Phuket, Thailand)

s e

Incorporation with: Southern Meteorological Department (West Coast), TMD




DamageEstimate App: Pilot version for Kesennuma city

Carrier = 4:11PM

Home

Minamikesennuma Station

Carrier 4:14 PM

¢ Back Home

Minamikesennuma Station

-
+

A |

[Level 5|Prob. 90.42]43 Shiomicho 2-Chg...

Carrier & 411PM - Carrier & 411PM - Carrier T 412 PM -
£ Home Step 1 Next { Step 1 Step 2 Next { Step2 Step 3 Next
Inundation depth 7.2 Building contains 2 floors

OURA - = 3

43 S_Eiomicho 2-Chome, Shiomicho, Kesenn...

uma-Lin:

Leaal

Carrier 412 PM - Carrier ¥ 412 PM L Carrier ¥ 412 PM -

{ Step 5 Estimated Results Home { Step 4 Step 5 Next ¢ Step 3 Step 4 Next

Estimated damage level [1] Building is used as  Shared accommodation Building is made by  Steel

Level §

Descripti...
There is destructive damage to walls (i.e.,
more than half of wall density) and several

columns (j.e., bend or destroyed).

Condition:

It lost its functionality (i.e., system
collapse). It is non-reparable or consumes
great cost of retrofitting.

Collapse probability [2]:

90.42%

Collapse probability with debris impact [3]:

95% (if velocity is 19.0 m/s)[75% (if velocity
is 16.5 m/s)| 50% (if velocity is 7.0 m/s)|
[1] is based on Leelawat et al. (2015).

[2] is based on Koshimura & Gokon (2012).
[3] is based on Charvet et al. (n.d.)
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World Tsunami Day (5 November)

The World Tsunami Day proposal materialized after the third U.N. World Conference on
Disaster Reduction in Sendai in March.

Japan hopes to play a leading role in the international community in the field of disaster
reduction after the March 2011 earthquake and tsunami devastated the Tohoku region

Japan designated Nov. 5 as Tsunami Disaster Prevention Day under a law on measures to
deal with tsunami after the March 2011 disasters.

The day was chosen in honor of a villager, Mr.Hamaguchi, in the region currently known
as Wakayama Prefecture who saved the lives of many by evacuating them in anticipation
of a massive tsunami spurred by the Ansei Nankai earthquake of Nov. 5, 1854.

Inamura no Hi in your language from ADRC website
http://www.adrc.asia/publications/inamura/phasel.html
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