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Mother Nature is not Gentle in Japan !
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Japan’s long tradition of coping with
natural disasters
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® 416A.D. August, Yamato-Kochi Earthquake t

The first written record of Earthquake in Japan within “Nihonshoki” the first
official history book of Japan, edited in 8" century.

r 684A.D. November, Hakuho-Nankai Tonankai
Earthquake (Estimate Magnitude: 8.2-3) & Tsunami
The first written record of Earthquake Tsunami in Japan within “Nihonshoki”.
® Most dreadful things historically in Japan for children
1. Earthquakes, 2. Lightning/Thunder, 3. Fire, 4. father(typhoon)

Jishin Kaminari Kaji Oyaiji

Not anymore

7-8th century

The Most Respected Buddhist Priest was
the Best Civil Engineer
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Pagoda of Horyuji Temple built 680A.D.
The Oldest Wooden “High-Rise” Building in Japan withstood
numerous Earthquakes & Typhoons over the Centuries
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5 layered, 32m high

16th century

The Lord Who Controls the River is
The Ruler of the Land

Normal Flow

Innovative Civil Engineering Flood
Control Technlques by Warlord Takeda Shlngen

FIoodlng Spllls

SHINGEN Tsutsumi (Grouped Echelon Embankments)
* is still valid for minimizing flood damage in modern

‘_—%§¥‘*j=' Japan




Renowned Japanese Priests and Lords,
Why were they dedicated to Disaster
Reduction ?

Positive Cycle |
Expansion of their areas of influence

Stability of the livelihoods of locals
Trust and fellowship by the locals

Greater Rice Produce
Fewer Floods and Droughts

Flood Control & Irrigation Technology

Traditional “UKIYOE” drawing
after 1855 October Ansei-Edo Earthquake

Edo (Old name of Tokyo) citizens beating the legendary Catfish Monster which was
believed to cause earthquake




Statistics on Casualties by Natural Disasters in Japan
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Ise-wan Typhoon landed midnight. Flooding from upstream and
high tide & storm surge from the sea sandwiched the Iow-Iylng
areas of Nagoya, resulted in huge casualties.




1959 Ise-Wan Typhoon was
h _. st Epoch-Making Turning Point

~=~ 2 & Ise-wan Typhoon hit Nagoya, the 3 largest
' : " metropolitan area in Japan. 5098 killed.

» Response oriented approach to
preventive approach
 |Individual approach to

comprehensive multi-sectoral
approach

* Investment for disaster reduction

» National, Prefecture and Municipal Gov’ts
were given responsibilities ;

Disaster Countermeasures Basic Act 1961

|—}Centra| Disaster Management Council chaired by the Prime Minister
National Coordinating Body with all relevant Ministers &

Japanese Red Cross, Public Broadcasting, Semi—Public Sectors

and the Academia (The National Platform for Disaster Risk Reduction! )

Involvement of Semi-Public Private Sectors

Electricity, Gas, Telecom Companies Designated Public
Railway and Bus Companies, Forwarders } Organs for Disaster
Broadcasting Companies Management

=P Annual Gov’t Official Report on Disaster Countermeasures

The Cabinet must officially report the disaster countermeasures to the
National Diet, with

the budget of the next FY and the statements of accounts of previous FY

Formulation of “National Basic Disaster Management Plan for
Disaster Prevention”

The Disaster Management Operation Plan (Sectoral)
The Prefecture and Municipal Disaster Management Plan (Regional, Local )




Disaster Countermeasures Basic Act 1961

L} Enabled Investment for Disaster Prevention
® Flood Control & Land Conservation, Forest Conservation

€ Meteorological Observation Mt. Fuji Rader Site, Meteo-Sats

€4 Emergency Telecommunication Systems

Designation of “Disaster Prevention Day”

Public Awareness Programs, Disaster Drills & Exercises
1 September (Annual Nationwide Event)

Great Success
In decreasing Typhoon & Flood Casualties

Investing in Science and Technology
for Disaster Reduction

Meteorological Radar

of Mt. FUJIN 3776m high

The first high mountain
meteorological radar started

observation.
Mt. FUJI radar was awarded “IEEE Milestone in Electrical Engineering & Computing” in 2000




The 1961 Act @gionaﬂ Planning \

formulated the
Japanese -Social Infrastructure Works
National Platform |-Agriculture & Forestry Meteorology
for Disaster -Health & Sanitation Hydrology
Reduction . Seismology
-Environment Volcanology
\\ : / .\ .
Civil Protection & SC|e_nt|f|c_&
Relief Engineering
National Research

Coordinating Body

Local Gov'ts, Communities, Mass Media, NGOs
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Example of a special committee under the central disaster
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Chief Cabinet Secretary
Minister of Disaster Management
Minister of Interior & Communications

Minister of Land Infrastructure
Transport & Tourism

Senior Researcher at ICHARM
Sasakawa Award Laureate Professor
Governor of Miyazaki
Vice President of Firefighters Assoc
Professor of Sociology and Media
Senior Researcher at MRI
CEO of IBM Japan
Professor of Local Governance
Executive Director of NGO
Mayor of Nagaoka City
Professor of Disaster Science

Institutionalization of Science and Technology into Policy Formulation

Severe Damage by Earthquakes

Year Earthquake (Magnitude) Death Toll

1945 | Mikawa Earthquake (M6.8) 2,306
1946 | Nankai Earthquake (M8.0) 1,330
1948 | Fukui Earthquake (M7.1) 3,769
1952 | Tokachi-oki Earthquake (M8.2) 33
1960 | Chile Earthquake & Tsunami (M8.5) 139
1964 | Niigata Earthquake (M7.5) 26
1968 | Tokachi-oki Earthquake (M7.9) 52
1974 | lzu-hanto-oki Earthquake (M6.9) 30
1978 | Izu-Oshima Kinkai Earthquake (M7.0) 25
1978 | Miyagi-ken-oki Earthquake (M7.4) 28
1983 | Nihonkai Chubu Earthquake & Tsunami (M7.7) 104
1984 | Nagano-ken Seibu Earthquake (M6.8) 29
1993 | Hokkaido Nansei-oki Earthquake & Tsunami (M7.8) 230
1995 | Hanshin-Awaji <Kobe> Earthquake (M7.3) 6,436




Fukui Earthquake(M.7.1) 1948

Tokachi-oki Earthquake(M7.9) 1968

Collapsed buildings




Miyagi-ken-oki Earthquake(M7.4) 1978

Sendai City Experience
28 Casualties

&
L e

Crashed concrete block wall
school children crushed

to death Pancake-collapsed building

Evolution of Japan’s Anti-Seismic
Building Code

1923 The Great Kanto Earthquake (M7.9: Tokyo devastated 105,000 dead)
1924  First Seismic Building Code

1948 Fukui Earthquake (M7.1: 3,769 dead)

1950 Building Standard Law

1968 Tokachi-oki Earthquake (M7.9: 52 dead)

1978 Miyagi-ken-oki Earthquake (M7.4: 28 dead)

1981Revision of Building Standard Law
requirements:

»No damage against medium scale (JMA scale 5+) earthquakes,

»To be able to continue use after these medium earthquakes.

»No collapse & safety of people inside against large scale(JMA scale 6+ to 7)
earthquakes

1995  Hanshin-Awaji(Kobe) Earthquake (M7.3: 6,347 dead)
1995  Revision of Building Standard (encourage metal reinforcement to wood joints)
2000 Revision of Building Standard (ground strength check made mandatory)

JMA scale 5+ = almost equivalent to Mercalli scale VII
JMA scale 6+ to 7 = almost equivalent to Mercalli scale VIII to IX




Enforcement of Building Safety Codes, How?
Inspection of Seismic Building Safety, Why Practiced in Japan?

Average worker needs long term housing loan to obtain his house. Approx. 5X of annual salary
Low interest loan by Government Housing Loan Corporation (established in 1950).
Aim of Government Housing Loan Corporation: to assist the improvement of housing quality.

Eligible for HLC loan or not: A big difference in loan interest.

Building
Structure &
Design Plan

Inspection

Intermediate
on-site
Inspection

Final on-site
Inspection

@

)

Certificate
of
Eligibility

J

Proof of Quality

Condominiums for Sale in Japan

Inspected & HLC Eligible or not makes a big
difference to consumers=Real Estate Developers will

ask for Inspection

.....

L1 | L1 I=ls
I I I

Seismic Building Standards + Policy Incentive

. 2

Consumers to demand Seismic Building Standard fit Housing

> 4

Create a Sense of Common Practice in the Housing Market




1995 Hanshin-Awaji (Kobe) Earthquake (M7.3)
was the 2nd Epoch-Making Turning Point

Fire in a city center Collapsed houses

Collapsed viaducts of an expressway

6,437 Casualtiés 2

- .

Kobe Municipal Government Headquarter

Built after
1981 Building
Standard

Built before
1981 Building
Standard




Lesson 1: Collapse of old houses built before
1981 standard was the main cause of death

5,520 direct deaths (+916 relevant deaths)

i total 6,436 victims
83% immediately killed by building collapse

- surgeon general’s autopsy report

Prevention & Mitigation -
- = = =

1995 new Act on Seismic Retrofitting of Existing Buildings
Public awareness campaign on housing seismic safety
Public campaign on affixing furniture and room safety

Difficultly in Communication at
HYOGO Prefecture Headquarter

5 5




Lesson 2:Delay of First Response due to lack of
information at the direct hit Kobe city

* Damaged Local Government Headquarter
* Local Government Command initially paralyzed
* Destroyed almost all traffic system

* Telecommunication, even satellite telecommunication
system were cut off due to power failure

= |t took three days to grasp the entire picture of damage
= The bottom-up reporting system could not function

> 4

»Nationwide support system for local & regional emergency
» Appointment of Minister of State for Disaster Management
»High density seismometer network &

»Development of disaster damage estimation system (DIS)

Seismic Intensity
Observation Points
Increased

as of Oct.2016
JMA: 672 points
Local Govt.: 2931 points
NIED: 785 points
total: 4388 points

(before the 1995 earthquake
JMA 150points)

This dense network is the 8
basis of nation-wide real-time _ =¥ 4
earthquake early warning '
system in Japan.
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Paradigm shift after 1995 Hanshin-Awaji (Kobe)
Earthquake

Most of the initial search & rescue done by family members and neighbors.
=) HoOw can we encourage disaster preparedness at community level?

Importance of building safety re-recognized.
Who owns the houses and buildings?
Who can take care of safety inside the house or in the office?

Business Continuity Planning is important for reducing economic loss.
— Who decides on BCP of companies?

Importance of Pre-disaster measures re-recognized.
Pre-assessment for each possible large scale earthquakes & floods.
Disaster reduction strategy based on pre-assessments.

disaster reduction disaster risk reduction

Government centered ‘ Multi-stakeholder approach to

Recent Ad of Seismic House Retrofit in Japan

Seismic Strength
Joints

> : m_— :
' NEE Z5d« RIS
Vibration -]-‘l-* S i . Lightweight &
Control < \ (B I ' _ E# Toug_h Roof
Damper Ty S BV R I T Tiles
Durable i
Outer Wall b8 \
mitiE2R
Anti Termite KR
Base Structure O Anti-Seismic
L = Systematic Retrofit

, T to withstand 6+
People’s Demand for Earthquake Safety Creates | scale Earthquake

New Supply of Affordable Engineering Methods 32




Create a win-win with Private Sector
Risk Reduction = Reliability & Quality

If the public at large appreciate the added value of
safety & resilience, and understand the science
and technology behind the scenes;

Expenditures for Risk Reduction

-

Investment for Added Value
How can we pbropagate 7

1995 Earthquake accelerated research
__ on analyzing the process of damage to
&, structures
| “E-Defence” giant 3-D shaking table in
Miki Hyogo to observe the real scale
damage process




Seismic Engineering
Technology Inheritance over
the Centuries

680A.D. Horyuji Pagoda in Nara
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Recognized Possibilities of large-scale M8
earthquakes and tsunamis in Japan (pre-2011)

~ )

Sendai

Tokyo Inland EQ

Tokai EQ Miyagi-ken Oki EQ }
99% possibility
within 30 years

Tonankai &
Nankai EQ Japan Trench &
Chishima
Trench EQs

Risk Assessment of Miyagi-ken Oki EQ
(M7.6-M8.2) published in 2006

damage estimates
Buildings heavily 14,000 ~21,000 buildings
damaged/collapsed
Road damage/blockage 30
Water supply interruption 250,000 households

Electricity stoppage 520,000 households
Gas supply stoppage 170,000 households
Casualties 90~290 deaths

Risk Assessment showed that such damage may
come within 30 years with 99% possibility




M9 Earthquake & Tsunami Came ! 2011
The 3rd Epoch- Maklng Turnlng__omt

m——— —

> " SEMMAIATERE SRR
Tohoku was prepared for a Miyagi-ken Oki EQ of
M7.6-M8.2,
but what came was M9 EQ & Tsunami

R D

Energy of M9 earthquake is 32 times stronger than M8 earthquake
Enormous Destruction by the Tsunami !

Lessons from Disasters
What went wrong with pre-disaster countermeasures ?
What went right with pre-disaster countermeasures ?

®
(9 :
It is no use crying over spilt milk,
but
We must make best of the lessons learnt.
o/

SFDRR priority 3
“Investing in disaster risk reduction for resilience”

How to make effective investment beforehand ?




Preventive Approach 1 Japanese building codes
showed its strength against M9 earthquake

The M9 Great East Japan Earthquake hit Sendai City, but there was no structural
collapse of buildings.

Great EastJapan Earthquake(2011)
ial

M Collapse
M Partial Damage

@ None

Hanshin Awaji Earthquake(1995)

M Destroyed
W Out of Use
M Continued Use

Source: CBRE Consulting “Impact of Great East Japan Earthquake
on Japan Real Estate Market"
Office building in Sendai, photo by Satoru Nishikawa, Apr 15 2011 41

Seismic Retrofit of Schools

Seismic retrofit of schools based on Sendai City Earthquake Resilience Policy
April 2008

Progress of school seismic retrofitting : 99.6% done by April 2010

M9 Earthquake Came ! 11 March 2011

No structural damage to Sendai schools.
Not a single child killed in Sendai school. 2




Hanshin-Awaiji (Kobe)
Earthquake (M7.3) 1995

BN Collapsed Kobe City Hall old building
@Y Kobe water department was in the
@ crushed 4% floor.

 m——

Population of Kobe 1990: 1,477,410

The Great East Japan
Earthquake(M9.0) 2011

Sendai City Hall temporary evacuated
for safety check.

Safety confirmed in 1 hour and
resumed functions.

Population of Sendai 2010: 1,046,000

Sendai City carefully examined the lessons learnt of Kobe1 99543

Seismic Retrofit of Sendai City Hall

Sendai City Hall built in 1965 (before the 1981 seismic standard)
Earthquake Resistance Analysis done in 1996 =necessity for seismic retrofit
Seismic retrofit work done in 2007 to 2008

~ Seismic Brace with
vibration damper
inserted.

Seismic Brace &
Seismometer installed
on ground floor hall.

Structural safety of City
Hall confirmed in 1 hour.

e temporary shelter for
stranded commuters &
= visitors.

Photo by Tobishima Cooperation




Preventive Approach 2
Application of Latest Technologies for
Disaster Management Systems

Automated systems approach \ o
for saving lives by minimizing ‘/(/
human errors. A

*Microchip controlled Gas Meter for all

household

«Safety mechanism triggered by

earthquake stronger than JMA 5 scale will

automatically shut down gas supply

*No city fires by gas leak in Sendai by
earthquake

Real-time Earthquake Early Warning issued 8.6 seconds

after the first auake , S
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NHK Broadcasting on March 11
14:46 Emergency! Earthquake Early Warning

Live coverage of National Diet Session was being aired.

Suddenly the special alarm sound sets off and the special
screen broke in.

Tohoku Shinkansen (Bullet Train) immediately stopped
by primary-wave sensors located along the coastline.
No derailment, No fatalities, No injuries.

« Epicenter .- Pwave detected

nx% " Mgt .

3 Emergency
@ Seismo- () Electricity Power Brake
"... S-wave .‘.." meter Transformer &x

27 Shinkansen were in service between Tokyo and Shin-Aomori.

2 Shinkansen were running at maximum speed 270km/h near Sendai.
P-wave detected, electricity immediately cut off, 9-12 seconds before the first S-wave.
Emergency brake. Maximum S-wave reached 70 seconds after the first detection,
Shinkansen was already slowed down below 100km/h. Safe Stop!




Preventive Approach 3
Combination of Latest IT and Human Response

14:49 JMA issues first Tsunami Warning to Pacific coast of Japan
14:50 Tsunami Warning Screen Aired on NHK

-ceEen
"EWN

LR X I

15:14 JMA upgrades Tsunami Warning based on the off shore
GPS buoy sea level observation. NHK immediately airs screen.

Tsunami Warning — Run!
Disaster Education Tested!

Junior high school students helpi "élzrﬁ-er:targ/'éhool
children to run to high grounds in Kamaishi City.




Massive Evacuation !

Elementary School on hilltop

Emergency Sirens for
Tsunami Warning

Approx. 500,000 people in the Tsunami
inundated area. Majority escaped.
But 20,000 did not make it!

Mortality rate of Tsunami Inundated area
Indian Ocean Tsunami: 40% Photos by ADRC
Great East Japan EQ&Tsunami: 4%

The Pitfall in Human Response!

Risk Perception Gap

Not all who heard the big tsunami warning started
evacuation immediately.

Recognized

Actual Risk

Do I really
need to
evacuate?

Approx. 500,000 people in the Tsunami
inundated area. Majority escaped.
But 20,000 did not make it! 52




How can we motivate
individuals to take
preventive action ?

»Disasters are not
somebody else’s
affair.

»Do’s and Don’ts
preaching style
educational material
do not attract adult’
attention.

The tragic footages are not isolated
events, it may be right behind you !

(the award winning poster of the 2005 competition)

‘Ichi-Nichi-Mae (the Day Before) Project’

Application of Psychology Initiated by S. Nishikawa in 2005

Sincere personal stories generate sincere empathy to individuals in similar
circumstances.

This empathy will make them aware that they do have a possibility to be
personally affected by a disaster.

Once they recognize this risk, they will feel that they do not want to suffer
similarly.

This will work as a wake-up call for their preventive action.

» Interview people who were seriously affected by a disaster, who have
responded to a disaster,

by posing the question;
“What would you do if you were back
the day before the disaster (Ichi-Nichi-Mae) ?”

» Edit the most impressive personal stories into 200 to 600 word short
stories; Add an indicative illustration

» Publish it on the Cabinet Office Disaster Management Website
http://www.bousai.go.jp/kyoiku/keigen/ichinitimae/index.html

> Free to download and use




Example of Ichi-Nichi Mae Story

/Q_andslides, It is too dangerous to flee after the event

It was like messenger from hell; woods, rocks & debris smashed into my house
(Torrential Rains in July 2009) (Story by a man in the 50s, Hofu City, Yamaguchi)

A horrific noise like the theme music of messenger from hell blasted from the
ground. The noise was approaching and when | looked out of my window, brown
avalanche was pressing towards me. Fallen woods, numerous rocks and voluminous
debris rushed to me.

Oh! My house will be crushed! The moment | fell back, something smashed my
house, breaking noise, | was immersed up to my waist. The shattered window glass
attacked me, my leg was cut, mud water turned red with my blood.

How can | escape out? “Oh | need shoes !”, came to my mind. | snatched one of my
shoes adrifting on mud water, hardly put them on, waded through fallen sofa and
chairs, found another shoe, put it on and tried to escape out of the patio door, but
the door sill was crooked and couldn’t open.

| barely escaped out of the main door, where the debris
broke in. Just outside of my doorsteps, torrents of mud
water dug the ground for 4 to 5 meters like a river, roared
noisily.

My house was new, but to my grief, | could never come
@ck and live in my house again.

Application of ‘Ichi-Nichi-Mae’ for awareness of Mayors
Case study edited by FDMA Japan

e <Mayor regrets heavy drinking> N
It was mere luck that we had no casualties, Our initial response failed due to my drinkin
(The Mt. Usu Volcanic eruption, March 2000)  (Story by former mayor of Sobetsu Town, Hokkaido )

The response to the volcanic eruption of Mt. Usu in 2000 is often quoted as a
success story of early warning and evacuation. But it was a mere luck, | must say.

The 1977 volcanic mud flow killed one of my daughter’s classmate. This made me
serious about volcanoes and | kept insisting that our town has to co-exist with the
volcano. Our response to the 2000 volcanic eruption was a mere product of chance,
and we barely secured our safety.

Before dawn on 28 March 2000, when | was informed that volcanic earthquakes are
sharply increasing, | was heavily drinking in a local bar and was not able to rush
immediately to my town office. | was aware that Mt. Usu tends to erupt within a few
hours of volcanic earthquakes, but | couldn’t make it to my office because of drinking.

Local mayors like me have many parties they must attend, so we must
take caution. | really regret that | was in such a bad condition when | had
to cope with a volcanic crisis.

Luckily, as a result, there were 3 days before the real eruption and we
were able to manage. But | still regret why | was in such a shameful
\condition on that day.




New Solutions based on 2011 Experience
Real-time Earthquake Early Warning System safely stopped Shinkansen

Can that system be applied to save other important facilities ?

-

New “customized real-time EQ early warning system”
Which functions without nation-wide dense seismometer network.

Built-in accelerometer (MEMS
Sensor) detects P wave and issue
earthquake alert before the arrival
of strong shaking by S wave.

/
\\\/\\//!,7
A e
<§€'“@'ak‘i This equipment can function as a stand alone EQ early
‘47/\ A /\& warning system, and also can function as a local EQ early
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Stand-alone real-time EQ early warning

system installed in Indonesia
Al azar school Yoyakrta
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The same equipment
is installed at Ibis
Hotel and State
Disaster Management
HQ in Yogyakarta.
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Combination of latest IT equipment with disaster awareness education will save lives
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How to Create a Positive Cycle !

Investment for Resilience & DRR
Resilience & Risk Reduction as
added value of Reliability and
Quality

Induce individual action

Create a sense of common practice
Raise personal interest

Incentives to apply the science &
technology

Structural Engineering = Building Standards}
p

Actionable ldeas

Risk Analysis & Business Management - BC :
Science & Technology for DRR

Psychology = Ichi-Nichi Mae Project

Proverb by Japanese Physics Scientist
Dr. Torahiko TERADA (1878-1935)
who investigated the damage by
1923 Great Kanto Earthquake
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“Natural Disasters will hit us by the Time
people have forgotten about it”

How to foster & inherit the Culture of Prevention

Thank you for your attention! 60




