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Foreword

Yoshiki Takeuchi

he Great East Japan Earthquake and Tsunami on

March 11, 2011, is a tragic reminder that no country

or community is totally safe from natural disasters.
The earthquake measuring a staggering 9.0 on the Richter
scale hit the Tohoku region along the Pacific coast of Ja-
pan. While the damage from the earthquake itself was
minimal because people were prepared and had learned
from previous disasters, the subsequent tsunami caused
extreme devastation to life and property, which shows
that even the best prepared country will experience ex-
ceptional disasters. We express our sincere condolences
to those affected by the Great East Japan Earthquake and
Tsunami, and admire the courage and efforts of people for
recovery and reconstruction.

At least 80 countries around the world are consid-
ered vulnerable to natural disasters. Large-scale natural
disasters, once they occur, take a heavy toll on the lives
of people. They can also destroy years of development
efforts in an instant. Disaster risk management (DRM)
should be taken into account as a major development
challenge because the poor and the vulnerable are the
most exposed to the risks of natural disasters. Therefore,
the Government of Japan, in cooperation with the World
Bank Group, has repeatedly advocated the importance of
integrating DRM into development agenda. We believe it
important to take advantage of lessons learned from the
disaster and the reconstruction efforts in Japan as global
public goods for future development policy.

This report, Learning from Megadisasters, consoli-
dates the set of 36 Knowledge Notes, research results of
the joint study undertaken by the Government of Japan
and the World Bank. Tt summarizes the lessons learned
from the Great East Japan Earthquake and Tsunami and
provides guidance to other disaster-prone countries for

xiv

mainstreaming DRM in their development policies. It is
clear that financial resources alone are not sufficient to
deal with disasters and to spur development. Technical
assistance and capacity building are equally important.
In Japan’s case, we learned how communities can play
a critical role in preparing for and coping with natural
disasters. Communities can help prevent damage from
spreading, maintain social order, and provide support to
the vulnerable. Only through technical cooperation can
such know-how be passed on to other countries and be
adapted to their local circumstances.

The Sendai Statement, ajoint statementon mainstream-
ing DRM issued by the World Bank Group president and
Japan’s finance minister in October 2012, emphasized the
need to increase both technical and financial assistance
for DRM in developing countries. It recognized that DRM
is an essential part of enhancing sustainable development.
Therefore, we urge the World Bank and other develop-
ment assistance agencies to mainstream DRM into their
operations. Japan, on its part, will spare no effort in build-
ing a more disaster resilient world in cooperation with the
World Bank and other partners, by leveraging its exper-
tise, technology, and staff. We expect a newly established
Disaster Risk Management Hub of the World Bank in
Tokyo to play a leading role to serve to match developing
countries’ needs with our technologies and expertise, and
also disseminate the knowledge to the world.

We hope that Learning from Megadisasters will help
development partners explore how to best integrate DRM
into development policies and programs.

Yoshiki Takeuchi is Deputy Director-General of the
International Bureau, Ministry of Finance, Japan



Foreword

Sanjay Pradhan

aiyan, the typhoon that struck the Philippines in

November 2013, was thought to be the strongest

tropical storm ever to have made landfall in hu-
man history. It has caused untold damage and suffering.
Physical damages from the storm are estimated at $14.5
billion. What the numbers do not show, of course, is the
devastation faced by people who have lost their homes,
livelihoods, savings, and loved ones. Picking up the pieces
is harder when you have little to begin with, and poor
communities are often hardest hit and take the longest to
recover from disaster.

If the world warms 4 degrees Celsius by century’s
end, as most scientists predict, the change will mean pro-
longed droughts and heat waves, intensified precipitation,
and the death of coral reefs, nature’s barrier against storm
surges. Urbanization, too, has increased the poor’s vulner-
ability to disasters, as migrants crowd into unregulated,
unsafe housing. Over the past three decades natural disas-
ters worldwide have caused close to $4 trillion in eco-
nomic losses, much of that in the developing world. Given
these trends, disasters of the magnitude of Haiyan can no
longer be viewed as once-in-a-century events, but rather
as probabilities. In the era of climate change and mass
urbanization, they will continue to affect in a major way
the developing world’s long-term prosperity and safety.
More than three-quarters of global fatalities from natural
disasters occur in developing countries.

Evidence shows that mainstreaming disaster risk man-
agement (DRM) into policies, strategies, regulation, and
building codes can save lives and assets when adverse
natural events hit. While ex post initiatives, such as disas-
ter response strategies, have been formulated in several
regions and preparedness in some countries is more
advanced than in others, the general level of ex ante ini-
tiatives through prevention, mitigation, and preparedness
across countries is still low.

The world must shift from a tradition of response to a
culture of prevention and resilience. While not all natural
disasters can be avoided, their impact on a population can
be mitigated through effective planning and prepared-
ness. These are the lessons to be learned from Japan’s own
megadisaster: the Great East Japan Earthquake of 2011,
the first disaster ever recorded that included an earth-
quake, a tsunami, a nuclear power plant accident, a power
supply failure, and a large-scale disruption of supply
chains—with global consequences for several industries.

Japan has an advanced DRM system that has evolved
over nearly 2,000 years as the country has coped with nat-
ural risks and hazards. The loss of life and property during
the Great East Japan Earthquake might have been much
greater if the nation’s policies and practices had been less
effective. Following the disaster, these policies and prac-
tices were reviewed, and recommendations for improve-
ment were proposed to make DRM even more effective.

The World Bank and the Government of Japan jointly
created a set of searchable online Knowledge Notes to
enable DRM practitioners and policy makers to learn
from Japan’s experience. This set of 36 Knowledge Notes,
which highlight key lessons learned in seven DRM the-
matic clusters—structural measures; nonstructural mea-
sures; emergency response; reconstruction planning;
hazard and risk information and decision making; the
economics of disaster risk, risk management, and risk
financing; and recovery and relocation—have been con-
solidated in this report, Learning from Megadisasters.

This report contains crucial information on DRM and
lessons learned from Japan’s terrible ordeal in 2011. Our
hope is that this experience will help developing coun-
tries weather their own megadisasters.

Sanjay Pradhan is Vice President of Change, Knowl-
edge and Learning at the World Bank Group.

Xv







Acknowledgments

his book represents the outcomes of the
“Learning from Megadisasters” project
of the Government of Japan and the
World Bank Group. The manuscript was pre-
pared by a team led by Federica Ranghieri (se-
nior urban specialist, World Bank) with Mikio
Ishiwatari (senior disaster risk management
specialist, World Bank), under the guidance of
Bruno Laporte (former director for knowledge
and learning, World Bank Institute), Abha
Joshi Ghani (director of knowledge and learn-
ing, World Bank Institute), Akihiko Nishio (di-
rector of operations, South Asia Region, World
Bank), and Christine F. Kessides (manager for
urban practice, World Bank Institute).
Co-coordination of the project was pro-
vided by Japan’s Ministry of Finance with
support and advice from other agencies.
Contributing agencies of the Japanese gov-
ernment include the Cabinet Office; the Min-
istry of Internal Affairs and Communications;
the Ministry of Land, Infrastructure, Trans-
port and Tourism; and the Financial Service
Agency. Other contributors include the Japan
International Cooperation Agency, the Asian

Disaster Reduction Center (ADRC), the Inter-
national Recovery Platform, CTI Engineering,
and prominent academic institutions. Several
departments at the World Bank contributed to
the work; namely, the Global Facility for Disas-
ter Reduction and Recovery (GFDRR), the
Social Development Department (SDV), the
Tokyo Development Learning Center, the East
Asia and Pacific Region, and the External and
Corporate Relations (ECR) Vice-Presidency,
all under the coordination of the World Bank
Institute.

The authors of the individual chapters are,
in alphabetical order and including several
organizational authors, as follows: Bianca
Adam (World Bank), Masaru Arakida (ADRC),
Margaret Arnold (World Bank), Mitsuhiro
Fukao (Keio University), Nobuaki Hamagu-
chi (Kobe University), Kenzo Hiroki (Inter-
national Centre for Water Hazard and Risk
Management), Akihiko Hokugo (Kobe Uni-
versity), Ai Ideta (Kyoto University), Makoto
Ikeda (ADRC), the International Recovery
Platform, Hideki Ishii (Fukushima Univer-
sity), Mikio Ishiwatari (World Bank), Toshiaki

xvii



Keicho (World Bank), Olivier Mahul (World
Bank), Japan’s Ministry of Internal Affairs and
Communications, Satoru Mimura (Fukushima
University), Shingo Nagamatsu (Kansai Uni-
versity), Tatuo Narafu (Japan International
Cooperation Agency), Yusuke Noguchi (Kyoto
University), Kenji Ohse (Fukushima Uni-
versity), Hiroshi Okumura (Kobe Univer-
sity), Makoto Okumura (Tohoku University),
Takashi Onishi (University of Tokyo), Taka-
hiro Ono (ADRC), Yasuaki Onoda (Tohoku
University), Yukie Osa (Association for Aid
and Relief), Brett Peary (Kyoto University),
Junko Sagara (CTI Engineering), Keiko Saito
(World Bank), Yoko Saito (Disaster Reduc-
tion and Human Renovation Institute), Shin-
ichi Sakai (Kyoto University), Kazuko Sasaki
(Kobe University), Daisuke Sato (Tohoku Uni-
versity), Motohiro Sato (Hitotsubashi Univer-
sity), Rajib Shaw (Kyoto University), Hironobu
Shibuya (Save the Children, Japan), Yoshim-
itsu Shiozaki (Kobe University), Akira Takagi
(Fukushima University), Yukiko Takeuchi
(Kyoto University), Yasuo Tanaka (Kobe Uni-
versity), Masato Toyama (CTI Engineering),
and Emily White (World Bank and Financial
Service Agency).

The document also reflects technical
inputs from the World Bank team, which
included Abigail Baca (Disaster risk manage-
ment [DRM] specialist, East Asia and Pacific
[EAP]), Sofia Bettencourt (lead operations
officer, Africa), Laura Elizabeth Boudreau
(DRM analyst, Finance and Private Sector
Development [FPS]), Wolfgang Fengler (lead
economist, World Bank, Nairobi), Abhas K.
Jha (lead urban specialist, EAP), Josef Leit-
mann (program manager, multidonor trust
fund for Haiti), Markus Kostner (sector leader,
Social, Environment, and Rural Development,
EAP), Daniel Warner Kull (DRM specialist,
GFDRR), Olivier Mahul (program coordinator,
FPS), Robin Mearns (lead social development
specialist, SDN), Niels Holm Nielsen (senior

DRM specialist, Sustainable Development
Department, Latin America and the Carib-
bean), Mr. Prashant (senior DRM specialist,
GFDRR), Christoph Pusch (lead DRM spe-
cialist, GFDRR), Sahar Safaie (DRM special-
ist, Middle East and North Africa), and Satoru
Ueda (lead water management specialist, Sus-
tainable Development Department, Africa).
Among the advisers and reviewers who
provided guidance and contribution at vari-
ous stages of the work were Prof. Yoshiaki
Kawata (Kansai University and chair of the
project’s advisory committee), Prof. Masahisa
Fujita (Research Institute of Economy, Trade
and Industry), Toshio Arima (Fuji Xerox),
Prof. Mitsuhiro Fukao (Keio University), Prof.
Fumio Imamura (Tohoku University), Yuki-
moto Ito (Sendai City), Prof. Toshitaka Katada
(Gunma University), Hideaki Oda (United
Nations Secretary-General’s Advisory Board),
Yukie Osa (Association for Aid and Relief,
Japan), Prof. Rajb Shaw (Kyoto University),
and Prof. Toru Takanarita (Sendai Univer-
sity). Advice and reviews were also received
from Prof. Antonis Pomonis (Cambridge
Architectural Research, Ltd., and principal
investigator of the Global Earthquake Model’s
Earthquake Consequences Database Project);
Prof. William Seimbeida (California Polytech-
nic State University and Kyoto University);
Prof. Costanza Bonadonna, Prof. Chris Gregg,
Dr. Franco Romerio, and Dr. Corine Frisch-
knecht (CERG-C [Specialization Certificate
for the Assessment and Management of Geo-
logical and Climate Related Risk], University
of Geneva); Prof. Mehedi Ahmed Ansary (Ban-
gladesh University of Engineering and Tech-
nology); Muralee Thummarukudy (United
Nations Environment Programme); Karen
Sudmeier-Rieux (Commission on Ecosystem
Management of the International Union for
Conservation of Nature and University of Lau-
sanne); Prof. Reinhard Mechler (International
Institute for Applied Systems Analysis); Prof.

xviii

ACKNOWLEDGMENTS



Charles Scawthorn (SPA Risk LLC and Kyoto
University); and the Earthquake Engineering
Research Institute’s (EERI) Global Technical
Expert Review Group. The EERI team was
chaired by Farzad Naeim and included Ser-
gio M. Alcocer, Mohsen Ghafouri-Ashtiani,
Jay Berger, Marcial Blondet, Lori Dengler,

Marjorie Greene, Polat Gulkan, Kenzo Hiroki,
Luxin Huang, Marshall Lew, Eduardo
Miranda, Robert B. Olshansky, Mimi Sheller,
Alpa Sheth, Gavin Smith, Emily So, Steven L.
Stockton, and Balbir Verma.

Steven Kennedy edited the manuscript.

ACKNOWLEDGMENTS

Xix






Abbreviations

ACA
APEC
ASEAN
B/C
BCM
BCP
BOJ
BRI
BRR
CAO
Cat
CBA
CBO
CEA
CFW
CoP
CSO
DMAT
DRM
EEW
EIRR
EMT
ESD
FDMA
FFW
FTTH

Agency for Cultural Affairs
Asia-Pacific Economic Cooperation
Association of Southeast Asian Nations
benefit-cost ratio

business continuity management
business continuity plan

Bank of Japan

Building Research Institute

Agency for the Rehabilitation and Reconstruction of Aceh and Nias
Cabinet Office (Japan)

catastrophe bonds

cost-benefit analysis

community-based organization
cost-effectiveness analysis

cash for work

Community of Practice

civil society organization

Disaster Medical Assistance Team
disaster risk management

Earthquake Early Warning

economic internal rate of return
Emergency Mapping Team

education for sustainable development
Fire and Disaster Management Agency
food for work

fiber to the home

xxi



FURE Fukushima Future Center for Regional Revitalization

FY fiscal year

Gal galileo [unit of acceleration]

GCNJ Global Compact Network Japan

GDLN Global Development Learning Network

GDP gross domestic product

GEJE Great East Japan Earthquake

GFDRR Global Facility for Disaster Reduction and Recovery
GDMS Geospatial Disaster Management Mashup Service Study
GIS geographic information system

GoJ Government of Japan

GPEA Government Policy Evaluations Act

GPS global positioning system

GSI Geospatial Information Authority of Japan

GW gigawatt

ICOMOS International Council on Monuments and Sites

ICT information and communication technology

IFRC International Federation of Red Cross and Red Crescent Societies
IMF International Monetary Fund

IRP International Recovery Platform

1T information technology

JANIC Japan NGO Center for International Cooperation

JER Japanese Earthquake Reinsurance Company

JGB Japanese Government Bond

JICA Japan International Cooperation Agency

JMA Japan Meteorological Agency

JRCS Japanese Red Cross Society

JRI Japan Research Institute

JSDF Japan Self-Defense Forces

JSMCWM Japan Society of Material Cycles and Waste Management
JWWA Japan Water Works Association

LPG liquefied petroleum gas

MAFF Ministry of Agriculture, Forestry and Fisheries

MCA multicriteria analysis

MCU micro control unit

METI Ministry of Economy, Trade and Industry

MIC Ministry of Internal Affairs and Communications

MLIT Ministry of Land, Infrastructure, Transport and Tourism
NAB National Association of Commercial Broadcasters

NGO nongovernmental organization

NHK National Broadcasting Corporation (Japan)

NIED National Research Institute for Earth Science and Disaster Prevention
NILIM National Institute for Land and Infrastructure Management
NPO nonprofit organization

NPV net present value

xxii | ABBREVIATIONS



OSM
PCB
POP
ppm
PPP
RAHA
RC

RDC
RIA
SME
SPV
TEC-FORCE
TEPCO
TSE
UKG
UNDP
UNEP
UNICEF
UN-WB
VAT
VSATS
WBI
WTTC

Note: All dollar amounts are U.S. dollars (US$) unless otherwise indicated.

Open Street Map
polychlorinated biphenyl
persistent organic pollutant
parts per million
public-private partnership

Refugee Affected and Hosting Areas programme

reinforced concrete

Reconstruction Design Council
regulatory impact analysis

small and medium enterprise
special-purpose vehicle

Technical Emergency Control Force
Tokyo Electric Power Company

Tokyo Stock Exchange

Union of Kansai Governments

United Nations Development Programme
United Nations Environment Programme
United Nations Children’s Fund

United Nations-World Bank

value added tax

very small aperture terminals

World Bank Institute

World Travel and Tourism Council

ABBREVIATIONS

xxiii






OVERVIEW

Lessons from the Great
East Japan Earthquake

On March 11, 2011, an earthquake of magnitude 9.0 occurred in the Pacific Ocean off the coast of
Japan’s Tohoku region. The quake shook the ground as far away as western Japan and lasted for
several minutes. A half-hour later, a tsunami of unprecedented force broke over 650 kilometers
(km) of coastline (map O.1), toppling sea walls and other defenses, flooding more than 500 square
kilometers (km?) of land, and washing away entire towns and villages.

The devastation left some 20,000 people dead or missing, with most of the deaths caused by
drowning (table O.1). The tsunami leveled 130,000 houses and severely damaged 270,000 more.
About 270 railway lines ceased operation immediately following the disaster, and 15 expressways,
69 national highways, and 638 prefectural and municipal roads were closed. Some 24,000 hect-
ares of agricultural land were flooded. The areas worst hit were the Fukushima, Iwate, and Miyagi
prefectures.
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Table O1 The Great East Japan Earthquake of 2011
in figures

CASUALTIES AS OF NOVEMBER 8, 2013

Dead 18,571
Missing 2,651
Injured 6,150

BUILDING DAMAGE AS OF NOVEMBER 8, 2013

Total collapse 126,602

Half collapse 272,426

Partial damage 743,089

EVACUEES

Maximum 470,000 (March 14, 2011)
Current 282,111 (October 10, 2013)
Estimated economic ¥16.9 trillion

damage (210 billion)

Buildings ¥10.4 trillion

Public utilities ¥1.3 trillion

Social infrastructure ¥2.2 trillion

Other (agriculture, forests, | ¥3.0 trillion

fisheries)

Debris 26.7 million tons

(October 2013)

Source: Cabinet Office and Reconstruction Agency.

WHAT THE DISASTER TAUGHT
JAPAN—AND WHAT IT CAN TEACH
OTHER COUNTRIES

The Great East Japan Earthquake (GEJE) was
the first disaster ever recorded that included
an earthquake, a tsunami, a nuclear power
plant accident, a power supply failure, and a
large-scale disruption of supply chains.
Learning from Megadisasters, a knowledge-
sharing project sponsored by the World Bank
and the government of Japan, is collecting and
analyzing information, data, and evaluations
performed by academic and research institu-
tions, nongovernmental organizations (NGOs),
government agencies, and the private sector—
all with the objective of sharing Japan’s knowl-
edge on disaster risk management (DRM) and

postdisaster reconstruction with countries
vulnerable to disasters. The Bank and the Japa-
nese government hope that these findings (see
figure 0.1) will encourage countries to main-
stream DRM in their development policies and
planning.

Japan had not foreseen an event of this mag-
nitude and complexity:

e It was a high-impact event with a low prob-
ability of occurrence. Because of enormous
damage from the tsunami and moderate
but widespread geotechnical damage, the
GEJE event was the costliest earthquake
in world history. Japan’s Cabinet Office
has estimated the direct economic cost at
¥16.9 trillion, or $210 billion.

e It was a highly complex phenomenon, the
effects of which cascaded to sensitive facili-
ties. The earthquake and ensuing tsunami
provoked fires at damaged oil refiner-
ies and a potentially catastrophic nuclear
accident. The effects of the accident at the
Fukushima Daiichi nuclear power station
have compromised Japan’s energy supply,
imperiled its environment, and threatened
public health.

e Direct damage to major Japanese indus-
tries rocketed through supply chains around
the world. In the second quarter of 2011,
Japan’s gross domestic product (GDP)
dipped 2.1 percent from the previous year,
while industrial production and exports
dropped even more sharply—by 7.0 percent
and 8.0 percent, respectively. Japan expe-
rienced a trade deficit for the first time in
31 years. In the wake of the tsunami, busi-
nesses that relied on Japanese electronics
and automotive parts faced disruptions
and delays in production, distribution, and
transportation; they had to scramble to
find alternate supply lines and manufac-
turing partners.

In coping with the GEJE, Japan’s advanced
DRM system, built up during nearly 2,000
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years of coping with natural risks and hazards,  are particularly important and are singled out

proved its worth. The loss of life and property ~ here (as well as being included in the section

could have been far greater if the country’s pol- on
icies and practices had been less effective. The

main elements of that DRM system are

» Investments in structural measures (such as
reinforced buildings and seawalls), cutting-
edge risk assessments, early-warning sys-
tems, and hazard mapping—all supported
by sophisticated technology for data collec-
tion, simulation, information, and commu-
nication, and by scenario building to assess
risks and to plan responses (such as evacua-
tions) to hazards

* A culture of preparedness, where training
and evacuation drills are systematically
practiced at the local and community lev-
els and in schools and workplaces

e Stakeholder involvement, where the
national and local government, communi-
ties, NGOs, and the private sector all know
their role

e Effective legislation, regulation, and
enforcement—for example, of building
codes that have been kept current

e The use of sophisticated instrumenta-
tion to underpin planning and assessment
operations.

Certain improvements would have made the
Japanese reaction even more effective. Three

JAPAN'S DRM
SYSTEM

« Investment in Structural and

Instruments

lessons learned that appears further on):

Spreading a better understanding of the
nature and limitations of risk assessment
among local authorities and the popula-
tion at large would improve collective and
individual decision making, especially in
emergencies. Communication about the
unfolding disaster could and should have
been more interactive among local com-
munities, governments, and experts. Dis-
tributing hazard maps and issuing early
warnings were not enough. The magnitude
of the tsunami was underestimated, which
may have led people to delay their evacua-
tion, if only for a fatal few minutes. If local
governments and community members
had been more aware of DRM technolo-
gies and their margins of error, fewer lives
might have been lost.

Coordination mechanisms on the ground
should be agreed on before the fact. Dur-
ing the GEJE, coordination among various
groups, such as governments (national, pre-
fectural, and local), civil society organiza-
tions (CSOs), and private entities was often
poor—or at least not optimal. Local govern-
ments, whose facilities in some cases were
wiped out by the disaster, had little experi-
ence working with other organizations on
a large scale, and they received insufficient

Risk Asses
& Commu

Coordination

Figure O.1
Summary of
findings and
lessons learned
from the project

LESSONS FROM THE GREAT EAST JAPAN EARTHQUAKE |
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support from the central government in
managing the new forms of cooperation.
As it turned out, coordination with inter-
national relief agencies and donors offer-
ing exceptional assistance was simply not
up to the unprecedented task.

* Vulnerable groups must be not only pro-
tected but also engaged. Understanding and
meeting the challenges of the elderly, chil-
dren, and women, both during the emer-
gency and in its aftermath, are priorities
for effective postdisaster response. Cultur-
ally sound solutions that take account of
special needs among segments of the pop-
ulation should be planned in advance to
enhance resilience and facilitate recovery
and reconstruction.

SHARING EXPERIENCES WITH
DEVELOPING COUNTRIES

Other countries can protect themselves from
major disasters by adopting—and adapting
as necessary—some of the measures taken by
Japan, and by understanding the strengths
and weaknesses of Japan’s response to the
GEJE. To help them do that, the Learning
from Megadisasters initiative provided data,
analysis, and insight in printed and Web-
based formats (including e-learning), in
face-to-face activities, in seminars presented
through the good offices of the Global Devel-
opment Learning Network (GDLN),' and
through a dedicated community of practice—
all designed to build the capacities of govern-
ment decision makers and other stakeholders
in developing countries. A searchable set of
online materials at various levels of depth and
detail serves as a focal point for this com-
munity of learning and practice on DRM.
The knowledge base will grow as practition-
ers from around the world contribute their
insights and expertise.

The project delivered a set of 36 “Knowl-
edge Notes” (now chapters) grouped into
seven thematic clusters (now parts):

e Structural measures

e Nonstructural measures
* Emergency response

* Reconstruction planning

e Hazard and risk information and decision
making

e The economics of disaster risk, risk man-
agement, and risk financing

e Recovery and relocation

The notes analyze the response to the March
11, 2011, earthquake and tsunami—and synthe-
size what worked, what did not, and why, offer-
ing recommendations for developing countries
that face similar risks and vulnerabilities.

The notes were prepared by more than 40
Japanese and international experts, assisted by
50 advisers and reviewers. The team included
developing country practitioners, academic
experts, and government officials. The chap-
ters provide a basis for knowledge sharing and
exchanges with developing country experts
and practitioners.

Key lessons derived from the 36 notes are
offered in the four pages that follow, after
which the thematic clusters are reviewed
in turn.

KEY LESSONS LEARNED
FROM THE PROJECT

The successes of Japan’s DRM system, as well
as the ways in which that system could be
improved, are reflected in the lessons drawn
from the GEJE and presented in the initial
reports from the Learning from Megadisasters
project.
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Extreme disasters underscore the
need for a holistic approach to DRM
Single-sector development planning cannot
address the complexity of problems posed by
natural hazards, let alone megadisasters, nor
can such planning build resilience to threats.
Faced with complex risks, Japan chose to build
resilience by investing in preventive struc-
tural and nonstructural measures; nurturing
a strong culture of knowledge and learning
from past disasters; engaging in wise DRM
regulation, legislation, and enforcement; and
promoting cooperation among multiple stake-
holders, between government agencies and
ministries, between the private sector and the
government, and across multiple levels of gov-
ernance, from local to national to international.
Today, Japan is placing even heavier
emphasis on recognizing and respecting com-
plexity and residual risk, designing and man-
aging systems that “fail gracefully”—that is,
that mitigate damage to the greatest extent
possible before succumbing to overwhelming
force. The essence of the approach is to design
and maintain resilient infrastructure capable
of absorbing damage from natural disasters to
some extent, even when an event exceeds all
feasible and affordable measures. In the wake
of the GEJE, Japan also recognized that addi-
tional efforts were required to plan and design
measures capable of countering events of low
probability but high impact.

Preventive investments pay, but be
prepared for the unexpected

Japan’s extensive structural precautions were
very effective in protecting buildings and peo-
ple from the earthquake. Although 190 km of
the 300 km of dikes in the area collapsed, those
dikes decreased the force of the tsunami and,
in some areas, delayed its arrival inland. All
bullet trains stopped safely without casualty,
thanks to a cutting-edge system of detecting
the earliest sign of ground movement. The

GEJE, however, exceeded all expectations and
predictions in the extent of its ensuing tsu-
nami, demonstrating that exclusive reliance
on structural measures will ultimately prove
ineffective and must be supplemented with
nonstructural measures and a basic under-
standing of the uncertainties surrounding the
estimation of events such as earthquakes and
tsunamis.

Because it is not practical—from a financial,
environmental, or social perspective—to build
tsunami dikes 20-30 meters high, Japan’s
government intends to accelerate the current
paradigm shift in its thinking about disaster
management, complementing its structure-
focused approach to prevention with soft
solutions to achieve an integrated approach to
disaster risk reduction. Understanding that the
risks from natural hazards can never be com-
pletely eliminated, the new, balanced approach
incorporates community-based prevention
and evacuation and other nonstructural mea-
sures such as education, risk-related finance
and insurance, and land-use regulation.

Learning from disaster is key, as Japan has
shown for the past 2,000 years

Japan has used the lessons of past disasters to
improve its policies, laws, regulations, invest-
ment patterns, and decision-making processes,
as well as community and individual behav-
iors. Investing in preparedness and a strong
culture of prevention made all the difference in
the Tohoku region when the GEJE struck. The
Meiji-Sanriku Tsunami of 1896 killed 40 per-
cent of the population in the affected zone,
whereas the GEJE claimed 4 percent.” Evacu-
ation drills and DRM education, staples of the
country’s schools, kept children safe in Kamai-
shi City. The famous “Kamaishi Miracle” was
not really a miracle at all, but rather the result
of a sustained effort to instill a culture of resil-
ience and prevention based on continuous
learning.

LESSONS FROM THE GREAT EAST JAPAN EARTHQUAKE
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DRM is everyone’s business

Japan’s disaster management system addresses
all phases of disaster prevention, mitigation,
and preparedness; emergency response; as well
as recovery and rehabilitation. It specifies the
roles and responsibilities of national and local
government and enlists the cooperation of rele-
vant stakeholders in both the public and private
sectors. This comprehensive approach secured
a quick and effective mobilization of forces at
multiple levels after the 2011 tsunami struck,
while also revealing certain problems of coor-
dination that are discussed further on. Since
the tsunami, the capacity of local DRM plan-
ning systems to prepare for and react to large-
scale disasters has been assessed, and revisions
have been proposed through new legislation.

Japan’s central government plays a lead-
ing role in mitigating the risks of disaster
across the country, but local governments
have the principal responsibility for manag-
ing the country’s DRM systems. The central
government encourages local governments
to promote structural measures by providing
financial support, producing technical guide-
lines and manuals, and conducting training for
technical staff in planning, design, operation,
and maintenance.

Japan’s tradition of community participa-
tion in preparedness was a key factor in mini-
mizing the number of lives lost to the GEJE.
Community-based DRM activities are well
integrated into the daily lives of most Japa-
nese, ensuring that awareness of natural haz-
ards is never far from their mind. The national
and local governments formally recognize and
support the involvement of the community in
DRM through laws and regulations that define
roles and commitments, through linkages with
local institutions (such as jichikai, or neighbor-
hood associations), and through participation
in meetings at which decisions are made.

Although dikes and communication sys-
tems suffered partial failures and forecasting

systems underestimated the height of the
tsunami, local communities and their volun-
teer organizations were front and center in
responding to the disaster. The GEJE showed
that each community needs to explore and
identify its best defense, mixing various soft
and hard measures, policies, investments, edu-
cation initiatives, and drills, through sound
analysis and stakeholder consultations.

The role of the community goes far beyond
evacuation, especially in multihazard DRM
(figure 0.2). Successful evacuations depend
on prior measures such as hazard mapping,
warning systems, and ongoing education, all of
which proved essential in the evacuation that
followed the GEJE. During the GEJE, local
governments and communities in affected
areas served as first responders, managed
evacuation centers, and promptly began post-
disaster reconstruction. Partnerships with the
private sector were also critical. Rehabilita-
tion could begin the day after the earthquake
because agreements with the private sector
were already in place. Quick payment of insur-

ance claims allowed individuals and businesses
to contribute fully to the rehabilitation effort.

Community

N\

Evacuation
Drill shelter and
route

Warning

Figure 0.2 The many roles of the community in
multihazard DRM
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Assessing risks and communicating

them clearly and widely helps citizens
make timely decisions to protect
themselves

Accurate risk assessment and interactive com-
munication systems that connect local commu-
nities, government agencies, and experts make
people less vulnerable and more resilient. But
although risk assessments and DRM technolo-
gies (including prediction systems) can add
enormous value, governments and community
members should be aware of their limitations
and never stick to a single scenario.

Hazard maps can give the public a

false sense of safety, if not properly
communicated

Although hazard maps showing risk areas
and evacuation shelters had been distrib-
uted before the disaster to households in the
tsunami-stricken areas, only 20 percent of the
people had seen them. Still, 57 percent (which
is a relatively high number by international
standards) left immediately after the earth-
quake tremors. In some areas, the tsunami of
2011 proved far greater than indicated on the
hazard maps. Warnings that underestimated
the size of the earthquake and tsunami may
have caused people to delay their evacua-
tion, prolonging their exposure to danger.
Because the magnitude of the GEJE and tsu-
nami far exceeded the predisaster estimates,
the Japanese government has been revising
its methods of assessing earthquake and tsu-
nami hazards, combining historical evidence,
topographical and geological studies, and
predictions and forecasts based on scenarios
for events of low probability but high impact.
Manufacturers and other companies are
rethinking their strategies for business conti-
nuity. Many Japanese companies are already
investing in redundancy and diversification
within their supply chain, despite the expense
of such measures.

Better management of information and
communication is crucial in emergencies
and recovery operations

The GEJE points to two common information
problems: (1) the lack of real-time information
on conditions and on coordination among par-
ties (that is, on who is doing what); and (2) the
loss of critical public records vital to reconstruc-
tion. With regard to the first point, during the
GEJE the national government collected infor-
mation from municipal governments, while
additional information was crowd-sourced and
channeled through social media and the Inter-
net. On the second point, even though some
local governments lacked a formal backup
system, data on land ownership were restored
fairly quickly, thanks to other official and pri-
vate backups. Nevertheless, health records in
some cities were destroyed, and new policies to
avoid a recurrence are needed.

Many postdisaster situations are made
worse by the lack of a communications strategy
that makes use of appropriate media to deliver
critical messages. Good information enables
individuals and communities not only to stay
safe, but also to contribute more effectively to
relief and recovery. It also ensures that citizens
have a realistic set of expectations about relief
and reconstruction. If communication is to help
people stay safe and minimize the disruption to
their lives, those people must be able to trust the
information and its source. During the GEJE,
communication about evacuation, temporary
shelters, and emergency food distribution was
handled fairly well, but confusion about the
scope and extent of the nuclear accident led to
public dissatisfaction, as noted in a report from
Japan’s Nuclear and Industrial Safety Agency.

Coordination mechanisms must be
developed and tested in normal times, so
that they are ready for use in an emergency
Although the national government estab-
lished the rescue headquarters very quickly,
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and interprefectural emergency and rescue
units and technical forces were deployed in
record time, mechanisms for formal coor-
dination among the various stakeholders
(government agencies at all levels, CSOs,
and private entities) were inadequate. The
GEJE drew an unprecedented level of assis-
tance from 163 countries and 43 international
organizations. In all, Japan received $720
million from other countries, almost half of
all humanitarian disaster funding dispensed
around the globe in 2011. The weakness of
coordination observed on the ground dur-
ing the GEJE demonstrates that coordination
mechanisms should be established through
advance agreements and clear definitions of
responsibility.

Vulnerable groups must be protected—
and engaged

Culturally appropriate services and social
safety nets for vulnerable groups are needed
in times of emergency and during reconstruc-
tion. They should be planned in advance.
Two-thirds of the deaths during the GEJE
occurred among people over the age of 60,
who accounted for just 30 percent of the pop-
ulation in the affected areas. At evacuation
centers, the needs of women and the disabled
were not fully met. New measures are under
consideration to assure privacy and secu-
rity for women, maternal care and gender-
balanced policies, and better nursing care
for the disabled at evacuation centers. These
measures call for empowering marginalized
groups for long-term recovery and including
a gender perspective in planning and manag-
ing shelters, which will require women to be
more deeply involved in shelter management.
Women should be encouraged to participate
in DRM committees, center management, and
risk assessment. National and local DRM poli-
cies and strategies should be reviewed from a
gender perspective.

DETAILED FINDINGS AND
RECOMMENDATIONS

The chapters that make up the main body
of this report were built around the disci-
plines employed in the traditional DRM cycle.
Grouped into seven thematic clusters that
track that cycle, the chapters treat structural
measures (part 1) and nonstructural measures
(part 2) as preventive options. They also cover
the emergency responses put in place after
March 11 (part 3) and describe the planning
behind the reconstruction process (part 4).
The handling of risk assessment and commu-
nication before and after the disaster are the
subject of part 5. Part 6 deals with risk financ-
ing, insurance, and fiscal and financial manage-
ment; part 7 with the progress of recovery and
relocation.

This section of the Overview provides the
reader with additional information and details
about the main findings of the project and the
lessons learned from it, following the scheme
of thematic parts used in the chapters. Those
chapters may be downloaded from http://wbi
worldbank.org/wbi/megadisasters.

Part 1: Structural measures

Dikes are both necessary and effective in pre-
venting ordinary tsunamis, which are relatively
frequent, but they are of limited use against
the extreme events that occur less frequently.
Japan’s Tohoku region built 300 km of coastal
defense over the course of 50 years. National
and local governments invested a total of $10
billion to build coastal structures and break-
waters in major ports. During the GEJE, the
defensive structures along the coast suffered
unprecedented damage: 190 of the 300 km of
coastal structures collapsed under the tsunami
(figure 0.3). In some areas those structures did
serve to delay the arrival of the waves, buying
extra minutes for people to evacuate. Because
many tsunami gates designed to reduce
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Figure O.3 Dikes in Sendai before and after the tsunami of March 11, 2011

Source: Ministry of Land, Infrastructure, Transport and Tourism, 2011.

flooding along rivers were toppled, the govern-
ment of Japan launched a structural assess-
ment to better understand the causes of failure.
The assessment concluded that construction
standards and stability performance under
worst-case scenarios should be further inves-
tigated. Structures should be able to withstand
waves that exceed their design height, reduc-
ing the force of the water before they collapse
and thereby mitigating damages.

Reinforced infrastructure and buildings
erected according to current codes were not
seriously damaged. Thanks to Japan’s strict
and rigorously enforced building codes,
earthquake-related losses from the March
2011 disaster were limited, with most of the
deaths and economic damage being caused by
the ensuing tsunami. Since Japan’s first build-
ing code was adopted after the Great Kanto

Earthquake of 1923, the government has made
regular revisions in light of experiences with
a range of natural disasters. During the GEJE,
most damage to buildings was caused by phe-
nomena other than the earthquake itself. Lig-
uefaction occurred on building lots that had
not been treated against it and in reclaimed
lands and on riverbanks, damaging small build-
ings that lacked pile foundations.

Tsunami damage to crucial facilities, includ-
ing the Fukushima Daiichi nuclear power sta-
tion, had cascading effects in several sectors,
such as power and energy, petroleum refining,
steel production, the automobile industry, fish-
ing, health and medicine, farming, and tele-
communications. Critical facilities should be
built in safe locations and secured by the most
sophisticated disaster management plans. The
sea wall protecting the Fukushima Daiichi
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nuclear power station had not been designed
to withstand the enormous force of the GEJE
tsunami, because the worst-case scenario had
not been taken into account, as stated by the
official committee formed to investigate the
accident.

The Interim Report of the Government
Investigation Committee on the Accident at
the Fukushima Nuclear Power Station iden-
tified three main causes of failure: (1) DRM
plans were focused on earthquakes and not
tsunamis; (2) complex scenarios with multiple
hazards consisting of earthquakes and tsuna-
mis, compounded by simultaneous transport
and communication failures, had not been
foreseen; and (3) the complex systems at the
nuclear power station had not been managed
in an integrated way. The generally accepted
myth that nuclear power stations are “safe”
had led to an underestimation of certain
important risks. The analysis has prompted a
reevaluation of risk assessment methods and
DRM planning and countermeasures. That
reevaluation is likely to shape future policies
and procedures.

A multilayered approach to DRM is needed,
employing both structural and nonstructural
measures. Defensive infrastructure alone is
not enough to cope with infrequent disasters
of high impact. Nonstructural measures also
need to be established, including early-warning
systems, rigorous planning and regulation,
prompt evacuation of residents, and a variety
of institutional and financial measures—among
them insurance, rehabilitation funds, and
emergency teams.

Part 2: Nonstructural measures

Japan has had a disaster management system
in place since the Disaster Relief Act of 1947
and has long used disasters as opportunities
to continuously improve that system. The ini-
tial emphasis was on disaster response, later
complemented by prevention, mitigation,
and preparedness; emergency response and
recovery; and rehabilitation and rebuilding.

Over the years, the country’s investments in
disaster preparedness have been wide rang-
ing, covering seismic and tsunami detection,
early-warning systems, multichannel systems
for disseminating warnings, hazard mapping,
evacuation planning (routes and shelters),
regular disaster training and drills in schools
and at workplaces, and improved signage.
Municipal governments have the main respon-
sibility for disaster management, including
formulating and implementing local disaster
management plans based on the national plan,
establishing community-based organizations,
distributing hazard maps to the public, raising
public awareness, and developing evacuation
procedures.

Early warnings and communication
The risk of underestimating a disaster’s impact
can be extremely costly. The warnings issued
on March 11 underestimated the tsunami’s
height and likely caused people to delay their
evacuation. Warning systems were effective
in mitigating damage, but experience showed
that they have to be better aligned with the
communities’ evacuation procedures. More
than half of the fleeing population evacuated
by vehicle, and a third of them got stuck in traf-
fic jams before reaching emergency evacuation
shelters. Many people and their vehicles were
swept away by the tsunami. Although the gen-
eral rule is to evacuate on foot, vehicles are also
needed, particularly to move the elderly and
disabled. New measures to facilitate evacua-
tion by vehicle—for example, rules to mitigate
traffic jams and training for drivers on evacu-
ation during disasters—should be considered.
The early earthquake detection system saved
thousands of passengers in the Shinkansen.
Nineteen bullet trains (Shinkansen) were run-
ning when the GEJE occurred, including two
at 270 km per hour, almost top speed. All were
able to stop safely thanks to early earthquake
detection systems. The Japan Meteorological
Agency issues earthquake information based
on nationwide seismography and observations
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of seismic intensity. The agency operates an
earthquake early-warning system that quickly
estimates an earthquake’s focus and magni-
tude and forecasts seismic intensities and the
arrival time of ground shaking.

How communities and the private sector
saved lives and assets

Community-based organizations saved lives
and need to be nurtured. When the tsunami
overwhelmed coastal defenses, local communi-
ties were forced to use their own knowledge and
resourcefulness to survive on March 11. Fortu-
nately, throughout the Tohoku region, com-
munities had been intently engaged in tsunami
preparedness. Given the unreliability of predic-
tions and the limitations of defensive structures,
community engagement should be put at the
center of the disaster-response system.

The “Kamaishi Miracle” was not a miracle
at all. Evacuation drills and DRM education
are fixtures in Japan’s schools. In Kamaishi
City, where the tsunami claimed 1,000 mem-
bers of the population of 40,000, the casualty
rate among school children was low: only 5 out
of 2,900 primary and junior high school stu-
dents lost their lives, a rate 20 times lower than
for the general public. Regular practice drills,
education in the schools, and hazard maps
are the keys to preparedness. DRM education
saves the lives of children and other members
of the community.

Well-prepared business continuity plans
prevent disruptions. A business continuity plan
(BCP) identifies an organization’s critical oper-
ations and the potential effects of a disaster,
specifying the response and recovery measures
the business can take to avoid or minimize
disruptions and continue operations at an
acceptable level. The GEJE caused 656 private
companies to go bankrupt within a year. Fully
88 percent of those businesses were located
outside the Tohoku region and failed because
of supply-chain problems. A BCP is essen-
tial regardless of where a business is based.
According to a recent survey, between 80 and

90 percent of medium-sized and large compa-
nies indicated that their BCPs had been effec-
tive during the response and recovery phase.

Relocation and new regulations
Land-use regulations, including those that
relocate houses to higher ground, are suc-
cessful but sometimes difficult to implement.
For that reason, alternative measures need to
be considered. Relocation deeply affects the
livelihoods and daily lives of many people.
Houses that had been relocated after the previ-
ous tsunami to hit Yoshihama Village were not
affected by the GEJE. But in the coastal village
of Taro, identifying suitable relocation sites
proved problematic, since its economic activi-
ties were situated on the coast. The case of
Touni-hongo perhaps best illustrates the ben-
efits of relocation and the challenges of land-
use regulation. Houses that had been relocated
to higher ground after an earlier tsunami were
unharmed by the GEJE tsunami, whereas
newly constructed houses in the unregulated
lowlands were hard hit. These examples high-
light the importance of alternative measures
when relocation is not a realistic option—
measures such as disaster-preparedness edu-
cation, evacuation drills, accessible evacuation
routes, and appropriately designed structures.
Japan’s Basic Disaster Management Plan,
as revised after the GEJE, aims to rigorously
enforce earthquake and tsunami countermea-
sures. Addressing a new set of scenarios that
take into account the largest possible disaster
and multiple simultaneous hazards, the plan
calls for the development of disaster-resilient
communities, the promotion of disaster aware-
ness, increased research and scientific observa-
tion, and stronger systems to warn of tsunamis
and deliver evacuation information.

Part 3: Emergency response

Prompt rehabilitation of infrastructure

The Ministry of Land, Infrastructure, Trans-
port and Tourism (MLIT) set up its emergency
headquarters at 15:15 (about 30 minutes after

LESSONS FROM THE GREAT EAST JAPAN EARTHQUAKE

n




the quake). Thanks to the dedicated service
of well-trained and experienced government
staff, prior agreements with the private sector,
and advance financial arrangements, the roads
leading to towns on the affected coast were
cleared in less than a week. Also, by March
15, all 14 ports were either entirely or partially
usable and began accepting vessels delivering
emergency supplies and fuel. By April 29, the
entire Tohoku Shinkansen line was in opera-
tion, as were most of the other railways except
for those along the coast. Water supply ser-
vices were resumed for about 90 percent of
residents within a month, while electric power
was 90 percent restored within a week.

Governance in time of emergency

The GEJE revealed institutional and legislative
features of Japan’s governmental system that
enabled it to take speedy action toward recov-
ery in coordination with various agencies. In
many developing countries, rapid recover-
ies are more challenging owing to shortages
of dedicated agencies and highly skilled and
experienced staff. Despite Japan’s strengths,

Figure O.4 Otsuchi’s mayor was in front of town hall when the tsunami
struck

Source: ® Mikio Ishiwatari (April 201). Used with permission. Further permission required for reuse.

local governments in areas hit by the GEJE
tsunami have faced difficulties in responding to
the disaster. The GEJE affected 62 municipali-
ties in six prefectures in northeastern Japan.
Among them, 28 municipalities in the three
worst-affected prefectures (Iwate, Miyagi, and
Fukushima) suffered serious damage to their
office facilities. Computer servers in some of
these municipalities were seriously damaged
or destroyed, resulting in a loss of data essen-
tial for the provision of municipal services. To
make matters worse, many municipalities lost
their public officials: 221 officials died (see fig-
ure 04) or remain missing from 17 municipali-
ties in the three hardest-hit prefectures.

Fukushima’s case was unique. Nine munici-
palities near the crippled Fukushima Daiichi
nuclear power station had to relocate their
offices relatively far from the plant (but mostly
within the same prefecture) because of con-
cerns about radiation levels in their jurisdic-
tions, even where the physical damage from
the earthquake and the tsunami were very
limited.

Many prefectures and municipalities out-
side Tohoku took the initiative to quickly send
their own public officials to help the locali-
ties deal with postdisaster relief activities and
other emergency operations. About 79,000
local government officials were dispatched
from all over Japan to the affected prefectures
and municipalities until the end of 2011. A year
later, many of them were still serving there in
capacities ranging from civil engineering and
urban planning to social work and finance.

Partnerships to facilitate emergency
operations

Twinning arrangements between localities in
disaster-affected areas and their counterparts
in unaffected areas proved to be effective in
dealing with the emergencies. Some of these
arrangements were based on formal agree-
ments, while others were based on goodwill.
Where local governments are concerned, it is
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advisable to formalize such mechanisms before
disasters strike, obtaining the necessary legal
backing and clarifying cost-sharing arrange-
ments. In a large-scale disaster, this kind of
counterpart system—in which an unaffected
local government provides support to another
local government that has been affected by the
disaster—allows support and assistance to be
provided to all affected areas. For obvious rea-
sons, it is essential that the linked prefectures
and municipalities be geographically distant.
Support agreements with localities in the same
region may not be effective, particularly in a
large-scale disaster like the GEJE that affected
almost an entire region.

Coordination among government, CSOs,
and other stakeholders to deal with the emer-
gency on the ground was an overwhelming
challenge. Expert teams, CSOs, volunteers, and
military forces from around the world mobi-
lized to help those of Japan, with 163 countries,
43 international organizations, and countless
CSOs offering aid and relief. Foreign assistance
far exceeded that provided in the wake of the
Kobe earthquake in 1995. Considering the
difficulties faced by local governments after
the GEJE, coordination mechanisms should
be established in the central government, or
under an umbrella organization.

The system for delivery of relief goods
encountered several problems, but measures
have been identified to address them. The
main problems in the delivery of relief goods
were fuel shortages, interruption of telecom-
munication services, and mismatches between
supply and demand that caused goods to be
stockpiled in prefectural and municipal depots
instead of being delivered promptly to people
in need. Several measures can be taken to
address these issues, including prior surveys
of depots, advance estimation of the quanti-
ties of emergency goods that will be required,
guidelines on relief goods that are not likely
to be culturally acceptable, support from pro-
fessional logistics specialists, and logistics

management support from local governments
in unaffected areas.

Evacuation centers and temporary housing
At the peak of the relief effort, more than
470,000 people were housed in evacua-
tion centers. After the disaster struck, nearly
2,500 evacuation facilities were established
in the Tohoku region, with additional shelters
located outside Tohoku. Most facilities, such as
schools and community centers, were publicly
owned and had already been designated as
evacuation centers. After the GEJE, however,
private facilities, such as hotels and temples,
were enlisted, because the need for centers far
exceeded expectations. Many evacuees stayed
with relatives or friends. As construction of
temporary housing progressed, evacuees grad-
ually moved out of the centers. Four months
after the disaster, about 75 percent of the evac-
uation facilities had closed, although some in
Tohoku stayed open as long as nine months.
Because a megadisaster is likely to interrupt
essential services such as water and power, it is
critical to install alternatives such as portable
toilets and power generators. Sendai City plans
to equip its shelters with solar panels and other
renewable energy options for backup power.

In Fukushima, many had to relocate from
one evacuation center to another as the gov-
ernment expanded the mandatory evacuation
zone. Some 82 percent of evacuees changed
centers at least three times, and one-third
changed more than five times. People in Fuku-
shima have continued to migrate to other areas
in and out the prefecture. At the end of 2011,
more than 150,000 people had been evacuated,
at least 60,000 of whom relocated to other pre-
fectures across the country.

At many centers, a self-governing body
emerged, with leaders and members of various
committees selected by the evacuees them-
selves. Although managing evacuation centers
is a municipal responsibility, most municipali-
ties in the disaster-affected areas suffered staff
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losses, seriously weakening their capacity to
cope with the emergency. At the beginning,
most centers were supported by local teach-
ers, volunteers, and other civil society groups.
As the evacuation period lengthened, evacuees
themselves started taking initiatives to manage
their communities.

One of the problems cited at many shelters
was lack of gender sensitivity. There was not
enough privacy for anyone, but particularly
not for women, many of whom did not have
private spaces where they could change their
clothes or breast-feed their babies. Many shel-
ters eventually installed partitions, but these
improvements often were late in coming. It
has also been reported that relief goods deliv-
ered to the shelters were biased in favor of
male evacuees. The lack of gender sensitivity
has been attributed to the fact that men were
largely responsible for managing the shelters,
whether in facilities owned by municipalities
or those managed by the evacuees themselves.
In Japan, the overwhelming majority of the
leaders of community organizations are male.

The special needs of vulnerable groups—
and the
disabled—need to be included in transition-

including the elderly, children,

shelter initiatives. The disabled often were
not provided with proper care at evacuation

Figure O.5. Broadcasting at RINGO Radio

Source: ® Kyoto University. Used with permission. Further permission required for reuse.

shelters. The earthquake and tsunami left
children feeling frightened, confused, and
insecure. Following the GEJE, the number
of incoming calls to Childline, a free counsel-
ing service for children, increased fourfold in
Fukushima, Miyagi, and Iwate prefectures.
The government plans to send some 1,300
mental health counselors to public schools in
the affected areas. But the experience points to
the importance of bringing in professional staff
to care for the disabled and vulnerable.

Japan has learned many lessons about tem-
porary housing from past experience with
disaster recovery. In Kobe, for example, large
tracts of temporary housing were built too far
from the city center. The housing was allo-
cated through a lottery system that created
more hardship for those residents (especially
the elderly) who wound up far from their old
neighborhoods and suffered from the loss
of community. The housing should be easily
accessible, and complementary care services
should be provided. Community-based orga-
nizations (such as Japan’s jichikai) can help
community members cope with the stresses of
extended stays in transition shelters.

New crowd-sourced information and the use
of social media and FM radio

Social media were extensively used for
searches, rescues, and fundraising. Social
media are Web-based applications that use the
Internet to connect people (prominent exam-
ples are Twitter and Facebook) as well as web-
sites and computer applications that enable
users to collaborate and create content, such as
Wikipedia and YouTube. Emergency FM radio
also played a crucial role in the aftermath of the
GEJE (figure 0.5). When the emergency com-
munication systems in many cities broke down
because of power failures and lack of emer-
gency backup power, community radio stations
were able to send useful information out to
residents. In fact, about 20 emergency broad-
casting stations dedicated to disseminating
disaster information were set up in the Tohoku
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area. In the immediate aftermath of the disas-
ter, these community radio stations began to
provide information about times and locations
for the distribution of emergency food, water,
and goods. In the following months they grad-
ually shifted to providing other information to
help victims in their daily lives or to raise the
spirits of people in local communities. Radio
was particularly appreciated by the elderly,
who were less likely than younger people to
have access to Internet information.

With the relatively high levels of mobile-
phone penetration in developing countries,
social media could be very useful during disas-
ters, at least to the extent that they are already
used in normal times. They can also serve to
link up with communities outside the stricken
areas to facilitate the acquisition and alloca-
tion of aid and assistance. In many develop-
ing countries, lack of physical accessibility to
disaster-affected sites is a key issue. Mobile
networks and social media can be used to col-
lect and share localized information to improve
access. Reliability or trustworthiness of infor-
mation is an extremely important factor in the
use of social media. Local governments and
relevant national government agencies should,
therefore, consider using social media in their
public relations activities during normal times.
When disasters occur, those channels can be
used to share disaster-related information
with the public.

Part 4: Reconstruction planning

A new law for reconstruction

Based on the recommendations of Japan’s
Reconstruction Design Council, the national
government issued the Basic Act for Recon-
struction and the Basic Guidelines for Recon-
struction. The Reconstruction Agency, which
the prime minister heads, was established
under the oversight of the cabinet to promote
and coordinate reconstruction policies and
measures in an integrated manner. At the pre-
fectural level, the three disaster-affected pre-
fectures developed their own recovery plans.

At the municipal level, most of the disaster-
affected municipalities developed recovery
plans based on the pertinent policies of the
national and prefectural governments. Munici-
palities have focused on land-use planning to
build more resilient communities, including
relocation, reconstruction projects, and con-
sensus building among residents on relocation
and reconstruction plans. Reports on some
outcomes of these planning efforts are offered
in cluster 7.

Special reconstruction zones will be identi-
fied based on proposals by local governments
in the disaster-affected areas, where conces-
sions and incentives (regulatory, fiscal, budget-
ary, and financial) will be granted to companies
that set up new facilities.

Hastening recovery and reconstruction
through cooperation between communities
and local and national governments
Communities should be involved from the
outset in planning reconstruction. In the areas
affected by the GEJE, consultations between
governments and communities were the rule,
and community representatives were invited
to serve alongside experts on recovery plan-
ning committees from the earliest stages. The
most common ways of collecting residents’
opinions were surveys and workshops. The
central government and local governments
outside the disaster-affected area helped
affected municipalities plan their recovery by
conducting research, seconding staff, and hir-
ing professionals to provide technical support.
University faculty members, architects, engi-
neers, lawyers, and members of NGOs partici-
pated in the municipal planning process.

Debris and waste management

There was an urgent need to dispose of 20 mil-
lion tons of debris left behind by the GEJE and
tsunami, some of it contaminated by radioac-
tivity. The debris was an enormous obstacle to
rescue, and it still impedes reconstruction. The
amount of tsunami-related debris in Iwate was
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11 times greater than a normal year’s waste.
In Miyagi, it was 19 times greater. To has-
ten recovery, local governments across Japan
worked together to remove debris. Among
the many issues that arose were the availabil-
ity and selection of storage sites,” methods of
incineration, decisions about recycling, and
waste treatment and disposal. Under Japan’s
Local Autonomy Act, municipal governments
are expected to treat disaster-related waste
in accordance with the prefectural govern-
ment’s waste-management plan, and different
treatment and disposal methods must be used
depending on the composition of the debris.
The possibility of recycling should be consid-
ered. In general, authorities should prepare
for disasters by designating temporary storage
sites, traffic routes for transporting waste, and
so forth. The role of the private sector in debris
management, as well as cooperation with orga-
nizations and government bodies outside the
affected areas, should be explored.

Livelihood and job creation

Maintaining existing sources of income and
creating jobs are crucial during the reconstruc-
tion phase. When reconstruction is delayed,
income normally generated by neighborhood
shops or restaurants will be lost. Under the
“Japan as One” work project, local govern-
ments in priority areas can avail themselves
of job-creation funds. The town of Minami-
sanriku, for example, received financial sup-
port for fiscal year 2011. As of January 2012,
it had undertaken 47 job-creation projects
employing 460 people. The town will likely
receive more financial support for additional
employment and livelihood projects.

Part 5: Hazard and risk information and
decision making

The
assessment technologies need to be under-

limitations of predictive and risk-
stood. In Miyagi, the government predicted a
high probability of an earthquake occurring

but underestimated its size and the ensuing

tsunami risk. The official hazard map depicted
risk areas that were smaller than the areas
actually affected by the GEJE. Given the uncer-
tainties associated with hazard prediction and
risk assessment, earthquake and tsunami risks
should be assessed based on multiple sce-
narios, taking into account every conceivable
eventuality and utilizing all the tools science
has to offer. They should also be informed by
historical records going back as far as possible,
combined with a thorough analysis of the liter-
ature in the field, topographical and geological
studies, and other scientific findings.

All districts along the Tohoku coast had pre-
pared tsunami hazard maps prior to the GEJE,
but the extent of flooding experienced in some
areas far exceeded the maximum extent of
inundation predicted on the maps (map 0.2).
Hazard maps are used by local governments
in their disaster-preparedness plans to raise
awareness of the risks of disaster among local
residents. The hazard map is a crucial tool
for communicating information on risks and
countermeasures. Involving the community
in its preparation helps raise awareness and
maximize engagement when a disaster strikes.

The sharing of information among govern-
ments, communities, and experts left much to
be desired. For example, only 20 percent of the
population had seen the hazard maps before the
March 11 disaster. Effective risk communication
does not necessarily require a sophisticated
communication system. Although science-
based early-warning systems are important
during a disaster, regular sharing of predisaster
information at the local level is equally impor-
tant. The sharing should be accompanied—over
time and with the community’s involve-
ment—Dby disaster drills, community mapping,
and other measures. In recent years, remote-
sensing data has been used around the world to
rapidly map the damage resulting from natural
disasters. Japan has a well-established track
record in disaster mapping: as early as 1995,
remotely sensed data were used to map the
damage from the Kobe earthquake.
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a. Ofunato City, Iwate Prefecture
[] Actual inundation

Part 6: The economics of disaster risk, risk
management, and risk financing

Prompt government intervention to keep
damage from spreading across sectors

and countries

In 2011, the GEJE contributed to a 0.7 percent
contraction of Japan’s GDP. But the full extent
of the GEJE’s economic impacts will not be
known for some time. Manufacturing and ser-
vices suffered significant direct and indirect
impacts. Direct damage to buildings has been
estimated at approximately ¥10.4 trillion,
or 62 percent of total damages. The amount
of damage to the capital stock (asset base)
of agriculture, forestry, and fisheries is esti-
mated as ¥2.34 trillion, while damage to the
tourism industry amounts to approximately
¥0.7 trillion.

Although the Tohoku and Kanto regions
were the most directly affected by the earth-
quake, the entire manufacturing sector in
Japan and some industries abroad were

b. Sendai City, Miyagi Prefecture

M Inundation predicted

on hazard maps

forced to suspend production, as the impact
of supply-chain disruptions triggered by the
disaster spread through the globe’s networked
production system. A dense network of supply
chains runs throughout Japan, enabling manu-
facturers to engage in highly efficient produc-
tion while keeping inventory to a minimum.
But this efficiency-oriented management of
supply networks backfired in the wake of the
earthquake. Although Japanese companies
were remarkably responsive, restoring supply
chains and getting production almost back to
normal by the end of summer 2011, the need
remains to create more resilient supply chains
both inside and outside Japan.

The auto industry recorded the greatest fall
in production but recovered rapidly as facilities
reopened and vital transport networks were
repaired. After an initial 15.0 percent drop in
March, industrial production rebounded from
April onward, with growth of 6.2 percent in
May and 3.8 percent in June.

Map 0.2 Actual
inundation areas
were much larger
than predicted
Source: Cabinet Office.
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Because of the accident at the Fukushima
Daiichi nuclear power plant and damages to
other power plants, the government had to cut
power consumption in the Tohoku and Kanto
regions in the summer of 2011. The govern-
ment ordered large-scale users to cut their con-
sumption by 15 percent and called on smaller
electricity users and individual households to
curb their consumption voluntarily.

The government played an important role in
alleviating the disaster’s impact on households
and businesses through measures to ensure the
stability of the financial system, timely approv-
als of supplementary budgets, and provisions
for rapid disbursement of disaster assistance,
all of which helped citizens and firms jump-
start their recovery processes. The financial
resources for recovery and reconstruction are
being funded by taxes to avoid leaving the cost
to future generations.

Earthquake insurance helps people get
back on their feet. Dual earthquake insurance
programs, consisting of private nonlife insur-
ers and cooperative mutual insurers, cover
about four in ten Japanese households. These
programs do not provide a one-size-fits-all
solution, however. They offer a range of cov-
erage based on level of risk and other factors.
Data on natural disasters by country show
that both industrialized and developing coun-
tries have the same probability of suffering
a disaster. The difference is that developed
countries tend to have more comprehensive
and effective central government policies and
better-developed insurance markets, which
protect lives and preserve economic assets.
A functioning market in catastrophic risk
insurance requires major investments in risk
models, exposure databases, product design,
pricing, and other basic infrastructure of the
system. Governments can play an important
role in fostering the growth of this kind of
infrastructure, thereby enabling the private
insurance industry to offer cost-effective and
affordable insurance solutions.

Part 7: Recovery and relocation

Relocation and new regulations for land use
in at-risk areas in the wake of megadisasters
Since the GEJE, the Japanese government
has strengthened DRM systems based on les-
sons learned from that event. One of those les-
sons is that relocation is effective in mitigating
disaster damage. However, managing reloca-
tion projects—and consulting with affected
communities—is challenging. It is difficult to
achieve a consensus among community mem-
bers on any rehabilitation plan. For example,
while some prefer to rebuild their hometowns
on the original sites, others want to move to
safer areas.

Governments should examine various
recovery schemes, such as relocation to safer
areas, and reconstruction at the original sites.
When planning a recovery scheme, it is cru-
cial to consider community needs. But there
is a trade-off between speed and quality in the
recovery process. A government can promptly
rehabilitate towns by taking a top-down
approach. On the other hand, community con-
sultation requires more time.

Local governments should establish a par-
ticipatory mechanism, since community par-
ticipation is essential in promoting recovery.
One lesson from the humanitarian response
systems used after the Indian Ocean tsunami
in 2004 is the importance of striving to under-
stand local contexts and working with and
through local structures. Experts and CSOs
are expected to play a role in assisting recov-
ery, for example, by organizing and facilitat-
ing workshops or consultation meetings and
working with government and other experts
(see figure 0.6).

A cross-sectoral approach is required
to rehabilitate people’s daily lives. Organi-
zations should harmonize recovery plans
among all sectors concerned, such as roads,
DRM, and urban planning. Coordination
among local governments, the ministries of
the central government, and reconstruction
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Figure 0.6 Community rehabilitation facilitator

Source: Japan International Cooperation Agency.

agencies is crucial for effective planning and
implementation.

Local governments should lead recovery,
but support from the national government is
essential. Since local governments can more
closely respond to the varied needs of affected
people on the ground, they should take the
principal responsibility for recovery planning
and implementation. The national government
should support local governments’ efforts by
creating legislation and new project schemes,
providing subsidies, and providing technical
support (such as conducting tsunami simula-
tions and dispatching technical staff).

The relative merits of “self-reconstruction”
and public housing in postdisaster
reconstruction
An essential task of government is to help peo-
ple affected by natural disasters, particularly
the most vulnerable groups, to reconstruct
permanent housing. Local governments must
strive to identify the best way to provide such
assistance. Close communication between gov-
ernment and affected communities is an essen-
tial aspect of any effective response.
Governments should establish support
mechanisms for housing reconstruction, in
particular, for vulnerable and low-income
groups. Wherever possible, local govern-
ments should encourage affected community

members to assume responsibility for rebuild-
ing their lost dwellings. This approach is desir-
able because it allows people to rebuild to suit
their needs and because it lightens the load on
government. Some groups, however, such as
the low-income and the elderly, cannot rebuild
on their own because of financial constraints.
Local governments in the Tohoku area are pro-
viding these groups with public housing,.

Support from experts and private sector
involvement are useful. Because completing
large tracts of public housing in a short time is
a difficult task, local governments responsible
for reconstruction works should accept assis-
tance from other organizations and experts,
and through public-private partnerships.
Local governments are well advised to take
advantage of the private sector’s experience
with project management.

Local governments should formulate a plan
to operate and maintain public housing. While
the central government provides financial sup-
port for construction, local governments and
the affected population will have to operate
and maintain public housing. Local govern-
ments should consider operation and mainte-
nance at the design stage.

Preserving cultural heritage

In Japan, earthquakes and tsunamis have
damaged an enormous number of cultural
properties—for example, 744 designated cul-
tural properties were damaged by the GEJE.

A country’s cultural heritage is fundamen-
tal for national and community pride and for
social cohesion. Historical monuments are
regarded as national and community treasures.
Since these properties are deeply connected to
people’s lives and communities’ history, their
disappearance is equivalent to losing part of a
nation’s identity.

Governments should embrace the impor-
tance of preserving cultural heritage. Protect-
ing and preserving cultural properties and
historical buildings are often considered low
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priorities in disaster management. The DRM
plans of governments rarely cover the preser-
vation of cultural heritage.

It is important to prepare for disasters
by conducting collaborative activities with
local communities during normal times. The
owners of historical records, local residents,
government officials, and experts should be
involved in creating a mechanism for preserva-
tion. Without systems for preserving histori-
cal records, records in private collections are
at a high risk of disappearing during disasters.
Digital copies should be made of original his-
torical records. These copies are crucial when
original records are lost to disaster for their
contribution to the preservation and rehabili-
tation process.

Museums should produce a database of
properties. Information on properties is cru-
cial in conducting preservation work after
disasters. At a museum in Rikuzentakata City,
it was quite difficult for experts to address
the property and materials they encountered,
since the staff had died in the disaster and all
information was lost.

Recovering from damage to the Fukushima
Daiichi Nuclear Power Station

The recovery process following the nuclear
accident at the Fukushima Daiichi Nuclear
Power Station on March 11, 2011, presented
challenges different from those faced in the
recovery of areas damaged by the tsunami
waves and tremors of the GEJE. The nuclear
accident left communities concerned with the
serious effects of radiation exposure, reloca-
tion, the dissolution of families, the disruption
of livelihoods and lifestyles, and the contami-
nation of vast areas.

Following the nuclear accident, people in
Fukushima were removed to municipalities
and prefectures outside their home communi-
ties. There they faced difficulties finding hous-
ing, jobs, and schooling in unfamiliar places.
Many families separated in the process of seek-
ing employment and uncontaminated places to

live. To date, those affected do not have a clear
vision of when they can return to their origi-
nal communities. Even in areas where living
restrictions have been lifted, there are few job
opportunities, educational opportunities, and
medical and other social services. In addition,
the fear of radiation has not yet dissipated.
Many displaced people continue to reside in
transition shelters, perpetuating the possibility
of conflict between the host community and
temporary residents.

Nuclear disaster can divide a society. The
affected population of Fukushima has been
divided by differences in radiation exposure,
risk perception, age, and income. Follow-
ing adjustments to evacuation zoning, some
affected people have begun to return to their
hometowns. More than 20,000 people in four
municipalities, however, will not be able to
return to their communities for at least five
years because of high levels of radiation. Some
groups, in particular families with children, are
seriously concerned about radiation and have
moved outside the prefecture, while others stay
on. In general, younger people tend to move
away and start new lives, while older people
seek to return to their home communities. Peo-
ple with higher incomes are more likely than
poorer people to relocate voluntarily.

Prolonged evacuation causes conflict
between communities. Conflicts have emerged
between evacuees and host communities.
Towns and villages in the prefecture that suf-
fered from the earthquakes and tsunamis are
hosting evacuees from areas affected by the
nuclear accident. Because the evacuees occupy
housing and use public services (such as health,
education, and transport facilities) in the host
communities, natives encounter shortages,
leading to resentment, which is exacerbated
by the fact that evacuees from the nuclear acci-
dent are being compensated by the operator of
the nuclear plant.

Developing “temporary towns” is an enor-
mous challenge. Developing temporary sites
for evacuees in other municipalities is more
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complicated than the normal practice of
building resettlement shelters in the disaster-
affected area. It is necessary to clarify respon-
sibilities and cost-sharing arrangements
among the affected and the host municipalities
and with the national and prefectural govern-
ments. The question of how to use the facili-
ties and buildings of the temporary towns after
evacuees return to their hometowns will have
to be studied and resolved.

Radiation monitoring requires participation
from various stakeholders (such as communi-
ties, governments, and academia) to produce
an accountable database. Merely providing
risk information on radiation is not enough to
prevent rumors or to overcome their influence.

CONCLUSION

The global cost of natural hazards in 2011 has
been estimated at $380 billion—resources that
could have been used in productive activi-
ties to boost economies, reduce poverty, and
raise the quality of life. No region or country
is exempt from natural disasters, and no coun-
try can prevent them from occurring. But all
can prepare by learning as much as possible

about the risks and consequences of devastat-
ing events, and by making informed decisions
to better manage both. Disaster management
is increasingly important as the global econ-
omy becomes more interconnected, as envi-
ronmental conditions shift, and as population
densities rise in urban areas around the world.
As the GEJE showed, proactive approaches
to risk management can reduce the loss of
human life and avert economic and financial
setbacks. To be maximally effective, and to
contribute to stability and growth over the
long term, the management of risks from natu-
ral disasters should be mainstreamed into all
aspects of development planning in all sectors
of the economy.

NOTES

1. The GDLN is a network of video-conferencing
facilities in many locations around the world that
can be mobilized on short notice for real-time
meetings and workshops.

2. The Meiji tsunami occurred at night, whereas the
GEJE struck during the day.

3. Waste treatment outside the affected area is usu-
ally required but difficult to arrange. Previous
experience in Tohoku suggested that finding
dumping sites would be a problem.
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CHAPTER 1

Structural Measures

Against Tsunamis

Structures such as dikes play a crucial role in preventing disasters by controlling tsunamis, floods,

debris flows, landslides, and other natural phenomena. But structural measures alone cannot prevent

all disasters because they cannot mitigate damages when the hazard exceeds the level that the struc-

tures are designed to withstand. The Great East Japan Earthquake demonstrated the limitations of

Japan’s existing disaster management systems, which relied too heavily on dikes and other structures.
Damage can be kept to a minimum by multilayered approaches to disaster mitigation that include
structural and nonstructural measures and that ensure the safe evacuation of residents.

Dikes, dams, and other structures are regarded
as core measures in disaster risk management
(DRM) in Japan. Japan has constructed dikes
to mitigate flooding for nearly 2,000 years.
The first dike system was constructed in the
Yodogara River in Osaka in the 4th century.
The Japanese used dike systems to protect cru-
cial areas, such as castles and residential areas,
in the middle and early modern periods. The
government established after the Meiji Revo-
lution in the late 19th century has promoted
structural measures to control floods, high
tides, landslides, and tsunamis by employing
modern technology introduced from the Neth-
erlands and other Western countries. Disaster

damage had substantially decreased because
of concentrated investment in structural mea-
sures (chapter 28).

Surrounded by seas, Japan has an extremely
long, geographically complex coastline of
approximately 35,000 kilometers (km). People,
productive assets, and social capital are concen-
trated on small coastal plains over a limited land
area. Not only are Japan’s coastal areas situated
where earthquakes are exceptionally common,
but they are also subject to harsh natural events,
such as typhoons and winter ocean storms. His-
torically, the country has suffered severe dam-
age from tsunamis, storm surges, ocean waves,
and other natural phenomena. To protect life




BOX 11

The enormous tsunami walls of Taro, Miyako City,
Iwate Prefecture

The people of the Tohoku region have built and maintained tsunami dikes
for decades. Following the Meiji Sanriku Tsunami of 1896, the village of
Taro was hit by a 15-meter tsunami that washed out 285 houses and killed
1,447 people. The 7.6-meter Showa Sanriku Tsunami of 1933 also hit Taro,
washing out all 503 houses and killing 889 of the village’s 2,950 residents.
Because insufficient high ground could be found for 500 houses, the vil-
lage chose to build dikes. Construction began in 1934 using borrowed mon-
ey and took more than three decades to complete. The largest dike was
2,433 meters long and 7 meters high (10.65 meters above the sea level). It
was 3 meters wide at the top and as much as 25 meters wide at the base.
The March 11 tsunami swept over this dike before destroying it, leaving a
path of death and destruction across the community.

Source: © Mikio Ishiwatari/World Bank. Used with permission. Further permission
required for reuse.

and property concentrated near its coastline,
the country has been developing coastal and

port facilities for the last half century.

FINDINGS

Coastal structures in the region affected
by the Great East Japan Earthquake

When the tsunami hit eastern Japan in March
2011, 300 km of coastal dikes, some as high as
15 meters high, had been built (map 1.1). Pre-
fectural governments, which have the main
responsibility for building the dikes (supported
by national subsidies that cover two-thirds of

the cost), built 270 km of the total, with the
national government building the remain-
ing 30 km. The national government also had
developed technical standards, guidelines, and
manuals for use in the design and construction
of coastal structures. In response to the eco-
nomic damage caused by the Great East Japan
Earthquake (GEJE)—¥300 billion ($3.75 bil-
lion) in destroyed dikes—the government has
invested several hundred billion yen in dike
construction in the Iwate, Miyagi, and Fuku-
shima prefectures. It has also invested ¥400
billion ($5 billion) in constructing bay mouth
breakwaters in major ports, such as Kamaishi,
Kuji, and Ofunato, to protect them from tsu-
namis. A cost-benefit analysis of these invest-
ments appears in chapter 28.

The disaster-affected region had frequently
sustained devastating damage from tsunamis,
including the Sanriku tsunamis of June 1896
and March 1933, and a tsunami caused by a
massive earthquake off the coast of Chile in
May 1960. The 1933 Showa Sanriku Tsunami
was the first disaster to provoke modern tsu-
nami countermeasures at the initiative of the
central and prefectural governments. Those
countermeasures included mainly relocation
to higher ground and the building of dikes,
albeit at just five sites (box 1.1).

The Chilean Earthquake Tsunami of 1960
prompted extensive construction of coastal
dikes in the region. The dike height was ini-
tially based on the height of the 1960 tsunami
but was revised several times thereafter to take
into account other major tsunamis that had
occurred in the previous 120 years, as well as
predictions of future storm surge levels. These
dikes are designed to withstand the largest
of the predicted tsunami heights and storm
surge levels. In Iwate and northern Miyagi,
the heights were based on historical records,
whereas in southern Miyagi and Fukushima
they were based on the predicted storm surges.
Methods of risk assessment are explained in
chapter 25.
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How structures performed against the
GEJE tsunami

Some towns in the region were well protected
by the structures in place, even though the tsu-
nami caused by the earthquake far exceeded
their design height. In ITwate’s Fudai Village,
the 15.5-meter floodgate, built in 1984, pro-
tected the village and its 3,000 inhabitants. The
village was severely damaged by the Meiji San-
riku Tsunami of 1896 (height 15.2 meters), the
Showa Sanriku Tsunami of 1933 (11.5 meters),
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Certain breakwaters were also effective
in mitigating damage from the tsunami. The
breakwater at the mouth of Kamaishi Bay in
Kamaishi City, Iwate, was completed in 2009,
at a total cost of some ¥120 billion ($1.5 bil-
lion). Tt was the world’s deepest breakwater.
Although destroyed by the GEJE tsunami, the
breakwater reduced the tsunami’s force, and
therefore its height, by about 40 percent and
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Figure 1.3 Effectiveness of the Kamaishi tsunami
breakwater
Source: MLIT.

delayed its arrival by some six minutes, allow-
ing more time for people to evacuate to higher
ground (figure 1.3).

The GEJE tsunami destroyed many coastal
structures. Of the 300 km of dikes along the
1,700 km coast of the Iwate, Miyagi, and Fuku-
shima prefectures, 190 km were destroyed or
badly damaged. In many cases the tsunami
was twice the height of the dikes (map 1.1). All
21 ports along the Pacific coast in the Tohoku
region (from Aomori to Ibaraki) sustained
extensive damage to their breakwaters, quays,
and other coastal facilities, suspending all port
functions.

Run-up from the tsunami caused signifi-
cant damage along major rivers in the region.
Traces of the run-up were found as far as
49 km upstream from the mouth of the Kita-
kami River. Ishinomaki City in the Miyagi
Prefecture, where the Kitakami flows out to
the sea, experienced severe tsunami run-up
in addition to the direct attack along the coast.
Approximately 73 square kilometers (km?)
along the river, or about 13 percent of the
entire city, were inundated (map 1.2). The city
suffered badly, with 3,280 dead and 539 miss-
ing (as of March 11, 2012); 20,901 houses were
completely destroyed, and 10,923 houses badly
damaged (as of October 21, 2011).

New thinking about structural measures
in light of the GEJE
The GEJE exposed the limitations of DRM
strategies focused disproportionately on struc-
tural measures. Dikes and breakwaters built
before the GEJE were designed to protect
against relatively frequent tsunamis, and were
effective in preventing damage from those
of limited height. In the GEJE, however, the
height of the tsunami far exceeded predictions.
Although the structures helped to reduce water
levels, to delay the arrival of the tsunami, and
to maintain the coastline, many of them were
breached, resulting in enormous inland damage.
Planning for the largest possible event is
a significant policy shift in Japan’s thinking
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about DRM. Building 20- or 30-meter tsunami
dikes is neither realistic nor financially, socially,
or environmentally practical. But lives can and
must be protected by other means, notably
multilayered approaches that combine struc-
tural and nonstructural measures to ensure
the safe evacuation of residents (chapter 32).
Nonstructural measures are discussed in the
chapters of cluster 2. Planning for the new
generation of multilayered DRM approaches is
based on a comprehensive assessment of his-
torical records, documents, and physical traces
of past tsunamis, and by drawing on the latest
seismological research and simulations.

Since the GEJE, the Japanese govern-
ment has taken a two-level approach. Level 1
includes tsunamis that occur as frequently as
every 100 years and that cause significant dam-
age, whereas level 2 covers the largest possible
tsunami, which has an extremely low probabil-
ity of occurrence (once every 1,000 years) but
has the power to cause devastating destruction
(figure 1.4).! Conventional structural measures
such as dikes and breakwaters protect human
lives and property, and stabilize local economic
activities, in the face of level 1 tsunamis. To
withstand level 2 tsunamis, however, coastal
structures must be improved to be more resis-
tant to collapse and to reduce the likelihood
of their complete destruction through scour-
ing (figure 1.5). Some 87 percent of dikes that
had been reinforced against scouring were not
damaged in the GEJE, although the tsunami
spilled over them.

The government has issued new guidelines
for rebuilding river and coastal structures, tak-
ing into consideration their appearance as well
as local characteristics, ecosystems, sustain-
ability issues, and financial feasibility.

Operation of floodgates

and inland lock gates

Although floodgates and inland lock gates can
protect against tsunamis, their operation posed
problems during the GEJE. Such gates should
be closed before the tsunami arrives, but in

Map 1.2 Tsunami inundation area along the Kitakami and Kyu-Kitakami rivers
Source: MLIT.

Note: CBD = central business district.

Level 1 tsunami Level 2 tsunami

=

Figure 14 Countermeasures against level 1and level 2 tsunamis
Source: MLIT.
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Figure 1.5 Structure of a highly resilient breakwater
Source: MLIT.

the case of the GEJE tsunami this operation
could not be completed in time, and a number
of volunteer firefighters and other workers
were killed in the process. In addition, many
gates were left open because equipment failed
or because operators were caught in traffic
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jams and could not reach the site. Other gates
became nonfunctional owing to power losses.
In December 2011, the Flood Prevention Act
was amended to require local governments to
ensure the safety of volunteer firefighters and
other workers who operate floodgates, inland
lock gates, and similar facilities. In March
2012, the Ministry of Land, Infrastructure,
Transport and Tourism (MLIT) and the Fire
and Disaster Management Agency issued the
following recommendations to local govern-
ments and other concerned organizations:

» Remove unnecessary floodgates and ensure
that the remaining floodgates can be oper-
ated automatically, semiautomatically, or
by remote control.

e Keep inland lock gates closed at all times.
Introduce automatic floating gate systems
or install ramps or steps.

e Install emergency power supplies and
make facilities earthquake-resistant.

LESSONS

 Structural measures alone cannot prevent
tsunami disasters. The enormous tsunamis
experienced in the GEJE have revealed
the limitations of DRM measures that rely
too heavily on structures. Many dikes and
breakwaters were destroyed by the GEJE
tsunami. They were nevertheless effec-
tive to some extent in reducing inundation
areas and mitigating damage.

e It is important to learn from past disasters
and to revise countermeasures accordingly.
In the GEJE-affected areas, various struc-
tural measures had been implemented in
light of historical disasters, and they were
successful in mitigating damage until the
GEJE. Scenarios that envision the greatest
possible hazard should be taken into con-
sideration when designing DRM measures.

An appropriate combination of structural
and nonstructural measures is required
in order to achieve maximum mitigation
of damage. Structural measures should be
designed to prevent damage to human lives
and property caused by level 1 events and
to mitigate damage from level 2 events.

* Building design can mitigate damage if
not prevent it. Though it is unrealistic to
build structures large enough to protect
against the largest conceivable events,
the resilience of conventional structures
must be enhanced. These should be built
to mitigate damage even when the haz-
ard level exceeds their design specifica-
tions. It is possible for structures to “fail
gracefully” (meaning that they do not fail
completely or collapse), thereby delaying
the onslaught and reducing the energy of
tsunamis. The concept of failure should be
incorporated into the design to take into
account unforeseen events.

e Power failure and other emergency con-
ditions need to be considered in structure
design. Coastal facilities such as flood-
gates should be designed so that they can
be properly managed even in the event of
power failure and in the absence of opera-
tors. Standardized guidelines should be
established for their safe operation in
emergencies.

RECOMMENDATIONS FOR
DEVELOPING COUNTRIES

Prepare for disasters by integrating structural
and nonstructural measures. DRM measures
should account for two levels of hazard. Level 1
events are relatively frequent and produce major
damage; level 2 events, the largest possible
disasters, have an extremely low probability but
produce a devastating impact. Every possible
structural and nonstructural measure should be
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employed to protect against level 2. Structural
measures should be designed to protect people,
property, and socioeconomic activities against
level 1 and to mitigate damages at level 2.

Provide technical and financial support
for local governments. The central govern-
ment plays a crucial role in reducing disaster
risks across the country. The central govern-
ment should encourage local governments
to promote structural measures by providing
financial support and guide them in meet-
ing minimum requirements for structures by
producing technical guidelines and manuals.
Also, the central government should provide
the local governments with technical sup-
port, such as conducting training for techni-
cal staff in planning, design, operations, and
maintenance.

Consider designs and improvements to
enhance the resilience of structures and to pre-
vent sudden and complete failure. Extraordi-
nary external loads caused by earthquakes,
floods, and other events should be considered
in designing structures such as dams and dikes,
which should be designed in such a way so
that they will mitigate damage even when the
hazard level exceeds their design levels. Their
effectiveness in mitigating damage should be
ensured even in the event of their technical
failure.

Raise dike levels in a phased manner, consid-
ering the country’s financial and social condi-
tions. Safety standards and structural design
upgrades against level 2 events should reflect
the concentration of population and economic
assets in the protected areas. Although it may
not be possible to build dikes capable of with-
standing level 2 disasters, appropriate and fea-
sible targets for dike design safety should be
identified.

Assure reliable operation of key facilities dur-
ing emergencies. The safe and reliable operation
of infrastructure must be ensured in emer-
gency situations. Structural measures such as
floodgates cannot provide reliable protection if

they cannot be operated under extreme condi-
tions, such as power failures and the absence of
operators. Multiple layers of operation should
be assured. A sufficient number of qualified
operators should be available during disasters,
but not necessarily onsite. Developing manuals
and conducting regular drills are required dur-
ing normal times. The danger to which opera-
tors are exposed should be minimized.

NOTES

Prepared by Mikio Ishiwatari, World Bank, and Junko
Sagara, CTI Engineering.

1. The two-level approach has already been adopted
in the design of other key infrastructure, such as
dams and flood-prevention dikes. Dams typically
consider the maximum probable flood or a flood
with a 10,000-year return period when designing
structural safety, and a 100- to 200-year return
period for flood-control operations. For flood-
prevention dikes to protect some critical areas of
Tokyo and other locations, the government has
increased design standards beyond the norm of
100- to 200-year floods.
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CHAPTER 2

Building Performance

The strong main shock of the Great East Japan Earthquake of March 11, 2011, caused little damage
to buildings. Buildings designed under the current building code and those with base isolation fared

well. However, seismic design guidelines for nonstructural members had not been considered ade-

quately, which resulted in problems such as the collapse of ceiling panels. Soil liquefaction occurred

in reclaimed coastal areas along Tokyo Bay and riverside areas. The key lessons of the event are that

seismic-resistant building design prevents collapse of buildings and protects human lives, that retro-

fitting vulnerable buildings is essential to reduce damage, that seismic isolation functioned well, and

that nonstructural building components can cause serious damage. When applying these lessons to

developing countries, local technical and socioeconomic conditions should be taken into account.

FINDINGS

History of building codes in Japan

The world’s first national seismic design code
Due to its location and tectonic settings, Japan
is prone to large earthquakes. The Great Kanto
Earthquake in 1923 caused some of the most
serious damage in Japanese history, as fires
consumed a large part of Tokyo, killing more
than 100,000 people (table 2.1). Based on the
lessons learned from the disaster, a seismic
design code was introduced in the building
code of 1924, the first national seismic design
code applied anywhere in the world.

Building code updates following

major earthquakes

After every major earthquake, Japan’s national
government and academic community carry
out detailed surveys of building damage, and
the building code is revised accordingly. Tech-
nical recommendations are based on the most
recent lessons. The Tokachi-oki earthquake in
1968 caused serious damage to reinforced con-
crete (RC) buildings and inspired a major revi-
sion of the building code in 1981. Until 1981, the
building code required buildings to withstand
a lateral force of 20 percent of the total weight
of the building without damage to structural




Table 21 Comparison of three major disasters in Japan

DISASTER GREAT KANTO EARTHQUAKE GREAT HANSHIN-AWA]I (KOBE) GREAT EAST JAPAN EARTHQUAKE
EARTHQUAKE AND TSUNAMI

Year 1923 1995 201

Magnitude 79 73 9.0

Location Tokyo and surrounding area Kobe and surrounding area Extended area. Tsunami affected

1,000 km of coastline

Casualities (dead and missing)

105,385

6,437

19,845 (as of September 26, 2011)

Main cause of deaths

Fire

Collapse of old houses

Tsunami (drowning)

Conditions

Noon. Residents were using
stoves to cook lunch. Strong
winds spread fire, which burned
for three days. Fire created
tornados and whirlwinds.

Before dawn. Sleeping residents
were killed when their houses
collapsed. Few were killed on
trains or highways.

Mid-afternoon. People were at
school or work, where evacuation
protocols were put into effect.

members. The revised code, part of which is

still in use, requires that buildings be strong
enough to withstand a lateral force equal to
100 percent of the building’s weight. Damage
to the building is permissible as long as human

lives are not threatened.

Current building code (1981) in Japan
The main aspects in the current building code

0f 1981 are as follows:

e Within their lifetime, buildings should be
able to withstand several large earthquakes

After 1981
3%

1971-81
21%

Before 1971
76%

Figure 2.1 Share of houses that collapsed in the 1995
Kobe earthquake, by year of construction

without structural damage.

* Building should be able to endure, with-
out collapse or other serious damage, an
extremely large earthquake with a return

period of 500 years.

Technical guidelines for assessing and
retrofitting existing RC buildings constructed
under building codes in effect prior to 1981

were produced.

Initiative to retrofit buildings following the
Great Hanshin-Awaji Earthquake (Kobe

earthquake) in 1995

The 1995 Kobe earthquake caused heavy dam-
age, 6,437 casualties, and economic losses
estimated at more than $120 billion. Of the
buildings that collapsed in the Kobe quake,

Source: Ministry of Land, Infrastructure, Transport and Tourism (MLIT).

97 percent were built before 1981 (figure 2.1).
Based on this finding, the government imple-
mented a new law in 1995 to promote retrofit-
ting of old buildings.

Under the Act for Promoting Seismic Retro-
fitting of Existing Buildings (1995), the national
and local governments offer incentives to pri-
vate homeowners, such as

e Subsidies for assessments of structural
soundness

* Subsidies for the cost of retrofitting
¢ Reductions in income tax and property tax

e Low-interest loans to cover the cost of
retrofitting
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Some 80 percent of local governments have
established subsidy programs to encourage
owners to assess the structural integrity of their
homes, and, as of April 2011, some 64 percent
of the local governments had programs that
subsidized retrofitting work. The government’s
target is to increase the ratio of earthquake-
resistant houses to 95 percent before 2020. In
2008 the ratio was 79 percent, with some 10.5
million houses still requiring retrofitting. In
spite of efforts to promote retrofitting, only
300,000 houses were retrofitted between 2003
and 2008. These numbers show that it is diffi-
cult to motivate homeowners to retrofit.

Damage to buildings from the Great East
Japan Earthquake
Minimal damage from earthquake
Table 2.2 shows the summary of the dam-
age caused to buildings following the Great
East Japan Earthquake (GEJE). Most of the
collapsed residential buildings were washed
away or destroyed by the tsunami rather than
the earthquake. The death toll from the earth-
quake itself is estimated to be less than 200.
The earthquake produced violent shaking
over avery wide area. The strongest peak accel-
eration of 2,933 galileo (Gal) was recorded in
Tsukidate, Miyagi Prefecture, but 18 observa-
tion stations in six prefectures observed accel-
eration greater than 1,000 Gal. In spite of the
strong acceleration, damage from shaking was
minimal, owing partly to the characteristics of
the ground motion (the dominant frequency

Table 2.2 Damage to buildings following the GEJE

CATEGORY NUMBER
Residential buildings

Total collapse 107,779
Partial collapse 17,019
Burned 263
Partial damage 434327
Nonresidential buildings 32,445

Source: NILIM (National Institute for Land and Infrastructure
Management) and BRI (Building Research Institute) 2012.

was relatively high). Damage to buildings
constructed under the 1981 and later building
codes was limited and within the range antici-
pated by the design code.

Serious damage from the tsunami

The cause of most of the damage to houses
was the tsunami that followed the main shak-
ing. Most wooden houses in deeply inundated
areas were washed away or totally destroyed
(figure 2.2). Many steel structures were also
severely damaged (figure 2.3). By contrast,
buildings of RC performed well against the

tsunami. Although many were completely

Figure 2.2 Houses
and cars were
washed away by
the tsunami

Source: ® Yamada-machi.
Used with permission.
Further permission
required for reuse.

Figure 2.3 The tsunami destroyed the outer walls of steel structures

Source: NILIM and BRI 2012.
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Figure 2.4 Reinforced concrete building withstood tsunami Figure 2.5 Reinforced concrete building damaged by buoyancy
even though submerged (note car on roof) Source: NILIM and BRI 2012.
Source: NILIM and BRI 2012.

Figure 2.6 Reinforced concrete building scoured by the Figure 2.7 Overturned building of reinforced concrete with

tsunami current pile foundation
Source: NILIM and BRI 2012. Source: NILIM and BRI 2012.
submerged, they did not suffer structural dam-  the structures or to mechanical and electrical

age (figure 2.4). Those RC buildings that were  facilities inside the buildings. No fittings or
damaged tended to be small and without a  furnishings fell. The dampers and the cover
pile foundation (figures 2.5 and 2.6). Figure 2.7  over the slits between the isolated and noniso-
shows a damaged building where the probable  lated parts were damaged as expected.
causes of the damage were a combination of
weak connections between piles and footings, =~ Enhanced seismic design and retrofitting of
strong water pressure from the tsunami cur-  transportation infrastructure facilities
rent, and liquefaction.! A major campaign to reinforce key infrastruc-
ture such as bridges following the Kobe earth-
Effectiveness of building countermeasures quake in 1995 was undertaken by highway and
Good performance of seismic base railway companies and governmental agen-
isolation system cies. As a result, serious structural collapses
Japan’s Building Research Institute (BRI)  of infrastructure were avoided following the
reported that the seismic base isolation® sys- ~ GEJE. The East Japan Railway Company
tems in all 16 buildings in Miyagi Prefecture = had reinforced more than 17,000 bridge piers
performed well, reducing lateral motion by  under the Shinkansen (bullet train) lines, and
40-60 percent. No damage was observed to  the central government had retrofitted 490
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Figure 2.8 Fallen ceiling panels in school gymnasium
Source: NILIM and BRI 2012.

bridges in the Tohoku region. Because of these
works, some 1,500 bridges on national routes
in the region were spared serious damage. Five
bridges collapsed under the force of the tsu-
nami. Because damage was generally limited,
it was possible to repair the main highways and
roads to the affected areas within one week
of the event. However, serious damage in the
coastal areas affected by the tsunami took lon-
ger to repair. Shinkansen service to the Tohoku
region resumed after 49 days (chapter 20), a
huge improvement over the situation after the
Kobe earthquake, when reconstruction of the
roads required more than 18 months and repair
of the Shinkansen line took 82 days.

Areas for improvement

Damage to nonstructural

building components

Much of the damage observed in buildings fol-
lowing the GEJE involved nonstructural com-
ponents attached to structures, such as ceiling
panels, nonstructural walls, and finishing
materials (figure 2.8). To date, no guidelines or
codes cover the wide variety of materials and
designs used on nonstructural components. In
Japan, few engineers have devoted attention to
the matter.

Liquefaction

Liquefaction occurred on reclaimed lands and
river banks over a wide area. Small buildings
without pile foundations built on plots that had

Figure 2.9 Subsidence of houses from liquefaction
Source: NILIM and BRI 2012.

not been treated for liquefaction were affected
(figure 2.9). Existing building codes cover
countermeasures against liquefaction for RC
and other buildings, but not for the detached
wooden houses owned by most ordinary
people. The Ministry of Land, Infrastructure,
Transport and Tourism has now produced
technical guidelines to fill these gaps. Some
local governments have provided liquefaction
risk maps to encourage building owners to take
countermeasures.

Damage from failure of retaining walls

In Sendai City, more than 4,000 houses were
damaged by landslides caused by the strong
ground shaking (figure 2.10). Since 1961, to

Figure 2.10 Houses
damaged by failure

of retaining walls

Source: NILIM and BRI
2012.
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prevent landslide disasters, the city govern-
ment has regulated housing in hilly areas under
the Act on the Regulation of Housing Land
Development. Most locations that experienced
landslides following the GEJE were developed
before the act came into effect. In 2009, in
response to landslides caused by earthquakes
since 2000, the central government established
a subsidy mechanism whereby local govern-
ments were tasked to carry out geotechnical
work to stabilize the ground for large-scale
housing projects in high-risk areas. However,
stabilization work had not started by the time
the March 2011 disaster struck.

Effect of ground motion of long periods

on skyscrapers

The potentially devastating effect of quaking
and tremors over long periods on skyscrapers
and seismically isolated buildings has been
recognized in recent years. New skyscraper
designs take this into account. Some sky-
scrapers had been retrofitted before the GEJE
with devices to control deformation or absorb
energy. On March 11 strong and sustained
ground motion of long periods reached Tokyo
(approximately 400 kilometers [km] from the
epicenter) and even Osaka (800 km), affecting
the skyscrapers in both of these metropolitan
areas. Recognizing the importance of counter-
measures against the risks of sustained ground
motion, the Japanese government released a
draft of a new technical guideline that revises
structural design procedures, safety measures
for furnishings and fittings, and a screening
method to identify skyscrapers that need to be
examined in detail.

Technical guideline for tsunami

evacuation shelters

Japan’s first technical guideline for tsunami
shelters was published in 2004. A revised
guideline was released in November 2011,
based on detailed surveys of the areas affected
by the GEJE. Where the risks from tsunami
pressure are less serious, the tsunami load can

z

Building

2005 guideline
Design wave
pressure » qa,

q,=pg(3h-2)

Design water depth: h 1

2011 guideline 3pgh

q, =pglah-2) apgh (a =15-3)

Figure 2.11 Revised design load requirements against
tsunamis
Source: BRI and NILIM.

be smaller under the revised guideline than
under the previous guideline (figure 2.11).

LESSONS

e The importance of retrofitting buildings is
demonstrated by the fact that buildings
designed under the 1981 building code and
retrofitted buildings performed well in the
GEJE, whereas most of the damaged build-
ings were constructed before 1981 and had
not undergone any retrofitting. Further
efforts to retrofit are required, including
more attractive incentives for those who
cannot afford to invest in safety or are
reluctant to do so (as are many elderly peo-
ple). More affordable retrofitting methods
should be developed. Partial retrofitting,
safety shelters inside the home, and beds
covered by safety frames are examples of
affordable options.

e The GEJE demonstrated the need to con-
sider nonstructural elements when think-
ing about earthquake safety. The materials,
design, and construction of nonstructural
components vary greatly. Technical guide-
lines are needed to ensure that such com-
ponents are earthquake-resistant.

e Even when structures withstood ground
shaking and saved the lives of their inhab-
itants, inhabitants could not reoccupy their
dwellings because of deformation of walls
and doors. Substantial sheer cracks in
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nonstructural walls also made inhabitants
wary of returning. In addition to ensuring
structural safety, it is recommended that
efforts to achieve the functional continuity
of buildings—with minimum disruption to
everyday lives—are made.

e Countermeasures against liquefaction and
landslides need to be enhanced in Japan.
Following the GEJE, the Japanese govern-
ment has reviewed the method of assessing
the risk of liquefaction. Developing more
effective and affordable anti-liquefaction
treatments is needed. The government is
considering a requirement that homebuy-
ers be notified of the risk from liquefaction.
The government is also providing subsi-
dies for projects to stabilize slopes with
landslide potential near houses.

e Increasing buildings’ capacity to absorb
energy reduces structural deformation. The
GEJE demonstrated the possibility of a
gigantic earthquake occurring as a result
of three large earthquakes (Tokai, Tonan-
kai, and Nankai) occurring in short succes-
sion. Such a series of earthquakes would be
likely to produce strong ground motions
of long periods. Structural and retrofitting
measures should be performed according
to the new guideline, lowering the risk of
long-period ground motions by preventing
their amplification. Increasing buildings’
capacity to absorb energy reduces struc-
tural deformation.

* Buildings with isolated bases performed well
during the GEJE, enabling them to be used
without interruption even immediately
after the main shock of the earthquake.

RECOMMENDATIONS FOR
DEVELOPING COUNTRIES

Improving the seismic resilience of buildings
is the most effective risk mitigation measure.
One of the most basic and effective measures

furniture is still standing (Yogyakarta province,
following Central Java Earthquake, 2006)

Source: Japan International Cooperation Agency (JICA).

to mitigate risks from earthquakes is to build
structures that are resilient to ground shaking.
Many buildings in developing countries are
extremely vulnerable to collapse (figure 2.12).

Use appropriate technologies. Various seis-
mic design guidelines have been developed
around the world. Direct application of such
guidelines may not be appropriate in develop-
ing countries because of their costs, the limited
knowledge and skills of builders, and limited
tools and facilities on construction sites. What
are needed are seismic design guidelines that
are suited to local conditions and capable of
enhancing the resilience of buildings.

Knowledge and lessons should be adapted and
customized to local conditions. In Indonesia a
simple technical guideline that is consistent
with local technical capacities and other condi-
tions was developed and is being disseminated
with help from the Japan International Cooper-
ation Agency (JICA) (box 2.1). Knowledge based
on detailed surveys of construction sites and
motivation on the part of engineers, workers,
government officials, and owners of buildings
can improve safety. Pilot buildings may include
emergency centers, fire stations, hospitals, or
evacuation shelters. These can demonstrate the
benefits of advanced seismic resilience while
enhancing the knowledge and skills of techni-
cians through on-the-job training,

2: BUILDING PERFORMANCE
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BOX 2.1

A simple technical guideline and its dissemination
through the building permit process in Indonesia

The Central Java Earthquake in 2006 caused heavy damage and killed some

6,000 people, mostly as their houses collapsed. During reconstruction, the

provincial government developed a technical guideline for small, one-

story houses. The guideline, simple enough to be illustrated in a poster, has

been well accepted by the population. The central government decided to

apply it across the country through the building permit system.

LT iy o
| FFabrmime W e
1w e o B bp o Lieeiores

i,

e

Source: JICA.

Implement building codes. Another impor-
tant issue is how best to implement building
codes and how to monitor their implementa-
tion. Legislation should include provisions
related to the issuance of building permits,
inspection of construction, and enforcement
of building codes. Enforcement requires suf-
ficient numbers of trained and equipped

Preparation of building plan

Building confirmation Inspection
Concurrence of construction Building
officials
. . . . or
Interim inspection Inspection
Designated
confirmation
Completing inspection Inspection body
Confirmation certificate Issuance

Utilization

Figure 2.13 Flowchart illustrating the Japanese
building permit process
Source: MLIT.

officials and inspectors with access to techni-
cal information.

Japan’s Building Standard Law mandates
the implementation systems shown in figure
2.13. Local government officials (or designated
confirmation bodies) conduct examination/
inspections before, during, and after construc-
tion. If conformity with building standards is
confirmed, a confirmation certificate is issued.
An interim inspection is performed on build-
ings that have certain structural characteristics
or purposes. Multifamily dwellings, multisto-
ried buildings, and public buildings are gener-
ally subject to this type of inspection.

Retrofit historical buildings. In countries with
many vulnerable historical buildings, retrofit-
ting is a priority. Retrofitting should be consid-
ered in the context of striking a balance between
affordable and effective retrofitting methods, a
balance that motivates both private owners and
government officials and politicians.

Secure the safety of nonstructural compo-
nents. The issue of nonstructural building
components is common in developing coun-
tries, although the critical elements may be
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different. Nonstructural walls, roofing mate-
rials, and ornamental attachments such as
pediments and signs are examples observed
in field surveys in affected areas. Complicating
this issue are the large variety of materials and
designs and the scarcity of engineers. Materi-
als that provide shelter and the curtain walls of
outside buildings must be regulated first, given
the risks they pose to pedestrians. To resolve
the issue of roofing materials, manufacturers
and engineers should be involved in improv-
ing construction methods and materials. Also,
construction workers should be trained to
install such materials in safer ways.

Prevent large deformation of structures. Jap-
anese experts are examining ways to minimize
structural deformation. This could be useful
to countries whose seismic design codes allow
larger deformation than Japan’s.

Prepare for tsunamis. Japan’s experience and
knowledge with tsunami evacuation shelters is
useful to other countries exposed to tsunamis,
such as Indonesia. The tsunami evacuation
shelter in Banda Aceh is an example of Japa-
nese technical cooperation (box 2.2).

Promote seismic base isolation. Buildings
with seismic base isolation features suffered
very little damage from the GEJE. More key
public buildings, particularly those that will be
used for emergency relief activities and emer-
gency response—that is, evacuation shelters
and fire stations—should be built using base
isolation. Simple and affordable techniques for
base isolation should be developed for use in
developing countries.

NOTES

Prepared by Tatsuo Narafu, Japan International Coop-
eration Agency, and Mikio Ishiwatari, World Bank.

1. In an earthquake, soil behaves like a liquid, losing
its strength and bearing capacity.

2. Isolated structures damp the effects of earthquake
ground motion through decoupling of horizontal
components. Isolation systems may be laminated
steel with high-quality rubber pads, or other
energy-absorbing materials.

BOX 2.2

Tsunami evacuation shelters applying the Japanese
technical guideline

Banda Aceh was severely damaged by the Indian Ocean Tsunami of 2004.
Despite the devastation wrought by the tsunami, local people are return-
ing to coastal areas because their livelihoods are tied to the sea. Because
no suitable evacuation areas are found along the coast, evacuation shelters
are being constructed. The Japan International Cooperation Agency (JICA)
is supporting the construction of vertical evacuation shelters that embody
Japanese technical guidelines. The shelter shown below was used for
emergency evacuation in 2012.

Source: JICA.
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CHAPTER 3

Hydrometeorological Disasters
Associated with Tsunamis and

Earthquakes

Earthquakes and tsunamis increase the risks of hydrometeorological disasters. After the Great East

Japan Earthquake, disaster-prevention structures such as coastal and river dikes were quickly reha-

bilitated. A phased process of rehabilitation work made it possible to address urgent needs for protec-

tion against frequently occurring floods and storm surges, while at the same time meeting longer-term

targets for protection against megadisasters. The deterioration of levels of protection against hydro-

meteorological disasters was quickly assessed after the event in order to identify priority areas for

rehabilitation, revise standards for the issuance of warnings, and raise public awareness about the

increased risks of hydrometeorological disasters.

FINDINGS

The Great East Japan Earthquake

and tsunami increased the risks of
hydrometeorological disasters

The Great East Japan Earthquake (GEJE)
caused extensive damage to coastal and river
infrastructure and diminished the level of pro-
tection they provided against floods and storm
surges, thereby increasing the risk of hydro-
meteorological disasters. Countermeasures

against these risks have been successfully put

in place (figure 3.1). According to the Min-
istry of Land, Infrastructure, Transport and
Tourism (MLIT), 426 coastal units (including
coastal dikes and revetments extending along
190 kilometers [km]) out of a total of 515 units
with a total length of some 300 km, sustained
damage in the Twate, Miyagi, and Fukushima
prefectures.

The MLIT began, on the day of the earth-
quake, to assess the safety of dams and struc-
tures in some 30 rivers. Slope failure and
subsidence of dikes were observed at 2,115 sites
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Flooding period

Snow melt/flood Rainy season Typhoon season

Period when spring tide is relatively high

Assessment and

announcement of secondary

disaster risks

Overview assessment

Assessment and announcement of risks
* Subsidence in the Sendai Plain, Miyagi, and Iwate coastal areas has already been announced

Discharge of water from

inundated area

Emergency discharge

* River, coastal, agriculture, and sewerage departments collaborate to implement emergency protection of coastal
lowlands and continue necessary measures (water removal by discharge pump vehicles, etc.)

Measures against storm

Emergency measures Temporary measures

surges (stacking sandbags to high tide level) (reinforcement of foreside of sandbags, etc.)
Restoration of coastal dikes, 3 prefectures of Iwate, Miyagi, and Fukushima
etc. Fully/partly | Temporary
Total destroyed measures * Completed
Coastal dike protection (km) |approx. 300 |approx.190 | approx.50 | approx.19
* Section where important public ~~~~ Implement as many=="==""~
facilities exist ____Measuresaspossble _____ il
Full restoration (restoration of damaged embankments and dike protection)
Measures Warning/ Lowering of standards for call-out of flood fighters, or announcement standards for river flood forecasting
against evacuation warnings, communication to residents, etc.
heavy rains  measures
--------- emergency rehabilitation of dikes === === —-—=--—-——-—-—-—-—————— - ——
and floods Temporary measures ( g byyembankments) Implement as many measures as possible - I I I
River dikes/ Damaged sites | Temporary Completed D : Full restoration
) amaged sites
structures (state managed) | measure s Full restoration | (ctate §nanaged) by end of | by end of
(weirs/gates) Tohoku 1195 29 29 June 2011 | June 2012
Kanto 920 24 24 Tohoku 1,195 993 202
Total 2,15 53 53 Kanto 920 733 187
Total 2,115 1726 389
Measures Warning/ Detailed assessment (inspection of sediment disaster risk areas)
against evacuation Seformat h ing level by | ) ¢
ol —— Total | Inspected | PEformation Strengthen warning level by lowering of announcement
clisiar — standards for sediment disaster warning information or
Inspection sites | 33,301 | 32,302 1143 installation of mudslide sensors
* Inspection completed in areas other those inaccessible for
inspection (no transportation, nuclear accident affected areas, etc.)
A Temporary measwres | | | | [ECEEERD
management m 5 5
faiil?c?ees < Construct sediment control dams as emergency measures in area where failure occurred I I I

Before rainy Before typhoon
season *1 season *2

*1 Areas where failure was caused by the earthquake
*2 Areas where there are risks of failure

Construction of

sediment control dams 18 2

Figure 3.1 Countermeasures taken against hydrometeorological disasters following the GEJE

Source: Ministry of Land, Infrastructure, Transport and Tourism (MLIT).

Figure 3.2 Damage
to river dikes at

Narusegawa
Source: MLIT.

in eight rivers managed by the MLIT, mainly
in the Tohoku and Kanto regions (figure 3.2).
Local governments reported damage to a total
of 1,627 sites in the rivers they manage. Many
river dikes were also damaged by liquefaction
caused by earthquakes. The MLIT confirmed
that none of the country’s dams suffered struc-
tural problems, except for minor leaks and
cracks. One irrigation dam failed, killing seven
and leaving one person missing in Fukushima
Prefecture.
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Increased inundation risks from subsidence
The earthquake caused extensive subsidence
in some areas. Rikuzentakata City in Iwate
Prefecture, for example, saw subsidence of 84
centimeters, which led to flooding of coastal
areas and roads at high tide, often hampering
recovery and rehabilitation efforts.

The level of protection against storm surges
and flooding was significantly diminished in
the Sendai Plain. The area below mean sea
level more than tripled (from 3 square kilo-
meters [km?] to 16 km?) after the earthquake
(map 3.1), as revealed in the MLIT’s laser pro-
filing survey. The MLIT produced subsidence
maps and revised downward the water levels
at which it issues flood warnings. For manage-
ment of spatial data and their use in mapping,
see chapter 26.

Landslides caused by the earthquake

The earthquake caused 141 landslides, as a
result of which 19 people lost their lives (as of
February 2012). Immediately after the earth-
quake, the MLIT began inspecting 1,952 sedi-
ment control facilities managed by the ministry,
while the prefectural governments inspected
4,324 facilities. The MLIT conducted emer-
gency inspections of about 32,000 sites with
potential risks of sediment disasters such as
debris flows and landslides in 220 municipali-
ties where the Japan Meteorological Agency
(JMA) had observed seismic intensity of 5+ or
larger. Significant deformation was found at
66 locations; minor deformation at 1,077. The
MLIT shared this information with munici-
palities so that they could take the necessary
measures.

With the higher risk of sediment disaster
since the earthquake, triggers for the issuance
of sediment disaster warnings were temporar-
ily lowered. Local meteorological observato-
ries and prefectural governments jointly issue
warnings about such disasters. Prefectural gov-
ernments and the JMA reviewed the standards
for the issuance of warnings by investigating

Before the
earthquake

I Below average sea level
3km? — 16 km? (x5.3)

Below high tide level at
the time of spring tide
. 32 km? — 56 km? (x1.8)

Below largest
. recorded sea level
83 km? — 111 km? (x1.3)

0123 4

Surveyed in 2005 and 2008

Map 3.1 Subsidence caused by the earthquake
increased inundation risks
Source: MLIT.

the relationship between the amount of pre-
cipitation after an earthquake and the prob-
ability of a sediment disaster.

Rehabilitating coastal and river dikes to
prevent secondary disasters
After the GEJE, emergency measures were
implemented to restore coastal dikes to pre-
vent coastal flooding from storm surges. Emer-
gency rehabilitation was first implemented
along about 50 of the 190 km of damaged coast-
line. Those 50 km were selected because of the
important facilities and properties in the area,
or because of the urgency of restoring liveli-
hoods, industrial activities, transportation, and
agricultural activities.

The emergency rehabilitation work was
implemented in three phases determined
by climatic conditions and the seasonal

km oo o o

After the
earthquake

Surveyed in 2011
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Step 1: Emergency rehabilitation

1 completed before onset of
flood season

/
Levee washed out,”

(T.P. + 2.0m)

Large sandbags e N
(weatherproofed)™\_ ,/ N

; *\ V high-tide protection level

Step 2: Emergency rehabilitation

2 completed before onset of
typhoon season

Large sandbags
(weatherproofed)

V high-wave protection level
(TP.+3.8-6.2m)

V high-tide protection level

Step 3: Full rehabilitation to be
completed in about five years

Figure 3.3
Rehabilitation of
coastal dikes
Source: MLIT.

Note: T.P. = Tokyo Peil.

ve protection level
—6.2m)

h-tide protection level
. +2.0m)

occurrence of natural disasters (figure 3.3).
The first step was to reinforce and raise the
height of the damaged dikes up to the high-tide
protection level. This work was done before
the June-July flood season. The second step
was to raise the dike height to the high-wave
protection level, which was completed by Sep-
tember, before the typhoon season.

Full-scale restoration, the third step, started
in fiscal 2012 in accordance with reconstruction
plans and other rehabilitation projects. The
works will be carried out over about a five-year
period so as not to disrupt community develop-
ment and industrial activities. On the ITwanuma
Coast and in other coastal areas with facilities
that are critical to recovery and reconstruction,
such as wastewater treatment plants, full resto-
ration was completed by the end of fiscal 2013,
in March 2014.

Rehabilitation of river dikes began directly
after the earthquake as the first step in prepar-
ing for heavy rain and floods. One of the most
urgent tasks was to reconstruct the dikes to

their predisaster height before the rainy season
began in June. Emergency rehabilitation work
was conducted at the 53 heavily damaged sites:
29 in the Tohoku region and 24 in the Kanto
region. These works were completed by July 11,
2011. The standard for flood warnings was low-
ered during the flood seasons. The MLIT and
the prefectural governments measure rainfall
and the water level in rivers, using automatic
monitoring equipment and telemeter systems.
The ministry and the governments then issue
flood forecasts and warnings through the mass
media, the Internet, and mobile phones.

Complete restoration of the river dikes to
their predisaster condition began after the
typhoon season and was completed by the time
the 2012 rainy season began in June. Counter-
measures against liquefaction have also been
implemented. The final step will be to improve
dikes on the major rivers in the Tohoku
region—the Abukumagawa, Narusegawa and
Kitakamigawa—to protect against floods and
tsunamis.

Measures to mitigate inundation risks in
disaster-affected areas

Inundation risks from heavy rain have
increased in the disaster-affected lowlands of
the Sendai Plain, where river dikes and drain-
age pump stations were damaged or destroyed
and where extensive subsidence occurred.
Temporary emergency measures were taken to
reduce the risk of flood damage. Thirty-three
drainage pump vehicles, provided by other
regional bureaus of the MLIT around the
country, were deployed in the disaster-affected
area. A risk map showing inundation levels
from daily precipitation of 100 millimeters and
200 millimeters provided information for local
residents and municipalities. Inundation sen-
sors were installed in areas with a high risk of
flooding, and the information they collect is
published on the Internet. Measures have been
taken to send timely notifications automati-
cally to relevant municipalities and local resi-
dents when there is a high risk of flooding.
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LESSONS

e Disaster prevention structures such as
coastal and river dikes need to be rehabili-
tated quickly to prevent secondary disas-
ters. Rehabilitation work should ideally
be completed before the next rainy season
and typhoon season.

e Inthe aftermath of a disaster, it is important
to identify the priority areas for rehabili-
tation and for protection against hydro-
meteorological disaster. Priorities can
be determined based on the existence of
important facilities or commercial pro-
duction centers and their significance for
recovery and reconstruction activities.

* Rehabilitation work should take place in
phases. This is an effective way of meeting
communities’” most urgent needs for pro-
tection against frequently occurring floods
and storm surges, while at the same time
meeting longer-term targets for protection
from megadisasters.

» Deterioration in levels of protection against
hydrometeorological disasters needs to be
quickly assessed, and the relevant agencies,
organizations, and the public should be
informed. Damage information should be
collected and disseminated as soon as possi-
ble (chapter 26). Warning standards should
be revised according to the assessment.

RECOMMENDATIONS FOR
DEVELOPING COUNTRIES

Following any disaster, protective measures
against collateral damage and secondary disas-
ters are essential. The following actions are
recommended.

Conduct an assessment immediately follow-
ing the disaster. Damage to disaster-prevention
facilities and the risk of ensuing disasters
should be assessed immediately after a disaster

by quickly collecting relevant information. To
make the most efficient use of resources, the
areas to be rehabilitated should be dealt with
in order of priority. Expert emergency teams
should be formed during normal times by
drawing on national networks (chapter 14).
Advance agreements can be made to allow the
organizations concerned to mobilize private
sector resources without going through the
usual procurement processes (chapter 20).

Rehabilitate crucial structures before the
next disaster. A staged approach is appropriate,
taking into account time constraints before the
onset of the next season susceptible to hydro-
meteorological disaster. Rehabilitation works
should be prioritized. Practical works, such
as temporary structures made of sand bags or
gabion boxes, need to be set up quickly.

Consider financial mechanisms. Financial
arrangements, in particular the responsibilities
of the central and local governments, should
be made in advance during normal times
(chapter 20).

Share risk information with the community.
“Post-disaster risks” should be shared with
local communities that may be affected. Non-
structural measures such as warnings should
be strengthened in at-risk areas, since the
effectiveness of countermeasures will have
been diminished by the disaster.

NOTE

Prepared by Junko Sagara, CTI Engineering.
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CHAPTER 4

Multifunctional Infrastructure

Public facilities and infrastructure can be built in such a way as to reduce disaster risks and serve

as disaster risk management facilities. Roads, expressways, and other public facilities helped reduce
damage and loss in the Great East Japan Earthquake by providing protection against flooding, and
by serving as evacuation routes and base stations for emergency operations. Organizations for disas-

ter management and other public sector organizations should coordinate to ensure that their public

works are multifunctional whenever possible, and cost-sharing mechanisms should be developed to

ensure that the financial burden is shared equitably.

FINDINGS

Expressways served as disaster
management facilities

Expressways and roads mitigated damage
resulting from the Great East Japan Earth-
quake (GEJE). The East Sendai Expressway, a
24.8-kilometer (km) toll road running through
the Sendai Plain, about 4 km off the coast and
at an elevation of 7 to 10 meters, acted as a sec-
ondary barrier or dike and prevented tsunamis
from penetrating further inland (figure 4.1).
It also prevented debris from flowing into the
inland urban areas. The embankment served as
an evacuation shelter for nearby residents, and
about 230 people escaped the tsunami by run-
ning up to the expressway.

Many expressways were built on high
ground, providing routes for evacuation as well
as for rescue operations. Many coastal towns
and communities were isolated immediately
after the disaster because roads were flooded
or covered with debris. Expressways built on
higher ground served to connect otherwise
isolated towns and communities (figure 4.2).

The Sanriku Expressway, a 224-km express-
way that runs along the Pacific coast through
the Miyagi and Iwate prefectures, is still under
construction. About 51 percent of the express-
way was open for public use when the area was
hit by the GEJE; it helped save many lives.

Expressways constructed on higher ground
were not damaged by the tsunami. In the
aftermath of the GEJE, they provided an




East Sendai Expressway

No inundation

Inland side

Figure 4.1 East Sendai Expressway

Source: Ministry of Land, Infrastructure, Transport and Tourism (MLIT).

evacuation route for residents and enabled the
self-defense forces and other emergency relief
teams to get to the coastal municipalities that
had been heavily affected. It also served as an
important emergency route for transporting
food, medical supplies, fuel, and other relief
materials going to local disaster management
bases and evacuation centers.

Miyako Road, a 4.8-km section of the San-
riku Expressway, opened in March 2010.

When the tsunami hit the area, about 60 resi-
dents managed to escape from the tsunami by
climbing up the expressway embankment.

The Kamaishi-Yamada Road, a 23-km
section of the Sanriku Expressway that was
opened only six days before the GEJE, served
as a disaster management road. It was built to
ease traffic congestion on Route 45, the main
road connecting the coastal communities.
Since Route 45 was prone to flooding from
typhoons and tsunamis, the new road was
expected to provide an alternative route if
Route 45 were cut off in an emergency. In the
Unosumai District of Kamaichi City, about 570
residents and school children escaped the tsu-
nami. Because the road that led to the evacua-
tion shelter had been destroyed, they climbed
up to the Kamaishi-Yamada Road and managed
to reach the evacuation shelter safely.

Service stations and parking areas
along highways served as disaster
management bases
Roadside service stations, service areas, and
parking areas along highways also helped in
the disaster management effort, providing
bases of operation for rescue teams and evacu-
ation shelters for local residents (table 4.1).
The roadside service stations and rest areas
along roads and highways, called Michi-no-
eki (road stations), are equipped with toilets,
restaurants, and shops and are also intended
to promote local tourism and business. These
facilities are developed jointly by the Min-
istry of Land, Infrastructure, Transport and
Tourism (MLIT) in cooperation with local
municipalities. In April 2012, there were 987
such stations nationwide. During the GEJE,
road stations were turned into disaster man-
agement bases equipped with electric power.
They were available to the public around the
clock when the neighboring area experienced
power failures (figure 4.3).

In Minamisanriku City, sports facilities near
a highway exit were used as a disaster manage-
ment center, evacuation shelter, drop-off site
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for emergency supplies, and operating base
for the local government, medical institu-
tions, police, and volunteer workers. The local
government even moved its office to the site,
because its official building had been destroyed
by the tsunami.

Evacuation stairs to expressways

saved school children

When Iwaizumi Town in the Iwate Prefecture
was severely hit by the massive tsunami, an
evacuation stairway constructed at the Omoto
Elementary School two years before saved the
lives of 88 children (figure 4.4). Because there
was no escape route from the school, since it
was surrounded by steep cliffs, some of the
children suggested how improvements might
be made during a tsunami evacuation drill.
In response to their suggestions and those of
local residents, a MLIT field office completed
the approximately 30-meter evacuation stair-
way with 130 steps along Route 45, which runs
right behind the school.

Figure 4.3 Self-defense force at a roadside station
Source: MLIT.

Sanriku Expressway %

Figure 4.2 The Sanriku Expressway was built with tsunamis in mind

Source: MLIT.

Table 4.1 “Road stations” used in the aftermath of the GEJE

ROAD STATION LOCATION SERVICES DURING GEJE
Sanbongi Osaki, Miyagi | Open for 24 hours with power. Supplied
food to evacuees.
Tsuyama Tome, Miyagi | Used as a base for self-defense forces and
rescue teams and as an evacuation center.
Fukushima-Touwa | Nihonmatsu, | Provided food, water, and toilets for
Fukushima evacuees. Used by 1,500 evacuees.
Kita-no-sato Kitakata, Provided water and food. The hot-spring
Fukushima facility was made available to the affected

residents.

Minamisoma

Minamisoma,

Used as an evacuation center and

Fukushima emergency support base.
Hirata Hirata, Provided power and water to evacuees
Fukushima and food to local hospitals and evacuation
centers.
Source: MLIT.

Route 45

Figure 4.4
Evacuation
stairway at the
Omoto Elementary
School

Source: MLIT.
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BOX 4.1

LESSONS

e Embankment structures used to raise the
elevation of highways and expressways can
effectively prevent penetration of tsunami
water and debris further inland. They can
also be used as disaster management facili-
ties (box 4.1).

e Roads, highways, and expressways pro-
vided safe evacuation sites and escape
routes because they were designed with
earthquakes and tsunamis in mind. It pays
to take disaster reduction into account
when designing transport and other
infrastructure.

e Public facilities such as roadside stations
and highway parking areas were used by
various teams and organizations as base
stations for rescue and emergency opera-
tions. They were also used as evacuation
centers because they were equipped with
electricity, food, and water supplies.

Evacuation stairs to the East Sendai Expressway

Recognizing that the embankment of the East Sendai Expressway had

served as an effective evacuation site for local residents, evacuation stairs

were temporarily installed at five locations along the embankment in May

2011. They are intended to facilitate evacuation in case of a tsunami.

o
z

Source: MLIT.

RECOMMENDATIONS FOR
DEVELOPING COUNTRIES

Infrastructure and public facilities such as roads,
highways, and railways can be used as disaster
management facilities in the event of floods,
tsunamis, mudflows, and landslides. Facilities
that are multifunctional are a particularly cost-
effective approach to disaster management.

Integrate various facilities into planning for
disaster risk management (DRM). DRM plans
should include a range of public facilities. For
example, playgrounds and parking areas can
become rescue team bases or spaces for tran-
sition shelters. Expressway embankments
can become evacuation sites in the event of
cyclones, floods, and tsunamis.

Develop cost-sharing mechanisms. Cost-
sharing mechanisms should be established
between DRM organizations and public works
organizations. The latter cannot be expected
to bear all the DRM-related costs of a project,
since those costs affect the project’s financial
feasibility. In Japan the cost of adding height to
an expressway is shared by the DRM organiza-
tions (chapter 12).

Coordinate with other sectors. Coordination
with other sectors, such as transportation, is
required to develop multifunctional facilities.
Platforms to coordinate planning, construc-
tion, and operation and maintenance should
be established. In Japan, prefectural gover-
nors designate the multifunctional facilities,
allowing concerned organizations to initiate
coordination under a new tsunami DRM law
(chapter 12).

Consider negative effects. High structures
such as bridges and highways may have nega-
tive effects, such as water logging. They may
isolate or separate communities and impose
obstacles to the passage of people and animals.
These effects should be assessed, and coun-
termeasures or diversion channels and routes
developed. In Japan, permission from DRM
organizations is required before highways and
bridges can be built.
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Prepared by Junko Sagara, CTI Engineering,.
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CHAPTER 5

Protecting Significant
and Sensitive Facilities

The Great East Japan Earthquake was a multihazard event. A massive quake triggered a series of

tsunamis of unprecedented dimensions, as well as the subsequent nuclear accident. Sensitive facilities

need to be protected against low-probability and complex events because damage to such facilities

can have a cascading effect, multiplying the destruction and leading to irreversible human, social,

economic, and environmental impacts.

FINDINGS

Important facilities were seriously

damaged by the complex disaster

The Great East Japan Earthquake (GEJE)
was a massive disaster triggered by the larg-
est earthquake ever recorded in the history
of Japan. But it was not only an earthquake
disaster. The quake triggered a series of haz-
ards and events including tsunamis of unprec-
edented dimensions, as well as a subsequent
nuclear accident. Damages to critical disaster-
response facilities—such as public buildings,
hospitals, and schools—hindered local capaci-
ties for response and recovery. Furthermore,

destruction of sensitive facilities—such as a
nuclear power station and industrial facilities—
led to cascading damages and serious social,
economic, and environmental impacts. The cas-
cading effects of the GEJE revealed the weak-
ness of Japanese disaster risk management
(DRM) systems in the face of low-probability,
high-impact events, and highlighted the impor-
tance of protecting sensitive facilities against
disasters of any scale.

Government buildings

Local municipalities in Japan have the primary
responsibility of saving and assisting people in
the event of disasters. However, in the GEJE,




BOX 5.1

many coastal towns and villages were devas-
tated by the earthquakes and tsunamis, suffer-
ing great damage to their buildings, facilities,
and personnel, and losing their capacity to take
response measures promptly.

Based on a survey by Japan’s Cabinet Office,
of the 237 municipalities that responded and
that experienced seismic intensity of 6- or
more, about 28 percent had to relocate their
buildings either fully or partially (figure 5.1).
In Otsuchi Town in Iwate Prefecture, a mas-
sive tsunami swallowed up the municipality
building, destroying it and taking the lives of
town officials, including the mayor, who was
at the time directing the disaster-response

An angel’s voice

A woman on the municipal staff in Minamisanriku City was urging residents

over the radio to evacuate to higher ground. Although tinged with fear

and apprehension, her voice gave people courage and helped save count-

less lives. She continued broadcasting to the very end before being en-

gulfed by the tsunami. She never returned home. She had planned to be

married in September 2011. In all, 39 staff members were declared dead or

missing. The 12-meter-high building was located in a risk area that was sub-

merged by 2.4 meters of water during the 1960 Chilean Tsunami.

Source: Prime Minister’s Office and Fire and Disaster Management Agency.

Relocated
13

Partially relocated
15

No relocation
209

Figure 5.1 Relocation of municipal buildings after
the GEJE
Source: Cabinet Office.

Figure 5.2 Otsuchi Town Hall

Source: ® Mikio Ishiwatari/World Bank. Used with permission. Further
permission required for reuse.

operations (figure 5.2). The town was without
a mayor for five months.

Disaster management and evacuation
facilities

Disaster management and evacuation facili-
ties are critical to protecting people in times
of disaster. Many of these facilities were dev-
astated by tsunamis (box 5.1). In the 11 coastal
municipalities of Twate Prefecture, 48 out of
411 emergency evacuation shelters (designated
shelters to which people are to evacuate imme-
diately after an earthquake, as distinct from
evacuation centers) were inundated by tsuna-
mis; and in Rikuzentakata City, one of the cities
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Figure 5.3 The Rikuzentakata City gymnasium

Source: © CTI Engineering. Used with permission. Further permission
required for reuse.

with the highest casualty rates, more than half
the evacuation shelters were inundated. The
city’s gymnasium was designated as a primary
evacuation shelter, and more than 80 people
were there when the tsunami hit (figure 5.3).
Only a few survived.

Health and social welfare facilities

Hospitals and social welfare facilities also
need to be protected, because without medical
response capabilities the number of casualties
will increase and health hazards will spread.
According to the Ministry of Health, Labour
and Welfare, almost 80 percent of hospitals
were either destroyed or severely damaged
by the earthquakes and tsunamis (figure 5.4).
Furthermore, more than 12 percent of social
welfare facilities—such as homes for the
elderly, children, people with disabilities, and

Fukushima
Miyagi

Iwate

0 50 100 150 200

Number of hospitals

M Not damaged
M Patially destroyed

Figure 5.4 Hospitals affected by the GEJE in
Fukushima, Miyagi, and Iwate prefectures

I Completely destroyed

Source: Ministry of Health, Labour and Welfare.

other vulnerable groups—were damaged by
the disaster (see chapter 16).

Industrial facilities
Six out of nine oil refineries in the Tohoku and
Kanto regions had to suspend operations; fire
broke out at two of the nine facilities. At an oil
refinery in Chiba, the structure holding one of
the liquefied petroleum gas (LPG) tanks failed,
and the tank collapsed, leading to LPG leak-
age. The leaked LPG caught fire and caused an
explosion, spreading the fire from one tank to
another (figure 5.5). Six people were injured
and all 17 LPG tanks were damaged, along with
pipelines and roads. The fire and debris from
the explosions damaged the surrounding build-
ings and vehicles. Nearby residential areas also
suffered as the blasts damaged windows, shut-
ters, slate roofs, and more. The explosions at the
oil refineries are believed to have been among
the factors that accounted for the fuel shortage
immediately after the disaster, which disrupted
people’s lives and hindered emergency recov-
ery operations in the disaster-affected areas.
The collapsed tanks had met all the require-
ments for earthquake-proof structures; how-
ever, at the time of the earthquake the tank
was temporarily filled with water, instead of
the lighter-weight LPG, in preparation for a

Fire broke out near tank No. 364

Source: ® CTI Engineering. Used with permission. Further permission
required for reuse.
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Figure 5.6 Broken
braces led to
collapse of LPG
tank

regular inspection. The braces supporting the
legs that held the tank up could not bear its
weight during the earthquake, leading to its
collapse (figure 5.6).

In light of this accident, a government com-
mittee that conducted a technical review of
LPG facilities recommended:

1. Revision of the technical guideline for
the tank braces

2. Confirmation of the facilities’ safety by
private companies, and government

monitoring of the confirmation

3. Risk assessment and countermeasures
against liquefaction to be undertaken by
private companies

4. Reassessment of earthquake risks fol-

lowing the government review.

Figure 5.7 Retrofitting
Jokoji Temple

Source: Agency for Cultural
Affairs.

Reinforced pile

Cultural properties

According to the Agency for Cultural Affairs,
more than 700 nationally designated cultural
properties (such as monuments and historic
buildings and landscapes) were heavily dam-
aged by the earthquake and tsunami (see chap-
ter 35). Many national treasures, important
cultural properties, and special historic sites
were also affected. Fortunately, few cultural
properties of national importance were dam-
aged. However, several properties will take a
long time to recover, and some have been lost
forever.

Disasters that result in irreversible damage or
losses of important cultural properties can have
a severe negative effect on local businesses, such
as those that depend on the tourism industry,
and can also undermine people’s pride in their
communities. A culture-sensitive approach to
restoration, in which original or local materi-
als are used, is required to maintain the cultural
value of historical buildings (figure 5.7). Retro-
fitting work should not be carried out in a way
that destroys the historic value of a monument
or building, If retrofitting cannot be carried out
without compromising the structure’s cultural
value, the area should be closed to visitors rather
than altered in a way that changes its character.
Following the Great Hanshin-Awaji Earthquake
in 1995, the Japanese government established
guidelines for protecting cultural properties
against earthquakes and began implementing
seismic assessments and retrofitting structures
associated with national treasures and impor-
tant cultural properties.

The cascading effect of the accident at the
Fukushima Daiichi Nuclear Power Station

Four nuclear power stations comprising 14
units were located close to the epicenter of
the March 11 earthquake (map 5.1). The earth-
quake caused all operating units to shut down
automatically (box 5.2). Large tsunamis hit all
sites within an hour of the main shock, dam-
aging several of them. The worst affected sites
were Fukushima Daiichi and Fukushima Daini.
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Fukushima Daini lost some safety-related
equipment, but off-site and on-site power
remained available, although not at optimal
levels. On the other hand, Fukushima Dai-
ichi lost much of its safety-related equipment
because of the tsunami and almost all off-site
and on-site power (figure 5.8). This led to a
loss of cooling to the operating reactors, and
the ensuing nuclear meltdowns and release of
radioactive materials.

The
Nuclear Power Station has had severe social
consequences (see chapter 36). About 160,000
people in Fukushima were evacuated, of whom

failure of the Fukushima Daiichi

more than 60,000 were taken outside Fuku-
shima Prefecture. Many were unable to return
to their homes for a long time because of unsafe
levels of radioactivity.

Some agricultural products were found to
contain high levels of radiation, resulting in
local products being stigmatized as unsafe.
There was also an incident in which radioactive
gravel from Fukushima was mixed into the con-
crete used for construction of a new apartment
building, exposing the residents to radiation.

The Japanese government has taken deci-
sive steps to clean up contaminated areas

BOX 5.2

The tsunami’s impact on the Onagawa nuclear
power station

The Tohoku Electric Power Company’s Onagawa Nuclear Power Station is
located about 120 kilometers west of the epicenter of the March 11 earth-
quake. Although the tsunami was about 13 meters high at the Onagawa
nuclear power station, the station’s structures and equipment were not
severely damaged.

When the first unit was built in the 1970s, the site elevation of the sta-
tion was set as 14.8 meters above sea level. A literature review and inter-
view surveys revealed that the maximum tsunami height at the Onagawa
site was estimated to be about 3 meters, but the 14.8-meter site elevation
was considered appropriate.

Since then, the tsunami hazard assessment has been reviewed many
times, using up-to-date findings and cutting-edge tsunami simulations and,
every time, the safety of the facility against tsunamis has been confirmed.
The most recent tsunami design standard was set as 13.6 meters. Even
though the Onagawa site experienced a subsidence of 1 meter, the March
11 tsunami did not submerge the main facility.

At the second unit, however, the intake unit for the seawater pump sta-
tion was built as a pit-structure, and the pump was situated below the rest of
the facility. This caused the seawater to enter the pump room through the
tide gauge, submerging an emergency generator and rendering it inoperable.

In the aftermath of the disaster, the main building of the nuclear pow-
er station was used as an evacuation center for about 400 local residents
whose houses had been washed away. These people stayed at the power
station for about three months.

Source: Matsuo 2012 and Tohoku Electric Power Co., Ltd. 2011.
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Figure 5.8 Cause of the accident at the Fukushima Daiichi Nuclear Power

Station

Source: Office of the Prime Minister of Japan.

Figure 5.9 Fukushima Daiichi Nuclear Power Station

Source: TEPCO (Tokyo Electric Power Company).

around Fukushima and to minimize health
risks. It has set aside about ¥1.15 trillion for
decontamination and disposal of contaminated
waste between fiscal years 2011 and 2013. The
long-term environmental and health effects of
the nuclear incident are unknown; the Japa-
nese government will be monitoring the health
status of residents of Fukushima Prefecture
over the next 30 years.

The Government Investigation Commit-
tee on the Accident at the Fukushima Nuclear
Power Stations stressed that a paradigm shift
is required in DRM for catastrophic events.

The interim report of the committee pointed
to three factors:

e Lack of preparedness for serious accidents
caused by tsunamis. Neither Tokyo Elec-
tric Power Company, the operator of the
nuclear stations, nor the regulatory author-
ities had prepared for accidents as serious
as those caused by the enormous tsunamis
that followed the GEJE. Countermeasures
must be putin place to address high-impact
events, even those with low probability. All
concerned organizations must recognize
these risks.

e Lack of appreciation for the effects of com-
plex disasters. Securing nuclear stations
and ensuring the safety of people in the
neighboring communities against unfore-
seen complex disasters is a serious issue.
Existing countermeasures for dealing with
complex disasters must be reviewed and
revised.

e Lack of a holistic understanding of complex
disaster scenarios. Existing countermea-
sures to address nuclear power accidents
do not reflect a thorough understanding
of the complexity of nuclear power sta-
tion systems. The excuse that the event
was “beyond assumption” is unacceptable.
Serious problems existed in the DRM sys-
tem for nuclear accidents.

LESSONS

e Important facilities were in most cases well
protected against large-scale earthquakes
thanks to seismic reinforcement and other
measures.

e Crucial facilities or facilities sensitive to
disasters should be designed to withstand
extreme events. Although tsunami hazards
were taken into account in the site evalu-
ations and design of facilities, the hazard
level had been underestimated.
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e Nuclear power stations and other disaster-
sensitive facilities should be carefully evalu-
ated against the risks of all natural hazards,
and these assessments should be periodi-
cally revised based on the latest knowledge
and technologies. The failure of a sensitive
facility, as in the case of the Fukushima
Daiichi Nuclear Power Station, can cause
not only short-term consequences but also
long-term social, economic, and environ-
mental problems.

RECOMMENDATIONS FOR
DEVELOPING COUNTRIES

The cascading effects of the GEJE disaster
highlight the importance of protecting sen-
sitive facilities against disasters of any scale.
The following are recommended as important
steps to lower risks for crucial facilities and to
prevent high and irreversible impacts of com-
plex disasters.

Identify critical facilities. Critical facili-
ties need to be identified and well protected
against extreme events. These include hos-
pitals, government offices, evacuation shel-
ters, schools, and other facilities to be used
for rescue operations, evacuations, and other
disaster management activities. Also, facili-
ties, such as nuclear power stations and oil
refineries that may cause cascading effects in
various sectors should be identified. Disaster
management plans should include informa-
tion on the functions of these facilities and the
risks they may pose.

Assess critical facilities. Facilities that are
required to function as bases for disaster-
response activities should be “stress tested”
for disaster resistance. Even simple assess-
ments, such as confirming a facility’s safety
against recorded disasters, is useful in prepar-
ing for disaster. The risk of all natural haz-
ards, including that of multihazard events,
should be carefully evaluated. Risk assess-
ment should incorporate not only statistics

on recent hazards but also historical records
of past disasters as well as future projections,
if possible. Such assessments and assessment
methodologies should be periodically updated.

Protect critical facilities. Critical facili-
ties should be protected against the risks of
all natural hazards. The possibility of multi-
hazards should be considered in their design.
Enforcement of building codes should be a
high priority for buildings and other important
structures.

Prepare for complex disasters. High-risk
plants and facilities need to be included in
disaster management plans. Plans for quick
recovery and rehabilitation after a disaster of
unexpected scale should be made. Evacuation
drills should be conducted based on various
disaster scenarios.

Establish enforcement mechanisms. Regular
inspections of critical facilities by firefighters
and other disaster management organizations
should be established. Responsibility for safety
guidelines, monitoring, and enforcement
needs to be clearly established in land-use pro-
cedures, building codes, fire inspections, and
so on. Effective enforcement requires appro-
priate legislation, organization, and human
resources.

NOTE

Prepared by Mikio Ishiwatari, World Bank, and
Masato Toyama and Junko Sagara, CTI
Engineering.
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CHAPTER 6

Community-Based Disaster
Risk Management

Local communities play a key role in preparing for disastrous events such as the Great East Japan

Earthquake, and are normally the first responders to take action. On March 11, 2011, community-

based organizations were active in the disaster response and saved countless human lives. Recogniz-

ing the role of communities and providing them with central and local government support is critical

to maintaining and strengthening important community-based functions.

Local communities have been responding to
and managing disaster risk for centuries. Before
the creation of Japan’s formal state system,
local communities carried out disaster-related
activities as volunteers; community-based
organizations (CBOs) have existed for cen-
turies. They include: Suibo-dan for flood risk
dating from the 17th century, Syobo-dan for
firefighting from the 18th century, and Jisyubo
for earthquake disasters from the 1970s (see
table 6.1).

In addition,
organizations (NGOs) and nonprofit organi-

various nongovernmental

zations (NPOs) are involved in disaster risk

management (DRM) activities at the com-
munity level. Many of them collaborate with
neighborhood associations (Jichikai) and local
governments, and sometimes with local aca-
demic institutions.

How the government and CBOs coordinate
around DRM has evolved over two centuries,
shaped by major events and trends. These
include the Meiji Restoration at the end of the
19th century, which prompted modernization
and centralization; democratization following
World War II; and the miracle of economic
development in the 1960s. Traditional com-
munity structures were eroded over time as




Table 6.1 Community-based organizations engaged in disaster risk management in Japan

Specified Nonprofit
Activities

ORGANIZATION HAZARD LEGAL ACT SUPERVISING DATE NUMBER OF STAFF
GOVERNMENT ESTABLISHED OR GROUPS
ORGANIZATION
Suibo-dan Flood Flood Fighting Ministry of Land, 17th century 900,000 staff in
(Suibo) Act Infrastructure, two organizations
Transport and Tourism
Syobo-dan Fire Fire Defense Fire and Disaster 18th century
Organization Act Management Agency
(FDMA)
Jisyubo Earthquake | Basic Act on Cabinet Office, FDMA | 1970s 140,000 staff
Disaster Reduction
NPO All Act to Promote Cabinet Office After the Kobe | over 2,000 groups

earthquake in
1995

Source: Ishiwatari (2012).

Japanese society modernized and urbanized.
As depicted in figure 6.1, this has resulted in
a decrease in spontaneous and autonomous
community-based engagement in DRM with
a corresponding increase in government sup-
port to these activities. The government’s rec-
ognition of and support to community-based
DRM has been key to keeping these efforts
alive and well.

FINDINGS

The role of community-based
organizations in the Great East

Japan Earthquake

A key factor in reducing the number of lives lost
in the Great East Japan Earthquake (GEJE) was
the long tradition of CBOs around risk reduc-
tion and preparedness. The tsunami waves

Hanshin-Awaji ~ Great East
Meiji End of (Kobe) Japan
Restoration WWII Earthquake Earthquake
(1868) (1945) (1995) (20m)
17C , 18C , 19Cl , 20C 1960s 1970s , 21C
| | Miracle |
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: : ization  development :
] ] |
. I Autonomous | Suibo Act Decline of activity in |
Suibo-dan  Emerged I I (1949) ; I
| body | government involvement |
I I |
| I |
Under Under local . -

. I I I
Syobo-dan Organized : sl : government Decline of activity :
T T T
Jisyubo : : :
4 | | Organized |
Il Il Il
] ] ]

NPO, NGO | ! I NPO Act
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(1998)

Figure 6.1 Historical timeline of community-based organizations

Source: Ishiwatari (2012).
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brought on by the GEJE overwhelmed coastal
defenses, and warning systems underestimated
the height of the waves. CBOs played critical
roles in responding to the event.

The volunteer fire corps (Syobo-dan)

The volunteer fire corps traces its history to
the 18th century. Corps members have regu-
lar jobs but, when disaster strikes, they take
part in disaster management activities in their
own communities, such as firefighting, issuing
warnings, assisting evacuations, conducting
search and rescue operations, and operating
facilities. There are currently some 890,000
active volunteers across Japan, which is almost
six times the number of career firefighters. The
Fire Defense Organization Act and its bylaws
stipulate the corps’s roles, organizational
structures, members’ status as part-time gov-
ernment staff, and compensation and allow-
ances. The local government has principal
responsibility for the corps, while the central
government subsidizes their facilities.

The Syobo-dan responded to the GEJE at
the risk of their own lives. Some 250 mem-
bers were killed or are missing, including 51 in
Rikuzentakata City. Some examples follow:

* A corps member quickly guided all the peo-
ple in a community to an evacuation shelter
preventing any casualties. Corps members
supported the evacuation of 30 handi-
capped and elderly persons, and persuaded
three other people to move who were insist-
ing on staying at home (Shiogama City).

e Members closed the tsunami gates by hand,
since they could not be operated automati-
cally because of power failures (Miyako
and Ofunato cities).

e Members died closing the tsunami gates in
Kamaishi and Ishinomaki cities.

» Six members, on the way back from clos-
ing gates, tried to save a bedridden elderly
woman from her residence. Five of the six
members and the woman died in the tsu-
nami (Otsuchi Town).

Based on lessons learned from the GEJE,
the Fire and Disaster Management Agency
requested local governments to reinforce
the volunteer fire corps in October 2011 with
equipment, increased allowances up to the
level stipulated by law, and the recruitment of
new members.

Neighborhood associations ( Jichikai)
Communities were generally very well pre-
pared for the GEJE. Most had participated in
regular disaster drills and knew what to do
when the tsunami warning was issued.

For example, in Kesennuma City, a televi-
sion program broadcast in 2007 urged neigh-
borhoods to prepare themselves. The program
provided a detailed simulation of a tsunami hit-
ting Kesennuma. This simulation was shown to
the local residents, and the neighborhood asso-
ciations (Jichikai) subsequently undertook to
identify key evacuation routes. Regular disaster
drills were also conducted. These preparations
helped local residents to evacuate safely and
quickly to higher ground immediately after the
GEJE, thus saving many lives (figure 6.2).

In the Toni village of Kamaishi City, com-
munity members participate in annual disaster
evacuation drills conducted by the Jichikais.

e One member died ringing a fire bell to

Figure 6.2 Left: Damaged Hashikami area of Kesennuma; right:
Kesennuma Fukkou Yatai Mura (community recovery restaurant)

warn people of the tsunami right up until
the tsunami hit (Otsuchi Town).

Source: ® Kyoto University. Used with permission. Further permission required for reuse.
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The drills are conducted every year on March
3 to mark the anniversary of the Meiji Sanriku
Tsunami of 1896. Participation rates in the
disaster drill vary from neighborhood to neigh-
borhood, with more people participating in the
smaller, more cohesive communities. Accord-
ing to the head of the Jichikai, the participa-
tion rate in Kojirahama is low, while in Kerobe
most people participate in the drill. In Kerobe
and Oishi, community members have a strong
sense of solidarity, as the population is much
smaller than in Kojirahama and they have lived
there for decades. Toni residents have written
books about the effects of past tsunamis, which
are used by the communities as an awareness-
raising tool. In addition, there are two tsunami
maps: one issued by the Kamaishi City govern-
ment and the other developed by the commu-
nity members themselves. The former includes
the expected flood area, expected height of the

tsunami, and expected arrival time. The latter

W“ ’-r

w 2
Figure 6.3 Toni Bay area of Kamaishi City (top), Sakura Festival (bottom)

Source: ® Kyoto University. Used with permission. Further permission required for reuse.

includes local information about which areas
were flooded in the Meiji Sanriku and Showa-
Sanriku tsunamis, evacuation sites, evacuation
routes, and dangerous areas. These maps are
distributed to all families in the town of Toni
(chapter 27). Finally, a number of community
festivals are used as opportunities to engage
local schools in disaster awareness and pre-
paredness activities (figure 6.3).

In the Wakabayashi ward of Sendai City,
the local community forged a very strong rela-
tionship with the elementary school to edu-
cate people in disaster preparedness. At the
initiative of the Jichikai, regular drills were
conducted in cooperation with the school.
A handbook was prepared on managing the
evacuation centers. After the 2010 Chilean
earthquake, a tsunami warning was issued for
the Tohoku coast, and tsunami waves of up to
1.5 meters reached some areas. This prompted
communities in Wakabayashi to reexamine
their evacuation plans. They found that it
would take longer than expected for school
children in the coastal school, Arahama Ele-
mentary, to evacuate to the designated school,
which was 4 kilometers from the coast. The
local community therefore decided to take
shelter in Arahama Elementary School, and
emergency food supplies were increased to
feed 800 instead of 300 people and were stored
on the top floor of the school building. During
the GEJE, Arahama Elementary served as the
shelter for more than 300 adults from local
communities, in addition to 70 school chil-
dren. They remained in the school overnight,
and the food supplies were well protected on
the top floor during the emergency (figure 6.4).

LESSONS

The GEJE experience yielded several impor-
tant lessons about the need to empower com-
munities to understand and reduce the risks
they face, to be prepared, and to act as first
responders to hazard events. It also pointed
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to important ways that their roles can be
strengthened. Specific lessons include:

e The volunteer fire corps plays a critical role
in DRM for several reasons:

- Since the volunteers come from the
community, they have local knowledge
of the context and are familiar with
those residents who may need special
assistance to evacuate, such as the dis-
abled or bedridden.

- The total number of volunteers is some
six times that of the professional fire-
fighting staff, providing a cost-effective
way of mobilizing large-scale emer-
gency response capacity.

- The members receive regular training
and can respond immediately because
they are locally based.

e Community-based DRM activities are well
integrated in the daily lives of the residents,
ensuring that awareness of natural haz-
ards is maintained, for example, by mark-
ing the anniversary of a large catastrophe
with disaster drills, and linking awareness-
raising activities with local festivals.

e The role of communities in DRM is formally
recognized and supported by local and
national authorities through linkages with
local institutions.

RECOMMENDATIONS FOR
DEVELOPING COUNTRIES

Empower community members. Most people
saved from major disasters are rescued by rela-
tives and neighbors within the first 24 hours—
before professional responders can get there.
Statistics show that in the 1995 Hanshin-Awaji
(Kobe) earthquake, 80 percent of those res-
cued were saved by their neighbors. So, while
local and national authorities have key respon-
sibilities for civil protection in hazard events,
communities are always the first responders
and should be empowered in that role.

RN 2 E -

Figure 6.4 Wakabayashi ward (top), and local
community activities (bottom)

Source: ® Kyoto University. Used with permission. Further permission
required for reuse.

Raise awareness. Strong and effective
community-based DRM requires grassroots
support and linkages to the day-to-day life of
the community. Linking disaster risk aware-
ness and preparedness activities to local cul-
tural events can be extremely effective in
maintaining a culture of preparedness.

Support community organizations. In addi-
tion to grassroots support, building effective
and sustainable capacity for community-based
DRM requires the formal recognition and
support of local and national authorities. In
addition to providing financial and technical
assistance, local and national governments
should develop legislation on and institution-
alize the role of CBOs.

NOTE

Prepared by Rajib Shaw, Kyoto University, and Mikio
Ishiwatari and Margaret Arnold, World Bank.
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CHAPTER 7

Disaster Management Plans

Following its devastating experience with recent disasters, Japan has been strengthening and drawing

up new disaster management plans at the national and local levels. The Great East Japan Earthquake

revealed a number of weaknesses in planning for complex and extraordinary disasters. Central and

local governments have been revising their plans to reflect what they learned from the disaster.

FINDINGS

Japan’s disaster management system addresses
all phases of disaster prevention, mitigation
and preparedness, and emergency response, as
well as recovery and rehabilitation. It specifies
the roles and responsibilities of national and
local governments, and enlists the coopera-
tion of relevant stakeholders in both the public
and private sectors. Following the Great East
Japan Earthquake (GEJE), assessments have
been made of the capacity of existing disaster
risk management (DRM) planning systems to
prepare for and react to large-scale disasters.

Revisions have been proposed, based on the
lessons learned on March 11.

Disaster management systems in Japan
Disaster Countermeasures Basic Act. In the
1940s and 1950s Japan was repeatedly ravaged
by typhoons and earthquakes. In particular, the
Isewan Typhoon in 1959 caused tremendous
damage; in 1961 the Disaster Countermeasures
Basic Act was passed.
The act established the following:

¢ The Central Disaster Management Coun-
cil was established to formulate the over-
all policy for DRM and to function as the




national coordinating body for disaster
management. The council was chaired by
the prime minister, and its members came
from line ministries, semipublic organi-
zations (such as Public Broadcasting, the
Bank of Japan, the Japanese Red Cross, and
a telecommunications company) and rep-
resentatives from academia (figure 7.1).

Roles and responsibilities regarding disas-
ter reduction were clearly defined at the
national, prefectural, and municipal gov-
ernment levels, as well as for community
organizations and citizens; and the three
levels of governments were required to
draw up master plans for DRM. Also, all
the ministries and semipublic organiza-
tions were asked to prepare disaster man-
agement plans for their sectors.

The cabinet submitted an annual report
to the National Diet covering the status of
DRM, and specifying the budgetary alloca-
tions for DRM programs. The National Diet
formed special committees for disaster
management in both its lower and upper
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Figure 7.1 Structure of the Central Disaster Management Council

Source: Cabinet Office.

Note: NKH = Japan Broadcasting Corporation; NTT = Nippon Telephone and Telegraph.

houses, which have continued to monitor
governmental DRM initiatives.

In 1995 the occurrence of the Hanshin-
Awaji (Kobe) Earthquake forced a revision of
the 1961 Act to focus more on countermeasures
and prevention, resulting in a new Disaster
Countermeasures Basic Act in 1995.

The Central Disaster Management Council
retained its leading role in conducting the fol-
lowing activities:

e Formulating and coordinating the imple-
mentation of the Basic Disaster Manage-
ment Plan

e Formulating and coordinating the imple-
mentation of contingency plans for
emergencies

e Advising the prime minister or the minister
of state for disaster management on impor-
tant issues relevant to disaster management

e Fostering consultations on important
issues surrounding disaster management,
in response to inquiries from the prime
minister or the minister of state for disas-
ter management

The Cabinet Office is the secretariat for
this council. The Minister of State for Disas-
ter Management, who is assisted by the staff
of the Cabinet Office, has a mandate to oversee
the planning and central coordination of basic
DRM policy and large-scale disaster counter-
measures. The minister is also responsible for
integrated information gathering and other
disaster emergency measures.

The Basic Disaster Management Plan is the
master plan and the basis for DRM activities
in Japan. It is prepared by the Central Disas-
ter Management Council in accordance with
the Disaster Countermeasures Basic Act. The
plan clarifies the duties of the central govern-
ment, public corporations, and local govern-
ments in implementing measures. The plan
also describes the sequence of disaster coun-
termeasures such as preparation, emergency
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response, recovery, and reconstruction for var-
ious types of disasters.

Based on the Basic Disaster Management
Plan, every designated government organiza-
tion and public corporation draws up a Disas-
ter Management Operation Plan, and every
prefectural and municipal disaster manage-
ment council prepares a Local Disaster Man-
agement Plan.

The council has the right to establish tech-
nical committees to study technical matters.
After the GEJE, the council recommended
specific evaluations to identify whether any
revisions or additions to the 1995 Disaster
Countermeasures Basic Act were required.

The Expert Committee on Earthquake and
Tsunami Disaster Management prepared a
report to document facts and findings from the
GEJE experience. In response to this report,
the Japanese government amended the Basic
Disaster Management Plan on December 27,
2011, aiming to enhance countermeasures
against multihazard, high-impact events.

Major revisions to the plan included:

e Addition of a new section on tsunami
disaster management

e Fundamental improvements in disaster
management for tsunamis and earthquakes
in the light of the GEJE:

- Requirements to prepare for low-
probability and large-scale earthquakes
and tsunamis

- More careful consideration of multihaz-
ard and multilocation disasters

- Mandatory inclusion of DRM in urban
land use

- Raising of public awareness about evacu-
ation, DRM measures, and hazard maps

- Additional investments nationwide
for capacity building of each counter-
measure

- More resources to be invested in under-
standing disaster risk, and develop-
ing innovative systems for monitoring
earthquakes and tsunamis

- Communication tools such as tsu-
nami early warning systems to be
strengthened

- Additional reinforcement and retrofit-
ting of homes and buildings to reduce
earthquake damage

e Revision of countermeasures, such as tak-
ing gender into consideration at evacua-
tion shelters, and improvement of warning
messages

Revising local disaster management plans

The municipal government plays a fundamen-
tal role in disaster management: according to
the Disaster Countermeasures Basic Act, it is
responsible for establishing a local disaster
management plan, emergency operations such
as warning systems, issuing evacuation rec-
ommendations and orders, and flood fighting
and relief activities (figure 7.2). In cases where
a municipality is so widely and heavily devas-
tated that it cannot carry out many of its pri-
mary roles, the prefectural government shall
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Figure 7.2 Outline of Japan’s disaster management system

Source: Cabinet Office.

Note: NKH = Japan Broadcasting Corporation; NTT = Nippon Telephone and Telegraph.
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issue evacuation recommendations and orders
instead of the municipality.

A local disaster management plan shall pro-
vide for the following:

» Specification of the roles of government
organizations, designated public corpo-
rations (such as public utilities and the
Red Cross), and other relevant public
organizations

e Plans by category of activity, including:
development or improvement of DRM
facilities, investigation and research, edu-
cation, drills and other preventive mea-
sures, collection and dissemination of
information, issuing and disseminating of
forecasts and warnings, evacuation, fire-
fighting, flood fighting, rescue, hygiene,
and other emergency measures and reha-
bilitation efforts

 Plans for coordination, stockpiling of food
and supplies, procurement, distribution,
shipping, communication, facilities, equip-
ment, materials, funding, and so on

When a prefectural disaster management
council wishes to formulate or revise a local
disaster management plan for the prefecture,
the council is required to consult the prime
minister in advance, who in turn shall consult
the Central Disaster Management Council.
When the prefectural disaster management
council has formulated or revised its local pre-
fectural disaster management plan, the council
is required to release and disseminate a sum-
mary of the plan or revision.

Following the GEJE, local governments
across Japan have started reviewing their
disaster management and risk reduction sys-
tems to strengthen countermeasures for mul-
tihazard, high-impact events.

The Fire and Disaster Management Agency
set up a Review Committee on Improvement of
Earthquake and Tsunami Countermeasures in
Local Disaster Management Plans. This com-
mittee aimed to (a) assess countermeasures

taken by local governments in the GEJE and
(b) support local governments in revising their
local disaster management plans, which are the
foundation for local disaster management and
reduction measures. In particular, emergency
measures, including evacuation measures, and
emergency training have been emphasized.

The committee made the following key rec-
ommendations for revising local disaster man-
agement plans:

« Develop action plans with concise descrip-
tions and measurable results by setting
quantitative targets.

e Plan the timing of initial actions to be taken
in the event of a disaster (manuals and
so forth).

« Be sure to specify emergency measures for
evacuating local residents (issuing of evac-
uation orders and other communications
with residents).

e Establish procedures in case local disas-
ter management capabilities are lost; for
example, prefectures must quickly provide
appropriate alternative measures or assis-
tance to municipal governments.

e Clarify the basic principles, including poli-
cies and standards, for developing disaster
management systems.

e Make full use of emergency disaster man-
agement and reduction programs (imple-
mented by individual communities) to
further strengthen evacuation measures.

Specific actions to review local

disaster management plans

Local governments in the affected areas have
started enhancing their disaster management
systems. For example, at an informal meet-
ing of municipal mayors in January 2012, the
government of Iwate Prefecture proposed
amendments to its disaster management
plan based on its experience in the GEJE.
These amendments aim to improve disaster
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countermeasures by taking into account sce-
narios involving the largest possible earth-
quakes and tsunamis.

The amended plan includes procedures
that allow the prefecture to provide support
to municipal governments during large-scale
disasters before they request it. It also provides
for acommunications security program for set-
ting up multiple telecommunications systems,
including satellite mobile phones, in prefec-
tural and municipal government offices. These
amendments were prompted by the experi-
ence of damaged or suspended administra-
tive functions after March 11 because of power
failures and destruction of offices. According
to the amended plan, when contact with the
affected municipalities cannot be made, the
prefecture will automatically dispatch a survey
team. The plan also authorizes the governor to
provide support to municipalities in the event
of a large-scale disaster.

After the GEJE, many local government
organizations across Japan, in addition to the
Iwate, Miyagi, and Fukushima prefectures,
started reviewing their local disaster manage-
ment plans. For example, Kawasaki City is in
the process of adding tsunami countermea-
sures, which are hardly mentioned in the cur-
rent plan, and Saitama Prefecture has decided
to review measures for dealing with commut-
ers who can’t get home, emergency supply pol-
icies, and widespread radiation contamination.

LESSONS

National and local governments in Japan have
distinct and complementary roles in DRM
planning. The national level is in charge of
defining the overall DRM strategy, coordina-
tion and legislation, allocation of funds, and
deployment of the government budget. In
local-level disaster management plans, govern-
ments are focusing on coordination of admin-
istrative and operational functions; preventive
measures, such as education, safety drills, and

issuing and transmitting of information and
warnings; evacuation and rescue activities
and primary goods supply and distribution in
emergency situations; and overall coordination
of reconstruction and restoring livelihoods
during the recovery phase. The central govern-
ment provides substantial funding for emer-
gency response and reconstruction.

The lessons learned from the Great
Hanshin-Awaji (Kobe) Earthquake in 1995 had
already prompted improvements to Japan’s
DRM legislation and government policies.
In recent years, high priority has been given
to developing countermeasures for large-
scale earthquake disasters. Legislation has
been passed on countering large-scale ocean-
trench-type earthquakes, plans for large cit-
ies where damage is likely to be wide-ranging
have been established, and the overall legisla-
tive framework on DRM and disaster coun-
termeasures has been improved. After the
GEJE, these kinds of countermeasures have
been emphasized even more, and the Disas-
ter Countermeasures Basic Act was revised in
June 2012.

The main drivers of the latest revision
were the need to account for low-probability,
high-impact, and multilocation hazards and to
strengthen the local government’s role in pro-
viding training and planning emergency mea-
sures and evacuations.

RECOMMENDATIONS FOR
DEVELOPING COUNTRIES

Keep plans up to date. Plans at the national
and local levels should be revised frequently,
based on lessons learned from other disasters
in and outside the region. It could be helpful
to set up a committee at the national level to
coordinate the timing and content of revisions
at the national and local levels. Consultations
between national and local government repre-
sentatives could assure complementarities and
synergies across roles and activities.
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Keep plans local. A local disaster manage-
ment plan is useful in specifying countermea-
sures against future natural disasters, as long
as clear roles and responsibilities are assigned
to each tier of government regarding preven-
tive measures, emergency response and rescue,
and recovery and reconstruction activities. It is
also useful to identify capacities that may need
to be strengthened.

Agreements made during normal times
ensure quick postdisaster responses. Agree-
ments could be designed and signed at the local
level with key sectors, specifying responsibili-
ties for emergency response measures, rescue
operations, and evacuation plans. Private com-
panies, as well as community-based organiza-
tions entering into those agreements, could
develop services (in coordination with local
governments) that can be delivered as soon as a
disaster strikes, even without a formal request
or authorization from the local government
(chapter 20).

NOTE

Prepared by Makoto Ikeda, Asian Disaster Reduction
Center.
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CHAPTER 8

The Education Sector

Although the education sector sustained considerable damage in the Great East Japan Earthquake
(GEJE), it also played a key role in protecting lives. Importantly, it provided both civil protection
“hardware” and “software”: school buildings served as evacuation shelters and transition shelters,
and the school curricula ensured that children knew how to prepare for and react in emergencies. The
performance of schools in responding to the GEJE provided a number of important lessons about the
role of the education sector in disaster risk management.

DAMAGE TO THE EDUCATION Le]\;”
SECTOR 3% Level 2

747

The Great East Japan Earthquake (GEJE)
caused severe structural damage to schools.
In total, 6,284 public schools were damaged.
The Ministry of Education, Culture, Sports,

Science and Technology classified the schools Level 3
into three categories according to the level of Ségf/f

damage they sustained: 193 schools were com-

pletely destroyed (level 1); 747 schools sus- Total 6,284

tained heavy damage and needed structural
repairs (level 2); and over 5,000 schools had

minor, mostly nonstructural damage (level 3) Figure 8.1 Categorization of schools by level of damage
(ﬁgure 8.1). Source: Ministry of Education, Culture, Sports, Science and Technology (MEXT)




BOX 8.1

Seven hundred and thirty-three students
and teachers were killed or are missing. The
proximity of the schools to the coastline was
a contributing factor. The students and teach-
ers in the Okawa Elementary School building
in Ishinomaki City died tragically because they
did not evacuate to higher ground (box 11.3).
Where students in coastal schools survived,
the school structure, disaster risk management
(DRM) education, and linkages to community
preparedness played critical roles.

THE ROLE OF DRM EDUCATION IN
COMMUNITY PREPAREDNESS

DRM education conducted effectively and in
cooperation with other local community pre-
paredness efforts saved many lives after the
GEJE. For example, in Kamaishi, where the
number of casualties reached 1,000, there were
5 deaths reported among 2,900 school chil-
dren, and not a single child present in school
that day was killed. The so-called Kamaishi
Miracle is attributed to strong DRM educa-
tion, including a longstanding local tradition
of teaching children the culture of tendenko,
which means to evacuate to higher ground
on their own without searching for relatives
or friends (see box 8.1). This practice resulted

Kamaishi Miracle

When the earthquake hit on March T, students of the Kamaishi-Higashi Ju-
nior High School evacuated together with the children of the Unosumai

Elementary School. They had conducted joint evacuation drills. They

reached the first evacuation point located 700 meters from the school,

where they noticed a cliff had collapsed. A resident stated that she had

never seen this happen there before and advised the students to move to a

safer place. They moved to another point that was 400 meters higher,

where they at first felt safe. However, when they heard the tremendous roar

of the tsunami 30 minutes after the earthquake, they decided they should

go to an even higher evacuation point, a decision that saved their lives.

from many years of experience with disasters,
and is based on a strong mutual understanding
and trust that family members will also evacu-
ate to safety.

Kamaishi City has been conducting DRM
education programs since 2005 in coopera-
tion with Gunma University. The programs are
not mandatory, but are being implemented in
selected schools in vulnerable coastal areas.
Two such schools are Unosumai Elementary
and Kamaishi-Higashi Junior High School
(figure 8.2). The program engages the local
community in preparing disaster risk maps
and holds evacuation drills four times a year—
one joint drill with the elementary and junior
high school and one annual drill with the local
community.

Kesennuma City provides another excel-
lent example of how DRM is integrated into

Figure 8.2 Kamaishi-higashi Junior High School (top)
and Unosumai Elementary School (bottom) are
located near the sea

Source: ® Kyoto University. Used with permission. Further permission
required for reuse.
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school curricula, where education for sustain-
able development (ESD) has taught students
for years about local environmental issues and
how to value and protect natural resources, the
environment, and cultural heritage assets. ESD
also includes a strong focus on DRM.

In Kesennuma, students at the Hashikami
Junior High School are taught DRM as part
of the ESD program. The school served as an
evacuation center for more than 1,500 people
after the GEJE, which occurred just before
graduation. A graduation ceremony took place
in the gymnasium, and was attended by the
evacuees. During the ceremony, a student gave
a speech in which he honored two students
who had lost their lives in the tsunami:

“People are talking about Hashikami Junior
High School as the ‘School of disaster prevention
education,” and we are being praised around the
world. We trained ourselves thoroughly and have
been doing disaster prevention drills regularly.
But our power as human beings was dwarfed by
nature’s violence, and nature deprived us merci-
lessly of some of our most important things. This
disaster was too cruel to simply be called a trial
sent from heaven . . . I feel angry and hardened.
But our future lies not in blaming God but in
helping each other and persevering, as difficult
as that may be.”

His words reflect the anguish of the com-
munity, and at the same time the recognition,
gained from the ESD curriculum, that the com-
munity’s responsibility is not to despair, nor to
consider the disaster an “act of God,” but to
rely on one another for support and to improve
their risk management capacity.

THE ROLE OF EDUCATIONAL
FACILITIES IN DISASTER RESPONSE
AND RECOVERY

As noted earlier, schools played a critical role in
the immediate response to the GEJE (as evac-
uation shelters) and in the recovery process (as
transition shelters) as shown in figure 8.3. The
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Figure 8.3 Location of schools in various areas
Source: Kyoto University.

Note: ES = elementary school; JHS = junior high school.

arrows represent the evacuation routes that
people followed. Balancing the need to pro-
vide evacuation centers for communities and
the need to reconvene classes for students has
been a challenge, particularly where limited
availability of suitable land has made housing
reconstruction difficult, and the move from
transitional shelter to permanent housing has
been delayed.

Another challenge relates to the future role
of school buildings in civil protection as demo-
graphics shift. While schools have tradition-
ally been the most important public facilities

8: THE EDUCATION SECTOR | 79




in local communities, declining birth rates and
a rapidly aging population make it difficult to
justify rebuilding them in the same numbers
and sizes. The following examples illustrate
these issues in more detail:

e In the Arahama area, a school building
served as an important evacuation shelter
because of the flatness of the surround-
ing terrain and the building’s height. The
reconstructed school building should be
able to withstand future earthquakes, have

be situated away from the coast, and be
kept stocked with emergency supplies.
Since the disaster, a large proportion of the
local community has relocated elsewhere
because of a lack of jobs, adequate hous-
ing, and infrastructure. These issues will
need to be examined before rebuilding the
school (figures 8.3 [a] and 8.4 [a]).

In the Toni area, both the elementary and
junior high schools need to be rebuilt.
However, it is difficult to justify the con-

a flat rooftop to which people can evacuate, struction of new schools of the same size
because of the decrease in the number of
school-aged children. Therefore, a single

Arahama Elementary School } building will be developed, jointly hous-

/ ing the elementary school, the junior high

school, and other public community facili-

ties. The security of school children also
needs to be ensured given that the school
building will be shared with the general

public, and anyone can access it (figure 8.3

[b] and [d], and figure 8.4 [b] and [d]).

e Although Shishiori Elementary School
is not located on the coast, the tsunami
flooded the ground floor as it moved
upstream along the river. While it only
reached the ground floor, the school was

nevertheless evacuated as there was no way
of telling whether the upper level would be
affected (figures 8.3 [c] and 8.4 [c]).

¢ Hashikami Junior High School was used as
an evacuation shelter following the disas-
ter and is still being used for transition
shelters. Since the school gymnasium has
not been available for more than a year,
the quality of educational services is being
affected (figure 8.3 [e]).

The loss of teachers who died in the tsunami
has created a shortage of staff in many schools,
posing an additional challenge for the continu-

ity of education. Finally, counseling services
Figure 8.4 Schools and locations for school children suffering from posttrau-
Source: ® Kyoto University. Used with permission. Further permission required for reuse. matic stress disorder must also be provided.
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Considerable resources are required if the
education sector is to recover fully. Funds need
to be allocated for temporary schools, followed
by site selection and construction of new
schools, and repairs to buildings that remain
structurally sound. An aging population and
declining numbers of students presents a spe-
cial challenge, as communities balance using
school facilities for both education and civil
protection purposes.

LESSONS

Key lessons from the GEJE experience for the
education sector are as follows:

e Importance of DRM education. As exem-
plified by the “Kamaishi Miracle,” DRM
education played an important role in
determining the students’ evacuation
behavior. The role of teachers in imple-
menting DRM in schools should be
emphasized.

- Structure, location, and layout of schools.
The location of school buildings is a
crucial issue. In most cases, the build-
ings were located in close proximity
(within 100-200 meters) of the coast-
line. Newer schools have slanted roofs
to avoid water logging and structural
decay. However, this prohibited people
from taking shelter on rooftops. Also,
it has been observed that schools that
were parallel to the coast sustained
greater damage than those set perpen-
dicular to the coastline.

- Function of schools and educational con-
tinuity. While schools were to be used as
evacuation centers, in several cases peo-
ple from local communities remained
sheltered in schools for more than
six months. This has serious implica-
tions for the restoration of educational
services and children’s educational

development. This issue needs to be
considered in future school-level con-
tingency planning.

e Human resources and training. In the after-
math of the GEJE, schools face a shortage of
teachers, which has affected the continuity
of education. Students from the education
faculties of local universities have tried to
fill this gap; however, this also needs to be
addressed in planning for educational con-
tinuity in postdisaster situations.

- New role of schools and multistakeholder
dialogue. Given the changing demo-
graphic conditions, schools need to play
a bigger role as community facilities.
Therefore, a broader range of stakehold-
ers, including community members,
needs to be included in reconstruction
decision making,.

RECOMMENDATIONS FOR
DEVELOPING COUNTRIES

The education sector plays an important dual
role in the provision of civil protection hard-
ware and software. School buildings serve as
evacuation shelters and transitional shelters,
and school curricula help instill a culture of
DRM and preparedness in the community.
The recovery of the education sector is directly
linked to the recovery of the entire community.

DRM education saves lives, as the “Kamaishi
Miracle” shows. Students save their own lives
and the lives of others when they lead evacu-
ations in communities. DRM in the education
sector should not be limited to the education
curriculum, but should also include related
issues such as structural and nonstructural
safety measures; legislative measures sup-
porting the integration, implementation, and
funding of DRM in the education sector; risk
assessments and early warning systems; and
DRM training for school staff.
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Include community members in planning.
The postdisaster reconstruction process offers
an opportunity for communities to reconsider
their future needs regarding both the educa-
tion of their children and their community
facilities. A multistakeholder dialogue can
help determine the optimal arrangements and
design reconstruction plans accordingly.

NOTE

Prepared by Rajib Shaw and Yukiko Takeuchi, Kyoto
University; Margaret Arnold, World Bank; and Masaru
Arakida (box 8.1), Asian Disaster Reduction Center.
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CHAPTER 9

Business Continuity Plans

A business continuity plan (BCP) identifies the potential effects of disruptions to an organization’s

critical operations if a disaster were to occur, and specifies effective response actions and quick recov-

ery measures. In the Great East Japan Earthquake, BCPs served their purpose to some extent, but cer-

tain weaknesses were identified. While BCPs helped to keep critical operational functions going, and

then to rehabilitate general operations, most small- and medium-size enterprises had, unfortunately,

not even prepared BCPs. Since the private sector plays a major role in creating jobs and supporting

local economies, it should be required to prepare BCPs, but with support from the government.

INTRODUCTION

Why is private sector preparedness
important?
Because social functions and stakeholders in
modern developed societies are highly inter-
connected and interdependent, any disruptive
incident can affect an entire region. A single
incident can have an extensive impact both
domestically and internationally, by under-
mining supply chains and value chains (chap-
ter 30).

Examples of direct and indirect negative
effects include the following:

e Loss of human life and injury

e Damage to physical assets, the environ-
ment, and natural resources

e Disruption of public utilities, such

as electricity, water, transport, and

telecommunications
e Disruption of citizens’ daily livelihoods

 Disruption of local government adminis-
trative functions

* Reduced supplies of daily goods and
services

« Bankruptcy of private companies, lost eco-
nomic opportunities, and income loss

¢ Unemployment and economic downturns

The private sector plays a major role in cre-
ating employment and supporting the local
economy, thereby ensuring regional sustain-
ability (chapter 24). In the event of a disaster,




Figure 9.1 The
business continuity
plan concept
Source: Cabinet Office.

the role of the private sector becomes even
more important in this respect. In each phase
of disaster risk management (DRM), the pri-
vate sector:

e Provides evacuation shelters and relief
goods

e Ensures employment so that victims can
regain their livelihoods quickly

e Provides labor, services, and products
essential to the speedy recovery of social
functions, roads, transportation, supermar-
kets, schools, hospitals, and other functions

BOX 9.1

Accident at a microchip plant

In 2000, lightning struck a Philips microchip plant in New Mexico, in the
United States, causing a fire that contaminated millions of mobile phone
chips. Nokia and Ericsson, Philips’s biggest customers, reacted differently
to their supplier’s plight. Nokia's supply-chain management strategy al-
lowed it to switch suppliers quickly; it even reengineered some of its
phones to accept other types of chips. Ericsson took no action and waited
for Philips to resume production. That decision cost Ericsson more than
$400 million in annual earnings and, perhaps more significantly, some of its
market share. By contrast, Nokia's profits rose by 42 percent that year.

Before

]
Occurrence of
disaster

100%

Capacity utilization
(supply of products, etc.)

Target

== Present anticipated recovery curve

=== Recovery curve after implementation of BCP

@ To continue business at the level
over the permissible limit

Effective cooperation among disaster-resil-
ient private sector players helps ensure a resil-
ient and sustainable civil society. One lesson
learned from past catastrophic events such as
the Great Hanshin-Awaji (Kobe) Earthquake,
Hurricane Katrina, the Great East Japan
Earthquake (GEJE), and the Thailand flood is
that when the private sector is well prepared,
it plays an important role in reducing national
and regional economic damage.

What is a business continuity plan?
A business continuity plan (BCP) identifies the
critical operational functions of an organiza-
tion and the potential impacts of a threat prior
to its occurrence. It specifies effective ways
of responding and quick recovery measures
so that a business can continue to operate at
acceptable levels and avoid disruptions for a
specified period of time (box 9.1). The process
of developing and deploying a BCP strategi-
cally within the organization is referred to as
business continuity management (BCM).
BCM is a risk management strategy that
focuses on maintaining the continuity of criti-
cal operations to ensure the supply of goods and
services, and thereby the organization’s sur-
vival. Figure 9.1 shows the concept of business

After (initial response & BCP response)

Continue
prior operations

Recovery

@ To recover capacity utilization within
the permissible time

@© Variance between target and recovery
capacity to current condition

yz — Target

_____ Permissible limit

Time

Permissible limit \

@ Variance between target and
recovery time to current condition
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continuity and the recovery curve of an organi-
zation’s level of service before, during, and after
a disaster. Developing a BCP helps an organiza-
tion identify what preparations must be made
before a disaster strikes to secure its employees,
assets, information technology (IT) systems,
and information, as well as its reputation.

Business continuity plans
in the Asia-Pacific region
The Asia-Pacific Economic Cooperation
(APEC) region accounts for approximately
40 percent of the world’s land area, more than
40 percent of the world’s population, and
around half of global gross domestic product
(GDP). And yet, regrettably, it sustains almost
70 percent of the world’s natural disasters. As
the APEC region’s supply chains are closely
intertwined, and a single disaster can affect
the economic activities of the entire region,
it is essential and urgent that efforts be made
to strengthen the private sector’s capacity for
disaster preparedness and recovery by pro-
moting BCP development among APEC mem-
ber economies. A survey was conducted in 2011
to better understand the current level of BCP
awareness and adoption in the private sector.
Substantial differences were found in the
level of BCP development between small and
medium enterprises (SMEs) and large com-
panies, listed and unlisted companies, and
between companies that have actually expe-
rienced disaster-related disruptions and those
that have not. The level of BCP development
varies greatly by firm size: only 15.9 percent of
SME respondents have a written BCP, while
52.0 percent of large company respondents
have one. Also, there are considerable differ-
ences among APEC economies.

FINDINGS

Business continuity plans in Japan

The Central Disaster Management Council
chaired by the prime minister has carried out
damage estimates for the Tokyo metropolitan

area in the event of a strong inland earthquake.
A magnitude 7.3 earthquake with an epicen-
ter in the northern part of Tokyo Bay has been
forecasted and one scenario assumes extensive
damage, including a death toll of approximately
11,000 people, the total collapse of 850,000
buildings, and a maximum economic loss of
¥112 trillion (more than $1 trillion). After the
GEJE, governments are currently revising this
damage estimate to verify if even worse figures
are possible or probable.

In 2005 the council established the Policy
Framework for Tokyo Inland Earthquakes
to ensure the continuity of functions in the
capital, and to establish countermeasures for
reducing the death toll by 50 percent and eco-
nomic losses by 40 percent. It also set strategic
goals that included increasing the earthquake-
proof rating of houses and buildings to 90
percent, increasing the fixed furniture rate to
60 percent, and increasing the BCP adoption
rate to 100 percent for large companies and 50
percent for medium-size companies within a
10-year period. In addition, it published busi-
ness continuity guidelines to help companies
develop their BCPs. Forty-six percent of large
companies and 21 percent of medium-size
enterprises had developed BCPs in 2011.

Damage and recovery after the GEJE
The GEJE caused 656 private companies,
which employed 10,757 workers, to go bank-
rupt within one year. But only 79 companies of
them, 12 percent, were located in the Tohoku
region while the others were located all over
Japan. The reason for bankruptcies among
the latter group was indirect loss or damage
caused by disruptions in their supply chains.
The BCPs functioned to some extent but
with some problems. The ratio of companies
without a BCP was still high at the time of
the GEJE and differed according to company
size. Among large companies, 40 percent had
prepared BCPs before March 11, while only
12 percent of medium-size enterprises had
done so. Approximately 80 to 90 percent of the
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medium-size and large companies indicated
that their BCPs were effective in the response-
and-recovery phase after the March 11 disaster.
All SMEs indicated that their BCPs were effec-
tive to some degree, while the ratio of SMEs that
produced BCPs was low. Workers’ capacities
had been developed by formulating BCPs, so
they were able to respond to even unexpected
events. SMEs were able to start alternative pro-
duction by collaborating with companies in
other prefectures and were willing and able to
collaborate in BCPs, because they do not com-
pete with one another on a national scale.

The main reasons that BCPs did not func-
tion are as follows:

e The damage was much greater than predicted,
because the companies followed govern-
ment scenarios that underestimated reality.

e Not enough training was conducted. Work-
ers who had not seen the BCP documents
could not take the necessary actions.

Practices following the GEJE

The case of a large distribution company
Seven & i Holdings Co., Ltd. operates conve-
nience stores, general merchandise stores,
department stores, and supermarkets. The
company had revised its BCPs seven times
since the Kobe earthquake in 1995. A super-
market in Ishinomaki City, one of the most
devastated cities, started selling foods and
other goods outside its own buildings start-
ing at 6 p.m. on March 11. On the next day, all
10 supermarkets opened in the Tohoku Region.
The decision to reopen in times of disaster was
delegated to the individual shops, which could
assess the situation quickly. Multiple logistics
routes were secured and 400 workers were
brought from other areas to support the stores
in the devastated areas.

The case of an SME
The Suzuki Kogyo Co. is a waste management
company with 67 employees in Sendai City,

which suffered from the GEJE. The com-
pany equipped itself with satellite phones
and standby generators, and conducted train-
ing and drills based on a BCP formulated in
2008. The emergency center was established
at 3:30 p.m., 45 minutes following the earth-
quake on March 11. Two days later the com-
pany resumed the critical operation of treating
medical waste from dialysis. Other companies
took over the waste management operations.

How payment and settlement systems

and financial institutions responded

to the GEJE

Financial services are a basic lifeline in a soci-
ety, supporting many kinds of economic activi-
ties. The failure of payment and settlement
systems could prevent customers from mak-
ing deposits, cash withdrawals, and payments,
thereby intensifying public anxiety in times
of disaster. The financial sector was seriously
affected by both the physical damages and the
indirect effects of the disaster. Nevertheless,
even in the aftermath of the earthquake, the
nation’s payment and settlement systems and
financial institutions, including the Bank of
Japan, continued to operate in a stable manner
and, on the whole, managed to function nor-
mally (box 9.2).

LESSONS

The private sector in Japan has made substan-
tial efforts to adopt BCPs, which proved to
be useful when put into action following the
GEJE. At the same time, however, some les-
sons were learned that could make corporate
BCPs even stronger and more effective. Until
recently there had been an attitude of toler-
ance toward business disruptions caused by
disasters of a certain scale, as they were con-
sidered to constitute force majeure. Public
opinion has shifted since March 11. Now, even
if the scale and intensity of a disaster exceeds
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BOX 9.2

How the GEJE affected payment and settlement systems and financial institutions

The Ba

nk of Japan (BOJ) responded to the disaster by

Supplying a massive amount of cash to financial institu-
tions. The cash paid out by BOJ branches and local offices
in the Tohoku region of northeastern Japan in the first week
after the earthquake amounted to approximately ¥310 bil-
lion, about three times the amount paid out over the same
period in the previous year.

Exchanging damaged banknotes and coins for clean ones
through the Bank’s branches in the Tohoku region and a spe-
cial window in Morioka City, which amounted to ¥2.42 bil-
lion starting after the earthquake up through June 21.

Ensuring the stable operation of the BOJ-NET, which is
used for funds transfer and services related to Japanese
government bonds as well as the BOJ's market operations.

The minister for financial services and the BOJ governor
Jjointly requested financial measures, such as allowing with-
drawals of deposits upon the verification of the depositor’s
identity even in cases where deposit certificates or bank
passbooks had been lost.

Arranging treasury funds services and government bond
services at its head office and branches, where treasury
agents were unable to continue those services.

Gathering information, in cooperation with the Financial
Services Agency, on damage to and the actions taken by
payment and settlement systems as well as financial institu-
tions, and providing accurate and timely information to
domestic and overseas markets on the operational status
of the Japanese financial infrastructure.

The private sector responded as follows:

To meet the needs of depositors and borrowers, financial
institutions opened temporary offices and then opened
windows on Saturday, March 12, and Sunday, March 13, 2011,
the weekend immediately after the earthquake. Of the to-
tal of about 2,700 offices of the 72 financial institutions
headquartered in 1 of the 6 prefectures in the Tohoku re-
gion or Ibaraki Prefecture in the Kanto region, some 310 of-
fices (11 percent of the total) were closed as of March 16.

The financial institutions worked in close coordination,
such as by delivering cash to other institutions that needed
additional cash.

Major bill and check clearing houses expanded their areas
of coverage, so that participating financial institutions
could bring in bills and checks that normally would be pro-
cessed by the clearing houses that were not operating.

Payment and settlement systems as well as financial insti-
tutions across Japan generally continued to operate sta-
bly. There were also procedures and systems in place to ad-
dress the temporary inability of affected financial institutions
to participate in the payment and settlement systems.

Marketwide business continuity arrangements developed
in the money market, and the foreign exchange market and
the securities market functioned smoothly.

The stock market infrastructure was able to provide
smooth and uninterrupted processing with a high level of
operational capacity despite the surge in trading volume
following the earthquake.

Lessons

Payment and settlement systems and financial institutions
need to review the severity and scope of the scenarios used
in designing their business continuity arrangements, to see
whether they address potential stress events sufficiently in
light of the recent disaster.

It is crucial to enhance business continuity arrangements in
line with the identified scenarios. This includes enhancing
backup arrangements for computer systems and headquar-
ters functions, increasing in-house power-generating capa-
bilities against potential long-term constraints on the elec-
tricity supply, enhancing arrangements for securing
necessary staff in the event of prolonged disruption of
public transportation services, and securing system-

processing capacity to withstand a surge in trading activity.

Implementing and enhancing “streetwide exercises,” with
participation of the overall financial industry, and eventu-
ally with the cooperation of nonfinancial firms such as the
providers of social infrastructure, ensures the consistency

of arrangements across institutions.

For details, see Bank of Japan (2011).
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assumptions and predictions, disruptions are
deemed to constitute negligence, and top man-
agers are expected to be able to take appro-
priate measures to ensure the continuity of
critical operations. Companies should

e Ensure BCP effectiveness through regular
drills and continuous education. These drills
and training must target specific depart-
ments in the company and should address
specific capacities and skills; generic train-
ing is of no use. The plan should list spe-
cific activities and give detailed directions
to be followed in emergencies and to facili-
tate recovery. These should be explained in
detail to those officials and employees who
are expected to implement them. Drills
and training should be regular and ongo-
ing, and some coordination at the sectoral
level is recommended.

* Radically shift from a “disaster-based” to a
“consequence-based” approach to strategy
development. Private companies should
formulate their BCPs to reflect the results
or outcomes they expect from implemen-
tation, rather than specific measures to
counter specific disasters. They should
identify key services, and examine how
long the service will be disrupted and how
they can shorten the disruption time.

« Focus more on supply chain disruption risk
by knowing more about the situations of
stakeholders. In addition to the company’s
own operations, BCPs should address sup-
ply chain issues that affect other companies
and markets. To facilitate this, meetings
should be held regularly with companies
in the same sector and with supply chain
companies, first to assess the potential risks
and then to develop concerted measures to
ensure business continuity throughout the
supply chain.

RECOMMENDATIONS FOR
DEVELOPING COUNTRIES

If well prepared for disasters, the private sec-
tor can play an important role in reducing local
and regional economic damage. BCPs are an
effective tool for strengthening the private sec-
tor’s disaster resilience.

 Raise public awareness. Private companies
and organizations do not always recognize
the importance and usefulness of BCPs.
Efforts should be made to raise awareness
about BCPs and develop effective BCPs to
achieve greater regional resilience. Prac-
tices and lessons from disasters should be
widely shared with private companies and
organizations.

o Start from a small disaster. Private compa-
nies could begin with a small hazard sce-
nario as the first step in formulating BCPs,
and then add greater or different kinds
of hazards. For example, in Japan, since
earthquakes are a very familiar hazard,
most companies start by preparing BCPs
for earthquakes, which are considered
easier to produce. They then proceed to
develop BCPs for more complicated disas-
ters, such as pandemics.

e Mobilize government support. Govern-
ments may feel that providing support
to BCPs for the private sector is not their
role. But securing livelihoods and the local
economy is certainly a relevant public sec-
tor concern. Governments should provide
private companies with the necessary
information such as risk assessments and
guidelines for producing BCPs. Also, gov-
ernments should collaborate with cham-
bers of commerce and other industrial
associations that provide support to these
companies.
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NOTE

Prepared by Takahiro Ono, Asian Disaster Reduction
Center and Mitsubishi Corporation Insurance, and
Mikio Ishiwatari, World Bank.
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CHAPTER 10

Tsunami and Earthquake

Warning Systems

Warning systems can mitigate the damage caused by tsunamis and other natural events, and prevent

the loss of human life and properties. Countermeasures, such as evacuation to higher ground and the

stopping of trains, depend on getting the right information and disseminating it in a timely manner.

Warning systems must also be aligned with community response. While Japan has developed the most

sophisticated tsunami-warning system in the world, the system underestimated the tsunami height on
March 11, 2011, and may have misled the evacuees and increased human losses.

FINDINGS

Community-based tsunami-warning
systems

Before March 11, 2011, Japan had already
sophisticated high-technology
tsunami-warning systems that included sat-

developed

ellite communications and hundreds of real-
time monitoring stations. But on March 11 the
community-level response (and community-
based warnings) was the key that saved
countless human lives. The volunteer fire
corps—which are community-based organiza-
tions (CBOs) trained in disaster management

(see chapter 6)—used various tools such as
handheld loud speakers, fire bells, sirens,
and fire engine loudspeakers to warn com-
munities throughout the affected areas. In
Katsurashima, Shiogama City, all community
members including 30 disabled people were
safely evacuated because the fire corps went
door to door to every house, helping com-
munity members move to higher ground. In
Otsuchi Town and Natori City, some mem-
bers of the corps kept ringing fire bells or giv-
ing directions on their loud speakers right up
until the tsunami hit—some at the expense of
their own lives.




Tsunami warnings on a national scale

Japan Meteorological Agency (JMA) monitors
seismic activity throughout Japan around the
clock. The agency can quickly calculate the
hypocenter and magnitude (M) of an earth-
quake, and issue a tsunami warning within
three minutes after the earthquake. The infor-
mation is immediately disseminated to the
public by disaster management authorities,
local governments, and the mass media (fig-
ure 10.1 and box 10.1). The JMA has recently
invested some ¥2 billion in tsunami and earth-
quake monitoring and warning systems.

On March 11, 2011, the JMA issued the first
tsunami warning at 14:49, three minutes after
the earthquake. People started evacuating and
organizations concerned started preparing for
the tsunami.

Critical problems were found in estimat-
ing the tsunami’s height and getting infor-
mation out to the public. Underestimation

Figure 10.1 Information flow in
the tsunami-warning system
Source: Japan Meteorological Agency (JMA).
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BOX10.1

Tsunami warnings in Japan

The Japan Meteorological Agency (JMA) conducted tsunami com-
puter simulations for various earthquake scenarios and stored the
results (which included tsunami arrival times and heights) in a data-
base. Since the simulation takes some time, the agency cannot
promptly issue warnings using real-time simulation following an
earthquake. When a large earthquake occurs, the operating system
quickly calculates the hypocenter and magnitude, searches the tsu-
nami database for this hypocenter and magnitude, and selects the
most appropriate simulation results from the database. Based on
the estimated height of the tsunami, the JMA issues a tsunami fore-
cast. Tsunami forecasts fall into two categories: tsunami warnings

Tsunami warning

1.5 min. —<—___ Seismic intensity

and tsunami advisories. Warnings are further divided into two
classes: tsunami and major tsunami.

The JMA has improved the warning systems following the es-
tablishment of a tsunami-warning unit for the Sanriku coast in 1941.
The agency expanded it into a nationwide service in 1952, and after
the 1960 Chilean earthquake tsunami, the system started covering
long-distance tsunamis as well. In the Hokkaido Nansei-Oki Earth-
quake of 1993, the tsunami arrived before any warning was issued.
The JMA improved the system, and started issuing estimated tsu-
nami heights in 1999.

m Earthquake early warning
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Tsunami information — Min. o=
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Sl Earthquake information
. (hypocenter and magnitude)
(8 BE ] Smin. ——<—___ Earthquake and seismic

Tsunami information

_\ Seismic intensity

(observed tsunami heghts /
and arrival times)

intensity information

information at

each site

Tsunami forecast

Tsunami

Tsunami height

Tsunami advisory

0.5m

Source: JIMA
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Map 10.1 Timeline
of revised tsunami
warnings on March

14:49
3 minutes following earthquake

15:14
28 minutes following earthquake

15:30
44 minutes following earthquake

» Observed Mj 7.9
e Issued tsunami information: 3 meters
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Figure 10.2 New methods for tsunami warnings
Source: JMA.

Note: CMT = centroid-moment-tensor; M = magnitude; Mj = JMA magnitude; Mw = moment magnitude.

(eaue Je3seOD pUE 210YS}JO) SUOIIBAIDS]O IWIeUNS|

Revising

received no tsunami information or evacuation
orders in the affected areas, and 60-70 percent
did not receive the revised information about
tsunami heights.

Based on lessons learned from the Great
East Japan Earthquake (GEJE), the JMA plans
to take the following approach while issuing a
warning (figure 10.2):

e TIssue tsunami information that is useful
in making decisions about evacuation; the
information should be clear and timely,
emphasize crucial messages, and encour-
age evacuation.

e Issue the first warning quickly, within
three minutes following an earthquake,
and revise it according to observed data.

e Provide tsunami height predictions quali-
tatively, instead of numerically in the first
warning for possible megatsunamis caused
by earthquakes greater than M8, consider-
ing the uncertainty of tsunami estimates.

94

II: NONSTRUCTURAL MEASURES



* Raise public awareness of the principle
that people should take the initiative on
their own to escape from tsunamis when
they feel any quakes.

* Improve the accuracy of warnings about
frequently occurring tsunamis to better
inform people’s evacuation decisions by
improving confidence.

NHK (Nippon Hoso Kyokai, or Japan
Broadcasting Corporation) reviewed programs
during the GEJE and found that the tones of
the warning announcers on television were
rather flat and lacked urgency. The corpora-
tion is revising the warning methods issued
through television to encourage evacuation by
announcements that are persuasive.

The Earthquake Early Warning system
The Earthquake Early Warning (EEW) sys-
tem aims at mitigating earthquake damage by

providing a lead time to slow down trains, stop
elevators, and give people time to take protec-
tive measures (figure 10.3). The JMA quickly
determines the hypocenter and magnitude of
an earthquake based on real-time monitoring
data. The agency estimates the distribution
of strong ground shocks, and issues warnings
to government officials and the mass media,
such as radio, television, and communica-
tion companies before the shocks reach them.
For example, gas and railway companies use
this warning to control their operations. Also,
warnings are issued to the public through
SMS (short message service) alerts. The JMA
launched this EEW service in 2007.

During the GEJE, the JMA issued the first
EEW 8.6 seconds after detecting the first pri-
mary wave (P-wave) at the nearest seismic sta-
tion. There were 15 to 20 seconds of lead time
after the warning and before the main shock
hit Sendai. At Seisho High School, Kanagawa
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Figure 10.3 Earthquake early warning system
Source: JMA.
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Note: JMA = Japan Meteorological Agency; M = magnitude; P-wave = primary wave; S-wave = secondary wave.
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Prefecture, students used this time to get
under their desks or leave at-risk spots. Also, at
a primary school where teachers and students
had conducted practice evacuation drills, they
calmly began evacuating as soon as they got the
warning.

According to a JMA survey, over 80 per-
cent of people believe the EEW information
helps them protect themselves. Some 60 per-
cent took action, such as taking shelter under
desks, upon receiving the EEW. Although some
40 percent of EEWs have been incorrect and
underestimated the actual size of quakes, over
80 percent of respondents want to keep using
the system. The JMA is improving the accuracy
of the EEW by upgrading prediction models.

Bullet trains’ earthquake detection system
On March 11, 19 bullet trains (including two
traveling close to the maximum speed of 270
kilometers per hour) were running on the
Tohoku Sinkansen Line. All trains were able to
stop safely soon after the earthquake occurred
without incurring any casualties. The system
detected the P-wave and stopped the trains by
automatically cutting their electricity supplies
(figure 104). The railway companies started
using the system in 1992, and have improved
it since then. During the Chuetsu Earthquake
in 2004, a bullet train derailed because it was
traveling right above the epicenter, although no
casualties were reported. The companies short-
ened the lead time between detecting a P-wave
and issuing the warning, from three seconds to

Cutting power

transmission
Warning signal

to cut power transmission

Emergency
brakes

Coastal seismometer

Epicenter

Figure 10.4 Earthquake early detection system

Source: Ministry of Land, Infrastructure, Transport and Tourism (MLIT)..

between one and two seconds. The number of
earthquake monitoring and detection stations
has also increased to 239 across the country.

LESSONS

The following lessons should help inform the
development of warning systems:

e Japan’s earthquake warning systems were
able to reduce economic damages and loss of
life by shutting down bullet trains and pro-
viding lead time for people to take protec-
tive measures. Japan has developed new
technologies to improve these systems.

e Using warning systems to trigger timely
community response is the key to disaster
management. No matter how advanced
technology becomes, the guiding principle
is that people should take the initiative
to escape from a tsunami on their own as
soon as they feel any quakes.

e Inaccurate or inappropriate information
in a tsunami warning could mislead, delay
evacuation, and increase the loss of lives.
Warning information should be issued on
the side of safety, considering the possible
inaccuracy of estimates and the limitations
of the forecasting technology.

e Multiple methods of information sharing
must be secured. While warnings must be
delivered to everyone at risk, only half of
the affected residents actually received the
information following the GEJE. It was dif-
ficult to provide people with revised infor-
mation during the evacuation because of
power and communication system failures.

e Disaster risk communication must be prac-
ticed regularly, so that people are able to
better understand the information, and
messages and agencies can better under-
stand the mechanisms that local people use
to cope with disasters (chapter 27).
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RECOMMENDATIONS FOR
DEVELOPING COUNTRIES

Warning systems can save people’s lives and
reduce economic damages from natural disas-
ters such as floods, tsunamis, earthquakes,
landslides, and other events. People can take
countermeasures, such as escaping to higher
ground, protecting themselves from falling
debris, and stopping trains before they are
overtaken by these events.

Start with low-cost systems. Warning sys-
tems can start with simple methods. Low-cost
equipment, such as fire bells and sirens, were
widely utilized as warning tools during the
GEJE. Observers in communities once moni-
tored water levels in rivers and sent informa-
tion to concerned organizations by phone until
a decade ago in Japan. Warning systems can
evolve by replacing equipment, such as auto-
matic monitoring equipment and telemeter
systems, based on these basic systems.

Link with community-based activities.
Actions at the community level are crucial as
demonstrated by the volunteer fire corps that
issued warnings and saved lives on March 11.
Warning systems and other measures organized
by communities may be particularly relevant in
developing countries where government capac-
ity and resources are limited (box 10.2).

Develop technology, and understand its limi-
tations. Although various technologies, such
as flood prediction, tsunami simulations, com-
munication systems, and earthquake monitor-
ing are all needed to develop effective warning
systems, their limitations must be taken into
account. On March 11, underestimating the
tsunami height likely caused people to delay
their evacuation and led to greater losses.

Conduct interactive risk communication.
Communities, governments, and experts should
exchange information and ideas about poten-
tial risks (chapter 27). Communities should be
able to understand the information delivered in
the warning, while also being aware of the sys-
tem’s limitations. Also, government staff must

BOX 10.2

Community-based warning in Sri Lanka

In Sri Lanka the Disaster Management Center and National Building
Research Organization are promoting community-based landslide warning
systems. Simple rain gauges, which are bottles for measuring rainfall or
bottles equipped with an automatic buzzer (Type Ol) were delivered to
at-risk communities. When the water level in the bottle reaches the risk
level, a warning is issued to community members.

Source: © Mikio Ishiwatari. Used with permission. Further permission required for reuse.

understand communities’ response to disasters
to design warning systems.

Understand communities’ coping mecha-
nisms. Since warning systems are meant to ben-
efit communities on the ground and to inform
their actions, the responsible organizations
should understand how local people cope with
and respond to disasters. Community mem-
bers decide on their own when, where, and
how to escape. The organizations should tailor
the contents of warning messages to the users’
needs and points of view. Such messages need
to be simple, timely, and encourage evacuation.

Establish end-to-end systems to ensure
that warnings reach the communities at risk.
Multiple communication channels should be
established so that information keeps flowing
in case of power and communication failures.

Ensure services are available 24/7. Since
natural events can happen at any time, the
organizations concerned are required to func-
tion around the clock—24 hours a day, 7 days a
week. Staff rotation should be arranged in the
organizations.
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NOTES

Prepared by Mikio Ishiwatari, World Bank.

1. The JMA magnitude has the advantage of being
calculated quickly within three minutes, but tends
to underestimate the magnitude of earthquakes
over M8. The moment magnitude is utilized world-
wide but takes around 10 minutes to calculate.
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CHAPTER T1

Evacuation

Community evacuation measures should be the centerpiece of disaster risk management systems.

Because the Sanriku region has suffered from frequent tsunamis, its local communities have passed

their knowledge from generation to generation, mainly by constructing commemorative monuments

and by conducting education and drills. Nevertheless, about 20,000 people died or are missing as a

result of the catastrophic tsunami on March 11, 2011. Various factors, such as underestimating tsu-
nami heights in warnings and on hazard maps, as well as a lack of awareness, influenced the number
of human lives lost. Since neither the local governments nor the electric power company had pre-

pared properly for possible nuclear accidents, evacuation from the accident at the Fukushima Daiichi

nuclear power station was chaotic.

FINDINGS

Preparing evacuation measures

Because predictions and other measures to
foresee or prevent potential disasters are often
unreliable, community evacuation measures
should be at the center of disaster risk man-
agement (DRM) systems (figure 11.1). Other
measures, such as hazard maps, education pro-
grams, practice drills, and warning systems all
contribute to successful evacuation.

Since the Sanriku region has often sustained
severe tsunami damage, its local governments
and communities have developed a high level of
disaster preparedness. The Meiji Sanriku Tsu-
nami of 1896, with a maximum run-up height

Evacuation
of the
Community

<.

Drill

Education

Figure 11.1 The relationship between evacuation and
other DRM measures




of 38.2 meters (the highest point that a tsu-
nami reached inland), killed over 22,000 peo-
ple; the Showa Sanriku Tsunami in 1933 with
a maximum run-up height of 23 meters killed
approximately 3,000; and a tsunami following
the Chilean earthquake in 1960 killed 142. After

BOX 111

Stone monuments transfer local knowledge
to the next generations

In Aneyoshi District, Miyako City, Iwate Prefecture, villagers who followed

the practices of their ancestors survived and saved their properties from

the tsunami. A stone monument, set up after the 1933 Showa Sanriku Tsu-

nami, is 60 meters above sea level—20 meters higher than the level of the

1933 tsunami. The inscription reads as follows:

“Living on higher ground will make the lives of our descendants more

peaceful. Remember the catastrophic tsunami. Never build houses below
this point. The tsunamis of 1896 and 1933 reached this point, and the vil-
lages were completely destroyed, leaving only 2 and 4 survivors. Be careful

now, even after many years.”

When the tsunami occurred on March 11, villagers working on the coast

immediately ran up the winding path toward this monument. A huge, black

wave rushed up from the port, stopping 70 meters short of the monument.

Figure 11.2 Evacuation map and information on past tsunamis

Source: ® Masaru Arakida. Used with permission. Further permission required for reuse.

Figure 11.3 Evacuation signs

Source: ® Masaru Arakida. Used with permission. Further permission required for reuse.

each of these disasters, the local governments
revised their DRM plans accordingly, designat-
ing shelters, procedures, and other mechanisms
to facilitate speedy evacuation (chapter 7).

Communities in the Sanriku region have
built 150 monuments to raise public aware-
ness among future generations (box 1L.1).
Community-based organizations, such as the
volunteer fire corps and disaster management
organizations, conduct training and regularly
schedule practice drills (chapter 6). Schools
give classes on local experiences with past
disasters and on disaster preparedness (chapter
8). Earthquake and tsunami evacuation drills
are also conducted, and local governments des-
ignate evacuation routes and shelters at higher
elevations based on past tsunami heights.
Tsunami hazard maps including the locations
of evacuation shelters are displayed on sign
boards in town (figure 11.2) and distributed to
every household. Past tsunami water levels and
the places of evacuation shelters are posted on
electricity poles and elsewhere on the roadside
(figures 11.2,11.3). Evacuation routes have been
developed to reduce evacuation times, even if
only by a few minutes (box 11.2).

Local governments conduct tsunami evacu-
ation drills every year on days commemorating
past large-scale tsunamis, and residents learn
how to evacuate safely and quickly from their
own houses to designated shelters. Volunteer
organizations and private companies also par-
ticipate, demonstrating, for example, how to
assist people with disabilities, how to guide
evacuees, and how to close tsunami dike gates.
In sightseeing areas, tourists are also encour-
aged to participate in these drills.

Certain issues had been identified in evacu-
ation measures even before the March 11 disas-
ter. Public awareness about the possibility of
a tsunami disaster had decreased since large-
scale damage had not been sustained in many
years. It was mainly the elderly and children
who took part in the drills, while other age
groups assigned them a lower priority. The
number of participants in the drills had also
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BOX 11.2

Tsunami evacuation routes for schools

The evacuation bridge. The tsunami nearly reached the roof of The evacuation stairway. The Omoto Elementary School in
the three-story Okirai Elementary School in Ofunato City, Iwate the town of Iwaizumi, in Iwate Prefecture, is located right in front
Prefecture, but all students got away safely over the evacuation of a cliff more than 10 meters high. To evacuate to safer ground,
bridge. The bridge had been built in October 2011, connecting the children had to take a roundabout route, so an evacuation stair-

school building with a nearby road on higher ground. It shortened way 30 meters long was built in March 2009. The school building

the evacuation route from 250 meters to 110 meters, and the evac- and the gymnasium were inundated by the March 11 tsunami.

uation time from 6 minutes to 3 minutes.
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been decreasing every year. Also, local organi-
zations exhibited varying degrees of evacua-
tion preparedness (box 11.3).

Evacuation scenarios on March 11

Of the approximately 602,000 people in the
inundated areas, 582,000 escaped the tsunami,
with 20,000 dead or missing. The Japan Mete-
orological Agency’s (JMA) underestimation
of the tsunami’s height issued three minutes
after the earthquake is likely to have delayed
the evacuation. Although the agency revised
its warnings later through real-time monitor-
ing of the tsunami, all local governments and
communities did not receive them because of
power and communication failures (see chap-
ter 10). Others, believing that the coastal dikes
would protect them, may have delayed evacu-
ations. A survey of evacuees conducted by the
government at the evacuation centers revealed
the following points.
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BOX11.3

The Okawa tragedy

Seventy-four of the 108 students (70 percent) in the Okawa Elementary
School, Ishinomaki City, died or went missing after the tsunami. The
school is located about 5 km from the mouth of the Kitakamigawa River.
Following the earthquake on March 11, teachers led the children from the
school buildings to the playground as they had been trained to do. Since
tsunami evacuation sites had not been identified before the disaster, they
headed toward an elevated bridge not far away. The tsunami engulfed the
students and teachers on the way to the bridge.

Source: © World Bank.
Used with permission.
Further permission
required for reuse.




Figure 11.4
Evacuation timing
Source: CAO.

Immediate
evacuation

Delayed
evacuation

Urgent
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Not all people evacuated immediately after
the earthquake

Fifty-seven percent of the residents evacu-
ated immediately (immediate evacuation),
31 percent evacuated after doing chores, such
as clearing debris (delayed evacuation), 11 per-
cent left only when the tsunami was in sight
(urgent evacuation), and 1 percent of the resi-
dents did not evacuate as they lived on higher
ground (figure 11.4).

Early evacuation is the key to staying safe
Most residents who evacuated immediately
after the earthquake (immediate evacuation)
were safe. But half of residents who did not
evacuate immediately (urgent evacuation) had
to contend with the tsunami (figure 11.5).

N =870

M Immediate Evacuation:
Evacuated immediately after earthquake shaking

M Delayed Evacuation:
Evacuated after chores, such as clearing debris

[ Urgent Evacuation:
Evacuated only when tsunami was in sight

Did not evacuate

W Encountered tsunami

W Others

M Not encountered: SAFE

Figure 11.5 Evacuation pattern and encounter with the tsunami

Source: CAO.

Residents with a high level of awareness are
likely to evacuate immediately

Half of the residents who evacuated immedi-
ately (immediate evacuation) thought that the
tsunami would reach them, while 70 percent of
urgent evacuees didn’t think it would or were
not concerned about it.

Over half the residents evacuated by vehicle
Many wanted to leave with their family mem-
bers, or thought that the tsunami would catch
up to them if they left on foot. One-third of
them were stuck in traffic jams. The average
evacuation distance on foot was 450 meters,
while the average distance to evacuate by car
was 2 kilometers (km). While evacuation on
foot is the general rule, vehicles are also needed
to carry the elderly and disabled. Measures for
evacuating by vehicle need to be improved.

Some designated evacuation shelters

were submerged

Some 40 percent of the evacuees went to shel-
ters that had been designated by the local gov-
ernments. Among them, some 30 percent of
the evacuees were submerged at the shelters
by the tsunami.

People’s behavior is influenced by group
actions—during the Great East Japan
Earthquake (GEJE), residents were
influenced by their neighbors’ decisions
People escaped as a group, though they
were encouraged to escape the tsunami
independently—tendenko. A survey found that
some families were saved with their adjacent
families, but others were not in Yuriage village
in Natori City. In New York City on 9/11, too,
people escaped from the World Trade Center
with their office colleagues or in groups.

Commuters and school children

stranded in Tokyo

On March 11, 5.15 million people in the national
capital region, including Tokyo, could not get
home from schools, offices, and other venues
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because of traffic disruptions. In Tokyo, some
94,000 people stayed in about 1,030 facili-
ties, including a city hall building. In Sen-
dai City, 50,000-100,000 people, including
tourists, had to stay at evacuation shelters.
In November 2011, local governments asked
private companies to shelter their employ-
ees for three days following future disasters.
This promises to facilitate response activi-
ties by keeping people off the streets. Com-
panies are required to store emergency food
rations, water, and other amenities for a
three-day stay.

Safety for tourists and visitors

Tourists and other visitors do not have enough
information on tsunami risks and emergency
evacuation centers in unfamiliar places. The
Japanese government proposed pictographic
signs of tsunami disasters to the International
Organization for Standardization, based on
global and national standards (figure 11.6).

THE ACCIDENT AT THE FUKUSHIMA
DAIICHI NUCLEAR POWER STATION

The first stage

As the Government Investigation Commit-
tee on the Accident at the Fukushima Nuclear
Power Station (2011) explains,

[e]vacuation instructions from the central gov-
ernment did not reach all the relevant local gov-
ernments in a timely manner; and there was a
great deal of confusion during the evacuation.
Moreover, the instructions were not specific or
detailed enough. With insufficient information
the local governments had to make decisions
about whether to evacuate and evacuation pro-
cedures, locate evacuation sites, and so forth.

L i

X

Fifty patients evacuated from the Futaba
Hospital died by March 31. One of the main
reasons for the confusion was that neither the
central government nor the electric power
companies had prepared well enough.

The governments issued six different evacu-
ation directives within 24 hours: four revisions
for the Daiichi Station and two for the Daini
Station, as follows:

The Daiichi Station

MARCH 11

20:50 Fukushima’s governor gives an order
to evacuate the area within a 2-km
radius of the station.

21:52  The chief cabinet secretary gives
another order at a press conference
to evacuate the area within 3 km, and
in-house evacuation within 10 km.

MARCH 12

09:35 The chief cabinet secretary gives an
order at a press conference to evacu-
ate the area within 10 km.

20:32 The prime minister gives another
order at a press conference to evacu-
ate from within 20 km.

The Daini Station

MARCH 12

07:45 Evacuation order within 3 km, and
in-house evacuation within 10 km.

17:39  Evacuation order within 10 km.

In addition, at a press conference at 11:00 hours
on March 15, the prime minister issued an in-
house evacuation order within 30 km.

Figure 1.6 Pictographic signs: Safe place
from tsunamis, tsunami evacuation
shelter, and tsunami risk area

Source: Ministry of Economy, Trade and Industry (METI).
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Long-term evacuation * Deliberate evacuation area. The area where
On April 22, 2011, the government defined the the cumulative dose of radiation might
following evacuation zones (map 11.1): reach 20 mm Sievert within one year. Some

10,000 residents were requested to evacu-

e Restricted area. The area within a 20-km .
ate within a month.

radius where some 78,000 people live.

Map 111 Restricted area, deliberate evacuation area, evacuation-prepared area in case of emergency, and regions including
Evacuation areas specific spots recommended for evacuation (as of August 3, 2011)
Source: METI.

Note: mSv = millisievert
(radiation).
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» Evacuation-prepared area in case of an
emergency. The area where a directive of
either “stay in-house” or an evacuation
might be required in case of an emergency,
affecting some 58,500 people. This was
lifted on September 30, 2011.

People in the affected areas experienced
all kinds of difficulties during the evacuation.
Updated information is recorded in chapter 36.
They were forced to change shelters as the gov-
ernment expanded the evacuation zone. Some
82 percent of the evacuees changed shelters
more than three times, and one-third of them
changed more than five times. The death toll
among the elderly who were evacuated from
long-term care facilities increased substan-
tially in 2011. It was also reported that demen-
tia worsened among the elderly.

People in the Fukushima Prefecture had
continued to be evacuated for the first year
(figure 11.7). More than 150,000 people were
evacuated, of whom over 60,000 were located
in other prefectures across the country as of the
end of 2011. Also, nine city governments moved
to other locations. This evacuation scenario is
expected to continue, since detailed plans for
relocation back to hometowns have not been
formulated. According to an interview survey,
one-fourth of the evacuees say they are “unwill-
ing to return” to their towns of origin, and
another one-fourth say that they would “return
only after others have returned.” Younger peo-
ple show less willingness to go back.

LESSONS

Japan has experienced many tsunamis and
has made ongoing efforts for over a century to
strengthen evacuation measures and mitigate
damages. Japan has already started modifying
its DRM plans and developing new systems to
prepare for the next tsunami by incorporating
the following lessons:

Public awareness programs must be sup-
ported by action. Although most residents had

70,000
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30,000

Number of evacuees
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10,000
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Source: Fukushima Prefecture.

enough knowledge about earthquakes and
tsunamis, some failed to survive because they
waited too long to evacuate. Public awareness
programs must be designed to encourage evac-
uation. Without practice drills and trainings
during normal times, people fail to evacuate
properly and in a timely manner.

Public awareness programs should include
practical knowledge. The programs should
include the following messages:

e Don’t stick to past experiences. No one
knows how big a tsunami can be, and every
tsunami is a new event. If someone says, “It
is safe here because no tsunami has ever
in my lifetime come this far up,” this only
reflects a few decades of experience.

e Don’t wait for your family to return. Some
people went to meet their children or
waited for family members to get home.
These people lost valuable evacuation time.

e Don’t wait for others to decide. Some people
couldn’t decide whether to evacuate. They
waited and watched what their neighbors
were doing.

e Don’t stay in your car. Some people evacu-
ated in vehicles and got stuck in heavy traf-
fic jams; they didn’t leave their vehicles
until the tsunami caught up with them.

e Keep up to date with tsunami evacua-
tion information. Designated tsunami

Jan
2012
Figure 1.7 Number of evacuees moved to other prefectures, June 2011—
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evacuation sites are sometimes changed
based on recent scientific tsunami simu-
lations or new developments in cities.
Participating in evacuation drills in your
own community, school, or company is an
important way of keeping up to date with
new information

e Don’t try to figure out for yourself what will
or will not happen next, as tsunami waves
come repeatedly.

e Never go back home to pack an evacuation
bag before leaving. Some people returned to
their houses to retrieve valuables and other
household items, and the second tsunami
came and swept them away.

 Update information after evacuation. After
the quake, blackouts occurred in most of
the affected areas and telephone lines were
congested. Portable radios are useful for
staying abreast of the latest information
and local news.

The limitations of various technologies must
be understood. People who believed that tide
walls and seawalls would hold off the tsunami
delayed their evacuation. Also, some people felt
secure because they believed that the tsunami
levels estimated by the JMA would be lower
than the walls, but at many points the tsunami
exceeded the estimated heights (chapter 10).
People who lived in areas that were indicated
as being safe on hazard maps also delayed leav-
ing (chapter 27). Others evacuated to shelters
that appeared on the hazard maps, which had
been officially designated as safe by the gov-
ernment, but were nevertheless engulfed by
the tsunami.

Evacuation by vehicle should be considered
only if needed. The elderly cannot walk for long
distances, and in flat areas, it is difficult to walk
several kilometers. Measures for evacuation by
vehicle should be improved.

Procedures for evacuation from nuclear
accidents should be prepared. The Government

Investigation Committee on the Fukushima
Accident (2011) stressed that “organiza-
tions concerned had not prepared because of
the myth that all nuclear power stations are
perfectly safe, and they therefore ignored
the risks” The committee recommended
the following:

e Activities to raise public awareness are
needed to provide residents with a basic
knowledge of how radioactive substances
are released during a major nuclear acci-
dent, how they are dispersed by wind and
other agents, and how they fall back to
earth; also, the harmful health effects of
radiation exposure should be made known.

e Local governments need to prepare evacu-
ation plans that take into account the
exceptionally serious nature of a nuclear
accident, to conduct evacuation drills peri-
odically under realistic circumstances, and
to encourage residents to participate in
those drills (chapter 36).

e During normal times, there is a need to make
preparations, such as drafting detailed
plans for choosing and arranging of trans-
portation, establishing of evacuation sites
in outlying areas, and ensuring water and
food supplies at evacuation shelters, con-
sidering that evacuees may number in the
thousands or tens of thousands. It is espe-
cially important to develop measures for
the evacuation of the disadvantaged, such
as the seriously ill or disabled, including
those in medical institutions, homes for the
aged, and social welfare facilities.

o The types of measures listed above also need
to actively involve prefectural and national
governments to draw up and adminis-
ter evacuation and disaster management
plans, in the event that a nuclear emer-
gency were to affect a large area. These
precautions should not be left up to local
municipal governments alone.
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RECOMMENDATIONS FOR
DEVELOPING COUNTRIES

Promote evacuation measures as the heart
of DRM. Evacuation, along with other non-
structural measures, is relevant to any other
country, while the more sophisticated com-
munication systems are costly and need many
years to develop. Other measures, such as edu-
cation and warnings, should be developed as
support to the evacuation measures.

Support the community. Governments
should support communities to prepare evac-
uation measures by providing hazard maps
and warnings, mobilizing drills, constructing
shelters and evacuation routes, and conduct-
ing education programs at school as explained
in figure 11.1 (chapter 6). Also, governments
should formulate DRM plans by incorporating
these measures (chapter 7).

Transfer memory to next generation. Memo-
ries and experiences of dealing with disasters
should be passed from generation to genera-
tion. In Japan local communities constructed
stone monuments recording tsunami disas-
ters. Simeulue Island, northwest of Indonesia’s
Sumatra Island, had less damage than other
areas after the Indian Ocean tsunami in 2004.
The local residents evacuated as soon as they
felt the earthquake, because they knew that
after a quake, sea water would come rushing
in. They have passed along their tsunami expe-
riences to the next generation through chil-
dren’s songs. Also, they had already relocated
their towns from the coast to higher ground
after the 1907 tsunami.

Raise public awareness. DRM education in
schools, including evacuation drills, is essen-
tial to ensure successful tsunami evacuation at
the community level. Children will bring back
and share their knowledge with their families,
which will help educate the whole neighbor-
hood (chapter 8).

NOTE

Prepared by Masaru Arakida, Asian Disaster Reduc-
tion Center, and Mikio Ishiwatari, World Bank.
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CHAPTER 12

Urban Planning, Land Use
Regulations, and Relocation

Reconstruction should include a range of measures to enhance safety: disaster prevention facilities,

relocation of communities to higher ground, and evacuation facilities. A community should not, how-

ever, rely too heavily on any one of these as being sufficient, because the next tsunami could be even

larger than the last. Communities also need to rebuild their industries and create jobs to keep their

residents from moving away. The challenge is to find sufficiently large relocation sites on high ground,

and also to regulate land use in lowland areas.

FINDINGS

Reconstruction after
the March 2011 disaster
Reconstruction after the Great East Japan
Earthquake (GEJE) has been slow compared
to the Great Hanshin-Awaji (Kobe) Earth-
quake that hit the city of Kobe and killed
6,400 people in 1995. The seismic shocks
experienced during the GEJE affected a much
broader area. A number of characteristics of
the GEJE made reconstruction more difficult
and lengthy.

First, since tsunamis tend to hit the same
areas repeatedly over several decades or even

several hundred years, some affected people
wanted to reconstruct their houses at suit-
able new locations instead of the damaged
sites. Although the rubble has been removed,
full-scale reconstruction has not yet begun.
Planning and local consensus-building for
relocating communities to high ground has
been attempted. It takes time to find places
to live and to reach agreement as a commu-
nity to move together to a safer place. Since it
takes several years to rebuild completely, it is
unclear whether local employment and popu-
lation levels can be sustained (see chapter 33).

Second, the radiation contamination from
the accident at the Fukushima Daiichi Nuclear
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Power Station will last a long time and prevent
the local people from returning to their homes.
Reconstruction projects may be delayed since
it is still unclear when or if people will be able
to return to their places of residence. There
is also a concern that many people, especially
younger families, may choose not to go back to
their hometowns (chapter 36).

While the nuclear accident in Fukushima
was a bit less serious than in Chernobyl, it was
ranked the same on the International Nuclear
Event Scale. No major emissions of radio-
active material from the collapsed nuclear
power plants have been observed since April
2011. A ban or restriction on land use will be
introduced to prevent exposure to high levels
of radiation. The government plans to reclas-
sify the Warning Zone and Planned Evacua-
tion Zone into three new categories: long-term
habitation difficult zone (more than 50 milli-
sieverts [mSv] of annual radiation exposure),
prioritized decontamination zone, and decon-
tamination and possible to return zone. All the
nuclear power plants in Japan were shut down
in May 2012 for maintenance and evaluation,
and two units started operation in June 2012.

There are two tiers of local government in
Japan, prefectures and local municipalities,
which are responsible for disaster response
and reconstruction. Municipal governments
play the most important role because they are
closest to the victims and the stricken areas.
The prefectural governments are grappling
with broad reconstruction issues. For example,
they have supported municipal governments
in debris management by coordinating solid
waste management facilities in the prefectures
(chapter 23).

Managing disaster risk:

A three-pronged approach

All reconstruction plans aim at rebuilding
towns and communities that are resilient to
major disasters. The most important lesson
from the GEJE is that there are many disas-
ters we cannot prevent; all we can do is reduce

the damages. Sometimes we cannot predict,
or even imagine, the severity of future natu-
ral hazards and so we will be unprepared.
Although many breakwaters and tsunami dikes
were built in the stricken areas, the tsunami
nevertheless destroyed or overtopped most of
them, and poured into the towns and villages
behind them. Reducing damages means first
and foremost preventing the loss of human
lives; however, property damage to houses,
infrastructure, and various manmade facilities
may be unavoidable.

In regards to building relocation and recon-
struction, disaster risk management (DRM)
consists of three components: disaster pre-
vention facilities, community relocation to
safer ground, and evacuation facilities. This
approach was reflected in the government’s
basic policy on reconstruction, after the GEJE
Reconstruction Council’s report recom-
mended a shift in DRM from prevention to risk
reduction.

Disaster prevention facilities included tsu-
nami breakwaters or dikes. It is important to
recognize both their usefulness and their limi-
tations (as explained in chapter 1); damages
would have been even worse without them. At
the same time, the facilities could not prevent
the huge tsunami from destroying areas behind
them. Most of the breakwaters and dikes will
be rebuilt to be even stronger and larger, but
these facilities can only resist tsunamis of lim-
ited size.

Community relocation and redesign are
also important ways of reducing damage.
Clearly, when communities are located on suf-
ficiently high ground, the tsunami can’t reach
them. This was well known in areas that had
been repeatedly hit. After the Showa Sanriku
Tsunami in 1933, which killed about 3,000 peo-
ple, the government promoted reconstruction
on higher ground; but this policy could not be
fully implemented since it was difficult to find
suitable locations.

Evacuation facilities consist of escape
routes and shelters. Escape routes should be
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easy to follow and clear of debris. Although
evacuation drills and instructions discourage
the use of vehicles, escape routes must nev-
ertheless accommodate both pedestrians and
cars (chapter 11). Evacuation shelters should
be multilevel structures to accommodate evac-
uees safely as water levels rise.

All three components must be used together
in a holistic system. Using only one or two ele-
ments is not enough. While disaster preven-
tion facilities and the location of communities
are based on forecasts and estimates, the actual
hazard may be larger; life-saving evacuation
facilities will also be required.

Although these strategies are being applied
in the reconstruction of tsunami-stricken
areas, experience has shown that relocating
communities to higher ground has been dif-
ficult to implement. And while relocation of
communities and construction of evacuation
facilities may be possible in newly recon-
structed areas, people are also worried about
areas that are under threat of being hit by
tsunamis in the near future. In these areas,
construction of disaster prevention facilities
takes longer and the relocation of communi-
ties to higher ground is more difficult than in
those areas destroyed by the GEJE: compensa-
tion has to be paid for the existing buildings,
and consensus has to be established among
affected residents.

Learning from past tsunami reconstruction
The following three examples illustrate the
challenges of reconstruction. Dikes alone can-
not protect communities, so locating com-
munities at higher elevations is key. But it is
difficult to find suitable locations and to sus-
tain people’s livelihoods.

Building on higher ground saves lives

and property

The Yoshihama fishing and farming village
in Ofunato City, in the Iwate Prefecture, was
successfully relocated to available land close
to the original residential area, with financial

assistance from the government. The village
began moving to higher land following the
Meiji Sanriku Tsunami in 1896, which washed
away almost the entire village. The residents
found and developed the relocation site them-
selves, and the relocation was completed with
government financial support after the Showa
Sanriku Tsunami in 1933. Fortunately, there
was a hill above the old village that sloped
gently to the beach. The villagers moved all
their houses to the hill and turned the low-
lands, where they had lived, into farmland.
A 3-meter high tsunami dike was built in the
1970s. On March 11, the tsunami hit the village,
flooding most of the farmland but not the resi-
dential zone. Only a couple of houses, located
lower down, were washed away, and one per-
son was killed.

Half-measures do not suffice

Another example is the Touni-hongo village in
Kamaishi City, Iwate Prefecture. This is a well-
known village that relocated after the Showa
Sanriku Tsunami in 1933 to a newly developed
site on hilly ground nearby. One of the commu-
nity leaders, who owned the land, donated it to
the community. The Twate prefectural govern-
ment developed the relocation site with finan-
cial support from the central government. One
hundred houses were moved to the new site
and the old location was turned into farmland.

The GEJE tsunami flooded and washed
away all 50 houses located on lower ground,
but it didn’t reach the houses relocated to
higher ground.

The houses on the lower level were built
after the 10-meter-high tsunami dike had
been constructed. The dike was expected to
protect the hinterland. But the tsunami broke
into the village at a point beyond the dike, and
another tsunami wave came in through a tun-
nel behind the village that connects it with
the neighboring village. One of the reasons for
building houses on lower ground is to make
daily life easier for the elderly, who have a hard
time on steep slopes. In many similar cases,
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communities were partially damaged on low
ground. Constructing large dikes may even
have encouraged building on lower ground.

A low-lying community destroyed
The final example is Taro, Miyako City, Iwate
Prefecture. Taro was once known around the
world for its long tsunami dikes (chapter 1).
Taro was hit by the 1896 Meiji Sanriku Tsu-
nami, losing 1,867 people—about 83 percent of
its population of 2,248. Tt was then hit again in
1933 and lost 911 residents, or 32 percent of the
population. After the Showa Sanriku Tsunami
in 1933, Taro considered following the central
government’s recommendation and relocating
the entire community to higher ground. They
could not, however, find a suitable site where
the people could see the fishing port or build
their houses facing south, among other impor-
tant conditions. Because Taro was a large vil-
lage, the residents finally gave up looking for a
new site; they decided to build a dike around
the residential area, and paid for it themselves.
After the first year of construction, the cen-
tral and prefectural governments approved the
project as a disaster prevention public work
and provided the rest of the funding. A second
dike with almost the same dimensions as the
first one was built after the 1960 Chilean earth-
quake tsunami, to prepare for larger tsunamis.
But even with these two dikes, Taro, this
time, was utterly destroyed. An estimated 200
out of 4,400 residents perished. The newer
dike closest to the beach was destroyed and
the other was overtopped. There were several
cases in Sanriku where previously stricken
communities had not moved but had simply
added landfill. All of these incurred severe
damage.

Recovering industries and jobs

Another serious problem came up while plan-
ning for reconstruction: out-migration. A sur-
vey showed that the population had decreased
by 46,000 between 2005 and 2010 before the

disaster in the coastal municipalities ranging
from the Iwate to the Fukushima prefectures.
According to residential statistics, the same
area lost 57000 people between March and
November 2011, including about 15,000 peo-
ple who were taken by the disaster. If people
are not strongly induced to stay in these areas
through economic incentives such as industrial
recovery and job creation, even more residents
may leave in spite of physical reconstruction
(chapter 24).

The urgent need for development requires
that part of the huge national reconstruction
budget be used to develop new job-creating
industries and to attract entrepreneurs from
outside the region.

The first step is to rebuild existing enter-
prises, especially in the fishing and marine-
product-processing industries, including ship-
building, freezing, and warehousing. But these
cannot be relied on alone, since they have been
gradually losing jobs to heavy international
competition.

A second important initiative is setting
up new industries that may increase future
employment. All local government recon-
struction plans include activities such as
tourism, renewable energy production, and
manufacturing of products that respond to
local demand.

In Fukushima the outlook is worse. The
government announced that certain parts of
Fukushima will not be habitable for a long time
because of high radiation levels. The govern-
ment must therefore help people relocate.

Toward building communities resilient

to disaster

Local governments did not effectively regu-
late land use in the affected areas. Lowlands
had been developed for residential, com-
mercial, and industrial purposes. Meanwhile,
economic development, urbanization, and
population growth increased residents’ vul-
nerability to tsunami damage along the coast.
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The population in the coastal areas of Iwate
Prefecture tripled over the past century: from
about 76,000 at the time of the Meiji Sanriku
Tsunami in 1896 to some 274,000 in 2011.

The Japanese government is reinforcing
DRM systems by introducing land-use regula-
tions based on lessons learned from the GEJE.
The Act on Building Communities Resilient
to Tsunami was legislated in December 2011
to prepare for low-probability, high-impact
tsunamis (figure 12.1). The goal of the act is to
protect human lives at all costs. The following
approaches have been adopted:

e Multiple lines of defense, combining struc-
tural and nonstructural measures (see part
I, and chapters 6, 7, and 13)

 Shifting from a “single line of defense”
based on tsunami dikes to a “zone defense”
using roads and other structures such as

secondary dikes, and land-use regulation

 Instituting practical measures for quick
and safe evacuation (chapter 11)

* Assessing tsunami risks based on local con-
ditions, such as industry, commercial activ-
ities, history, and culture (chapter 25)

The Ministry of Land, Infrastructure,
Transport and Tourism has formulated basic
guidelines on tsunami countermeasures for
prefectures and municipal governments. The
guidelines specify that prefectural governors
should categorize risk areas as “yellow zone,”
“orange zone,” and “red zone.” In municipali-
ties, mayors formulate countermeasure action
plans. The governors and mayors designate
structures such as highways as disaster man-
agement facilities.

In yellow zones, where residents are likely
to lose their lives, evacuation measures such as
evacuation shelters, drills, and hazard maps,
are required. In the orange zones, where
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residents are highly likely to lose their lives,
key facilities such as hospitals are to be set up
in tsunami-resilient structures. In red zones,
where residents cannot escape a tsunami, all
buildings including residences must be tsu-
nami resilient, such as having multiple stories
that rise high enough to evade the tsunami
waters.

Cost sharing and various incentives are used
in implementing these measures. Local gov-
ernments may provide the private sector with
incentives to secure evacuation facilities. Addi-
tional floor-space ratios for evacuation spaces
on high floors are given as bonuses. They may
also be exempted from paying 50 percent of the
building tax on evacuation space. Participating
organizations share the costs of multipurpose
structures. For example, DRM organizations
will share the additional construction costs for
roads used as secondary dikes.

The central government and local govern-
ments provide financial assistance for devel-
oping safe relocation sites on high ground.
Community members must reach a consensus
on relocation before it begins. The community
bears the cost of building new houses, while
local governments are responsible for develop-
ing the infrastructure associated with the relo-
cation sites.

LESSONS

e Tsunami-prone areas must be ready for
recurring disasters. Reconstruction must
include three key safety measures: disaster
prevention facilities, relocation of com-
munities to higher ground out of reach of
tsunamis, and evacuation facilities. The
community must not rely too heavily on
any one of these, since the next tsunami
may be much larger than the last and
require a broader range of precautions.

 Industrial recovery is indispensable for
economic sustainability. In the absence of

businesses and job opportunities, people
will leave their disaster-stricken commu-
nities. Simply rebuilding houses will not
induce people to stay; industrial recovery
policies must also be strengthened (chap-
ter 24).

e Public-private partnerships are crucial.
Enormous sums of public money are being
spent on reconstruction projects and to
stimulate the local economy. But this will
end in several years. It is important to cre-
ate as many business activities as possible
to promote economic growth and opportu-
nities in the long term.

 Relocation effectively mitigates damage and
loss of life, but implementation is a challenge.
Three examples from past tsunamis illus-
trate that although relocation measures
are effective, they are not easy to imple-
ment. In the village of Yoshihama, houses
that had already been relocated following a
tsunami did not suffer from the GEJE. But
finding suitable relocation sites around the
mountainous coastal village of Taro was
difficult, and in the village of Touni-hongo,
where houses had been relocated to higher
ground following a tsunami, lowland use
could not be properly regulated.

RECOMMENDATIONS FOR
DEVELOPING COUNTRIES

Understand and manage disaster risk. The
Japanese experience illustrates that improper
land-use regulation leads to increased damage
from disasters. Urbanization in lowland areas
has made the eastern coast of Japan more vul-
nerable to tsunamis. Disaster risks must be
properly understood and managed in urban
planning.

Develop facilities, live in safe places, and pre-
pare for evacuation. The approach of integrat-
ing three elements—setting up proper facilities,
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settling in safe areas, and properly planning
evacuations—can be used to manage disaster
risk in developing countries. Since every coun-
try has its own geographic, socioeconomic,
and budgetary characteristics, and also faces
hazards of different dimensions, practical
approaches will differ from country to country.
Since most developing countries have limited
resources for constructing facilities, people
should focus on living in safe areas and putting
rigorous evacuation measures in place.

Protect by zone and multiline. “Zone
defense” and “multiline” approaches can be
effective against tsunamis, as well as other
disasters such as floods, landslides, and mud
flows. Infrastructure, such as highways and
railways, help mitigate disaster risks in both
rural and urban areas. In the Philippines,
a megadike constructed to protect against
lahars (volcanic mud flows) from Mount Pina-
tubo is also used as a highway. Disaster man-
agement organizations and infrastructure
organizations should coordinate in planning

and sharing the costs of multipurpose infra-
structure (chapter 4).

Promote relocation where feasible, acknowl-
edging difficulties. As Japan’s experiences with
tsunami disaster recovery illustrates, reloca-
tion to safer sites and land use regulations in
risk-prone areas are effective but challenging
to implement (chapter 33). Even though peo-
ple may be ready to relocate to higher ground
right after a disaster, they may also change
their minds, preferring to live in the lowlands
because it is more convenient for daily life.
After the Indian Ocean tsunami in 2004, the
Indonesian and Sri Lankan government tried
to introduce similar regulatory approaches,
but they did not succeed because of opposition
from the communities and limited enforce-
ment mechanisms.

NOTE

Prepared by Takashi Onishi, University of Tokyo, and
Mikio Ishiwatari, World Bank.
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CHAPTER 13

Green Belts and Coastal
Risk Management

For more than four centuries Japan has been developing forested green belts to mitigate coastal haz-

ards such as sandstorms, salty winds, high tides, and tsunamis. Although Japan’s green belts were

severely damaged by the March 11 tsunami, they did reduce the impact of waves and protected houses

by capturing floating debris. Local governments are planning to reconstruct the green belts as a coun-

termeasure against tsunamis. While local communities have traditionally taken charge of maintain-

ing green belts, their role has been weakened because of changes in society brought about by economic

development and urbanization.

FINDINGS

Japan is surrounded by the sea; its coastline
measures approximately 34,000 kilometers
(km), with 1,640 km? of a forested green belt
distributed along its sandy coast. For more than
four centuries Japan has been developing this
green belt. Composed mainly of Japanese black
pine (box 13.1), it serves various functions. It
reduces the impact of coastal hazards such as
blown sand, salty winds, high tides, and tsuna-
mis. Japan’s Forest Law stipulates that disas-
ter risk management (DRM) forests should
be planted in coastal areas to prevent dam-
ages from wind, airborne sand, and tsunamis.

Another benefit of the green belt is that it is a
scenic landscape called hakusa-seisyou in Japa-
nese, which means “beautiful coast with pine
trees and sandy beach.” Its role as a tourist
attraction has become increasingly important
as Japanese society has become more affluent.

In the Sendai Plain, a 200- to 400-meter-
wide swath of pine forests along Sendai Bay,
has for the past four centuries mitigated disas-
ters and provided beautiful scenery consisting
of green forests, white sands, and blue ocean.
Masamune Date, a distinguished feudal lord,
started to plant Japanese black pines along
the Teizan Channel on the Sendai Plain in
1600. The people who lived on the dunes along
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BOX 131 wood as energy sources for people. The com-
munity’s role in managing the green belt
Takatamatsubara and the hope of recovery diminished, and governments took over its

maintenance.
In the disaster-affected areas of Tohoku, there were several famous coast-

al forests. Takatamatsubara of Rikuzentakata City was a 21-hectare coastal
4 Damage to the green belt

In the Great East Japan Earthquake (GEJE) of

forest, 2 kilometers long and 200 meters wide, consisting of some 70,000
pine trees. In the 17th century, a wealthy merchant started planting pine

trees in the barren coastal areas to protect agricultural lands from heavy 2011, 3,660 hectares (ha) of the green belt were
winds and salt water. Another merchant began planting in the 18th century. damaged by the tsunami, at a cost of ¥55 bil-
The local communities developed and maintained the forests for some lion (over $540 million). In the four affected

350 years, conducting annual festivals to commemorate the two mer- prefectures, 2,825 ha of the green belt were

flooded, and 1,069 ha of the green belt were
damaged more than 75 percent (map 13.1).

chants. These coastal forests had also been a tourist attraction where a
million or so people came to bathe or enjoy nature every year. After the

GEJE disaster only a single pine tree remained—a meager symbol of hope
of recovery. The green belt of the Miyagi Prefecture was

severely damaged—trees were uprooted or
bent, or their trunks were broken.

The green belt reduced the impact of the
tsunami, delayed its arrival time, and protected
houses by capturing drifting debris. Several
ways in which the green belt reduced damages

Sources: (left) Ministry of Environment. (right) © Mikio Ishiwatari. Used with permission. 0.3%

Further permission required for reuse. 9.0%

the coast had suffered from sandstorms and ¢ Affected area: 612.9 ha

tidal disasters that damaged their agricultural

products, and the pine forests protected their
fields. Masamune allowed the people to sell 3

wood from branches that were trimmed or had { Iwate prefecture
B Damage >75% SN

Damage 25%-75% Ve O (g
B Damage —25% w5

14%

fallen to cover the expense of maintaining the 1641 ha

green belt.

In the late 19th century, the Japanese gov-

ernment designated Reserved Forests, main-
taining their DRM function. In 1933 the green
belt mitigated damages from the Showa San-

¢
PV

riku tsunami. In 1935 the government started 9%

an afforestation program to mitigate tsunami

. . 17533 h
damage and again promoted afforestation 2

following the Chilean earthquake tsunami 5/"_'Fukus};i~;ha‘pré fecture 7%
(T LRstii g
in 1960. W 3RS
The green belt became less important after ~ S 294.8 ha

the rapid economic growth of the 1970s, as Map 13.1 GEJE tsunami damage to the green belt in

other more effective DRM measures were  four prefectures
developed, and electricity and gas replaced  source: Forest Agency.

M8 | II: NONSTRUCTURAL MEASURES



-.— - ars —— - - P ry
Figure 131 The forest captures a floating ship

Source: Forest Agency.

have been reported. In Hachinohe City, Aomori
Prefecture, a forest caught 20 ships washed
inland by a 6-meter tsunami, thereby pro-
tecting the houses located behind the trees
(figure 13.1). Although these houses were inun-
dated by over 3 meters of water, they were not
washed away. In past tsunami disasters, the
following benefits have been confirmed:

e The energy and speeds of the tsunamis
decreased.

» Floating wreckage was blocked.

e People washed away by the tsunami were
able to save their lives by clinging to trees.

e The trees helped preserve sand dunes,
which in turn mitigated the force of the
tsunami.

Natori City was hit by a tsunami of 8.5
meters. Almost all of the green belt was
flooded and 106 ha (more than 80 percent) was
damaged. Figure 13.2 shows the condition of
the green belt in Natori City before and after
the tsunami. The extent of the damage dif-
fered by location depending on the geographic
conditions on the ocean side. In the northern
part, which had sand embankments from port
construction, the green belt was preserved; in
the middle portion, which had no barrier, the
green belt was washed away or knocked down;
and in the southern part, the presence of tidal
dikes preserved the green belt.

Before tsunami

Figure 13.2 Condition of the green belt before and
after the tsunami in Natori City

Source: ® Kyoto University. Used with permission. Further permission
required for reuse.

Local governments are planning to restore
DRM coastal forests as one of their struc-
tural countermeasures, along with dikes and
mounds. The Forest Agency suggests that the
forests should be at least 50 meters wide, and
preferably 200 meters, for effective DRM in
coastal areas. DRM effects can be increased
with building mounds, and debris, which is a
serious obstacle to rehabilitation, can be used
for building mounds.

The Miyagi prefectural government rec-
ommended the following actions to help the
recovery of DRM forests:

* Coordinating with other rehabilitation
works, such as coastal dikes and debris
management

» Selecting tree species that conform to local
conditions and support biodiversity

e Collaborating with nonprofit organiza-
tions, volunteers, and the private sector

Maintenance
Community action is essential to maintain-
ing the coastal green belt. Local communities

Pine trees

protected by sand

embankment

Pine trees damaged
without protection

Pine trees
protected by
tidal dikes
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1960s

Local government

had historically developed and maintained the
green belt to protect their houses and agri-
cultural lands from coastal hazards. Proper
maintenance is required to preserve the for-
est’s DRM function: trees should be planted
with moderate density, and frequent thinning
is required otherwise the trees will not develop
to their full size.

Since the late 1960s, the community’s role in
managing the green belt diminished as Japan
experienced rapid economic growth; as pre-
viously noted, governments took over their
management (figure 13.3). Growth led to the
development of infrastructure such as dikes
and new energy installations, while the fish-
ing and agriculture industries lagged behind.
Dikes replaced the green belt in coastal haz-
ard prevention, and communities started using
coal instead of pine trees as a fuel source.
Community-based organizations that had
managed the green belt broke up as commu-
nities lost interest and the government was
unable to manage and maintain such vast for-
ested areas. Moreover, damage caused by the
pine weevil became a serious problem from
the 1990s.

Plantation/
management

T Participation

1960s ~ Rapid economic growth

Local government

. Management/
Wage ~ Community collecting it
———» Conservaton —— — »
. «—
Association Prevent ]
coastal hazard, Green belt Tsunami
blowing sand,
salt damage
Management
Community A o ls
-—
Depression Prevent y ]
of fishery blowing sand,  Degradation dike

salt damage

Figure 13.3 Changing approaches to managing the green belt

Source: Kyoto University.

LESSONS

e Green belts can be effective against small
tsunamis, sea winds, or sands, but not
against a huge tsunami like that of March
11. Combining green belts with dikes and
embankments can strengthen their effec-
tiveness (chapter 12).

e Green belts reduce tsunami damage by
reducing wave energy, delaying water
arrival time, and protecting houses by cap-
turing floating debris.

 Coastal zone protection. Green belts also
provide other important benefits recog-
nized by communities, such as protection
from coastal storms, salt damage, and sand
and provide spaces for recreation and wild-
life. Forests may also provide psychological
safety and augment well-being.

e Greenbeltsrequire several decades to develop
properly. Japan has had over four centuries
of experience in their development.

e Local communities can play important
roles in green belt maintenance. Mainte-
nance mechanisms should be modified as
society changes. In Japan the government
expanded its roles as the economy grew.

RECOMMENDATIONS FOR
DEVELOPING COUNTRIES

Forest projects can be effective countermea-
sures against tsunamis, floods, and other
water-related disasters. Forested green belts
can decrease disaster risks by reducing the
force of natural hazards. Not only in Japan, but
also during the Indian Ocean tsunami in 2004,
mangroves and other coastal green belts miti-
gated potential damages due to the disaster.
Understand the DRM function of the green
belt. Public awareness of the DRM func-
tion of the green belt should be raised. Also,
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information should be shared with decision
makers to promote green belts.

Utilize the forest as a means of livelihood. In
Japan forests have been used along rivers to
mitigate floods, and farmers use bamboo from
the green belts to produce handicrafts that
provide them with additional income. Farmers
can also earn from fuel woods and nontimber
products, such as fruits, flowers, and medicinal
plants.

Foster participatory maintenance. Restor-
ing the green belts includes two major activi-
ties: cultivation and sustainable management,
which should involve several stakeholders.
Plantations can be jointly implemented by the
government and civil society, including the
community. Community participation in cul-
tivation leads to a sense of ownership. Com-
munities can continue using the green belt as
a space to learn skills and as a way of maintain-
ing relationships with external organizations.

Support community. Local governments
and civil society organizations play an impor-
tant role in increasing awareness and engag-
ing the local community. DRM education in
schools will also raise awareness and encour-
age participation.

NOTE

Prepared by Rajib Shaw and Yusuke Noguchi, Kyoto
University, and Mikio Ishiwatari, World Bank.
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CHAPTER 14

Mobilizing and Coordinating
Expert Teams, Nongovernmental
Organizations, Nonprofit
Organizations, and Volunteers

Inresponse to the Great East Japan Earthquake (GEJE), domestic and international assistance initia-

tives were launched by a large number of public and private sector organizations; meanwhile, various

emergency teams were mobilized through national and international networks. The GEJE served as

a reminder that civil society organizations play an indispensible role in disaster management. These
organizations have the advantage of flexibility and speed in reaching and caring for affected com-
munities. But the GEJE also revealed that, without prearranged coordination mechanisms, even the
best-prepared teams cannot function properly on the ground. Because of the complexity of disaster
response operations and the large numbers of actors involved, coordination mechanisms must be

established well in advance of any disaster.

FINDINGS

Mobilizing the government’s expert teams
Municipality and prefecture governments
play a leading role in disaster response in
Japan. But because of the magnitude of the
March 11 earthquake and tsunami, local gov-
ernments were unable to respond alone.
National agencies as well as prefectures and
municipalities outside the affected region were
quickly deployed (chapter 17). Organizations

concerned had formed a variety of expert
teams (see table 14.1) in light of the lessons
learned from past disasters, in particular the
Great Hanshin-Awaji Earthquake (Kobe earth-
quake) in 1995. The national government took
action immediately by setting up a response
office four minutes after the earthquake, and
an Emergency Disaster Response Headquar-
ters, headed by the prime minister, within 30
minutes. Its mandate was to oversee and coor-
dinate all response activities.




Table 14.1 Expert teams organized by the government

MINISTRY/AGENCY

EXPERT TEAMS

Ministry of Defense

Self-defense forces

Ministry of Health, Labour and Welfare

Disaster medical assistance team

Transport and Tourism

Ministry of Land, Infrastructure,

Technical emergency control force,
coast guard

Fire and Disaster Management Agency
and prefectural fire departments

Emergency fire response teams

police agencies

National Police Agency and prefectural

Interprefectural emergency rescue
units

E
-
E

Japan Self-Defense Forces

The total number of Japan Self-Defense Forces
(JSDF) personnel in operation reached some
107,000 people with about 540 aircraft and
nearly 60 vessels. The JSDF rescued approxi-
mately 19,000 disaster victims, or nearly
70 percent of those rescued in the Great East
Japan Earthquake (GEJE) event. They also
provided transportation assistance to medical
teams, patients, and rescue units dispatched
from various countries, and livelihood assis-
tance to disaster victims by providing water,
food, and other necessities. The JSDF also
responded to the nuclear accident, engag-
ing mainly in pumping water for cooling used
fuel pools, decontaminating personnel and
vehicles, and monitoring amounts of airborne
radiation (figure 14.1).

Emergency fire response teams

Following its experience with the Kobe earth-
quake, the Fire and Disaster Management
Agency created fire response teams to mobilize
firefighting departments across Japan. After

Figure 14.1 The Japan Self-Defense Forces in action

Source: Ministry of Defense.

the GEJE, the emergency teams dispatched
more than 30,000 firefighters from 712 fire
departments in 44 prefectures nationwide
over a period of 88 days ending on June 6, 2011.
In cooperation with local fire departments, the
emergency teams rescued 5,064 people as of
June 30, 2011. Most fire departments in dev-
astated areas had lost their radio equipment
or base of communications. In light of this
experience, the Fire and Disaster Management
Agency decided to provide the teams with
additional mobile communications equipment
and a larger supply of fuel so that they could
operate effectively over wider areas and for
longer periods of time.

Interprefectural emergency

police rescue units

Interprefectural emergency police rescue
units are police units that have been set up in
prefectures nationwide, based on the experi-
ence with the Kobe earthquake. In response to
the GEJE, these rescue units conducted such
activities as search and rescue and the securing
of emergency transportation routes. A total of
750,000 person-days were spent working on-
site, with as many as 4,800 personnel working
per day (figure 14.2). A review of their opera-
tions during the GEJE revealed that the scale
was so large that some units could not manage

Figure 14.2 An interprefectural emergency rescue
unit in action

Source: National Police Agency.
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their operations on their own, while others
had difficulty securing enough personnel. The
National Police Agency plans to enhance its
response capacity by setting up emergency
quick-response teams and long-term response
teams numbering 10,000 personnel.

Crimes such as theft were a major concern
since many houses had been left vacant after
residents fled to evacuation centers. Accord-
ing to the National Police Agency, the number
of crimes committed in the disaster-affected
areas in the year after the disaster decreased
significantly compared to the previous year,
while the number of burglaries rose slightly
(bold in table 14.2). Many ATM machines were
also destroyed. Police teams were deployed to
ensure safety in the disaster-affected areas.

The Disaster Medical Assistance Team
The Disaster Medical
(DMAT) is a specialized team of medical

Assistance Team

doctors, nurses, and operational coordina-
tors trained to conduct emergency operations
during the critical period, normally within 48
hours, after a large-scale disaster or accident.
The DMAT was established in 1995 after the
Kobe earthquake, when it was learned that 500
more people could have been saved if medical
support had been provided more promptly. In
response to the GEJE, the DMAT sent about
380 teams consisting of 1,800 staff from 47
prefectures for 12 days to provide support to
hospitals and to rescue and transport patients.
Because the tsunami damage was so extensive
and local medical centers had been washed
out by the tsunami, the DMAT also had to
provide care for people with chronic illnesses.
Although the DMAT’s operations usually take
place within 48 hours after a disaster, they had
to operate for a much longer time.

The Technical Emergency Control Force

The Ministry of Land, Infrastructure, Trans-
port and Tourism (MLIT) established the
Technical Emergency Control Force (TEC-

Table 14.2 Crime in the disaster-affected areas

MARCH 2011- MARCH 2010- | CHANGE (%)
FEBRUARY 2012 | FEBRUARY 2011
Total crimes 42102 51,305 -18
Felonious 187 245 24
Violent 1,804 2,008 -10
Larceny 31,894 38,484 17
Burglary 5,729 5,690 0.7
Vehicle 9,992 12,440 -20
Nonburglary 16,173 20,354 21
Intellectual, “white collar” 1150 1,905 —40
Moral, sexual 375 404 —7
Others 6,692 8,259 19

Source: National Police Agency.

FORCE) in 2008. The TEC-FORCE is a spe-
cialized group made up of ministry staff that
helps disaster-affected municipalities to
quickly assess damages, identify measures to
prevent additional damage, and provide tech-
nical assistance for rehabilitation and emer-
gency response activities. In response to the
GEJE, more than 18,000 person-days were
dispatched, together with disaster manage-

ment equipment and machinery (figures 14.3

Information & communication
team (satellite communication

Supporting affected vehicle)

municipalities
(technical assistance)
—

Survey of disaster-
affected areas

Local needs
survey

Disaster emergency
response (emergency
flood removal)

Survey of disaster-
affected rivers

Figure 14.3 TEC-FORCE activities in response to the GEJE

Source: Ministry of Land, Infrastructure, Transport and Tourism (MLIT).

14: MOBILIZING AND COORDINATING | 127



responsible for filling in where governmental

—
Satellite communication | = Ku-SAT : Tsunami

monit

supportis lacking. But this by no means implies

vehicles —1‘: it y
_ __ L 2 - k

Figure 14.4 TEC-FORCE equipment
Source: MLIT.

and 14.4). The TEC-FORCE provided satel-
lite communication vehicles, enabling them to
connect to public lines and establish commu-
nications with other organizations concerned.

The Japanese Red Cross Society

Japanese Red Cross Society (JRCS) is des-
ignated as a public relief organization under
disaster response law and is the biggest
humanitarian organization in Japan. It mobi-
lized relief resources to the affected areas from
the onset of the disaster—within 24 hours, 55
medical teams (of which 22 teams were from
the DMAT) were dispatched. Subsequently,
935 teams (or 6,700 personnel) were deployed
for six months; they treated 87445 persons and
provided psychosocial support to the affected
population.

Mobilization of Japanese
nongovernmental and nonprofit
organizations

Domestic nongovernmental organizations
(NGOs) and nonprofit organizations (NPOs)
have played a significant role in carrying out
disaster management activities. As of January
20, 2012, there were 712 organizations partici-
pating in the Japan Civil Network for Disaster
Relief in East Japan. There is no limit either
on the budget size of the organization that can
join this network or its type (such as nonprofit,
public-interest, or religious).

In a disaster, the role of NGOs and NPOs is
to complement government actions. Since in
Japan the government is indeed the primary
agent obligated to initiate action in response
to a natural disaster, NGOs and NPOs are

that NGOs and NPOs are government subcon-
tractors; they have broad autonomy in deciding
their activities and are not subordinate to the
government. Their roles and responsibilities
are far reaching, and they engage in a broad
range of activities from awareness raising to
fundraising, while also engaging directly in
relief activities at disaster sites.

The early responders can be categorized
into two groups: Japan-based (mainly Tokyo
based) NGOs specializing in international
relief operations even before the GEJE, and
Japanese NGOs and NPOs based in different
parts of Japan that address domestic needs.
The Japan Platform, a platform for interna-
tional emergency humanitarian aid, mobi-
lized funding for relief operations within
three hours of the earthquake. Seven regis-
tered organizations carried out initial needs
assessments with ¥15 million in funding, 5
organizations provided support to education
with ¥450 million, 2 organizations provided
health-care and hygiene promotion with ¥210
million, 8 organizations engaged in rehabilita-
tion work, and 12 organizations provided food
and nonfood support with ¥3.12 billion. These
organizations, experienced in providing emer-
gency humanitarian aid overseas, were able to
leverage international standards and exper-
tise. They played a pivotal role in mobilizing
experts in specialized fields.

The Japanese NGOs and NPOs had been
mainly involved in domestic emergency-relief
activities. Organizations based and operating
in the disaster-affected areas made long-term
commitments to sustaining activities such as
assessing people-centered needs and facilitat-
ing a seamless transition from emergency to
recovery support.

The JRCS had pulled together ¥307 bil-
lion in donations as of January 19, 2012, and
its counterpart, the Central Community Chest
of Japan, Red Feather Campaign, garnered
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¥38.8 billion in donations as of October 2011.
A Central Grant Disbursement Committee was
set up to ensure a fair allocation of the funds
collected by the JRCS and other designated
fundraising organizations, to the affected pre-
fectures. Each prefecture has established a
prefectural-level grant disbursement commit-
tee that sets criteria for eligible recipients as
well as for the amounts to be distributed by the
municipal authorities responsible for identify-
ing individual beneficiaries and distributing
the cash.

The Japan Platform received ¥6.7 billion
from private companies as of July 2011, the
Japan Foundation received ¥2.4 billion. The
line separating fundraising organizations from
private companies has narrowed as private
companies actively collect funds and work in
parallel with emerging NGOs such as Just Giv-
ing Japan, which uses the Internet to solicit
donations.

Another important responsibility of NGOs
and NPOs is the coordination of relief efforts. A
designated agency, in most cases a UN agency,
would function as the cluster lead for interna-
tional relief operations, but no central agency
was assigned for overall coordination in Japan.
The prefectural offices or the disaster response
headquarters at the prefecture levels were the
first bodies to be assigned to disaster response,
but they did not function as a coordinating
body for all NGO and NPO relief operations.
The newly established prefectural coopera-
tion recovery centers functioned as network-
ing hubs and grew into a spontaneous coalition
for coordination. The Tokyo-based NGO—the
Japan NGO Center for International Coop-
eration (JANIC)—which had already created a
network of NGOs, functioned as a provider of
pooled information.

The third role of NGOs and NPOs in disas-
ter response is enrollment and management
of volunteers. The Ministry of Health, Labour
and Welfare named the Japan National Coun-
cil of Social Welfare, Tasukeai Japan, the 3.11

Reconstruction Aid Information Portal in
cooperation with the Reconstruction Agency
and Japan Civil Network, as the main contact
points for people to apply for volunteering.
Over 280,000 people joined as volunteers in
the disaster response in the two months after
the earthquake.

Support in Fukushima

Apart from the national budget, Fukushima
Prefecture received ¥7.2 billion in dona-
tions, which were used for activities such as
school reconstruction, support for children,
and improvement of temporary shelters. Of
this, ¥1.3 billion was received and used to
provide for disaster orphans. In collabora-
tion with governmental funds, the Japan Plat-
form supported eight projects in Fukushima,
funding five organizations with ¥1.8 billion.
Apart from the Japan Platform there were
several other organizations working sepa-
rately on relief activities, though the number
of NGOs working in Fukushima was much
smaller than in the Miyagi and Iwate pre-
fectures. According to the JANIC, between
March and June 2011, the number of NGOs
working in the Fukushima Prefecture was 17,
whereas in Miyagi it was 40 and in Iwate it
was 33. The contrast is made clearer by the
number of projects provided by NGOs: in
Miyagi Prefecture there were 292 projects,
179 in Iwate, and 60 in Fukushima. In the
early stages, these concentrated on delivering
emergency Kits, including food and nonfood
items. Following emergency activities, these
organizations faced difficulties in supporting
rehabilitation programs, which was a com-
pletely new and unknown operation for them.
The experiences and lessons learned in Fuku-
shima should be passed on and shared with
the broader international aid community.
To this end, it is advisable that the Japanese
NGO community conduct timely and objec-
tive evaluations and studies of its March 11
operations.
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Volunteers

The Japan National Council of Social Welfare
set up volunteer centers in the affected munici-
palities. The social welfare councils in munici-
palities nationwide sent more than 30,000
person-days of staff to operate the volunteer
centers.

As of January 2012 more than 900,000
person-days had been used in volunteer work
through volunteer centers in the three prefec-
tures of Tohoku (figure 14.5). Considering that
more than 1 million volunteers were mobilized
in the first month after the Kobe earthquake in
1995, the number of volunteers mobilized dur-
ing the GEJE was relatively small. This was
primarily because the affected areas were far
from large cities and were rural coastal com-
munities dispersed over a wide area, making it
difficult for the volunteers to gain access.

International assistance

As of November 1, 2011, 163 countries and
regions and 43 international organizations had
offered aid and relief. Emergency assistance
squads, medical teams, and reconstruction
teams had been dispatched from 24 countries
and regions along with expert teams from
five international organizations. In regards to
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Figure 14.5 Volunteer effort in Tohoku through January 2012

Source: Japanese government data.

material and monetary support, the Japanese
government accepted relief supplies and dona-
tions totaling over ¥17.5 billion from 126 coun-
tries and regions. By May 17, 2011, 43 overseas
NGOs from 16 countries had arrived in Japan.
The scale of assistance was larger than for the
Kobe earthquake in 1995, when 67 countries
and regions provided aid and relief, and the
United Kingdom, Switzerland, and France dis-
patched emergency teams.

The JRCS support
from 95 sister Red Cross and Red Crescent

received financial

national societies from all over the world,
which amounted to around $700 million, plus
an additional $400 million from Kuwait and
€10 million from the European Commission.
According to a survey conducted by the Brook-
ings Institution, Japan received $720 million
from other countries, which accounted for
almost half of the global humanitarian disas-
ter funding in 2011 and some 0.4 percent of the
planned reconstruction budget of the Japanese
government.

The United States dispatched approxi-
mately 16,000 military personnel under
Operation Tomodachi (“friends”). It provided
various types of assistance, including search-
and-rescue efforts, transport of supplies and
people, and recovery and reconstruction of
the devastated areas. At the peak of the action,
approximately 140 aircraft and 15 vessels took
part in the operation along with the JSDF.

Coordination

There was no functional coordinating mecha-
nism among the various government organi-
zations, civil society, and the private sector,
to help avoid duplication and confusion in
relief-and-response activities. Coordination
was required at all levels and all phases. On the
ground, these organizations needed to coor-
dinate with community-based organizations,
and with one another, to assess victims’ needs
and to carry out activities smoothly and effec-
tively. The JSDF and NGOs did coordinate
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emergency food distribution to the evacuation
shelters.

Coordination with municipal governments
is crucial, since the municipalities have the pri-
mary responsibility for disaster management.
Since the municipal governments have quite
limited experience in working with civil soci-
ety organizations (CSOs), linkages between
the municipalities and CSOs could not be eas-
ily established. Municipalities can provide
support to evacuees in transition shelters, but
not in their homes. This function was instead
carried out by CSOs. Coordination was also
lacking between the private sector and local
governments outside the affected areas, and
the overall coordination of international assis-
tance was a challenge.

Coordination is required at all phases of
recovery since victims’ needs change as recov-
ery progresses. While water and food delivery
are key at the emergency phase, needs become
more diverse, including sustaining livelihoods,
education, and improving the living conditions
atevacuation shelters or in transitional housing,

Good practices could be found at specific
sectors at some sites. Ishinomaki Red Cross
Hospital coordinated all medical teams from
the JRCS and other agencies at the 330 evacu-
ation centers throughout Ishinomaki City. The
hospital organized survey teams over a month
to assess medical and nonmedical conditions,
including water and sanitation. These formed
the basis for planning and implementing
response activities by various organizations
and local governments.

LESSONS

e National networks should be used to mobi-
lize experts, including search-and-rescue
teams, medical teams, and engineers. Orga-
nizations should prepare these teams dur-
ing normal times, by compiling rosters and
conducting training.

e Communication and transport equipment,
fuel, food, and water should be stocked. The
teams coming from outside need to inde-
pendently engage in activities in the disaster
field without support, often over a long term.

e Long-term commitment from experts is
expected. During megadisasters such as
the GEJE, expert teams are expected to
engage in activities for longer or unpre-
dictable periods. Since an enormous num-
ber of public facilities are damaged, expert
teams must have the capacity to work for
one month or more.

e Coordination mechanisms are essential,
since enormous numbers of different types
of organizations are involved in disaster
management. There was no functional
coordination mechanism during the GEJE.
Without such a mechanism in place, mega-
disasters overstretch the capacities of
local governments, and government staff
and facilities in devastated areas suffer.
In developing countries, UN cluster sys-
tems serve as coordinating mechanisms.
Considering the difficulties faced by local
governments during the GEJE, simi-
lar mechanisms should be established in
the central government or under some
umbrella organization of CSOs.

RECOMMENDATIONS FOR
DEVELOPING COUNTRIES

Prepare response teams. Specialized agencies,
such as the police, fire departments, public
works, and hospitals should prepare during
normal times for the mobilization of response
teams. The following activities are required:

« Clarify the chain of command.
e Designate a secretariat function.

e Prepare a roster of emergency team
members.

14: MOBILIZING AND COORDINATING
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¢ Conduct emergency drills.
» Keep the necessary equipment in stock.

Develop capacity. Expert teams are required
to develop capacities for working indepen-
dently over the long term. Standby or rotat-
ing teams, communication, and transportation
should be arranged.

Establish coordinating mechanism. Various
types of organizations from inside and outside
the country engaged in response-and-recovery
activities. Government agencies often have
problems coordinating the enormous numbers
of organizations carrying out a broad range of
activities. Once disasters happen specific teams
should come from outside the devastated areas
and start coordination among all organiza-
tions. The following actions are required:

e Preparedness. Establishing face-to-face
relationships during normal times facili-
tates coordination in times of disaster.

e Networking. Information, experts, and pri-
vate sector personnel should be networked
to share information, to effectively col-
laborate with one another, and to mobilize
diversified resources.

 Consideration of vulnerable groups: Spe-
cial care is required for vulnerable groups,
such as the disabled, the elderly, and chil-
dren. These groups are easily marginalized
(chapter 19).

NOTE

Prepared by Yukie Osa, Association for Aid and Relief;
Junko Sagara, CTI Engineering; and Mikio Ishiwatari,
World Bank.
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CHAPTER 15

Emergency Communication

The Great East Japan Earthquake caused immense damage to and congestion of telephone infrastruc-

ture, including 1.9 million fixed-line services and 29,000 mobile-phone base stations. Government

radio communication infrastructure was also seriously damaged. Voice messages were widely used

to confirm whether family members and relatives were safe, and satellite phones played a crucial role

in emergency communication during the response stage. Social media was extensively used for search

and rescue, as well as for fundraising.

FINDINGS

Communication infrastructure is indispensable
in securing government functions and protect-
ing lives and property during disasters. Com-
munication systems are used to disseminate
warnings to the public, to enable search-and-
rescue organizations to communicate among
themselves, and to confirm the safety of family
members and relatives. Social media is exten-
sively used for search and rescue, as well as fun-
draising. Community radios can provide local
information such as times and locations where
emergency water and food supplies or relief
goods will be delivered. Social media is most

effective in reaching the younger generation
and, community radio, the older generation.

Telephone

Damage and subsequent restoration of fixed-
line, mobile, and broadband services

The Great East Japan Earthquake (GEJE)
caused immense damage to both fixed-line and
mobile-phone infrastructure, including flood-
ing of exchange facilities, damage to under-
ground cables and conduits, destruction of
telephone poles and overhead cables, destruc-
tion and loss of mobile-phone base stations,
and draining of backup batteries during the
long power outages. In the Tohoku and Kanto
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regions, an estimated 1.9 million fixed-line ser-
vices from Nippon Telegraph and Telephone
(NTT) East, KDDI, and SoftBank Telecom
were rendered inoperable, including sub-
scriber lines, Integrated Services Digital Net-
work (ISDN), and fiber to the home (FTTH),
while 29,000 mobile-phone and personal
handyphone system (PHS) base stations also
stopped functioning.

Telecommunications  carriers initially
deployed mobile power supply vehicles and
mobile base stations to those areas with no
commercial power supplies, and set about
rebuilding damaged facilities as quickly as pos-
sible. The rapid response effort saw full ser-
vices restored to almost all affected areas, with
some exceptions, by the end of April 2011 (fig-

ures 15.1,15.2, and map 15.1).
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Voice messaging and other services

The sharp increase in voice-call traffic imme-
diately after the earthquake caused significant
congestion. Carriers restricted fixed-line traf-
fic by as much as 80-90 percent and mobile
services by as much as 70-95 percent to allow
emergency calls and other critical communi-
cations to go through. Mobile-phone packet
communication services such as e-mail were
generally not restricted." Even when carriers
did impose restrictions, they were generally no
more than about 30 percent and were only tem-
porary. Thus, packet communications provided
considerably easier access than voice services.

M Mobile

Telecommunications carriers set up emer-
gency messaging services so that people could
check on the safety and whereabouts of their
families, relatives, and other relevant people
(figure 15.3). These services were used some
14 million times following the GEJE. Because
of these emergency messaging services, traf-
fic congestion was cleared up on the same day
the earthquake struck, in contrast to the Great
Hanshin-Awaji Earthquake (Kobe earth-
quake) in 1995, when congestion continued
for five days.

Some mobile-phone carriers introduced
an emergency messaging service whereby

Map 15.1 Damage
to NTT East and
NTT Docomo
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Figure 15.3 Disaster emergency message traffic during GEJE and Kobe
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Source: NTT East.

the terminal device converted voice record-
ings into voice files that could then be sent via
packet transmission. Other mobile-phone car-
riers are planning to follow suit.

Disaster management radio
communications

The disaster management radio communica-
tions networks of national and local govern-
ments are generally considered to be more
robust and resilient than public fixed net-
works. In the GEJE, however, many towns
and villages, particularly those located along
the Pacific coastline, suffered various levels
of damage to their radio communications sys-
tems, including both community announce-
ment systems with loud speakers and mobile
systems on emergency vehicles. The main
causes were damage to or loss of radio trans-
mission equipment from the earthquake and

tsunami, as well as loss of electric power dur-
ing sustained blackouts.

In the aftermath of a megadisaster such as
the GEJE, a key issue is how to deliver rel-
evant information such as public warnings and
evacuation instructions across wide areas in a
timely and reliable manner. Local governments
are looking at advancing and multiplying ways
to deliver emergency information to residents,
and improving their disaster resilience.

Satellite communications

Compared with terrestrial communication
infrastructure, satellite phones and satellite
communication systems are less vulnerable.
These systems have the advantage of being
available for quick deployment in any region
including regions with no land-based com-
munication infrastructure, as well as in marine
areas. Satellite phones, in particular, played a
vital role after the GEJE in emergency com-
munication among local governments and res-
cue organizations.

Satellite mobile phones

This system provided voice and Internet com-
munication capabilities for disaster manage-
ment organizations, evacuation shelters, and
staff working on infrastructure rehabilitation
(among others), as well as local governments
and communities isolated by typhoons and
heavy snowfall. In preparing for disasters,
batteries and equipment should be stored for
rapid deployment.

Very small aperture terminals

Very small aperture terminals (VSATSs) provide
voice and Internet communication capability
by enabling access from multiple mobile ter-
minals via wireless local area network (LAN)
technology. They are also used to provide con-
nection through portable and truck-mounted
mobile-phone base stations for rapid restora-
tion of the communication infrastructure, and
to provide a temporary communication net-
work for disaster relief organizations.
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Portable and truck-mounted satellite

earth stations

These were used by disaster relief organiza-
tions and media entities to transmit video
images from disaster sites. The Heli-Sat sys-
tem, which enables video transmission through
satellite, will be introduced in the future.

Marine earth stations

This provided communication for rescue-and-
recovery activities by seagoing vessels in cases
where land routes were disrupted.

Disaster information broadcasting

After the earthquake occurred, broadcast-
ing companies including National Broad-
casting Corporation (NHK; Japan’s public
broadcasting corporation) and local operators
interrupted regular programming to provide
disaster-related information. For example,
NHK delivered emergency earthquake warn-
ings, followed by news reports, on a continuous
basis starting two minutes after the earthquake
occurred. These were carried on the com-
pany’s eight channels, including its general
programming channel, educational channel,
and radio channels. The general programming
channel continued to provide news reports
and programs related to the earthquake and
tsunami for 12 days up until March 22, and
the total time devoted to disaster-related news
and reports was about 254 hours. People were
able to watch many of those programs on their
mobile phones in areas where electricity sup-
ply had failed. The programs were delivered by
one-segment broadcasting.’

This station was restored by March 2012. After
the March 11 events, the Ministry of Internal
Affairs and Communications (MIC) requested
the NHK, the National Association of Com-
mercial Broadcasters (NAB) in Japan, and the
radio stations in the affected areas to increase
broadcasting disaster information, and on
April 1, 2011, the MIC requested that NHK and
NAB provide accurate and detailed informa-
tion as quickly as possible to the public.

Social media

Social media are a set of applications and ser-
vices that use the Internet to connect peo-
ple. They combine dynamic, collaborative
Internet-based tools, social networks, comput-
ers, and, increasingly, mobile devices. Social
media consist of social networks such as Twit-
ter and Facebook that connect users, as well
as websites and computer applications that
enable users to collaborate and create content,
such as Wikipedia and YouTube.

Social media were used extensively during
the GEJE for various purposes, such as search,
rescue, and fundraising. Table 15.1 summarizes
how they were used to meet different types of
information-sharing needs during the disaster.
A questionnaire survey was carried out to learn
about the uses of social media by 250 different
types of responders: information senders, vol-
unteers, managers of media groups, and so on
(figure 15.4).

Manager
senders (n=5)
Volunteer I
senders (n=32)

Basic senders

As many as 120 television relay stations (n=100)
stopped functioning because of the loss of Non-senders [z
commercial electricity during the initial period (n=25)
of the disaster, and as many as 4 radio relay sta- Noni::jz -
tions shut down. Master stations continued 0 10 20 30 20 0 & 70 80 90 100
broadcasting by generating their own power. M Word of mouth Radio Email Social media
All the stations within the area were restored Newspaper mTv Internet
by the end of May 2011, except for one radio Figure 15.4 Most viable source of information as perceived by message
station within the evacuation zone around  sender group in the GEJE
Fukushima Daiichi Nuclear Power Station. Source: Kyoto University
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Table 15.1 Dominant types of information and how they were shared

TWITTER FACEBOOK MIXI SMS

E-MAIL

WIKIS WEB PAGES

OR BLOGS

SMARTPHONE
APPLICATIONS

MAPS

General disaster
information

@) @) O O O

@) o @) @)

Safety
conformation

O

Fundraising

Infrastructure
status
notification/
regional facility
status

Housing provision

Goods provision

Moral support

Resource saving

Volunteer
recruitment

o|lo0| OO

Special needs
support

Source: Kyoto University.

Social media and the Internet were found
to be highly reliable regardless of the users’
role, location, or the extent to which they were
affected by the disaster. Users found social
media to be extremely beneficial to an over-
whelming degree. For directly affected indi-
viduals and people in the affected areas, the
strongest reasons for using social media were
convenience and their mass dissemination
capacity. The Google Person Finder let people
enter an inquiry about a missing person or pro-
vide information for interested parties. In total
over 600,000 names were registered.

Support for government use of social media
in disasters is extremely high and during the
GEJE it was highest among directly affected
individuals, individuals in disaster-stricken
areas, and those involved in disseminating
information to groups.

A general note about social media is that
the information is not always trustworthy,
especially about infrastructure. The higher the

level of participation in sharing information
through social media, the more likely an indi-
vidual is to receive and share large amounts of
information, and believe that the information
comes from credible sources.

Emergency FM radio
Emergency FM radio also played a crucial role
in providing information to local residents. In
the Tohoku area, 25 emergency broadcasting
stations specializing in disaster information
were set up. Immediately after the disaster, the
communication systems developed by local
governments did not work because of power
failures and a lack of emergency backup power
supply. The MIC distributed 10,000 portable
radio receivers to evacuation shelters and
requested equipment manufacturers, such as
Panasonic and Sony, to distribute over 40,000
portable radio receivers.

FM radio provided locally customized infor-
mation, such as information about aftershocks
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or the availability of local services and activities
related to people’s everyday needs. This kind of
information was beneficial immediately after
the disaster, while different information was
required as reconstruction progressed. Some
entertainment programs were presented six to
nine months after the disaster (box 15.1).

Several problems were identified. Ensur-
ing sufficient human resources is a key issue.
Immediately after the disaster, a significant
number of volunteers provided the radio sta-
tions with various kinds of help, but over time
the number decreased. A sustainable funding
source is needed to continue radio broadcast-
ing. FM radio users in Natori City are keen on
having local residents continue to participate
in broadcasting activities, and on gradually
changing over to community FM with funding
from the community and subsidies from local
governments.

LESSONS

e To reduce telephone network congestion,
packet communications and emergency
message services should be expanded. The
MIC is raising public awareness about
using these services in times of disaster.

e Backup systems are needed. The GEJE
reminded us that resilient and redun-
dant communication systems should be
established. Batteries and generators with
enough fuel should be acquired and stored
in higher locations to avoid flooding.

e Social media and FM radio have played a
crucial role in providing information to
local communities; they reached two dis-
tinct age groups: while the former is used
more by the