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Introduction of IRIDeS



Introduction of IRIDeS, Tohoku Univ

Research group on disaster prevention
and management

® To prepare for the recurring Miyagi offshore
earthquake, an organization was formed to
engage researchers working on [Disaster],
[Disaster Prevention], and [Disaster Mitigation]

® Taking advantage of Interdisciplinary (Humanities, Formal Director Present Director
SCIence, Englneerlng, and MedICIne) dlsaster Prof. Arata Hirakawa Prof. Fumihiko Imamura

prevention research in Tohoku University (History) (Tsunami Engineering)
® From 2007 to 2011, 8 departments and about 50 Research group on disaster
faculty members prevention 2nd management
- Center of Northeast Asian studies T -
- Disaster Control Research Center =
- Research Center for Prediction of Earthquakes and i 2
Volcanic Eruptions ih B o
- Institute of Development, Aging and Cancer /,E\ 13 & 7
- Graduate School of Engineering =
- Graduate School of Science F
[

- Graduate School of Letters
- Graduate School of Law

- Graduate School of Economics 7 _1.@% -
- Graduate School of Information Science /E T -




Introduction of IRIDeS, Tohoku University

I Establishment of IRIDeS

« Recent mega-disasters around the world
« Interdisciplinary collaboration necessary

« To-date disaster mitigation efforts not sufficient

> From 2012

University efforts before 2011

Development of disaster The 2011 Great East
prevention technologies Japan Earthquake Disaster

+ Earthquake and tsunami prediction « Complex mega disaster
and modeling technologies — involving a megathrust
Tsunami modeling technology earthquake, great
transferred to over 30 countries tsunami, and nuclear
Developing early warning technologies power plant accident

« Enhancing seismic performance of . Revealed the limits and
structures weaknesses of the state

of the art of science and
« Disaster Control Research Center

[1990]

+ Graduate school of science and
graduate school of engineering
[2006]

« Research group on disaster
prevention and management
[2007]

Establishment of IRIDeS

Rebuilding disaster mitigation
infrastructure based on lessons learned
from the 2011 event

Supporting the affected areas
Enhancing disaster-resiliency  and
performance of multiple-fail-safe
systems in rural and urban areas
Comprehensive study of the 2011
Great East Japan Earthquake and
Tsunami disaster

Establishing disaster medicine and
medical health care systems focused
on catastrophic natural disasters
Developing a digital archive for passing
on the lessons learned from the post-
disaster reconstruction in rural and
urban areas




Introduction of IRIDeS, Tohoku University

999

IRIDeS

International Research Institute
of Disaster Science

KERZFEFRRFRE

‘ Logo
® [RIDeS

® Iris, Iris laevigata or Japanese Iris

® Symbol of hope and nobility
‘ Logo meaning

® Overturning the Japanese

character meaning disaster [ |
= reconstruction and sustainable

and resilient societies

® Purple is the color of the Tohoku

University

® The Iris is the symbol of “hope”

and “dignity”

2P



Introduction of IRIDeS, Tohoku University
Outline of the institute

Regional and
urban o
reconstruction :
Human and Disaster
social — science

response y

Hazard and / I RI DeS Disaster

| medical
rlsk_ science
evaluation :
Disaster
information
management and
Endowed ~  public collaboration
research

The action-oriented research of IRIDeS focuses on;

@® Investing the physics of global scale natural disasters such as mega-earthquakes, tsunamis and
extreme weather

@ Reconstructing disaster response and mitigation technologies based on the lessons of the 2011
Great East Japan earthquake and tsunami disaster

® Inventing “Affected Area Supportology” in the aftermath of natural disasters

@ Enhancing disaster-resiliency and performance of multiple-fail-safe systems in regional and urban
areas

® Establishing disaster medicine and medical service systems towards catastrophic natural disasters

® Designing disaster-resilient societies and developing the digital archive system to pass the lessons
from the disasters



Introduction of IR

Academic partners

I - e = o

“Spirit of Tohoku University 2011.3.11”"
-Reunion and Incubation of the Global Research Netwaorlk -
KEHNROEEHRAEGHERAES 72— 4

Signatories of the joint statement for international
research collaboration at the Tohoku forum for

international
2012

research collaboration on 11-Mar

¢S, Tohoku University

University of California,

Los Angeles, USA

University of New South Wales,
Australia

Tsinghua University and

Sichuan University, China

University of Hawaii at Manoa, USA
Harvard University, USA

University of Florence, Italy

German Aerospace Center, Germany
University College London , UK
Istanbul Technical University, Turkey
University of Tokyo, Japan

Kyoto University, Japan

Kobe University, Japan

Fukushima University, Japan

Niigata University, Japan

Nagoya University, Japan



1611 Keicho Sanriku tsunami
History

@ Geological layers on the coast of the Tohoku region

Geological science

Sendai
domain

.

Soma a
Nakamura *,
domain -

. C— Tsunami in 869
i region in Fukushima

Layers formed of coastal sand and pieces of seashells are tsunami deposits.
The scope to analyze can enable researchers to discover the scale of past tsunamis,

Engineering
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Selected projects

Integrated sciences for reconstruction after the
2011 Great East Japan earthquake and tsunami

“Disaster medicine” “Disaster reconstruction” “Disaster evacuation”

There is a big difference in the extent of damage across only
Totoku Universlty Medical Cenler held a major several meters difference in altitude. By combining relocation to

grﬁxrla%’:ﬁ;b«?ﬂnlm ;?Im;n:; :‘,Iic; ‘li'a:;': slightly higher ground with other disaster prevention measures, Traffic jam during tsunami
One year and 8 monihs have passed since the disaster-resilient towns can be developed withoul the need to . il
aisasler, but st some staf recall he even ciearly. relocate to distant locales. evacuation drill in Yamam

@ MRI scans to measure brain activity and Future image of
brain function mapping i < AT
_ Ishinomaki city

—r

-

%D! Kakeagare! Japan (Get Going! Japan)

L

Protecting life and locality: practical action for tsunami risk reduction
Photo 2: Elementary school pupils wearing protective hoods rush to the school
building of Tamaura Middle School (Tsunami evacuation drill, Iwanuma Cily, 2012)

Tsunami evacuation drill using
expresswayin lwanuma city

“Digital archive”

Michinoku Shinrokuden
@ niipc/shinrokudenirides, ook nc p'

“Michinoku Shinrokuden® is an
archive project that has IRIDeS

linking with industry, government, 5
and academic institutions to collect
memories, records, case studies,
and knowledge relating to the Great P—
East Japan Earthquake to share
both inside and outside Japan, and
with future generations. This project
can be utilized in countermeasures | g
for future earthquakes feared to
occur in the Tokai, Tonankai, and
Narkai regions.

March 11th tsunami flooding as seen
by human EYES  ® nitpimchinohu rides ook, B iewirl

This site displays the water-
rmark of the tsunami that
occurred in the Great East
Japan Earthquake in Google
Earth as a polygon bar, to
enable a birds-eye view of the
height of tsunami to be easily
visualized, It enables people to
experience the height of the
tsunami and how terrible it
really was.

Scenery changing due to reconstruction
efforts ews e toholas 16 thin

“Michinoku Shinrokuden™
continues to collect photos of
disaster sites captured in the
sama place but at differant
times, The project also has a
website that enables these
photos to be viewed while
comparing them. On the site,
balloons on the map can be
clicked to move a time slider
that enables changing scenery
to be viewed,




Introduction of IRIDeS, Tohoku University
I Lessons learned from recent disasters

2013 IRIDeS Fact-finding 2014 IRIDeS Fact-finding
missions to Indonesia missions to the Philippines

TOHOKU University #% TOHOKU University
2013 ot | 2014




UNISDR and UNDP related activities



New International Framework for Disaster Risk Reduction

Promote International Movement on Disaster Risk Reduction

- Too late to respond to disasters
- Paradigm shift to reduce disaster risks

Source: Yuichi Ono, Assistant Director and Professor, IRIDeS, Tohoku University

14



Toward the 39 WCDRR 2015 in Sendai

Hyogo Framework for Action
2005-2015:

Building the Resilience of Nations
and Communities to Disasters

HEFA IRIDeS Review

Report

Focusing on
2011 Great East Japan Earthquake

May 2014

International Research Institute of Disaster Science
Tohokn University

Japan

IRIDeS’s HFA IRIDeS Review Report
Focusing on 2011 Great East Japan Earthquake

During that decade, the Great East Japan
Earthquake with Mw 9.0 occurred on March 11,
2011. We must learn from such devastating
experiences for the sake of future societies. To this
end IRIDeS issued “HFA I[RIDeS Review Report
Focusing on 2011 Great East Japan Earthquake” in
October 2013 in terms of HFA guidelines from the
academic viewpoints of professors at IRIDeS to
disseminate the event’s lessons learned. This
review analyzes the five goals of the HFA from a
unique perspective. It highlights good practices and
problems and recommendations that can be taken
in the future.

15



Bitter lessons learnt from the 1970 East
Pakistan Cyclone

produced

Cyclone Preparedness Programme
in Bangladesh - 1971




RN T e

Cyclone Preparedness Program

Early Warning System, flags and laud speakers,
International Cooperation, Shelter, Evacuation, Public
Awareness and Education, Volunteers, Community-based
strategy, traditional knowledge, protecting animals, etc.




The Pakistan/Bangladesh Tragedy
triggered a new global movement to
manage disasters

from

Disaster management
to

Disaster reduction



UN and international organizations such as International Federation of Red Cross
and Red Crescent Societies (IFRC) supported by member countries raised voice to
reduce disasters before they hit

1971 Office of the United Nations Disaster Relief Coordinator (UNDRO)

1990-99 International Decade of Natural Disaster Reduction (IDNDR) --- with a
secretariat for a 10-year term

1992 Department of Humanitarian Affairs (DHA) established and the UNDRO was
united

1997 Office for the Coordination of Humanitarian Affairs (OCHA) established and
the DHA was united

1994 Japan hosted a first World Conference on Disaster Reduction in Yokohama --
- Yokohama Strategy and Plan of Action --- culminating the IDNDR movement

Late 1990s IDNDR malfunctioned (then, WB, IFRC, UNDP — struggled for
supremacy)

2000- International Strategy for Disaster Reduction (ISDR)



2000- International Strategy for Disaster Reduction (ISDR)

2005 Japan hosted a second World Conference on Disaster
Reduction in Kobe, Hyogo Framework for Action

2015 Japan hosted a third World Conference on Disaster
Risk Reduction in Sendai, Sendai Framework for Disaster
Risk Reduction (SFDRR) (refined framework and targets)



Value of the SFDRR

A negotiated document though the UN process
- committed by 187 countries




Sendai Framework for Disaster Risk Reduction 2015-2030

Adopted by 187 countries at the World Conference on
Disaster Risk Reduction, 18 March 2015

.  Preamble

Il. Expected outcome and goal

Seven targets
lll. Guiding principles

IV. Priorities for action

Priority 1: Understanding disaster risk

Priority 2: Strengthening disaster risk governance to manage disaster risk
Priority 3: Investing in disaster risk reduction for resilience

Priority 4: Enhancing disaster preparedness for effective response,

and to “Build Back Better” in recovery, rehabilitation and reconstruction

V. Role of stakeholders

VI. International cooperation and global partnership

22



Where is science in the SFDRR?

Who wants to commit in the implementing the SFDRR in
the area of science and technology?

IRIDeS!




1. Global Centre for Disaster Statistics

Launch of the Global Centre for Disaster Statistics during
the WCDRR in Sendai (15 March 2015)

24



Background of GCDS

United Nations Development Program (UNDP) and the

International Research Institute of Disaster Science (IRIDeS) at

Tohoku University jointly announced the establishment of the Global
Centre for Disaster Statistics (GCDS) in March 2015 during the Third
UN World Conference on Disaster Risk Reduction (WCDRR) in
Sendai.

Voices of support and expectation to this initiative were received,
including the UN Secretary-General Ban Ki-moon.

Establishment
ceremony of
~~— GCDS at the

I WCDRR

f UN Secretary-General
Ban Ki-moon’s speech
at Tohoku University
Symposium Forum held
in the WCDRR

25



Purpose of GCDS

At the WCDRR a new framework Sendai
Framework for Disaster Risk Reduction 2015-
2030 (SFDRR) was adopted by 187 countries
including seven global targets.

In addition, Post-2015 Sustainable Development
Goals (SDGs) were adopted in September 2015
with 17 global goals and 169 targets.

These targets include reducing the disaster
mortality, number of affected people, and the
direct economic losses.

Therefore, development of sound disaster loss
and damage system in no longer a choice but a
“Must thing” for countries.

SFDRR Targets that can be
monitored by the GCDS
Mortality Yes
Number of affected
Yes
people
Direct disaster economic
Yes
loss
Damage to critical Yes/
infrastructure No
# of countries with DRR No
strategies
International cooperation ~ No
Access to multi-hazard
early warning system and No
disaster risk information
and assessments

26




Structure of GCDS

Sendai Framework for

2030 Agenda for
Sustainable

-~

UNDP

Bureau for Policy and
Programme Support

* Technical advice
* Quality assurance

UNDP
Country Office

of national disaster
damage and loss
databases

* Policy advice

UMD [ Disaster Risk Reduction ] [

* Support to development

Development

RUMES

International Research
Institute of Disaster
Science

Cooperation Cooperation

* Management

(Operational support, Budget allocation)
* Research and analysis

Global Centre for
Disaster Statistics

Archive data
Scientific analysis
Visualization of disaster

* Develop and utilize
national disaster
damage and loss
database

\* Institutional capacity
evelopmen ;

information with GIS
Research on innovative modules
Assist generating policy
i@l recommendations

Global Database

* Fujitsu
* Pacific Consultants

ESCAP

Economic and Social
Commission for Asia and
the Pacific

Private Sector

and soon.

27



Pilot countries of GCDS

The GCDS is now conducting case studies in the following seven

pilot countries. In addition, Japanese cases will also be examined

soon.
o m—————— Seven Pilot Countries  -————————-- N
| |
| |
E [ Indonesia ] [ Sri Lanka] [ Myanmar] i
: i
| |
I I
! [ Cambodia] [ Maldives ] [ Nepal ] |
I I
| |
| |
| |
i [ Philippines] I
1

\ 7

28



Expectation of GCDS

2020.Jan - 2030.Dec
Each
[ Data from each country } country

—

(1)Data migration or synchronize

e —
Global Database =

Backup function

(2)Data extraction for analysis
Common for all countries

7 pilot countries
by 2020

|

FUJITSU

Cloud Service
K5

pnop SAdgd

20 countries
I after 2020

Analysis by researchers at Global Center

UNDP/Tohoku Univ.
Propose to countries

- - Each
Establish disaster Execution country
preventive plan of plan
- Budgetary plan

29



v:;”*ﬁg Tohoku University DRR Actions

Neeee Contributing to Global Disaster Resilience
TOHOKU

Future Actions after the UN WCDRR(2)

*  World Bosai Forum (tentative)

- Continue discussions generated during the 3rd United Nations World Conference on Disaster Risk Reduction.
- Theme: The broad setting of disaster risk reduction and recovery

- Periodic meetings (once every two years) in Tohoku and Sendai to contribute to the efforts for disaster risk reduction in Japan and overseas
while continuing the support for the recovery of Tohoku.
- Planning creative events such as plenary meetings, symposiums and exhibition and think together with the government, international agencies

including the United Nations, companies, academia, NGOs and citizens
- Collaboration with ISDR and Global Risk Forum (Davos)

Association of Pacific Rim
Universities (APRU) Multi-
Hazards Program

APRU
PS5 Multi-Hazards ggjy
'14“\' Program IRIDeS

GLOBAL RISK FORUM

Disaster Management Cycle in Four Phases SREDANCS

= Activities prior to a disaster: \ = Activities during a disaster:
Disaster preparedness Monitoring, Early warning
organization, Emergency & evacuation, Search and
response plans, exercises & rescue, Medical and public
training, Professional health care physically and
education for preparedness, mentally, Provide shelters,
Warning systems, Disastey _distribution of relief items.
Science and assessment

Recovery from
the Great East Japan

Earthquake and Tsunami , |
Futute Strategics for Disssicr Risk Reduoction

W
«Activities that reduce the \Q,‘,

effects of disasters: )
Investment of -
Infrastructure, Building -
codes and zoning, increase
health resilience,
Retrofitting, Land use
planning, Public education,

\_BCP & BCM, Archive

«Crisis management,
Disaster medicine, Public
health, Activities following
a disaster: Recovery of
infrastructure, Temporary
housing, reconstruction of

Wi SEREEHR

$99IRIDeS

buildings and schools,
Revival of local economy

30



World Tsunami Awareness Day

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

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

5 NOVEMBER [)/1}/
2016

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

REEHERAEORKL 2 =57 - B R RO Rk

(2003 FHYBNUAXOHTRE)

ey AR .

.G:-n;,rn setﬂn.g ﬂ.re to his rice r;haves
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>
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-
-
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Distributions of the historical and future events
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Hazards from the last 400 years

1600-1969 (64 events)

0.0 0.5 1.0 L5 2.0
Tsunami amplitude (m)

Damaging tsunamis that exceeded 2 m can be
seen virtually everywhere, especially along the
Pacific Rim including 1700 Cascadia (M9.0), 1755
Lisbon (M8.5), 1833 SW Sumatra (M8.3), 1868
Peru (M8.3), 1906 Ecuador (M8.8) and 1960 Chile
(M9.5).

1 970 201 6 (39 events)

0.0 0.5 1.0 1.5 2.0
Tsunami amplitude (m)

Only two major events, the 2004 Indian Ocean
(M9.3) and Great East Japan (M9.0), classified as
recent damaging tsunamis that exceeded 2 m and
caused global impact meanwhile no major
damaging tsunami in the east Pacific and Atlantic
Ocean.

This observation demonstrates the importance of assessing or recognizing the hazards based

on historical events beyond recent experiences.



Hazards from the future events
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Web GIS (esri Japan): tsunami amplitude

Comparison of simulated maximum wave amplitude asoymap B W @ (E)@SKI Japan

Honshuls. (2011)  Central Chile (2010) 2004) | s.Chile(1960)  Lisbon (1755)
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Web GIS (esri Japan): tsunami arrival time

-
Comparison of simulated arrival time asoymep B W @ (2)@SKI Japan

Central Chile (2010) Off W. Coast Sumatra (2004) S. Chile (1960) Lisbon (1755)

Honshu Is. (2011)
Simulated arrival time (hr)
by 2224 —
e 2022
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2004 Indian Ocean tsunami



Tsunami warning

Disaster education

Tsunami memorial

Housing reconstructi®-ti



The 2004 Indian Ocean tsunami and aftershocks

Cause Tsunami Paramzters Effects
Date Tsunami Source Location
Max
Earth- Water | Num. of Dot
Year | quake Mag Country Name Height | Runups |Num De
2004 7.5 INDONESIA | KEPULAUAN ALOR 3
e S ]
2004 9.1 INDONESIA | OFF W. COAST OF SUMATRA 50.20y 1509 226898 4
2005 8.7 INDONESIA |INDOMNESIA 4.20 61 10| 1
R —— —
2005 6.7 INDONESIA | KEPULAUAN MENTAWALI .40 A
2004 77 INDONESIA | SOUTH OF TavA 2000l 196 20zl 2
2007 8.4 INDONESIA | SUMATRA 5.00 47
— Plate boundaries ek A AR - 2 K 2008 b.5 INDONESIA | SUMATRA A2 1
Population B P < gam, 1 |
2009 7.5 INDIA ANDAMAN ISLANDS .01 i
2009 6.7 INDONESIA | SUMATRA .18 7
2009 7.5 INDONESIA | SUMATRA 27 i
2010 7.8 INDONESIA | SUMATRA 44 6
2010 7.5 [NDIA LITTLE NICOBAR ISLAND .03 1
2010 1.8 INDONESIA | SUMATRA 9.30 89 431 3
2012 8.6 INDONESIA | OFF W. COAST OF N SUMATRA 20
2012 8.2 INDONESIA | OFF W. COAST OF N SUMATRA 4
2013 o PAKISTAN OFF COAST GWADAR .20 4

Source: NOAA tsunami event database

Indonesia__|

N, f gk
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Importance of education
EX: Tsunami warning on 11 April 2012

How Tsunamis Work: Tsunamigenesis

Strike-Slip Fault

No tsunami but
very serious

traffic jam

26 Dec 2004 11 April 2012
M9.0 Dip-slip fault M8.6 Strike-slip fault

40



V(%) E(p) F (%)
min
- (min) o Traffic jam after warning
0 60 26%
0 90 30%
0 120 34% Real situation in 2012
25 30 9% " _
25 60 14% ' =
25 90 21%
25 120 26%
50 30 7%
50 60 10%
50 90 16%
50 120 22%
75 30 6%
75 60 10%
75 90 16%
75 120 21%
100 30 7%
100 60 11%
100 90 15%
100 120 22%

“V” ratio of using cars, one car four
persons, “E(1) ” average starting time
of evacuation and “F” fatality ratio

Phuket




Thai Warning System
Construction Model

[
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Royal i 3 TMD Warning Gov. Info Network,
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Tsunami warning systems

Regional Integrated Multi-Hazard
Early Warning System for Africa and Asia

Py

2

Ly N f\ o .
’, * MAURITIUS
ZARBIQUE e

i MADAGASCAR

Regional Integrated Multi-Hazard
Early Warning System for Africa
and Asia

National Disaster Warning Center
Source: Ekmahachai (2013) (NDWC), Thailand 43



Oversea Sources

Pacific Tsunami Warning Center (PTWC)

Japan Meteorological Agency (JMA)

United States Geological Survey (USGS)

National Oceanic and Atmospheric Administration (NOAA)
European - Mediterranean and Seismological Center (EMSC)
Malaysian Meteorological Service (MMS)

Intergovernmental Oceanographic Commission of UNESCO (10C)
German Research Centre for Geosciences (GFZ)

Global Disaster Alert and Coordination System (GDACS)

(Leelawat et al, 2015)



Buoy location

Main shocks From 26/12/04 1o 28/03/05 <

Seioa00s JK | 28/030304/2005

Aftershocks 04-10/04/2005

- . 11-17/04/2005
ag < 18-24/04/2005

6<=Mag<7 [ 25/04-01/05/2005
Mag > 7 C ) 02-08/052005
S 09-15/05/2005

1000000

s

157

107

-5

s 100" (Fkmahachdi'¢'2013)



Q)

N

Broadcasting Mediums

« SMS (>= 20M numbers)

* Automatic FAX
(16 machines)

* Direct call center
(8 lines)

 E-mail
* TV Pool

« Alarm tower
(328 towers)

* Warning box at City
Hall (166 boxes)

- Subdistrict

Administrative Office in
Risky area
(271 stations)

- Local alarm tower (654

towers) and village radio
(1,590 devices)

- News call center ‘192’

(70 terminals)

. Government Information

Network

. Smart Phone server

(600,000 licenses)

- Web EOC

(Leelawat et al., 2015)



Disaster reduction class in ASEAN countries

Phuket, Krabi and Bangkok
(Eight schools =400 students)



Lessons from the 2004 Indian Ocean tsunami
in rebuilding of the school

: Wl . -
3 8w e PhratiETami Hok Alley
3 e~

s i i

At the time of the 2004 tsunami, the school had only two stories and the tsunami

was higher than the school.

The school was then rebuilt with three stories. In case of earthquake and tsunami,

they will gather at the third floor.

In case the school got some damages or the estimated tsunami is higher than the

third floor, we organized a drill so that they can evacuate to the hill behind. 15



Remaining geological evidences and evacuation facility
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Tsunami memorial: T. 813 boat




Tsunami memorial: Two fishing boats and tsunami signs

In 2013
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Housing issues / evaluation of new houses after the tsunami

ﬂh ¥ v
" AN AN

Tsunami hit the villages and 2. Emergency shelter 3. Temporary house
destroy houses.

Most residents in Namkem area evacuated to temporary shelter at SAO (Sub district
Administrative Organization) Baan muang and stay at temporary shelter for 6 months, during
that time rescue and cleaning continued in the Tsunami damaged area with the assistance of

many organizations and volunteers.
52



Housing issues / evaluation of new houses after the tsunami

Provide

These shop house types are priority for resident who have
land title. Government can build the new house on their land
immediately. But house is quite small and material is not
good quality. Most villagers complain that they have to
renovate, fix the roof or extend the house later. In many
cases users change the donated house to be storage or other

function.

Non-relocate

~

This group of resident have Ian?:lf right and negotiate with
government to have money instead of provide house because
not satisfy with design of PNR house and don’t want to
relocated. They got haft of the provided house price, used
their own money to top up and buy material together, design
house according to each family need and build by themselves.

The houses and lands were provided by government and
relocated 10 km away from Namkem. This place is far from
the sea and located in a non-tsunami risk area according to
risk map. Most of resident don’t know each other before and
random receive house.

Relocate

1

This groups of villagers who previously lived in slum area and
have no land titles, they were living in rental houses. After the
2004 tsunami most villagers were afraid of tsunami so they
wanted to move a little far from the sea but still in Namkem
area. Now they have land sharing and pay rental fee every
months after 15 years they will have land right ownership.

\ Self-built .




Conclusions

* Tsunami warning

v’ Greatly improve of the warning time from 20 min at the beginning to
5 min since many years ago.

e Disaster education

v Importance of media for warning dissemination and basic knowledge
on fault mechanisms/tsunami characteristics.

e Tsunami memorial

v Need great effort of maintenance and attraction.

* Housing reconstruction

v A challenge in applying the lessons to reconstruction of future events.



2011 Floods in Thailand
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Rojana Industrial Park (11:43, Oct. 21, 2011) {24t :Jica













é The 2011 greatest flood on records brought 813 dead and 3 miésing
" nationwide (as of Jan. 8, 2012; Thai Ministry of Interior, 2012).

damaged agricultural land throughc
Nov. 14, 2011; Thai Ministry of Interior, 2

du h;r- ector, 7 industrial estates and
ge anc of those, 449 com
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Past flood in the Chao Phraya river
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CHAO PHRAYA RIVER BASIN (CPRB)

Largest basin in
Thailand

e C.A. 157,925 km?
» 29 provinces

» Almost 30% of the
country’s area ' ey

[ ] MAE NAM CHAO PRAYA
| MAE NAM NAN

[ 701 - 1000

[ 1001 - 1300

I 1301 - 1600
1601 - 2600

63



CHAO PHRAYA RIVER BASIN (CPRB)

. The ng (36,018 km2) Basin Area:162,800 ki’
« The Wang (11,708 km?) )
« The Yom (24,720 km?)
« The Nan (34,557 km?)

e Bhumibol Reservoir was
constructed in 1964 on
ping river.

e Sirikit Reservoir was
constructed in 1977 on
Nan river.

Figure 1. Diagram of the Chao Phraya River#
watershed.



é The Chao Phraya River watershed

Basin Area:162,800 k
1s divided 1nto an upper watershed Fﬁ% -
and lower watershed by the |

narrowed section at Nakhon Sawan.

5
X
5

\
,/>
?% %' Sirik\i{%‘“ﬂ
g
‘74

¢ In upper watershed, Ping River,
Wang River, Yom River, Nan River

Nakhon Sawan ® 5
flow down from the northern s 3) Jens
| . 3 0
mountain system and join together 2\y ¢udnays ]
at Nakhon Sawan. % Bangkok ©

=]

Figure 1. Diagram of the Chao Phraya River65
watershed.

~—~_ Tha Chin River



Reservoirs

Kiew Kar Mha
171 (MCM)
RID

Kiew Lom
112(MCM)
RID

Bhumibol —
13,462(MCM)
EGAT

Tab Salao —

160(MCM)
RID

Krasiao
240(MCM)
RID

Total 25 Billion m3
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Large-scale reservoirs

Name Bhumibol Sirikit

Irrigation Irrigation

Purpose Power Generation |Power Generation
Flood Control Flood Control

Under Operation by EGAT EGAT

River Ping Nan

Drainage Area(sg. km) 26,386 13,130

Annual Inflow(MCM) 5,256 5,600

Annual Inflow(mm) 199.2 4275

Storage

at max. water 13,462 10,508

level(MCM)

Resevoir

Surface Area(sq. km) 3160 2600

Dam Type Gravity Arch Earthfill




Flat topography (1)
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Altitude(m)
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Climate Condition (1)
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Climate Condition (2)

MYANMAR

ol

il
L«(

o
25 SEp 070 N
25 S 30

= >
Chiang Mai o
(4/”“ vwan““ 4 \?
b \\_ S 25 Sep M7:00 %7 sep be
- THAILAND 7 i \; * 25 Sep 100 ?gfﬁm
Uk h R | T24Sep 1900 k
= ﬁwbﬂ)’f"' : 26 8ep T nn\

25'54p 1300

* Bangko
< Banghek

20114 £ BL18% (/11 5 HAITANG]
) 2011%9A 278 ~28H

[=]

LOW PRESSURE I Low pressure

o 4 1 TROPICAL DEPRESSION
i )’() (€38 lenot /853 kamfhed TROPICAL DEPRESSION
T ICAL STORM
- > E TROPICAL STORM
73 "—'tnf S DA bty Hs ki ) 23 kot /63317 k)
" et = TYPHOON HOON
63 knot / > 117 km/hr)

(> 63 knot / > 117 km/hr)

s el
o s =2
goa' M.uﬁwi“ y o ik

o 5 Typhoons and

I strong low pressure
attacked during Jun.
and Oct.

m

2011’:‘]5 AE195 (FILH :I;I’ CiAE])
© o 2011%10A5H~6H Ty

LOW PRESSURE

- : TROPICAL DEPRESSION
3 {<2aknot [ <63 km/hr)

TROPICAL STORM
(34-63 knot / 63-117 km/hr)

TYPHOON
(> 63 knot / > 117 km/hr)




Rough estimation from the water budget

| é Rainfall = Evapotranspiration + Runoff + Infiltration
(Ratio of normal

average of é In the normal year, evapotranspiration [ET] is 70 %
rainfall; %) . "
140 - of rainfall.
0 1 100-30= 70
100 - lJapan
o 143 - 30 = 113
60
k. vapotranspiration RN
20 l
0 * w 143 -70=73

Normal year 2011

143 %of 24-3(=73/30) % of
normal average of rainfall normal average of river discharge



River discharge at Nakhon Sawan

¢ The total discharge in 2011 was 32.6 billion m?3, which was 232 % of
the period average in 1956-1999.

¢ Total discharge recorded in the flood year of 1995 was 23.5 billion m?3,

which is 167 % of the period average in 1956-1999. (Applying runoff
estimation from the water budget, the runoff is estimated to be 151 % in 1995.)20115#7}(

350 ot 199SEHK

300
250
200
150
100
50
0

19834 ;£ K

Total discharge of the Chao Phraya River at Nakhon Sawan from June to October in 1956-1999 and
2011. Dashed line indicates the average for the period 1956-1999, and dot line indicates total
discharge in 2011. Bar frame indicates the top 5 total discharge events in 1982-2002 and 2011.



Bhumibol dam

Dam storage (x 10° m3)

Inflow and Release
(m3/day)
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Sirikit dam
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Dam reservoir operation

é Is there any better dam reservoir operation to mitigate flood
damage in 2011?

v" To more mitigate flood damage, we need to reduce the storage water before
August when it starts to inundate at the downstream of the dam reservoirs.

v If we could forecast rainfall condition in 2011, we might make more flood
capacity at dam reservoirs.

é However, seasonal weather forecasting is still within a research
phase and is difficult to incorporate into operational use.

é In Japan, the flood capacity at the dam reservoirs are previously
prepared by the release for flood control when the flood is
foreseen.

v It is capable of accurate weather forecast on -1 week scale and have the
flood capacity at the dam reservoirs in the flood season.



Conclusions

é The 2011 Chao Phraya River flood was caused by high
seasonal rainfall. Increased rainfall by 143% over
doubled runoft.

¢ Chao Phraya river is gently sloped and wide watershed,
and thus daily and/or weekly heavy rainfall are not
caused a gigantic flood like 2011.

é The spatiotemporal scale of floods in Thailand are quite
different from Japanese floods which are caused by -1
week heavy rainfall such as typhoons.

v It is necessary to recognize that a flood prediction and
preparation of flood prevention on the spatiotemporal scale
are also completely different according to it.



Floodway

Retention pond
How a 100km floodway tnnel under the eastern section of the outer ring road mw
(Monkey Che ek) sy would work, as proposed by .f:hﬂ Engineering Institute of Thailand. |

HOLDING THE WATERS

:Thegmrmanlia repmanmnfabnutsrﬁlhnrﬂhhdd

SCENARIO & Mormal situation or slight flooding
B The upper ground will be used as road and undsrground level will be

Wiz EodraqBueg s jE0g HomBueg 2l ZL02E

the north of
Ayutthaya
province

SCENARID 3:
Heavy flooding
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79M’l’ﬂnm

http //thalland prd.go.th/file_content/images/1272100505p.jpg http://tunnellingjournal.com/news/files/2011/12/Bangkok-tunnel.jpg




Flood. Time

When the level of outside water
o2+ is higher than the river bank,
the watergate will be opened to
drain water into the area for
minimization of overall flood
damage caused by medium and

large scaled flood.
3
Riverside Community s

At
v Er VAT L) e ) S :qr" i

Bang Luang Canal

Watergate N lﬁ

Source: Project......Bang Ban Monkey Cheek...(2009)

2

2) Drainage Pump: If necessary, the water
should be pumped out from the project area
{ in case that the outside water level is higher
than the water level inside the area. The
drainage pump can be used.

Community outside
Dike

i

| 1) Watergate (6 places): All watergates will
divert water mto the Bang Ban | whenever the
water level outside the gates

| 3) Drainage Canal: It will distribute water to
% store in the Bang Ban 1 and at the same time, it can
be the channel to drain water out of the area,
including store water for consumption and usage

purpose in dry season.

Bang Ban Canal

-




g -
Shaatt

H{Source: Project.Bang Ban Monkey Check....(2009)

+*s Provision of sufficient water/rice pricing control
could help to increase the rice productivity after
flood time.

Schedule of Rice Planting in the Monkey Cheek Area

1st Time: December-March
2nd Time: March-June
3rd Time: July-December

Pumping Station and Irrigated Canal: Pumping water from
the river to irrigated canal and realeasing water into the
agricultural area

Drainage Canal in the Area: Close/Open the watergate in
order to store water in the canal for agriculture

Underground water pond (low level)
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i
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New operation rule curve of the

reservoirs after the 2011 great flood

Bhumibol 16,000
14.000 Max. storage 13492 X 10°m?
ME 12,000
& 10,000
X 8,000
[T
g 6,000
69) 4,000
2,000 —-Former URC —New URC
~ -Former LRC —New LRC
0

J F M A M ) J A S O N D

Lower and upper rule curves were decreased during the wet period in
order to prepare the large flood such as 2011 flood, but lower rule
curves were increased during the dry period in order for the sufficient
water use. This implies a complicated gate operation would be required.



Historical operations of Bhumibol dam

reservoir

Bhumibol 16,000

Max. storage 13462 X 10°m?

oo _
g Min. storage 3800 X 10°m?
& 2,000 -
——Storage Former URC Former LRC
0 - i
S N O ST N O MmN M WO m O O
JGREIE335835883282

There were severe drought periods in CPRB and historical
storages were below the lower rule curve at many years.



Historical operations of Bhumibol dam

reservoir

Bhumibol
Former rule curve New rule curve
16,000 16,000
100 " M ji'i‘frfg_e_liafz_tl_oi"f _____ 14,000 - Max. storage 13462 X 10°m*
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"‘E 10,000 "‘E 10,000 -
S 8,000 | o Y S 8,000 -
Z 6,000 X 6,000
D 1000 tosrasman I M e e ® 4,000
g Min. storage 3800 X 10°m? H Min. storage 3800 X 10°m?
& 2,000 , & 2,000 -
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The Bhumibol Dam reservoir would be unable to
avoid the shortage of the water storage, especially
under the new rule curves.



Accumulated inflow of the Bhumibol

dam reservoir

i 16,000
Bhumibol

14,000 - _____ Max. storage 13462 X 10°m*_ _ _ _ _ |
12,000 -
10,000
8,000

6,000

4:000 I New LRC 3224 X 10°m? (Jun-Dec)

Former LRC 1222 X 10°m? ‘

2,000 1 ()yi-pec)

0 == T ———
farmertre1222x0'm M A M) ) A S O N D J

[Jul-Dec)

Accumulated inflow (X 10°m3)

Accumulated inflow over a year could not reach required
lower rule curve storage at severe drought years.






2011 Central Thailand Flood

Disaster Effects Ownership
Sub Sector Damage Losses Total Public Private

Infrastructure
Water Resources Management 8,715 - 8,715 8,715 -
Transport 23,538 6,938 30476 30,326 150
Telecommunication 1,290 2,558 3,848 1,597 2,251
Electricity 3,186 5,716 8,501 5,385 3,517
Water Supply and Sanitation 3,497 1,984 5,481 5,481
Productive
Agriculture, Livestock and Fishery 5,666 34,715 40,381 - 40,381
Manufacturing 513,881 | 493,258 1,007,139 - 1: 1,00?,13_;>
Tourism 5134 | 89,673 94,808 403 m
Finance & Banking - 115,276 115,276 74,076 / 41,200
Social
Health 1,684 2,133 3,817 1,62 2,190
Social B - - / .
Education 13,051 1,798 14,849 1}/,51-‘1 4,235
Housing 45,508 37,889 83,797 AZ,SEG 71,297
Cultural Heritage 4,429 3,076 7,505 / 3,041 4 463
Cross Cutting
Environment 375 176 él 212 339

TOTAL 630,354 | 7951 1,425,544 41,477 1,284,066

Source: DALA estimates, NESDB, and Ministry for industry damages and losses.

90% of damages and losses are PRIVATE SECTOR (Manufacturing sector)

BUT covered less than 0.1% of flooded area




Impact of 2011 floods in Thailand.

Impacted households *

Destroyed homes "”

Displaced people® (Affected
people)

Casualty

Impacted farm land*®

Overall economic damage and
losses”

Economic damage and losses
in manufacturing sector

1,886,000
19,000 homes
2.5 million people

813 people

17,578 square kilometers

Thai Baht 1.43 trillion (USD
46.5 billion)

Thai Baht 1007 billion (USD 32
billion)

* The Goverment of Thailand [24].

" The World Bank [25].



Damages (Billion U.S, Dollars)
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National Level DRR related laws and regulations

The 11t National Economy and Social De® ment Plan

» Happy society with fairness and resilient ,00 {\
» Build a secure natural resources and envirg {’\&’b \Q\Q/ o
supporting community participation ang {QQ/ Wresilient
oM

Master Plan on Water Resource’ Q\Q’ (\"’
Q0

ment

» Action plan for short term Q}

» Action plan for long term KOQ

Q
National Disaster Preventlrs’\\@ agation Plan (2010 — 2014)
&

» Prevention and i (\o’ é{,@’ Pn > Preparedness arrangement
> Disaster emerggEoNae ent > Post disaster management
\Q/ \(\

Strategic Natior . @ é\ Disaster Risk Reduction (2010 — 2019)

» Form under HyS@® Framework for Action (HFA)
» Participation of multi-stakeholders



Thailand Policies for DRR
(National Reform Commission)

* DRR is a national priority for all levels

* |dentify, assess and monitor disaster
risks and enhance early warning and
preparedness.

* Use knowledge, innovation and
education to build cultures of safety
and resilience at all levels.



Sub-committee for DRR

Build up Risk Awareness at all levels
Public participation in DRR

Facilitate Technology and Information
transferred

Organization structural reforms to facilitate
exchanges, actions and implementations

Make/amend related laws and regulations to
facilitate DRR in all levels/risks




Community’s Role

Understand the disaster risks and ensure that they can protect
and make themselves safe to minimize losses and damage when a

disaster strikes.

PASSIVE ROLE PRO-ACTIVE
ROLE
Wait for help Learn the risks, Networking
No preparedness Preparedness, Build sustain
Lack information, etc. Acquire information

Inclusive innovation, etc.
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How to Transfer/Modify/Include ...

Knowledge/Information/etc. so that Community
does understand and aware of their risks

Simple community based risk mitigation

countermeasures with appropriate early warning
system and community planning

Sustain some basic community functions during
disaster

Partial self-recovery technology

Safe structures are long term benefits though a
little bit more costly at present



Flood Prevention Projects

COUNTRY LEVEL
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FAIL : BECAUSE OF NO SPECIFIC PLANING AND NO PUBLIC PARTICIPATION



MAIN DIFFICULTIES

Have to sacrifice some areas to safe the others

2011 floods, a few concrete scientific and engineered
countermeasures were proposed but all were rejected



The new ideas to implement water
resource project
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Private Public Sectors
sectors

Group of
Universities

Innovatio
easibility,

aege, Financial,
pacts, etc.

Form Multi-Levels
Community Networks

INCLUSIVE
‘ COMMUNITY PARTICIPATION

Multi-Levels/areas

Mater Plans




Aids during acute
phase of disaster

Build/affirm Disaster Resilient
resilience campus University group

General Disaster

‘ Public Awareness Courses
GIjOUPS. (?f Student activities
Universities
A Training
j \ Research Advanced/Multi-
- ‘ Development disciplinary curriculums
Risk ‘ Innovation/Knowledge
Reduction
. Cooperation and APRU MH Group /
Recoveries

Exchanges Local/Private sectors
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2011 : Alarm, Alert and

Preparation were given a
week before flooded

Vulnerable people were
evacuated.
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2011 2554 11.70 8.30
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How to make it being sustainable ?
How to make it being learnt, improved and shared through generation?

community

. : A brave decision
part|C|pat|on




NITUM b &E&ED - lb&bo “@5 1o IUIUI0Y A11AUUT”
“Cultural City and Watershed forest”

* Form structures/agencies for drawing Intensive
community participation of all levels and ages at all
stages—> Family, Schools, NGOs, etc.

* Knowledge Management = Learning Community

* Transparency, Integrity, Accountability in all levels
and stakeholders

* |Inclusive : Technology and People

 How to stay with the risks; Appropriate and proper
engineered infra-structures, well prepared society,
etc.



Community Participation

Community Based
Project Initiation

Survey and design by
government agencies

Community wide hearing

Material procurement
(Government)

Labor and construction
by people in the related
community




2013 Typhoon and storm surge
in the Philippines



Super Typhoons in the past

. | + 7,000 dead by the typhoon in 1897
| and recorded in a plaque in Tanauan

Catholic Church
+ 15,000 dead by the typhoon in 1912

+ Low possibility for sand deposits by
historical typhoons because of the

= L
ot st |

The Washington Herald issue in November 20, 1912 published an article about a powerful typhoon that l S
pounded on Tacloban and Capiz. Oklahoma-based newspaper Daily Armoreite also ran an October Severe Coasta ero Slon.

1912 story of a storm that damaged Tacloban and surrounding areas.
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Track of Typhoon Yolanda
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Summary of Damage by Typhoon Yolanda

* Casualties : 6,069 individuals were reported dead ,
27,468 mnjured and 1,779 are still missing

* Damaged Houses : The number of damaged houses are
1,140,332 houses

* Totally =3550,928
* Partially = 589,404

Source :NDRRMC Update on Typhoon Yolanda As of Dec 16.2013, 6:00am




Vulnerability of the coastal zone
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Houses were concentrated in the coastal shorelines because of
small or no payment for land owner.



Vulnerability of the coastal zone (Olavo et al., 2014
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Hazard maps prepared before the Haiyan and
storm surge limit base on our findings (Tanauan)
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What kind of houses they are living now

Using galvanized

Fast (self) housing hon (G1) sheet

reconstruction

Rapid housing reconstruction Ve
using all available materials on 48
ground. This can be built &g
within only few days. However, ‘Gi#
concrete house may have to
wait for 1-2 months due to
the lacking of working JB
machine

=B

Coconut lumber

117



What kind of houses they are living now

D |ffe re nt Traditional house: Cement ff/ .

floor and column and hollow-

: block wall in the first floor but
housing

all wood in the second floor

mater|a|5 to reduce cost

Imported wood log (coconut
Construction technique to tree) from other provinces

protect the roof available after three months,  [12llow black

~ ~ Those survived houses, i
~ their second floor are also i



Where they are going to live in the future

LAz,
Lungsod ng
Tacleban

Zoning example (1)

v

Z-pad hotel

Storm .,SLirge
level, 2.2 m from-
ground level

119



Where they are going to live in the future

Zoning example (2)

—
G - o

40 m easement but only have JUST 30 m I?
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Reasons for magnification of damage due to Yolanda

* Large Hazard
Super typhoon (Category 5)
Worst path to the densely populated area and

generate  significantly high surges and waves in the coastal
area

e Concentration of population in the coastal area
 Weak mitigation system in terms of hard and soft

measures
vulnerable buildings



PAGASA Warning Records

11:00, 5t Nov., Weather Advisory #1
10:30, 6t Nov., Weather Advisory #2
23:00, 6t Nov., Severe Weather Bulletin #1
5:00, 7th Nov., Severe Weather Bulletin #2

11:00, 7th Nov., Severe Weather Bulletin #3 A—P

17:00, 7th Nov., Severe Weather Bulletin #4
20:00, 7th Nov., Severe Weather Bulletin #4-a
23:00, 7th Nov., Severe Weather Bulletin #5
2:00, 8th Nov., Severe Weather Bulletin #5-a

5:00, 8th Nov., Severe Weather Bulletin #6

11:00, 8t Nov., Severe Weather Bulletin #7
17:00, 8t Nov., Severe Weather Bulletin #8
23:00, 8th Nov., Severe Weather Bulletin #9
5:00, 9th Nov., Severe Weather Bulletin #10
11:00, 9t Nov., Severe Weather Bulletin #11
15:30, 9t Nov., Severe Weather Bulletin #12

18 hr

\ 4

Landfall

Republic of the Philippines
Department of Science and Technology
PHILIPPINE ATMOSPHERIC, GEOPHYSICAL AND
ASTRONOMICAL SERVICES ADMINISTRATION (PAGASA)
‘Weather Section, Weather Branch

WFFC Bldg., BIR Road, Diliman, Quezon City 1100
TELEX: 66682 WXMNL PN FAX NOS: 9264258, 9282031, 9272877, 9271541
Website; hitip.//www.pagasa.dost. gov.ph kmal: pagasa whigipacific.nel ph Voice Server; 433-ULAN

SEVERE WEATHER BULLETIN NUMBER THREE
TROPICAL CYCLONE WARNING: TYPHOON “YOLANDA" (HAIYAN)
ISSUED AT 11:00 AM, 07 NOVEMBER 2013
(Valid for broadcast until the next bulletin to be issued at 5 PM today)
TYPHOON “YOLANDA HAS MAINTAINED ITS INTENSITY AS IT THREATENS EASTERN VISAYAS.
Location of At 10:00 AM foday, the eye of Typhoon “YOLANDA" was I
eyel/center: located based on all available data at 637 km East of |
Hinatuan, Surigao Del Sur or 738 km Southeast of Guiuan,
Eastern Samar (8.9°N, 132.1°E). Nam A eristt
Strength: Maximum sustained winds of 215 kph near the center and
gustiness of up to 250 kph.
Movement: Forecast to move West Northwest at 30 kph.
Forecast Typhoon “YOLANDA" is expected fo be still over the sea at 64
Position: km Southeast of Guiuan, Eastern Samar by tomorrow
morning and expected to make landfall over Guiuan, Eastemn
Samar (9-10 am). It will be at 122 km West of Coron, Palawan Vil N me
by Saturday morning. On Sunday, it will be at 954 km West of Trackof Typhoon™YOLANDA" %=
Manila or outside the Philippine Area of Responsibility.
PUBLIC STORM WARNING SIGNAL
PSWS LUZON VISAYAS MINDANAO POTENTIAL IMPACTS OF THE WINDS
#3 Eastern Samar, | Siargac|sland | e  Heavy damage to agriculiue
{Winds of Samar, Leyte and ®  Somelarge frees uprocted
ity and Souem | Diagat | * Mkt vemioom oser sl deoes
expected in Leyte. Province sonsiruction
at least 18 ®  Moderate o heavy disruption of electrical power
hrs) and communication sarvices
®  Travel by land, sea and air is dangerous
#2 Sorsogon and Masbate | Northern Samar, Surigao Del | @ Moderats damage o agiculise
SEHS%SKEL including Ticao Island | Biliran Province, Norte, ®  Rice and oom adversely affected
s erpasied Bantayan and Camiguin, | * E:" lage ‘I:;“P_m:fd . ik
in at least Camoes Islands, | Surigeo Del Sur | = efibe e and coden houses petely
24 hrs) Northern Cebu | and Agusan Del | s Seme old galvanizsd iren rocfing may roll off
including Cebu Norte ®  Travel by all types of sea vessels is risky
City‘ and Bohal ®  Travel by all types of airorafts is risky
#1 Camarines Aklan, Capiz, ®  Twigs and branches of rees may be broken
{Winds of Norte,Camarines Sur, llcilo, Antique, ®  Some banana plants may bt or [and flat on the ground
30-60 k;:jh 5| Catanduanes, Albay, Guimaras, *  Ricein flowering stage may suffer significant damage
expected in 4 & ®  Some nipa and cogon houses may be partially Lnroofed
at least 36 Mlmm frovnpes !‘»legm Agusan del Sur *  Sea trw:\ of smaIF::acrarls anﬁ?min:aboai:is riky
hours) Burias Island, Romblan, | Occidental and
Marindugue, Calamian COriental, Rest of
Group of Island and Cebu and
Southern Quezon Siquijor
* Yolanda, after hiting Guiuan, is expecied to traverse the provinces of Leyte, Biliran, Morthem tip of Cebu, lloilo, Capiz, Aklan, Romblon, Semirara
Island, Southern part of Mindoro then Busuanga and will exit the Philippine |andmass (Saturday Morning) towards the West Philippine Sea
= Estimated rainfell amount is from 10.0 - 30.0 mm per hour (Heavy - Intense) within the 600 km diameter of the Typhoon,
- as is risky over the northern and eastern s dg of Northem on and over the eastel ard of Centra 0
Rasidents in low lying and mountainous areas under signal #3,#2 & #1 are alerted against possible flashfloods and landslides. Likewise, thosa living
in coastal areas under signal #3 and #2 are alerted against slorm surges which may reach up to 7-meter wave height
& The public and Ine Gisasler sk reduclion and managemeni councll concarned are advised 10 1ake appropriale achons and watch for he nexl bulleln
to be issued at 5 PM today.

those living in coastal areas under signal #3 and #2 are alerted
against storm surges which may reach up to 7-meter wave height.




Questionnaire survey (Jibiki et al., 2014)

o v' 10 barangays in 3 sites
-2::1' \/Coastal dlrea
;3_5 >~ Tacloban
310 v Damages: The death and
T G missing ratio

Brgy. 89

Brgy. San Fernando
Brgy. Baras (yellow part

Brgy. Calogcog

Brgy. San Roque o ~ Tanauan

(green part)

Distribution of the death and missing
ratio of each Barangay in survey area.

Respondents were selected depending on barangay damage in the coastal areas and population
conditions of generation and gender in Philippines.



Terminology: Storm Surge VS Tsunami

v" Understood the meaning of “Storm Surge” before
Yolanda?

- Yes =12.8%

v If you heard it was "tsunami", evacuated to
anywhere else except your house?

0.0% 20.0% 40.0% 60.0% 80.0% 100.0%

l Definitely [ Possibly
O Could not judge MW Did not evacuate
[0 No idea



Questionnaire survey - Results -

641 valid respondents in Tacloban, Palo and Tanauan

About 30% of the respondents did not evacuate to anywhere outside of their
houses.

Reasons for evacuation
— Heard that super typhoon was coming
— Felt that wind 1s getting stronger and stronger
— Order from Barangay leader

Reasons for not evacuated
— The wave should not be that large
— My house was strong enough
— Wanted to protect my house/belongings

Many peoples do not understand “what a storm surge is”

TV and Radio are the main sources of information on typhoon




Questionnaire survey - Summary -

* Warnings were transferred relatively well to the coastal barangays

* TV, Radio and barangay leaders played important roles for the
evacuation

However,

* many people did not possess an accurate picture of the event and
underestimate the impact from Yolanda

* many people do not understand “what a storm surge 1s”

* Some people wanted to protect their house/belongins




Evacuation facility

* Evacuation facilities

Many facilities such as Tacloban convention center, Leyte
convention center, schools, churches were not appropriate
for the evacuation (Near sea side, severely damaged by
strong wind, etc.).

Tacloban Convention Center Leyte Convention Center (Palo)



Recommendations

Storm surge hazard maps should be updated and developed in coastal areas in the
Philippines under the worst scenario considering the impacts of climate change, worst path,
land use/cover change, etc. And those hazard maps should be provided to local
communities.

Seawalls should be reconstructed and multiple countermeasures such as combinations of
seawalls, tide-water control forests, no building zones, etc. should be developed from the
view point of efficiency, low cost and easy maintenance.



Recommendations

Selection and construction of suitable evacuation centers and places. However, it is not easy
for the government to provide safe place for 200,000 people living in coastal areas of
Tacloban city during the super typhoon.

Education and training to emphasize the urgency of evacuation, especially for the barangay
leaders (local communities).

Upgrade of an early warning system for storm surge inundation (Downscale to the
community level).

Warning transfer system in the local communities (Barangay level). Barangay leader’s
leadership for the evacuation and information from media are important.



Tsunami VS Wind wave

+ 2011 Tohoku-oki tsunami and 2011 Hatyan typhoon are one of the
biggest disaster in the world in the last five years.

+ Both of hydraulic characteristics are significantly different

(e.g., water driving power (straight and circle), wave period (long, short) ).

Tsunamis run quickly over the land as a wall of water.

Tsunami _ /

Water flows straight.

Wind waves come and go without flooding higher areas.

Wind wave P -

Water flows in a circle.




Tsunami VS Storm surge (boulders)

+ 2011 Tohoku-oki tsunami and 2013 Haiyan typhoon are one of the
biggest disaster in the world in the last five years.

+ Both of hydraulic characteristics are significantly different

(e.g., water driving power (straight and circle), wave period (long, short) ).

(b) Ishlgnh Island (east coast)

(a) Kudaka Island |' storm wave hnuiﬁerl o sand dune

‘ tsunami boulder

@ storm wave t:r::rulderl

transport linmat
ad by {sunam

UEn$pDH|Hnﬂ: bt
by storm wave £ it
transport lmt "5y

by storm wave




Tsunami VS Storm surge (sand deposits)

+ Ancient tsunami deposit and storm deposit are useful for estimating
their recurrences intervals and magnitudes.

+ Distinguishing tsunami and storm deposits was important for
understanding of ancient events from the deposit.

floating debris
or wrack line + 3-30m  maximum tsunami water level

zone of tsunami deposition

— — — mean sea level

-— meters ——

A

-~ 10°-10° meters both sediment deposition
and inundation distance

floating debris
or wrack line + 3-8m maximum storm surge (late stage)

zone of wave dissipation
and storm deposition
+1-2m

zone of breaking storm waves
(early stage)

— — — — megan sea level

B

-— meters ——

2
o 10° meters_ sediment deposition distance
-~ 10°-10" meters * inundation distance

Differences in flow depths, inundation distances, and sediment-transport
distances for sand beds deposited by (A) tsunamis and (B) coastal storms.

Morton et al. 2007, Sedimentary Geology



Method: Water height and area survey

We recognized water height and
inundation area based on water mark

—_— Z

and interviewing to the local people.

JSCE survey points
® Tohoku university survey points
Inundation area

0 1 2 3 4 5 km

~
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Method: Geological survey

+ We conducted geological survey from 8% to 11t May 2014.

+ We set 3.4 km long transect in Tanauan and 1.4 km long transect in
Tolosa from coastline to inundation limit.

+ We dig 41 small trench and observe thickness, grain size and
sedimentary structures of Hatyan storm deposit.

(eapangina! ;
)

Tanauan transect (3.4 km)

@ Tanauan

@ Water Limit
@ Water depth

Tologaitranseet (1.4 km) cot
LY

Deposit Survey




Method: Geological survey

+ We conducted geological survey from 8% to 11t May 2014.

+ We set 3.4 km long transect in Tanauan and 1.4 km long transect in
Tolosa from coastline to inundation limit.

+ We dig 41 small trench and observe thickness, grain size and
sedimentary structures of Hatyan storm deposit.

5 cm)

Storm sand(

e 7

::::::



Result: Characteristics of Haiyan storm sand

+ Grain size and minerals of storm sand were similar with that of
beach sand and dune sand.

+ Storm sand should be sourced from beach or dune sand.
+ Thickness of storm sand was 80 cm at a2 maximum.

1 2 345067 85

o
o
N
0
n
T
3




Result: Distribution of Haiyan storm sand

+ Hatyan storm sand generally thinned landward.

+ The sand limited 0.2 km inland in Tanauan transect with 3.4 km long
+ The sand limited 0.1 km inland in Tolosa transect with 1.4 km long

80 X

70 : Inundation distance: 3.4 km B
= 60 | sand distribution: 0.2 km Tanauan B
5§ = _
o o0 - ]
1 | Inundation distance: 1.4 km
5 40 - -
:-é - Sand distribution: 0.1 km Tolosa
£ 30 O -
2 20 - X Tanauan
S s \Landward thinning o Tolosa

10 i% A Others

O n — OO KK KT
0) 500 1000 1500 2000 2500 3000 3500

Distance from the coastline



Result: Comparison between Haiyan storm sand

Sand thickness (cm)
- N W DA O o
©O O © © O O O

and Tohoku-oki tsunami sand

Haiyan storm sand extended up to about 0.2 km inland.
Tohoku-oki tsunami sand extended up to about 3.0 km inland

X Tanauan
O Tolosa
A Others

e Sendai Plain

0 500 1000 1500 2000 2500 3000

Distance from the coastline

3500



Result: Sand limit vs Water limit

Tsunami

Inundation distance ~2.5 km: Water = Sand (sand/water: 92-99%)
Inundation distance 2.5km~: Water # Sand (sand/ water: 55-74%)

Storm S 1 CWide Plain 1:1 line
Water # Sand || ©Narrow Plain
(sand/water: 7-8%) < Steep Valley
= 4 4| +Gentle Valley )
X A Lagoon A
- o Previous Studies e
% 3 || mStorm © o o
o) 8
5 ,, .
3 2- e
g
® & )
n 1 Halyan
@'@ m
0 £ . .
' TN T T |
0 1 2 3 4 5

Inundation distance (km)



Method: Numerical modeling

125°0'0"E 126°0'0"E 127°0'0"E 128°0'0"E
1250'0"2

We run Delft-3D and SWAN
together for numerical calculation Large domain
______________________________ e
' Domain :0.01° > 0.002° > 0.0004° %29
|Calculat10n time:2014/11/6~2014/11/9 s

Delft-3D (hydrodynamic model) calculates 1o T J Ao

water level and current fields. r N

| [

SWAN (spectral wave model) calculates

wave field.

We investigated the relation
between the storm wave .

hydrodynamic features and storm £

wave sediment characteristic. '

middle domain small domain




Method: Numerical modeling

wind velocity, magnitude (m/s)
08=Nov=2013 00:00:00

y coordinate (m) =
=
o

.
-

r
85 : : - : : : : : ) 0
x coordinate (m) =

Level(m)
S =N WA WU

Distance from shoreline(m)
We used typhoon track data from JMA(Japan Meteorological Agency) and estimated
wind field(Holland., 1980, Fujii et al., 1980) .

1. We estimated maximum bed shear stress due to storm wave.
2. We estimated wave velocity and flow depth across the Tanauan
transect and investigated the relation between the storm wave

hydrodynamic features and storm wave sediment characteristic .




Result: Numerical modeling

1. We estimated maximum bed shear stress.
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maximum bed shear stress is high on coastline.
—Sand dune on the coastline was eroded and transported inland.




Result: Numerical modeling

2. We estimated wave velocity and flow depth across the Tanauan transect.
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The flow depth 1s decreasing landward.
—The sand thickness 1s correlated with the flow depth as in the case
of the tsunami (Goto et al., 2014).




Discussion

Tsunami sand Max 3 km

“ Storm sand | Max 0.2 km

Inland sand extent between tsunami and storm could be
impacted by stream power related to wave period (wave duration)

(Tsunami: shallow-water waves, with long periods and wave lengths)

(Storm: wind-generated waves, with short periods and wave lengths)




2014 Earthquake in Thailand
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Two earthquakes 1n 2011 and 2014

FJ'?‘: usspi s ide il lng .

- {})1‘;' @ H Magnitude  Depth (km)  Deaths ' -
iﬂ%\‘& T ks 2011 EQ 6.8 10 > 150 (1 in Thailand)
(I roena vt b g 2014 EQ 6.3 7.4 2

3 S A Gy e

e
'
| :,,\!.
/

jrx

M

o =

it

!}.;I:Inﬂi. " n
} npluﬂlﬂﬂnﬁ-ll“h ! 2
)Jf" rysande rrdadiwia :‘ o
i 1. i R T E
F L s T a =
ol 1 nmETiNEH i —
: 4 LR T
o Im:ﬂl 8 |H-|I'- Bl ll-‘li Eraid.
i l‘q o il AT i
o =t I, mEuh wean s (SR #o ”
| i I-I [ & W g |
i I; 4 I,.;; r_3 I|| B q!l?nr; Fﬁll‘
i - i bl | gyl
1\5 SRS dveeld | eyl syt ghnd e
o i, TR TIM Tawn Y dEvolida Wen g
i mpeaee groaigaf vl W 2 MWD WTIUTH
r""""r A L"'IE; |l1:rr“-r|l g m
- ™ [[F2" ] [ S T i - h 146



Situation after four years

e

An example of non-engineered house

An example of rebuilt house




Situation after four years

Earthquake learning space

Damaged pagoda (> 700 years) Damaged pagoda hospital 148



LR—Fk

2HEILLEADHE - EZEZRE_LI-BINTOREFEEIRL.,

UTDIERZEIZERLTTILY,

1) S D EOBLBHEENFEELI-DOMN?

2) B RBERE N BE 2R IG L= T, EFL o2&

N RDBILEILGKENRESTHET. WETHIRNETE

4) FNl EFLN =281 EHETHIREZLIZDINT,
HARDBHX R ELERT S

T+—3vbk: 4R—DLIRN, AZ2MILITBEH
Sia: BARGE-REE

BH ~ Y] 20185 9H7H

e 4t suppasri@irides.tohoku.ac.jp




Report

Select one disaster that caused damage or impact to more than one
country (not in your country) and discuss following issues.

1) Why such widely damage and impact occurred
2) What are good practices
3) What are lessons to be improved

4) Compare these good practices and lessons with disaster
mitigation in your country

Format: Within four pages, no specific format
Language: Japanese or English
Deadline: 7 September 2018

Submit to: suppasri@irides.tohoku.ac.jp



