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Frequent attacks by tsunamis and storm surges
Field Surveys New Findings                    New Analysis

Mitigation
Analysis of Mechanism 

Hydraulic Laboratory Experiment, 
Numerical Models (Tsunami Flooding Model, Weather-Storm Surge 

Model)
Mitigation Methods (Evacuation Model, Cost-Benefit Analysis)

PIANC Asian Seminar 2021



Principal Researcher: Tomoya Shibayama  
22 Japanese and 23 International Members

Tsunami, Storm Surge, High Wave (Coastal Erosion), Earthquake, Fire, Flood, 
Liquefaction, Drought, Landslide, Eruption Field Survey and Proposal for 
Disaster Reduction

Field Survey Numerical Simulation Hydraulic Experiment
Creation of Real Image of Disaster 
Common Images with Local Residents

Variety of different scenarios of disaster 
It is necessary to decipher the social context of disasters,

to prepare disaster reduction scenarios, and
to work with local government staffs and local residents.
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International Platform for Disaster Research In Waseda University

Earthquake, Tsunami, Storm Surge, Volcanic Eruption

Reduction of Failures Mechanism of Complex Disaster
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Frequent Natural Disasters over the World

International Network for Disaster Survey and Research
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Aranquiz Chille

Mikami TCU
Disaster Mechanism

Nakamura Toyohashi UT
Climate Change

DeLeon Philippines



Frequent Attacks of Tsunamis and Storm Surges                  “un-predicted” and “far greater than predicted”

Recent Field Surveys of my own   
Number of Losses and Unknowns 

2004 Indian Ocean Tsunami Sri Lanka, Indonesia,Thailand 220,000
2005 Storm Surge by Hurricane Katrina, USA 1,200
2006 Java Tsunami, Indonesia  668
2007 Storm Surge by Cyclone Sidr, Bangladesh 5,100

1970: 400,000   1991: 140,000   (Construction of Cyclone Shelters)
2008 Storm Surge by Cyclone Nargis, Myanmar 138,000
2009 Tsunami in Samoa Islands, Samoa 183
2010 Chile Tsunami, Chile 500
2010 Tsunami in Mentawai islands, Indonesia 500
2011 Tohoku Tsunami, Japan Death15,782  Unknown 4,086
2012 Storm Surge by Hurricane Sandy, USA (New York City) 170 (USA80)
2013 Storm Surge by Typhoon Yolanda, Phillipines4,011+1,602
2014 Volcanic Eruption in Ontake Mountain, Japan, 58+8
2014 Storm Surge in Nemuro, Hokkaido Island, Japan, 0
2017 Volcanic Eruption in Shinmoe Mountain, Japan, 0
2018 Volcanic Eruption in Shirane Mountain, Japan, 1
2018 Tsunami in Sulawesi Islands, Indonesia, Death 2,081  Unknowns 1,309
2018 Tsunami in Sunda Strait, Indonesia, Death 426  Unknowns 29
2019 Storm Surge and High Waves by Typhoon Faxai, Japan, 3 4



Storm Surge Survey Team in the Philippines (2013)



Tsunami Survey Team in Palu, Indonesia (2018)



Program Officer Tomoya Shibayama, Professor
March, 1977  B. E. in Civil Engineering, University of Tokyo
March, 1985  Dr. of Engineering, University of Tokyo
May, 1985 Lecturer, University of Tokyo
March, 1986  Associate Professor, University of Tokyo
April, 1987  Associate Professor, Yokohama National University (YNU)
August, 1997  Professor, Yokohama National University
April, 2009  Professor, Waseda University   Emeritus Professor, YNU

Professor Tomoya Shibayama is one of the top technical experts of tsunami and storm 
surge disaster mitigation in Japan.  He performs hydraulic laboratory experiments, field 
surveys and numerical simulations for his mitigation study. He served as a team leader of all 
major tsunami and storm surge events in Japan and overseas over the last fifteen years.

Background
Japanese islands are so-called “Disaster Islands”.
There is no concrete national strategy and procedure for 
protection of residents.

Impact on Society
Change viewpoints from the government to individual resident. 
Quantify complex risk ay citizen’s level.
Disaster risk is added to individual's needs such as selection of 
residents, properties, schools, super markets etc. 
Change the future land-use based on the individual selection
Based on above implications, Japanese people gradually withdraw 
from high-risk areas in next 100 years.
New social system is proposed for gradual change to conquer 
local vulnerability by relocating citizens, based on Japanese social 
changes including declining birthrate and aging.

Challenges and Possible Impact to Society

Remarkable Innovation

Approach to Success
Based on the most advanced research results of disaster studies in Japan, we will 
establish a concept of complex disaster.  Individual disaster such as Earthquake, 
Tsunami, Storm Surge are re-organized to time history of a complex disaster such as, 
(1) Earthquake, Fire, Liquefaction, Tsunami, (2) Typhoon, Strong Wind, Heavy Rain, 
Storm Surge, Flood or (3) Earthquake, Volcanic Eruption, Volcanic Ash Distribution , 
Flood.
We organize co-operative research system and promote joint research in project 
group.

Management Strategy
A part of the project will be planned based on public offering.
Every year, we examine members of the project and will change the members.  New 
members will be invited if necessary. 
The Program Officer participate weekly research group meeting and make all 
information open to all members.
Project members have individual consultation with the Program Officer every 2 
weeks and deliver  presentation of progress report to all members every one month.  
These accelerate development speed and harmonize the cooperation of members.

Final Goal
Final Judgement Scale: Completeness and Practicality of  the Package of New Risk 
Evaluation System of Complex Disaster and Social System.
Required Level High Level Quantification to Change Individual Decision Making 
Process.

Risk of Project : It is necessary to quantify different risks in the same level of accuracy.

Breakthrough
Limitation of Existing Technology:

Residents continue to live in the same 
area.
Risk is not reduced.

How to exceed the limitation? 
Individual risk is quantified.

Final Goal:
No loss of lives due to disasters.

Scenario for Success and Goal

Institute of Future Sustainable Society, Waseda University (2018 ~)

Support Acceleration

Social MovementIndividual Decision

Image of Complex 
Disaster
Quantified Risk

Education of Disaster 
Consultants
New Social System

From Government 
to Individual Citizen

Reduction of 
Total Risk of 

Complex Disaster

Relocation
of Land Use

Disengagement 
from Disaster 
Archipelago

Individual Behavior of Selection 
Reduces Change of Land-use

Timely Social System 
Accelerates Social Changes

High Disaster Risk 
Difficulty in 
Complex Disaster

Citizens Know and 
Select Their Safety
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What should you do if a Tsunami was 
coming to your area in 40 minutes? 

Take our first edX course
Study the mechanisms of coastal disasters
Plan for disaster evacuation

Tsunamis and Storm Surges: 
Introduction to Coastal Disasters

Prof. Tomoya Shibayama
A leading researcher of coastal disaster 
prevention and coastal engineering at 
Waseda University

Waseda edX

Started January 18th, 2016 
Take the course for free
Started again as self-paced course 
on April 2021

Enroll Now!

MOOC
( Massive Open Online Course)
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full with buildings







Tohoku Tsunami: Japanese Debates on the Reconstruction 
Process
1) Balance of Soft and Hard Measures
The idea that hard measures can protect against the loss of life has been discarded.

Level I Tsunami Protection Height

1. The function of coastal structures would be to attempt to protect property or to help 
evacuation process against the more frequent but low-level events (typically with a 
return period of several decades to 150 years).  “Once for 100 years”  Coastal protection 
structures are designed for this tsunami height. 

Level II Tsunami Evacuation Height

2. Soft measures (Evacuation), on the other hand, would be used to protect lives, and be 
designed with more infrequent higher level events (with much longer return periods, 
for example 1,000 years).  “once for 1000 years”

For Level II tsunami, structures are overflowed but are required not to be destructed.  They 
are expected to reflect tsunami partially and will assist evacuation process by reducing 
tsunami height and delaying tsunami flood time. 







Tsunami Evacuation Building, Minamai Sanriku
Tsunami flood over 71 cm above the roof



The classification of evacuation points in Japan into three 
separate categories.
Category A: This category would include hills (higher 
terrain) that are adjacent to the coast but continue to 
increase in elevation for a long distance. These would not 
be isolated low hills, but those that form part of larger 
geographical features and have a higher hinterland 
region.   Kamaishi, Tarou
Category B: This would include robust buildings that have 
6 or more floors , or hills that are more than 20m in 
height. This category would have the inherent risk of 
being isolated during the worst tsunami, but would likely 
be safe for most events
Category C: This would include robust buildings that are 
over 4 floors high. This category, however, would have 
the risk of being overtopped during the worst tsunami 
events.  Minami-Sanriku











Introduction of Tokyo Bay



Flood in Tokyo Metoroporitan

(m)

Google Map





Ground subsidence in the Tokyo Bay region



Ground elevation in the Tokyo Bay region



Flooding caused by the storm surge



Reason of geographical changes in Tokyo Bay



35
Behaviors of Local peoplea Behaviors of Visitorsb Behaviors of Visitors

Evacuation Simulation Model  -Choices of Evacuation Routes-
Local people : Decide to go to the closest evacuation place and chose the 
shortest route, which is calculated by Dijkstra Method (Dijkstra, 1959).

Visitors : (1) Choose a road where there are more evacuees. (2) Decide to go to 
higher places. / In order to consider uncertainties of visitor’s behaviors, the 
probability for choosing either rule can be specified for each simulation.

Evacuation Simulation Considering Local Residents and Visitors
Takabatake & Shibayama (2017)



Study on Tsunami Risks for Kamakura
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Further Application : Casualty estimation for Kamakura tsunami
Kamakura City is one of the most vulnerable coastal areas in Japan.
There are around 175,000 local residents and around 22 million tourists visit it 
every year (Kamakura City Office, 2016). 

Nankai Trough

Sagami 
Trough

Japan 
Trench

Izu/Ogasawara Trench

Meiou/Keicho
Earthquake

Bousou Hantou
Earthquake

Tokai Earthquake

Kanagawa Ken Tobu
Earthquake

Miura Hantou-Kamogawa
Earthquake

Kannawa-Kouzu
Matzuda Earthquake

Tokyo Bay Earthquake

Kannawa Ken Seibu
Earthquake

Minami Kanto/
Genroku Kanto 
Earthquake

Earthquakes which could 
generate a tsunami to Kamakura
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Local
Visitor
Casualty
Not Started

Results : Evacuation Simulation (Casualty Estimation)

Study on Tsunami Risks for Kamakura

Keicho earthquake & tsunami
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Study on Tsunami Risks for Kamakura

Summary
Using the developed evacuation simulation model, it is possible to estimate 
casualties for different scenarios. (e.g. different tsunamis / different situations 
(daytime/night, high season) )
It is also possible to evaluate the effectiveness of countermeasures for different 
scenarios.

Effects of countermeasures can be compared 
form the viewpoints of casualties.

Increase height of coastal dyke
Fig. Effectiveness of countermeasure for Keicho tsunami

Hardmeasure Softmeasure

No counter-
-measure



5.Detached breakwaters          

40



1

3

4 2

41



42



43

Coast levee or Dike

Typhoon, Cyclone, Hurricane

(1) Wave (Run-up)

Wind

(2) Wind Driven Surge

(3) Pressure Surge
(4) Tide

Future Predictions-------Numerical Simulation
Nakamura, R., Shibayama, T., Ohira, K., Tasnim, M.K. (2014)

*(2) + (3)= Storm Surge
Fig.  An image of phenomena when typhoon 

Components of Storm Surge

Second Findings:  Change of Storm Behaviors due to Climate Changes

Rapid Development: Yolanda (2013), Nemuro (2014)
Route Change : Nargis (2008)



WRF

XTide

Result

Storm Surge (Wind + Pressure)
Wind Waves, Wave setup←S-WAVE(SWAN by Delft Univ. of Tech, Booji et al., 1999)

Weather Research and Forecasting model
Mesoscale Model, Skamarock et al, 2008)

Tidal Prediction

GFS Data (NOAA) Meteorological data of 
whole globe

FVCOM
The Unstructured Grid Finite Volume Coastal Ocean Model
(Chen et al., 2003)

Tide

TC-Bogus Scheme
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MIROC5

Future Prediction of Meteorological Condition

WRF-FVCOM-Xtide-MIROC5

(Watanabe et al., 2008)

(Flater, 1998)

(Kurihara et al.,  1993)



Methodology 45

Terrestrial Terrestrial 
Data (USGS)

MeteorologicaMeteorologica
l Data (FNL)

WPS
(Prere-

WPSW
e--processing) WRFRF-F-ARW Wind Data SWAN

Bathymetry Bathymetry 
Data (GEBCO)

Wave Wave 
Parameters
(
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Weather Modelling

Wave ModellingNumerical modelling: A coupled top-down approach

Fig 3. Flow Chart of the WRF-SWAN Model



METHODOLOGY: 
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METHODOLOGY: WRF

Rankin Vortex
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Version 3.1.6 (2011)

FVCOM governing equations

METHODOLOGY: OCEAN MODEL
FVCOM (Chen eet al. 2003)



Typhoon Jebi (2018)
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Jebi(2018)

Nancy(1961)
Jebi(2018)

Nancy(1961)



Awaji 
Island

Kobe

Osaka

Storm Surge by 
Tyhoon Jebi

WRF +
FVCOM(Chen et al., 
2004)
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Study Area

Motivation

NumericalNumerical
Simulation

Conclusion

3/19

Gonunu, 2007 Ashobaaaa, 2015

TTarget 
Cyclones
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Study Area

Motivation

NumericalNumerical
Simulation

Conclusion

13/19

SSWAN Model Results
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Tyhoon Yolanda

Track data: The Regional Specialized Meteorological Center (RSMC) Tokyo Best Track Data
http://www.jma.go.jp/jma/jma-eng/jma-center/rsmc-hp-pub-eg/trackarchives.html

Time of Generation: 2013-11-04 00:00 UTC
Time of Disappearance: 2013-11-11 06:00 UTC
Duration: 174 hours
Minimum Pressure: 895 hPa
Maximum Wind Speed: 64.3 m/s
Number of Victims: 6201 (Jan. 14 in the Philippines)
Number of Unknowns: 1785(Jan. 14 in the Philippines)



Leyte island Tacloban Samar island

COMPARISONS OF WATER MARKS AND CALCULATION
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FUTURE PREDICTIONS
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Leyte Tacloban Samar
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CALCULATION OF EACH LOCATION UNDER THE 
CONDITION OF IN 2100
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Field Survey of Storm Surge Disaster due to 
Cyclone Sydr in Bangladesh

Tomoya Shibayama, Yoshimitsu Tajima, Taro Kakinuma, Hisamichi Nobuoka, Tomohiro Yasuda
Raquib Ahsan, Mizanur Rahman, M. Shariful Islam
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Topography of  Bangladesh and Route of  Sidr

ChittagongBurguna

Barisal

Dahka

Bagerhat

Bhola
Patakuhali

Kuakata
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