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1. Introduction 
 

In the Asia-Pacific region, many countries have suffered serious damage due to marine natural 

disasters. For example, Japan was hit by a massive tsunami caused by the Great East Japan Earthquake 

in March 2011, and the Philippines experienced a devastating storm surge caused by Typhoon Haiyan 

in November 2013. These types of marine natural disasters have been a persistent threat in coastal 

regions over many years. These disasters have occasionally caused serious damage to local economies 

and the environment and claimed many lives. Therefore, it is important to engage in day-to-day efforts 

to improve public awareness, preparedness, and regional cooperation to deal with marine natural 

disasters. 

 

A tsunami inundation map (TIM) is a useful tool for increasing public awareness of tsunamis and 

preparedness against them. A TIM can also be applied to storm surge. To develop a TIM, it is important 

to obtain bathymetric information to calculate tsunami propagation and determine the tsunami 

inundation area. Hydrographic offices (HOs) are expected to contribute such bathymetric information 

for developing TIMs in each country. 

 

The International Workshop on Tsunami Inundation Mapping was held by the Hydrographic and 

Oceanographic Department, Japan Coast Guard (JHOD), in cooperation with the 

UNESCO/International Oceanographic Commission (IOC) Tsunami Programme and Port and Airport 

Research Institute (PARI), at the JHOD office in Tokyo, Japan, on November 25–26, 2015, as part of 

the 2015 East Asia Hydrographic Commission (EAHC) Capacity Building Program using the 

International Hydrographic Organization (IHO) Capacity Building Fund. 

 

The objectives of this workshop were to improve the capacity of HOs in mainly the East Asian 

countries for developing and utilizing TIMs and to discuss the way forward through sharing the latest 

knowledge and technology as well as experiences and challenges among participants. 

 

The workshop program is shown in Annex 1. 

In total, 45 people from nine countries participated in this workshop, as shown in Annex 2. 

 

 

2. Opening Ceremony 
 

The workshop was opened by Mr. Hideki Kinoshita, JHOD. Then, Vice Admiral Shigeru Kasuga, 

Chief Hydrographer of Japan, JHOD, made an opening address on behalf of the hosting organizations. 

He emphasized the possibility of HOs contributing to the development of TIMs in each country by 

using their capabilities to conduct bathymetric surveys and produce nautical charts. He also 

highlighted the importance of cooperation among the organizations concerned to improve their 

capacities. His opening address is shown in Annex 3. 

 

After the opening address, Prof. Kenji Satake of the University of Tokyo, Japan, gave a keynote 

presentation entitled “Tsunami Generation and Propagation.” His presentation is shown in Annex 4-

1. In his presentation, he said that in the last two decades, tsunami disasters with many casualties have 

occurred almost every year. Tsunami propagation is governed by bathymetry, and additional fine grid 

data of the bathymetry in coastal areas, rather than in offshore areas, are necessary for numerically 

modeling tsunami propagation. In the 2011 Japan Tsunami, the inundation area was larger than 

expected in some areas. He also emphasized the importance of efforts to obtain geological evidence 

from past events, because some studies have discovered that huge tsunamis in the past caused 

inundation on a scale similar to the 2011 Japan Tsunami. 

In response to a question from a participant, he explained that information about the structures in 

coastal areas could be considered for precisely predicting the inundation area. 

 

 

3. Session 1: International Framework and Cooperation on Tsunami 
 

Mr. Tomoaki Ozaki, Japan Meteorological Agency, delivered a presentation on the activities of 
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the IOC Tsunami Programme in the Pacific Region. His presentation is shown in Annex 4-2. He 

introduced the international tsunami warning and mitigation system under the UNESCO-IOC, 

International Tsunami Service Providers - Pacific Tsunami Warning Center (PTWC), and Northwest 

Pacific Tsunami Advisory Center (NWPTAC). The IOC Tsunami Programme was started in the Pacific 

Ocean in response to the 1960 Chilean Tsunami. Then, the 2004 Indian Ocean Tsunami accelerated 

the establishment of tsunami warning systems around the world. Tsunami warning systems have now 

been set up in the Indian Ocean, Caribbean Sea, Northeast Atlantic Ocean and Mediterranean Sea, in 

addition to the Pacific Ocean. He noted that “Substantially increase the availability of and access to 

multi-hazard early warning systems and disaster risk information and assessments to the people by 

2030.” was listed in the seven global targets of the Sendai Framework for Disaster Risk Reduction 

2015–2030 developed at the third UN World Conference on Disaster Risk Reduction, March 14–18, 

2015, Sendai, Japan. He highlighted that the linkage of tsunami warnings and inundation mapping is 

important for effective evacuation orders/recommendations, tsunami disaster management planning, 

and other efforts. He said that the IOC Tsunami Programme now mainly focuses on tsunami warnings 

but it has also been working on issues such as tsunami hazard assessment and disaster management. 

He said that the international framework on TIMs is not adequate at present. 

In response to a question from a participant, he explained that the Japan Meteorological Agency 

has set a target time of approximately 3 min for issuing a warning after the occurrence of an earthquake. 

 

 

4. Session 2: Development of Tsunami Inundation Maps 
 

Dr. Takashi Tomita, Asia-Pacific Center for Coastal Disaster Research, Port and Airport Research 

Institute (APaC-CDR/PARI), Japan, delivered a presentation on the Guideline for Development and 

Utilization of Tsunami Disaster Management Map. His presentation is shown in Annex 4-3. He said 

that the Tohoku region had been one of the regions in Japan best prepared for tsunamis, though the 

2011 Japan Tsunami was bigger than expected from the viewpoint of tsunami disaster management. A 

combination of structured and unstructured measures had some effect on securing time for evacuation 

from the tsunami. In his presentation, he said that the important purpose of tsunami hazard maps, 

which identify safe zones for evacuation and the risk in a target community, is to build a tsunami-

resilient community by preparing holistic and integrated measures. Then, with regard to tsunami 

hazard mapping, the results of the tsunami numerical simulation depend on the accuracy of the 

numerical models employed as well as the bathymetric and topographic data. We should prepare 

appropriate numerical models and suitably accurate bathymetric and topographic data and further 

structure these data to calculate tsunami propagation and inundation. The estimation results for disaster 

mitigation should be made easily available to residents, disaster managers, and officers to build a 

common awareness of tsunami damage. Hazard mapping is a good tool for this purpose. Additional 

information about disaster mitigation measures on the hazard map is effective for investigating and 

planning a holistic and integrated system for tsunami disaster mitigation. He concluded that we should 

understand and estimate the potential damage and disasters due to tsunamis, foster individuals who 

are well-prepared for tsunamis, and develop cities that are resistant and resilient to tsunamis. 

Replying to a question from a participant, he explained that one of the low-cost structured 

measures against a tsunami is a soil embankment. He explained that guidelines have been developed 

in cooperation with experts in the ASEAN region and that these are now freely available via the 

Internet.  

 

Speaking on the technical aspects and challenges of TIM development in Japan, Mr. Takashi 

Yanuma, PASCO Corp., Japan, presented a practical approach to develop a tsunami simulation and 

inundation map from PASCO’s experiences. He divided the procedure for tsunami simulation and 

hazard mapping into four steps: preparing the digital topography, selecting a possible earthquake, 

performing tsunami simulation, and creating a tsunami hazard map. He said that in the tsunami 

simulation model, an accurate topographic dataset is important. Furthermore, the topography of rivers 

plays a major role in extending the tsunami inundation area. He also introduced some Web sites that 

are useful for validating tsunami simulation results. 

In answering a question from a participant, he explained that, generally, Tokyo Peil (mean sea 

level of Tokyo Bay) has been used as the datum for topography in Japan. 
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5. Session 3: Latest Technology for Bathymetric Surveys in Shallow Water 
 

Mr. Naohiro Miyasaku and Mr. Yutaka Kawamura of PASCO Corp. gave a presentation on 

coastal surveying using airborne LiDAR (light detection and ranging). Their presentation is shown in 

Annex 4-5. They introduced the concept and characteristics of airborne LiDAR and airborne laser 

bathymetry (ALB) along with some survey results. They summarized the capability of these methods 

to grasp the underwater surface topography as follows: 

- For coastal zones, the seafloor, and rivers, wider coverage of underwater terrain data can be 

obtained. 

- In contrast to acoustic sounding by ships, “shallow water depth range” measurement is 

possible by ALB. 

- Temporal data acquisition for the quantitative understanding of sediment variation, such as 

peripheral structure, is possible. 

- After correction of the area (grid) data obtained by ALB, a realistic simulation or evaluation 

can be performed. 

They also emphasized that by using ALB for surveying a wider area of the seafloor and water bottom, 

it is possible to reduce the total cost compared with that of the conventional acoustic sounding 

measurement. 

In response to a question from a participant, they explained that the ellipsoidal level is used as 

the datum for ALB, and measurements of the water surface position are performed at the same time in 

reference to ALB survey data. 

 

Mr. Yoshihiro Matsumoto, JHOD, reported his study of satellite derived bathymetry (SDB). His 

presentation is shown in Annex 4-6. Considering that SDB is an efficient survey method for very 

shallow waters that allows for shorter survey periods, less use of survey vessels, and lower cost, he 

summarized the application of SDB to tsunami simulation and highlighted the following points: 

- Rapid and low-cost methodology for unsurveyed or poorly surveyed areas. 

- Even density of soundings, like in a digital elevation map, up to grid sizes of 1.8 m. 

 

 

6. Session 4: Public Awareness and Collaboration for Disaster Management 
 

Dr. Anawat Suppasri, International Research Institute of Disaster Science (IRIDeS), Tohoku 

University, Japan, gave a presentation on public awareness and collaboration for disaster management, 

as shown in Annex 4-7.  

He introduced the lessons learned from previous disasters such as the 2004 Indian Ocean Tsunami, 

2011 Japan Tsunami, and the storm surge caused by Typhoon Haiyan in 2013. He said that the key 

topics to address are the importance of understanding the generation mechanism of each disaster, the 

necessity of preparing for unexpected event and creating more accurate hazard maps considering 

uncertainty, and problems during an evacuation. The lessons learned and experiences of a disaster 

could result in reduced damage in future disasters. After reviewing some examples of successes and 

failures in the evacuation and emergency response in the case of the 2011 Japan Tsunami, he 

introduced a collaboration among Tohoku University, tsunami-affected areas, local governments, and 

local media to overcome these failures. 

In response to a question from a participant, he explained that the participation rate of the local 

community in the tsunami evacuation drill conducted by a local municipality in Tohoku is now around 

30%. 

 

 

7. Session 5: Survey of Coastal Information 
 

In this session, Mr. Takaya Ishizuka and Ms. Shiori Tamagami, PASCO Corp., presented case 

studies of natural disasters and remote sensing based on some earthquake, volcano, landslide, typhoon, 

and flood disasters. Their presentation is shown in Annex 4-8. They showed the effectiveness of 

remote sensing technology for understanding the damage caused by a disaster. In the 2011 Japan 

Tsunami, they detected floating objects in TerraSAR-X imagery acquired on March 13. Regarding the 

storm surge due to Typhoon Haiyan in Philippines in 2013, the damage analysis results and three-
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dimensional elevation model data obtained using airborne LiDAR were provided to experts on a Japan 

International Cooperation Agency (JICA) project team to consider a reconstruction plan and 

countermeasures against a future disaster. The JICA project team also created a 1/5,000 scale base map 

from the high-resolution optical satellite image data. They introduced their experience in a field survey 

of the extent of damage in the Philippines, from which local people said they would have evacuated if 

they had been informed of the possible incursion of a tsunami-like surge. 

 

 

8. Session 6: Case Studies in Japan 
 

Mr. Satoshi Nagasaki and Mr. Naoto Takenoya, Kamakura City, Kanagawa Prefecture, Japan, 

provided examples of a TIM made by a local municipality in Japan. Their presentation is shown in 

Annex 4-9. Kamakura City has experienced several huge tsunami disasters in the past. After the 2011 

Japan Tsunami, the city reviewed its countermeasures for tsunamis. Inland relocation of important 

buildings such as fire stations and schools was planned; however, countermeasures for the structural 

base are limited. Kamakura City has conducted various activities including publishing a booklet on 

disaster preparedness containing TIMs; installing signs to indicate elevation above sea level, 

evacuation sites, and evacuation routes along streets; and conducting tsunami evacuation drills with 

the local community. For tsunamis, the city has built a basic concept of Jijo Kyojo, which means “self-

help and help each other” in Japanese. 

In response to questions from participants, Mr. Nagasaki explained that the city has requested 

local residents be the first to evacuate because this attitude could lead to the evacuation of visitors 

including foreigners. He also noted that education including drills will be important for maintaining 

public awareness of tsunamis. 

  

Mr. Takafumi Hashimoto, JHOD, discussed JHOD activities pertaining to TIMs for harbors and 

coastal areas. His presentation is shown in Annex 4-10. JHOD provides TIMs in the harbors and 

coastal areas where it is assumed that tsunami damage will occur in the event of a large earthquake. 

The maps are based on numerical simulations of tsunami behavior using the detailed bathymetric data 

obtained by JHOD, and they are used as basic information for preparing for and responding to tsunami 

disasters. 

In his answer to a question about whether the TIMs by JHOD were intended for large ships, Dr. 

Suppasri said that the map would be useful for smaller ships, too, such as fishing boats. 

In response to a question from a participant about what action is recommended for a container 

ship or tanker, he explained that the TIMs have been published to aid such considerationsby ship 

operators and port authorities. Japanese experiences shared from the floor suggested that some studies 

on ship evacuations were attempted, and the recommended actions differed from one case to the next, 

depending on the position and operating conditions of the ship, among other factors. 

 

 

9. Session 7: Discussion of Tsunami Inundation Mapping for HOs in East Asian 
Countries 

 

Before the discussion, Mr. Norio Baba, JHOD, presented survey results from the Questionnaire 

on Tsunami Inundation Map, which JHOD administered to EAHC members before the workshop. The 

details of the survey report are shown in Annex 4-11.  

He reported that the tsunami disaster was the highest concern among eight countries in the EAHC. 

In many countries, another organization apart from the HO had the primary responsibility for 

developing TIMs, but the HO in these countries supported TIM development by providing bathymetric 

information and other assistance. All participating countries expected to improve their knowledge and 

techniques for TIM development at the workshop. 

 

To stimulate further discussion, the situation and challenges in some EAHC members were 

reported by Ltjg. Rodel Guarte, National Mapping and Resource Information Authority (NAMRIA), 

the Philippines, and Lt. Dadang Handoko, Indonesian Hydro-Oceanographic Services, Indonesia. 

Their presentations are shown in Annex 4-12 and Annex 4-13, respectively. Ltjg. Guarte noted that a 

training session by Regional Integrated Multi-Hazard Early Warning Systems for Africa and Asia 
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(RIMES) was conducted in the Philippines in 2013 by low-cost near-shore bathymetry using handheld 

GPS and sonar systems. An Internet-based Simulation Platform for Inundation and Risk Evaluation 

(INSPIRE) and Evaluation System for Computing Accessibility and Planning Evacuation (ESCAPE) 

by REIMS were also introduced. 

 

Then, Mr. Kinoshita, JHOD, facilitated a discussion by participants about how to improve 

capacity for developing TIMs in the region, categorizing the discussion points into three stages: 

preparation, information collection, and utilization. 

 

In the discussion of the preparation stage, it was found that the participants recognized the 

following through the workshop: 

1. Several activities related to TIMs have been conducted internationally, such as the 

UNESCO/IOC Tsunami Programme, the ASEAN-Japan Transport Partnership in cooperation 

with PARI, and RIMES. 

2. We need to further improve the recognition and utilization of TIMs. 

3. There are differences in national policies, legal systems, and organizational structures for 

disaster management among the countries. 

4. HOs could play an important role in many aspects of TIM development by utilizing their 

capacities, such as providing bathymetric data and coastal information and editing and 

printing TIMs. However, the role and tasks to be taken on by HOs differ among the countries 

owing to the different organizational structures and capacities of the HOs among the countries. 

 

Then, the participants discussed how we can promote international cooperation and avoid 

duplicated efforts, how we can further improve recognition, and how we can promote the TIM 

utilization. Another topic of discussion was how HO involvement in the development of TIMs in each 

country can be improved. The participants made the following comments: 

1. We should share knowledge and techniques relating to tsunamis and countermeasures 

including TIMs through capacity-building activities such as workshops, training, and 

education. 

2. Because several international activities are being conducted, duplicated efforts should be 

avoided. HOs could serve as data providers. 

 

In discussing the information collection stage, the workshop participants understood that the 

following information should be collected for TIMs: 

1. High-quality bathymetric information coupled with land elevation information for precise 

estimation of tsunami propagation and inundation area. 

2. Evacuation sites and routes and facilities essential for countermeasures against disasters that 

should be indicated on TIMs. 

3. Information to be used to identify tsunami inundation areas, such as numerical models, 

historical records of past events, and historical records of tidal observations. 

  

Then, the participants discussed the technical and governmental/legal problems faced in 

collecting this information and how HOs can contribute to the information collection. The participants 

noted the following: 

1. HOs’ Understanding of tsunamis and TIMs should be further improved. 

2. In some countries, resources of HOs are too limited to conduct a hydrographic survey of the 

entire coastal area. 

3. For TIM development, collaboration with other organizations/agencies is important, but role 

of each organization and agency should be clearly defined. 

4. Knowledge and techniques for collecting accurate topographic information should be shared 

among HOs. A representative from Singapore introduced his new method for simultaneously 

surveying coastal structures and bathymetry by using a laser scanner and multibeam 

echosounder from a survey vessel.  

 

In the discussion of the utilization stage, the participants recognized that TIMs have been used 

for several purposes, such as public awareness, and review and development of countermeasure plans. 

Then, the workshop participants discussed the problems faced in TIM utilization. It was pointed out 
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by the participants that to improve the recognition of TIMs, the awareness of the tsunami threat should 

be increased first, and then, the recognition of TIMs could be improved along with the awareness of 

the tsunami threat. 

 

 

10. Closing Ceremony 
 

The workshop was closed by Mr. Kinoshita, JHOD, as shown in Annex 5. He expressed his 

appreciation for all the speakers and participants for their active participation and cooperation in the 

workshop. 

 

--------------------------------- 
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Annex 1 

 

 

Program of the Workshop 
 

Opening Ceremony 

- Opening Address 
Vice Admiral Shigeru Kasuga, Chief Hydrographer of Japan, JHOD 

- Administration Arrangement 
Secretariat, JHOD 

- Keynote: Tsunami generation and propagation 
Dr. Kenji Satake, University of Tokyo, Japan 

 

Session 1: International Framework and Cooperation on Tsunami 

- Activities of the IOC Tsunami Program in the Pacific Region 
Mr. Tomoaki Ozaki, Senior Coordinator for International Earthquake and Tsunami 

Information, Japan Meteorological Agency 

 

Session 2: Development of Tsunami Inundation Maps 

- Guideline for Development and Utilization of Tsunami Disaster Management Map 
Dr. Takashi Tomita, Asia-Pacific Center for Coastal Disaster Research, Port and Airport 

Research Institute (APaC-CDR/PARI), Japan 

- Technical Aspects and Challenges on the Development of Tsunami Inundation Map in 
Japan 

Mr. Takashi Yanuma, PASCO Corp., Japan 

 

Session 3: Latest Technology for Bathymetric Surveys in Shallow Water 

- Coastal survey using Airborne Lidar 
Mr. Naohiro Miyasaku and Mr. Yutaka Kawamura, PASCO Corp., Japan 

- Study on Satellite Derive Bathymetry 
Mr. Yoshihiro Matsumoto, Principal Ocean Research Officer, JHOD 

 

Session 4: Public Awareness and Collaboration for Disaster Managment 

- Public Awareness and Collaboration for Disaster Management  
Dr. Anawat Suppasri, International Research Institute of Disaster Science (IRIDeS), 

Tohoku University, Japan 

 

Session 5: Survey of Coastal Information 

- Identification of Land Use and Damaged Area using Remote sensing Technology 
Mr. Takaya Ishizuka and Ms. Shiori Tamagami, PASCO Corp., Japan 

 

Session 6: Case Studies in Japan 

- Example of Local Municipality in Japan 
Mr. Satoshi Nagasaki and Mr. Naoto Takenoya, Kamakura City, Kanagawa Prefecture, 

Japan 

- Tsunami Information Map for the Harbors and Coastal Areas 
Mr. Takashi Hashimoto, JHOD 
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Session 7: Discussion of Tsunami Inundation Mapping for HOs in East Asian 

Countries 

- Report on the Survey result by Questionnaire on Tsunami Inundation Map in the 
Member Counties of EAHC 

Mr. Norio Baba, JHOD 

- Report by the EAHC member countries 
Ltjg. Rodel Guarte, National Mapping and Resource Information Authority (NAMRIA), 

Philippines  

Lt. Dadang Handoko, Indonesian Hydro-Oceanographic Services, Indonesia 

- Discussion by the WS participants 
 

Closing Ceremony 

- Closing Remark  
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Annex 2 

 

List of the Participants 
 

Bangladesh 

Mr. Anowar Hossain  

Director General (Early Warnings) 

Rural Mother & Child Health Care Society 

(RMCHCS) 

Mr. S M Rafiqul Islam 

Director General (Asia-Pacific & Oceania) 

Rural Mother & Child Health Care Society 

(RMCHCS) 

 

China 

Ms. Liwen Liu 

Surveying and Mapping Engineer 

Shanghai Chart Center  

Donghai Navigation Safety Administration 

MOT, China MSA 

 

Indonesia 

Lt. Dadang Handoko 

Staff Planning of Survey Division 

Indonesian Hydro-Oceanographic Services 

 

Japan 

Mr. Norio Baba 

Senior Liaison Officer for Hydrography and 

Oceanography, 

International Affairs Office 

Hydrographic and Oceanographic Dept.,  

Japan Coast Guard (JHOD) 

Mr. Yasuhiro Fuchita 

PASCO Corp 

Mr. Takafumi Hashimoto 

Geodesy and Geophysics Office 

Hydrographic and Oceanographic Dept.,  

Japan Coast Guard 

Mr. Tadashi Ishikawa, 

Director for Volcano Research, 

Hydrographic and Oceanographic Dept.,  

Japan Coast Guard 

Mr. Takaya Ishizuka 

PASCO Corp 

Dr. Yo Iwabuchi 

Director of Hydrographic Surveys Division, 

Hydrographic and Oceanographic Dept.,  

Japan Coast Guard (JHOD) 

 

Mr. Koji Kawai, 

Senior Officer, Geodesy and Geophysics 

Office 

Hydrographic and Oceanographic Dept.,  

Japan Coast Guard 

Mr. Shigeru Kasuga 

Chief Hydrographer 

Hydrographic and Oceanographic Dept.,  

Japan Coast Guard (JHOD) 

Mr. Yutaka Kawamura 

PASCO Corp 

Mr. Hideki Kinoshita 

Director of International Affairs Office, 

Hydrographic and Oceanographic Dept.,  

Japan Coast Guard (JHOD) 

Mr. Akihiro Kosaka 

Graduate student (Intern) 

Graduate School of Frontier Sciences,  

The University of Tokyo 

Mr. Yoshihiro Matsumoto 

Principal Officer, Ocean Research Laboratory 

Hydrographic and Oceanographic Dept.,  

Japan Coast Guard 

Prof. Yutaka Michida,  

Atmosphere and Ocean Research Institute, 

the University of Tokyo 

Mr. Naohiro Miyasaku  

PASCO Corp 

Mr. Katsumasa Miyauchi  

Senior Officer, International Affairs Office 

Hydrographic and Oceanographic Dept.,  

Japan Coast Guard (JHOD) 

Mr. Mitsugu Nagaoka 

Senior Officer, Geodesy and Geophysics 

Office 

Hydrographic and Oceanographic Dept.,  

Japan Coast Guard 

Mr. Satoshi Nagasaki 

Kamakura City 

Mr. Yoshiharu Nagaya 

Director of Technology Planning and 

International Affairs Division, 

Hydrographic and Oceanographic Dept.,  

Japan Coast Guard (JHOD) 
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Dr. Azusa Nishizawa 

Director of Ocean Research Laboratory 

Hydrographic and Oceanographic Dept.,  

Japan Coast Guard  

Mr. Mitsuhiro Numata 

PASCO Corp 

Mr. Masayuki Okumura, 

Senior Officer, Geodesy and Geophysics 

Office 

Hydrographic and Oceanographic Dept.,  

Japan Coast Guard  

Mr. Tomoaki Ozaki 

Senior Coordinator for International 

Earthquake and Tsunami Information 

Japan Meteorological Agency 

Mr. Hiroaki Saito 

Technology Planning and International 

Affairs Division, 

Hydrographic and Oceanographic Dept.,  

Japan Coast Guard (JHOD) 

Prof. Kenji Satake 

Earthquake Research Institute, 

The University of Tokyo 

Mr. Hiromichi Shirane 

Geodesy and Geophysics Office 

Hydrographic and Oceanographic Dept.,  

Japan Coast Guard 

Dr. Anawat Suppasri  

Associate professor  

International Research Institute of Disaster 

Science,  

Tohoku University 

Mr. Michihiro Suzuki 

Senior Officer, Geodesy and Geophysics 

Research Office, 

Hydrographic and Oceanographic Dept.,  

Japan Coast Guard (JHOD) 

Ms. Hitomi Takahashi 

Geodesy and Geophysics Research Office, 

Hydrographic and Oceanographic Dept.,  

Japan Coast Guard (JHOD) 

Mr. Naoto Takenoya  

Kamakura City 

Ms. Shiori Tamagami 

PASCO Corp 

Dr. Takashi Tomita 

Deputy Director of Asia-Pacific Center for 

Coastal Disaster Research,  

Port and Airport Research Institute 

Mr. Shin-ichi Toyama 

Director of Geodesy and Geophysics Office 

Hydrographic and Oceanographic Dept.,  

Japan Coast Guard (JHOD) 

Mr. Naoto Ujihara 

International Affairs Office, 

Hydrographic and Oceanographic Dept.,  

Japan Coast Guard (JHOD) 

Mr. Akio Yamamoto 

International Affairs Office, 

Hydrographic and Oceanographic Dept.,  

Japan Coast Guard (JHOD) 

Mr. Ichiro Yamashita 

Fugro Japan Co., Ltd 

Mr. Takashi Yanuma 

PASCO Corp 

 

Malaysia 

Mr. Musa Paiman 

Staff Officer Numerical Modelling 

National Hydrographic Centre 

 

Philippines 

LTJG. Rodel Guarte 

Chief Survey Officer,  

Brp Hydrographer Palma 

National Mapping and Resource Information 

Authority (NAMRIA) 

 

Republic of Korea 

Mr. Chung ho Lee 

Assistant director 

Korea Hydrographic and Oceanographic 

Agency (KHOA) 

 

Singapore 

Mr. Weng Choy Lee 

Senior Assistant Hydrographer 

Maritime and Port Authority of Singapore 

 

Thailand 

Cdr. Supasit Kongdee 

Head of Coastal Engineering Section 

Hydrographic Department,  

Royal Thai Navy 
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Annex 3 
 

 
Opening Address by  

 Vice Admiral Shigeru KASUGA,  
Director General of Hydrographic and Oceanographic Department,  

Japan Coast Guard 
 

Good morning, ladies and gentlemen. I am Shigeru Kasuga, Chief Hydrographer and Director 
General of the Hydrographic and Oceanographic Department, Japan Coast Guard. 

First, we would like to welcome you from the bottom of our hearts. 

It is a great honor and pleasure for us to host this workshop. We would like to express our 
gratitude to you for coming all the way to Japan. 

This workshop is planned and organized as a capacity-building program of the East Asia 
Hydrographic Commission using the International Hydrographic Organization Capacity Building 
Fund, and it is supported by the UNESCO Intergovernmental Oceanographic Committee Tsunami 
program. 

We greatly appreciate cordial cooperation for the workshop from the Port and Airport Research 
Institute, the Earthquake Research Institute of the University of Tokyo, the Japan Meteorological 
Agency, PASCO Corporation, the International Research Institute of Disaster Science of Tohoku 
University, and Kamakura City. 

A tsunami inundation map is an indispensable tool for reducing the damage caused by a 
tsunami or storm surge. A technique to produce a tsunami inundation map is applicable to a storm 
surge inundation map as well. A tsunami or storm surge map is a useful tool for evacuation planning, 
developing countermeasure plans, and raising public awareness of such disasters. 

In the Asian region, many disasters have occurred, such as tsunami disasters in Indonesia in 
2004 and in Japan in 2011 and the storm surge disaster in the Philippines in 2013. We must be ready 
for disasters in the future. 

To produce an inundation map, detailed bathymetry information and map compilation skills are 
necessary. Hydrographic offices that conduct hydrographic surveys and produce nautical charts for 
navigation safety can greatly contribute to the production of inundation maps in each country and 
should do so as part of their responsibility. 

The main purpose of the workshop is to improve the capacity of hydrographic offices in mainly 
East Asian countries for the development and utilization of tsunami inundation maps. This is the first 
workshop conducted with the theme of tsunami inundation map in the International Hydrographic 
Organization. 

Another theme that is no doubt important to everybody attending this workshop is to strengthen 
friendships with one another. 

Lastly, we hope that this workshop will be successful and will contribute to improving the 
capacity for disaster management in East Asia. 

Thank you very much for your kind attention. 
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Casualties from tsunami
World Disaster Report

Maldives 102
Malaysia  80

Myanmar 71

Worst tsunami disaster in history
>230,000 casualty in > 10 countries

The 2004 Sumatra Earthquake and Tsunami

5

The 2004 Sumatra Earthquake and Tsunami

About 8,000 casualties
Including Royal family member
Nearly a half were foreign tourists

Thailand

6
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The 2004 Sumatra Earthquake and Tsunami

Prof. Iemura,  Kyoto Univ.

About 60,000 casualties
(original population 260,000)

Banda Aceh, Indonesia

7

The 2011 Tohoku earthquake and tsunami

8

Sendai plain
Large inundation
~ 1 hour after eq.

Sanriku coast
High tsunami 
~ 30 min after the quake

Mainichi Newspaper

The largest earthquake in Japan’s history

The 2011 Tohoku Earthquake Tsunami Joint Survey Group

The earthquake（by Japan Meteorological Agency)
“Off the Pacific Coast of Tohoku Earthquake”
“the 2011 Tohoku Earthquake”

The disaster by Cabinet Office
“The Great East Japan Earthquake Disaster” 9

Tsunamis with > 100 fatalities in last two decades
Date Region Eq. M Max hgt, m Fatalities

2011/3/11 Tohoku, Japan 9.0 39 15,854
2010/10/25 Mentawai, Indonesia 7.8 7 431
2010/2/27 Maule, Chile 8.8 29 156
2009/9/29 Samoa 8.0 22 192
2006/7/17 Java, Indonesia 7.7 21 802
2004/12/26 Sumatra, Indonesia 9.1 51 226,898
1999/8/17 Kocaeli, Turkey 7.6 3 155
1998/7/17 Papua New Guinea 7.0 15 2,205
1996/2/17 Irian Jaya, Indonesia 8.2 8 110
1994/6/2 Java, Indonesia 7.8 14 250
1993/7/12 Hokkaido, Japan 7.7 54 208
1992/12/12 Flores, Indonesia 7.8 26 1,169
1992/9/2 Nicaragua 7.7 10 170

NOAA/NGDB
10

Tsunami Generation and Propagation

11

Outline

1. The 2004 Indian Ocean and 2011 Tohoku tsunamis 

2. Tsunami generation by earthquakes

3. Tsunami propagation and computer simulation

4. Tsunami observation (instrumental, historical, geological)

5. Tsunami hazard maps

12
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Tsunami Examples

NOAA/NGDC Tsunami Event Catalog
13

The 2011 Tohoku Earthquake

11 March Tohoku Eq.

• Interplate earthquake due to 
subduction of Pacific plate 
at 8 cm /year  or  8 m / century

• Largest size (M=9.0) in Japan’s 
history

14

GPS data and slip distribution

GSI  (2010, 2011)

Eastward rebound on March 11Westward motion in 1998-2000

About 1,300 GPS stations monitor the movement of Japan

Slip deficit
(stored strain)

Coseismic slip
(released strain
during earthquake)

15

Sato et al. 
(Science 2011)

Max observed slip:  24 m horizontal
3 m  vertical

Max slip on fault (estimated):   > 50 m

16

Seafloor displacement

Repeated bathymetry sounding: ~ 50 m offset

Fujiwara et al. (Science 2011)

Seafloor displacement
(cross-section)

17

Earthquake Size

A=1000
M=8

A=100
M=7

A=10
M=6Surface Wave Magnitude𝑀௦ = logଵ ் + 1.66 logଵ ∆ + 3.5 

Moment Magnitude𝑀௪ = (logଵ𝑀0 − 9.1)/1.5 
Seismic moment 𝑀0 = m u  L  W

m : rigidity (elastic constant) 

18
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Fault Parameters

Seismic moment Mo = m u  L  W
m : rigidity (elastic constant) 

Moment magnitude  Mw = (log Mo - 9.1 ) / 1.5
19

d=60°

dip-slip fault

d=30°

d=90°

 buried fault 
 d=30°

Vertical Deformation due to Reverse Fault
Large uplift above fault plane
Small subsidence in the left
(hanging wall) side

Large uplift above fault plane
Small subsidence in the right
(foot wall) side

Uplift = Subsidence

No discontinuity

20

strike-slip fault

dip-slip fault
d=30º

vertical comp horizontal comp.

Crustal Deformation due to Faulting

21

Crustal Deformation for the 1923 Kanto eq.

Kanamori and 
Ando (1973)

obs. data

model

horizontal comp.vertical comp

22

Seafloor deformation

Uplift

Subsidence

23

Outline

1. The 2004 Indian Ocean and 2011 Tohoku tsunamis 

2. Tsunami generation by earthquakes

3. Tsunami propagation and computer simulation

4. Tsunami observation (instrumental, historical, geological)

5. Tsunami hazard maps

24
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Tsunami Speed is Faster in Deeper Ocean

800 km/h 250 km/h 110 km/h 36 km/h

25

Phase velocity of gravity wave is

(1) When l/ 2p >> d (wavelength>> depth)
tanh x ~ x, so 

The velocity depends only on depth.
The particle motion is basically horizontal. 
This is called shallow water-wave. 

(2) When l/ 2p ~ 2 d  (wavelength ~ depth)
tanh x ~ 1, so

The velocity shows dispersion (longer wave travels 
faster than shorter wave).

Particle motion is circular, and decays with depth.
This is called deep-water wave.

Tsunami is a Gravity Wave

c gd

2
g gc
k

l
p

 

1 1
2 22tanh tanh

2
g g dc kd
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p l
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x → 0 x→ p

sinh x x ex / 2

cosh x 1 ex / 2

tanh x x 1

For tsunami,

l ~ 100 km (seafloor deformation)
d ~ 5 km     (Pacific Ocean)
Because l >> d, tsunami can be 
treated as shallow-water (long) wave 

The velocity:   

g:  gravitational acceleration
d:  water depth

Tsunami is a Shallow Water Wave

28

Long-wave   (l >> d)

Eq. of motion (momentum conservation)

Eq. of continuity (mass conservation)

Tsunami is a Shallow Water Wave

  f
V V V g h C
t d h


     

 
V V

    d h
d h
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V

Linear Long-wave   (l >> d. h<<d, no bottom friction))

Eq. of motion

Eq. of continuity
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Wave eq.

Wave velocity c gd
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Finite-difference Computation

30
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Tsunamis in Uniform and Sloping Seafloor

31

Finite Difference Computation

Boundary Conditions

Offshore Boundary
Transmission 

Land Boundary
No inundation

velocity (flux) = 0

Inundation
Moving boundary

Flux 
Total depth
Weir formula

32

Topography/Bathymetry data

Offshore:   coarse grid (a few km)

Near coast:  fine grid (a few to a few tens of m)

Water height

Velocity (flux)

33

March 11, 2011 tsunami

Iwate 

Miyagi 

Fukushima 

34

Sendai plain
Large inundation
~ 1 hour after eq.

Sanriku coast
High tsunami 
~ 30 min after the quake

Area time heights damage

Hawaii 7 hrs 5 m $ 8 million

California 12 hrs 3 m 1 death, $20 million

Chile 22 hrs 3 m $ 4 million

Indonesia 6 hrs 1 death

Effects to other countries

35

Outline

1. The 2004 Indian Ocean and 2011 Tohoku tsunamis 

2. Tsunami generation by earthquakes

3. Tsunami propagation and computer simulation

4. Tsunami observation (instrumental, historical, geological)

5. Tsunami hazard maps

36
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Tsunami Observation Systems

37

Bottom Pressure Gauges
on submarine cables

DART buoys (NOAA)GPS tsunami gaugeCoastal tide gauge

Tsunami Observation Systems

Tide Gauge Data

Univ. Hawaii Sea Level Center
Hydrographic Dept. Royal Thai Navy

Satellite Altimetry Data

Tsunami observation
Bottom Pressure Gauge
70 km offshore
1600 m water depth

Bottom Pressure Gauge
40 km offshore
1000 m water depth

41

DART buoys (NOAA)
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The 2011 Tohoku tsunami 

43

Amplitude and Wave Heights

44

Survey of Tsunami Heights

45

Past Tsunami Heights along Sanriku coast

46

The 1896 Meiji Sanriku tsunami

1896 Meiji tsunami:  22,000 casualties (more than 2011 tsunami)

M 7.2, Max tsunami height 38 m
Weak shaking but large tsunami
“Tsunami earthquake”

Width: 50 km, slip: 10 m
Near trench axis

47

AD 869 Jogan Earthquake
Nihon Sandai Jitsuroku (Chronicle of Japan)

A large earthquake in Mutsu
People, panic stricken by violent tremblings, lying on the ground
Fallen houses, wide-opened ground fissured
Roaring like thunder heard from the sea 
The sea rushed into the castle, a few hundred miles
About 1,000 people were killed

Tsunami deposit studies
Sand layer brought by tsunami
below volcanic ash (AD915)

distributed ~ 3 km
from the coast

Tsunami 
sand

Peat

To-a
AD 915

48
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The 869 deposits
Possible 869 deposits
No deposits

869 Simulation 2011 inundation

The 869 Jogan Earthquake

49

A fault model 

Satake et al. (2008)
Namegaya et al. (2010)

Ver 8.0

1896 type

869 type

Deep and Shallow Subfaults

50

Outline

1. The 2004 Indian Ocean and 2011 Tohoku tsunamis 

2. Tsunami generation by earthquakes

3. Tsunami propagation and computer simulation

4. Tsunami observation (instrumental, historical, geological)

5. Tsunami hazard maps

51

Past Tsunami in Taro, Miyako city

Before and after the 1933 tsunami 

1896 Meiji tsunami:  1867 deaths (out of 2248 residents, or 83%)

1933 Showa tsunami: 972 deaths (out of 4945, or 20%)

52

Past Tsunami in Taro, Miyako city

2011 Tohoku-oki tsunami: 230 casualties (out of 4000, or 6%)

10m high 2.5 km long breakwater around Town

1896 Meiji tsunami:  1867 deaths (out of 2248 residents, or 83%)

1933 Showa tsunami: 972 deaths (out of 4945, or 20%)

53

Tsunami hazard map  (Iwate Pref. Miyako city, Taro)
Actual inundation area in 2011

54
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Tsunami Hazard Maps (Sendai and Ishinomaki)

Central Disaster Management Council
55

The 869 Jogan earthquake

Tsunami inundation
From AD 869 and
AD 2011

Predicted 
Tsunami inundation
from earthquakes
with 99% probability 

56

57

Conclusions

1. The 2004 Indian Ocean and 2011 Tohoku tsunamis 
caused devastating damage.

2. Sources of earthquake-generated tsunamis can be 
modelled as seafloor deformation due to faulting.

3. Tsunami propagation can be modelled by shallow-water 
(long-wave) equation, and the velocity is determined by 
water depth.  Computer simulation on actual bathymetry 
is a standard method.

4. Tsunami observation system includes instrumental (sea 
level measurements, bottom pressure gauges, satellite 
altimeter) as well as historical and geological data.

5. Tsunami hazard maps need to consider infrequent large 
earthquake source. 58
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Activities of the IOC Tsunami Program 
in the Pacific Region

1

Tomoaki OZAKI
Senior coordinator for International Earthquake and Tsunami Information

Department of Seismology & Volcanology

Japan Meteorological Agency

November 25, 2015

Outline

 International tsunami warning and 

mitigation system under the UNESCO-IOC

 International Tsunami Service Providers -

Pacific Tsunami Warning Center (PTWC) 

and Northwest Pacific Tsunami Advisory 

Center (NWPTAC)

2

Outline

 International tsunami warning and 

mitigation system under the UNESCO-IOC

 International Tsunami Service Providers -

Pacific Tsunami Warning Center (PTWC) 

and Northwest Pacific Tsunami Advisory 

Center (NWPTAC)

3

4

International tsunami warning and 

mitigation system is implemented under the  

coordination of the Intergovernmental 

Oceanographic Commission of UNESCO 

(IOC-UNESCO).

Global Tsunami Source Locations

5

Confirmed tsunami source locations from 1610 B.C. to A.D.2014.
(from Pacific Tsunami Warning System – A Half-Century of Protecting the Pacific 1965-2015, by PTWS)

History of Pacific tsunami warning system

Year Events Tsunami warning system

1946

1948

1949

1952

1960

1964

1965

2004

2005

2010

2011

Aleutian Islands tsunami 

Kamchatka tsunami

Chile tsunami

Alaska tsunami

Indian Ocean tsunami

Chile tsunami

Japan tsunami

U.S. established Seismic Sea Wave Warning System 

(SSWWS).

JMA started a nationwide tsunami warning service.

USSR established Sakhalin and Kamchatka Tsunami 

Warning Centers.

ICG/ITSU and ITIC were established under IOC/UNESCO.

ICG/ITSU was renamed to ICG/PTWS .

ICG/ITSU: Intergovernmental Coordination Group for the Tsunami Warning System in the Pacific

ITIC: International Tsunami Information Center

IOC/UNESCO: Intergovernmental Oceanographic Commission of UNESCO

ICG/PTWS: Intergovernmental Coordination Group of the Pacific Tsunami Warning and Mitigation System
6
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International Tsunami Warning and Mitigation Systems

7

from UNESCO/IOC TOWS-WG Report, 26th ICG/PTWS

TOWS-WS: Working Group on Tsunamis and Other Hazards Related to Sea-Level Warning and Mitigation Systems
ICG/PTWS: Intergovernmental Coordination Group of the Pacific Tsunami Warning and Mitigation System
ICG/CARIBE: Intergovernmental Coordination Group for the Tsunami and other Coastal Hazards Warning System for the 

Caribbean and Adjacent Regions
ICG/IOTWS: Intergovernmental Coordination Group of the Indian Ocean Tsunami Warning and Mitigation System
ICG/NEAMTWS: Intergovernmental Coordination Group of the Tsunami Early Warning and Mitigation System in the North-

Eastern Atlantic, the Mediterranean and Connected Seas

ICG/NEAMTWS

8

Global Tsunami Warning System (1)

Global Tsunami Warning System (2)

9

Current and proposed Tsunami Advisory Centers

10

Pacific:
Pacfic (US), North West Pacific (Japan), 
South China Sea (China), Central America (Nicaragua)

Indian Ocean:
Australia, India, Indonesia

North-Eastern Atlantic, the Mediterranean and Connected Seas:
France, Greece, Italy, Portugal, Turkey 

Caribbean and Adjacent Regions:
Currently no specific center.
(PTWC and NTWC issues advisories instead.)

Tsunami Information Centers

11

Definition:
Centres that provide education, outreach, technical and capacity building assistance to 
Member States and the public in preventing, preparing, and mitigating measures for 
tsunamis. Among other activities, the centres manage post event performance surveys, serve 
as a resource for the development, publication, and distribution of tsunami education and 
preparedness materials and information on tsunami occurrences, and may support risk 
assessment and mitigation activities. A Tsunami Information Center has been established in 
each of the regional tsunami warning systems within the ICG framework.

Pacific:
ITIC (Hawaii, US)

Indian Ocean:
IOTIC (Jakarta, Indonesia)

North-Eastern Atlantic, the Mediterranean and Connected Seas :
NEAMTIC (Paris, France)

Caribbean and Adjacent Regions:
CTIC (Barbados)

PTWS Member States
PTWS MEMBER STATES: 46
Australia, Brunei Darusalaam, Cambodia, Canada, Chile, 
China, Colombia, Cook Islands, Costa Rica, Democratic 

Republic of Korea, Ecuador, El Salvador, Fiji, France, 
Guatemala, Honduras, Indonesia, Japan, Kiribati, Malaysia, 
Marshall Islands, Mexico, Micronesia, Nauru, New Zealand, 
Nicaragua, Niue, Palau, Panama, Papua New Guinea, 

Peru, Philippines, Republic of Korea, Russian Federation, 
Samoa, Singapore, Solomon Islands, Thailand, Timor-
Leste, Tokelau, Tonga, Tuvalu, United Kingdom, United 

States of America, Vanuatu, Vietnam

12

PTWS meeting is held every two years.
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Tsunami information flow (Example)

International Tsunami Service Providers
(PTWC, NWPTAC, IOTWS-TSPs)

13

National Tsunami 

Warning Center

International Center

Country A

National Tsunami 

Warning Center

Country B

National Tsunami 

Warning Center

Country C

E-mail, Fax, GTS

・・・

Disaster Management 

Organizations

Tsunami Advisory 
Information (for the coast)

Tsunami Warning 
(for the coast)

Residents

Evacuation order 
(for inland area)

Disaster Management 

Organizations

Disaster Management 

Organizations

ResidentsResidents

JMA
(Either Tokyo HQ or Osaka 

Sub-center)

Residents
at risk

TV broadcasting

Police, Fire 
offices

Local 
Governments

Radio Stations

Dedicated 
telephone line

Central 
Government

Loud Speakers

On TV Screen

Tsunami Warning and Evacuation Order/Recommendation (Japan’s case)

The Internet

Broadcasting 
service for 
mobile devices

satelliteFire and Disaster 
Management Agency

Municipalities are responsible for 
issuing evacuation order/advisory

14

Receivers
Radio 
communications 
system

JMAis responsible for issuing 
tsunami warning.

Tsunami warning and Tsunami inundation map

15

 Tsunami warning is issued based on coastal tsunami height prediction.

 Linkage of tsunami warning and inundation mapping is important for 

effective evacuation order/recommendation, tsunami disaster management 

planning, etc.

Tsunami warning
Tsunami Inundation map

Inundation area

Tsunami height 

on the coast

from Tsunami Glossary 2013, by UNESCO IOC

PTWS Governance
 ICG/PTWS meeting is held every two years. Last meeting, 

26th Session of ICG/PTWS, was held  in Honolulu, Hawaii, 

U.S. from 22 to 24 April 2015, just before the International 

Tsunami Symposium to commemorate the 50th Anniversary 

of the PTWS.

 Three Technical Working Groups

• Tsunami Hazard Assessment

• Tsunami Detection, Warning and Dissemination

• Disaster Management, Preparedness and Risk Reduction

 Regional Working Groups

• Central American Pacific Coast

• South East Pacific Region

• South West Pacific Region

• South China Sea Region
16

WG1: Tsunami Hazard Assessment
1. Work toward developing standards for tsunami hazard assessment model 
products and methodology to ensure model products interoperability and 
consistency for use in hazard assessment and forecast application.

2. Work with IUGG and other scientific bodies to review and report on existing 
methods for tsunami hazard assessments. Develop recommendations for IUGG and 
other scientific bodies on science gaps in hazard assessment capability.

3. Explore procedures for use of coastal inundation models, including appropriate
requirements for bathymetry.

4. Liaise with Working Groups from the other ocean basins, as well as other working 
groups within ICG/PTWS to coordinate and ensure use of data and new model 
forecast products for improvements and new development of hazard assessment 
and tsunami forecast models.

17

WG2: Tsunami Detection, Warning and Dissemination
1. Develop, coordinate and enhance operational implementation of interoperable
tsunami threat information products and services.

2. Undertake studies to determine warning requirements for seismic and sea level data.

3. Monitor and report on the performance of key observational, warning and 
communication system components.

4. Contribute to the conduct of regular exercises and communication tests of the PTWS.

5. Identify areas of priority for action following assessments, communications tests,
exercises and real tsunami events.

6. Develop and maintain relevant documentation, such as the PTWS Users Guide.

7. Provide advice to the International Tsunami Information Centre (ITIC) on educational
materials about the warning systems and services.

8. Help strengthen the capacity and capability of Member States. 18
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WG3: Disaster Management, Preparedness and Risk Reduction

1. Facilitate in collaboration with TOWS Task Team on Disaster Management and
Preparedness and organizations such as UNISDR, the exchange of experiences and
information on risk reduction and preparedness actions, and matters related to 
disaster management;

2. Promote preparedness in coastal communities through education and awareness
products and campaigns;

3. Facilitate SOP training across regions to strengthen emergency response 
capabilities of Member States and their Disaster Management Offices;

4. Develop and promote best practice preparedness material, programs and 
assessment Tools;

5. Develop and promote best practice tsunami risk reduction material, programs and
assessment tools;

6. Support the ITIC of the ICG
19

Sendai Framework for Disaster Risk Reduction 2015-2030 

Third UN World Conference on Disaster Risk Reduction, 14-18 March 2015, Sendai, Japan

Seven global targets 
a. Substantially  reduce  global  disaster  mortality  by  2030,  aiming  to  lower 

average per 100,000 global mortality between 2020-2030 compared to 2005-

2015.

b. Substantially  reduce  the  number  of  affected  people  globally  by  2030, 

aiming to lower the average global figure per 100,000 between 2020-2030 

compared to 2005-2015.

c. Reduce direct disaster economic loss in relation to global gross domestic 

product (GDP) by 2030.

d. Substantially   reduce   disaster   damage   to   critical   infrastructure   and 

disruption of basic services, among them health and educational facilities, 

including through developing their resilience by 2030.

e. Substantially  increase  the  number  of  countries  with  national  and  local 

disaster risk reduction strategies by 2020. 

f. Substantially  enhance  international  cooperation  to  developing  countries 

through  adequate  and  sustainable support  to  complement  their  national  

actions for implementation of this framework by 2030.

g. Substantially increase the availability of and access to multi-hazard early 

warning  systems  and  disaster  risk  information  and  assessments  to 

the people by 2030. 

20

Outline

 International tsunami warning and 

mitigation system under the UNESCO-IOC

 International Tsunami Service Providers -

Pacific Tsunami Warning Center (PTWC) 

and Northwest Pacific Tsunami Advisory 

Center (NWPTAC)

21

CooperationCooperation

UNESCO/IOC NOAA/NWS/Pacific Region

ICG/PTWS
・Recommendation  and

coordination of tsunami
programs most beneficial
to the Member States 

・46 members

Cooperation

Support

Organizations of Pacific Tsunami Warning System

ITIC

JMA

Northwest Pacific Tsunami Advisory Center (NWPTAC)
・Around-the-clock Monitoring of Tsunami Generation in the Northwest

Pacific Ocean
・Issuance of Tsunami Advisory

Pacific Tsunami Warning Center (PTWC)
・Around-the-clock Monitoring of Tsunami Generation in the Pacific Ocean
・Issuance of Tsunami Threat and Information

National Tsunami Warning Center
(NTWC)

・Monitoring of international
tsunami warning activities 

・Improvement of tsunami
preparedness and education

・Assist Member States with
technical transfer

22

Global seismic data network

23

 The Global Seismographic Network (GSN) is a 150+ stations, globally 

distributed, state-of-the-art digital seismic network.

 The GSN provides free, realtime and open access data through the 

Data Management Center of Incorporated Research Institutions for 

Seismology (IRIS DMC) .

 GSN data is used for international tsunami warning center to monitor 

global seismic activities.  

https://www.iris.edu/hq/programs/gsn

Global sea level data

24

 Sea level monitoring data is exchanged under the 

framework of UNESCO/IOC.

 Global Telecommunication System (GTS) of the World 

Meteorological Organization (WMO) is effectively used for 

this exchange.

http://www.ioc-sealevelmonitoring.org/map.php
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Offshore tsunami buoy data

25

Offshore tsunami buoy data deployed on the ocean is 

summarized on the website of National Data Buoy Center of 

the National Oceanic and Atmospheric Administration (NOAA).

http://www.ndbc.noaa.gov/dart.shtml

Tsunami Warning

オホーツク海沿岸

北海道日本海
沿岸北部

宮城県

岩手県

青森県
太平洋沿岸

陸奥湾青森県日本海沿岸

北海道太平洋沿岸中部

北海道太平洋沿岸東部

北海道太平洋
沿岸西部

北海道日本海
沿岸南部

8m以上

8m～2m

4m～2m
2m～1m
1m以下

8m以上

8m～2m

4m～2m
2m～1m
1m以下

8m以上

8m～2m

4m～2m
2m～1m
1m以下

データベース

量的津波
データベース
量的津波
データベース

Tsunami 
Database

Issue tsunami warning/advisory

Tsunami Advisory

Search tsunami DB 
and pick up the most 
appropriate scenario 
from the DB

Determine 
Magnitude
and Hypocenter

about 100,000scenarios

Calculate crustal deformation
for each assumed fault

Computer simulation of 
tsunami propagation

Methods of tsunami forecasting - tsunami simulation DB

26

Used by JMA, NWPTAC

Methods of tsunami forecasting – Real time tsunami simulation

27

Calculate focal mechanism
Estimate sea floor 

deformation

Numerical tsunami 

simulation

Output

Observation data may be 

used for correction.

Used by PTWC, JMA PTWC Enhanced Tsunami Products

Background:
With an increase in seismic and tidal data availability and 

quality and better numerical models, it becomes possible to 

provide more accurate forecasts of tsunami impacts in real 

time.

PTWC new Enhanced Products:
- PTWC new Enhanced Tsunami Products has been 

implemented from 1 October 2014, fully replacing the former 

products. 

- New products consists of text and graphic products, and are 

based on numerical tsunami forecast models.

28

PTWC Website

PTWC text products are available at the PTWC website.

http://ptwc.weather.gov/
29

Timeline for PTWC new product issuance

0 min.    Earthquake occurs in the Pacific region

10min.  Initial text products are issued according to the following general 

procedure. (Text only)

If the earthquake is shallow (< 100km depth) and undersea,

20min.  If the earthquake parameters (M, location, depth) change significantly, 

the appropriate supplemental text product will be issued.

40min.  After the forecast model run using earthquake’s faulting mechanism, for

events with forecast coastal amplitudes greater than 0.3m, text product 

of “Tsunami Threat Message” is issued along with graphic products. 30

6.5 =< M =< 7.0 “Tsunami Information Statement”, no tsunami

7.1 =< M =< 7.5 “Tsunami Threat Message”, a possible tsunami threat to 

coasts located within 300km of the epicenter

7.6 =< M =< 7.8 “Tsunami Threat Message”, a possible tsunami threat to 

coasts located within 1000km of the epicenter

7.9 =< M “Tsunami Threat Message”, a possible tsunami threat to 

coasts within 3 hours tsunami travel time
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PTWC Enhanced Tsunami Products
(Graphic Products)

31

 Graphic products are disseminated only to Tsunami 

Warning Focal Points for use by National Tsunami Warning 

Centers in order to minimize potential confusion and 

misinterpretation by the public.

 Details for PTWC Enhanced Tsunami Products are 

available on the following website; 
http://itic.ioc-unesco.org/index.php?option=com_content&view=category&id=2143&Itemid=2582

JMA

NWPTAC (North West Pacfict Tsunami Advisory Center)

Global Seismic Network

Sea Level Stations

Northwest 
Pacific 
Ocean

Analysis
・Hypocenter
・Magnitude
・Evaluation of Tsunamigenic 
Potential
・Tsunami Observation   etc.

Tsunami 
Bulletins

(NWPTA: Northwest Pacific 
Tsunami Advisory)

Contribute to the mitigation of 
tsunami disasters of countries around 
the Northwest Pacific Ocean

Data

Japanese Seismic Network
Pacific Tsunami Warning

Center (PTWC)

Information 
Exchange

32

Area of Service of NWPTAC

Since April 2006
(interim)

33

1993  Republic of Korea proposed at ICG/ITSU-XIV that Northwest Pacific regional 
tsunami warning center could be assumed by JMA.

1999 ICG/ITSU-XVII accepted the JMA’s proposal to establish a regional tsunami 
warning center for the Northwest Pacific at JMA.

2003 JMA submitted a report at ICG/ITSU-XIX to demonstrate its readiness for the 
operation of the center.

2004 IOC/EC-XXXVII adopted a resolution to start the services of the regional
center at JMA by March 2005.

2005  JMA initiated the operation of NWPTAC.

2006  JMA started the interim service for the South China Sea region.

34

History of NWPTAC

(1) The Northwest Pacific Tsunami Advisory (NWPTA) is issued when the NWPTAC

detects occurrence of an earthquake of magnitude 6.5 or greater in its coverage 

area (see the bottom figure), which includes the northwestern and a portion of the 

southwestern Pacific and, on an interim basis, the South China Sea regions.

(2) When the NWPTAC receives reports of tsunami observations, the tsunami 

observational data is presented in the subsequent NWPTA messages as 

necessary.

(3) When the location and magnitude of the earthquake are re-estimated using 

seismic data subsequently obtained and/or an unexpectedly significant tsunami is 

observed, further NWPTA is issued to revise the previous advisory. 

35

Geographical coverage, timing and criteria for NWPTA issuance 

NWPTA contains:

(1) Earthquake information

(2) Tsunami-genic potential of the earthquake

(3) Estimated tsunami arrival times and heights

(4) Observed tsunami arrival times and heights

Date and time: Universal Time Coordinated (UTC)

Expected tsunami arrival times and heights are estimated

by pre-calculated simulation database.

36

NWPTA contents (1)
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Earthquake Information

Origin time

Epicenter (latitude and longitude) 

Name of geographical area

Depth (only for the earthquake at a depth of

100 km or deeper)

Magnitude

Earthquake parameters in NWPTA and PTWC bulletin 

are coordinated to harmonize with each other.

37

NWPTA contents (2)

Tsunami-genic Potential

Tsunami-genic potential is evaluated according to the magnitude of the earthquake.

M>7.8 Possibility of a destructive ocean-wide tsunami

7.8>M>7.5 Possibility of a destructive regional tsunami

within 1,000 km of the epicenter

7.5>M>7.0 Possibility of a destructive local tsunami

within 100 km of the epicenter

7.0>M≥6.5 Very small possibility of a destructive

local tsunami

No tsunami-genic potential is applied for earthquakes occurring in 

inland areas far enough from the coast, or at a depth of 100 km or 

deeper.
38

NWPTA contents (3)

39

Forecast Points and Coastal Blocks

Assumed Fault Points

Assumed faults points: As shown in the left figure

Magnitude: 7.0, 7.5, 8.0, 8.5

Depth: 0km, 20km, 40km, 60km, 80km, 100km

40

Tsunami Simulation Database for NWPTAC

NWPTA Sample MessageWEPA40 RJTD 191353
TSUNAMI BULLETIN NUMBER 001

ISSUED BY NWPTAC(JMA)
ISSUED AT 1353Z 19 APR 2014

HYPOCENTRAL PARAMETERS
ORIGIN TIME:1328Z 19 APR 2014
PRELIMINARY EPICENTER:LAT06.7SOUTH LON155.0EAST
BOUGAINVILLE - SOLOMON ISLANDS REGION
BISMARCK AND SOLOMON ISLANDS
MAG:7.8
BY PTWC

EVALUATION
THERE IS A POSSIBILITY OF A DESTRUCTIVE REGIONAL TSUNAMI

THIS BULLETIN IS FOR
NORTH COASTS OF PAPUA NEW GUINEA
MICRONESIA
SOLOMON SEA

ESTIMATED TSUNAMI ARRIVAL TIME AND ESTIMATED TSUNAMI WAVE AMPLITUDE
NORTH COASTS OF PAPUA NEW GUINEA
LOCATION              COORDINATES  ARRIVAL TIME  AMPL
RABAUL 04.2S 152.3E 1356Z 19 APR  1M
KAVIENG 02.5S 150.7E 1443Z 19 APR  0.5M
KIETA                 06.1S 155.6E 1412Z 19 APR  1M
MICRONESIA
LOCATION              COORDINATES  ARRIVAL TIME  AMPL
POHNPEI_IS.           07.0N 158.2E 1606Z 19 APR  0.5M
KOSRAE_IS.            05.5N 163.0E 1620Z 19 APR  1M
SOLOMON SEA
LOCATION              COORDINATES  ARRIVAL TIME  AMPL
MUNDA                 08.4S 157.2E 1358Z 19 APR  1M

AMPL - AMPLITUDE IN METERS FROM MIDDLE TO CREST

HOWEVER AT SOME COASTS, PARTICULARLY THOSE NEAR THE EPICENTER, HIGHER
TSUNAMIS MAY ARRIVE THAN OUR ESTIMATION AT THE NEARBY
FORECAST POINTS
AUTHORITIES SHOULD BE AWARE OF THIS POSSIBILITY.
… 41

First Message:

Database output based on an assumed fault (tectonic)

 Text which contains both estimated arrival time and height

… basically no change to the present version

Second Message:

Real-time simulation based on a calculated fault

 Text (in the same format as First Message)

 Some graphics

Plan of NWPTAC Enhanced Products (1)

42
Changeover to the Enhanced Products is planned to be in 2018.

4-2-7



Graphic Products

Deep Ocean Tsunami 

Amplitude Forecast

Tsunami Travel Time 

Map

Coastal Tsunami 

Amplitude Forecast

43

Plan of NWPTAC Enhanced Products (2)
UNESCO IOC Tsunami Program
http://www.ioc-tsunami.org/

Tsunami Glossary 2013
http://itic.ioc-

unesco.org/index.php?option=com_content&view=article&id=1328&Itemid=1142&lang=en

Global Seismic Network
https://www.iris.edu/hq/programs/gsn

Global sea level data (IOC Sea level station monitoring facility)
http://www.ioc-sealevelmonitoring.org/station.php

Offshore tsunami buoy data (National Data Buoy Center of NOAA)
http://www.ndbc.noaa.gov/dart.shtml

PTWC
http://ptwc.weather.gov/

Details of PTWC Enhanced Tsunami Products
http://itic.ioc-

unesco.org/index.php?option=com_content&view=category&id=2143&Itemid=2582

Details of NWPTAC products
http://unesdoc.unesco.org/images/0018/001800/180097e.pdf 44

Websites

45

Thank you for your attention!
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JAPAN COAST GUARD

25-26 November 2015
Workshop on Tsunami Inundation Mapping

1 2

Contents

3

Background

 The shallower, the denser.

Multibeam surveys are less efficient for very shallow waters. (ex: < 5 m)
 Sometimes the survey boat cannot access.
 LiDAR is efficient for coastal areas, but costly and poorly available.

1. What’s SDB?

4

Several methods for depth estimation by radiation analysis

• Lyzenga’s empirical method (1978)
Uses multiple visible bands.
Applicable to variable seafloor reflectivity.

• Banny and Dawson (1983)
Uses one band only. Basic method.

• Stumpf and Holderied (2003)
Uses blue and green bands.

• Lee’s inversion method (1998, 1999, 2000)
Requires multiple bands (>5) and high resolution.
(applicable to airborne hyper spectral sensors)

Australia

France

GEBCO CookBook

1. What’s SDB?

6
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>yǌenga s͛ empirical method ;ϭϵϳϴͿ

ଵ ଵ ଶ ଶ

 �oeĨĨiĐients �͕ �͕ and �͕ are determined bǇ the reůations 
betǁeen radianĐes and depths͘

 The eƋuation Đan be eǆtended Ĩor more speĐtraů bands 
to aĐhieve more aĐĐuraĐǇ͘

1. What’s SDB?

7

Zadiance measurement

• ZadianĐe measurement bǇ sateůůite muůtispeĐtraů imagerǇ
• Water depth is derived Ĩrom the attenuation oĨ ůight
• ^maůů amount oĨ training data ;sounding depthsͿ reƋuired 

Atmospheric
scattering

Sea surface
scattering

Depth

Seafloor
reflection

Attenuation

Water
scattering

1. What’s SDB?

8

Wrocedure for producing S�B

sateůůite image

geometriĐ ĐorreĐtion

radiation ĐorreĐtion

depth estimation bǇ radiation anaůǇsis

tide ĐorreĐtion

^��

;assessment oĨ aĐĐuraĐǇͿ

'�W͕ ��M

optiĐaů propertǇ
data

training bathǇmetrǇ
data

tide data

1. What’s SDB?

9

Contents

10

Werformance &eedback  ͗precision

Horizontal precision:
• 2m locally, with HR images and dense network of control points

sertical precision:
• Up to 30й uncertainty in the 0Ͳ5m layer
• 10й average uncertainty in the 5Ͳ20m layer

Assessed from 99 satellite derived nautical charts (SHOM, 2012)

2. Expected performance of SDB

11

>yǌenga ;ϭϵϳϴͿ model performances
2. Expected performance of SDB

Ground truth (m)

12
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�vailable Satellites for S�B 

'round 
resolution

�vailable visible bands

LandsatͲ8 30 m 4
ALOSͬAsE/RͲ2 10 m 3 (Blue, Green, Red)
SWOTͲ6ͬ7 8 m 3 (Blue, Green, Red)
/<OEOS 3.28 m 3 (Blue, Green, Red)
WleiadesͲ1A,1B 2.8 m 3 (Blue, Green, Red)
YuickBird 2.44 m 3 (Blue, Green, Red)
WorldsiewͲ2 1.84 m 6 (Coastal, Blue, Green, zellow, Red, Red Edge)

2. Expected performance of SDB

13

Werformance Shortcomings

Bottom investigation remains incomplete:
Features not always detected andͬor difficult to determine

Depth of penetration: 20m on average, exceptionally 
30m
Difficult or impossible to detect and measure 2m obũects at 40m 

depth (SͲ44 order 1a)

Ground control (Control points Θ Control survey lines):
/ndispensable and relatively costly.

(SHOM, 2012)

2. Expected performance of SDB

14

Costs of surveys per sƋ͘ km

LiDAR
Average: 1,500 to 2,000 euros
Greatly variable.
Depends on survey and quality of postͲprocessing

MBES
Average: 1,000 to 2,400 euros
Up to 10 times these figures in the worst cases

Satellite
25 to 45 euros
(depends on quality of product)

(SHOM, 2013)

2. Expected performance of SDB

15

Contents
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guiding Đommittee

&rameǁork of S�B study &zϮϬϭϰͲϮϬϭϲ

granted

sponsored

Đoůůaboration

bathǇmetriĐ data

нacademic advisers

3. Our study on SDB

17

torldsieǁͲϮ launched Kct  ͘ϮϬϬϵ

• ϴ speĐtraů bands 
6 visibůe bands͗ Đoastaů͕ bůue͕ green͕ Ǉeůůoǁ͕ red͕ red edge
NIZ͕ NIZ2

• 1͘ϴm ground resoůution

;�igitaů'ůobe͕ 2010Ϳ

3. Our study on SDB

18
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S�B �nalysis eǆperiment  ͗,ateruma /s͕͘ Kkinaǁa

,ateruma Isůand͕ Kkinaǁa
• Image on 1ϴ MaǇ 201ϯ
• Worůdsieǁ-2

• 15 km ǆ ϴ km
• ^andǇ and Đoraů seabed

3. Our study on SDB

19

>i��Z data for training and validation

,ateruma Isůand͕ Kkinaǁa
• ^urveǇed &eb 2015 bǇ ��MI>
• 2 m ǆ 2 m densitǇ

• hp to 25 m depth

3. Our study on SDB

20

LiDARSDB

'enerated S�B

�epth;mͿ
Ϯϱ

Ϭ

• All six visible bands are applied to the analysis.
• Estimation looks saturated at approx. 13 m depth. 

3. Our study on SDB

21

�rror assessment

�omparison oĨ depths �rror-depth reůation

�epth oĨ ground truth ;mͿ
• Colour pattern: frequency of estimated depth

(0.5 m x 0.5 m interval) 
• Black line: average of estimated depth for z 0.5 m
• Red lines: 95й C/ of estimated depth for z 0.5 m

�epth oĨ ground truth ;mͿ

• Black line: average of error for z 0.5 m
• Blue lines: 95й C/ of error for z 0.5 m

3. Our study on SDB

22

Sattelite /mage >i��Z S�B

Sattelite /mage >i��Z S�B

Comparison of reproduced topography

23

3. Our study on SDB

1

2

3

4

5

dopography is ǁell reproduced visually͘dopography is ǁell reproduced visually͘

Conclusion  ͗application of S�B to tsunami simulation

Multibeam survey is inefficient due to narrow swath width.
 Sometimes the survey boat cannot access.

24
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TSUNAMI
[The Great East Japan 
Earthquake 2011]

Earthquake Volcano Landslide Typhoon Flood 日本語

© PASCO CORPORATION 1

TSUNAMI
[The Great East Japan 
Earthquake 2011]

Earthquake Volcano Landslide Typhoon Flood 日本語

Case Studies of Natural Disaster 
and 

Remote Sensing
Earthquake, Volcano, Landslide, Typhoon and Flood

© PASCO CORPORATION 2

TSUNAMI
[The Great East Japan 
Earthquake 2011]

Earthquake Volcano Landslide Typhoon Flood 日本語

PASCO’s Capability of gathering geospatial information

© PASCO CORPORATION 3

31
Satellites’ data 
distributorship
In Operation：22

Archives available：31

3
Satellite Signal 
Receiving Facilities 
(Ground Stations)

62
Equipment's for aerial survey
28 Digital optical cameras
20Analog cameras 

14Sensors (optical & LIDAR)

33
Dedicated measuring vehicles

45
Water body measuring equipment

45
Aircrafts for 
aerial surveys

TSUNAMI
[The Great East Japan 
Earthquake 2011]

Earthquake Volcano Landslide Typhoon Flood 日本語

TSUNAMI
3.11The Great East Japan Earthquake

© PASCO CORPORATION 4

TSUNAMI
[The Great East Japan 
Earthquake 2011]

Earthquake Volcano Landslide Typhoon Flood 日本語

© PASCO CORPORATION

72hoursin Disaster
According to the "rule of threes” 72 hours is tolerance limit to survive. 

What PASCO has done in 72 hours?

5

TSUNAMI
[The Great East Japan 
Earthquake 2011]

Earthquake Volcano Landslide Typhoon Flood 日本語

3.11¦ What PASCO has done ?

Earthquake&Tsunami
• Initial damage area analysis 

with Satellites data
• Airborne survey with Aerial 

Photography 

Reconstruction
• Aerial Survey
• Heli-Photographing
• Mobil Mapping 

System

Restoration
• City planning
• Mapping

Within 52 hours

Until 6 months

For the future

SAR images of 
flooded area 
estimation 
(TerraSAR-X)

3.11 14：46
Quake occurred

© 2015 DLR,  Distribution Airbus DS / InfoterraGmbH, Sub-Distribution [PASCO]
© PASCO CORPORATION 6
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TSUNAMI
[The Great East Japan 
Earthquake 2011]

Earthquake Volcano Landslide Typhoon Flood 日本語

The First 72Hours ¦ What PASCO has done? 

© PASCO CORPORATION

Quake & Tsunami 24 Hours 48 Hours 72 Hours

March 11  14:46pm March 12 March 13 March 14

Order Tasking First Satellite data 
acquisition after 

the quake

Continuous  
observation by 

satellitesInitial analysis of 
basic geospatial 
data

Estimated seismic 
intensity 
distribution map
3/12 10:30

Extracted Area 
elevation under 
10m 
3/12 1:05 pm

Tsunami-Flooded 
area estimated 
map, Miyagi 
Coastal line
3/13 6:00 pm

Preparing archive 
geospatial 
information;
• Satellite 

images
• Aerial 

photos
• Population
• Elevation 

data

DownlinkUplink

Estimated 
flooded area 
map

Interpretation 
of the 
suspended & 
floating 
objects

52 Hours

The 72 hours for first motion in disaster is the key  

7

TSUNAMI
[The Great East Japan 
Earthquake 2011]

Earthquake Volcano Landslide Typhoon Flood 日本語

•Post the flood area 
analysis

13-Mar 6:00 pm 

•Get Satellite Image

13-Mar 6:00 am

•Collect Archive Data

12-Mar

•Tasking Request to 
Satellite

11-Mar 3:30 pm

•Quake & Tsunami

11-Mar 2:46 pm

TSUNAMI flood area analysis within 52hours

© PASCO CORPORATION

The automatic extraction by the differential analysis was conducted utilizing the SAR satellite images acquired 
pre- and post-eartquake. On the observation day, the estimated flooded area, around Ishinomaki city, Miyagi 
and the Sendai airport, was quickly extracted and maps were created.

52 Hours 
since the quake

SAR satellite 
image before 
the quake as of 
Oct. 21, 2010

SAR satellite 
image after 
the quake as 
of March 13, 
2011

Difference 
Extraction with the 
SAR images shows 
flood area by 
Tsunami 8

TSUNAMI
[The Great East Japan 
Earthquake 2011]

Earthquake Volcano Landslide Typhoon Flood 日本語

24 to 48 hours after the quake

© PASCO CORPORATION

Satellite emergency 
photography

Hypothesis map of 
the damage area by 
the tsunami 

9

TSUNAMI
[The Great East Japan 
Earthquake 2011]

Earthquake Volcano Landslide Typhoon Flood 日本語

Extraction of floating objects on the sea
PASCO detected floating objects from TerraSAR-X imageries acquired 
on Mar. 13. Tsunami rubble on the sea was identified.

▲Tsunami rubble on the sea (pink)

© PASCO CORPORATION

▼Funakoshi Bay 
(March,2011)

▲ Otsuchi Bay 
(March,2011)

▼HirotaBay 
(March,2011)

▲ KesennumaBay 
(March,2011) 10

TSUNAMI
[The Great East Japan 
Earthquake 2011]

Earthquake Volcano Landslide Typhoon Flood 日本語

Reconstruction¦ Detail survey with Aerial 
photography 

© PASCO CORPORATION

After releasing flights 
restriction end of March, 
PASCO has conducted aerial 
photography over Iwate and 
Miyagi prefecture at own 
cost, and opened the 
information to the public. 

11

Flight Plan around the 
disaster-stricken area by 
PASCO
March - April, 2011

TSUNAMI
[The Great East Japan 
Earthquake 2011]

Earthquake Volcano Landslide Typhoon Flood 日本語

Flooded area GIS polygon datawithin 1 week

Satellite data
194scenes
= 560,000㎢

TerraSAR–X

40scenes：
60,000㎢

RapidEye

40scenes：
237,160㎢

SPOT-5

9scenes：
32,400㎢

ALOS

44scenes：
215,600㎢

WorldView-1, -2

61scenes：
19,764㎢

Analyze of 
flooded areas Out put the map

Calculating 
the flooded area

Convert to
ＧＩＳdata

Sincethe earthquake had happened, 
the total 50of professional engineers
took part in from all over the country

© PASCO CORPORATION 12
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TSUNAMI
[The Great East Japan 
Earthquake 2011]

Earthquake Volcano Landslide Typhoon Flood 日本語

Reconstruction ¦ Before/After the TSUNAMI (MMS)
At implementation of the emergency countermeasures, more 
detailed information has been demanded. PASCO collects the 
information by Mobile Mapping System (MMS) equipped with 
high precision GPS. 

Ishinomaki City

© PASCO CORPORATION 13

Before After

Nov.2008 April. 2011

TSUNAMI
[The Great East Japan 
Earthquake 2011]

Earthquake Volcano Landslide Typhoon Flood 日本語

Reconstruction ¦ Detail Survey with Heliborne
photography (PALS)

Onagawa Town （photographed on Mar. 29)

© PASCO CORPORATION

This in-house developed emergency 
helibornephotographing system 
enables us to assess the condition of 
the captured area immediately after 
imaging, recording the position and 
orientation of the objects at every 
shutter release.

14

TSUNAMI
[The Great East Japan 
Earthquake 2011]

Earthquake Volcano Landslide Typhoon Flood 日本語

© PASCO CORPORATION

Japan

PASCO develops many projects of restoration 
city planning  with utilizing geospatial 
information technology in order to accelerate 
the restoration in the stricken area of the 
Great East Japan Earthquake.  

GIS, Organizing  of geospatial information

Research & Planning, Surveying

CM・PM, Land readjustment

Restoration ¦  Construction Management

15

TSUNAMI
[The Great East Japan 
Earthquake 2011]

Earthquake Volcano Landslide Typhoon Flood 日本語

Restoration ¦  Construction Management

© PASCO CORPORATION 16

Reconstruction Grant Projects & City Planning by Construction Management(“CM”),Project 
Management (“PM”)
PASCO offers integrated coordination services of projects included research, surveying, designing, construction and supporting 
of public announcement in place of administration of local authorities.

Otsuchi Town, IWATE
Organized Joint Venture：Maeda Corp., JDC Corp., Nittoc

Corp., PASCO Corp.,  OYO Corp. 
Construction Term         ：2013 -

ＣＭ

KesennumaCity, MIYAGI
Organized Joint Venture ：Shimizu Corp., Nishimatsu Corp., 

Okumura Corp., PASCO Corp., 
Asia Air Survey Co. Ltd. 

Construction Term          ：2013 -

South SanrikuTown, MIYAGI
Organized Joint Venture ：Pacific Consultants, Land Brains 

Co., NakaniwaSurvey & 
Consultant Co.,PASCO Corp.

Construction Term ：2013 -

ＰＭ

Research & Planning, Surveying

CM・PM, Land readjustment

GIS, Organizing  of geospatial information

ＣＭ

TSUNAMI
[The Great East Japan 
Earthquake 2011]

Earthquake Volcano Landslide Typhoon Flood 日本語

Restoration ¦  Construction Management

© PASCO CORPORATION

City Planning projects in restoration land readjustment  for the stricken city area
The project is to reorganize city infrastructure by land readjustment after the 
earthquake with improving efficiency of land use.

© PASCO CORPORATION 17

Research & Planning, 

Surveying

CM・PM, Land readjustment

GIS, Organizing  of geospatial 

information

Shin Hebita, IshinomakiCity, MIYAGI
Construction Term： 2011 -

Northern Gamou, Sendai City, MIYAGI
Construction Term ： 2012 -

Source: Ishinomaki city website 

Source: Sendai city website 

TSUNAMI
[The Great East Japan 
Earthquake 2011]

Earthquake Volcano Landslide Typhoon Flood 日本語

Restoration ¦  Construction Management

© PASCO CORPORATION© PASCO CORPORATION

Land lot Info.
Info. of habitat 

selection

A parcel of land 

Damage Status

DM・Ortho

Restoration GIS

Introduction of “Restoration GIS”: City planning with utilizing geospatial information and GIS
Integrated information management via GIS for; habitat selection, land lot bargaining, land 
ownership, construction data-linking. This contributive “Restoration GIS” encourages discussion and 
dialogue between residents and authorities in the midst of developing restoration projects.

18

Research & Planning, Surveying

CM・PM, Land readjustment

GIS, Organizing  of geospatial 

information

Yamada Town, IWATE
Construction Term：2012 -

OnagawaTown, MIYAGI
Construction Term： 2012 -

4-8-3



TSUNAMI
[The Great East Japan 
Earthquake 2011]

Earthquake Volcano Landslide Typhoon Flood 日本語

CaseofEarthquake

© PASCO CORPORATION 19

TSUNAMI
[The Great East Japan 
Earthquake 2011]

Earthquake Volcano Landslide Typhoon Flood 日本語

Earthquake ¦ Qinghai, China

© PASCO CORPORATION

On April 14, 2010, at 7:49 
(local time, UTC: Apr. 13, 
23:49), a magnitude 6.9 
earthquake hit Qinghai Sheng 
Yushu near the Tibetan 
Autonomous Region in China. 

C

© 2015 DLR,  Distribution Airbus DS / InfoterraGmbH, Sub-Distribution [PASCO]

20

(A) Right after 
the quake

(B) 1 month 
later the quake

RED

CYAN

A

B

TSUNAMI
[The Great East Japan 
Earthquake 2011]

Earthquake Volcano Landslide Typhoon Flood 日本語

Earthquake ¦ Haiti

© PASCO CORPORATION

On January 12th, 2010 at 16:53, 
(UTC 21:53) an earthquake of 
Richter scale 7.0 hit the 25km 
west-south-west of the capital, 
Port-au-Prince, in the Republic 
of Haiti according to the 
announcement by United States 
Geological Survey (USGS). 
Such a large earthquake never 
occurred in the area since 1860. 

21

13 Oct., 2009 20 Jan., 2010

Before the 
quake: 
2008/09/29  
(IKONOS)

After the quake: 
2010/01/13  
(Geoeye-1)

Collapsed 
Roof

TSUNAMI
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Earthquake 2011]
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Earthquake ¦ The Iwate-Miyagi Nairiku
Earthquake 

© PASCO CORPORATION

Around 8:43 on June 14, 
2008, an inland 
earthquake of magnitude 
7.2 occurred in south of 
the Iwate Prefecture, 
Japan. 

July 8, 2008

July 30, 2008

© 2015 DLR,  Distribution Airbus DS / InfoterraGmbH, Sub-Distribution [PASCO]

RED

CYAN
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CaseofVolcano

© PASCO CORPORATION 23
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Volcano ¦ New Island “Nishinoshima”
Since November 20, 2013, PASCO 
has been observing a newly 
emerged island near Nishinoshima
by satellites.Theinitial size was
about 200 meters long, and the 
island is now larger than the pre-
existing island.

© PASCO CORPORATION

2013年11月30 日 2013年12月14 日 2013年12月24 日 2014年1月5日 2014年1月16 日 2014年1月29 日 2014年2月18 日

© 2015 DLR,  Distribution Airbus DS / InfoterraGmbH, Sub-Distribution [PASCO]
24

© 2015 CNES -Distribution Airbus DS[PASCO]
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Volcano ¦ Mt.ShinmoedakeEruption
Shinmoedake Volcano in Kirishima
Mountain Range erupted in a small scale 
on January 19, 2011. On January 26, at 
approx. 18:50, grayish white smoke rose 
up to 2000m above the volcano’s crater.

© PASCO CORPORATION

Before Eruption
(March 15, 2009)

After Eruption 
(November 31, 2011)

© 2015 DLR,  Distribution Airbus DS / InfoterraGmbH, Sub-Distribution [PASCO]
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Volcano ¦ MerapiVolcanic Eruption
On October 26, 2010, Mt. Merapi, Central Java, 
Indonesia, erupted for the first time in 5 years.
Merapi’scharacteristic pyroclastic flow was 
accompanied by frequent explosive eruptions. 
Due to the effects of huge quantities ofvolcanic 
products, long term damage from mud flow 
occurred.

© PASCO CORPORATION

▼ 3D Bird’s Eye View Presentation Using 
Topographical Elevation Information (SRTM: 
Shuttle Radar Topography Mission)

Red or Blue 
indicate  changes 
resulted from the 
volcanic activities

▲ Results of Dual temporal difference analysis
26
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CaseofLandslide

© PASCO CORPORATION 27
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Landslide¦ Hiroshima 

© PASCO CORPORATION

From August 19to20, the 
Chugoku region and Kyushu region 
experienced very heavy rain due 
to a front. It caused many 
damages.

The images show a 3D modeling 
captured by PALS (Portable Aerial 
photography and Locator System)

28
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Landslide ¦ Hiroshima  

© PASCO CORPORATION 29
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Landslide ¦ Analysis of River Blockages by TerraSAR-X, Nara

© PASCO CORPORATION(c)Infoterra GmbH, Distribution [ PASCO ]

■River 
Blockages
Sediment 
disaster caused a 
typhoon blocked 
roads in broad 
mountain area in 
Nara.
PASCO analyzed 
scattered road 
blocked area with 
possibilities from 
TerraSAR-X 
imageries.

30
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Landslide ¦  Asocaldera

© PASCO CORPORATION

■Analysis of sediment move

【Airborne & Optical Satellite】

■Color Composed  by TerraSAR-X 

【SAR Imagery】

A heavy rain in July, 2012 induced huge sediment disaster in Aso caldera area, Kyusyu. 
Sediment movement was tracked by Airborne system, Optical and SAR satellites imageries. 

Damage overview by Satellite Imageries;
Scattered flooded area around Asocaldera can be founded in the color composed SAR imageries.

It was difficult to grasp the damage over view in this area due to the bad weather at that time. 
However,  TerraSAR-X  captured  Asocaldera area clearly, and analysis of the damaged area was 

succeeded based on those imageries. 

© PASCO／Includes material © JAXA 

© 2012 Astrium Services / Infoterra GmbH, Distribution [PASCO] 

10
[km]

[km]
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CaseofTyphoon

© PASCO CORPORATION 32
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(c)CNES 2014,Distribution Astrium Services / SpotImage,
(c)DigitalGlobe 33

Typhoon ¦ Typhoon “Yolanda (Haiyan)”
Before After

Compare

Damaged Coconut TreesDamaged Buildings

Damage Interpretation
Totally Affected
Highly Affected
Moderately Affected

TSUNAMI
[The Great East Japan 
Earthquake 2011]

Earthquake Volcano Landslide Typhoon Flood 日本語
34

Tacloban City, Leyte

Satellite Image Sample

TSUNAMI
[The Great East Japan 
Earthquake 2011]

Earthquake Volcano Landslide Typhoon Flood 日本語

How to create the map?

35

Satellite Image

LiDAR Measurement

Field Survey Existing Data

TSUNAMI
[The Great East Japan 
Earthquake 2011]

Earthquake Volcano Landslide Typhoon Flood 日本語

36

Aircraft for LiDAR measurement

LiDAR sensor
Controlar & Disk for LiDAR

LiDAR sensor

LiDARMeasurementEquipment
* Light Detection And Ranging
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37

Depression area

DSM & DTM 3D Image Palo, Leyte

TSUNAMI
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Interpretation Result on Damaged Buildings

TSUNAMI
[The Great East Japan 
Earthquake 2011]
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- 39 -

Interpretation Result on Coconut Trees

TSUNAMI
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© PASCO CORPORATION 40
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CaseofFlood

© PASCO CORPORATION 43
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Flood ¦ Chao PhrayaRiver Basin, Thailand 
Disaster Overview

The flooding that occurred in central Thailand 
from early October 2011 caused serious 
problems in 30 out of Thailand’s 77 municipal
districts (excluding southern Thailand), gravely 
impacting 2.34 million people in over 760,000 
households (as announced by the Thai
government on October 8), with the damage 
subsequently spreading even further.

Observe Industrial Estate with Satellites

These floods are believed to have had a major 
impact on Thailand’s industrial zones, into which 
foreign companies have made considerable 
investments, as well as affecting the world 
economy.

• World well-known Japanese companies have 
industrial bases and brunches around central 
Bangkok. PASCO had observed Industrial 
estate area of Japanese companies with 
Satellites since the early phase of the flood.  

© PASCO CORPORATION © 2015 DLR,  Distribution Airbus DS / InfoterraGmbH, Sub-Distribution [PASCO]44
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Example of Local Municipality 
in Japan

Kamakura City, Kanagawa Pref.

Satoshi Nagasaki

Nov. 26, 2015

1

Z

Zaimokuza (Owned by the National Institute for Defense Studies)

(Tsunami struck up to the front of the main gate of Komyo-ji (temple))

2

The area around “Kamakura Kaihin Hotel” in Yuiga-Hama

(the area around present-day Kaihin Koen (Park)) 

(Owned by the National Institute for Defense Studies)

Kamakura Kaihin Hotel

3 The Great Buddha of Kamakura

(A picture postcard)

4

THE GREAT EAST JAPAN EARTHQUAKE
- 11th March (Fri.), 2011 14:46 JST 

- A massive earthquake of magnitude 9 (the largest earthquake 
ever recorded in Japan), off Sanriku, the Tohoku region

- Maximum JMA seismic intensity  7, Kurihara City, Miyagi Pref.

- Devastating damage by Tsunami in the greater area of the 
Pacific coast

- 9.3 m, the height of Tsunami in Soma, Fukushima Pref.

- A run-up height (at land) 40.5m, Miyako, Iwate Pref. The highest 
ever observed in Japan.

- Deceased and missing : Approximately 20,000 (90% of the 
casualties by Tsunami) 

- JMA seismic intensity 4, Kamakura City. No human damage.  
Tsunami: About 2m by visual 

5

A picture taken from the city office (11th March, 2011 15:27, Miyako city, Iwate Pref.)

(Presented by the Miyako City Office)

6
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翻訳

The Tsunami striking the fire department headquarters office of Rikuzen-Takada city

(11th March, 2011 15:27, Rikuzen-Takada city)

Presented by the fire department headquarters of Rikuzen-Takada city

7

Sea level plate (height above sea level)

8

A sign for a Tsunami evacuation building
The following signs are  placed on tsunami emergency evacuation buildings (Tsunami Evacuation 

Buildings) with which the city concluded a contract 

9

A Tsunami evacuation drill

(An elementary school in Kamakura city)

10

Tsunami countermeasure training 

in a seaside swimming area

11

A warning board of Tsunami

12
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An embedded road sheet showing a Tsunami evacuation route 

In order to secure a safe evacuation, a sheet showing a Tsunami evacuation 

route is laid on the road surface leading to evacuation facilities 

13

Tsunami Hazard Map

14

Disaster prevention information is communicated by respective agencies 

through the following routes.

All citizens are advised to evacuate without delay utilizing information 

delivered by respective agencies.

Communication Route for Disaster Prevention Information

The 

Yokohama 

Local 

Meteorolo

gical 

Observato

ry, JMA

Emergency 

Earthquake Bulletin

Epicenter/Seismic 

Intensity Bulletin 

Tsunami 

Advisory/Warning

Kamakura 

city

Kanagawa 

Pref.

TV/Radio

The Japan Meteorological Agency

http://www.jma.go.jp

Internet

The Yokohama Local Meteorological 

Observatory 

Tsunami

Warning/Advisory,

Weather 

Information,

Evacuation 

Information, etc.

E-Mail Delivery

Municipal 

Information Car

Disaster Prevention 

Administrative Radio

A

l

l

c

i

t

i

z

e

n

s

A Disaster Prevention Radio 

(a receiver for each house) 

enables broadcasts to be 

heard on the Disaster 

Prevention Administrative 

Radio

http://www.Tokyo-jma.go.jp/home/yokohama

15 16

Thank you for your attention

17
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JAPAN COAST GUARD

Tsunami Information Map
Japan Hydrographic and Oceanographic Department

Geodesy and Geophysics Office

EAHC

Nov. 26, 2015

• Backgrounds
– Earthquakes and Tsunami around Japan
– Tsunami protection measures in Japan
– The roles of Japan Coast Guard for Tsunami 

protection measures

• Tsunami information Maps for Mariners

1

Outline

www.asahi.comwww.asahi.com

• Japan has historically suffered damage from 
huge earthquakes.

• The focal regions of such huge earthquakes 
usually lie beneath the seafloor, especially on 
the side of the Pacific Ocean.

• Two oceanic plate, the Pacific plate and the 
Philippine Sea plate, move under the Eurasian 
plate. 

2

Geological Setting of Japan

Eurasian 
plate

Pacific
plate

Philippine Sea
plate

North American
plate

depth of hypocenter

Hypocenter distribution 

rebound

triggered tsunami

continental plate

oceanic trench

oceanic plate
strain accumulation

subduction
Earthquake

• Nankai Trough
– The Philippine Sea plate subucts under 

the Eurasian plate.

– The huge earthquakes caused by the 
plate subduction occur periodically, 90-
150 years interval.

– The last earthquake of Tokai area 
occurred at 160 years ago.

3

Huge earthquakes around Japan

Nankai TouNankai Tokai

• Cabinet office (Central Disaster Management Council)

– Developing the guideline for disaster prevention measures
– Establishing the assumed fault models
– Coordinating relevant ministries and agencies

• Japan Meteorological Agency
– Issuing Tsunami warning

• Municipalities
– Preparing Tsunami inundation Hazard maps and evacuation plans in the 

land area

4

Tsunami protection measures in Japan
Tsunami Hazard Map
- Usually prepared by municipalities. 
- Show the inundation area and the inundation height when predicted huge 

earthquake occurs.
- Used for making a residents’ evacuation plan.
- Usually for the only land area.

5

Tsunami Hazard Map

Copyright ©2010 River Bureau Ministry of Land, Infrastructure and Transport and Tourism, Japan. All Rights Reserved. 

More than 350 cities have 

Tsunami hazard maps. Hamamatsu city 

Legend
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6

No information in 

sea area…

Difficult to use such Tsunami hazard maps

For making 

evacuation plan, 

we need current 

speed at least… 
Tsunami Hazard Map for ships

For mariners…

• the arriving time of the first tsunami
– Should departure from or stay at the port

• the distribution of the current speed / Tsunami height / 
current direction in the sea
– Safer area in the sea

• the duration of Tsunami

7

Necessary information for making a ship evacuation plan

• To simulate of Tsunami requires both of the topographic model and 
the fault model.
– Tsunami behavior depends on the topographic feature.

• Hydrographic and Oceanographic Department, Japan Coast Guard 
has collected a plenty of bathymetric data around Japan for making 
nautical charts and managing of the territorial water.

• HOD performs hydrographic surveys in order to provide the 
bathymetric data to help the disaster prevention.

8 9

Tsunami Information Map

10

Tsunami Information Map

Inflow map

Outflow map

Time series of tsunami height, 
current speed and direction

Tsunami animation

Bathymetric data Altitude data

Grid data

Assumed Fault Models
-Tidal condition
-Higher high water level
-Datum level

Grid data+

Numerical Simulation

TsunamiInformationMap

Infromation；
– Maximum water level
– Maximum current speed and direction
– Arrival time of 1st wave

Calculation conditions；
– higher high water level

11

Inflow Map

Arrival time of 1stwave

The point of the time series

Vector of current

Water level (color map)

Fault model

4-10-2



Infromation；
– Minimum water level
– Maximum current speed and direction
– Exposed area

Calculation conditions；
– Datum level

12

Outflow Map

Exposed area

Fault model 13

Animation and Time series

Tsunami animation Time series of tsunami height, current speed and direction

14

Usages of Tsunami Information Map

15

Any questions…..?

Thank you for your attention.
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7 8

 NAMRIA has a
total of 47 tide
stations that are
distributed all
over the
Philippines

9

CURRIMAO

SUBIC
MANILA

LUBANG
LEGASPI

DAVAO

 But of the 47 tide stations,
only six (6) stations
provide near real time sea
level data to the
international organizations

 These near real time tide
stations are equipped with
Sutron Satlink Logger

10

OTT STRIP CHART WATER LEVEL RECORDER

with OTT THALIMEDES DIGITAL DATA LOGGER

11

STEVENS CHART RECORDER with

AXSYS DIGITAL DATA LOGGER
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IOC website: http://www.ioc-sealevelmonitoring.org/
14

15

Storm surge effect observed at Manila Tide Station
during Typhoon NESAT (Pedring)
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Tsunami effect observed at several tide stations
after Sendai/Tohoku Earthquake
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Annex 5 
 

 

Outcomes of the Workshop 
 

Through the workshop, we recognized the following: 

1. A tsunami inundation map is a very useful and essential tool for raising public awareness and 

developing countermeasure plans for tsunami as well as storm surge disasters. 

2. Hydrographic offices are strongly encouraged to provide high-quality coastal bathymetric 

information coupled with land elevation data, which is essential for accurately estimating 

tsunami propagation and inundation. 

3. It is important to strengthen collaboration among national organizations and agencies for 

promoting the development and utilization of tsunami inundation maps. 

 

We confirmed that hydrographic offices can play a leading role in many aspects of developing 

and utilizing tsunami inundation maps in each country. 

 

We recognized that various activities for tsunami inundation mapping are engaged in 

internationally, such as the IOC Tsunami Programme and the Asia-Japan Transport Partnership and 

the Regional Integrated Multi-Hazard Early Warning Systems for Africa and Asia (RIMES), and we 

recognized that further collaboration and active participation in international activities by each county 

should be encouraged. 

 

We agreed that further capacity-building activities on tsunami inundation mapping should be 

requested for hydrographic offices. 

 

-------------------- 
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Annex 6 
 

 

List of Acronyms   

 
ALB  Airborne Laser Bathymetry 

APaC-CDR/PARI Asia-Pacific Center for Coastal Disaster Research, Port and Airport 

Research Institute 

DEM Digital Elevation Model 

EAHC East Asia Hydrographic Commission 

ESCAPE Evaluation System for Computing Accessibility and Planning 

Evacuation of RIMES 

HO Hydrographic Office 

IHO International Hydrographic Organization 

INSPIRE Internet-based Simulation Platform for Inundation and Risk 

Evaluation of RIMES 

IOC UNESCO/ Intergovernmental Oceanographic Commission 

IRIDeS  International Research Institute of Disaster Science, Tohoku 

University 

JCG Japan Coast Guard  

JHOD Hydrographic and Oceanographic Department, Japan Coast Guard 

LiDAR  Light Detection and Ranging 

MBES Multi Beam Echo Sounder 

NAMRIA  National Mapping and Resource Information Authority 

NWPTAC Northwest Pacific Tsunami Advisory Center 

PARI Port and Airport Research Institute 

PTWC Pacific Tsunami Warning Center 

PTWS Pacific Tsunami Warning and Mitigation System 

RIMES Regional Integrated Multi-Hazard Early Warning Systems for 

Africa and Asia  

SDB Satellite Derived Bathymetry 

TIM Tsunami Inundation Map 

TDMMap  Tsunami Disaster Management Map 
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