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24th International Tsunami Symposium, July 14-16, 2009, Small Conference Hall, Dom Uchenykh (House of Scientists),  23, Morskoy Prospect, Novosibirsk, Russia

The International Tsunami Symposium (ITS) is organized by the IUGG Tsunami Commission every four years along with the IUGG General Assemblies and as a separate meeting in the interval between them. The symposium traditionally brings together from all over the world scientists and engineers specializing in the field of tsunami research to exchange information and to discuss progress in tsunami science. Since its creation in 1960 in Helsinki, Finland, at the XII IUGG General Assembly, the Commission has sponsored 23 symposia. The 2009 Symposium will be the 24th symposium in this raw and it will be exactly 20 years after the 1989 Symposium that was also held in Novosibirsk.

The scope of the 24th Tsunami Symposium covers all the basic aspects of the tsunami phenomenon, whether it be scientific, technical, social or historical. Presentations are grouped into six half-day sessions where 65 oral presentations will be given. The poster papers will be on display all three days in the area near the Small Conference Hall, thus being easily accessible during all coffee-breaks, their review will be given at the end of the Thursday afternoon session. 
The IUGG Tsunami Commission will hold its biennial business meeting on July 14, 2009 at 18:30 in the Small Conference Hall of Dom Uchenykh. All the Commission members are invited to attend it. The meeting is also open for non-voting observers.

A number of social events are planned in association with symposium and workshop. They include the Ice-breaker Reception on Monday, July 13, the Conference Dinner in the downtown restaurant “Skomorokhi” on Wednesday, July 15 and Barbecue on the bank of the Ob River in the summer resort hotel "Bylina" on Friday, July 17.

More information on the 2009 Tsunami Meetings can be found at the conference web-site http://tsun.sscc.ru/tsunami2009/.

Technical Workshop on Tsunami Measurements and Real-Time Detection,
July 17, 2009, Small Conference Hall, Dom Uchenykh (House of Scientists), 

23, Morskoy Prospect, Novosibirsk, Russia
Since 1985, the IUGG Tsunami Commission has the tradition to hold the joint technical workshops as follow-up meetings to the research symposia and the sessions of the IOC/UNESCO International Coordination Groups for Tsunami Warning Systems. In Novosibirsk, the follow-up Technical Workshop will be held on Friday, July 17, 2009 and will deal with consideration of the coastal and deep-water tsunami measurements and real-time detection. The workshop conveners are Alexander Rabinovich (IORAS, Moscow, Russia), Paula Dunbar (NGDC/WDC-GMG, Boulder, CO) and Viacheslav Gusiakov (ICMMG SB RAS, Novosibirsk, Russia). The key questions to be discussed at this Workshop are the following:

· Deep-ocean (DART and cable) tsunami measurements: experience and prospects
· Coastal tide gauge sea-level measurements: data availability and distribution

· Application of deep-water and coastal sea-level measurements in operational Tsunami Warning Service

· Database format, data collection, analysis, sharing and exchange
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PROGRAM

July 14, Tuesday. Morning Session. Invited and Keynote presentations. Conveners – Gusiakov V., Chubarov L. 
09:30 – 10:00 Opening ceremony
10:00 – 10:30 Bernard E. Tsunami science: review of the past twenty years and discussion of future challenges (invited)
10:30 – 11:00 Igarashi Y., Yamamoto M., Kong L. Anatomy of tsunamis: 1960 Chile earthquake and tsunami  (invited)
11:00 – 11:30 Coffee break

11:30 – 11:50 Dunbar P., Stroker K.  Statistics of global historical tsunamis 
11:50 – 12:10 Papadopoulos G., Daskalaki E., Fokaefs A. Tsunami intensity: a valuable parameter of multiple usefulness
12:10– 12:30 Tinti S., Armigliato A., Pagnoni G., Tonini R. On tsunami attacks on the southern Italian coasts: from hazard to vulnerability and risk
12:30 – 12:50 Zahibo N., Pelinovsky E., Yalciner A., Zaytsev A., Talipova T., Nikolkina I., Chernov A., Insel I., Dilmen D., Ozer C. The 1755 Lisbon tsunami propagation in the Atlantics and its effect in the Caribbean Sea
12:50 – 13:10 Dilmen D., Yalciner A., Zaytsev A., Chernov A., Ozer C., Insel I., Pelinovsky E., Kurkin A., Karakus H., Kanoglu U., Imamura F. Development of GIS based inundation maps; application to Fethiye town, Turkey
13:10 – 13:30 Nosov M., Kolesov S. Optimal initial conditions for simulation of seismotectonic tsunamis
13:30 – 15:00 Lunch break
July 14, Tuesday. Afternoon session. Tsunami Observation. Conveners: Bernard E., Papadopoulos G.

15:00 – 15:15 Igarashi Y., Yamamoto M., Kong L. Compilation of historical tsunami mareograms
15:15 – 15:30 Gusman A., Tanioka Y., Kobayashi T., Latief H., Pandoe W. Source model of the 2007 Bengkulu earthquake determined from tsunami waveforms and InSAR data
15:30 – 15:45 Fine I., Thomson R., Rabinovich A. Meteorological tsunamis on the Pacific coast of North America
15:45 - 16:00 Iwabuchi Y., Sugino H., Ebisawa K., Imamura F. The development of tsunami trace database in which reliability is taken into account based on the trace data on the coast of Japan
16:00 – 16:15 Kovalev P., Shevchenko G., Kovalev D., Chernov A. Records of the Simushir and the Nevelsk tsunamis in the Kholmsk port
16:15 – 16:30 Abe K. Isolation of  period component  characteristic to incident  wave from tsunamis observed at tide station
16:30 – 16:45 Coffee break

16:45 – 17:00 Rabinovich A., Thomson R., Candella R. Energy decay of the 2004 Sumatra tsunami in the Indian and Atlantic oceans
17:00 – 17:15 Rabinovich A., Stroker K., Thomson R.,  Davis E. High resolution deep-ocean observations in the Northeast Pacific reveal important properties of the 2004 Sumatra tsunami
17:15 – 17:30 Roger J., Baptista M., Hébert H. Comparison of the different proposed sources for the 1755 Lisbon tsunami: modelling in the West Indies
17:30 – 17:45 Koshimura S., Yanagasawa H., Miyagi T. Mangrove's fragility against tsunami, inferred from high-resolution satellite imagery and numerical modeling 
17:45 – 18:00 Klimenko S. Situational awareness, virtual environment and neogeography in Integrated Information System for community protection and response
18:30 – 20:00 Tsunami Commission Business Meeting 

July 15, Wednesday. Morning Session. Recent Tsunami Books Presentation and Tsunami Hazard Assessment. Conveners – Satake K., Yalciner A. 

09:00 – 09:20 Bernard E. An educational tool for a new generation of tsunami scientists (review of a new Harvard book)
09:20 – 09:40 Gusiakov V. Historical data in application to the tsunami hazard and risk assessment

09:40 – 10:00 Titov V. Progress in tsunami forecasting

10:00 - 10:20  Synolakis C., Kanoglu U. Tsunami modeling: development of benchmarked models

10:20 – 10:45 Gisler G., Weaver R., Gittings M. Calculations of asteroid impacts into deep and shallow water

10:45 – 11:00 Levin B., Nosov M. Physics of tsunamis (review of a new Springer book)
11:00 – 11:30 Coffee break  
11:30 – 11:45 Barberopoulou A.,  Synolakis C., Legg M., Uslu B. Tsunami hazard of the state of California
11:45 – 12:00 Miranda J., Baptista M., Omira R., Lima V. Mapping tsunami hazard along the Gulf of Cadiz – overview of TRANSFER and NEAREST projects
12:00 – 12:15 Kulikov E., Fine I. Tsunami risk estimation in the Tatar Strait  
12:15 – 12:30 Power W., Lukovic B. Defining tsunami coastal hazard zones that are optimized for effective warnings
12:30 – 12:45 Ranguelov B., Scheer S., Mardirosian G. Tsunami vulnerability of the natural and man-made structures for the north Bulgarian Black Sea coast
12:45 – 13:00 Kaystrenko V., Khramushin V., Zolotukhin D. Tsunami hazard zoning for the Southern Kuril Islands
13:00 – 13:15 Nicolsky D., Suleimani E., West D., Hansen R. Tsunami modeling and inundation mapping in Alaska: Validation and verification of a numerical model
13:15 – 13:30 Okumura Y., Takahashi T., Koshimura S., Harada K., Suzuki S., Gica E., Kawata Y. Long-term effects of social responses in the 1994 Mindoro Tsunami Disaster in Oriental Mindoro, Philippines
13:30 – 15:00 Lunch break

July 15, Wednesday. Afternoon Session. Tsunami Modeling. Conveners –Tinti S., Titov V.
15:00 – 15:15 Androsov A., Behrens J., Harig S., Wekerle C., Schröter J., Danilov S. Tsunami modelling with unstructured grids. Interaction between tides and tsunami waves
15:15 – 15:30 Araki T., Koshimura S. Numerical modeling of free surface flow using a lattice Boltzmann method

15:30 – 15:45 Kanoglu U., Titov V., Aydın B., Synolakis C. Propagation of finite strip sources over a flat bottom
15:45 – 16:00 Gonzalez-Gonzalez R., Sekerzh-Zenkovich S., Figueroa M. A Simple semi-analytical mechanism for generation of tsunami waves 
16:00 – 16:15 Marchuk An. Directivity of tsunami generated by subduction zone sources
16:15 – 16:30 Beisel S., Chubarov L., Khudyakova V., Shokin Yu. Some features of the landslide mechanism of the surface waves generation in real basins
16:30 – 16:45 Babajlov V., Beisel S., Chubarov L.,  Eletsky S., Fedotova Z., Gusiakov V., Shokin Yu. Some aspects of the detailed numerical modeling of tsunami along the Far East coast of the Russian Federation
16:45 – 17:00 Simonenko V.,  Skorkin N., Minaev I., Abramov A., Abramov E. Mathematical modeling of asteroid falling into the ocean 
18:00 – 23:00  Bus tip to the downtown of Novosibirsk and the Conference Dinner 

July 16, Thursday. Morning Session. Tsunami Seismotectonics, Geology and Data Analysis Conveners – Tsuji Y., Nosov M.
09:00 – 09:20 Tanioka Y., Ioki K. Tsunami analyses of great interplate earthquakes along the central Kurile subduction zone
09:20 – 09:40 Shimazaki K., Kim H., Ishibe T., Tsuji Y., Satake K., Imai K., Tomari J., Chiba T., Sugai T., Okamura M., Matsuoka H., Fujiwara O., Namegaya Y. Recurrence of Kanto earthquakes revealed from tsunami deposits in Miura peninsula, Japan
09:40 – 10:00 Tsuji Y., Tachibana T. Possibility of generation of tsunamis caused by burst of methane hydrate in the sea bed induced by shaking of earthquakes
10:00 – 10:20 Nishimura Y., Nakamura Y. Spatial distribution and lithofacies of pumiceous-sand tsunami deposits
10:20 – 10:40 Tachibana T., Tsuji Y. Tsunamigenic Miocene conglomerates formed under the upper bathyal environments in the southern part of the Chita peninsula, Aichi prefecture, central Japan
10:40 – 11:00 Kaystrenko V. The association between the Tsunami recurrence function and tsunami height distribution along the coast
11:00 – 11:20 Coffee break

11:20 – 11:35 Ivashchenko A., Lobkovsky L., Garagash I. Dynamic displacements of the sea bottom due to subduction zone earthquakes
11:35 – 11:50 Denisova A., Nosov M. Parameters of a tsunami source versus an earthquake magnitude
11:50 – 12:05 Namegaya Y., Tanioka Y., Satake K. Configuration of tsunami source in waveform inversion
12:05 – 12:20 Voronina T. The inverse problem of reconstructing a tsunami source with numerical simulation
12:20 – 12:35 Astrakova A., Bannikov D., Cherny S., Lavrentiev M.Jr. The method for finding the location of senors providing the fastest tsunami wave detection
12:35 – 12:50 Hansen R., Suleimani E., Nicolsky D., West D. Tsunami modeling and inundation mapping in Alaska: current status of the project
12:50 – 13:05 Suleimani E., Ruppert N., Nicolsky D., Hansen R. Near-field modeling of the 1964 Alaska tsunami: a source function study
13:05 – 13:20 Didenkulova I., Pelinovsky E. Abnormal amplification of long waves in the coastal zone 
13:20 – 13:35 Didenkulova I., Pelinovsky E., Soomere T. Can the waves generated by fast ferries be a physical model of tsunami?

13:35 – 15:00 Lunch Break
July 16, Thursday. Afternoon Session. Operational Tsunami Warning and Tsunami Engineering Conveners –M.Yamamoto, B.Levin
15:00 – 15:15 Baptista M., Omira R., Matias L., Catita C., Carrilho F., Toto E. Early detection of tsunamis in NEA region

15:15 – 15:30 Annunziato A., Matias L., Baptista M., Carrilho F., Ulutas E. Progresses in the establishment of the Portuguese Tsunami Warning System
15:30 – 15:45 Greenslade D., Simanjuntak M., Allen S. Modelling and forecasting for the Australian Tsunami Warning System

15:45 – 16:00 Whitmore P., Knight, W., Weinstein, S. Recent United States Tsunami Warning System improvements
16:00 – 16:15 Andreev A., Borodin R., Kamaev D., Chubarov L., Gusiakov V. Automated management-information the tsunami warning system 
16:15 – 16:30 Korolev Yu. The retrospective short-term tsunami forecast
16:30 – 16:45  Coffee break

16:45 – 17:00 Lavrentiev M.Jr., Simonov K. Energy-based analysis of tsunamigenic earthquake precursors

17:00 – 17:15 Komarov V., Korobkin A., Sturova I. Interaction between a tsunami wave and a very large elastic platform floating in shallow water of variable depth
17:15 – 17:30 Dengler L., Uslu B. Harbor modifications and tsunami vulnerability at Crescent City, California
17:30 – 17:45 Hashimoto T., Koshimura S., Kobayashi E.  Analysis of ship drifting motion by tsunami

17:45 – 18:15 Review of the poster presentations

Poster Presentations
July 14-16, Tuesday –Thursday. Conveners – B.Rangelov, A.Marchuk
Chebrov V., Droznin D., Gusev A.,  Mishatkin V., Sergeev V., Shevchenko Y., Chebrov D. Seismic network development with a view of tsunami warning system in the Far East of Russia
Chebrov V., Droznin D., Sergeev V. Seismic data collection and a processing subsystem for the tsunami warning system in the Far East of Russia
Beisel S., Chubarov L., Kit E., Levin A., Shokin Yu., Sladkevich M. Numerical modeling of tsunami near the Israeli coast
Varner J., Dunbar P. NGDC Historical Hazards Database: Standalone GIS Software Based on uDig
Fokaefs A., Novikova T., Papadopoulos G. Tsunami Risk Mapping for the City of Rhodes, Greece
Ivelskay T., Monitoring of marine hazard in the Kholmsk and the Korsakov ports, Sakhalin island
Arkhipov D., Khabakhpashev G. A new method for modeling of tsunami propagation over various submarine topography
Khvostova O., Averbukh E., Kurkin A. The cape Canaille cliff falling: hypothetic tsunami consequences estimation
Korolev Yu. An approximate method of tsunami early warning
Nosov M., Kolesov S. Numerical simulation of tsunami waves in view of phase dispersion
Frolov A., Kuzminykh I., Martyshchenko V., Shershakov V. Updating of the Russian tsunami warning system 

Maximov V., Nudner I.  Tsunami interaction with maritime works
Nikonov A. Tsunami and tsunami-like water excitations in large in land basins of Russia
Power W., Leonard G., Lukovic B., Prasetya G., Wang X. Analysis of run-up and flow-depth data from recent tsunami: can inundation be modeled empirically?
Sahal A., Roger J., Allgeyer S., Hébert H., Schindelé F., Lavigne F. The effects of the 2003 Zemmouri tsunami: database of observations in French harbors and influence of resonance effects
Sergeev V.  Measuring scales in tsunami phenomena
Shevchenko G., Loskutov A., Shishkin A. Tsunami recording in the Shikotan Island harbors (South Kuril Island)
Tinti S., Pagnoni G., Zaniboni F. Tsunamis induced by slope failures in the volcanic island of Ischia, Italy: Numerical simulations and implication on risk in the Gulf of Naples

Vikulin A., Gusiakov V., Melekestsev I., Akmanova D., Osipova N. Complex electronic database as a basis for new geodynamic methods
Technical Workshop on Tsunami Measurements and Real-time Detection

July 17, Friday. Morning session. Deep-ocean and coastal tsunami measurements. Conveners - Rabinovich A.,  Dunbar P.
09:00 – 09:20 Stroker K., Bouchard R., Eble M., Rabinovich A. High-resolution deep-ocean tsunami data retrieved from DART® Systems in the North Pacific
09:20 – 09:40 Allen A., Bouchard R., Burnett W., Donoho N., Gill S., Kohler C., Meyer R. Operational Tsunami Detection for Warnings and Research: NOAA’s Network of Offshore Tsunameters and Coastal Tide Gauges
09:40 – 10:00 Rabinovich A. Coastal and deep-ocean tsunami measurements: experience based on recent trans-oceanic events 
10.00 – 10:15 Hirata K. Recent off-shore tsunami observations in Japan: 30 years of experience

10:15 – 10:30 Greenslade D., Jarrott K. The Indian Ocean tsunamimeter network
10:30 – 11:00 Coffee break

11:00 – 11:20 Titov V. DART data for estimating tsunami magnitude during real-time tsunami forecast 

11:20 – 11:40 Weinstein S. Coastal sea level stations vs. DARTs: Competing technology or complimentary technology
11:40 – 11:55 Korolev Yu. Application of sea-level data (DART system) for short-term tsunami forecast near Russian and US coasts during 2006, 2007 and 2009 events
11:55 – 12:10 Shevchenko G., Chernov A., Levin B., Kovalev P., Kovalev D., Kurkin A., Likhacheva O., Shishkin A. Tsunami-range long-wave measurements in the area of the South Kuril Islands
12:10 – 13.30 Round-table discussion.
13:30-15:00 Lunch break. 

July 17, Friday. Afternoon session. Tsunami warning and data analysis. 

Conveners  - Weinstein S.,Gusiakov V.
15:00 – 15:20 Weinstein S.,  Kong L., Wang D. Tide Tool: Software to analyze GTS sea-level data
15:20 – 15:40 Papadopoulos G. NATNEG: building up the national Tsunami Network of Greece – present status
15:40 – 16:00 Bressan L., Tinti S., Titov V. Testing a real-time algorithm for the detection of tsunami signals on sea-level records
16:00 – 16.20 Joseph A., Prabhudesai R., Mehra P., Agarvadekar Y., Vijaykumar K. Internet based real-time detection and monitoring of tsunami using subsurface pressure gauges
16:20 – 17:00 Final discussion and Workshop closing
18:00 – 23:00 Bus trip to the “Bylina” summer resort and barbecue on the bank of the Ob river

 A B S T R A C T S

TSUNAMY SCIENCE: REVIEW OF THE PAST TWENTY YEARS AND DISCUSSION OF future challenges 
Bernard E.N.
National Oceanic and Atmospheric Administration’s Pacific Marine Environmental Laboratory (NOAA/PMEL), Seattle, United States, Eddie.N.Bernard@noaa.gov
As the Chair of the IUGG Tsunami Commission in 1989, I gave an opening address for ITS89 suggesting that the tsunami scientists could make a valuable contribution to the International Decade for Natural Hazard Reduction (1990-2000): tsunami inundation maps. Tsunami scientists have far exceeded this initial scientific goal of inundation maps by pioneering new ideas of tsunami hazard reduction through a community-based mitigation program concept. Numerous scientific accomplishments since 1989 will be reviewed through lenses of a community-based mitigation program including: 1) an assessment of the tsunami hazard for each community, 2) an appropriate mitigation strategy to minimize the impact of future tsunamis, and 3) an effective warning and education program to alert at-risk communities. 

 
Although much has been accomplished, over 250,000 lives were lost to tsunamis during the past twenty years. Further, society has great expectations that tsunami science will save lives in the future. Our grand challenge is to create new ways of making and maintaining scientific progress in an era that expects better, faster, and cheaper results. To address this need, a scientifically integrating concept, using  tsunami forecasting as a guide, will be presented as an option for the future.

ANATOMY OF TSUNAMIS:

1960 CHILE EARTHQUAKE AND TSUNAMI 

Igarashi Y.1, Yamamoto M.2, Kong L.3

1 ITIC; now with Japan Meteorological Agency, Japan, y_igarashi@met.kishou.go.jp 
2 IOC/UNESCO, Paris, France, m.yamamoto@unesco.org 
3 ITIC, UNESCO/IOC-NOAA, Honolulu, USA, l.kong@unesco.org, laura.kong@noaa.gov 
Historical tsunami sea level records help us chronicle the nature of a tsunami starting soon after it is first generated, often by an earthquake, and as it impacts coastal shores nearby and then faraway across oceans and sometimes into other basins.  Understanding how to read and interpret tide gauge and sea level mareograms to confirm a tsunami’s destructiveness is essential, and a part of the necessary standard operating procedures of every National Tsunami Warning Center.  Duty staff therefore needs to be familiar with the characteristics of tsunamis, as recorded instrumentally, in order to consistently and correctly evaluate a tsunami’s destructiveness, and at the same time, also recognize other non-tsunami signals including those related to signal integrity and instrument failure.  To build a learning database, the UNESCO’s Intergovernmental Oceanographic Commission and the International Tsunami Information Center (UNESCO/IOC/ITIC) have compiled historical sea level records from past tsunamis in order to chronicle the anatomy of tsunami in the near, regional, and far-field and from a variety of source zones around the world.  The compilation is intended to provide an interpreted reference on historical mareograms from destructive tsunamis, and is accompanied by timelines of actions and reactions by tsunami warning centers and affected countries.  The 1960 Chile earthquake, the largest in recorded history, generated a terrible tsunami that struck the Chilean coast in 15-20 minutes, Hawaii in about 15 hours, and then Japan about 22 hours later, causing damage and taking lives in each locale.  The Pacific-wide destructive event resulted in the beginning of the Pacific Tsunami Warning System in 1965.  At that time, there was no real or near-time sea level data to be able to confirm a tsunami and there was no warning system by which countries outside of Chile could be alerted that a tsunami was on its way.  This paper looks at the collected records in hindsight, and recounts how a warning center should have interpreted the records and how they would have responded if the same event had occurred today.

STATISTICS OF GLOBAL HISTORICAL TSUNAMIS

Dunbar P.1, Stroker K.2
NOAA/National Geophysical Data Center, Denver, USA,
1paula.dunbar@noaa.gov, 2kelly.stroker@noaa.gov
The National Geophysical Data Center (NGDC) global historical tsunami database includes over 2000 events that range in date from 2000 B.C. to the present. The first database table contains information on the source date, time, location, magnitude, and intensity (e.g. earthquake magnitude or volcanic explosivity index); and the tsunami intensity, magnitude, validity, and maximum water height. This table also includes detailed socio-economic information such as the number of fatalities, injuries, number of houses destroyed, and dollar damage. Where possible, the effects caused by the source are differentiated from the effects caused by the tsunami. The second database table includes information on the locations where tsunami waves were observed (e.g. runups, eyewitness observations, reconnaissance field surveys, tide gauges, or deep ocean sensors) such as the water height, horizontal inundation, time of arrival, distance from the source, and socio-economic information at the runup location. For the last five years, NGDC has been carefully examining and verifying the information in the database with the original source references. As a result, accurate statistics can now be collected on these tsunamis. For example, an examination of the database reveals that over 400 tsunamis have caused damage and 200 caused fatalities. Although the total effects are dominated by the tragic 2004 Indian Ocean tsunami, all oceans of the world have experienced fatal and damaging tsunamis. The majority of these effects resulted from regional or local tsunamis, in fact only nine tsunamis have caused fatalities 1000 km from the source. All of these originated in the Pacific Ocean, except the 2004 event. A comparison of fatal tsunamis and water heights reveals that 35% of tsunamis with >1 m maximum water heights resulted in fatalities; 60% of tsunamis with >5 m water heights caused fatalities. 
TSUNAMI INTENSITY: A VALUABLE PARAMETER 

OF MULTIPLE USEFULNESS 

Papadopoulos G.A.1, Daskalaki E.2, Fokaefs, A.3

Institute of Geodynamics, National Observatory of Athens, Greece,
1 papadop@gein.noa.gr, 2edaskal@gein.noa.gr, 3anna@gein.noa.gr
The strength of natural events, such as earthquakes, is traditionally measured since mid 19th century by intensity, a parameter which measures the event impact in a particular location. This implies that the event intensity is spatially variable and that only maximum intensity may be a measure of the event size. After the invasion of the earthquake Richter magnitude and later of the seismic moment as physical measures of the earthquake energy and size, but not of the earthquake impact, the seismic intensity still remains as a valuable parameter. A first tsunami intensity scale was introduced by Sieberg (1927), while several attempts were made further to quantify tsunamis with other or modified scales. However, some are rather magnitude than intensity scales since they do not describe tsunami impact but only physical parameter of the event, e.g. tsunami height. The most recent and detailed intensity scale proposed is that of Papadopoulos and Imamura (2001). Efforts to quantify tsunami size in terms of physical magnitude scales (Abe, 1979; Murty and Loomis, 1980) have limited application so far. We show that tsunami intensity is a valuable parameter for a number of reasons. The first is the need to quantify tsunami events and to perform statistics for hazard assessment purposes. Tsunami quantification through intensity makes realistic the investigation of relations between tsunami intensity and earthquake size, which may be useful in several applications. On the other hand, inundation maps is a popular tool which is currently in use for the description of tsunami hazard along coastal segments threatened by tsunamis. Inundation maps describe values of hydrodynamic parameters but they do not include elements of the expected tsunami impact, that is of the tsunami risk. Intensity is by definition a measure of the event impact and, therefore, tsunami intensity maps or other intensity attributes, may provide tools for the description of tsunami risk which is of particular value for risk managers. To demonstrate the multiple usefulness of tsunami intensity we examine three characteristic cases and construct intensity field of the 2004 big tsunami in the Indian Ocean, and of the large 1908 Messina strait and 1956 South Aegean tsunamis in the Mediterranean Sea. In addition, we compile a catalogue of tsunamis in the Mediterranean Sea from antiquity up to the present, quantify them in terms of tsunami intensity and perform statistics to assess repeat times of tsunami events of certain intensity range. This is a contribution to the EU FP6-2005-Global-4, Reduction of Tsunami Risks, research projects TRANSFER, contract n. 037058 and SEAHELLARC, contract n. 37004. 

ON TSUNAMI ATTACKS ON THE SOUTHERN ITALIANCOAST: FROM HAZARD TO VULNEARABILITY AND RISK

Tinti S.1, Armigliato A.2, Pagnoni G. 3, Tonini R.4
Dipartimento di Fisica, Settore di Geofisica, Università di Bologna, Italy,
1stefano.tinti@unibo.it, 2alberto.armigliato@unibo.it, 3gianluca.pagnoni3@unibo.it, 4roberto.tonini2@unibo.it
Southern Italy as a whole, and in particular Apulia, Calabria and Sicily, form one of the Mediterranean regions most exposed to tsunami attacks of local and remote origin, which makes it urgent the problem of implementing both a national and a regional tsunami warning system. In view of such implementation, but also in view of providing adequate tools for a rational and sustainable development of the coastal zones is imperative to start programs for a systematic evaluation of the tsunami hazard in the region and to adopt economically sustainable programmes to assess vulnerability to tsunami waves, and to make the consequent estimates of risk as regards objects (individual and interlinked such as single properties and  infrastructures) and human lives (people and communities). The contribution so far provided by international projects financed by the European Community (see e.g. TRANSFER) resulted in substantial progress in improving basic assessment of hazard (by increasing knowledge of tsunami sources and by testing and refining numerical tools for tsunami simulations and inundation map computations) in a number of test areas in the Mediterranean, including e.g. the Messina Straits in Italy. What is chiefly required in order to complete the work in the next future concerns the further steps of vulnerability and risk evaluation, for which standard and viable tools have to be defined. Such tools, in order to be systematically and homogeneously applied over very extended regions such as Southern Italy, an area embracing a large number of municipalities and provinces and several regions, need to be at the same time low-cost and reliable. This work provides an example of a possible approach that is yet applied to Southern Italy, but that has the aim or the ambition of a much more general applicability. 

 THE 1755 LiSBON tsunami propagation in the atlantics and its effect in the caribbean sea
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The present paper deals with the propagation of tsunami waves generated by the 1755 Lisbon earthquake in the Atlantic Ocean and its effects on the coasts of the French West Indies in the Caribbean Sea. Historical data of tsunami manifestation in the Lesser Antilles are briefly reproduced.  The mathematical models NAMI DANCE and TUNAMI N3 that solve the shallow-water equations have been applied in the computations. Three possible seismic source alternatives are selected for the 1755 event in the simulations. The results obtained from the simulations demonstrate that the directivity of tsunami energy is divided into two strong beams: one directed to the southern part of North America (Florida, the Bahamas) and another - towards the northern part of South America (Brazil). The tsunami waves reach the Lesser Antilles in 7 hrs. The computed distributions of tsunami wave height along the coasts of Guadeloupe and Martinique are presented. A calculated maximum of wave amplitudes reached 2 m in Guadeloupe and 1.5 m in Martinique. These results are also in agreement with the observed data (1.8 – 3 m). The experience and data obtained in this study show that transatlantic events must also be considered in the tsunami hazard assessment and development of mitigation strategies for the French West Indies.   
 DEVELOPMENT OF GIS BASED INUNDATION MAPS; APPLICATION TO FETHIYE TOWN, TURKEY
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The historical records show that Eastern Mediterraneann encountered numerous large earthquakes and tsunamis. The simulation and/visualization codes TUNAMI N3 and NAMI DANCE are developed and  used to understand the tsunami propagation and coastal amplifications in the oceans and marginal seas. The applications and their results are converted to be compatible with the GIS-based applications for display and spatial analysis of modeling results. These applications allow users to create inundation scenarios for pre-calculated near shore and off shore sources for a tsunami event in a selected region. The final product is the map of inundated areas and estimation of the risk due to disaster in the inundation zone.

Fethiye town is a selected region which is located at south western coast of Turkey. It will be directly affected from tsunamis that can be triggered by the rupture of earthquakes in Eastern Mediterranean. Therefore in this work, detailed modeling study for Fethiye town and Fethiye bay was  applied using several ruptures of possible tsunami source.  In this work, all available and reliable data were collected and processed; valid and verified numerical tools were applied to a sample tsunami in order to understand its effects on the Fethiye town. The collected data were integrated to Tsunami GIS applications using geospatial technologies. The method provided us to organize, analyze and display the tsunami parameters on inundation maps for the assessment and visualize the possible effects tsunamis and for the development of mitigation strategies by the decision makers.   
This study is partly supported by European Union Projects TRANSFER (Tsunami Risk and Strategies for the European Region) supported by the CEC, contract n. 037058, FP6-2005-Global-4. The authors acknowledge Prof. N. Shuto for his long term efforts and supports on the development of TUNAMI  N3.

OPTIMAL INITIAL CONDITIONS FOR SIMULATION OF SEISMOTECTONIC TSUNAMIS

Nosov M.A.1, Kolesov S.V.2

1 The Faculty of Physics, the Lomonosov Moscow State University, Russia, nosov@phys.msu.ru 
2 The Faculty of Physics, the Lomonosov Moscow State University, Russia, kolesov@phys.msu.ru 
When describing the tsunami generation, the following conventional assumptions are made. An earthquake instantly causes permanent deformations of the ocean bottom. The displacement of the bottom is simultaneously accompanied by the formation at the water surface of a perturbation (initial elevation), whose shape is fully similar to the vertical permanent deformations of the bottom. The initial elevation, thus obtained, is then applied as initial condition to resolving the problem of tsunami propagation. The initial field of flow velocities is assumed to be zero. Imperfectness of such a widespread approach is due to at least two reasons. First, even if the ocean bottom is horizontal and the bottom deformations are instantaneous, the displacement of the water surface and the vertical residual bottom deformation will not be equal to each other: the displacement of the water surface will be smoother. Thus, “fine spatial structure” of bottom displacement is not manifested on the water surface. Second, in the case of a sloping (non-horizontal) bottom, the horizontal deformation components can also significantly contribute to the displacement of the water surface. A logical development of the approach in question, we propose, consists in calculation of the initial elevation from the solution of the 3D problem with allowance of all the three components of the bottom deformation vector and the distribution of depths in the vicinity of the source. We offer considering this problem within the classical linear potential wave theory. If the bottom deformation process turns out to be long, then the initial conditions must include, in addition to the initial elevation, the initial distribution of flow velocities. In case of instantaneous deformation, the evolutionary problem can be reduced to a simpler static problem. The developed method is applied to calculation of the initial elevation in the source of the Central Kuril Islands tsunamis of November 15, 2006, and of January 13, 2007.

 COMPILATION OF HISTORICAL TSUNAMI MAREOGRAMS
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Historical tsunami sea level records help us chronicle the nature of a tsunami starting soon after it is first generated, often by an earthquake, and as it impacts coastal shores nearby and then faraway across oceans and sometimes into other basins. When observed however, the sea level record tells us not only about strength of the tsunami, but also about the local conditions where the station may be situated.  Understanding how to interpret the tsunami and untangle and identify local resonance and wave amplification is especially important for tsunami warning center staff, who must be able to quickly interpret the records for tsunami potential and then decide whether the threat level is high enough to issue a warning alert.  Duty staff thus needs to be familiar with the characteristics of tsunamis, as recorded instrumentally, in order to consistently and correctly evaluate a tsunami’s destructiveness, and at the same time, also recognize other non-tsunami signals including those related to signal integrity and instrument failure.  To build a learning database, the UNESCO’s Intergovernmental Oceanographic Commission and the International Tsunami Information Center (UNESCO/IOC/ITIC) have compiled historical sea level records from past tsunamis in order to chronicle the anatomy of tsunami in the near, regional, and far-field and from a variety of source zones around the world.  The compilation is intended to provide an interpreted reference on historical mareograms from destructive tsunamis, and is accompanied by timelines of actions and reactions by tsunami warning centers and affected countries.  To date, compilations have been completed for the 1946 Aleutian Islands, 1960 Chile, 1975 Hawaii, 1998 Papua New Guinea, 2004 Sumatra, 2006 Kuril Islands, 2007 Solomon Islands and Peru events.  A summary of the lessons learned from the tsunamis will be given in this talk.

 Source Model of the 2007 Bengkulu Earthquake Determined from Tsunami Waveforms and InSar Data
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On September 12, 2007 at 11:10:26 UTC, an earthquake with moment magnitude of 8.4 occurred off the west coast of Sumatra. The epicenter of the earthquake located at 4.52°S-101.374°E about 130 km southwest of Bengkulu. In this study, we estimate the slip distribution of the 2007 earthquake using tsunami waveforms and InSAR data.

 
The tsunami waves generated by the earthquake were recorded by tide gauge stations around Indian Ocean and two tsunami buoys deployed in the deep ocean northwest Sumatra and off the Sunda Strait. We select tsunami waveforms recorded in Padang, Cocos Islands, and on the tsunami buoys. Surface deformation on Pagai Islands was detected by “Daichi” (ALOS) satellite and the maximum crustal deformation located on the southern part of the island is approximately 1.8 m in the line of sight direction. 


The synthetic tsunami waveforms at the four stations are calculated by solving the non linear shallow water equations. The synthetic dislocation in the line of sight direction is scaled from displacements calculated by the Okada (1985) formula. We estimate source model of the earthquake by performing joint inversion using recorded tsunami waveforms and crustal deformation on Pagai Islands detected by ALOS satellite. In estimating the slip distribution we include smoothing factor (α2) in the calculation. On the ruptured area, we create a fault segment area of 150 km width by 300 km length and divide it into 72 subfaults. We use single focal mechanism (strike=327°, slip=12°, rake=114°) determined by Global CMT solution for each subfault.

 
The slip distribution inverted from tsunami waveforms and InSAR data shows that the major slip regions are located about 100 km north from the epicenter and on the southern part of the Pagai Islands. Assuming the rigidity of 4 x 1010 N/m2, the total seismic moment obtain from the slip amount is 3.4 x 1021 Nm (Mw=8.3) which is consistent with the Global CMT solution on the seismic moment determination of 5.05 x 1021 Nm.

METEOROLOGICAL TSUNAMIS ON THE PACIFIC COAST OF NORTH AMERICA

Fine I.V.1, Thomson R.E.1, Rabinovich A.B.2
1 Institute of Ocean Sciences, Sidney, BC, CANADA, Isaac.Fine@dfo-mpo.gc.ca; Richard.Thomson@dfo-mpo.gc.ca 
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Several significant tsunami-like events were recently observed in tide gauge records from the coasts of British Columbia (Canada) and Washington State (USA). Although similar to seismically generated tsunamis, the events were of non-seismic origin because there were no major or moderate earthquakes at the time of the events. Coincident water level oscillations were observed at offshore stations as well as in sheltered bays, inlets and channels of the Strait of Georgia, Juan de Fuca Strait, and Puget Sound, including stations in Victoria, Patricia Bay, Port Angeles, Friday Harbor, Seattle and Cherry Point that are well protected from tsunami waves arriving from the open ocean. The event of 9 December 2005 was sufficiently strong to initiate an automatic tsunami alarm, while others generated oscillations in several ports that were strong enough to cause damage to boats. A thorough analysis of 1-min sea level data and high-frequency atmospheric pressure fluctuation data confirms that these tsunami-like events were of meteorological origin (i.e. ‘meteorological tsunamis’). The events were found to be induced by atmospheric jumps and trains of atmospheric waves with typical amplitudes of 0.5-1.5 hPa. The estimated propagation directions of these atmospheric disturbances varied among events, while speeds were relatively consistent at 20-30 m/s. Numerical modeling of the generated meteotsunamis yields results which were in quantitative agreement with observation.

 THE DEVELOPMENT OF TSUNAMI TRACE DATABASE IN WHICH RELIABILITY IS TAKEN INTO ACCOUNT BASED ON THE TRACE DATA ON THE COAST OF JAPAN
Iwabuchi Y.1, Sugino H.1, Ebisawa K.1, Imamura F.2
1 Seismic Safety Division, Japan Nuclear Energy Safety Organization, Japan, 
iwabuchi-yoko@jnes.go.jp
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The purpose of this research is to develop the Tsunami Trace Database by collecting historical materials and documents concerning tsunamis that have hit Japan and, of which the reliability of tsunami runup and related data is taken into account. We, Japan Nuclear Energy Safety Organization and the Disaster Control Research Center of Tohoku University have been working on the development of the database for three years since fiscal 2007. The Tsunami Trace Database Review Committee consists of experts in tsunami engineering and historical tsunami, and the committee established collecting historical materials of tsunami. The system was designed after analyzing the requirements of functions necessary to use the database system as a platform for the collection and delivery of trace data. The plan is to release the database over the Internet around the year 2011.
Regarding the tsunami assessment on nuclear power stations, the tsunami with the largest influence is assumed for assessment in consideration of the runup heights of past tsunamis recorded and simulated. The reproducibility of results from the tsunami numerical analysis should be verified with Aida's indicators, which are obtained by comparing the calculated tsunami height with the recorded tsunami runup height. Requirements on tsunami safety against nuclear power stations are the consideration of critical tsunami source and its reliable data. We ran checks the number of trace data of Japan coast registered in two conventional Historical Tsunami Databases (NGDC/NOAA, and Novosibirsk Tsunami Laboratory). As the result, the amount of trace data registered in our database is larger than that in the other databases in the targeted tsunami. The feature of our database is the data with reliability defined by Chilean Tsunami Joint Survey Team. Additionally, confidence levels of documents defined by the expert committee will be also judged. Attribute information of approximately 50 items on traces will be registered as the information which we might need to extract from documentation. A Web-GIS function was mounted on the system to enable Internet browsing of trace information placed over a base of seamless map images. The device of referencing function was designed as one of the most important factor. The PDF file of original document will be able to download via the Internet. It is the device that can follow up the original document to confirm the reliability of information. 
This database is expected to be used effectively in the tsunami assessment and also in the field of nuclear seismic safety and general tsunami disaster prevention. 

Records of THE Simushir and THE Nevelsk tsunamis in the Kholmsk port
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The experimental measurements of long waves were carried out in 2006-2007 in the  Kholmsk port, which is located on the southwestern coast of the Sakhalin Island. The bottom pressure gauge was installed in the remote part of the Kholmskaya Harbor. The main goal of these measurements was registration of dangerous marine phenomena and definitions of the harbor resonance oscillations contribution at tsunami and storm surges. 

Two tsunamis were recorded in the Kholmskaya Harbor during the course of the experiment. The first one was caused by a remote Simushir earthquake (November 15, 2006); another one was generated by the near Nevelsk earthquake (August 2, 2007). Thus, the records obtained gave us a good opportunity to compare the features of the wave processes that were generated by different sources. 

A well-expressed cyclic oscillation with a period of about 8 minutes occurred during the first two hours in the case of a remote earthquake. The same oscillations that were caused by a zero resonant mode of the Kholmskaya Harbor were caused by different tsunamis in this area. Rather weak irregular sea level oscillations were found during subsequent six hours. 

Another picture of long wave processes was caused by the near Nevelsk earthquake. After rather feeble oscillations, a significant sea level lowering (more than on 40 cm) was found.  Irregular variations occurred later, it is possible to mark some fairly stable oscillations with a period of about 16 min. Approximately 80 minutes after the first wave arrival, well expressed oscillations with a period of about 8 min occurred in the Kholmsk port. These oscillations were found to be slowly decaying during one and a half hour (the amplitude decreased from 22 cm up to 15 cm). 

Such a rapid change of the wave process character in no more then one hour after the first wave arrival can be caused by either a strong aftershock or reflection of a wave from the Primorie coastline. It is necessary to note that a strong aftershock took place more than two hours after the earthquake. This means that the interval between the seismic events exceeded thet between the moments of the sea wave arrivals. 

We used numerical modeling of the Nevelsk tsunami to resolve this problem. Numerical results gave the interval between the initial and the reflected waves about one and a half hour, that fits the observation data fairly well. Most probably, it is connected with the tsunami source orientation – the longer waves propagated to Kholmsk directly; the shorter waves propagated in the Asia continent direction. Thus, the reflected waves caused high-frequency oscillations in the Kholmskaya Harbor. 

Rather a weak peak with a period of 3 min (which corresponds to the first long-harbor resonant mode) in the Nevelsk tsunami spectra; it is missing  in the spectra of a remote Simushir tsunami. This example shows a significant difference in the eigenoscillations generation by nearby and remote earthquakes.  

ISOLATION OF PERIOD COMPONENT CHARACTERISTIC TO INCIDENT WAVE FROM TSUNAMIS OBSERVED AT TIDE STATIONS

Abe K.
Junior College at Niigata, Nippon Dental University, Japan, abeku@ngt.ndu.ac.jp 
Tsunami observed at a tide station is composed of many proper oscillations excited in the generation and propagation process. Especially, tsunami in an enclosed area is modified by one excited around the tide station. Noticing a dominant period of seiche observed around a tide station we derived a method to isolate dominant period components brought by the incident wave from tsunami observed at tide stations. 

The dominant periods are defined as periods of the maximum amplitude of spectra observed during six hours for tsunamis and seiche, respectively. The one of tsunami is taken by the tide gauge for the initial stage including the first arrival and one of seiche is taken by a pressure gauge at outside of the tide station with no relation to the tsunami. 

Comparing the tsunami dominant period with the seiche one we extracted the former one not equal to that of seiche. An error of the latter one was defined as standard deviation of the repeated observations. The different period components are identified as periods characteristic to the incident wave. 

This method was applied to six Pacific tsunamis observed at seven tide stations in the southwest Japan. As the result average periods of 14, 15, 16, 21, 22, 31 minutes were obtained for incident waves of 2009 North Papua, 1996 Papua New Guinea, 1995 Kikaizima, 2006 Kuril, 1993 Mariana and 1995 North Chile tsunamis, respectively. 

ENERGY DECAY OF THE 2004 SUMATRA TSUNAMI IN THE INDIAN AND ATLANTIC OCEANS
Rabinovich A.B.1, Thomson R.E.2 and Candella R.3
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The catastrophic Indian Ocean tsunami generated off the coast of Sumatra on December 26, 2004 was recorded by a large number of tide gauges throughout the World Ocean. This study uses gauge records from fifty-five sites to examine the energy decay of tsunami waves from this event in the Indian and Atlantic oceans. Findings reveal that the e-folding decay time of the tsunami wave energy within a given oceanic basin is not uniform, as previously supposed, but depends on two independent time scales: (1) the tsunami travel time for the waves to reach the basin from the source region; and (2) the time required for the waves to cross the shelf adjacent to the coastal observation site. The observed decay time increases with distance and tsunami travel time ranging from 9.3 hrs for Male (Maldives) to 34.7 hrs for Trident Pier (Florida). A close examination of the data reveals that the broader and shallower the shelf, the more incoming tsunami wave energy it can retain. This retention leads, in turn, to more protracted tsunami ringing and to a slower energy decay at adjacent coastal sites.

HIGH RESOLUTION DEEP-OCEAN OBSERVATIONS IN THE NORTHEAST PACIFIC REVEAL IMPORTANT PROPERTIES OF THE 2004 SUMATRA TSUNAMI 
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The catastrophic Sumatra tsunami of December 26, 2004 was the first global-scale tsunami to occur during the "instrumental era" and was recorded by a large number of tide gauges throughout the entire World Ocean. However, almost all these records were from coastal instruments and were strongly affected by the influence of local topography. A few known deep-ocean records of this tsunami had sampling intervals of 15 min which is inadequate for analysis of tsunami wave properties. In this study, we examine high-resolution (15 sec and 1 min) open-ocean records of the 2004 Sumatra tsunami detected in the observations from two DART (Deep-ocean Assessment and Reporting of Tsunamis) and two ODP CORK (Ocean Drilling Program, Circulation Obviation Retrofit Kit) stations at depths of 1500 to 3500 m in Cascadia Basin (northeast Pacific). Located within 200 to 300 km of each other, adjacent stations in this group have enabled us to reliably identify tsunami waves and to accurately determine the propagation speed and decay times for the waves following their 20,000 km journey from the source region. Tsunami waves arrived at the stations approximately 34 – 35 hrs after the earthquake, roughly 7 hours later than predicted; suggesting that the energy flux was strongly determined by the mid-ocean ridge wave guiding. Tsunami wave energy spans periods of 10 to 120 min with peak energy at 30 to 70 min. Cross-spectral analysis indicates that motions with within the tsunami frequency band are comprised of a combination of progressive and standing waves.

 COMPARISON OF THE DIFFERENT PROPOSED SOURCES FOR THE 1755 LISBON TSUNAMI: MODELLING IN THE WEST INDIES.
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On the 1st of November 1755, a major earthquake of estimated Mw=8.5/9.0 destroyed Lisbon (Portugal) and was felt in whole Western Europe. It generated a huge tsunami which reached coastlines from Morocco to Southwestern England with local run-up heights up to 15 m in some places as Cap St Vincent (Portugal) or Cadiz (Spain). Important waves were reported in Madeira Islands and as far as in the West Indies where heights of 3 m and destructions are found. Several hypothesis concerning the seismic source(s) have been proposed by numerous studies. However actually none is able to explain or to reproduce the reported historical observations alltogether and particularly not the wave amplifications on the other side of the Atlantic Ocean, whatever the tested source, even with varying azimuth. In this study we present a review of all the accurate sources with a special focus of their impact in the West Indies which could help better constrain the source(s), keeping regard to the conditions near the source. 

In order to look at wave amplification we model the wave propagation in a set of high resolution bathymetric/topographic grids which reproduce as well as possible the harbour's structures, the coral reef barriers, the small bathymetric variations. Then we compare the results to historical reports in order to discuss the possible source models.

MANGROVE'S FRAGILITY AGAINST TSUNAMI, INFERRED FROM HIGH-RESOLUTION SATELLITE IMAGERY AND NUMERICAL MODELING
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Recent development of numerical modeling of tsunami and remote sensing technologies enable us to determine the detailed features of tsunami damage. Numerical model with high-resolution bathymetry/topography grid predicts the local hydrodynamic features of tsunami, such as inundation depth and current velocity. Also, high-resolution satellite imagery provides detailed information of tsunami-affected area. In recent years, we have been expanding capabilities to comprehend the impact of major tsunami disaster by integration of numerical modeling and remote sensing technologies.

In the present study, we propose an integrated approach of numerical model of tsunami inundation and post-tsunami disaster information obtained from satellite imagery, to determine the relationship between hydrodynamic features of tsunami inundation flow and damage probabilities, so called fragility functions. Here, developing fragility functions are focused on the damage on mangrove forest which was evidenced along Thailand coast after the 2004 Indian Ocean tsunami.

Using the QuickBird post-tsunami imagery acquired on 2 January 2005, we calculate Normalized Difference Vegetation Index (NDVI). Under the assumption that the NDVI values are reduced according to the damage level of mangrove forest, we explore the modulation of NDVI values in the surveyed area to detect that the mangrove was damaged or survived in pixel level. Damage classification by NDVI is combined with the numerical model of tsunami inundation to calculate the damage probability by counting the pixels of ‘damaged’ or ‘survived’ in each computational grid, and to develop the fragility function. As a result, we found that the significance of damage on the mangrove forest rather depends on the current velocity than simply inundation depth, and the damage probability increases when the tsunami current velocity exceeds 2 m/s.
SITUATIONAL AWARENESS, VIRTUAL ENVIRONMENT AND NEOGEOGRAPHY IN INTEGRATED INFORMATION SYSTEM FOR  COMMUNITY PROTECTION AND RESPONSE
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Emergency management issues are constantly being improved by applying new technologies. Reliable, up-to-date and clear information is crucial for the success of an emergency response. Therefore information technologies are widely used during the emergency preparedness, response and recovery phases. In particular, visualization and virtual environment technologies have progressed rapidly in the last few years what opens up a new way for information representation. The goal of this talk is to describe briefly the integration of relevant technologies (Situational Awareness, Virtual Environment, Neogeography, Serious Games, Semantic Web) for solving issues of emergency prevention, respond and recovery using Decision Theater's approach. Our approach directs to: improve methods for integrated management and policy decisions; facilitate access to large volumes of related information; reduce the time consume to make decisions; improve the ability to study multiple alternative scenarios and enhance interest in the situation analysis domain; involvement of a larger number of participants in the decision-making process. In this talk we review the general scheme of analysis and action that includes: identifying problems and setting goals; formation scenarios, selection of evaluation criteria; an assessment, probabilities and risks analysis; choosing the optimum solutions; realization solutions, the selection criteria for monitoring; final evaluation results.

The proposed solution for identification issue is based on the technology of virtual storytelling;  for scenarios formation built on the idea of the applicability of virtual multiroles games as a platform for situation modeling; for assessment and analysis of risk probabilities include the following phases: baseline analysis of events in which examines all possible sources of potentially dangerous, leading to accidents with different consequences; construction accident sequences; definition of end-states and the consequences for each accident sequence; and proper quantification of risk and probability of accident sequences.

We focus on opportunities that virtual environment open as applied to emergency management. To overcome the conventional electronic maps disadvantages for navigating in search and rescue work we use Neogeography - new generation of tools and methods for handling with geospatial information. We explain how mentioned above technologies provide integrated support for emergency management personnel. Finally, we make some conclusions about current research in this field, present systems and future trends.
AN EDUCATIONAL TOOL FOR A NEW GENERATION OF TSUNAMI SCIENTISTS
Bernard E.N.
National Oceanic and Atmospheric Administration’s Pacific Marine Environmental Laboratory (NOAA/PMEL), Seattle, United States, Eddie.N.Bernard@noaa.gov
What emerges from the 2004 Indian Ocean tsunami and society’s response is a call for research that will mitigate the effects of the next tsunami on society. The scale of the 2004 tsunami’s impact (227,000 deaths, $10B damage), and the world’s compassionate response ($13.5B), requires that tsunami research focus on applications that benefit society. Tsunami science will be expected to develop standards that ensure mitigation products are based on state-of-the-science. Standards based on scientifically endorsed procedures assure the highest quality application of this science. Community educational activities will be expected to focus on preparing society for the next tsunami. An excellent starting point for the challenges ahead is education, at all levels, including practitioners, the public, and a new generation of tsunami scientists.  To educate the new generation of scientists, Volume 15 of The Sea: Tsunamis has been written to capture the technical elements of tsunami state-of-the-science today. The volume includes: the recorded and geologic history of tsunamis and how to assess the probability of the tsunami risk; the generation of tsunamis; the measurement and modeling of tsunami propagation and inundation; the impacts of tsunamis on coastlines; and tsunami forecast and warnings.  Together, this volume gives a technical foundation to apply tsunami science to community-based tsunami preparedness. The editors of The Sea: Tsunamis will present an overview of the volume with emphasis on its value to higher education.

HISTORICAL DATA IN APPLICATION TO THE TSUNAMI HAZARD AND RISK ASSESSMENT

Gusiakov V.K.
Institute of Computational Mathematicsand Matematical Geophysics SB RAS, Novosibirsk, Russia, Email: gvk@sscc.ru
Historical data on tsunami occurrence and coastal run-up are important for basic understanding of the tsunami phenomenon, its generation, propagation and run-up processes, its damaging effects. Such data are widely used for evaluating tsunami potential of coastal areas and for determining of the degree of tsunami hazard and risk for use in coastal-zone management and disaster preparedness. Also, historical data are of a critical importance for real-time evaluation of underwater earthquakes by the operational Tsunami Warning Centers, for the establishment of thresholds for issuing tsunami warnings and for design criteria for any tsunami-protective engineering construction.

The present version of the global catalog on tsunami and tsunami-like events covers the period from 2000 BC till present and currently contains nearly 2100 historical events with 1206 of them occurring in the Pacific, 263 in the Atlantic, 125 in the Indian Ocean and 545 in the Mediterranean region. All together, these events are responsible for nearly 700,000 lives lost in tsunami waves during the whole historical period of available observations.

This large bulk of historical data, although obviously incomplete for many areas, gives, however, a good basis for assessment of tsunami hazard in the main tsunami-prone areas of the World Ocean as well as for retrieval of empirical relation of tsunami intensity with the earthquake source parameters. The paper discusses this relation and presents the overall map of tsunami recurrence and its application to tsunami hazard assessment in main tsunamigenic regions of the World Ocean.

PROGRESS IN TSUNAMI FORECASTING

Titov V.V.
NOAA/PMEL/OERD, Seattle, USA, vasily.titov@noaa.gov 
Tsunami Warning Centers (TWCs) of National Oceanic and Atmospheric Administration (NOAA) are tasked with issuing tsunami warnings for the U.S. and other nations around the Pacific. Tsunami warnings allow for immediate actions by local authorities to mitigate potentially deadly wave inundation at a coastal community. The more timely and precise the warnings are, the more effective actions can local emergency managers take and more lives and property can be saved. Advances in tsunami measurement and numerical modeling technologies can be integrated to create an effective tsunami forecasting system. The Deep-ocean Assessment and Reporting of Tsunamis (DART) technology can detect tsunami waves of less than 1 cm in the open ocean (at depths up to 6 km) and reliably provide data to NOAA's tsunami warning centers in real time. Tsunami modeling methods have matured into a robust technology that has proven to be capable of accurate simulations of past tsunamis. NOAA's Pacific Marine Environmental Laboratory has developed the methodology that combines real-time deep-ocean measurements with tested and verified model estimates to produce real-time tsunami forecast for coastal communities. This methodology (also known as Short-term Inundation Forecast - SIFT) is currently being implemented at NOAA's TWCs. Tsunami forecast should provide site- and event-specific information about tsunamis before the first wave arrives at threatened community. The next generation tsunami forecast provides estimates of all critical tsunami parameters (amplitudes, inundation distances, current velocities etc.) based on direct tsunami observation and model predictions. There are significant challenges in meeting TWS's operational requirements - speed, accuracy, and user interfaces that provide guidance that is easy to interpret. The methodology, tools, test results and operational implementation plans will be discussed.

TSUNAMI MODELING: DEVELOPMENT OF BENCHMARK MODELS

Synolakis C.E.1, Kânoğlu U.2
1 University of Southern California, Los Angeles, USA, costas@usc.edu  

2 Middle East Technical University, Ankara, Turkey, kanoglu@metu.edu.tr 
We discuss the progress towards the development of benchmarked models for forecasting tsunami inundation while Synolakis and Bernard (2006, Phil. Trans. R. Soc. A, 364, 2231–2265) discuss tsunami hydrodynamics from a historical perspective.  Only the largest tsunamis were being reported for several decades, with the exception of the 1960 and 1964 events, there had been only qualitative information on inundation. Therefore, tsunami hydrodynamics has progressed slower than research in other natural hazards. The basic equations for analysis have been known for decades. However, the existing synthesis leading to real time forecasts as currently available had to await the development of sophisticated modeling tools, the large-scale laboratory experiments in the 1980s-1990s and the tsunameter recordings of 2003 and since (Wei et al., 2008, Geophys. Res. Lett., 35, L04609). The field survey results in the 1990s (Synolakis and Okal, 2005, Adv. Nat. Technol. Hazards, 23, 1–30) served as crude proxies to free-field tsunami recordings and allowed for the validation and verification of numerical procedures.

Advances in tsunami hydrodynamics in the 1990s were jumpstarted through two landmark scientific meetings. In 1989, Novosibirsk workshop was organized by V. K. Gusiakov of the Computing Center of the Siberian branch of Union of Soviet Socialist Republics Academy of Sciences. It was clear that computational efforts were developing rapidly towards modeling the two-plus-one (two horizontal space dimensions and time) propagation of long waves from the source to the target, but coastal evolution and inundation remained unexplored. State-of-the-art inundation and forecasting codes have evolved through a painstaking process of careful validation and verification which can be traced back to the 1990 Twin Harbors, Catalina workshop on Long-Wave Runup Models (Liu, Yeh, and Synolakis, 1991, J. Fluid Mech., 229, 675–688). Later, two other intermodel and code validation workshops took place in Friday Harbor, Washington in 1995 and again in Twin Harbors, Catalina in 2004. Operational tsunami forecasting was only made possible through the availability of deep ocean measurements. We will describe this journey from development of the basic field equations to forecasts, through the scientific milestones that served as benchmarks and reality checks. In summary, tsunami hydrodynamic modeling had several facets by necessity and was driven by milestone scientific meetings, and post tsunami surveys that kept identifying novel problem geometries and previously unrecognized phenomena.  We discuss necessary validation and verification steps for numerical codes to be used for inundation mapping, design and operations (Synolakis, Bernard, Titov, Kânoğlu and González, 2008, Pure Appl. Geophys., 165(11-12), 2197-2228).
CALCULATIONS OF ASTEROID IMPACTS INTO DEEP AND SHALLOW WATER
Gisler, G.R.1, Weaver, R.P.2, Gittings, M.L.3
1 Physics of Geological Processes, University of Oslo, Norway, galen.gisler@fys.uio.no 
2 Los Alamos National Laboratory, USA, rpw@lanl.gov 
3 Science Applications International, USA, mgittings0314@mac.com 
Contrary to received opinion, ocean impacts of asteroids do not produce tsunamis that lead to world-wide devastation. In fact the most dangerous features of ocean impacts are the atmospheric effects, just as for land impacts. We present illustrative hydrodynamic calculations of impacts into both deep and shallow seas, and draw conclusions from a parameter study in which the size of the impactor and the depth of the sea are varied independently. Preliminary conclusions are as follows.

Craters in the seafloor are produced when the water depth is less than about 5 times the asteroid diameter. Sediment removal and transport are important when the water depth is less than about 8 times the asteroid diameter. Both the depth and the diameter of the transient crater scale with the asteroid diameter, so the volume of water excavated scales with the asteroid volume. About a third of the crater volume is vaporised, because the kinetic energy per unit mass of the asteroid is very much larger than the latent heat of vaporisation of water. The vaporised water carries away a considerable fraction of the impact energy in an explosively expanding blast wave which is responsible for devastating local effects and may affect worldwide climate. Of the remaining energy, a substantial portion is used in the crown splash and the rebound jet that forms as the transient crater collapses. The collapse and rebound cycle leads to a propagating wave with a wavelength considerably shorter than classical tsunamis, being only about twice the diameter of the transient crater. Propagation of this wave is hindered somewhat because its amplitude so large that it breaks in deep water and it is strongly affected by the atmospheric effects from the blast wave. Even if propagation were perfect, however, the volume of water delivered per metre of shoreline is less than was delivered by the Boxing Day 2004 tsunami for any impactor smaller than 500 metre diameter in an ocean of 5 km depth or less. 

The only "wet" crater for which tsunamis have definitely been proven is Chicxulub, in very shallow water, but those tsunamis were most likely caused by multiple slumps on the continental shelf made unstable by the violent shaking produced in that very large impact .

PHYSICS OF TSUNAMIS (BOOK PRESENTATION)

Levin B.W.1, Nosov M. A.2

1 Institute of Marine Geology and Geophysics, Far East Branch RAS, Yuzhno-Sakhalinsk, Russia, lbw@imgg.ru
2 Faculty of Physics, M.V.Lomonosov Moscow State University, Moscow, Russia, nosov@phys.msu.ru
There has been significant progress in tsunami research, monitoring and mitigation within the last decade. This book summarizes the state-of-the-art knowledge on tsunamis. It presents a comprehensive overview of tsunamis, seaquakes and other catastrophic ocean phenomena. It describes up-to-date models of tsunamis generated by a submarine earthquake, landslide, volcanic eruption, meteorites impact, and moving atmospheric pressure inhomogeneities. Models of tsunami propagation and run-up are also discussed. The book investigates methods of tsunami monitoring including satellite altimetry and the study of paleotsunamis. Non-linear phenomena in tsunami source are discussed in the context of their contribution to the wave amplitude and intensification of the vertical exchange in ocean. The book is intended for scientists, researchers and specialists in oceanography, geophysics, seismology, hydro-acoustics, geology, geomorphology, including the engineering and insurance industries.
tsunami hazard of the state of california

Barberopoulou A.1,  Synolakis C.E..2, C. E.1 , Legg M. R.3, Uslu B.4
1 University of Southern California, Los Angeles, CA, United States, barberop@usc.edu
2 University of Southern California, Los Angeles, CA, United States, costas@usc.edu
3 Legg Geophysical, Huntington Beach, CA, United States, mrlegg@verizon.net
4 NOAA Pacific Marine Environmental Laboratory, Seattle, WA, burak.uslu@noaa.gov
Following the global impact of the 2004 Indian Ocean tsunami, California faced a challenging tsunami warning (June 14, 2005) and a relatively small tsunami that caused extensive damage in Crescent City harbor (November 15, 2006) that served as a wake-up call that the tsunami threat is not well understood for many coastal communities. These incidents attracted new attention to tsunami scientists and emergency managers who demanded a more systematic, consistent, and efficient response system (Synolakis and Bernard, 2006; Bernard et al., 2006). 

The present mapping collaboration between the USC-Tsunami Research Center, California Emergency Management Agency, and the California Geological Survey includes 35 separate areas that cover the most important ports, harbors, coastal urban centers, and popular recreational areas in California. This new tsunami inundation mapping effort is in its final phase with inundation map production to be completed by summer of 2009. We note that the first generation of inundation maps for the California State emergency management was based on more conservative "worst case but realistic scenarios" (Synolakis et al, 2002), which reflected the understanding of offshore hazards pervasive ten years ago. New local tsunami sources previously unaccounted for, add complexity to hazard studies for California. Further developments in tsunami modeling made it possible to investigate the effect of a wider variety of far field tsunami sources on different parts of the State. 

The availability of high-resolution bathymetric and topographic data allows for further insight into the vulnerability of ports, harbors, and other open water bodies significant for the state economy. Recent field work and numerical simulations show that using higher resolution relief data may also help evacuation plans to become more efficient when time is very limited. Additional work remains in high-risk areas of the State with large populations and limited evacuation options to help identify “safer” areas for emergency planning.

Mapping Tsunami Hazard along the Gulf of Cadiz – Overview of TRANSFER and NEAREST projects

Miranda, J.M1., Baptista, M.A.1,2, Omira, R.1,3, Lima V.1
1Centro de Geofisica da Universidade de Lisboa, IDL, Portugal jmiranda@fc.ul.pt
2 Instituto Superior de Engenharia de Lisboa, Portugal mabaptista@dec.ise.ipl.pt
3 University Ibn Tofail, Morocco omirarachid10@yahoo.fr
Coastal regions along the Gulf of Cadiz are exposed to tsunami phenomena. The planning of coastal areas is then very important in the eventuality of hazard situations, especially in what concerns the recognition of historical occurrences that were notoriously important in the region, having left strong evidence behind, and in the register of extreme flooding events that might periodically occur in the area; This palnning is even more important when dealing with touristic coastal areas that have strong variations in pouplation all year round. 

This study presents the main results obtained in from 2006-2009 in the framework of the tsunami modelling workpackages of the projects TRANSFER, NEAREST and ERSTA. These studies foccus specific target areas in Portugal, Spain and Morocoo. The ERSTA project shows the particular concern of the Portuguese Civil protection on tsunami hazards imapcting the south coast of Portugal, where during high season the populatuion can reach circa 2 million people.

We investigated the effects of a 1755.11.01 Lisbon tsunami, that might be considered as the WCTSc (Worts case tsunami scenario) for the Gulf of Cadiz. Results are presented in terms of the inundation extent, run-up and water depths. 

The results of these study show the dramatic impact of a 1755 tsunami like event nowadays and show the importance of the results to national civil protections (of each country) to should be on alert to recognize the situations and to act towards the population protection: in a preemptive way to inform what to do and where to go and in an alarm situation to make people aware of the incoming danger.

This work was funded by TRANSFER and NEAREST, 6FP EU projects and ERSTA (ANPC, Portugal).

 TSUNAMI RISK ESTIMATION IN THE TATAR STRAIT

Kulikov E.A. 1, Fine I.V. 2

1 The Shirshov Institute of Oceanology, Moscow, Russia, kulikove@gmail.com 

2 The Institute of Ocean Sciences, Sidney BC, Canada, finei@pac.dfo-mpo.gc.ca 

The main problem of statistical estimation of tsunami risk for the Russian Far East is a poor representativeness of historic tsunami data. For instance there are few observational tsunami data regarding a sparsely populated area along the Tatar Strait coast. At the same time, the Japan Islands are known to be a region with long-term reliable historical records regarding tsunamis. We present some results of the tsunami risk estimation for the region of the Nevelskoi Channel (the Tatar Strait) based on numerical modeling that has been applied to extend tsunami statistics from the Japan Sea.  

DEFINING TSUNAMI COASTAL HAZARD ZONES THAT ARE OPTIMISED FOR EFFECTIVE WARNINGS
Power W.1, Lukovic, B. 2
GNS Science, Wellington, New Zealand, 

1w.power@gns.cri.nz, 2b.lukovic@gns.cri.nz 

Tsunami are an important coastal hazard for many countries. Warning systems and evacuation plans are crucial to effective mitigation of this hazard. One approach to issuing tsunami warnings is to divide the coast into zones, and issue a threat-level prediction for each zone. But how best should we define these zones?

An obvious choice is to use the same zones as are used for marine weather warnings. However these zones were not drawn up with tsunami in mind, and often a single zone will encompass stretches of coast which respond very differently to tsunami – potentially leading to over-evacuation. 

We have investigated an alternative approach, in which cluster analysis is applied to a database of tsunami scenarios and used to identify sections of coast with similar responses to the scenario events, and the results used to set the borders between hazard zones. The results of our investigation will be presented, and the benefits and drawbacks analysed. 

The approach to issuing tsunami warnings in terms of coastal zones and threat-levels will be presented in the context of examples from New Zealand. 

TSUNAMI VULNERABILY OF THE NATURAL AND MAN-MADE STRUCTURES FOR THE NORTH BULGARIAN BLACK SEA COAST

Ranguelov B.1, Scheer S.2, Mardirossian G.3

1 Geophysical Institute, Sofia, BAS, Bulgaria, branguelov@gmail.com 

2 Joint Research Centre, Ispra, Italy Affiliation, Country, stefan.scheer@jrc.it 

3 Space Research Institute, BAS, Bulgaria, garo@space.bas.bg  

Lowlands, steep bays, lagoons, beaches, river deltas and estuaries – the whole spectrum of the natural tsunami vulnerable elements could be observed on the North Bulgarian Black sea coast. Depending of their spatial position and size these elements are local traps for increasing the tsunami negative effects due to their magnification of the tsunami inundation. Some of these objects could be concentrators of the more dense populated areas (such as beaches, and lagoons with the SPA possibilities). Some others are not so much populated due to their spatial position and worse conditions of everyday human practice (such as river beds, deltas and estuaries). Statistical assessment of the vulnerability of these structures is performed according to their distribution and sizes. Similar approach of classification of the man-made tsunami vulnerable structures is performed. Modern practices such as DEM, satellite images, GPS measurements are performed to assess more accurately the vulnerability functions of the different structures. Preliminary classification and typology of all such structures is done to separate different vulnerable elements of the tsunami influence parameters – inundation heights and velocity currents. The area under investigation is located from Varna city to the Bulgaria-Romania border. The area is famous with its seismic regime. The region usually shows non regular behavior of the strong events occurrence. There are episodes of activation and between them long periods of seismic quiescence.  There are several famous strong events during the historical times. The seismic source is known as Shabla-Kaliakra zone with the best documented seismic event of 31st March 1901. This event had a magnitude of 7.2 (estimated by the macroseismic transformation formula) with a source depth of about 10-20 km. The epicenter was located in the aquatory of the sea. The observed macroseismic intensity on the land had the maximum value of X degree MSK. This event produced a number of secondary effects – landslides, rockfalls, subsidence, extensive destruction of the houses located around and tsunami (up to 3 meters height observed at Balchik port. Such earthquakes (magnitude greater then 7.0) almost always trigger tsunamis. They could be generated by the earthquake rupture process, or more frequently by the secondary triggered phenomena – landslides (submarine or surface) and/or other geodynamic phenomena – rock falls, degradation of gas hydrates, etc. The paleotsunami deposits from this tsunami have been discovered to the south and in Balchik town. The area shows also some other expressions about tsunamis – the last one – a non seismic event at 7th May, 2007 with maximum observed amplitudes of about 3 meters water level changed amplitude. 

Acknowledgments: This study is supported by the SCHEMA EU Project 

TSUNAMI  HAZARD  ZONING  FOR THE SOUTHERN KURIL ISLANDS

Kaystrenko V.M. 1, Khramushin V.N.2, Zolotukhin D.E.3
1 The Institute of Marine Geology and Geophysics RAS, Russia, victor@imgg.ru
2 The Sakhalin State University, Russia, khram@sakhalin.ru
3 The Institute of Marine Geology and Geophysics RAS, Russia, DimZol@rambler.ru 

Tsunami hazard is a complex parameter, depending on many factors, often being determined as probability to have one or other unfavorable consequences. It is natural, because the basis for the tsunami hazard theory must be a probability model of tsunami-mode.

It is shown that a sequence of tsunami has the Poisson character, and the probability that at the present place n tsunami will occur with the wave height exceeding the given threshold value h, is given by the formula:
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The average frequency φ(h) of tsunami as the function of "threshold" h has the name of a recurrence function. This function is monotone non-increasing and at h>0.5 m is well approximated by the exponent 
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The parameter h has the physical sense of the frequency of a great tsunami and it is regional, slowly changing from one to another point on the coast, and H* is a characteristic height of tsunami for any coastal point. The letter parameter is very changeable along the coast.

Using the least square method, the model parameters h and H* together with their dispersions can be estimated for all the points with a good representative series of heights of the historical tsunami. Catalogues give a needed series for 18 points on the Southern Kuril coast. 

Using numerical modeling, with a model of a grid size 1, we can calculate the needed parameters H* for all the coastal points.

The correlation between natural tsunami data and calculated tsunami heights for elected 18 points was from 0.85 (tsunami of August 11, 1969) up to 0.98 (tsunami of May 22, 1960). Such a good correlation allowed us to use a numerical tsunami height for calculation of the parameters H* along the coast. 

Finally, the tsunami hazard zoning scheme for the Southern Kuril Island coast with f=0.17 1/year and distribution of H* was developed. All the tsunami heights HT with the recurrence period T can be calculated as HT =H* ln(fT).

This work was supported by the Russian Foundation for Basic Research, grant 08-05-01096

TSUNAMI MODELING AND INUNDATION MAPPING IN ALASKA: VALIDATION AND VERIFICATION OF A NUMERICAL MODEL

Nicolsky D.J. 1, Suleimani E.N.2, West D.A.3, Hansen R.A.4

Geophysical Institute, University of Alaska Fairbanks, USA
1ftdjn@uaf.edu, 2elena@gi.alaska.edu, 3daw@gi.alaska.edu, 4roger@giseis.alaska.edu 

We have developed a robust numerical model to simulate propagation and run-up of tsunami waves in the framework of non-linear shallow water theory. A temporal position of the shoreline is calculated using a free-surface moving boundary algorithm. The numerical code adopts a staggered leapfrog finite-difference scheme to solve the shallow water equations formulated for depth-averaged water fluxes in spherical coordinates. To increase spatial resolution, we construct a series of telescoping embedded grids that focus on areas of interest. For large scale problems, a parallel version of the algorithm is developed by employing a domain decomposition technique. 


The developed numerical model is benchmarked in an exhaustive series of tests suggested by NOAA. We conducted analytical and laboratory benchmarking for the cases of solitary wave run-up on simple and composite beaches, run-up of a solitary wave on a conical island, and the extreme run-up in the Monai Valley, Okushiri Island, Japan, during the 1993 Hokkaido-Nansei-Oki tsunami. Additionally, we field-tested the developed model to simulate the November 15, 2006 Kuril Islands tsunami, and compared the simulated water height to observations at several DART buoys. In all conducted tests we calculated a numerical solution with an accuracy recommended by NOAA standards. In this work we summarize results of numerical benchmarking of the code, its strengths and limits with regards to reproduction of fundamental features of coastal inundation, and also illustrate some possible improvements. We applied the developed model to simulate potential inundation of the city of Seward located in Resurrection Bay, Alaska. To calculate an aerial extent of potential inundation, we take into account available near-shore bathymetry and inland topography on a grid of 15 meter resolution. By choosing several scenarios of potential earthquakes, we calculated the maximal aerial extent of Seward inundation. As a test to validate our model, we compared the calculated inundation to observations collected after the 1964 earthquake in Alaska and obtained good agreement between the computed and observed datasets.
Long-term effects of social responses in the 1994 Mindoro Tsunami Disaster in Oriental Mindoro, Philippines
Okumura Y.1, Harada K.2, Gica E.3,  Takahashi T.4, Koshimura Sh.5, 
Suzuki Sh.6, Kawata Y.7

1 Disaster Reduction and Human Renovation Institute, Japan, okumuray@dri.ne.jp 

2 Saitama University, Japan, haradak@mail.saitama-u.ac.jp 

3 National Ocean and Atmospheric Administration, USA, Edison.Gica@noaa.gov 

4 Akita University, Japan, tomo@ce.akita-u.ac.jp 

5 Tohoku University, Japan, koshimura@tsunami2.civil.tohoku.ac.jp 

6 Kyoto University, Japan, shingo@drs.dpri.kyoto-u.ac.jp 

7 Kyoto University, Japan, kawata@drs.dpri.kyoto-u.ac.jp 

A tsunami hit Calapan city, Oriental Mindoro, in the Philippines on Nov 15, 1994, killing 78. National government enforces policies regulating settlements in the area exposed to tsunami and constructed relocation sites for those who are forced to move out from their original location. Construction of houses for survivors was supported by National government, NGO and so on.

14 years passed after the disaster in 2008 when authors visited to survey. This survey aims to find out long-term effects of social responses in the disaster. The main findings are as follows; first, ownership of land is not given to residents in every relocation site. Some residents in the relocation site given no ownership moved back to their original location. On the other hands, all residents in the relocation site given ownership didn’t yet. Secondly, for many fishermen who are forced to move out from their original location near the sea, a river side port near their relocation site was constructed. The distance from their village to that port is about 200m, and the distance from the port to the sea is about 750m. It is important for their not leaving their relocation site. Third, residents, who rebuilt their houses in area regulated settlements, were not given by governmental support in recovery process. So, they used the bank loan when they want to live in the original location. This high cost may make it difficult to build their houses in the regulated area. Finally, children who were born after the disaster and those who came to these villages after the disaster are getting more in last 14 years. The local government developed an evacuation program, and served the local high schools. So, children who have no memories of the disaster can know about the experience of these areas. 

TSUNAMI MODELLING WITH UNSTRUCTURED GRIDS. INTERACTION BETWEEN TIDES AND TSUNAMI WAVES.

Androsov A., Behrens J., Harig S., Wekerle C., Schröter J., Danilov S.

Alfred Wegener Institute for Polar and Marine Research, Bremerhaven, Germany, Alexey.Androsov@awi.de
After the destructive event of December 26, 2004, many attempts have been made to simulate accurately the generation and the propagation of tsunami waves in the Indian Ocean. In support of the German-Indonesian Tsunami Early Warning System for the Indian Ocean (GITEWS) a very high-resolution finite element model (TsunAWI) based on 
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 finite element discretization for simulations of the wave propagation and inundation has been developed.

Special attention is given to verification and validation of the tsunami model. The key issue in modelling of tsunami waves is wetting and drying. The algorithm to solve this problem with finite elements is discussed. The approach for the correct and reduced formulation of advective terms in 
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discretization is presented. Using the well-known Okushiri test case, the influence of nonlinearity to the exact modelling of waves is demonstrated. 

Numerical experiments taking the Great Andaman-Sumatra earthquake of December 26, 2004 induced tsunami as a benchmark have been conducted. Validating comparisons with data from tide gauge records around the Indian Ocean and from inundation field data show the accuracy of TsunAWI.
A typical tsunami wave is much shorter than tidal waves. For this reason, tidal waves are usually neglected in tsunami modelling. The computed sea level dynamics is superimposed on the tidal motion non-dynamically. However, in coastal areas with strong tidal activity, dynamic nonlinear interaction of tidal and tsunami waves can amplify the magnitude of inundation. To study this effect, water level change due to tide is included in the general scheme.

NUMERICAL MODELING OF FREE SURFACE FLOW USING A LATTICE BOLTZMANN METHOD

Araki T. 1, Koshimura Sh.2

Tohoku University, Japan,
1araki@tsunami2.civil.tohoku.ac.jp, 2koshimura@tsunami2.civil.tohoku.ac.jp 

The lattice Boltzmann method (LBM) is a new technique in computational fluid dynamics (CFD), and completely different from traditional ones based on a direct solution of flow equations. LBM has been primarily developed in physics and computational science and applied in the field of fundamental fluid dynamics. Recently, its research area has been expanded to application problems including tsunami hazard. For instance, tsunami propagation and run-up on a beach has been simulated with LBM based on shallow water (SW) theory in ocean and coastal engineering area, e.g. Zhou (2003). 

Our goal is to develop an efficient numerical modeling technique which can be applied to complex tsunami behavior, such as breaking, splash and flow around structures. In this study, we applied LBM for free surface flow, which Shallow-water approximation cannot provide accurate estimation. In order to track free surface, we apply a VOF-like method which has been developed by Thürey et al. (2006).

The model was tested in some benchmark problems and laboratory experiment, i.e. dam break, water drop in a tank. The breaking dam test was carried out in a square tank filled with fresh water in one side, separated with air-pressure gate which is instantaneously opened by compressed air pressure. And the collapsed water surface was tracked by high-speed digital camera to be compared with the model.
The model results are in good agreement with experiments, including the movement of free surface of water body, splash against the upper wall, and a wave traveling back to the other side of the tank. Through the model validation, we found that LBM can be applied to simulate the complex behavior in tsunami wave front.

PROPAGATION OF FINITE STRIP SOURCES OVER A FLAT BOTTOM

Kânoğlu U.1, Titov V.V.2, Aydın B.1, Synolakis C.E.3

1 Middle East Technical University, Ankara, Turkey, kanoglu@metu.edu.tr
2 Pacific Marine Environmental Laboratory, Seattle, USA, Vasily.Titov@noaa.gov
3 University of Southern California, Los Angeles, USA, costas@usc.edu
Tsunamis are long waves generated by impulsive geophysical events forcing the seafloor or coastal topography such as earthquakes, submarine/subaerial mass failures and evolve substantially through three dimensional spreading, spatially and temporarily, from its initial strip. This is referred to as its directivity and focusing. We describe and quantify both of these processes analytically and numerically. In particular, the effect of focusing from a strip source is explained analytically and explored numerically. A directivity function is first defined by Ben-Menahem (1961, Bull. Seismol. Soc. Am. 51, 401-435) using the source length and the rupture velocity. Ben-Menahem & Rosenman (1972, J. Geophys. Res. 77, 3097-3128) extended this definition to a moving source in order to obtain two-directional radiation pattern which showed the dependence of directivity on the seafloor rupture and wave celerity and also showed that tsunami energy radiates primarily at a right angle to the rupturing fault. Okal (2003, Pure Appl. Geophys. 160, 2189-2221) discussed the details of the analysis of Ben-Menahem (1961) and demonstrated the distinct difference between the directivity patterns of landslide and earthquake generated tsunamis. Directivity of a finite strip source over a flat bathymetry is recently studied by Carrier & Yeh (2005, CMES, 10(2), 113-121) analytically, which appears to have two drawbacks. One, the solution involves singular complete elliptic integral of the first kind which results a self-similar approximate solution for the far-field at large times. Two, Carrier & Yeh (2005) modeled only the propagation of Gaussian shaped finite-crest wave profiles. However, Marchuk & Titov (personal communication) described the process of tsunami wave generation by rectangular positive and negative initial ocean surface displacements and confirmed numerically during the 1989 International Tsunami Symposium. They showed the focusing point existence for combined plus-minus initial displacement where abnormal tsunami wave height can be registered. We introduce a new analytical solution for strip source propagation over a flat bottom using the linear shallow-water wave equation. Unlike Carrier & Yeh (2005),  our solution is not only exact but also more general and allows the use of realistic initial waveform, i.e., N-waves as defined by Tadepalli & Synolakis (1994, Proc. R. Soc. Lond. A 445, 99-112). We show existence of focusing as described by Marchuk & Titov (2005, Geophys. Res. Abstracts) and discuss geophysical implication using the 1998 Papua New Guinea event. Analytical solution developed here could also be used as benchmark solution (Peregrine, personal communication).

 A SIMPLE SEMI-ANALYTICAL MECHANISM FOR GENERATION OF TSUNAMI WAVES

González-González R.1, Sekerzh-Zenkovich S.2, Figueroa M.O.3
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The generation of tsunami waves due to a disturbing seismic source acting on a hydroelastic system is described mathematically by a relatively simple model using a semi-analytical approach for the determination of the solution, mainly at the rupture area. Several tsunamigenic parameters are analyzed in detail obtaining important conclusions, which permit in advance to get an early conclusion on the Geophysical term “Tsunami Earthquakes”. In addition, the accelerations computed with this method are used as initial condition of the numerical model “Tsunami Tool-Box” developed at CICESE for the simulation of synthetic tsunamis and the results are compared with registered data from real events implying a promising perspective that can be applied for the prevention and warning of tsunami events. 

DIRECTIVITY OF TSUNAMI GENERATED BY SUBDUCTION ZONE SOURCES

Marchuk An.G.
The Institute of Computational Mathematics and Mathematical Geophysics, Siberian Branch of the Russian Academy of Sciences, Novosibirsk, 630090, RUSSIA, mag@omzg.sscc.ru 

The presence of a deep water trench is the main characteristic feature of the subduction zone. For example, in the Alaska-Aleutian subduction zone, there is the Aleutian trench and in Kuril-Kamchatka zone, there is the Kuril-Kamchatka trench. The depth at the trench axis is approximately twice as large as an average depth of the Pacific Ocean. Earthquake hypocenters are mainly located under the continental bottom slope. In this case, the opposite slope of this deep water trench works like an optical lens for tsunami waves. Due to the wave refraction above the bottom slope, the greater part of tsunami energy will be concentrated in the shoreward and the seaward directions. The tsunami propagation process is studied using the wave-ray approximation. The tsunami amplitude reduction rate strongly depends on a relative (regarding a trench) location of the initial surface displacement. If the source boundary expands closer to the deep trench axis, then the initially circled front line of the leading tsunami wave will be formed into almost a flat shape after passing a trench. The same kind of the tsunami behavior can be observed when a wave is generated by a submarine mudslide on the trench slope. A number of hypothetic tsunamis were simulated in the Alaska-Aleutian and in the Kuril-Kamchatka subduction zones. Some locations of possible tsunami sources are estimated as most dangerous for the Hawaiian population and infrastructure.     

SOME FEATURES OF THE LANDSLIDE MECHANISM OF THE SURFACE WAVES GENERATION IN REAL BASINS

Beisel S.A.1, Chubarov L.B.2, Khudyakova V.K.3, Shokin Yu.I.4
1 Novosibirsk State University, Novosibirsk, Russia, beisel_s@ngs.ru 
2 The Institute of Computational Technologies SB RAS, Novosibirsk, Russia, chubarov@ict.nsc.ru 
3 Novosibirsk State University, Novosibirsk, Russia, chilchat@rambler.ru 
4 The Institute of Computational Technologies SB RAS, Novosibirsk, Russia, shokin@ict.nsc.ru 
The present paper deals with the investigation of the real relief features influence on characteristics of the wave mode, generated by underwater landslide movement. The authors use a simple model of landslide as a rigid body and consider different types of movement, distinguishing in ways of accounting for geometrical characteristics of underlying surface. The setting of the problem for a computational experiment accounts for features of geodynamic scenarios near the Mediterranean coast of Israel. Modelling of wave processes is carried out within the shallow water theory equations (linear and nonlinear approximations) and one nonlinear-dispersive hydrodynamic model of high order of approximation. 

A comparison of the results obtained by means of different mathematical models for different laws of landslide movement is presented. The major characteristics of wave processes and parameters major depending on features of the landslide movement are defined. The importance of nonlinear and dispersive effects at different stages of the process evolution is discussed.

 SOME ASPECTS OF THE DETAILED NUMERICAL MODELLING OF TSUNAMI ALONG THE FAR EAST COAST OF THE RUSSIAN FEDERATION 

Babajlov V.V. 1, Beisel S.A. 2, Chubarov L.B. 3, Eletsky S.V.4, Fedotova Z.I. 5, 

Gusiakov V.K.6, Shokin Yu.I. 7
1 Novosibirsk State University, Novosibirsk, Russia, yoric@ngs.ru 
2 Novosibirsk State University, Novosibirsk, Russia, beisel_s@ngs.ru 
3 The Institute of Computational Technologies SB RAS, Novosibirsk, Russia, chubarov@ict.nsc.ru 
4 The Institute of Computational Mathematics and Mathematical Geophysics SB RAS, Novosibirsk, Russia, esv@sscc.ru 
5 The Institute of Computational Technologies SB RAS, Novosibirsk, Russia, zf@ict.nsc.ru 

6 The Institute of Computational Mathematics and Mathematical Geophysics SB RAS, Novosibirsk, Russia, gvk@sscc.ru 
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The authors present this work conducted within the project of designing a new generation of the tsunami warning system for the Far East coast of the Russian Federation. The aim of the project is to develop a technology that will allow constructing a database of possible occurrences of disastrous waves along the coast in a series of numerical experiments. At the first stage of this study, a collection of basic model sources of tsunamigenic earthquakes is defined. The model sources are used to calculate the initial elevation fields on the ocean surface. The next stage employs the numerical modelling to simulate the propagation and transformation of tsunami waves on the way from the source towards the coast. This information is presented as a decision support system used by those responsible for initiating the disaster mitigation procedures such as evacuation of people and sending vessels away from the dangerous areas of the coast.

The project involves the numerical solution of a large number of instances of wave hydrodynamics problems. At the same time, the interpretation of the results requires non-trivial postprocessing and building specialized information systems. The numerical solution of the wave hydrodynamics problems for multiple combinations of parameters of an earthquake source with a high spatial resolution constitutes the major part of the computational requirements of the project. The amount of computations needed implies the use of high performance computers and requires adaptation of numerical algorithms to specific computing platforms.

Mathematical modeling of asteroid falling into the ocean

Simonenko V.A. 1,  Skorkin N.A.2, Minaev I.V.1, 3, Abramov A.V.1, 3, Abramov E.A.2

1 RFNC-Zababakhin Research Institute of Technical Physics, Snezhinsk, Russia

2 South-Ural State University, Chelyabinsk, Russia

3 OCC ”Strela”- open computer center, Snezhinsk, Russia, A.V.Abramov@mail.vega-int.ru
Today, experimental information about large-scale collision tsunami is not available. That is why one of the main tools of studies is mathematical modeling. This paper considers falling of stone asteroid with diameter 1 km into the ocean 4 km deep. This asteroid collides with the Earth at a speed of 22 km/s at angles 30, 60 and 90 degrees. 
Calculation of space body collision with a barrier is split into two stages. At the first stage, using finite-element code LS-DYNA and super computer SKIF-URAL of South-Ural State University under the support of OCC “STRELA”, the process of interaction of body with the barrier was calculated.
Analysis of calculation data shows that for the angle of incidence 60 and 90 degrees, the results differ slightly. Even for the angle of incidence 30 degrees, we do not have big difference. That is why, one is to expect that the impact of tsunami on the sea shore for these angles of collision will be practically the same. Due to this reason, at the second stage of calculations, we considered the case of axisymmetric penetration of asteroid into the ocean. For describing cylindrically diverging surface wave and its impact on the shore with regard for the shelf profile, a special code was developed, in which approximation of shallow water was realized. 
Compared values are in good agreement. This means that using the approach to assessing the parameters of tsunami, which is proposed in this paper, is acceptable both for qualitative and quantitative description of this physical phenomenon. 

As tentative assessments showed, the aftereffects of the falling of a stone asteroid with diameter ~1km  may be destructive for the ocean shore. Calculations showed that the wave height on the shelf increases from 60 to 100 m. Then the wave height on the shallow water  decreases.
The work was done under partial support by RBRF grant, project  # 07-01-96011.
 TSUNAMI ANALYSeS Of Great interplate earthquakes along the central Kurile subduction zone 

Tanioka Y.1, Ioki K.1
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Several great interplate earthquakes occurred along the Kurile trench due to subduction of the Pacific plate beneath the Kurile Islands, and large tsunamis have been generated by those earthquakes. Recently, the great Kurile interplate earthquake (Mw8.3) occurred off Simushir Island along the central Kurile subduction zone on November 15, 2006. Previous great interplate earthquake along the central Kurile region is the 1963 great Kurile earthquake (Mw 8.3) which occurred off Urup Island and the 1918 great Kurile earthquake (Mw 8.2). In this paper, the source processes of the 1963 and 1918 great Kurile earthquakes are estimated using tsunami waveforms, and also the recurrence of great earthquakes in this region is discussed.


The 1963 great Kurile earthquake generated a large tsunami observed at tide gauges along the Pacific Ocean. We used tsunami waveforms observed at 14 tide gauges including 9 Japanese tide gauges, 2 Russian tide gauges, and 3 Hawaiian tide gauges, to estimate the slip distribution of the earthquake using the tsunami inversion technique. The result shows that the fault length is 200km and the large slip was found in the shallow part of the source area. The total seismic moment is estimated to be 4.2ｘ1021 Nm (Mw8.3). 

The 1918 great Kurile earthquake (Mw 8.2) also occurred in the same area and generated large tsunami. Previous study indicated that the source area of the 1918 earthquake should be located northward from the source area of the 1963 Kurile earthquake. However, the distance between the rupture areas of the 2006 and 1963 Kurile earthquake is less than 70 km which may be too short to have another great earthquake between the two great earthquakes.


The tsunami waveforms for the 1918 earthquake were observed at tide gauges in Japan, including Choshi, and Chichijima. The tsunami was also observed at tide gauges in Honolulu, and in San Francisco. At first, all of those observed tsunami waveforms showed positive first waves. It means that the earthquake was not a normal fault event along the outer rise such as the 2007 Kurile earthquake and it should be an interplate earthquake. We numerically computed tsunami using various fault models located at different plate interfaces along the central Kurile subduction zone. The observed tsunami waveforms at four tide gauges were compared with computed ones to find the best fault model. There may be large errors on time scales at the tide gauge records in 1918. It was difficult to decide the best fault model with large errors on timing. If we assumed that the errors on time scale is less than 20 minutes, we found that the source area of the 1918 Kurile earthquake was closer to the source area of the 2006 Kurile earthquake than that of the 1963 Kurile earthquake. It suggests that the 2006 Kurile earthquake was a recurrence event of the 1918 Kurile earthquake. 

RECURRENCE OF KANTO EARTHQUAKES REVEALED FROM Tsunami Deposits IN Miura Peninsula, Japan
Shimazaki K.1, Kim H. 1, Ishibe T. 1, Tsuji Y. 1, Satake K. 1, Imai K. 1, Tomari J. 1, 
Chiba T.2, Sugai T.2, Okamura M.3, Matsuoka H.3, Fujiwara O.4, Namegaya Y.4

1 Earthquake Research Institute, University of Tokyo, Japan, satake@eri.u-tokyo.ac.jp 
2 Graduate School of Frontier Science, University of Tokyo, Japan

3 Graduate School of Science, Kochi University, Japan

4 Active Fault Research Center, AIST, Japan

Tsunami deposits found in tidal flat of Miura peninsula, south of Tokyo, indicate recurrence of tsunamigenic earthquakes in this region, where great (M~8) Kanto earthquakes occurred in 1703 (Genroku era) and 1923 (Taisho era) associated with the subduction of Philippine sea plate along Sagami trough. Historical or paleoseismological evidence for old Kanto earthquakes is very limited. Studies of historical documents by Ishibashi (1991, 1994) suggested that the 1293 Sho’o (or Ei’nin) and the 1433 Eikyo earthquakes are candidates of a Kanto earthquake prior to the 1703 Genroku event, while geomorphological studies in Boso peninsula by Shishikura et al. (2001) suggested that the previous Taisho-type earthquake occurred at around AD 1050. 

We carried out paleoseismological surveys in Koajiro Bay in Miura Peninsula. The continuous samples of tidal flat sediments were taken by the array coring survey using 3-m-long Geoslicer. Three layers of coarse sediments, composed of mixture of shell fragments, gravels and coarse sand, are identified in the inner bay fine sediments. Some of these units eroded the lower fine sediments. These units are interpreted as event deposits. The grain sizes of　the bay sediments are gradually grading upward after deposition of the event deposits. Very little diatoms are found in the event units, but the number increases immediately after the deposition of event deposits with increasing ratio of marine planktonic diatoms. After the most recent event, the freshwater planktonic species appear. These grain size and diatom features indicate coseismic uplift and interseismic subsidence. The top and second event units are correlated with the tsunami deposits of the 1923 and 1803 earthquakes by the deposition rate estimated from Pb-210. The age of 1060-1260 AD (2 sigma: including calendar year correction) is obtained just below the third event unit, which also contains a shell dated AD 1230-1400, thus can be correlated with the1293 event. 
POSSIBILITY OF GENERATION OF TSUNAMIS CAUSED BY BURST OF METHANE HYDRATE IN SEA BED INDUCED BY SHAKING OF EARTHQUAKES
Tsuji Y.1 ,  Tachibana T.2
1 Earthquake Research Institute, Univ. Tokyo, Japan, tsuji@eri.u-tokyo.ac.jp 

2 Soil Engineering Corporation, Japan, t-tachibana@sand.ocn.ne.jp 

In the materials of old documents of the 1854 Ansei Nankai earthquake and the 1946 Showa Nankai Earthquakes, we found out such descriptions that there appeared “column of fire” or burning gigantic column of clouds above the sea surface at several villages on the coast of Kii Peninsula and Shikoku Island. In severel cases accompanying with the appearance of fire columns, people heard a sound like the roaring of a canon. Some records mention that the file column have a flashing light. An old man in Tanabe city, Wakayama prefecture, mentioned after the 1946 event that a fire column stood in the sea region off the coast of Susami village, and the water surface at the root of the column looked making a hollow like a dish. Considering those descriptions, we can suppose that those fire columns were formed by inflammable gas gushed up to the sea surface from the sea bed.  Several geologists point out that the layer of methane hydrate distributes offshore the coast of those districts.  It is also pointed out that in the case that the sea bed layer with rich methane hydrate was shaken strongly, it is possible to make a burst and a large volume of inflammable gas was exhaled. It is suggested that the cause of the forming of the above mentioned fire columns is a burst of methane hydrate contained in the seas bed layer. If the magnitude of such a burst is larger than above mentioned cases, is it possible to generate a tsunami? On 17th July 2006 an earthquake took place in the south off the Central Java, Indonesia. After the earthquake, a large tsunami hit the southern coast of the central part of Java Island, about 660 people were killed due to that tsunami. Sea water rose up to the height of 7.7 meters above the mean sea level at Panbandaran. It is curious that the tsunami was too large for the earthquake magnitude (M7.2), and the fault model obtained by tidal records can not explain such a large run-up height. Moreover, a mushroom-shaped cloud was observed offshore sea area from the coast south of Jogyakarta. It is suggested that the tsunami of this earthquake was caused by the burst of methane hydrate.   

SPATIAL DISTRIBUTION AND LITHOFACIES OF PUMICEOUS-SAND TSUNAMI DEPOSITS

Nishimura, Y.1, Nakamura, Y.2
1 Institute of Seismology and Volcanology, Hokkaido University, Japan, yns@mail,sci.hokudai.ac.jp 

2 Institute of Seismology and Volcanology, Hokkaido University, Japan, nyugo@mail,sci.hokudai.ac.jp 

Spatial distribution and lithofacies of pumiceous-sand tsunami deposits are different from those of more popular sandy tsunami deposits. The deposit is a mixture of pumice and beach sand; both are transported and deposited inland by a tsunami. The possible origin of the pumice in the layer is drift pumice, reworked pumice, and primary pumice fall-out during the tsunami run-up. This unique sediment layer is often observed in near-source tsunami deposits of volcanic origin. Landward thinning and landward fining are not typical features of these tsunami deposits. 

Tavurvur Volcano, Rabaul, Papua New Guinea, broke into an eruption on October 7th, 2006, and generated a series of local tsunamis. The tsunami occurred about 6 hours after the eruption started. The tsunami inundation area is covered by pumice-rich tsunami deposit. Commonly, the pumice is accumulated in the uppermost part of the layer, and the base of the deposits is sandy. The tsunamis eroded the top of the ash layer deposited before the tsunami occurred. Along the inundation boundary, a distinct belt of accumulated pumice is created. Pumice boulders are also distributed in the inundation area. The origin of these pumice are drift pumice because there are no pumice fall-out layers landward of the tsunami limit. Pumice boulders are not broken, and impact craters are not created around them. Average density of the pumice is about 0.8 g/cm3. Tsunami heights indicated by the deposit distribution are 5-7 m. In Rabaul, similar local tsunami and tsunami deposit are observed during the 1994 eruption series. 

When a tsunami run up over a beach where pumice had been deposited with beach sand, inundation limit of the tsunami was inferred by a line of pumice that were carried up by the tsunami and re-deposited on the ground surface. We could observe these reworked pumice deposits in Hoppongo, located at the southwestern coast of Rendova Island, Solomon Islands, after the 2007 Solomon tsunami. The pumice is probably originated from an active submarine volcano existing off this island. 

It is important to investigate spatial distribution and sedimentary features of tsunami deposits including volcanic ash or pumice to identify and evaluate past tsunamis in tectonically active regions such as Hokkaido-Kuril-Kamchatka. In those regions, it is sometimes not easy to distinguish tephra-rich tsunami deposits from primary fall-out tephra or reworked tephra by the other events, where earthquake recurrence intervals are estimated by numbers of these layers. Characteristic tsunami deposits including specific volcanic materials are useful to correlate tsunami deposits associated with one event at different survey sites. 
TSUNAMIGENIC MIOCENE COMGLOMERATES FORMED UNDER THE UPPER BATHYAL ENVIRONMENTS IN THE SOUTHERN PART OF THE CHITA PENINSULA, AICHI PREFECTURE, CENTRAL JAPAN

Tachibana T.1, Tsuji Y.2
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Sandstone and conglomerate layers with evidences of tsunamis are found among thick mudstone layers in Tsubutegaura coast, the southern part of the Chita peninsula, Aichi prefecture, central Japan. The conglomerate layers include gravels of diameter from a few millimeters to 3 meters. It had been clarified that these sedimentary rocks were formed about in 17 million years ago (Early Miocene). The fossils of brittle stars yielded in the mudstone layers show that they were formed on a seafloor about 300 meters in depth (upper bathyal environments).

We can recognize that the sandstone and conglomerate layers form a unit of fining upward succession. Some gravels included in the conglomerate layer of the unit take the form of imbricated structures and gravel clusters. The sedimentary structures in the unit show alternate currents, that is, in one unit, layers formed by on- and off-shore currents are contained alternatively. These characteristics mean that the unit consisting of the sandstone and conglomerate layers was formed by strong tractive currents under upper bathyal environments. All those characteristics suggest that the unit was formed by currents of tsunamis.

We theoretically estimated the limit flow speed for a boulder in tractive currents to be moved. As the result, it is clarified that a boulder of 3 meters in diameter is start to be moved when the flow speed of the tractive current exceeds 3 meters per second.

The Nankai trench line runs in the east-west direction in the sea area off Tsubutegaura coast. It is well known that a series of the Tokai Earthquakes accompanied by tsunamis has occurred about once in a hundred years in the sea area between the Nankai trench and the southern coast lines of the western part of the Japanese island. The magnitudes of the 1944 Tonankai and the 1854 Ansei Tokai earthquakes were 8.0 and 8.4, respectively. While, Hoei earthquake (1707) was a multi-segmented great earthquake linking the Tokai with the Nankai earthquakes. The magnitude of this earthquake reached 8.7. 

Considering with such history of the gigantic earthquakes in this area, we conducted a numerical simulation of a tsunami with assuming that the magnitude of the earthquake is 9.0. 

The result of the numerical calculation of the tsunami shows that the maximum flow speed of tsunami currents reaches 3.0 meters per second at the point of 300 meters in depth. 

THE ASSOCIATION BETWEEN THE TSUNAMI RECURRENCE FUNCTION AND TSUNAMI HEIGHT DISTRIBUTION ALONG THE COAST

Kaystrenko V.M. 1

1 The Institute of Marine Geology and Geophysics RAS, Yuzhno-Sakhalinsk, Russia, victor@imgg.ru 
A tsunami recurrence function is the main parameter of the tsunami probability model of the Poisson type. This model can be used as basement for tsunami zoning and insurance strategy if the tsunami recurrence function is known. Its theoretical investigation gives some results relative to its structure.

Conclusion 1. The tsunami recurrence function φ(h) as a function of the tsunami height "threshold" h and a well known log-normal tsunami height distribution along the coast in the same area are connected: the tsunami recurrence function is an eigenfunction with an eigenvalue (equal to 1) of the integral operator whose kernel is a log-normal distribution with modified parameters:
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Conclusion 2. Eigenfunctions of this operator are well known, there are power functions φ(h)=Chα , and the tsunami recurrence function should be a power function. Eigenvalue 1 gives an expression for the effective amplification of the tsunami heights 
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. This fact is an inner property of tsunami transformation in the shelf zone with a stochastic bottom bathimetry. Processes in the source zone can define values of the parameters C and α.

The natural data analysis shows that α is approximately equal to -1 in all the regions with small and the moderate tsunamis. This parameter should be considered as universal α=-1. In this case, parameter C has dimension of velocity with values about several cm per year like the vertical deformation velocity of the Earth’s crust in active regions being tsunami source zones. This parameter can be considered as average velocity of producing the vertical co-seismic deformations in the tsunami source zone. 

Conclusion 3. A tsunami activity for small and moderate events generally depends on  distribution of single parameter C in the tsunami source zone.

Conclusion 4. The tsunami recurrence function cannot be the power function h-1 for catastrophic tsunami heights because the average tsunami energy should be limited.

Hypothesis. The tsunami recurrence function for catastrophic tsunami heights should decrease more any rapidly than each power function.

This work was supported by the Russian Foundation for Basic Research, grant 08-05-01096

DYNAMIC DISPLACEMENTS OF THE SEA BOTTOM DUE TO SUBDUCTION ZONE EARTHQUAKES
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Tsunami waves in the source produced by large underwater earthquake strongly depend upon (i) the type, size and time history of displacements in the earthquake source, and (ii) the sea-bottom topography in the source area. Large uncertainty in numerical tsunami modeling stems from the often poorly-defined sea bottom displacements. The common approach is to infer sea-bottom displacements from the static solution for dislocation in the elastic half-space, however, it does not take into account a real structure of the lithosphere or the initial state of stress-and-strain in the earthquake source zone. In addition, the static solution does not allow studying the effect of the transient sea-bottom movement onto generated tsunami waves.

We present results of numerical modeling of the sea bottom displacements generated by a large subduction zone earthquake. The material of both the frontal arc and subducted plate is simulated as elastoplastic medium with the Coulomb-Mohr yield criterion, and the interplate contact is modeled as interface with a dry friction. The velocity distribution in the bottom of a moving plate is dictated by a slow relative motion of the underlying mantle. An earthquake occurs when stresses in a local zone of contact surface exceed the interface strength, and the movement along the interface accelerates. Computer program FLAC3D (Fast Lagrangian Analysis of Continua in 3 Dimensions) allowed us to carry out calculations of various scenarios of the sea bottom movement in the vicinity of earthquake sources. The results of modeling show the following:

(a) the sea-bottom displacements in the tsunami source area depend on the interseismic time and the level of initial stresses gained prior to the nucleation of seismic motion; these can be highly variable; for a short accumulation time and relatively small shear stresses, displacements will be oriented in the direction of the plate motion; otherwise, they will be oriented in the opposite direction. Though a maximum vertical displacement of the sea bottom in both cases will be the same, the generated tsunami waves will be quite different in height, directivity, etc.

(b) a transient dynamic component of the vertical sea-bottom displacement can exceed the residual displacement, established after the earthquake, almost by a factor of two.

(c) occurrence of a large earthquake and tsunami of 13 January 2007 at the oceanic slope of the Kurile trench can be readily explained by fast and short-lived redistribution of stress within the subducted plate just after occurrence of the great earthquake of 15 November 2006, Mw 8.3 at the interplate boundary.

The proposed approach can be applied to a more accurate determination of necessary initial and boundary conditions in tsunami modeling.

PARAMETERS OF A TSUNAMI SOURCE VERSUS AN EARTHQUAKE MAGNITUDE

Denisova A.V.1, Nosov M. A.2

1 The Faculty of Physics, the Lomonosov Moscow State University, Russia, annadenisova@list.ru 

2 The Faculty of Physics, the Lomonosov Moscow State University, Russia, nosov@phys.msu.ru 

Studying the generation of tsunamis or other oceanic phenomena of the seismotectonic origin, it is often necessary to know general relationships between parameters of a tsunami source and the earthquake magnitude. Existing empirical relationships due to essential data scattering, provides a poor accuracy which is not appropriate for some estimations. In this paper, the empirical analytical approach is employed to give a more precise definition to the general relationships between parameters of a tsunami source (the amplitude of the co-seismic bottom deformations, the displaced volume, the area of a source and potential energy of the initial elevation) and of the earthquake characteristics (magnitude and depth). The approach involves the scaling laws by Kanamori and Anderson, the definition of seismic moment and the Okada formulas. Particular features of the tsunami sources of November 15, 2006, and January 13, 2007, on Central Kuril Islands are discussed on the background of the general relationships.
CONFIGURATION OF TSUNAMI SOURCE IN WAVEFORM INVERSION
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How do we configure tsunami source area in waveform inversion analyses? For most earthquakes except those in subduction zones, we generally assume fault plane on the aftershocks area. However, if a rupture extends to active folds in sediment layers out of the aftershocks area, seafloor possibly deforms without generating seismic waves. In this case, the source area for the tsunami inversion should include not the only aftershocks area, but also the active folds area.

The 2007 Niigataken Chuetsu-oki earthquake (MJMA 6.8) occurred off the western coast of Niigata prefecture, the Japan Sea coast of the central Japan, at 10:13 a.m. (JST) on 16th July, 2007. The mainshock accompanied by tsunami, which was recorded at several tide gauge stations. According to the geological maps in and around the source area, NNE-SSW trending folds which consist of Miocene to Pleistocene sediments have developed offshore parallel to the aftershock area, while there has been not enough evidence to indicate that they are related to the 2007 earthquake.

We examined whether the coseismic uplift occurred in the offshore folds. To do so, our possible tsunami source area includes not only the aftershock area but also the offshore folds area, and we estimate vertical seafloor deformation by using inversion of the tsunami waveforms. As a result, mostly uplift, with maximum of more than 50 cm, is estimated on the aftershocks area. However, the uplift area extends to the offshore folds, outside of the aftershocks area. Its amount is estimated to be about 15 - 20 cm.

We next estimated slip distribution on fault planes. A bending fault plane with SE dipping is assumed to connect to the aftershock zones and the offshore active faults. The slip amount on the fault plane was inverted from the estimated vertical seafloor deformation. As a result, the slip amount of about 3 m in maximum is estimated around the aftershocks area. Moreover, the slip amount of less than 1 m is estimated in the shallower fault plane. This indicates that the rupture area extends to the shallower fault plane, which is out of the aftershock area, or on the offshore folds.

This study has been performed under the sponsorship of JNES Fundamental Research Project on Nuclear Safety.（JNES : Japan Nuclear Energy Safety Organization）

THE INVERSE PROBLEM OF RECONSTRUCTING A TSUNAMI SOURCE WITH NUMERICAL SIMULATION

Voronina T.A.
The Institute of Computational Mathematics and Mathematical Geophysics, Novosibirsk, Russia,
vta@omzg.sscc.ru 
Recently, the devastating tsunamis have acutely put forward the problem for their timely warning. False tsunami warnings are a cause of great financial losses. An important component of the assessment and, thus, mitigation of the effects of the tsunami impact is a computer-aided simulation. One of the most important issues of the tsunami modeling is gaining some insight of a tsunami source. It is known that only after a certain time after the event, having analyzed the various seismic, tidal and other data, it appears possible to estimate the basic characteristics of a tsunami source. Thus, the numerical simulation of a tsunami source is one of available tools for the research into tsunami problems. This paper proposes a new approach to solving the problem of reconstructing a tsunami source. The inverse problem to infer the initial sea displacement is considered as a usual ill-posed problem of the hydrodynamic inversion of tsunami tide-gauge records. To this end, we have developed a technique based on the least square inversion using the truncated SVD approach. The forward problem, i.e. the calculation of synthetic tide-gage records from the initial water elevation field, is based on a linear shallow-water system of differential equations in the rectangular coordinates. This system is approximated by the explicit-implicit finite difference scheme on a uniform rectangular grid. The so-called r-solution is a result of the numerical process. The quality of the solution obtained is evaluated as relative errors of recovering a source function. In this paper, we make an attempt to answer the following questions: (1) How accurately a tsunami source can be reconstructed based on recordings at a given tide gauge network? (2) Is it possible to improve the quality of reconstructing a tsunami source by distinguishing the “most informative” part of the initial observation system? For answering these questions, we have carried out a series of numerical experiments with synthetic data and a real bathymetry. Our approach includes the following steps. First, we obtain the synthetic tide gauge records from a model source, whose form we are to reconstruct. These can be records observed at real time instants. The original tsunami source in the area in question is recovered by the inversion of the above wave records. We calculate marigrams from the earlier reconstructed source. To define the”most informative” part of the initial observation system for a target area, we compare synthetic marigrams, obtained in two cases in the same locations (are compared synthetic and real recordings) at all available sea level tide gauges. Next, we consider the observation system, which contains only good matching stations. Now we can again restore the tsunami source using only the tide-gauge records that were determined as being the”most informative” part. This “improved” tsunami source can be proposed for the use in further tsunami calculation. Bearing in mind the fact that a tsunami wave is of low-frequency as compared to the background noise, we made an appropriate filtering of the received and calculated signals. The proposed filtering technique essentially improves the reconstruction of a tsunami source. The accuracy of a tsunami source recovery depends on a spatial distribution of an observation system, target areas and bathymetric features along the wave path.

THE METHOD FOR FINDING THE LOCATION OF SENSORS PROVIDING THE FASTEST TSUNAMI WAVE DETECTION

Astrakova A.S. 1, Bannikov D.V. 1, Cherny S.G. 2, Lavrentiev M.M.Jr. 3
1 Novosibirsk State University, Novosibirsk, Russia 

2 The Institute of Computational Technologies, SB RAS, Novosibirsk, Russia, cher@ict.nsc.ru 
3 The Sobolev Institute of Mathematics and Novosibirsk State University, Novosibirsk, Russia
Consider a given subduction zone, earthquakes in which cause tsunami waves over a certain aquatoria. Let the measurement system be designed so as to record a tsunami wave for future analysis. For example, the Deep Ocean Assessment and Reporting Tsunami (DART) buoys, proposed and deployed by the USA National Ocean and Atmosphere Administration (NOAA), could be considered. These buoys include a deep-water pressure transducer, a surface rider buoy and a satellite-based real-time data transmitter to a tsunami warning centre for analysis. 

We address the problem of optimal configuration of a given number of buoys to record a tsunami wave in a minimal possible time T, regardless a particular source location within the subduction zone in question.  To evaluate the wave propagation, the authors use a linear approximation of shallow water equations. The wave velocity is proportional to the square root of depth at each point. The corresponding nonlinear optimization problem is numerically solved by the authors with the help of real-parameter Genetic Algorithm. 

The application software has been developed and tested. The first uniform depth profile was considered to compare the calculation results with known analytic solutions. A fairly good agreement between exact solutions and calculation results were obtained. Then the algorithm was tested against a real bathymetry around the Alaska-Aleutian subduction zone. Dependencies of available detection times versus number of measurement buoys have been obtained. As was observed, the current configuration of DART stations (namely, buoys D157, D171, D165) could be valuably optimized in terms of time, required for the reliable tsunami detection. 

TSUNAMI MODELING AND INUNDATION MAPPING IN ALASKA: CURRENT STATUS OF THE PROJECT

Hansen R.A.1, Suleimani E.N.2, Nicolsky D.J.3, West D.4

Geophysical Institute, University of Alaska Fairbanks, USA

1 roger@gi.alaska.edu , 2 elena@gi.alaska.edu , 3 ftdjn@uaf.edu , 4 daw@gi.alaska.edu  
The Alaska Earthquake Information Center (AEIC) participates in the National Tsunami Hazard Mitigation Program by evaluating and mapping potential tsunami inundation of coastal Alaska. We develop hypothetical tsunami scenarios based on parameters of potential underwater earthquakes and landslides for specified coastal communities. We perform simulations for each of the source scenarios using AEIC’s recently developed and tested numerical model of tsunami wave propagation and runup. The modeling results are then delivered to the community for local tsunami hazard planning and construction of evacuation maps.

Making maps that communicate information effectively and are easily distributed is a challenge for any hazard mitigation campaign, particularly when the Geographic Information System (GIS) source data are generally inaccessible to the public. Delivery of tsunami hazard information is especially challenging in Alaska, where coastal communities are difficult to access and have very limited resources for disaster planning. Though our modeled results are still formally distributed in professional GIS formats and static illustrations, we have found the simplicity and flexibility of the KML platform to be useful in education and circulation to a wider audience, namely to residents and officials in at-risk communities. With a reasonably well-equipped computer, an internet connection, and free Google Earth software, residents can explore dynamic 3-D tsunami visualizations of their own community, gaining a strong impression of what to expect and how to react in the case of tsunami.  
NEAR-FIELD MODELING OF THE 1964 ALASKA TSUNAMI: A SOURCE FUNCTION STUDY

Suleimani E.N.1, Ruppert N.A.2, Nicolsky D.J.3, Hansen R.A.4

Geophysical Institute, University of Alaska Fairbanks, USA

1 elena@gi.alaska.edu , 2 natasha@gi.alaska.edu , 3 ftdjn@uaf.edu , 4 roger@gi.alaska.edu  
The Alaska Earthquake Information Center conducts tsunami inundation mapping for coastal communities in Alaska. For many locations in the Gulf of Alaska, the 1964 tsunami generated by the Mw9.2 Great Alaska earthquake may be the worst-case tsunami scenario. We use the 1964 tsunami observations to verify our numerical model of tsunami propagation and runup; therefore it is essential to use an adequate source function of the 1964 earthquake to reduce the level of uncertainty in the modeling results. It was shown that the 1964 coseismic slip occurred both on the megathrust and crustal splay faults (Plafker, 1969). The analysis of the eyewitness arrival times of the highest observed waves in Kodiak and Kenai Peninsula showed that the initial tsunami wave was higher and closer to the shore, than it would be if it was generated by slip on the megathrust (Plafker, 2006). That resulted in a hypothesis that crustal splay faults were a major contributor to vertical displacements that generated local tsunami waves. 

We conduct a numerical study of different source functions of the 1964 tsunami to test whether the crustal splay faults had significant effects on local tsunami runup heights and arrival times. We consider the following source models of the 1964 earthquake: the slip model by Johnson et al. (1996) developed by joint inversion of the far-field tsunami waveforms and geodetic data; the model by Ichinose et al. (2007) based on the combined inversion of seismic, tsunami and geodetic data; and the recent model by Suito and Freymueller (2008, submitted). The last one extends the Montague Island fault farther along the Kenai Peninsula coast and thus reduces slip on the megathrust in that region. Although in the far field all source functions produce very similar waveforms, which are also in good agreement with the tide gage records, the near-field amplitudes and arrival times differ substantially. In order to study the near-field tsunami effects, we construct embedded telescoping bathymetry grids around tsunami generation area to calculate tsunami arrival times and sea surface heights for all source models of the 1964 earthquake and use available observation data to verify model results.

 ABNORMAL AMPLIFICATION OF LONG WAVES 
IN THE COASTAL ZONE 

Didenkulova I.I.1,2, Pelinovsky E.N.1

1 Department of Nonlinear Geophysical Processes, the Institute of Applied Physics, Nizhniy Novgorod, Russia, pelinovsky@hydro.appl.sci-nnov.ru 

2 The Institute of Cybernetics at Tallinn University of Technology, Estonia, ira@cs.ioc.ee 
An abnormal amplification of tsunami waves in some harbors can be associated with to processes of wave shoaling and resonance in the bay. The shoaling effects are especially important on geantle beaches where the wave reflection is weak. A tsunami wave amplitude on steep slopes can increase no more than twice (in a simplified geometry of a plane beach). The main goal of this study is to demonstrate an existence of steep beaches with a low reflection produced by a specific bottom geometry. The analysis is based on the classical linear wave equation for a water displacement 
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(1) can be reduced to the Klein – Gordon equation
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The constant coefficient 
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 in the Klein-Gordon equation corresponds to the traveling wave solution, when a wave propagates without reflection and transfers the wave energy over long distances. Specific bottom profiles satisfying equation (4) are found. For instance, the case of 
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, and the Klein-Gordon equation transforms to the constant-coefficient wave equation. The properties of traveling “non-reflecting” waves are studied. Such waves approach the coast without loss of energy and their amplitude significantly increases. It is shown that runup of solitary wave on to beach with this sort of a bottom relief may be considerably higher than for a beach with a linear profile, and with an equal mean slope. Existence of such traveling waves in the 2D case is discussed. 
 CAN THE WAVES GENERATED BYFAST FERRIES BE A PHYSICAL MODEL OF TSUNAMI?

Didenkulova I.I.1,2, Pelinovsky E.N.2, Soomere T.1

1 The Institute of Cybernetics at Tallinn University of Technology, Estonia, ira@cs.ioc.ee 
2 The Department of Nonlinear Geophysical Processes, Institute of Applied Physics, Nizhniy Novgorod,Russia, pelinovsky@hydro.appl.sci-nnov.ru 

Studying the potentially hazardous tsunami waves is difficult, costly, and often dangerous. Waves dynamically similar to hazardous long tsunami waves are frequently generated by high-speed ferries. The Tallinn Bay, a semi-enclosed body of water, approximately 10×20 km of size in the Baltic Sea, is one of a few places in the world, where high-speed ferries continue operation at service speeds near the shoreline, with up to 70 sailings per day in the past.

A large part of the ship tracks in the bay go over depths ranging from 20 m to 40 m, where ships sail in near-critical conditions and generate packets of large, solitonic, very long and long-crested waves. In calm conditions, vessel generated waves of up to 1.5 m, with periods of 10–13 seconds frequently occur in the nearshore area, about 2700 m from the sailing line and about 100 m from the coast at a water depth of ~2.7 m. A typical daily highest ship wave is approximately 1.2–1.3 m. Combined, the wind and a vessel generated waves can result in waves of ~1.7 m. The periods of leading waves of vessels reach up to 15 s, which are much larger than the wave periods of 3–6 s, typically found for conventional ship wakes or for wind-generated waves in this sheltered body of water.

Thus, many ship wakes can represent long waves (wavelengths up to 250 m) at depths down to 10–20 m. In many aspects, these wakes can be used as a dynamically similar input allowing modeling and measurements of the shoaling and runup properties of extreme, long, large-scale ocean waves and tsunami waves in safe conditions. The Tallinn Bay therefore can be used as a natural laboratory for these waves. Properties of the corresponding tsunami waves can be found with the use of geometric similarity. The vessel waves in question correspond to waves with a length of 50 km and a period of 10 min at a typical water depth of 4 km in the World Ocean, which can be recognized as tsunami waves.

Modeling of realistic tsunami wave dynamics in the open sea (wave refraction, diffraction and sea-bottom interaction) by means of vessel-induced waves, however, is only possible in calm wind wave conditions. Since the periods of full-scale tsunami waves and wind waves in the open ocean are completely separated, no interaction between these structures occurs. On the other hand, the periods of vessel and wind waves are not separated so as to exclude their interaction. 

Another important parameter characterizing the dynamic similarity of wave processes nearshore is a breaking parameter Br. It depends on the wave period, a bottom slope and a maximum runup height. For ship waves in the Tallinn Bay Br(40. Similar values of the breaking parameter are found for tsunami waves caused by landslides. For example, at a depth of 2.5 m it corresponds to a tsunami wave with a period of about 1 min and wavelength of 300 m, which may cause a 25–30 m high wave runup on to the river bank. A tsunami wave with the listed parameters was observed in Nizhny Novgorod (Russia) in 1597, when the whole Pechersky monastery (200 m to 300 m) with all its buildings slid down into the Volga River. The resulting tsunami caused a wave runup up to 25 m (Didenkulova et al., 2003; Didenkulova and Pelinovsky, 2006).

EARLY DETECTION OF TSUNAMIS IN NEA REGION 

Baptista, M.A. 1,3,  Omira R. 1,2 , Matias L. 1,4 , Catita C.1, Carrilho F.4, Toto E. 2
1 Centro de Geofisica da Universidade de Lisboa, IDL, Portugal, mabaptista@dec.isel.ipl.pt
2 University Ibn Tofail, Faculty of Sciences, Kénitra, Morocco omirarachid10@yahoo.fr  
3 Instituto Superior de Engenharia de Lisboa, Portugal mabaptista@dec.isel.ipl.pt
4 Instituto de Meteorologia fernando.carrilho@meteo.pt  

The devastating impact of the 26 December 2004 Sumatra tsunami raised a question for scientists on how to forecast future tsunamis threat. In 2005 the IOC-UNESCO decided to implement a global tsunami warning system in three main regions: Indian Ocean, Pacific Ocean and North East Atlantic, Mediterranean and connected seas (NEAM). The Gulf of Cadiz located close to the eastern part of Nubia-Eurasia plate boundary has been the place of several tsunamis, like the well known event of November 1755. This area, belonging to the NEAM region, remains up to now as the only zone unprotected by any warning system. 

In spite of the fact that seismic and tide gage monitoring constitute an essential tool for tsunami hazard assessment an improvement in the speed of detection can be achieved using tsunameters, speciall in regions where travel times are short. 

The goal of this study is to design a tsunami detection network in the Gulf of Cadiz. The results show that 25 tide gauge stations and 3 tsunameter sensors are recommended as the minimum number of stations to assure an acceptable protection to the large coastal population in the Gulf of Cadiz. 

This work was funded by NEAREST, 6FP EU project
 Progresses in the Establishment of the Portuguese Tsunami Warning System

Annunziato A.1, Matias L.2, Baptista M. A.3, Carrilho F.4, Ulutas E.5
1 Joint Research Centre, European Commission, alessandro.annunziato@jrc.it
2 Instituto de Meteorology, Portugal, lmmatias@fc.ul.pt
3 Centro de Geofísica da Universidade de Lisboa, Portugal mabaptista@dec.isel.ipl.pt
4 Instituto de Meteorology, Portugal, fernando.carrilho@meteo.pt
5 Visiting Scientist to JRC from University of Kocaeli, Turkey, ergin.ulutas@jrc.it
The presents the state of the ongoing efforts towards the implementation of the Portuguese national Tsunami Warning System (PtTWS), as part of the NEAMTWS, IOC-UNESCO global tsunami warning system. This system is the natural response to the historical and recent instrumental events generated in the Gulf of Cadiz. 

The development of the Portuguese Tsunami Warning System follows a sequential data collection and analysis, from the origin of the tsunamigenic earthquake to the issuing of messages to the Portuguese Civil Protection authorities. The PtTWS includes three main components: the seismic detection, the tsunami detection/analysis and the issue of warnings/alerts. In Portugal, the Instituto de Meteorologia (IM) is the only national institution operating on a 24x7 basis that is also responsible for the Portuguese seismic network, which makes IM the natural candidate to host the Portuguese system. IM is the Portuguese National Tsunami Focal Point as regards the NEAMTWS

The next level of decision in the PtTWS is taken with the help of the Tsunami Analysis Tool (TAT). TAT is being developed at the Joint Research Centre of the European Commission (JRC) to assist the TWC operator in deciding if a tsunami has been generated or not, in case of a large enough seismic event. 

The paper describes the rationales behind the design of the Tsunami Early Warning System and presents an example of the possible response of the system to an hypothetical event occurring in the Gulf of Cadiz, in order to identify strengths and needs of the current system.

In summary, the backbone of the future Portuguese Tsunami is already in place and the basic functionalities are installed at the Instituto de Meteorologia, Lisbon. Very little is required for the PtTWS to go in operation and plans are already devised for its development and improvement, profiting from the ongoing international cooperation developed at the ICG/NEAMTWS: a) refining of the tsunami scenario database; b) definition of the PtTWS Communication Plan; c) real-time connection of additional coastal tide-gauges; d) installation of deep-ocean sea-level sensors. Some of these actions can reasonably improve the system by the end of 2009. For other (e.g. installation of buoys) a larger national commitment and international cooperation is needed.

MODELLING AND FORECASTING FOR THE AUSTRALIAN TSUNAMI WARNING SYSTEM

Greenslade D.J.M.1, Simanjuntak M.A. 2, Allen S.C.R.3
Centre for Australian Weather and Climate Research, Bureau of Meteorology, Australia,

1 d.greenslade@bom.gov.au, 2a.simanjuntak@bom.gov.au, 3stewart.allen@bom.gov.au
After the Indian Ocean tsunami of December 26th 2004, the Australian Government committed AU$68.9M to the development of the Australian Tsunami Warning System (ATWS). The development and implementation of the ATWS is a four-year joint-agency project, involving the Bureau of Meteorology, Geoscience Australia and Emergency Management. This presentation will focus on the modelling and forecasting aspects of the system. 

A first-generation scenario database (T1) was completed in 2006. This proved to be a very useful tool for forecast guidance and general event analysis, however it was somewhat limited in terms of its domain, model run-time and rupture construction. An enhanced database (T1.1) was developed to replace it and transferred into operational use at the Joint Australian Tsunami Warning Centre in early 2009. The domain of T1.1 covers the entire Pacific and Indian Oceans, and includes source locations at 100km intervals along all subduction zones in these basins. The South Sandwich subduction zone is also included with scenarios generated on a separate domain. Each source location has 4 scenarios associated with it, with earthquake magnitudes of Mw = 7.5, 8.0, 8.5 and 9.0. This results in a total of 1,865 scenarios. The rupture modelling for T1.1 is improved over T1, with large ruptures being represented as the sum of a number of smaller rupture elements and each scenario is run for 24 hours of model run-time. The scenarios are linearly scaled in order to produce guidance for intermediate magnitude events. 

This presentation will also describe a method that has been developed for issuing tsunami warnings based on the T1.1 scenarios. The tsunami warnings are obtained by considering pre-defined zones around the Australian coastline and determining which of three specific levels of warning is appropriate, depending on the values of maximum modelled wave amplitude that occur in each zone. The three levels are: No threat, Marine Threat and Land Threat.

Recent United States Tsunami Warning System Improvements

Whitmore P.M1, Knight W.K2, Weinstein S.A.3
1 NOAA West Coast/Alaska Tsunami Warning Center; Palmer, USA; paul.whitmore@noaa.gov
2 NOAA West Coast/Alaska Tsunami Warning Center; USA; william.knight@noaa.gov
3 NOAA Pacific Tsunami Warning Center; USA; stuart.weinstein@noaa.gov
A tsunami warning system consists of many elements: 

· observational networks which record tsunamis and other associated phenomena, 

· warning centers which process/interpret data and disseminate threat information, 

· communication networks which transmit the threat information to coastal residents and emergency management organizations (EMOs), and 

· EMOs which respond to official warnings, nature’s warning signs, and prepare themselves and educate nearby populations to respond properly.  

In recent years, the U.S. Tsunami Warning System has witnessed dramatic improvement in each element of the warning system.  The density and quality of data provided by observational networks (seismic, coastal sea-level, and deep ocean sea-level) have increased in addition to the enhanced timeliness of data transmission.  U.S. warning centers have improved data processing and tsunami wave height/travel time forecasting capabilities, and have implemented 24x7 operations.  Modern communication networks have greatly reduced the latency for receipt of timely information by affected populations as well as allow for a richer and more diverse set of message products.  These networks include satellite communication networks, cellular networks, Emergency Alert System’s, and web-based message products.  EMOs continue to improve response capabilities thanks to programs such as the National Tsunami Hazard Mitigation Program and the National Weather Service TsunamiReady program.  This report will discuss recent advances in each aspect of the U.S. Tsunami Warning System.
Automated management-information the tsunami warning system
Andreev A.K.1, Borodin R.V.2, Kamaev D.A.3, Chubarov L.B.4, Gusiakov V.K.5
1 Federal Environmental Emergency Response Centre, Obninsk, Russia, aka@typhoon.obninsk.ru 
2 Federal Environmental Emergency Response Centre, Obninsk, Russia, rb@typhoon.obninsk.ru 
3 Federal Environmental Emergency Response Centre, Obninsk, Russia, kda@typhoon.obninsk.ru 
4 Institute of Computational Technologies SB RAS, Novosibirsk, Russia, chubarov@ict.nsc.ru 

5 Institute of Computational Mathematics and Mathematical Geophysics SB RAS, Novosibirsk, Russia, gvk@sscc.ru 

This presentation deals with the description of structure and functional principles of an automated management-information system that has been developed and now is being deployed at the Russian tsunami warning system within the bounds of the Federal Target Program “A Decrease Risks and Mitigation of Results of Natural and Anthropogenic Emergency Situations in the Russian Federation till 2010”. 

The peculiarity of making a decision on tsunami warning alerts and cancellation of the alerts does not allow one to the process of decision-making automize fully. For this reason the cooperation between the oceanologist on duty and the automated management-information system should to be accomplished in interactive mode. 

The developed automated management-information system provides an informational and organizing support for decision-making by the oceanologist on duty: 

1. operative reflection of all the information of hydrophysical and seismological situations.

2. automation of sending and receiving messages 

3. automation of carrying out necessary computations 

4. a duty oceanologist action regulations in compliance with a seismological situation 

5. automatic logging of the oceanologist on duty actions, incoming and outgoing messages.

THE RETROSPECTIVE SHORT-TERM TSUNAMI FORECAST

Korolev Yu.

Institute of Marine Geology and Geophysics, Uzhno0Sakhalinsk, Russia, yury@imgg.ru 

According to modern conceptions, the short-term tsunami forecast should be done in the real-time mode. The tsunami alarm should be declared only those points, where tsunami to be of a real threat. Information, with which the forecast working-out is possible, is data on the ocean level at points, remote from the coast.  

The method of the short-term tsunami forecast based on a known reciprocity principle, is applied to the retrospective prediction of recent tsunamis in the northwest Pacific. Events of 2006, 2007 and 2009 were simulated. A great number of numerical experiments are curried out with the use of actual bathymetry. The information about the earthquakes epicenters coordinates and the ocean level data from stations of the bottom hydrostatic pressure of the DART system was used for modeling. The working-out of forecasting in the real-time mode was simulated using numerical modeling.

Results of numerical experiments show that the main parameters of a predicted tsunami are in good agreement with parameters of a measured tsunami waveform. Coefficients of correlation between the predicted and the observed tsunami waveforms are about 0.7 - 0.8.
The results presented suggest that the method can be used for the tsunami early warning. The represented method can be used on-line not only by a regional tsunami warning service, but by a local tsunami warning service as well. Thus, tsunami alarm can be declared for the points, where tsunami is of a real threat.

ENERGY-BASED ANALYSIS OF TSUNAMIGENIC EARTHQUAKE PRECURSORES
Lavrentiev Jr., M.M. 1, Simonov K.V.2

1 The Novosibirsk State University, Novosibirsk, Russia, mmlavr@nsu.ru 

2 The Institute of Computational Modeling SB RAS, Krasnoyarsk, Russia, 

simonovkv@icm.krasn.ru 

The info-calculation technologies for processing and analysis of data streams (including various kinds of data) are among the basic trends in modern development of environmental control and monitoring systems. The complex data analysis of different nature, evaluation of various scenarios, and selection among alternatives are based on the computational experiment technology. Modern hardware and software facilities make it possible to design a new generation of expert systems for monitoring and management of natural disasters.  

Here we would like to present theory and methodology grounds for the solution to geomonitoring problems, including algorithms and software applications for fast analysis of large data arrays, which is aimed at providing an automated system for tsunamigenic earthquake precursors analysis. 

The disaster prediction problem for tsunamigenic earthquakes is considered. Among the analytic approaches we use a nonlinear multi-parameter regression and wavelet transforms. Seismic events at the Middle Kuril Islands are considered. 

Analysis of a shock seismic monitoring sequence for the Middle Kuril island region was performed, the observation period from 14.08.2006 to 22.08.2007. Such new technologies as nonlinear regression and wavelet transform were used. On the basis of the energy analysis, the so-called “energy cline” (earlier proposed by the authors) was confirmed as a short-term indicator of a strong earthquake. 

To provide the information (decision making) support for the modern monitoring system, a technology of fast processing of large data sets (including the ones with gaps and errors) has been developed. This technology includes: original elements, such as: a fast multi-parametric nonlinear regression and wavelet transform of temporal-spatial series, efficient data visualization with the help of elastic nets. In the sequel, we will describe the results, obtained by this technology as applied to data analysis for strong tsunamigenic earthquakes.  

The energy-based representation of a source zone during preparation and realization of a strong earthquake is used. Precisely, the strongest earthquakes occurred on the Middle Kuril Islands in 2006-2007 are studied. 


Application software for simultaneous monitoring of several source zones have been developed and preliminary tested against several historical events.

 INTERACTION BETWEEN A TSUNAMI WAVE AND A VERY LARGE ELASTIC PLATFORM FLOATING IN SHALLOW WATER OF VARIABLE DEPTH

Komarov V.A.1, Korobkin A.A.2,3, Sturova I.V. 3

1 The Novosibirsk State University, Russia, fenrizzz@gmail.com 
2 The University of East Anglia, England, a.korobkin@uea.ac.uk 
3 The Lavrentiev Institute of Hydrodynamics SB RAS, Russia, sturova@hydro.nsc.ru 
In the recent decades, significant efforts were made to understand the interaction of surface gravity waves with very large floating structures. These structures are designed to be used for the ocean space utilization like floating airports and storage facilities, as well as for industrial and military purposes. Such structures are placed on the water surface and are suitable for the use in calm waters, often inside a lagoon and near the shoreline. The structures are modeled as giant elastic plates floating on the surface of an inviscid fluid. A model of a thin elastic plate floating on the water surface has been intensively studied also in the polar engineering, where interaction of the ocean waves with the ice fields and generated flexural gravity waves in the ice are of practical importance. In both cases, due to large dimensions of a floating structure or an ice field, the hydroelastic responses are more important than their rigid body motions. Although there is an extensive literature focused upon the hydroelastic analysis of floating platforms, relatively little work has been done on the dynamic response of a floating structure subject to nonlinear waves. Moreover, many authors assumed a flat seabed for their hydroelastic analysis of floating platforms. In reality, the seabed is not uniform in depth especially close to the shoreline.

Since a tsunami is described as a solitary wave in shallow water, the interaction between a solitary wave and a two-dimensional floating elastic plate is studied in this paper. The unsteady hydroelastic behavior of the floating thin plate is investigated within shallow water models. Linear equations of the plate dynamics and nonlinear equations of a fluid flow with an appropriate boundary and matching conditions are simultaneously solved in time domain. Two numerical approaches for analysis of the hydroelastic behavior of floating structures in solitary waves are presented: a finite difference method and a spectral method. Three nonlinear shallow water models are tested by the finite difference method: a classical nonlinear model without dispersion, a weakly nonlinear and weakly dispersive model by Boussinesq, strongly nonlinear and weakly dispersive model by Green and Naghdi. The spectral method is used to solve the hydroelastic problem within the first two models. Both the accuracy and efficiency of these models and proposed numerical methods are verified through a comparison with available experimental results. The linear and nonlinear responses of a floating elastic plate in waves are compared. Numerical results demonstrate a significance of nonlinear effects, which strongly affect the propagation of tsunami waves beneath a large elastic platform floating on a shallow sea of variable depth.

HARBOR MODIFICATIONS AND TSUNAMI VULNERABILITY AT CRESCENT CITY, CALIFORNIA

Dengler L.1, Uslu B.2
1 Humboldt State University, USA, lad1@humboldt.edu 
2 NOAA Pacific Marine Environmental Laboratory, USA, bbuslu@yahoo.com 
Crescent City, California has experienced more damaging tsunami events in historic times than any other location on the West Coast of the United States.  Thirty-one tsunamis have been observed at Crescent City since a tide gauge was established in 1933, including eleven with maximum peak to trough wave range exceeding one meter and four that caused damage.  In 1964 the tsunami caused by the Mw 9.2 Alaska earthquake flooded 29 city blocks and killed 11 in the Crescent City area.   Crescent City’s harbor has undergone significant modification since the early 20th century including construction of several breakwaters and dredging.  A 200 x 300 meter small boat basin was carved into the preexisting shore line and a 123 meter dog leg extension was added to the central breakwater as part of post 1964 recovery and redevelopment.    In 2006, a Mw 8.3 earthquake in the Kuril Islands generated a moderate Pacific-wide tsunami.  Crescent City recorded the highest amplitudes of any tide gauge in the Pacific and was the only location to experience damage.  Strong currents damaged docks and boats within the small boat basin, causing more than 10 million (US $) in damages and replacement costs.  We examine how the addition of the small boat basin and other modifications have affected Crescent Harbor’s tsunami vulnerability.  A bathymetric grid was constructed of the basin based on U.S. Army Corps of Engineers soundings in 1964 and 1965 before the construction of the small boat basin.  The MOST numerical model was used to estimate tsunami water heights and current velocities at several locations in the harbor using both the 64-65 grid and the modern bathymetric grid using several sources.   There is little difference between the water height estimates for the two grids and both replicate the 1964 marigram reasonably well.  Current velocities appear to be much more sensitive to changes in the harbor.  We compare the model velocity output for the 2006 Kuril tsunami at the tide gauge location and at four additional computational sites in the harbor.   The largest difference between the two grids is at the small boat basin entrance where the modern bathymetry produces currents over three times the strength of the 1965 currents.  We also look at the currents likely generated by a similar magnitude earthquake off the Sanriku coast of Japan, the “worst case” northwestern Pacific event from the perspective of Crescent City (Dengler et al., 2008).  Although the water heights are slightly larger in the Sanriku event, peak currents are slightly less than the 2006 event.   The modifications of the harbor and the addition of the small boat basin in particular appear to have contributed to the high current velocities and resulting damage in 2006 and help to explain why the 1933 Mw 8.4 Sanriku tsunami caused no damage at Crescent City.

ANALYSIS OF SHIP DRIFTING MOTION BY TSUNAMI

Hashimoto T.1, Koshimura Sh.2, Kobayashi E.3
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2 Tohoku University, Japan, koshimura@tsunami2.civil.tohoku.ac.jp 
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Hydrodynamic forces of tsunami current may cause additional damage by drifting ships or vessels in a harbor area. This study focuses on the damage mechanisms of drifted ship or vessel, and aims to develop a model to analyze the ship drifting motion by tsunami current.


The ship drifting model consists of a set of equations of motion of a floating body driven by tsunami current considering Surge, Sway and Yaw, which was primarily developed by Kobayashi et al. (2005), with additional terms to formulate the grounding effect. The equations are solved numerically in time and spatial domain, under the tsunami current field estimated by the tsunami inundation model based on the non-linear shallow water theory.


The model is implemented to Banda Aceh, Indonesia, to simulate the drift of a 2600-ton power plant barge of 63m-long, which would be in Ulee Lheue ferry port before the 2004 Indian Ocean tsunami and was drifted approximately 3 km inland by the tsunami inundation flow. First, we perform the numerical modeling of tsunami inundation in Banda Aceh, by use of high-resolution topography/bathymetry data of 23 m spatial resolution, to obtain the hydrodynamic features of tsunami inundation. After the validation with the measured data by post-tsunami survey team, the modeled hydrodynamic features (water levels and current velocities) are given to the ship drifting model to simulate the sequence of drifting motion and grounding. 


In the model, the ship started drifting by the first wave, toward several kilometers inland from the original position. We found that the simulated grounding position was consistent with the evidenced position in the middle of Banda Aceh city, and it suggests the model's applicability. However, at the same time, some improvements are needed to consider the resistance lows, e.g. collision with structures and variable friction of bottom roughness (land use conditions), in order to assess the damage of drifted ships and its impact to the coastal area.
 seismic network development with a view of Tsunami Warning System IN THE FAR EAST OF RUSSIA

Chebrov V.1, Droznin D.1, Gusev A.1,3, Mishatkin V.2, Sergeev V.1, Shevchenko Y.1, 
Chebrov D.1
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In 2006, within the framework of the Federal Program, the concept of development of a seismic subsystem of Tsunami Warning System in the Far East of Russia (SS TWS) started its realization. 

All specialized seismic stations TWS are equipped with the same broadband gauges of seismic signals (Guralp). Used velocimeters are: CMG-3ESPC, 0.0083-40 Hz, and accelerometers CMG-5, 0-100 Hz. There are two types of specialized seismic stations for TWS: auxiliary (regional) and basic ones. 
Except for data of specialized seismic stations TWS, in the solution to a problem of the operative Tsunami forecast, real-time data stations of the global network IRTS, regional and local network GS RAS are accessible, and/or results of their processing are used.  

The processing of signals at the seismic network is developed on the basis of regional informational-processing centers (IPC) of GS RAS. Regional IPC in Petropavlovsk-Kamchatski and Yuzhno-Sakhalinsk simultaneously solve a task about a possible occurrence of tsunami. They use data of all seismic stations involved in the survey of tsunami warning. Thus, on the basis of satellite liaison channels in the real time made a uniform information space is realized. It provides reservation of performance of functions of every IPC at a failure of one due to a catastrophic earthquake or technical fault. 
In 2008, the first stage of a seismic subsystem of Tsunami Warning System (SS TWS) was integrated in experimental operation. It includes two basic stations with groups of accelerometers (“Petropavlovsk-Kamchatski” and “Yuzhno-Sakhalinsk”), in addition equipped with groups of accelerometers, and an auxiliary one (“Vladivostok”), and also a regional IPC “Petropavlovsk-Kamchantsi”. 

In 2009-2010, it is planned to create eight specialized stations of SS TWS. In addition, on Kamchatka and on Sakhalin it is planned to create a network of accelerometers whose data will also be accessible in real time. 

On completing the procedure of certification, the data from specialized stations will be freely shared among all services of Tsunami Warning in the Pacific ocean region.
SEISMIC DATA COLLECTION AND A PROCESSING SUBSYSTEM FOR TSUNAMI WARNING SYSTEM IN THE FAR EAST OF RUSSIA

Chebrov V.N. 1, Droznin D.V. 2, Sergeev V.A. 3
Kamchatkan Branch of Geophysical Survey of the Russian Academy of Science, Petropavlovsk-Kamchatsky, Russia. 
1 chebr@emsd.ru, 2 ddv@emsd.ru, 3 basil@emsd.ru 

A processing subsystem designed for a real-time seismic data collection from seismic local, regional, and global networks for the fast event detection and determination of earthquake parameters for the tsunami warning system at operations centers. It consists of broadband and strong motion sensors, 24-bit digital acquisition systems, telemetry unit with the VSAT linkage, data collection servers operating under OS FreeBsd and operators workplaces operating under OS Windows one.  Interaction between them is carried out using the TCP/IP protocol via Internet/Intranet using a system and a specific software.  Data are collection servers responsible for collecting real-time waveform data, the current state of monitoring of remote seismic stations, providing a real-time based on requests data access from remote operator’s workplaces for further processing.  From the operator’s workplace the user can analyze seismic data in the real-time mode using automated – interactive processing programs: Real Time Display, DIMAS, determine the basic parameters of seismic events and make emergency reports about the possibility of tsunamis resulting from these earthquakes.
NUMERICAL MODELLING OF TSUNAMI NEAR THE ISRAELI COAST

Beisel S.A. 1, Chubarov L.B. 2, Kit E. 3, Levin A. 4, Shokin Yu.I. 5, Sladkevich M. 6
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This study presents a review of historical tsunamis in the Mediterranean region (more than 500 events). Numerical modelling of tsunami in the Aegean Sea (July, 1956) is carried out by means of the original algorithms developed in the ICT SB RAS, which have been modified and carefully verified on model problems. Based on historical data analysis, locations of the critical for the Israeli coast tsunamigenic earthquake sources are determined. Their intensities and shapes have been designed to generate extreme events, which can pose a potential threat to the coastal zone. These events and their possible effects on the Israeli and the Egyptian coasts are simulated.

NGDC HISTORICAL HAZARDS DATABASE: STANDALONE GIS SOFTWARE BASED ON UDIG

Varner J.1, Dunbar P.2
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2 NOAA/National Geophysical Data Center, Denver, USA, 
paula.dunbar@noaa.gov 

The NOAA National Geophysical Data Center (NGDC) maintains a database of information about historical hazards such as tsunamis, significant earthquakes, and volcanic eruptions from ancient times (2000 B.C.) to the present. Long-term data from these events can be used to establish the past record of natural hazard event occurrences, which is important for planning, response, and mitigation of future events. In order to meet the needs of local authorities and tsunami warning centers from countries around the world, we have developed a standalone GIS application to interact with a local copy of the historical hazards database. The software is based on uDig (User-friendly Desktop Internet GIS), an open-source GIS framework written in Java which is built upon the well-established Eclipse Rich Client Platform (RCP). We have customized the behavior of uDig by developing plugins that allow the user to query the database using many different search parameters, and to display information about events on the map and in a table format.

TSUNAMI RISK MAPPING FOR THE CITY OF RHODES, GREECE

Fokaefs A.1 , Novikova T.2, Papadopoulos G. A.3

1 Institute of Geodynamics, National Observatory of Athens, Greece, anna@gein.noa.gr 

2 Institute of Geodynamics, National Observatory of Athens, Greece, tatyana0703@yahoo.com 

3 Institute of Geodynamics, National Observatory of Athens, Greece, papadop@gein.noa.gr 

The eastern segment of the Hellenic arc-trench is one of the most active in the Mediterranean region producing large earthquakes and tsunamis. The island of Rhodes was hit several times in the historical past by large earthquakes and associated destructive tsunami waves: AD 148, 1303, 1481, 1609, 1741, 1851. A local aseismic tsunami inundated part of the northwest coastal segment of the city of Rhodes on 24.03.2002.  Therefore, the city of Rhodes, which occupies the NE edge of the island, has been selected as the master test-site of the EU tsunami research project TRANSFER. One of the major components in that research project as regards the master test-site is the production of risk maps based on several methods. Our contribution is outlined as follows. We select an extreme tsunami wave on the basis of two independent approaches. The first is based only on tsunami descriptions contained in historical documentary sources. The second is based on inundation results coming from numerical simulation of some potential tsunamigenic sources. Finally we adopted an extreme wave of 5-6 m in height with incidence from three different directions: east, north, west. Maps illustrating a number of attributes, such as tsunami inundation, local topography, land use/land cover, importance of facilities etc. have been used to characterize and map the expected tsunami impact in scale 1:5000 which is practically applicable. Tsunami impact for each one of the three incidence scenarios includes three different items: damage potential, vulnerability of population, risk of life. This is a contribution of the EU Research Project "TRANSFER", contract N.037058, FP6-2005-Global-4, Reduction of Tsunami Risks.
MONITORING OF MARINE HAZARDS IN THE KHOLMSK AND THE KORSAKOV PORTS, SAKHALIN ISlAND
Ivelskaya T.N.
The Sakhalin Tsunami Warning Center, Yuzhno-Sakhalinsk, Russia, tanya.ivelskaya@gmail.com
Since the destructive Indian Ocean tsunami of December 26, 2004, Programme of measurements for updating the National Russian TWS was developed. The Programme Actions was realized under the Federal Target Programme "Decrease of Risk and the Mitigation of Consequences of  Emergency Situations of Natural and Technogenic Character in the Russian Federation till 2010".

The Programme Actions include:

- reconstruction and modernization of the sea level observation network in order to ensure the reliability of the information about tsunami threat;

- modernization of the Yuzhno-Sakhalinsk Tsunami Warning Center on the basis of modern data processing technologies;

- introduction of modern communications technologies for data collection and information exchange;

- development of operative automated information interaction between the TWS and the State and the local authorities system.

- development of the software for computation of tsunami dynamic characteristics, etc.
During 2007-2008, the telemetry recorders in the Korsakov Port and the Kholmsk Port (Sakhalin Island) were installed for operation testing.

A comparative spectral analysis of the sea level records was performed.

The results of the analysis have allowed use to define the structure of frequency of dangerous sea phenomena and to take into account them reinforcement of negative consequence of tsunami.
A NEW METHOD  FOR MODELING  OF TSUNAMI  PROPAGATION 
OVER VARIOUS  SUBMARINE TOPOGRAPHY 

Arkhipov D.G.1,2, Khabakhpashev G.A.1,3 
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The finite-amplitude waves simultaneously travelling in different directions can be described only by systems of equations incorporating both the disturbance of the free boundary and the water velocity. In the systems proposed earlier, even the linear terms of all equations involve the terms depending on the water velocity. The aim of this paper is to propose a system of equations, which would be convenient for analysis.

The liquid is assumed to be incompressible, its stationary flow being absent, the disturbance amplitudes are small but finite, characteristic horizontal lengths of waves and of the bottom topography exceed than the water depth h. The initial system of hydrodynamic equations for the shallow water above a gently sloping bottom was reduced to one basic nonlinear evolution differential equation for spatial perturbations of the free surface  
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and  two linear auxiliary differential equations  for determination  of the horizontal velocity vector u  averaged over the layer depth, which is contained  in the main equation  only in one term  of  the second order of smallness:  
[image: image25.wmf]u,

j

=Ñ

  
[image: image26.wmf]2

(/t)/h

jh

Ñ=-¶¶

.  Here t is the time, g is the acceleration of the gravity, the operator
[image: image27.wmf](/x,/y)

Ñ=¶¶¶¶

, (x, y) is horizontal coordinates, and  (  is the water velocity potential. The proposed model is suitable for the finite-amplitude waves running at any angles. This approach is in essence easier for analysis than known systems of equations, where all equations contain both linear and nonlinear terms. 

For the solution of the main nonlinear equation with partial derivatives, an implicit difference scheme was constructed. The Seidel iteration algorithm was applied for the numerical calculations by this scheme. At the step “predictor” the computations were made with the help of the simplest replacement for the velocity vector. At the step “corrector”, the velocity vector was determined using simple linear auxiliary equations. Poisson’s equation for determination of the velocity vector was resolved by the method of the fast Fourier transform both by horizontal coordinates at the each time step. 

Some solutions of the model system of equations were numerically found with the help of this method. In particular, in the cases of the seamounts and trenches, additional peaks and troughs on the water surface were observed. 
THE CAPE CANAILLE CLIFF FALLING: HYPOTHETIC TSUNAMI CONSEQUENCES ESTIMATION

Khvostova O.E.1, Averbukh E.L.2, Kurkin A.A.3
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Cassis, one of the top places in the south France, is a nice touristy town located near Marseille, France. One of its sightseeing’s, the cliff of the Cape Canaille is 390 m high, and is the highest coastal cliff in Europe. Due to the global warming the sea level will rise and will probably enhance a slow erosion of the marl masses located at the foot of the cliff, causing the overhanging of the cliff. The estimated volume of the slide is from 3 000 000 m3 to 12 000 000 m3 of sandstones. This may cause a local tsunami which may become a hazard to the citizens of Cassis. Different scenarios of this hypothetic event were simulated and analyzed. The results and assessment of the tsunami consequences for Cassis and its vicinities are presented. 

For the first scenario, an axially symmetric, parabolic disturbance of the water surface was used. This formula has been used by many researchers to describe the waves generated by explosions in water, explosive eruptions of underwater volcanoes and asteroids impacting the ocean. Also, the collapse of several blocks was analyzed. Seven identical blocks were considered. The third scenario is the cliff falling in the form of an avalanche of rock debris. In all the studies, it was considered that the average initial volume was 6 000 000 m3. According to the results obtained, all three scenarios give us approximately the same picture. Only in the case of several blocks falling, a generated wave propagates a little faster. In all cases, the wave amplitude in the port of Cassis was fluctuating between 2.7-3.1 m. The arrival time of the first wave is 3-4 minutes. For all cases, a significant surging (up to 0,5-0,8 m) of the sea level will last longer than 10 minutes and then will slowly decrease.

For the next step the first scenario was studied with a different volume of the initial slide. It was estimated that a maximum wave height will be in the Cassis harbor if the initial slide volume will be 6-7 million cubic meters.

It should be noted that in all the cases wave heights will be sufficient to expect the flooding of the Cassis harbor. Also, the first wave arrival time is very short (3-4 minutes after the cliff falling) and the wave height is significant. So, this local tsunami that can be generated by a collapse of Cape Canaille can be dangerous for Cassis and people there. The wave can reach Cassis and flood the port, where numerous yachts are lying alongside and a lot of people have rest in a great number of cafes and restaurants. 

AN APPROXIMATE METHOD OF TSUNAMI EARLY WARNING

Korolev Yu. 

The Institute of Marine Geology and Geophysics, Yuzhno-Sakhalinsk, Russia, yury@imgg.ru 

From the point of view of tsunami warning services, the short-term forecast should consist in determination of detailed features of a tsunami: time of the first wave arrival, the number of waves and waves heights, time intervals between them, expected time of the tsunami termination, - for each point to be warned. The tsunami alarm should be declared only at those points, where tsunamis are of actual threat. At the present time such a detailed forecast based on a magnitude criterion is impossible. For this reason, the acting tsunami warning services, not passing practically any event, declare up to 80 % of false alarms. It is obvious that false tsunami alarms are accompanied by various losses. It is possible to decrease a number of false alarms using additional information on a formed tsunami obtained in the deep ocean.

One of solutions of the tsunami early warning problem, using the sea level data, is offered. The approximate solution is based on a known reciprocity principle being a result of symmetry of Green's function of the wave equation.

The proposed method may be applied to the short-term tsunami forecast regardless of tsunami generation nature. Tsunami sources may be a seismic one, a subsea landslide one or others. The sea level information at a remote point and the only seismological information about time of beginning and the coordinates of an earthquake are needed for the tsunami wave form prediction.

Actually, the method consists in the creation of a transfer function permitting one to expect a tsunami waveform at any specific point based on the sea level data. The transfer function is formed during an event.

The method was applied to computing the tsunami waveform with the use of the actual sea level data. The comparison of the tsunami waveform computed by the offered method with the measured tsunami waveform has demonstrated their satisfactory agreement. It was also shown, that the offered method can be realized in the real-time mode. The use of proposed method shows that the main wave parameters of a predicted tsunami agree sufficiently well with parameters of measured tsunami.

The offered method allows one to estimate a waveform of an expected tsunami at any specific point on the sea level data at a remote point. The seismological information only about coordinates of the earthquake epicenter is necessary. The tsunami forecast can be carried out in the real-time mode.

The creation of a transfer function during an event does not require a database of synthetic mareograms. The method can be applied in areas, for which there is no synthetic mareograms database created in advance.

The method can be used by local tsunami warning services if they can receive the sea level information on-line.

NUMERICAL SIMULATION OF TSUNAMI WAVES IN VIEW OF PHASE DISPERSION

Nosov M.A. 1, Kolesov S.V. 2
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Tsunamis are usually considered to be non-dispersive long waves. However, tsunamis may exhibit a dispersive propagation at a sufficiently great traveling distance L>(3/H2, where ( is the wave length and H is the ocean depth. In certain cases, when horizontal size of a tsunami source turns out to be comparable with the ocean depth, one can expect manifestations of the phase dispersion quite close to a source, at distances of tens of kilometers. Tsunami January 13, 2007, near the Central Kuril Islands, may serve here a good example. Its narrow source in conjunction with a significant ocean depth (the Kuril Trench) provided favorable conditions for manifestations of the phase dispersion before the wave reached the nearest shore, 150 km from the tsunami source. Conventional models based on the long-waves theory obviously fail to describe dispersive waves properly. Being dispersive in a deep water region, when approaching the shore tsunami, surely turns into non-dispersive wave in a shallow water region. We propose a combined numerical model. The calculation domain is separated into a deep and a shallow area by a given isobath. In the deep-water area, waves are described within the framework of the linear potential theory (a vertical-resolving model), whereas in the shallow-water area, the long-waves theory (a vertical-averaged model) is applied. Both models are dynamically coupled along the separating isobath. On the outer (seaward) borders of the calculation domain the free-pass boundary condition is imposed. Along the shoreline, the normal water velocity is set to zero. The combined numerical model is applied for simulation of tsunamis occurred near Central Kuril Islands on 15.11.2006 and 13.01.2007.

UPDATING OF THE RUSSIAN TSUNAMI WARNING SYSTEM
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This paper represents the results of work on a updating of the Russian tsunami warning system. Discussing project solutions on the main components of the tsunami warning system 
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 seismological network, a hydrophysical network, territorial centers and also about the structure of an algorithmic support for estimation procedures of tsunami characteristics during making a decision about a tsunami threat and cancellation of a tsunami threat status.

 TSUNAMI INTERACTION WITH MARITIME WORKS

Maximov V.V.1, Nudner I.S.2
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We study the interaction of tsunami waves with various types of the maritime works. These problems are solved both by theoretical and experimental techniques. The experiments are fulfilled in the hydro-wave flume (2D) and in the wave basin (3D). The waves are generated by the vacuum wavemakers. The kinematic and dynamic characteristics of the wave flow (wave height, pressure, bottom velocity, etc.) are determined. The comparison between the theoretical results and the experimental data is made.

TSUNAMI AND TSUNAMI-LIKE WATER EXCITATIONS IN LARGE IN LAND BASINS OF RUSSIA

Nikonov A.A.

The Institute if physics of the Earth, Moscow, Russia, nikonov@ifz.ru 

After the tsunami disaster of 1952 on the Kamchatka and the Kuril islands, the research into tsunami became one of the problems of primary importance within the Far-East region of Russia. As for large in land basins of Russia, the problem has not been considered as an essential one so far. Meantime it is revealed that such features as tsunami and tsunami-like water excitation in such basins as big as internal seas, lakes (and even rivers) from time to time also occurred, although not so intensive as in the oceans. For about 20 years the author has been involved in acquisition of primary written sources concerning such a type of water disturbances in the Black and the Caspian seas, the Baltic and the White seas, Lake Ladoga in western part of the country, and Lake Baikal in the East Siberia. It has been found that the shores of each of them were affected by tsunamis in historical period for several times at least, including events recorded in the XX-the century. Now, for areas of ancient civilizations such as shores of the Black and the Baltic seas, we know tens of tsunami and tsunami-like cases. And prominent evidences of paleotsunamis have been revealed on the shores of the Baltic and the Black seas, as well as Lake Ladoga. The reason of this phenomenon must be predominantly sought in the earthquakes, although in some cases, it can be due to underwater landslides. Seismic cause is quite understandable for such seismic-prone regions as basins of the Black sea and Lake Baikal. But now it is true for the Scandinavian area and its vicinity including the territory of Russia as well, because as a matter of fact here seismic events with M 5(6.5 occurred in the past. 

By now, we have collected some evidences of the tsunamis occurrence of with intensity (according to the Sieberg-Ambraseys scale) in the Black sea up to IV-V, in the Caspian sea – up to II-III (very rarely), in Lake Baikal – up to IV, and in basins of the NW Russia up to III-IV. In the latter, for the period of several millenniums, paleotsunamis of intensity up to IV-V were confirmed proven by geological approaches. That is why we have to establish, even in the absence of reliable data on recurrence intervals, that tsunami danger is a genuine problem to be thoroughly studied in the above mentioned intracontinental water basins of Russia. We have published a catalogue of tsunamis for the Black sea only. So, compilation of such a kind catalogues for other large intracontinental basins is one of the first tasks in the tsunami research. 

 ANALYSIS OF RUN-UP AND FLOW-DEPTH DATA FROM RECENT TSUNAMI: CAN INUNDATION BE MODELLED EMPIRICALLY?
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Post-tsunami surveys have collected much data on run-up heights and flow-depths in major tsunami. The extent of inundation in some of these events has also been measured using both satellite images and aerial photographs. We have studied data from several recent events, including the 2004 & 2005 Sumatra tsunami, the 2006 Java tsunami, the 1993 Okushiri tsunami, the 1983 Japan Sea tsunami, among others, to try and study the change in water level as a function of distance from the coast, and how this depends on topography, land-usage, and the properties of the incoming wave.

In this poster we present some of our results, and discuss the viability of using information collected from past events as a means to construct empirical relationships which can be used to mitigate the inundation hazard in future events. We find that the highest run-ups are typically found on steep-slopes close to the coast; in contrast where the same tsunami is able to inundate furthest inland it is usually over flat topography, and the run-up height (ie water-level at the inundation limit) is normally much lower. We have looked for functions that envelope the distribution of run-up heights versus distance from the coast, and used GIS to compare the area defined as potentially inundated according to such a function with aerial images of the extent of inundation during the 2004 Sumatra event. 

The effects of the 2003 Zemmouri tsunami: database of observations in French harbors and influence of resonance effects

Sahal A.1, Roger J.2, Allgeyer S.3, Hébert H.4, Schindelé F.5, Lavigne F.6
1 Université Paris 1 Panthéon-Sorbonne, Laboratoire de Géographie Physique, UMR 8591, 1 place Aristide Briand, 92195 Meudon Cedex, France, alexandre@sahal.fr
2 CEA DAM/DIF/DASE/LDG, Laboratoire Risques Sismiques et Geologiques, 91297 Arpajon Cedex, France, jeanrog@hotmail.fr
3 CEA DAM/DIF/DASE/LDG, Laboratoire Risques Sismiques et Geologiques, 91297 Arpajon Cedex, France, seballgeyer@hotmail.com
4 CEA DAM/DIF/DASE/LDG, Laboratoire Risques Sismiques et Geologiques, 91297 Arpajon Cedex, France, helene.hebert@cea.fr
5 CEA DAM/DIF/DASE/LDG, Laboratoire Risques Sismiques et Geologiques, 91297 Arpajon Cedex, France, francois.schindele@cea.fr
6 Université Paris 1 Panthéon-Sorbonne, Laboratoire de Géographie Physique, UMR 8591, 1 place Aristide Briand, 92195 Meudon Cedex, France, francklavigne@yahoo.fr
A field survey was organized on the French Mediterranean coasts to investigate the effects of the tsunami induced by the 21 May 2003 Boumerdes-Zemmouri (Algeria) earthquake (Mw=6.9). Eight harbors were affected by important sea level disturbances, causing material loss. The low sampling rate of the French tide gage records (10 min.) did not allow for a proper evaluation of the tsunami impact since the resulting amplitudes where probably underestimated in the harbors where these sensors are installed. The survey brought to light regional and local contrasts between the harbors’ hydrological responses. A simulation of the sea level elevations induced by the tsunami was then conducted using various modeling methodologies. The simulation also underestimated the observed phenomena. Underestimations and local level contrasts in harbor responses are mainly explainable by the resonance phenomenon, which was shown to be an important factor of amplification within the harbors. This study underlines the importance of conducting field studies immediately after a tsunami occurs, the need for networked tide gages with high resolution records and short sampling rates, and for a tsunami early warning system in the Western Mediterranean Sea.

Measuring Scales in Tsunami Phenomena

Sergeev V. A.
Institute of Computational Mathematicsand Matematical Geophysics SD RAS, Novosibirsk, Russia, vas@omzg.sscc.ru 
The paper: (1) presents the existing definitions of the main terms and the author’s definitions related to the “scales”; in particular, introduces the notions of “inherent” and “assigned” properties; (2) gives the joint table characteristics of scales; (3) considers the practically important theoretical statements concerning the scales (in particular, knowledge about the scales is extended to the relations, apart from the properties; (4) gives the system of applied examples for the given different scales (separately for properties and for relations), in particular, for geological and tsunami risk objects. The elements of scientific novelty are peculiar to each of these four items.

By “scale” we shall mean the data type, related to a set  X  of allowed values  { x }  of properties or relations, defined on some object under the condition that the set   F = { f }  of allowed transformations  f  is fixed above each  x.

Typification and classification of scales. Different kinds of scales are singled out and  considered in different scientific works dealing with the measuring theory, data analysis, investigation of operations, artificial intellect, technical cybernetics. The scales are divided into strong and weak. Each strong scale is called also arithmetical (synonyms – quantitative or metrical).

The strong scales are divided into absolute (A), scales of intervals (I) (synonym – preferences), relations (R) and differences (D).

The weak scales are divided into nominal (N) (synonyms – classificational, logical of the 2-d kind) and ordered  (O) (synonyms – ranges, logical of the 1-st kind).

The set of possible data values of a strong scale belongs to continuum (infinite set) of some limited interval of definitions  Q( X.  The set of possible data values of a weak scale belongs to some finite set  Z( X,   Z = {zk},   k = 1,…, K,  where  K  is the common quantity of different values  zk - non ranged for  N  and ranged  for  O.  

In studying the tsunami phenomena the necessity of strong scale application is evident. The weak scales are used in the following situations: (1) if the value  x  is initially non quantitative, but is fixed on the scale  N  or  O ;  (2) if a device that determines x   is coarse;  (3) if the data  x  are coarsed from  scale  A  to  N  or to  O   while constructing the classification. 

TSUNAMI RECORDING IN THE SHIKOTAN ISLAND HARBORS (SOUTH KURIL ISLANDS)

Shevchenko G., Loskutov A., Shishkin A.

The Institute of Marine Geology and Geophysics, Russian Academy of Sciences. 

Yuzhno-Sakhalinsk, Russia, shevchenko@imgg.ru
The Institute of Marine Geology & Geophysics (the Russian Academy of Sciences) has created a special hydrophysical observatory on the Shikotan Island (the South Kuril Islands) for recording tsunami close to the seismic prone area. The bottom water pressure gauges were installed in Malokurilskaya, Krabovaya Harbors on the inner Yuzhno Kurilsky Strait coast and in the Malaya Tserkovnaya Harbor on the oceanic coast. Two tsunamis were recorded in Shikotan Harbors during 2007. A nearby Simushir tsunami (January 13, 2007) was recorded in the Malokurilskaya and Krabovaya Harbors and a remote Peru tsunami (August 16, 2007) was recorded in the Malokurilskaya and the Malaya Tserkovnaya Harbors. 
To examine spectral properties of long wave oscillations in each harbor, we calculated power spectra using two different data segments (both of 1 day length): The period preceding the tsunami event, was identified as “normal” and selected for analysis of the background signal; the “tsunami period” included tsunami caused oscillations.  The spectral maxima at each station were different, however, they are mainly the same in each harbor for the two states (“normal” and “tsunami”). Well-expressed peaks with a period of 19 and 29 min were distinguished in power spectra in the Malokurilskaya and in the Krabovaya Harbors, these peaks being associated with zero resonant mode oscillations.  

Spectral maxima with periods of about 3 and 4.5 were also found in the Malokurilskaya Harbor for the two states. This result is consistent with a well-known fact that the periods of extreme events are mainly related to local bottom topography. Only one peak with a period of 5 min was missing in the background spectra, so these oscillations were probably associated with characteristics of a tsunami source. There is a relatively weak peak in the same period in the background spectra in the Krabovaya Harbor, however, the most expressed peak is observed in the case of tsunami causing oscillations. The spectral density amplified about 80 times in a period of 5 min, for comparison, it amplified about 10-15 times periods from 3 to 100 min. A significant increase of 5 min resonant mode was probably caused by coincidence with corresponding constituent in initial signal. This resonant oscillation was a cause of a abnormal tsunami height in the Krabivaya Harbor, which was about 2 times as large than in the adjacent areas.  
A strong earthquake near Peru on August 16, 2007 caused a tsunami, which was recorded in the Malokurilskaya and the Malaya Tserkovnaya Harbors. The amplified oscillations occurred in the Malaya Tserkovnaya Harbor during one day. In addition to the main zero mode resonant peaks with a period of 19 min, a significant amplification of the sea level oscillations with periods of 30 and 60 min was observed. There are no harbor resonant oscillations with a period longer than the zero mode period. Probably, this amplification was caused by the South Kuril shelf resonant effect. These examples show a essential impact of a local bottom topography on a tsunami height on the coast. Numerical modeling was used to examine spatial structure of eigenmodes in different harbors. We found out that the seaport in the Krabovaya Harbor is located close to the antinodal point of the main resonant modes, so as for the tsunami risk estimation, it is the most dangerous place in the Harbor. 

Tsunamis induced by slope failures in the volcanic island of Ischia, Italy:

Numerical simulations and implication on risk in the Gulf of Naples
Tinti S.1, Pagnoni G.2, Zaniboni F.3

1 Dipartimento di Fisica, Settore di Geofisica, Università di Bologna, Italy, stefano.tinti@unibo.it 
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3 Dipartimento di Fisica, Settore di Geofisica, Università di Bologna, Italy,
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Ischia is a volcanic island in the Gulf of Naples that is characterized by slope failures due to both seismic and volcanic activity. Mass failures may range from a sector or caldera collapse involving a volume up to 4 km3, event that is unique in the recent history of the volcano, to small-scale slides (in the order of 106-107 m3) that usually detach from subaerial flanks and do not touch the sea, but that sometimes reach the sea. Though no information on tsunamis is included in the available historical records, geological studies and numerical simulation provide good evidence that tsunamis may be induced by the identified slope failures. This work improves the results of previous research as regards the estimate of the tsunami potential through numerical modeling and explores the implications of tsunami risk on the coastline of Ischia as well as in the entire Gulf of Naples, with special consideration for the coastal belt from Naples, in the north, to Castellammare di Stabia, in the south, where the utilization of the coast is very intense due to the large number of urban settling with high-population density. Indeed, numerical simulations prove that in addition to the Gulf of Naples other coastal areas area under threat, and that, due to the particular m0orphology of Tyrrhenian margin off Campania and Latium (west-central Italy), also the Gulf of Gaeta (Latium) and the area of Cilento (south Campania) may be affected by the waves.

A Complex electronic database as a basis for new geodynamic methods

Vikulin A.V.1, Gusiakov V.K.2, Melekestsev I. V.1,Akmanova D.R.1, Osipova N.A.1

1 The Institute of Volcanology and Seismology FEB RAS, Petropavlovsk-Kamchatskiy, Russia,
vik@kscnet.ru, akmanova.dinara@mail.ru, Devil@kscnet.ru
2 The Institute of Computational Mathematics and Mathematical Geophysics

SB RAS, Novosibirsk, Russia, gvk@sscc.ru

We have created an electronic complex database of earthquakes and volcanic eruptions that helps us to study the regularities of geodynamic processes. It is based on the all-known world and regional catalogues and includes the planetary seismic events (all the events since 2150 B.C. till 1900 A.D. and 1900-2008 with М ≥ 6, in total n = 12393) and 6 499 volcanic eruptions from 630 planetary volcanoes for the last 10 000 years (since 9650 B.C. till 2008 A.D.). All these data have the following characteristics: 1. date (Y:M:D); 2. time (H:M:S, 0 for eruptions); 3. coordinates of an earthquake focus or a volcano: longitude and latitude (“-” for southern latitude and west longitude); 4. depth of an earthquake focus (0 for eruptions); 5. output performance: magnitude M for earthquakes and the value of the erupted material W for eruptions. According to the Smithsonian Institution scale, W = 1, 2, …7 coincides with the volumes of erupted materials equal to 105 м3 , 106 м3 , …1011 м3 respectively. 

Primary results of the data processing. We analyzed the counting distribution of seismic events and volcanic eruptions according to their output performance. The numbers of both earthquakes and volcanic eruptions turned out to be distributed in the base according to the single law of frequency with angles equal to 0,9 ± 0,3 for earthquakes and 0,5 ± 0,1 for eruptions.

We studied the distributions of the number of seismic events and eruptions using the time intervals between them. The detailed analysis on various scales revealed the values of seismic (½ Т0 = 116 ± 1 years, Т0 = 195 ± 6 years, 2Т0 = 388 ± 4 years, 4Т0 = 786 ± 9) and volcanic (Т1 = 198 ± 17 years; Т2 = 376 ± 12 years, Т2 ≈ 2Т1; Т3 = 762 ± 17 years, Т3 ≈ 4Т1) periods to be close to each other: Т0  ≈ Т1, 2Т0 ≈ Т2 , 4 Т0 ≈ Т3. We collected the new data on the earth migrations that correlate sufficiently well with the previously obtained results. The paper shows that severe volcanic eruptions are apt to migrate along the Pacific margin with the velocity equal to 60 km per year.
We propose to use the created complex database for solving various aspects of the geodynamic problem both on a regional and global scales.

 High-resolution deep-ocean tsunami data retrieved from DART® SYSTEMS in the North Pacific

Stroker K.J. 1, Bouchard R.H.2, Eble M.C. 3, Rabinovich A.B.4
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4 P.P. Shirshov Institute of Oceanology, Moscow, RUSSIA, A.B.Rabinovich@gmail.com 
The real-time Deep-ocean Assessment and Reporting of Tsunami (DART®) 1-minute averaged pressure data are an essential component in the U.S. Tsunami Warning System, improving reliability and timeliness of warnings to U.S. coastal communities. In addition to the real-time data, the DART® bottom pressure recorders (BPR) provide high-frequency data stored internally on a flash card for later retrieval. These high-resolution continuously recorded data are integrated over 15 second intervals and provide invaluable contributions to tsunami and climate research. This paper provides initial results from analysis of the high-resolution BPR data retrieved from 19 DART® systems for 14 tsunami events recorded in the Pacific Ocean between 2000 and 2007. In particular, we have compared real-time data with internally recorded high-resolution data for select tsunami events. The high-resolution data enable us to examine the long-term record in more detail and provide valuable insight into the tsunami physics and propagation across ocean basins. These data are particularly invaluable for investigations into small tsunamis. For example, two DART® systems (46404 and 46405) in the vicinity of the June 15, 2005 California earthquake were triggered on the seismic wave and continued providing 1-minute data for the succeeding tsunami wave for approximately 2 hrs. This moderate earthquake produced a minor tsunami that was detectable in the higher resolution real-time data. However, at the time of the event there were five additional DART® systems in the Northeast Pacific and Hawaii in operation, but event data were not available in real-time. Recovery of data from these data allows us to see and investigate this small signal and thus provides us with more opportunities for research into these small events and how they cross the Pacific basin. Since 2000, there have been 43 recoveries of the high-resolution DART® system data. An additional 10 flash cards were either not readable, not recoverable, or reused before data were transferred. Unfortunately, many of these that were unrecovered were deployed during significant tsunami events. During the Dec 26, 2004 earthquake and tsunami, seven DART® systems were deployed. High-resolution data have been recovered from only one of these stations, located near the Axial Ridge off of the United States west coast. It is fortuitous that data from this extremely important station were recovered to provide these invaluable event data.

OPERATIONAL TSUNAMI DETECTION FOR WARNINGS AND RESEARCH: NOAA'S NETWORK OF OFFSHORE TSUNAMETERS AND COASTAL TIDE GAUGES.
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The challenges of supporting operational tsunami detection include installation and maintenance of reliable and accurate coastal and offshore tsunami observing systems, complexity of real-time tsunami forecasting, and the impact of communication technology and data management. Following a potential tsunami-generating event, United States’ at-risk coastal communities receive warning based on shore-based seismic data, and observations from coastal water level stations and offshore tsunameters.  These observing systems are operated or funded by National Oceanic and Atmospheric Administration (NOAA) and include the networks of the National Water Level Observation Network (NWLON), the Tsunami Warning Centers, University of Hawaii Sea Level Center, and 39 tsunameters that employ the Deep-ocean Assessment and Reporting of Tsunami (DART®) technology.  Each of these networks is a critical component of an effective tsunami warning system. Operational and post-event data are directly usable for many investigations, including global tide and inundation modeling, tidal corrections to hydrographic data, comparisons of bottom pressure tides with altimeter tides, and in research towards the development of additional operational and climate applications.

COASTAL AND DEEP-OCEAN TSUNAMI MEASUREMENTS: EXPERIENCE BASED ON RECENT TRANS-OCEANIC EVENTS

Rabinovich A.B.
P.P. Shirshov Institute of Oceanology, RAS, Moscow, Russia, A.B.Rabinovich@gmail.com
The catastrophic Sumatra tsunami of December 26, 2004 was the first global-scale tsunami to occur during the "instrumental era" and was measured by unprecedented number of tide gauges throughout the entire World Ocean: The total number of known records of this tsunami in the Indian, Atlantic, and Pacific oceans is about 250. More than 50% of these records are for regions where tsunamis had never before been recorded (the Atlantic coasts of Africa and South America, the Antarctica coast and a major part of the Indian Ocean) and were made by instruments that were not designed to measure tsunami waves. The 2004 tsunami was also recorded by a number of bottom pressure gauges installed on the shelf and in the deep ocean within the framework of non-tsunami projects including those examining oceanic circulation, climatic change, ocean stratification and transport, and related ocean drilling studies. These observations have yielded valuable scientific information on the physics, dynamics and energy characteristics of tsunami waves. In addition, such multifarious tsunami measurements collected by different types of instruments with different sampling intervals and deployed at sites strongly dissimilar in their local topographic and geographical properties, are invaluable for specialists working on tsunami measurements and early tsunami warning. Recent Kuril Islands tsunamis in 2006 and 2007, which were each recorded by more than 100 tide gauges in the Pacific Ocean, have provided additional extensive material for such analyses. This paper gives an overview of these observations together with a discussion on the influence of instrumental sampling intervals and exact tide gauge location on the properties of recorded tsunami waves. Specific recommendations are made.

RECENT OFF-SHORE TSUNAMI OBSERVATIONS IN JAPAN: 30 YEAR OF EXPERIENCE

Hirata K.
Meteorological Research Institute (MRI)/JMA, JAPAN, khirata@mri-jma.go.jp
In 1979, the Japan Meteorological Agency (JMA) first deployed an ocean bottom pressure gauge (OBPG) as one of several sensors attached to a deep ocean cabled observatory that extended from from the eastern Nankai Trough off Tokai region to the nearby coastline  (Meteorological Research Institute, 1981). For three decades since, Japan has constructed 16 deep offshore stations with OBPGs for tsunami monitoring (Fig.1). All of these OBPGs were deployed on the ocean floor (water depth (d) > 1 km), several tens of kilometers or more offshore. OBPGs have been proven to detect tsunamis with amplitudes of several millimeters to a few centimeters (Okada, 1995; Hino et al.,2001; Hirata et al.,2003a).

Another type of offshore station being operated in the shallower, nearshore regions;is the NOWPHAS (Nationwide Ocean Wave information network for Ports and HArborS) (Nagai, 2002) consisted of 61 wave gauges and 8 GPS buoys as of March 2009 (Fig.1). The wave gauges, with ultra-sonic acoustic wave sensors, are installed on the shallow, nearshore sea floor (mostly d < 50 m and within 5 km of the coast). The GPS buoys, based on the RTK-GPS technique, are deployed farther offshore, but within 20 km of the coast (Kato et al.,2005). The wave gauges and GPS buoys can detect tsunamis with amplitudes of several centimeters or greater at minimum (Nagai and Ogawa, 2004; Kato et al., 2005).

Since 1999 the JMA has been providing a tsunami forecast service, called “quantitative tsunami forecast”, for both of local and distant tsunamis based on a pre-computed tsunami database constructed by numerically simulated tsunamis from a great number of assumed earthquake faults (Tatehata, 1997). Once earthquake parameters such as location and magnitude are estimated from seismological observations, appropriate tsunami forecast solutions are extracted from the database so that an initial tsunami forecast is issued. Recent improvements, achieved by new seismological techniques, such as Earthquake Early Warning and other seismological considerations, make it possible to issue tsunami forecast within three minutes after initiation of the earthquake (Kamigaichi, 2009). In the present JMA procedure, offshore tsunami observations, monitored by operators on a real-time base, contribute to check as early as possible if a tsunami was actually generated and to disseminate information about offshore tsunami amplitudes observed with GPS buoys and expected coastal tsunami amplitudes for some specific coastlines, as mentioned later.

Nearby deep offshore stations increase the reliability of regional forecasts for near-field tsunamis. Fig.1 shows that there are still several gaps where deep offshore stations are needed. Thus, it is still difficult to provide a nationwide near-field tsunami forecast service with uniform reliability everywhere in Japan, even if adopted a data assimilation technique of real-time offshore tsunami observations similar to the NOAA’s methodology for far-field tsunamis (Titov et al.,2005; Wei et al.,2008). There is a planned deployment of a deep ocean cabled observatory with 20 OBPGs off Peninsula of Kii in a region between #5 and #1&7 observatories in 2009 by JAMSTEC (Fig.1). Therefore, a much denser combined network of deep offshore stations will be constructed along Nankai Trough. It may then be possible to construct an experimental tsunami forecast system based on real-time offshore observations for earthquakes along Nankai Trough in the future.
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Fig.1 Japanese deep offshore stations (black triangles; water depth > 1 km) and shallow offshore stations (light shaded circles; w.d.< 50 m) as well as GPS buoys (shaded inverse triangles) (as of March 2009). These deep offshore stations are; (#1) an OBPG deployed off Tokai in 1979, (#2) three OBPGs off Peninsula of Boso, southeast of Tokyo, in 1985 (Fujisawa et al., 1986), (#3) three along the Suruga Trough, south of Tokyo, in 1996 (Eguchi et al.,1999), (#4) two off Sanriku, northeast Japan in 1996 (Kanazawa and Hasegawa, 1997), (#5) two off Cape of Muroto, Shikoku Island in 1997 (Momma et al., 1997), (#6) two off Tokachi, Hokkaido in 1999 (Hirata et al.,2002), and (#7) thee off western Tokai in 2008 (#7) (Saito, 2007).The shallow offshore stations and GPS buoys are operated as NOWPHAS. See texts for more explanation.

During an earthquake, an offshore OBPG usually records the tsunami and preceding pressure fluctuations with frequencies higher than the period of the tsunami (Okada, 1995). The pressure fluctuations are primarily attributed to seismic Rayleigh waves traveling through oceanic lithosphere from a distant earthquake (Fillioux, 1982) or possibly to seismic body waves from a regional earthquake (Tsushima et al., 2009). In some cases, it masks tsunami signals for nearby earthquakes (Okada, 1995). Maximum amplitudes of the pressure signals observed with nearfield OBPGs during the Tokachi-oki earthquake (Mw8.0) of 25 September 2003 reached at a few hundreds of kPa, while the maximum tsunami amplitude was estimated only a few kPa. Moreover, the tsunami and pressure signals were completely overlapped. Therefore, the extraction of the tsunami signal from OBPG records observed during nearby large earthquakes is essentially important for a possible near-field tsunami forecast in the future. Presently, however, it seems not so easy to make a complete decomposition of an OBPG record into tsunami and other pressure signals for near-field tsunamis (Okada, 1995; Hino et al.,2001; Hirata et al.,2003a). The observed pressure signals include low-frequency hydroacoustic (elastic) waves reverberating between the sea surface and ocean bottom through water layer (Kajiura, 1970) and closely related to tsunami generation or ocean-bottom motion due to an earthquake (Matsumoto and Mikada, 2005; Nosov et al., 2007). Hydroacoustic waves, however, remain mostly in the source region such that they do not affect tsunami propagation and onshore run-up (Nosov, 2000).

Another finding from the 2003 Tokachi-oki earthquake came from the observation that the OBPGs within or close to the source region had experienced a sudden temperature change of an order of 0.1 degree C per ten minutes, probably due to a change in bottom currents (Hirata et al., 2003b). Such sudden temperature changes cause artificial pressure changes which distort tsunami waveforms owing to a transient thermal response of OBPGs (Takahasi, 1983; Hirata and Baba, 2006). As an offshore station is located nearer to a nearby potential source region, the lead time, defined as the time from the moment tsunami is detected at the offshore station to the moment that tsunami arrives at the nearest coast, becomes longer. However, a possible near-field forecast based on records monitored with an OBPG extremely close to a source region may be difficult unless the transient thermal effect of OBPGs is properly corrected . 

As mentioned above, an important advantage of offshore tsunami observations is early tsunami detection. For #4 and #5 deep-ocean cabled observatories, past events have demonstrated that for nearby earthquakes, the tsunami could be detected approximately 20 minutes earlier than at the nearest coastal tide gauge station (Matsumoto and Mikada, 2005; Tsushima et al., 2009). It has been reported that for shallow offshore stations with the NOWPHAS wave gauges, tsunamis could usually be detected a few minutes to, at most, ten minutes earlier than at the nearest coastal tide gauges (Nagai et al.,1995; Kobune et al., 1996; Nagai and Ogawa, 2004; Shimizu et al., 2007). For a GPS buoy, located approximately 10 km offshore from the Cape Muroto, Shikoku Island, the tsunami from the 2004 Kii-hanto-oki earthquake could be detected about 10 minutes earlier than at the nearest tide gauge (Kato et al., 2005). These lead times are examples in cases where offshore stations are located a hundred kilometers or more from tsunami sources. Nevertheless these lead times are not long enough to issue a forecast before the first wave of tsunami arrives at the nearest coastline. In the case of a nearby large tsunami source or a tsunami source located landward of an offshore station, the tsunami strikes the nearest coastline only a few minutes after the earthquake origin time. This indicates that for Japanese coastlines within a hundred kilometers from a source region, a possible tsunami forecast for a near-field tsunami, based on offshore tsunami observations, should focus on updating  the initial tsunami forecast determined seismologically. 

A simple empirical relationship between tsunami amplitude at a deep offshore station and at a nearby coastal tide gauge can be established (Baba et al.,2004;Takayama, 2008). A similar empirical relationship with less uncertainty is also identified for pairs of a shallow offshore stations and the nearest coastal tide gauge (Hayashi, 2009). These studies suggest the possibility that simple predictions for coastal tsunami amplitudes can be made from observed offshore tsunami amplitudes. In July 2008, the JMA began to issue tsunami information bulletin, including heights and arrival times of tsunamis detected with GPS buoys as well as those estimated for the nearest coastline, immediately after tsunamis are detected with the GPS buoys (Nakata et al., 2008). In the tsunami information bulletin, coastal tsunami heights are estimated from observed offshore tsunami heights through pre-computed relations between coastal and offshore tsunami heights. Moreover, the JMA revises the  nationwide forecast initially determined from seismological observations if GPS buoys detect tsunamis larger than expected (Nakata et al.,2008). GPS buoys may provide a chance for a fast simulation technique based on large-scale parallel computing to predict on-shore inundation on a real-time base in the near future (Abe and Imamura, 2004). Methods to forecast regional tsunamis at the coast in real-time from deep offshore observations have been proposed independently (Ohgaki et al., 2006; Tsushima et al., 2009). These methods will provide a useful foundation for real-time regional tsunami forecast if a much denser network of deep offshore stations with an appropriate spacing will be deployed in the future. The concept of a tsunami monitoring network, consisting of shallow offshore stations including GPS buoys, coastal tide gauges, and on-site wave sensors, has been proposed (Nagai et al.,2007). 
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The Indian Ocean Tsunameter Network
Greenslade D.J.M.1, Jarrott K.2

1 Centre for Australian Weather and Climate Research. Bureau of Meteorology, Australia, d.greenslade@bom.gov.au 

2 Observations and Engineering Branch, Bureau of Meteorology, Australiak.jarrott@bom.gov.au
Since the Indian Ocean Tsunami of December 26th 2004, there has been a large increase in the number of tsunameters deployed throughout the world’s oceans, including the Indian Ocean. This talk will provide an overview of the existing tsunameter network in the Indian Ocean, and plans for the future. Some issues specific to the Indian Ocean, such as data sharing and a high level of vandalism, will be discussed.

DART DATA FOR ESTIMATING TSUNAMI MAGNITUDE DURING REAL-TIME TSUNAMI FORECAST

Titov V.V.
NOAA/PMEL/OERD, Seattle, USA, Email: vasily.titov@noaa.gov
NOAA's tsunami forecast methodology combines real-time deep-ocean measurements with model estimates to produce real-time tsunami forecast for coastal communities. This forecast procedure (also known as Short-term Inundation Forecast - SIFT) is implemented at NOAA's TWCs and is now being tested in warning operations. Tsunami forecast provides site- and event-specific information about tsunamis before the first wave arrives at threatened community. This next generation tsunami forecast provides estimates of all critical tsunami parameters  -- amplitudes, inundation distances, current velocities. The key observation data that ensures tsunami forecast accuracy is supplied by deep-ocean tsunami data. The Deep-ocean Assessment and Reporting of Tsunamis (DART) technology can detect tsunami waves of less than 1 cm in the open ocean (at depths up to 6 km) and provide data to the forecast system in real time during tsunami propagation. This accuracy allow fast, and robust estimate of a tsunami source magnitude even with limited number of initial observations. The DART-estimated source magnitude is obtained separately from seismic observation and provides independent estimate of tsunami magnitude.A number of test forecasts for tsunami events during 2005-2009 are analyzed to estimate accuracy of the DART-based predictions. Problems and challenges of the real-time systems and data analysis are discussed.

Coastal sea level stations vs. DARTs: Competing technology or complimentary technology?

Weinstein S.A.
Pacific Tsunami Warning Center, Honolulu, USA, stuart.weinstein@noaa.gov
Since the Sumatra disaster, the Pacific Tsunami Warning Center (PTWC) has received a large number of foreign dignitaries who were trying to learn as much as they could about the Pacific Tsunami Warning System (PTWS) and the technologies it uses. As one might guess, the subject of the Deep Ocean Assessment and Reporting of Tsunamis (DART) system would always come to the fore. Many of our visitors were under the impression that DARTs made coastal sea level stations obsolete for the purposes of a tsunami warning system. This is an erroneous perception, which if not corrected could have adversely impacted the development of nascent basin wide warning systems. 

The primary purpose of DART buoys is to help the TWC’s distinguish between ocean crossing tsunamis that are destructive from those that prove to be measurable on coastal sea level sensors but do not pose a threat to human life. It is in this manner that the DART buoys help to avoid expensive, unnecessary evacuations that have long been the Achilles heel of the PTWS. The coastal sea level stations provide prima facie evidence of actual tsunami activity along the coast.

The coastal sea level stations and DARTs have their strengths and weaknesses; however, they perform different functions within the context of tsunami warning. We will present a discussion of how these technologies are used together to fulfill the mission of the PTWS.

APPLICATION OF SEA-LEVEL DATA (DART SYSTEM)

FOR SHORT-TERM TSUNAMI FORECAST

NEAR RUSSIAN AND US COASTS

DURING 2006, 2007 AND 2009 EVENTS

Korolev Yu.

Institute of Marine Geology and Geophysics, Yuzhno-Sakhalinsk, Russia, yury@imgg.ru 

One of possible solution of the short-term tsunami forecast problem is offered.
This method uses the only seismological information about earthquake epicenter coordinates and open sea level data for tsunami forecast in any specific point.
The method is based on a fundamental property of symmetry of a Green function of a wave equation. Approximately this property is known in acoustics, seismology as a reciprocity principle.
The method consists in creation transfer function permitting to forecast tsunami wave-form in any specific point using data of sea level stations.
Waveforms from auxiliary circular source with center coinciding with earthquake epicenter are computed in points of forecast and sea level measurements. Transfer function is created as the ratio of spectra of waveforms in appropriate points. 

The time of creation of transfer function is appreciably less than time of tsunami propagation to a point, which data are used for the forecast.
The convolution of transfer function with sea level spectrum gives forecasted tsunami waveform. The duration of the forecasted tsunami is equal to duration of sea level data time series. In that way the offered method of the short-term tsunami forecast can work in real-time mode.
The numerical experiments using actual data of 1996 Andreanov, 2006, 2007 and 2009 Simushir weak tsunamis were executed. Results of experiments using data of various level stations show satisfactory concurrence forecasted waveforms with the recorded tsunami waveforms.

The offered method of the short-term tsunami forecast:

- uses a seismological information only about earthquake epicenter coordinates;
- can work by real-time mode;
- does not require preliminary created database of synthetic mareograms if transfer function is created during an event.
Thus the offered method can be used in areas, for which databases of synthetic mareograms are not created, can be used by both regional and local tsunami warning services if they can receive sea level information in real-time mode.

TSUNAMI-RANGE LONG-WAVE MEASUREMENTS IN THE AREA OF THE SOUTH KURIL ISLANDS

Shevchenko G.V.1, Chernov A.G.2, Levin B.W.1, Kovalev P.D.1, Kovalev D.P.1, Kurkin A.A.2, Likhacheva O.N.1, Shishkin A.A.1.

1 The Institute of Marine Geology and Geophysics, Russian Academy of Sciences, Yuzhno-Sakhalinsk, Russia, shevchenko@imgg.ru
2 Applied Mathematics Faculty, NSTU, Nizhniy Novgorod, Russia

The development and improvement of the Russian tsunami warning system (TWS) are associated with installation of a telemetric station, which includes a bottom pressure gauge (the so-called hydrophysical TWS sub-system) in the area adjacent to the Kuril Islands. The necessary condition for the effective sub-system activity is thorough the knowledge about the following:

- statistical characteristics of background tsunami-range long wave oscillations in the areas of telemetric stations location;

-  frequency-sensitive features of these areas caused by their bathymetric topography;   

-  long wave spectra variability depending on weather conditions. 


This information is necessary to elaborate algorithms of critical signal (tsunami) identification, automatic tsunami alert determination, etc. To research tsunami-range long wave features, the Institute of Marine Geology & Geophysics RAS in cooperation with the Nizhni Novgorod State University installed bottom pressure gauges near the cape Kastrikum, the cape Van-der-Lind (the Urup Island) and the cape Lovtsov (the Kunashir Island) in July, 2008. Stations were replaced by new the ones in the middle of October. 


There was an unusually calm weather in the summer and early in the autumn of 2008 in the area of the South Kuril Islands. One relatively deep cyclone (995 mbar) caused a significant amplification of long wave processes during on September 25-28. One weak tsunami with a source near the Honsu Island (M=6.8, coordinates 41.87ºN and 143.76ºE, depth 25 km, tsunami height in Hanasaki 10 cm) was recorded by our stations. 

To examine spectral properties of long wave oscillations at each station, we calculated the power spectra using three different data segments (two days duration). The period of September 9-10 preceding the tsunami event, we identified as “normal” and selected for analysis of a background signal. The period of September 11-12  (“tsunami period”) was chosen for analysis of tsunami caused oscillations. The periods of September 26-27 for the Kunashir station and of September 27-28 for Urup stations we identified as “storm period”.  To improve the spectral estimates, we used a Kaizer-Bessel spectral window with half-window overlaps prior to Fourier transform. The length of the window was chosen to be 8 hours, the yielding degree of freedom was 22. 


Well-expressed peaks with periods of 40 and 26 min were found for all three spectra near the cape Lovtsov, the spectral density was close values for periods exceeding 20 min. A significant spectral density increase found in the storm period spectra for periods less than 10 min. Some increase of tsunami spectra occurred for the periods 10-20 min. A more important increase of tsunami-caused oscillations with periods 15-60 min were found in the spectra both of Urup stations. Totally, a different response to cyclone and weak tsunami impact determined for each station.

 TIDE TOOL:  SOFTWARE TO ANALYZE GTS SEA-LEVEL DATA

Weinstein S.A.1, Kong  L.S.L.2, Wang D.1

1 Pacific Tsunami Warning Center, Honolulu, USA, stuart.weinstein@noaa.gov 

2 International Tsunami Information Center/UNESCO-NOAA, Honolulu, USA, l.kong@unesco.org 

Seismic source parameter estimation, upon which the decision to issue initial warning bulletins is based, can only be used to infer that conditions may exist for tsunami genesis. The Tsunami Warning Centers (TWC) rely on sea-level data to provide prima facie evidence for the existence or non-existence of tsunami waves and to constrain tsunami wave height forecast models. The US and other TWCs use near real-time sea-level data carried by the WMO Global Telecommunications System (GTS) to monitor sea-level variations world-wide. 

The processing of GTS sea-level messages is complicated because sea-level messages are structured in a rich variety of formats. In the aftermath of the Sumatra disaster, the International Tsunami Information Center approached PTWC about developing a platform independent, “easy” to use software package to give nascent warning centers the ability to process GTS sea-level messages and examine the resulting sea-level curves. The result is Tide Tool which has steadily grown in sophistication to become the operational sea-level processing system at the PTWC. Tide Tool continuously decodes sea-level messages in real-time and displays the time series using the open source platform independent graphical toolkit scripting language Tcl/Tk. Mouse clickable functions include removal of the tide signal from the time series, expansion of the time series, and measurement of arrival time, period, amplitude of  tsunamis plus a number of other features; a station location map showing reverse tsunami travel time contours adds to the tool's usefulness as a decision-making tool for warning centers. Tide Tool consists of two main parts, the decoder which reads log files of GTS sea-level messages and dynamic map based clients that allow the user to select a single station or groups of stations to display and analyze.

De-tiding of the time series is necessary to obtain accurate measurements of tsunami waves parameters and to maintain accurate historical tsunami databases. With Tide Tool, de-tiding is accomplished via the use of a set of tide harmonic coefficients routinely computed and updated at PTWC for many of the stations in PTWC’s inventory (~400). Another method currently being explored at PTWC is to use the decoded time series files (previous 3 – 5 days worth) to compute on-the-fly tide coefficients. This is useful in cases where the station is relatively new and a long-term stable set of tide coefficients is not available or cannot be easily obtained due to various non-astronomical effects.

Tide Tool is accompanied by a metadata set COMP_META that contains all of the information needed by Tide Tool to decode the sea-level messages and basic information such as the geographical coordinates of the station. The COMP_META dataset can be viewed graphically with GoogleEarth using a kml file obtained from the website www.sealevelstations.org.

NATNEG: BUILDING UP THE NATIONAL TSUNAMI NETWORK OF GREECE – PRESENT STATUS

Papadopoulos G.A. 
Institute of Geodynamics, National Observatory of Athens, Greece, papadop@gein.noa.gr

On 2005 the member states that participate in IOC/UNESCO decided to develop the North-East Atlantic and Mediterranean Tsunami Warning System (NEAMTWS). As a contribution to this effort the NAtional Tsunami NEtwork of Greece is under development. The network’s primary goal is to develop the national tsunami warning system,  along the Hellenic Arc which is the most tsunamigenic in the NEAM region, but also to create data bases that may support the tsunami warning system as well as further basic and applied research on tsunamis. At the initial phase of its development, a schedule for the instrumental part of NATNEG may include: (1) the broadband seismograph network of the Institute of Geodynamics, National Observatory of Athens (NOA), (2) a network of pressure-type tide-gauges installed along the Hellenic Arc and telemetrically connected with NOA for the real-time transmission of sea-level signals at a sampling rate of about 30 sec. The NATNEG may also include a Decision Matrix elaborated by NATNEG members and adopted by the NEAMTWS group. The Decision Matrix is an empirical tool that supports the evaluation of the possibility for tsunami generation as soon as the focal parameters of an earthquake have been determined regardless sea level or other oceanographic signals are available or not. The NATNEG will be completed by earthquake and tsunami catalogues, which are already existing,  as well as by a data basis of pre-determined tsunami numerical simulations for the scenario tsunami generation, propagation and inundation that could support the decision making in parallel to the Decision Matrix. 

TESTING A REAL-TIME ALGORITHM FOR THE DETECTION OF TSUNAMI SIGNALS ON SEA-LEVEL RECORDS

Bressan L.1, Tinti S.2, Titov V.3

1 Università di Bologna, Dipartimento di Fisica, Bologna, Italy, lidia.bressan@unibo.it 

2 Università di Bologna, Dipartimento di Fisica, Bologna, Italy, stefano.tinti@unibo.it 

3 NOAA Center for Tsunami Research, PMEL/NOAA, Seattle, USA, vasily.titov@noaa.gov 

The development of a real-time detection algorithm is important for the implementation of a tsunami warning system. The Tsunami Research Team of the University of Bologna is developing a real-time detection algorithm on synthetic records. Thanks to the collaboration with NCTR of PMEL/NOAA (NOAA Centre for Tsunami Research of Pacific and Marine Environmental Laboratory/National Oceanic and Atmospheric Administration), it has been possible to test this algorithm on specific events recorded by Adak Island tide-gauge, in Alaska, and by DART buoys, located offshore Alaska. This work has been undertaken in the framework of the Italian national project DPC-INGV S3 and the European project TRANSFER.

The detection algorithm has the goal to discriminate the first tsunami wave from the background signal. It is based on the parametrization of the instantaneous signal and of the background signal. Different possible parametrizations were tested. An incoming tsunami wave would raise the instantaneous signal parameter: The algorithm detects a tsunami if the instantaneous signal parameter exceeds a set threshold and is significantly different from the previous background signal parameter.

Real-time tsunami detection presents very different challenges depending on weather the algorithm is applied for an offshore buoy or for a coastal tide-gauge. In particular, the algorithm parameters are site-specific for coastal sea-level signals, because time series in that case are characterized by oscillations driven by the coastal topography. Adak Island background signal was analysed as an example and the algorithm performance was studied. It was found that presence of resonant waves with periods in the tsunami range complicated the algorithm application. To safely detect a tsunami, the algorithm was adjusted to target only tsunamis of amplitudes bigger than the natural frequency oscillations. 

Offshore sea-level signal is mainly composed by white noise and the tide. The main issue is that the tsunami signal may not have a very large amplitude with respect to noise. However, if the buoy is located near the tsunami source, the seismic signal is relatively large and could mask the tsunami signal. With the calibration and the test of the algorithm, a method to distinguish a seismic signal from a tsunami one was also studied.

INTERNET BASED REAL-TIME DETECTION AND MONITORING OF TSUNAMI USING SUBSURFACE PRESSURE GAUGES 

Joseph A1., Prabhudesai R. G2., Mehra P3., Agarvadekar Y4.,  Vijaykumar, K5.   

National Institute of Oceanography, India,
1 joseph@nio.org, 2 prabhu@nio.org, 3 pmehra@nio.org, 4 yogesh@nio.org, 5 kvkumar@nio.org 

A sub-surface pressure sensor based digital tide gauge with 5-min sampling interval was installed at Verem naval jetty in the Mandovi estuary, Goa (west coast of India). As the pressure sensor was installed under an “open” environment (i.e., free from the influence of a stilling-well or a long narrow tube) the inherently fast and linear response of the sensor was not contaminated by slow response, non-linearity at short periods, or waveform distortion. The gauge did not require the usual ‘tide gauge hut’, and was powered from a 12-volts battery which was charged through solar panels. In operation, sea-level data are acquired at a fast sampling interval (5-minutes) and a set of time-tagged dataset are uploaded to an Internet server with the use of cellular modem. Our preference for cellular-based data reporting stems from the ubiquity of cellular base-stations throughout the country, relatively small size of the cellular modem, and state-of-the art information accessibility at significantly low cost. The cellular-based real-time reporting gauge, designed and established by the National Institute of Oceanography, Goa, India, started operation at Verem from 24 September 2005, and real-time sea-level data in graphical format (measured sea-level, astronomical tide, and residual) was monitored from the Internet (http://inet.nio.org). A similar system established at Kavaratti Island (Lakshadweep archipelago in the eastern Arabian Sea) became operational from 14 March 2006. These two installations enabled detection and close monitoring of the arrival and persistence of tsunami at these two distant locations in real time on the Internet after the occurrence of an Mw 8.4 earthquake in Sumatra on 12 September 2007 was officially announced. The 5-min data-averaging time used in the sea-level gauges avoided the possibility of artificial attenuation of the tsunami signal. The residual provided a clear indication of the tsunami signal. This tsunami arrived at Kavaratti Island and Goa after traveling nearly 5 h: 15 min and 8 h respectively from the source region. The maximum trough-to-crest wave height at Kavaratti and Goa was ≈ 5 cm and 29 cm respectively, and the dominant period was about 43 min. 
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