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IRC International Radiation Commission

PUB Prediction in Ungauged Basins

SCAR Scientific Committee on Antartic Research

SEDI Study of the Earth’s Deep Interior

SPARC Stratospheric Processes and their Role in Climate

UCCS Union Commission for the Cryospheric Sciences

UNESCO United Nation Educational, Scienti. ¢ and Cultural Organization
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Session code naming

The first letter of the session codes indicates whether the session is a Union, a Joint
Interassociation or a single Association sponsored event, the second letter indicates the type
of event: Symposium (S) or Workshop (W). For Joint events, the second letter indicates the
Lead Association (with the abbreviations listed below) and the third indicates whether a
session is a Symposium (S) or a Workshop (W). In some cases (namely 1AGA, IAHS)

Association session codes have an extra codi. cation referring to a speci. ¢ Theme or Division.

UNION
JOINT
IAG
IAGA
IAHS
IAMAS
IAPSO
IASPEI
IAVCEI

< O T Z I r O <« C

Some examples:

us002
is a Union Symposium; JGWO0O0L1 is a Joint IAG Workshop with IAG as the Lead Association;

MS003
is an Association (IAMAS) Symposium. AS Il 020 is an Association (IAGA) Symposium

sponsored by its Ill Division.
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JSS001 Symposium (1716 - 1731)

Convener : Prof. lan Jackson

Physics and Chemistry of Earth Materials

JSS002 Symposium (1732 - 1844)

Convener : Dr. Kenji Satake, Dr. Gerassimos Papadopoulos
Co-Convener : Prof. Efim Pelinovsky, Mrs. Paula Dunbar, Prof. Fumihiko Imamura

Tsunami: generation and hazard

JSS003 Symposium (1845 - 1892)

Convener : Prof. Jochen Zschau

Early-Warning Systems

JSS004 Symposium (1893 - 1904)

Convener : Dr. Gianluca Valensise

Non-instrumental seismometry - Quantification of past and future earthquakes:
balancing the geological, historical and contemporary strain records

JSS005 Symposium (1905 - 1923)

Convener : Dr. David Schwartz, Mrs. Suzanne Hecker, Dr. Gianluca Valensise, Dr.
Kelvin Berryman
Co-Convener : Dr. Paolo Marco De Martini, Dr. Eullia Masana, Dr. Daniela Pantosti

Non-instrumental seismometry - Global and regional parameters of paleoseismology;
implications for fault scaling and future earthquake hazard

JSS006 Symposium (1924 - 1951)

Convener : Dr. David Schwartz, Dr. Gianluca Valensise
Co-Convener : Dr. Daniela Pantosti, Dr. Eullia Masana, Dr. Francisco Gutirrez
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Non-instrumental seismometry - New Approaches to Paleoseismology and
Earthquake Recurrence in the 21st Century

JSS007 Symposium (1952 - 1976)

Convener : Dr. Yoichi Sasai, Dr. Zlotnicki Jacques, Dr. Ciro Del Negro, Prof.
Viacheslav Spichak
Co-Convener : Prof. Domenico Patella

Progress in electromagnetic studies on earthquakes and volcanoes - Volcanic
structure and activities ( same as JVS002 )

JSS008 Symposium (1977 - 2021)

Convener : Dr. Malcolm Johnston

Progress in electromagnetic studies on earthquakes and volcanoes - Electromagnetic
fields associated with earthquakes and active faulting

JSS009 Symposium (2022 - 2066)

Convener : Prof. Pier Francesco Biagi

Progress in electromagnetic studies on earthquakes and volcanoes - Crustal
instabilities and earthquake precursors

JSS010 Symposium (2067 - 2092)

Convener : Dr. Valerio Tramutoli, Prof. Ramesh Singh
Co-Convener : Dr. Michel Parrot, Dr. Dimitar Ouzounov

Progress in electromagnetic studies on earthquakes and volcanoes - Seismo-
electromagnetic studies using space technology

JSS011 Symposium (2093 - 2186)

Convener : Prof. Thorne Lay

Earth Structure and Geodynamics

Symposium (2187 - 2215)
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JSS012

Convener : Prof. Hitoshi Kawakatsu
Co-Convener : Dr. Andrea Morelli, Dr. Shoichi Yoshioka, Prof. Tetsuo Irifune

Earth Structure and Geodynamics - Dynamics of Deep Mantle Slabs

JSS013 Symposium (2216 - 2251)

Convener : Prof. Sierd Cloetingh
Co-Convener : Prof. Hans Thybo

The lithosphere

JSS014 Symposium (2252 - 2327)

Convener : Prof. Kevin P Furlong

Crustal structure and Tectonophysics - Crustal and lithospheric structure in active
continental blocks and their boundaries

JSS015 Symposium (2328 - 2338)

Convener : Prof. Hans Thybo

Crustal structure and Tectonophysics - Large-scale multi-disciplinary programs for
continental imaging

JSS016 Symposium (2339 - 2358)

Convener : Prof. Barbara Romanowicz

Underwater observatories

JSS017 Symposium (2359 - 2394)

Convener : Prof. David Chapman

Lithosphere thermal state and geodynamic processes: from measurements to
models
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JSW001 Workshop (2395 - 2399)

Convener : Prof. Sri Widiyantoro

Subduction zone related volcanism and hazard mitigation
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(S) - IASPEI - /nternational Association of Seismology and Physics of the Earth's
Interior

JSS001 1716 - 1731

Symposium
Physics and Chemistry of Earth Materials

Convener : Prof. lan Jackson

Insight into the physical and chemical behaviour of Earth materials is essential for the interpretation of
seismological, geochemical, geodynamic, and geomagnetic observations. Experimental techniques now
provide direct access to the conditions of high pressure and temperature of subducting lithospheric
slabs, the transition zone, lower mantle and core. Complementary theoretical studies predict behaviour
of materials under extreme conditions difficult to realise in laboratory experiments. The structure and
behaviour of mineral surfaces and crystal defects, as well as the bulk properties of crystalline and
molten materials, are increasingly amenable to investigation. These developments in materials science
promise a better understanding of the Earth's interior - from crust to core. Papers are invited on all
aspects of contemporary research into the physics and chemistry of Earth materials
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The relation between the rock variables and exponents and the lithology of
nukhul formation at Ferian Oil Field, central part of the Gulf of Suez, Egypt.

Prof, Mahmoud Ghorab
GEOPHYSICS WELL LOGGING

In oil production, the prime importance is directed to define the types and amounts of fluids
encountered in the concerned formations. These determinations require the calculation of the formation
porosity, so the present work is devoted to show the effect of the lithology on the different reservoir
characteristics specially porosity where the rock variables and exponent (m, n and a) are very important
in the porosity calculation. The area of study lies in the central part of the eastern side of the Gulf of
Suez ,Egypt, where eight wells were selected (HH84-1,GG85-1,WFA-1, GS 206-1A,GS 196-1A,Tanka-1,
Tanka-3 and Tanka-4) to calculate the rock variables and exponent (m,n and a) and their lithology.
Different crossplots are used to define the rock variables and lithology for the Nukhul Formation. The"
m "values are between 1.9 and 2.5 and "a" values are between 2.1 and 2.5 while the related lithologies
are carbonate, shale, and sandstone. The petrophysical parameters like porosity and hydrocarbon
saturation show that Nukhul Formation can be considered as a fair reservoir for oil production in the
study area.
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Investigation of extensional deformation of ductile rocks

Dr. Shayesteh Mehrabian
EARTH PHYSICS INSTITUTE OF GEOPHYSICS, UNIVERSITY OF TEHRAN IASPE]

Knowledge of the deformation and particularly ductile flow properties of both the crust and the mantle
is important for better understanding a wide range of geological and geophysical processes. Models of
earthquake distribution, extensional tectonics and convection all require appropriate flow laws for the
rocks in the regions of interest. Structural and microstructural studies of in situ rocks or of samples from
boreholes represent an important way for learning about natural rock deformation. Mechanical tests on
rocks, over a wide range of temperature, pressure and strain rate followed up by microstructural studies
of the deformed materials can provide additional information. Experimental deformation of rocks has
provided much of the information on which the choice of constitutive laws is based. One of the aims of
geological and geophysical studies is to gain a deeper insight into the physics of deformation
mechanisms in rocks in order to be able to extrapolate constitutive equations obtained in experiments to
inaccessible conditions of strain rate and time in nature. One problem of experimental techniques,
however, is the inaccessibility of microstructural data during the deformation processes. In this study
the main purpose is to simulate the behavior of a cylindrical marble rock sample of 10 mm diameter and
20 mm length in extension with necking under high temperature and pressure conditions and to
compare the model results with the observed behavior of the rock sample in real high
pressure/temperature laboratory experiments which performed by Rutter (1995). By using a numerical
approach based on the finite element method the deformation of the sample is modeled. The
discretised equations for a mesh of eight-node quadrilateral elements in the case of visco-plastic
behavior, including power law flow, which is expected to correspond to the real situation, are solved. In
order to be able to assess the capability of the model to simulate the ductile behavior, the geometry
and boundary conditions are appropriate to experimental studies. The validation process of the
numerical frame-work has been made by using the analytical calculations for a single element with
uniform deformation conditions. From the obtained results of the numerical calculations it appears that
responses of the program in terms of displacement-force curves are very similar to the experimental
results and the deformed shape corresponds to diffusive necking deformation along the sample length.
It can be concluded that the strain-dependent flow law together with a consideration of the temperature
gradient can be applied to establish a framework for the numerical modeling of the necking
phenomenon or potentially the evolution of localized shear zones. Hence this approach with a
constitutive model offers a capability to simulate some aspects of rock deformation in extension at least
up to 20% bulk strain, and can be used to set up more realistic and complex applications to a wide
range of conditions for comparison with the experimental results.

Keywords: deformation, visco plastic, constitutive flow law
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Plane strain and axisymmetric models to simulate the mechanical behavior
of a rock sample

Mr. Shervin Mizani
Electrical and Computer Engineering School of Electrical and Computer Engineering IASPE]

In this study a finite element program is developed for the analysis of static instability and consequent
flow of an elasto-plastic solid in the cases of plane strain and axisymmetric by using correspondence
principle in the theory of rheological mechanics. The steps are as follows: firstly, declarations of the
quantities for the finite element mesh, the finite element calculations and the constitutive models are
specified. Then the necessary files which are used in the calculation procedures are opened. After that
the geometrical data as generated by the mesh generator is read from a file to specify the geometry of
the problem. Then the material parameters and the applied boundary conditions are read in. Next the
nodal freedom matrix is composed by considering restraint nodes or restraint freedoms of nodes along
restraint sections of the boundary. The numerical implementation concerns three main processes,
namely: (i)-The check of the initial stress state, which involves the calculation of the initial load vector.
(i)-The specification of the global stiffness matrix, by considering the corresponding solution
procedures. (iii)-Application of displacement increment steps, which involves a Newton-Raphson
iteration method for the equilibrium equation solution in each iteration. With respect to the point that in
the finite element calculation the estimated stress distribution must be in equilibrium with the external
load, this is achieved by calculating the stress distribution for any set of nodal displacements. The
program deals with plane strain and axisymmetric deformation using eight-node rectangular elements
for the elastic, elasto-plastic and viscous behavior of a rock sample. The finite element mesh has been
kept regular to simplify the presentation and to minimize the volume of data required. The simple
geometries enable the nodal co-ordinates and freedom numbers to be generated automatically. The
program is quite capable of analyzing geometrically more complex problems, by simply replacing the
mesh file generated by another program, a so-called mesh generator. The starting geometry, the initial
boundary conditions and material properties which are used as inputs to the numerical models are
obtained from experimental deformation. In general there are three output files for this program which
are used for storage of basic and necessary results, commonly include the calculation results of the
program for the latest step in terms of nodal displacements and invariants of stress and strain. Some
calculated results are demonstrated in relevant figures as displacement-force, nodal displacement
vectors, deformed mesh, contours of deviatoric stresses and strains at integration points for various
cases.

Keywords: plane strain, axisymmetric, rock behavior
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Constraining the Composition and Thermal State of the Earth's Mantle
from Inversion of Geophysical Date

Dr. Amir Khan
Niels Bohr Institute University of Copenhagen IASPE]

James Connolly, Nils Olsen

We jointly invert seismic data (global ISC P and S wave travel times), electromagnetic sounding data
(long-period inductive responses in the form of C-responses) and gravity data (mean mass and moment
of inertia) using a recently developed method to rigorously invert different geophysical data jointly for
compositional and thermal parameters. The inversion combines thermodynamic phase equilibrium
calculation and physical properties, with a fully non-linear stochastic inverse algorithm, based on a
Markov chain Monte Carlo (MCMC) method, to explore the range of model parameters consistent with
the observations, i.e. Earth's mantle geotherm and composition within the system CaO-FeO-MgO-Al203-
SiO2. Through our choice of parameters, the method provides a means of naturally linking various a
priori unrelated geophysical data in the inversion. Our results are indicatative of a chondritic mantle
composition and a lower mantle geothermal gradient that is slightly superabiabatic.

Keywords: mantle, composition, temperature
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Ultrahard nano-polycrystalline diamond: novel material for high-pressure
mineral physics studies

Prof. Tetsuo Irifune
Geodynamics Research Center Ehime University IASPE]

Hitoshi Sumiya

Since we first reported the synthesis of binderless nano-polycrystalline diamond (NPD) with extremely
high hardness by direct conversion of graphite at high pressure and high temperature (Irifune et al.,
2003; 2004; Sumiya and Irifune, 2004), we have been extensively working to synthesise the NPD with
larger dimensions and higher quality. NPD rods of up to ~5 mm in diameter and ~a few mm thick
without any visible cracks can now be synthesized on a routine basis using large multitnvil apparatus.
We found thus synthesised NPD rod can be polished to various forms, although it needs substantially
longer time compared with that needed for polishing a single crystal diamond. Moreover, the NPD was
found to maintain its hardness at temperatures substantially higher than single crystal diamond.
Applications of NPD to high-pressure generat ion have been made by using multianvil apparatus
combined with in situ X-ray observations. We used a pair of NPD rods as the third-stage anvils for the 6-
8-2 compression system, originally devised by Endo et al. (1985), and found that the pressures as high
as ~90 GPa were produced at room temperature, which were maintained at temperatures up to
~1200K. It is suggested that NPD can also be used for further higher pressure generation and other
mineral physics studies using various high pressure apparatus, such as laser heated diamond anvil cell,
Drickamer anvil apparatus, etc.

Keywords: diamond, high pressure, multianvil
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High-temperature elasticity of high-pressure minerals: new insights from
gas-medium ultrasonic interferometry

Prof. Ian Jackson
Research School of Earth Sciences Australian National University IASPE]

Gabriel D. Gwanmesia, Sytle M. Antao, Jennifer Kung, Sally M. Rigden, Robert C.
Liebermann

The internally heated gas-medium high-pressure apparatus provides an attractive environment for the
study of high-temperature elasticity of geological materials under essentially hydrostatic conditions. Use
of a compound steel-alumina acoustic buffer rod, and a soft-iron cup as a refractory pressure-
transmitting medium surrounding the cylindrical sample, allows precise measurements of elastic wave
speeds by ultrasonic interferometry to 1300C at 300 MPa confining pressure. However, for the
necessarily small (<3 mm) specimens of high-pressure minerals to be tested over temperature ranges
limited to < 700C by their metastability, an NaCl cup provides a closer approach to hydrostatic
conditions. This latter method has recently been applied to fine-grained polycrystalline specimens of
pyrope garnet, magnesioferrite spinel, ScAlO3 perovskite and the wadsleyite and ringwoodite
polymorphs of Mg2SiO4. Compressional and shear wave speeds are usually measured under identical
conditions of pressure and temperature with dual-mode transducers with ~0.1% precision yielding well-
resolved, essentially linear temperature dependencies of wave speeds and elastic moduli. The resulting
constraints on the temperature dependence of the elastic bulk and shear moduli are most useful when
integrated, along with other relevant thermoelastic data, into the thermodynamically self-consistent
theory of Stixrude and Lithgow-Bertelloni. This comprehensive, parametrically economical theory is
based on fundamental thermodynamic relations, generalized to anisotropic strain and represented by
Taylor series in Eulerian strain, thus describing elasticity as well as the usual bulk thermodynamic
properties. Comparison of the temperature dependence of elastic wave speeds from gas-medium
studies with similar data obtained at the much higher pressures of solid-medium apparatus provides
new constraints on the elusive mixed pressure-temperature derivatives important in extrapolation to
deep-mantle conditions.

Keywords: elasticity, mantle minerals, mineral physics
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The transition from elastic to viscoelastic behaviour: grain-size sensitive
relaxation in polycrystalline MgO

Dr. Auke Barnhoorn
Research School of Earth Sciences Australian National University IASPE]

John D. Fitz Gerald, Akira Kishimoto

Strictly elastic behaviour gives way at sufficiently high temperatures and long periods to viscoelastic
behaviour manifest in reduced seismic wave speeds and associated attenuation. In order to further
explore the nature of this transitional mechanical behaviour, we have performed seismic-frequency
forced-oscillation experiments at high temperatures on a suite of newly prepared MgO polycrystals (of
high purity and low porosity). The samples were fabricated from powders of 50 nm grain size with
temperature-time trajectories varied to allow different amounts of grain growth resulting in samples
with stable average grain sizes of <1, 3, 8 and ~100 micron, respectively. Torsional forced-oscillation
experiments were conducted on precision-ground cylindrical specimens at 200 MPa confining pressure
over the temperature range of 20-1300C. Sinusoidally varying torques were applied at 10 different
oscillation periods between 1 and 1000 s with amplitudes equivalent to maximum shear stresses of 0.3
MPa, resulting in maximum shear strains of 3E-5 at the highest temperature. For temperatures below
900C, the behaviour is essentially elastic for all grain sizes. However, at higher temperatures (—~900
1300C) the forced-oscillation and complementary torsional microcreep tests show that there is
significant anelastic and viscous behaviour. The measured shear modulus and dissipation are both
strongly frequency and grain size dependent with the highest levels of dissipation and the lowest levels
of shear modulus in the most fine-grained sample. Fitting of the combined shear modulus and
dissipation data to an extended Burgers model captures the complete transition from elastic behaviour
through a broad anelastic absorption band to the onset of viscous deformation. Collapse of the data
using a master variable approach indicates that grain-boundary sliding processes play an important role
in the viscoelasticity of fine-grained polycrystalline MgO. The results of this study contribute to an
emerging more general understanding of viscoelastic relaxation in fine-grained geological and ceramic
materials.

Keywords: viscoelasticity, seismic wavespeed, seismic attenuation
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The role of mechanochemical production for the CO2 released from the
seismic area of Apennine Chain

Dr. Francesco Italiano
Sezione di Palermo INGV IAVCE]

Giovanni Martinelli, Sonia Pizzullo, Paolo Plescia

The evidence that a large amount of carbon dioxide is released through wide areas in the absence of
clear contribution from the mantle or from mantle-derived fluids leads to the hypothesis that an
additional energy source has to be considered to justify the origin of the released CO2. The CO2-
dominated gases released along the Thyrrhenian sector of the Apennine chain come from both
geothermal and seismic areas: they are mainly marked by 3He/4He ratios of radiogenic signature, but
some cases (i.e Larderello geothermal area) where a mantle signature is evident. Experimental results
clearly confirm the possibility of producing CO2 by grinding carbonate rocks as an effect of the total
dissociation of calcite. Laboratory experiments carried out by a ring mill demonstrate that stress
application on calcite and calcite/clay mixture produces CO2 and CH4 and, even though the
experimental approach cannot be compared to a natural system, it shows a way to model the processes
occurring on fault planes where mineralogical phases are involved and modified with the total
reorganization of the crystalline lattice and the contemporary production of a gas phase. The evidence
that the mechanochemical production of CO2 and CH4 plays an important role over the entire Apennine
chain leads to the consideration that similar greenhouse gas production has to be evaluated on a global
scale.

Keywords: co2 production, mechanochemical, seismic areas
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Viscosity of Magmatic Liquids: A model for volcanology

Prof. Kelly Russell
earth & ocean sciences

Daniele Giordano, Don Dingwell

Viscosity of silicate melts is the single most important physical property governing the transport and
eruption of magma. The viscosity of naturally-occurring silicate magmas can span more than 10 orders
of magnitude (10-1-1014 Pa s) due to variations in temperature (T), melt composition, and due to
varying proportions of suspended solids and/or exsolved fluid phases. Dissolved volatile contents of H20
and F are of particular importance because small variations in their concentrations generate large (>
105) and strongly nonlinear changes in melt viscosity. The task of creating a comprehensive model for
viscosity of natural melts has long been a goal of earth scientists, but the challenge has been to include
these volatile effects, together with multicomponent melt compositional effects, in the framework of a
non-Arrhenian model. Here, we present an empirical model for predicting the viscosity of natural
volatile-bearing silicate melts. The model has an oxide mole % basis of SiO2, Al203, TiO2, FeO, CaO,
MgO, MnO, Na20, K20, P205, H20, and F20-1) and covers over fifteen log units of viscosity (10-1-
1014 Pa s). Temperature dependence of viscosity (n) is modelled by the VFT equation [log n = A +
B/(T(K) C)]. The calibration is based on ~1540 published viscosity measurements at T(K) on melts of
known composition. The chemical model uses a total of 17 empirical coefficients. The parameter A is
assumed constant and to represent the high-temperature limit to silicate melt viscosity (A = n ~10-4.6
Pa s). Compositional effects are ascribed to the parameters B and C. Additional attributes of the
viscosity model include: i) its experimental basis spans virtually the entire compositional range found in
naturally-occurring volcanic rocks, ii) the model captures the effects of 10 major and minor oxide
components and the volatile components H20 and F, iii) it is computationally continuous across the
entire compositional and temperature spectrum of the database, iv) it is capable of accommodating
both strong (near-Arrhenian T-dependence) and fragile (very non-Arrhenian T-dependence) behaviour
of silicate melts, and v) it reproduces observed relationships between melt composition and transport
properties such as glass transition temperature (Tg) and fragility (m). The model reproduces the T(K)-
log n relationships for melts not used for calibration purposes indicating that it can be extrapolated past
the original database. This attribute makes our model important for predicting transport properties of
melts that do not allow direct experimental measurement (e.g., peridotite, kimberlite, or high-T,
volatile-rich melts). In addition, because the model uses a single computational strategy independent of
whether melts are hydrous or anhydrous and strong or fragile, the model allows for accurate,
continuous prediction of melt properties as a function of evolving temperature and melt composition
(e.g., volatile loss or gain). This property ensures that dramatic shifts in predicted viscosity are real
(e.g., due to A(T-X) conditions) as opposed to numerical artefacts. This model will undoubtedly lead to
more realistic computational models of volcanic processes. In summary, this computational model
transforms a quarter-century of experimental study of melt viscosities, into a parameterisation which
can support numerical modelling of magmatic and volcanic phenomena.

Keywords: viscosity, silicate melt, model
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Feature of the analysesof heterogeneous ores

Dr. Artush Tamrazyan
UGG , IASPEI JSS IASPE/

At X-ray radiometric approbation (XRA) of ores in conditions in situ or at their processing and
enrichment, object of research are not homogeneous, heterogeneous environments. To present time a
plenty of the works, the influences of heterogeneous effect devoted to studying on results XRA is
known. However, all questions of the theory of heterogeneous effect, especially ways of his(its) account
yet are not solved. We receive analytical formulas for calculation of streams of secondary radiations
from heterogeneous environments with the various sizes and distributions of heterogeneouses. Taking
into account, that distribution of ore grains in the heterogeneous environment has probability character
for reception of a full picture cases their discrete binomial and continuous (normal) distributions are
considered. With the purpose of finding - out of character of influence of large sizes particles and the
law of their distribution to size of a stream of secondary radiations, the settlement data are compared to
results of experimental researches. For experiment with fractionated chalcopyrite and syenite some
groups of test in which contents of ore grains varied both the sizes, and were made. From comparison
settlement and experimental data it is visible, that at the big sizes of particles calculations on binomial
distribution are better coordinated with experiment, and with the small sizes the good consent with
experiment is observed for normal distribution. The received data allow to conclude, that in the initial
stage of processing and enrichment of ores distribution of ore inclusions in the environment submits
binomial law, and in the following stages of processing when the sizes of particles and therefore, the
quantity of grains in individual volume their distribution is close to the normal law is increased decrease.
Knowing character of change of the law of distribution of ore grains in ore in different stages of
itsdevelopment, the appropriate ways of realization X-ray radiometric method, taking into account
influence of effect of heterogeneity easily get out.

Keywords: x ray radiometric
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Natural magnetite nanoparticles from an iron-ore deposit: grain size
effects in magnetic properties

Dr. Luis M. Alva-Valdivia
Paloemagnetism Universidad Nacional Autonoma de Mexico I1AGA

We report natural magnetite nanoparticles, 0.514 nm, from the mineralized zones of Pea Colorada iron-
ore deposit. Crystallographic identification of magnetite nanostructures was done using high resolution
transmission electron microscopy. Micrometric scale magnetite was magnetically reduced and divided
into distinct range fractions: 8556 m, 5630 m, 3022 m, 2215 m, 1510 m, 107 m, and 7-2 m. Reduced
magnetite was characterized by X-ray diffraction, high resolution transmission electron microscopy and
high angle annular dark field. Magnetic properties show drastic changes when grain size exceeds the
frontier from micro to nanometric sizes. The magnetic susceptibility obtained from frequency percent
( fd%), report high values (13%) for the 214 nm fractions, attributed to dominant fractions of
superparamagnetic particles, confirming the Mssbauer spectroscopy results. fd% < 5% variations in
fractions from 567 m occur due to the presence of stable single domain grains. Nanometric and 0.2 to 7
m grain size magnetite particles require a magnetic field up to 152 mT to reach saturation during the
isothermal remanent magnetization experiment. Coercivity of magnetite increase when the grain size
decreases probably due to coupling effects. The magnetic susceptibility vs. temperature curves show
that reversibility is due to magnetite nanoparticles.

Keywords: magnetite nanoparticles, grain size, magnetic properties
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Halite fluid inclusion geochemistry of evaporite deposits in central iran

Mrs. Zeinab Shariatinia
GEOLOGY-SEDIMENTOLOGY SCHOOL of Geology-University of TehranTehran14155 IASPE/

Cendon Dioni I, Pueyo Juan Jose, Rahimpour- Bonab Hussain, Hezarhani Ardeshir

The chemical analyses of major ions in primary halite fluid inclusions is widely used for the
determination and characterization of brine chemistry and its evolution in ancient evaporite basins
through the Phanerozoic (eg. AYORA et al., 2001; BRENNAN and LOWENSTEIN, 2002; HORITA et al.,
2002; KOVALEVICH et al., 2002). The purpose of this study is to show the major ion compositional
evolution and halite crystallization pathway in the Miocene, M1 member of the Upper Red Fm. (N, Great
Kavir Basin, Iran). We show how the Rift setting of the Great Kavir Basin, exerted the main control on
the modification of seawater major ion chemistry. Influx of Ca-CI2 brines modified the earlier
evaporated seawater into Ca- Mg- Na- Cl brines. In this case, the Ca2+ concentration of the evolving
brine exceeded overall concentrations of S042-, HCO3-, and CO32- ions, which is expressed as
mCa2+>3(mS042- + mHCO3- + mCO32-). From this modified brine MgSO4-poor potash salts (mainly
halite, sylvite and carnallite) precipitated. The study of major ion variation for evaporite deposits in the
mentioned area reveals that the evaporation path in the Great Kavir Basin was not the same as present-
day seawater. The geochemical diagrams (e.g. Mg vs. SO4 and K) show that major ions followed
different evolution trends. Seemingly, an externally Ca-CI2 influx would have overridden the chemical
signature of evaporated seawater within Great Kavir Basin. As a result, sylvite instead of K-Mg-sulfates
precipitated, similar to that observed in other rift settings such as the Danakil Depression (Ethiopia) in
Quaternary evaporates where secular seawater compositional changes can not justified the observed
lithologies. Ayora C., Cendn D. I., Taberner C., and Pueyo J. J. (2001) Brine-mineral reactions in
evaporite basins: Implications for the composition of ancient oceans. Geology 29(3), 251-254. Brennan
S. T. and Lowenstein T. K. (2002) The major-ion composition of Silurian seawater. Geochimica et
Cosmochimica Acta 66(15), 2683-2700. Horita J., Zimmermann H., and Holland H. D. (2002) Chemical
evolution of seawater during the Phanerozoic: Impliations from the record of marine evaporites.
Geochimica et Cosmochimica Acta 66(21), 3733-3756. Kovalevich V. M., Peryt T. M., Beer W., Geluk M.,
and Halas S. (2002) Geochemistry of Early Triassic seawater as indicated by study of Rt halite in the
Netherlands, Germany and Poland. Chemical Geology 182, 549-563.

Keywords: fluidinclusion, evaporite, centraliran
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Effect of mineral content of granitoids of the ukrainian shield on the
change of their elastic parameters in different thermobaric conditions of
the lithosphere (by experimental data)

Mrs. Elena Karnaukhova
Physical Properties of the Earth's substance S.1.Subbotin Inst. of Geophysics of NASU IASPE]

Korchin Valery

On an example of optimal sampling of the Ukrainian Shield (USh) granitoids whose main rock-forming
minerals are quartz, plagioclase, potassium feldspar, biotite, some dependences of their elastic
parameters on the mineral content at pressures and temperatures are shown. The increasing amount of
quartz in the rock decreases the change of the elastic velocities by pressure, while the growth of the
plagioclase content of biotite increases them. The growth of the potassium feldspar content first
increases and then decreases the velocity change. For the Ukrainian Shield rocks the elastic velocity of
longitudinal polarization (Vp) values increase abruptly in the programmed PT regimes of the
experiments at depths of 0-7 km. After reaching a definite limit, they begin to decrease nearly to the
depth of 7-15 km and then increase again. Thus, on the curves of the depth distribution of velocity,
inversion zones are distinguished which change their width with depth (AH) and diminish the velocity
maximally (AVp). The existence of these zones is due to the essentially opposite effect of pressures and
temperatures (corresponding with definite depths) on the rocks. To solve the problem set the method of
the multidimensional correlation-regression analysis was used together with the explosion seismology
data. It was shown that different-gradient change of the velocity with depth sometimes corresponds
with a definite change of the mineral content of the rocks the main effect being exerted by the regional
deep pressures and temperatures. Only with notable change of Vp with depth appreciable mineral
content change may be expected. E.g., if the velocity inversion zones show AVp>0,3 km-s-1 the mineral
content change should also be suggested. In this case the rocks should first of all be enriched with
quartz, while the intensive velocity growth seen after the inversion zone immediately (above 16 km)
may be due to the increased plagioclase and pyroxene content of the rocks, the quartz content being
decreased. The obtained experimental data of a broad spectrum of rocks are used for petrographic
modeling of the Earth interior enabling us to forecast the content and state of the mineral matter of the
lithosphere.

Keywords: granitoid, thermobaric conditions, lithosphere
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Reconstruction of the complicated stress state of a massif using data of
elastic anisotropy as well as structural and textural measures of rocks

Dr. Valery Korchin
Physical Properties of the Earth's substance S.1.Subbotin Inst. of Geophysics of NASU IASPE]

Burtny Peter, Karnaukhova Elena

The crystalline rocks usually form textures by irreversible changes of mineral matter under the effect of
stress fields, temperature and different geochemical processes. The rocks may "flow" at definite PT-
parameters in the deformation process and form here with structures with linear, planar and linear-
planar orientation of crystals, grains, detests. The structural and textural characteristics of rocks are
closely related with elastic anisotropy. According to the character of the anisotropy of the physical
parameters of the textured media, the latter may be differentiated by the classes of symmetry
associated with the history of their formation and by the symmetry of the external effects. After having
defined the elastic symmetry of rock it is not difficult to recover the directions of the fields of the
external effects. But the difficulty of these studies consists in distinguishing the causes of the initial
anisotropy of rocks and the inhomogeneity of the change of their elastic parameters in different
directions caused by non-structural features. These problems can be solved by combined studies of
elastic-anisotropic properties of mineral matter in different thermodynamic conditions. Vp was measured
in 9 oriented polyhedrons of rocks and that Vs in 18 directions under hydrostatic pressure and the
programmed PT-conditions corresponding with rock sampling sites. The elastic anisotropy and the
structural and textural features of samples of a core of rocks of the Krivoy Rog ultradeep borehole from
zones of destruction and non-destructed areas will studied. The effect of paleotectonic and
technological stress in rocks on their destruction in boring is founded. The studies show that in their
geologic evolution the rocks (plagiogranites) formed textured structures with clear-cut elastic-
anisotropic characteristics typical of transversely isotropic media. Then, under the effect of recent
tectonic processes characteristic of synclinea, structural transformations of the rock occur that are
detected by petrographic studies as secondary changes of the initial structure or texture and are
marked by elastic anisotropy distortions. The character of the elastic anisotropy of the borehole rocks at
different pressures and temperatures indicates the orientation of the action of tectonic forces not
compensated by lithostatic pressure. Most probable is the orientation of the relaxation of these forces at
an angle of 45 to the borehole shaft. They produce the maximal destructive effect in plagiogranites
when their layering is oriented along the core generant (vertical dip of layering), while the stress is
mainly relaxed in the stratification plane caused by the microckrack orientation and micropore
localization under the effect of recent tectonic stress and movement. In the crushing zone, the rocks
most probably experience the effect of tensile stress (unlike the overlying layers) due to under thrust,
which also favour the borehole shaft destruction during discovering of these horizons by boring.

Keywords: high pressure and temperature, anisotropy
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Analysis of P-V-T relationship and melting of the pyrope mineral

Dr. Kripa Shanker Singh
physics R.B.S.COLLEGE,AGRA, INDIA(AFFL.-DR.B.R.A. UNIV. ) IASPE]

ABSTRACT The melting behaviour of any solid under extreme conditions has attracted the attention of
theoretical and experimental workers [Wang et al, Journal of alloys and Compounds 31 (2001) 51].
Knowledge of the volume properties of minerals at simultaneously high temperatures and pressures is
needed for quantitative understanding of the Earth's deep interior [Fiquet et.al, Phys. Chem. Minerals 27
(1999) 103]. Pyrope (Mg3AI2Si3012) is an important geophysical mineral present in Earth's interior.
Thermoelastic and physical properties of this mineral are of considerable interest and importance to
both material scientists and geophysicists alike. Thermoelastic and thermodynamic properties including
bulk mondulus and its variation with temperature and pressure, and melting of this mineral are of
central importance for understanding the behaviour at temperature and pressure conditions relevant to
Earth's interior [O.L. Anderson, Equations of State of Solids for Geophysics and Ceramic Sciences,
Shanker et.al, Physica B 245 (2001) 190]. Studies on melting assume significance in view of the fact
that it covers the widest range of pressures and temperatures [Wang et al, Physica B 293 (2001) 408].
The pressure-volume-temperature relationship have been studied for the pyrope mineral. Values of
volumes at simultaneously elevated temperatures and pressures have been evaluated using the
Rydberg - Vinet [Phys. Rev. B 35 (1987)] 1945, J.Phys.Condens. Matter 1 (1989) 1941] equation of
state for isothermal compression and the Singh - Suzuki [Singh, High Temp. - High Pressure 34 (2002)
379] equation for isobaric thermal expansion. Values of volumes at melting temperatures corresponding
to elevated pressures have been obtained and found to compare well with the experimental values.

Keywords: pyrope mineral, melting, equation of state
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Comparison between different microscopic properties of a 2D lattice on its
macroscopic behaviours

Dr. Shayesteh Mehrabian
EARTH PHYSICS INSTITUTE OF GEOPHYSICS, UNIVERSITY OF TEHRAN IASPE]

Ahmad Amini

A set of 2D numerical biaxial compression experiments has been performed to illustrate simulation of
fracturing behavior using the random lattice. Unlike laboratory experiments and field studies, numerical
experiments allow all quantities to be measured at any scale resolved by the model. With advances in
numerical simulation methodology and High Performance Computing, they provide a means to study the
processes underlying earthquake phenomena, emergent behavior such as space-time patterns for long
seismicity sequences or localization phenomena, and the impact of different potentially important
microphysics on fault behavior. Numerical experiments of biaxial compression using a random lattice
illustrate that the new approach is capable of simulating typical rock fracture behavior using only simple
radial interactions between particles. This 2D lattice solid model (LSM) is a particle-based numerical
model that was developed to simulate the nonlinear dynamics of earthquakes. Occurrence of many
microphysical processes can strongly affect the macroscopic behavior of the faulting processes but in
previous works only few of them (such as friction) have been considered in the numerical experiments.
Using simple particle interaction, the model can be calibrated with laboratory experiments of rock
fracture. However, not all macroscopic parameters can be matched with laboratory results so more
complex particle interactions may be required. In this study, thermal expansion and pore fluid pressure
which affect the macroscopic behavior of rocks are incorporated in the model. With the capability of
easily adding new features in the model such as rotational dynamics, microscopic breakage through
bending, fluid and thermal effects, the model can be more easily calibrated against laboratory
observations and provides a means to simulate complex phenomena such as localization processes, and
to study the dynamics of complex systems such as fault zones. With the ability to add new micro-
physics, the model is presently capable of simulating physical processes such as friction, fracture,
granular dynamics and thermal effects including thermo-mechanical and thermo-porous feedback.

Keywords: |attice solid, microphysical processes, thermal expansion
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Symposium
Tsunami: generation and hazard

Convener : Dr. Kenji Satake, Dr. Gerassimos Papadopoulos
Co-Convener : Prof. Efim Pelinovsky, Mrs. Paula Dunbar, Prof. Fumihiko Imamura

The 2004 Indian Ocean tsunami, the worst tsunami disaster in history, had a significant impact on
tsunami research, warning and hazard mitigation systems. To fully document the 2004 tsunami, IUGG
Tsunami Commission formed working groups to collect and compile field survey data, instrumental sea
level data and satellite data. Regional tsunami watch systems are being set up in basins and oceans in
the world with a guidance of UNESCO IOC. Tsunami hazard maps are implemented in many coastal
communities world-wide using the state-of-the-art nhumerical modeling techniques. Probabilistic tsunami
hazard assessments have been introduced in many coastal areas in the world. This joint session offers
forums for information exchange and discussion on such developments of tsunami research, particularly
after the 2004 Indian Ocean tsunami, as well as case studies of recent tsunamis. A part of this session
will be carried out as Workshop on Wave and water level data assessment and product development for
Tsunamis. Following the 2004 Indian Ocean Tsunami, the need for assessing the availability, quality,
access tools, archive, and analysis techniques of current and historic wave and water-level data for
tsunami event analysis became apparent. The objective of this workshop is to establish standard
procedures for data assessment and data archive for tsunami event analysis. The lessons learned from
this workshop and subsequent re-analysis of the data could apply to other extreme water level events.
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Planning For Tsunami And Natural Disaster Mitigation - Issues On
Ecological And Social Risk: Lessons from South Asian Tsunami

Dr. Lalit Chaudhari
Research ISDR IAHS

Dr.A.G.Bhole, Dr.R.C.Bhattachajee, Prof.N.K.Gupta, Mr.Vijay Singhal

South Asia is more vulnerable to Geo disasters and impacts of climate changes in recent years. On 26
December 2004 massive waves triggered by an earthquake surged into coastal communities in Asia and
East Africa with devastating force. Hitting Indonesia, Sri Lanka, Thailand and India hardest, the deadly
waves swept more than 200 000 people to their deaths. Also in an another extreme climate change
phenomenon during last week of July 2005 , causing heavy rains and flooding situation in the Mumbai
,and state of Maharashtra .More than 20 million population in the Mumbai metro region alone and 50
million all over the state are witnessing the social- economical and ecological risks and impacts due to
climate changes . The economic losses to coastal ecosystem, agriculture, irrigation, aquaculture,
drinking water resources, coastal industries and infrastructure are very high due to extreme geo-
disasters that are linked with environmental and climate changes .The ecosystem, economic system,
agriculture and aquaculture system in this region are severely affected and need systematic
rehabilitation. Also mitigating the geo-disasters, marine hazards and rehabilitation during post tsunami
period , scientific knowledge is needed, requiring experienced research communities who can train the
local population during tsunami rehabilitation. ISDR,AVCCE, India and CGSI jointly started the initiatives
on the problem identifications in management of risks in geo-disasters, tsunami rehabilitation etc., to
investigate problems related to social-economic and ecological risks and management issues resulting
from the December tsunami and Geo- disaster, to aid mitigation planning in affected areas and to
educate scientists and local populations to form a basis for sustainable solutions. This presentation
reviews the status and issues of Geo-risks, marine risks along Indian coast focusing on technical issues,
problems and damage arising from the extreme floods, tsunami in agriculture, aquaculture, irrigation,
drinking water, coastal infrastructure, coastal ecosystems and coastal economic systems. This study
signifies that climate changes and risk management ,Geo disasters and Tsunami education is needed for
mitigating potential Geo-marine risks in this region for capacity building for climate changes and
rehabilitation issues based on local resources. The paper will also explore the issues concerned with
achieving environmental, social and economic sustainability through corporate strategies and innovative
geosciences information delivery and Tsunami education for the affected communities. The paper also
discusses role of information technology and its application for marine hazards; risk management and
sustainability aspects that deal with coastal resources development, management and Tsunami disaster
management planning.

Keywords: tsunami, marinerisk, geo disaster andtsunami
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A Tsunami Detection and Warning-focused Tide Station Metadata Web
Service

Dr. John Marra
NOAA NESDIS NCDC IDEA Center

Uday S. Kari, Stuart A. Weinstein

The Indian Ocean Tsunami of 26 December 2004 made it clear that information about tide stations that
could be used to support detection and warning (such as location, collection and transmission
capabilities, operator identification, etc.) are insufficiently known or not readily accessible. Parties
interested in addressing this problem united under the U.S. National Oceanic and Atmospheric
Administration (NOAA) NESDIS/NCDC/IDEA Centers PRIDE program and in 2005 began an effort to
develop a distributed metadata system describing tide stations starting with pilot activities in a regional
framework and focusing on tsunami detection and warning systems being developed by various
agencies.* A summary of discussions and concepts related to this effort is described in the UNESCO
document I0C/INF-1226 of April 2006. This paper describes progress to date in this PRIDE-sponsored
effort. Specifically, it describes the components of a pilot tide station metadata web service, including an
XML-based schema that exposes, at a minimum, information in the NOAA National Weather Service
(NWS) Pacific Tsunami Warning Center (PTWC) station database needed to use the PTWCs Tide Tool
application. The schema includes as optional elements, information recommended in the IOTWS/WG2
Message Formats Content document generated at the ICG/PTWS-XXI meeting held in Melbourne
Australia on May 3-5 2006. This paper also describes a web-enabled client application that harvests
information from the web service and displays it via a graphical user interface that supports GIS-based
queries. Where available from the source, real time tide-station data can be accessed and viewed via
this application. Going beyond exposing and harvesting tide station metadata, a tsunami bulletin
schema based on PTWC Operations (Watchstander) manual and legacy business processes (specifically,
PACBUL) has also been developed as part of this effort. In this regard, an XML bulletin generator has
been prototyped and deployed on a test platform. Development of the type of distributed tide station
web service focused on tsunami detection and warning systems described here will also contribute to
other marine hazard warning systems (such as storm surges), as well as sea level change monitoring
and research. * National Environmental Satellite Data and Information Service (NESDIS), National
Climatic Data Center (NCDC), Integrated Data and Environmental Applications (IDEA) Center, Pacific
Region Integrated Data Enterprise (PRIDE).

Keywords: tsunami, tidestations, service orientedarchitecture
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Geological recognition of tsunami and storm deposits in two coastal areas
of Portugal

Mr. Pedro J M Costa
Earthquake Engineering and Seismology Division, IC IST Technical University of Lisbon

Suzanne A. G. Leroy

Abrupt marine invasions such as tsunamis and storms are particularly devastating for coastal areas.
They may also leave a permanent record in sedimentary deposits. In historical times the most
destructive tsunami that affected Europe was the Lisbon AD 1755. The effects and consequences of the
AD 1755 tsunami are presented. Sedimentological criteria to identify abrupt marine invasions in the
stratigraphic column are discussed. This work aims to contribute to a better understanding of the
signature left by abrupt marine invasions in coastal stratigraphy by investigating the nature of the
sedimentary record associated with tsunamis in a region of their known impact. A wide range of proxies
was used to detected tsunami and storm deposits in two coastal areas of Portugal. The techniques used
include stratigraphic description, grain size analysis, digital and x-ray photography, magnetic
susceptibility, macrofossils analysis, geochemical analysis and 210Pb and Optically Stimulated
Luminescence dating. The investigated areas (e.g. Lagoa de bidos (Central Portugal) and Martinhal
(South Portugal)) were affected by the AD 1755 tsunami. The locations have similar geomorphological
features and are both susceptible to major abrupt marine invasions. Results show that an abrupt event
deposited unique sedimentary units in both locations. A similar age for the event was established. A
considerable number of tsunami sedimentary characteristics were detected in both units. Moreover,
other abrupt marine invasions were detected in the lithostratigraphy of the study areas. However, a key
outcome of this research is the demonstration of the difficulty of distinguishing between sedimentary
deposits laid down by tsunamis, and those deposits resulting from storm action; consequently the
geological record of tsunamis almost certainly underestimates their frequency.

Keywords: tsunami, storms, portugal




IUGG XXIV General Assembly July 2-13, 2007 Perugia, Italy

(S) - IASPEI - /nternational Association of Seismology and Physics of the Earth's
Interior

JSS002 Oral Presentation 1735

Kuril Islands Tsunami of november 15, 2006. (Examination of Tsunami
enhancement at crescent city, California)

Dr. Juan Horrillo
JS5542 Historical and contemporary observations IAPSO

Zygmunt Kowalik, Williams Knight

Application of global tsunami propagation models to the Indian Ocean Tsunami of December 2004 and
to the Kuril Islands Tsunami of November 2006 shows the importance of tsunami modifications through
secondary source generation at ridges, seamounts and passages between islands or continents.
Tsunami modification depends on the strength of these secondary sources, which in turn depend on
tsunami interactions with these prominent bathymetric features. Interactions between wave fronts
derived from primary and secondary sources lead to difficulties in arrival time prediction for the largest
amplitude portion of the tsunami. These interactions make it apparent that improvements in both the
modeling techniques and the physics described in numerical models must be supported by high
resolution bathymetry. A numerical model for global tsunami propagation with spatial resolution of one
minute was applied to the Kuril Islands Tsunami of November 15, 2006. As the computational domain is
resolved with over 100 million grid points, the application was parallelized and run on a supercomputer.
Numerical results were compared to sea level data collected by Pacific DART buoys and tide gauges
along the U.S. West Coast. Numerical results were found to be highly sensitive to the spatial resolution
applied to these prominent bathymetric features. The high resolution model is applied to explain the
origin of the large-amplitude portion of the tsunami at Crescent City, California, which arrived roughly
two hours after the initial wave.

Keywords: tsunami, kuril, 2006
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A Comparison Study of Two Numerical Tsunami Forecasting Systems

Dr. Diana Greenslade
Bureau of Meteorology Research Centre Australian Bureau of Meteorology IASPE]!

Vasily Titov

Recent tsunami events, e.g. Sumatra 2004 and Java 2006 have demonstrated the need for providing
accurate and timely tsunami warnings. Improvements in the availability of sea-level observations and
advances in numerical modelling techniques are increasing the potential for tsunami warnings to be
based on numerical model forecasts. Numerical tsunami propagation and inundation models are well
developed, but they present a challenge to run in real-time; partly due to computational limitations and
also due to lack of detailed knowledge on the earthquake rupture details. For these reasons, current
tsunami forecast systems are based on pre-computed tsunami scenarios. A tsunami scenario is a single
tsunami model run that is calculated ahead of time with the initial conditions carefully selected so that
they are likely to represent an actual tsunamigenic earthquake. This paper will present a comparison of
two tsunami scenario databases: the NOAA/PMEL system, currently being implemented at NOAA
Tsunami Warning Centers and the Bureau of Meteorology system, which is being developed for the
Australian Tsunami Warning System. Both scenario databases are based on the MOST numerical model,
but there are some differences in the way the scenarios are constructed. The databases will be
described, and a comparison of results for the Tonga event (May 3, 2006) will be presented. The
tsunami forecasts will be compared to each other and to available observations, including those from
two DART buoys located near Hawaii.

Keywords: tsunami, forecast, modelling
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Geology and archaeology evidence of megatsunami impact in Easter Island
from tsunamigenic tectonic event in Southern Chile: May 22, 1960 (M 9.5)
and December 16, 1575 (M 8.5) Earthquakes

Prof. Oscar Gonzalez-Ferran
GEOLOGY AND GEOPHYSIC UNIVERSITY OF CHILE IAVCE/

Cortez Carolina, E .Lorca, E .Zarate, R Mazzuoli, S .Rapu

Easter Island (2709S / 10926W) one of the most isolated land in the Earth at the southeastern Pacific
Ocean, famous for the giant megalitic monument of the Rapa Nui culture, building during the century
X1 XVII, declared by UNESCO as a World Heritage Site since 1995 , had been the most important and
the best elements for register and preservation some geophysical hazard in the past, as earthquakes,
tsunamis and landslide. Into the archaeological ruins, we have been recognise two main groups of
Ahus: the oldest semipiramidal which represent to hoard up ruins; and the youngest ahu-moai, the
biggest and mainly collapsed by earthquakes. The Island is entirely compound by young volcanic rocks,
characterized by a rough triangular shape with 160 Km2, represent the small emerged portion of the
large submarine volcanic complex, that rise from about 3000 m. over the oceanic Nazca plate.
Geological and geophysics hazard research along the coast perimeter of the island, which is
characterized by the high cliff at the three volcanic corner, and about 70% flat and broadly beaches of
basaltic lava flows without sand, where are developed a sequence of small rocky pocket beaches, inlets
and boulder-blocky-pebbles in the marine abrasion zone, which are quite narrow. On this coast line,
where set up about 90% the biggest megalithic monuments. We discover the enormous impacts caused
by the big mega tsunamis occurred in May 1960 and December 1575, not only for the geological
evidences as a great amount of marine detritus deposit run up along the southeastern coast and strong
erosion of the Poike volcano cliff, also for the huge catastrophic impact to archaeological ruins of AHU
MOAI by the 1960, and double impact to the AHU SEMIPIRAMIDAL by the 1575 and 1960 tsunamis.
The measure the inundation areas, the variation of the high wave, where maximum was estimated
about 30 m. high near the Poike cliff-Tongariki valley and 10 to 15m. toward southwest and the run up
characteristics deposits variables between few meters and near one kilometre in land and also remove
big moai which weight more than 40 ton.. and many basaltic block more than 6 ton, for hundred meters
in land. These research had give an important information about the magnitude of these two mega
tsunamigenic impact in the Easter Island, located about 4500 kms. north west from the earthquakes
epicentre at the subduction zone in southern Chile. We present here six sections: Tongariki; Hanga
Maihiku; Hanga Tetenga; Akahanga-Ura uranga Te Mahina; Koe-Koe and Hanga Poukura-Hanga Tee.
Five of them were lucky not have been remove by archaeologist and conserved unaltered the tsunamis
and earthquakes evidences through time, complemented with photographic documentation before and
after the events. On the base these information we present the Tsunami Hazard Chart for Easter Island,
which also is correlated with the tsunami numerical modelling techniques from distance.

Keywords: easter island, megatsunami archaeotsunami, field survey data hazard map
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Progress in Tsunami Forecasting

Dr. Eddie Bernard
National Oceanic and Atmospheric Administration Pacific Marine Environmental Laboratory
IAPSO

Vasily Titov

The strengthening of the U.S. tsunami hazard mitigation program has led to many improvements in
tsunami detection, forecasting, and mitigation activities. Progress on tsunami forecasting will be the
focus of this presentation. Examples of experimental forecast products (tsunami amplitude over time
forecasts) from the March 2006 Tonga, the November 15, 2006 Kurile, and the January 12, 2007 Kurile
tsunamis will be presented to illustrate the capability of the forecasting methodology. The forecast
products will be compared with tide data to quantify the accuracy of the forecast technology.

Keywords: tsunami, forecast
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Tsunami associated with the Mw 7.1 earthquake over Luzon Strait on 26
December 2006

Dr. Wing Tak Wong
Geophysics, Time and Port Meteorological Services Hong Kong Observatory IASPEI

Kin-Wai Li, Mr Wang-Chun Woo

At 20:26 Hong Kong Time on 26 December 2006, an earthquake of moment magnitude Mw 7.1 (Ms
7.2) occurred over the Luzon Strait near Taiwan lIsland. The earthquake wreaked havoc in Hengchun,
Taiwan and damaged many submarine telecommunication fibre cables in the Luzon Strait which
connected Hong Kong to overseas. At a distance of more than 600 kilometres from the epicentre, many
residents in Hong Kong felt the earth tremor. Based on reports from local residents, the intensity at
Hong Kong was Il to IV on the Modified Mercalli Intensity Scale. The peak ground acceleration
measured by strong motion accelerographs at Hong Kong was 0.003 to 0.004 g. After the occurrence of
the earthquake, the Hong Kong Observatory issued a Tsunami Information Bulletin, the first of its kind,
to advise the people of Hong Kong that the earthquake might have generated a tsunami but the
tsunami height at Hong Kong would not be significant. At Tai Miu Wan tide gauge station in the eastern
part of Hong Kong, a train of tsunami waves was recorded shortly after midnight. The crest of the first
wave arrived around 00:10 on 27 December, with an amplitude of about 11 cm crest-to-trough. The
wave recurred with lesser amplitudes at intervals of about 10 to 20 minutes for 2 to 3 hours. A post-
analysis using a numerical tsunami model based on high resolution bathymetry and tropography
predicted an arrival time and amplitude commensurate with the tidal records. The event provided useful
data for verification of the numerical model which could be used to support future tsunami forecasting
in Hong Kong.

Keywords: tsunami, luzon strait, numerical model
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Numerical Simulations of the 2004 Indian Ocean Tsunamis: Coastal Effects

Prof. Philip Liu
School of Civil and Environmental Engineering Cornell University IASPE]

Xiaoming Wang

The 2004 Sumatra earthquake and the associated tsunamis are one of the most devastating natural
disasters in the last century. The tsunamis flooded a huge coastal area in the surrounding countries,
especially in Indonesia, Thailand and Sri Lanka, and caused enormous loss of human lives and
properties. In this paper, tsunami inundations in Trincomalee, Sri Lanka and North Banda Aceh,
Indonesia were simulated by using a finite difference model based on the shallow-water equations. The
calculated tsunami heights and inundations in these two regions are compared with the field
measurements and observations. Fairly good agreement is observed. Numerical results confirm again
that the local bathymetric and topographic characteristics play important roles in determining the
inundation area. Numerical simulations further indicate that although nonlinearity becomes important in
many dynamic aspects when tsunamis approach the shore, its influence on determining the inundation
area is relatively small in the regions examined for this tsunami event. Finally, the potential capability of
sediment transport and a force index on a virtual structure in flooded areas are introduced and
discussed.

Keywords: tsunami, inundation, sediment
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Short-term Inundation Forecasting for Tsunamis in the Caribbean Sea
Region

Prof. Aurelio Mercado-Irizarry
Department of Marine Sciences University of Puerto Rico IAPSO

Wilford Schmidt

After the 2004 Indian Ocean tsunami, the USA Congress gave a mandate to the National Oceanographic
and Atmospheric Administration (NOAA) to assess the tsunami threat for all USA interests, and adapt to
them the Short-term Inundation Forecasting for Tsunamis (SIFT) methodology first developed for the
USA Pacific seaboard states. This methodology would be used with the DART buoys deployed in the
Atlantic Ocean and Caribbean Sea. The first step involved the evaluation and characterization of the
major tsunamigenic regions in both regions, work done by the US Geological Survey (USGS). This was
followed by the modeling of the generation and propagation of tsunamis due to unit slip tsunamigenic
earthquakes located at different locations along the tsunamigenic zones identified by the USGS. These
pre-computed results are stored and are used as sources (in an inverse modeling approach using the
DART buoys) for so-called Standby Inundation Models (SIMs) being developed for selected coastal cities
in Puerto Rico, the US Virgin Islands, and others along the Atlantic seaboard of the USA. It is the
purpose of this presentation to describe the work being carried out in the Caribbean Sea region, where
two SIM's for Puerto Rico have already being prepared, allowing for near real-time assessment (less
than 10 minutes after detection by the DART buoys) of the expected tsunami impact for two major
coastal cities.

Keywords: tsunamis, caribbean, modeling
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Experiments and an improvement of model on the inundated flow with
floating bodies

Prof. Hideo Matsutomi
Department of Civil and Environmental Engineering Akita University IASPE]

Takeshi Yamaguchi, Midori Fujii

Inundated flow with floating bodies such as debris, driftwood, cars, bikes and so on was witnessed and
videotaped in Banda Aceh at the time of the 2004 Indian Ocean Tsunami, and attracted a great deal of
public attention, as did the collision force of such floating bodies. In light of the circumstances, a model
to estimate such a flow was presented by the authors in 2005. However, it was confirmed that the
model could only be applied to the flow with fluid like oil or the flow with a small amount of solid
floating bodies in which their effect as a resistance body to the flow was small (Matsutomi et al. 2006).
This study aims to improve the model for estimating the moving velocity of floating bodies, i.e., current
velocity of inundated flow with floating bodies in a steady state. The improved model adopts the notion
of the conventional bore theory regarding the floating bodies as a hypothetical fluid with the same
density as those in the downstream region of the bore, and takes account of the effect of resistance
due to the floating bodies piling up at the surge front of inundated flow. Physical experiments are
carried out to grasp the behavior of floating bodies at the surge front of inundated flow and to model
the inundated flow more exactly. The experimental flume is 0.3m wide, 0.5m high and 11.0m long with
a horizontal bed. Inundated flows are generated by rapidly pulling up a gate, installed 5.0m from the
upstream end of the flume. Two ultrasonic wave gauges are installed at the distance of 3.5m and 5.5m
from the gate respectively to measure the time series of surface elevation of the inundated flow. The
state of the inundated flow is videotaped from the upper and the left sides of the flume to grasp the
behavior of floating bodies, and to estimate the moving velocity u2 and the void ratio e of floating
bodies. The experimental conditions are that the initial water depth hl in the upstream region of the
gate is three cases of 0.20, 0.25 and 0.30m, the initial void ratio is three cases of 0.4, 0.6 and 0.8, the
dimensions of each floating body is three cases of 1.8x1.8x1.8cm (cube), 1.8x1.8x5.4cm and
1.8x1.8x10.8cm, and hemlock fir is adopted as the floating bodies. Through examinations and
comparisons of the experimental results and the solutions of the model, it is concluded that the
improved model is useful to estimate the inundated flow with floating bodies.

Keywords: tsunami, inundated flow, floating bodies
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Tsunamigenic risk for North Atlantic shorelines

Mr. Nicolas Coppo
Institute of Geology and Hydrogeology University of Neuchtel - Switzerland IASPE]

Pierre-Andr Schnegg, Pierik Falco, Roberto Costa

Among the high-intensity on-Earth tsunami generating events, seismicity, submarine landslides, and
volcano lateral collapses are the most important (Holcomb and Searle, 1991; Ward, 2001). Recent off
shore bathymetry studies demonstrated the huge accumulation of debris flow deposits spreading over
more than 100 km off the northern Tenerife (Canary lIslands) coast line, inherited from past lateral
collapses (Watts and Masson, 1995). Although mechanics and dynamics triggering such catastrophic
events follow from combined complex processes (vertical caldera collapse, flank destabilization,
hydrothermal pressurization, seismic events), potential movable volume is the unavoidable parameter to
quantify and constrain the tsunamigenic alea. In the same archipelago, mathematical modelling of the
La Palma potential landslide concluded that high amplitude waves may cross all the Atlantic Ocean with
harmful effects (Ward and Day, 2001) in few hours. However, because of often steep and inaccessible
volcano flanks, the geological and geophysical ignorance of lateral flank structures may lead to wrong
estimation of a potential movable volume. New geophysical results (audio-magnetotellurics recorded in
the 0.001-1 s period range) provide for the first time a good estimation of the volume of the Icod Valley
(Tenerife, Canary lIslands) potential giant landslide threatening northern Atlantic Ocean shorelines. Two
profiles image its electrically conductive roots with a characteristic U-shaped morphology thought to be
the consequence of previous landslides. This conductive layer (20-70 ?m) corresponds to a plastic
breccia within a clayish matrix reached in some galleries that perforate the volcanic edifice for water
supply. It is overlaid by the recent resistive (200-2000 ?m) lavas from the Pico Teide Pico Viejo complex
with up to 1000 m thickness in the middle of the Icod Valley. Around 15 km separate two high
conductive bodies that delimit the lateral extension of the valley. Its length is estimated at 13 km.
Considering that the top conductive layer might be the sliding surface of the potential Icod Valley lateral
landslide, we show that northern Atlantic Ocean shorelines might be exposed to a destructive tsunami
generated by a subaerial lateral collapse of at least 120 km3 during a future strong volcanic activity of
the Teide-Pico Viejo complex.

Keywords: lateral collapse, tsunami, audio magnetotellurics
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Analysis of tsunamis generated by two great Kurile earthquakes of 15
November 2006 and 13 January 2007

Prof. Yuichiro Tanioka
Institute of Selsmology and Volanology Associate Professor IASPE]

Yohei Hasegawa, Tatsuo Kuwayama

Two great earthquake, Mw 8.3 and 8.1, occurred off Simushir Island along the Kurile trench on
November 15, 2006, and January 13, 2007, respectively. The 2006 earthquake was a typical
underthrust event occurred along the plate interface between the Pacific plate and the Okhotsk plate.
The 2007 earthquake was an intraplate event occurred in the outer-rise region with a normal fault type
mechanism. Both earthquakes generated tsunamis which observed at the many tide gauges along the
Pacific coast in Japan, Russia, and USA. Some damages were reported at Sanriku in Japan and at
Crescent City in USA by the tsunami generated by the 2006 earthquake. No damages were reported for
the 2007 earthquake. The tsunamis were first arrived at the tide gauges in Japan about 2-4 hours after
the origin times of the earthquakes. The significant phenomenon of those tsunamis in Japan was large
later phases observed about 7-10 hours after the origin times of the earthquakes. In this study, we first
numerically computed two tsunamis, and compared the observed and computed tsunami waveforms to
estimate the seismic moments of two earthquakes. We also try to discuss the generation mechanisms of
the large later phases observed at tide gauges in the Japan. For the 2006 earthquake, eight tsunami
waveforms observed at three tide gauges in Japan, Hanasaki, Miyako, and Chichijima, two tide gauges
in Hawaii, Hilo and Kahului, and three tide gauges in the west coast of USA, Port Orford, Arena Cove,
Port San Louis, were used to estimate the slip amount of the earthquake. The trust type fault plane
(strike 220 degree, dip 25 degree, rake 96 degree) which estimated by Yamanaka (http://www.eri.u-
tokyo.ac.jp/ sanchu/Seismo_Note/2006/EIC183.html) was used for the tsunami computation. The length
and width of the fault model were 200km and 80km, respectively. For the 2007 earthquake, four
tsunami waveforms observed at three tide gauges in Japan,Hanasaki, Miyako, and Chichijima, and one
ocean bottom pressure sensor (DART system) installed by the NOAA-PMEL. The normal fault plane
(strike 220 degree, dip 37 degre, rake -108 degree) which also estimated by Yamanaka
(http://www.eri.u-tokyo.ac.jp/ sanchu/Seismo_Note/2007/EIC184.html) was used for the tsunami
computation. The length and width of the fault model were 130km and 30km, respectively. By
comparing the observed and computed tsunami waveforms, we estimated the slip amounts of 5.1 m for
the 2006 earthquake and 6.4 m for the 2007 earthquake. By assuming the rigidity of 4 x 10**21
Nm/s**2, the seismic moment is calculated to be 3.3 x 10**21 Nm (Mw8.3) for the 2006 earthquake
and 1.0 x 10**21 Nm (Mw8.0) for the 2007 earthquake. This estimated seismic moment is consistent
with that shown in the Harvard CMT catalog, 3.37 x 10**21 Nm (Mw8.3) for the 2006 earthquake and
1.65 x 10**21 Nm (Mw8.1) for the 2007 earthquake. This implies that the excitations of seismic waves
and tsunamis are consistent with each other. The preliminary analysis of the computed tsunami
indicated that the large later phase observed in Japan can be caused by the scatter of the tsunami at
the shallow region near Emperor Seamounts.

Keywords: tsunamis, kurile, earthquakes
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Mega-tsunami of the world ocean: did they occur in the recent past?

Dr. Viacheslav Gusiakov
Department of Geophysics Inst. of Compl Mathematics and Math. Geophysics IASPE]

Abbott Dallas, Bryant Edward, Masse Willliam

The comprehensive historical tsunami database collected at the Novosibirsk Tsunami Laboratory,
contains data on more than 2250 historical events occurred in the World Ocean from 1628 BC to
present. Even if the historical data set is obviously incomplete for many areas, especially for older times,
the world catalog contains enough data to estimate an average run-up heights for the largest
seismically-induced tsunamis resulted in wide-spread damage and large number of fatalities (1755
Lisbon, 1868 and 1877 Chile, 1952 Kamchatka, 1957 Aleutians, 1960 Chile, 1964 Alaska, 2005
Sumatra). This average run-up does not exceed 30-35 meters on the nearest coast with 10-12 meters
at the distance more than 5000 km. Somewhat larger waves (up to 40-45 m) can be generated by
volcanic explosions followed by volcanic cone collapse (Santorini 1628 BC, Kuwae 1453, Unzen 1792,
Tambora 1815, Krakatau 1883). Landslide-generated tsunamis have the largest recorded heights (up to
525 m) but normally these events are very local with the width of inundated area from hundred meters
to several kilometers (1958, 1936, 1853 Lituya Bay, 1936 Norway, 2000 Greenland). Meanwhile, many
parts of the World Ocean coastline contain the prominent features of catastrophic impact of water
currents and waves that came from the ocean. They are large boulders, weighing well above one
hundred tons, lying on the top of vertical cliffs at the height up to 60 m and large vortexes cut-down in
rather resistive coastal rocks. On a smaller scale, these features include sculptured bedrocks, grooves,
canyons, cavettos and flutes, found in areas where hurricanes and severe tropical storms are not
common. Sedimentational features of water impacts include mega-ripples found in the north-western
Australia and so-called chevrons (parabolic and blade-like sand dunes) that are common along many
parts of the Indian Ocean coast. In southern Madagascar, chevrons reach altitude of 205 m with 30-35
km in-land penetration. The high energy water flux of that scale could be generated by Storegga-class
submarine landslides or Santorini-class volcanic explosions, but for this area does not have nearby
active volcanoes or large sedimentation basins having potential for large-volume submarine sliding. Not
widely acknowledged presently, but still real possibility is creating of these coastal features by
catastrophic oceanic waves generated by deep-water impacts of large comets or asteroids. In the Indian
Ocean, several crater candidates (Burckle, Mahuika, Kukla, Flinders) have been found recently by
geomorphological analysis of detailed bathymetric maps They are geologically young and analysis of
nearby deep-sea cores shows the presence of some elements and minerals typical for oceanic impact
structures. The paper discusses the consistency of these data with spatial and azimuthal distribution of
the large-scale erosional and sedimentational features found at the Australian and Madagascar coast.

Keywords: tsunami, run up, impacts
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Destructive tsunami-like waves (meteotsunamis) at the Balearic Islands:
observations and numerical modelling

Dr. Ivica Vilibic
Physical Oceanography Laboratory Institute of Oceanography and Fisheries IAPSO

Sebastian Monserrat, Alexander B. Rabinovich, Hrvoje Mihanovic

In light of enhanced activity in the study of tsunamis and their source mechanisms, we consider
tsunami-like destructive waves generated by atmospheric disturbances such as atmospheric waves,
pressure jumps, frontal systems, and squalls. Such hazardous sea level oscillations (meteotsunamis)
occur regularly in the region of the Balearic Islands (Western Mediterranean) where they are known as
rissaga. Destructive rissagas with heights 2 m take place every 4-5 years. A recent devastating rissaga
event occurred on 15 June 2006 in Ciutadella Harbour (Menorca lIsland) with reported wave heights
greater than 4 m. More than 40 boats were damaged and the event caused an economic loss of several
tens millions of euros. Unfortunately, there were no working tide gauges in the inlet or on the shelf
during the event. However, we have been able to use previous observational data to formulate an
efficient 2D numerical model of extreme long waves generated in this region. Specifically, we use data
for the period 1989-1999 with focus on the comprehensive hydrophysical experiment LAST-97
undertaken in 1997 which included a triangle of precise microbarographs and eight bottom pressure
gauges installed on the shelf and in bays/inlets of the Mallorca and Menorca islands. We re-examine
these data to estimate magnitude, speed and direction of travelling atmospheric disturbances and
associated generated long ocean waves. To understand the generation mechanism of meteotsunami
waves, we also consider those cases for which strong atmospheric disturbances did not produce a
noticeable sea level response. Parameters of the atmospheric disturbances are used as inputs to the
numerical model. Simulated ocean waves are in good agreement with observation. The verified model is
then used to simulate the 2006 event. Finally, the sea level measurements and numerical computations
are used to assess general tsunami issues for the Balearic region which is also prone to tsunamis of
seismic origin; a very recent and well-known example is the 2003 Algerian tsunami.

Keywords: meteotsunamis, field measurements, modelling
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Possibility of tsunami source detection by using ocean radar

Dr. Tomoyuki Takahashi
Department of Civil and Environmental Engineering Akita University IASPE]

Shinpei Takahashi, Shoichiro Kojima

In the 2004 Indian Ocean tsunami, many people who don't know tsunamis were killed by the tsunami.
It shows that disaster information is important to mitigate damage caused by tsunamis. To provide
appropriate disaster information for the administrations and residents, a tsunami warning system is
necessary. A reliability of the tsunami warning system depends largely on its capacity for detecting
tsunamis. The present tsunami warning systems don't detect tsunami generation directly, but they try
to do indirectly by using observed seismic waves. Unfortunately, the detection method may
underestimate some kinds of tsunamis. Then, it is expected to carry out a new observation of the ocean
surface directly, widely and two-dimensionally. To realize such a tsunami source monitoring, remote
sensing is promising. The aim of our research is to develop the tsunami detection system by using
remote sensing and to add the new system to the present tsunami warning system. In this study, we
focus on an ocean radar as one of the remote sensing. The ocean radar has some advantages, such as
a moderate price and easy maintenance, by comparison with other remote sensing systems, e.g.
satellites. The present ocean radar, however, requires a certain time for analysis and needs large
velocity on the ocean surface, because it uses doppler spectrum to analyze the ocean surface condition.
It is difficult to detect tsunami source and its initial propagation in the deep region by the present
analyzing method. Then, a new detection index is proposed in this study. It is sea surface disturbance in
the tsunami source. We assume that an abrupt ocean bottom crustal deformation increases small waves
in the sea surface and they cause heavy back scattering of electromagnetic wave transmitted by the
radar. Hence the back scattering strength is used directly as the detection parameter to investigate the
tsunami source. The ocean radars are established in Ishigaki Island and Yonaguni Island in Okinawa
Prefecture, Japan. The analyzed radar data were recorded from April 1, 2004 to March 31, 2006. In this
period, 46 earthquakes were occurred in the observed region and the significant three earthquakes
(M6.5, M4.4 and M4.3) are selected for analysis. The back scattering strength is examined between 1
minute before and 2 minutes after their main shocks. Therefore, no particular transition of the back
scattering strength is found for M4.4 and M4.3 earthquakes. On the other hand, for M6.5 earthquake,
the back scattering strength became larger rapidly around its epicenter when the main shock occurred.
The result, however, is not enough to confirm that the back scattering strength can reveal the sea
surface disturbance, because the M6.5 earthquake is not large for tsunamigenic earthquakes. Then,
larger sea surface disturbance due to Typhoon Matsa in 2005 are also analyzed. The typhoon had the
minimum central atmospheric pressure of 950 hectopascals and the maximum wind velocity of over 40
m/s. Accordingly, it is confirmed that the back scattering strength became larger when it passed over
the ocean radar observation region.

Keywords: sea surface disturbance, back scattering strength, tsunami warning system
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The 26 December 2004 Sumatra Tsunami in the Atlantic Ocean:
Observations and Analysis

Dr. Alexander Rabinovich
Russian Academy of Sciences, Moscow, Russia Tsunami Laboratory, Institute of Oceanology
IASPE]

Philip Woodworth, Richard Thomson

The Mw = 9.3 megathrust earthquake of December 26, 2004 off the west coast of Sumatra in the
Indian Ocean generated a widespread catastrophic tsunami. This was the first global tsunami to occur
during the "instrumental era”, and it was accurately recorded by a large number of tide gauges
throughout the World Ocean, including many tide gauges in the Atlantic Ocean, at sites located ten to
twenty five thousand kilometers from the source area. The Mid-Atlantic Ridge is shown to have served
as a wave-guide for the 2004 event, efficiently transmitting tsunami energy from the source area to far-
field regions of the Atlantic coasts of South and North America. Statistical characteristics (wave height,
period, and arrival time) and spectral properties of the tsunami waves observed in the Atlantic are
examined and summarized. This is the second part of a three-part study of the Working Group on Tide
Gauge Measurements of the 2004 Sumatra Tsunami, IUGG Tsunami Commission. This first part focused
on the Indian Ocean (PAGEOPH, 2007) while the third part will focus on the Pacific Ocean.

Keywords: 2004, sumatra, atlantic




IUGG XXIV General Assembly July 2-13, 2007 Perugia, Italy

(S) - IASPEI - /nternational Association of Seismology and Physics of the Earth's
Interior

JSS002 Oral Presentation 1749

Probabilistic SMF Tsunami Hazard Assessment for the upper East Coast of
the United States

Prof. Stephan Grilli
Department of Ocean Engineering University of Rhode Island

Stefan Maretzki, Christopher Baxter

While much work has been done for the United States west coast, the level of tsunami hazard on the
east coast of is not well understood. This information is critical for the population, emergency services,
and industry of the region. Assessing this hazard is particularly difficult because of the lack of tsunami
observations in the historical record and the uncertainty regarding the return periods of large-scale
events that have been proposed, such as a large transoceanic tsunamis possibly caused by a collapse of
the Cumbre Vieja volcano in the Canary Islands, or a large co-seismic tsunami initiated in the Puerto
Rican subduction zone. It is believed, however, that one of the most significant tsunami hazards in this
region could result from local submarine mass failures (SMF), which could cause concentrated damage
in coastal communities located near the failures. This paper presents results of a probabilistic analysis
performed to estimate the hazard, expressed in terms of runup (at a given probability of occurrence), of
SMF tsunamis triggered by earthquakes along the upper northeast coast of the United States. A Monte
Carlo approach is employed, in which distributions of relevant parameters (seismicity, sediment
properties, type and location of slide, volume of slide, water depth, etc.) are used to perform large
numbers of stochastic stability analyses of underwater slopes, based on standard geotechnical methods
(Maretzki, 2006). When slope failure occurs, initial tsunami characteristic height and runup are
estimated, based on earlier numerical work (Grilli and Watts, 2005; Watts et al., 2005), for specified
return periods of seismic events. The 100 year hazard associated with SMF tsunamis along the US east
coast is found to be quite low at most locations, as compared to the typical 100 year hurricane storm
surge in the region (5 m). Two sites, ho wever, located near Long Island, New York and Atlantic City,
New Jersey, showed an elevated risk of higher tsunami runup (5.0-7.5 m). These two sites are the
focus of more detailed ongoing modeling studies.

Keywords: Iandslide tsunamis, monte carlo analysis, tsunami runup
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Lessons from Tsunami evacuation in the recent tsunamis including the
2004 Indian ocean

Prof. Fumihiko Imamura
disaster control research center Tohoku University IASPE]

We investigated the tsunami information/warning and response of the people including evacuation in
recent tsunamis including the 2004, in order to discuss the essential role of the early tsunami warning.
There three stages for carrying out safety evacuation after the earthquake; the first is to collect the
information of tsunami warning and natural phenomenon such as strong shakes and abnormal on the
coast, the second is to make decision of evacuation based on the risk perception, the third is to select
proper route and place for safety evacuation from tsunami attack. Unless the three stages should be
completed adequately, people could not be survived. We found the balance between tsunami warning
and risk bias in individual on response. If the risk on the warning overcome the risk bias, they could
make the decision of evacuation, which suggest us an idea of proper and essential role of the warning
system.?Moreover, in diary life, the functions with risk communication and education so on are
important to decrease the risk bias.

Keywords: tsunami warning, awareness, risk perception
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Long wave runup on the plane beach

Prof. Efim Pelinovsky
Nonlinear Geophysical Processes CHief Scientist IAPSO

Didenkulova Irina, Soomere Tarmo, Zahibo Narcisse

The problem of the long wave runup on a beach is discussed in the framework of the rigorous solutions
of the nonlinear shallow-water theory. An interesting moment here is the analysis of the runup of a
certain class of asymmetric waves, the face slope steepness of which exceeds the back slope steepness.
Shown is that the runup height increases when the relative face slope steepness increases whereas the
rundown weakly depends on the steepness. Another new result concerns an influence of initial wave
form on extremal (maximal) characteristics of the wave on a beach (runup and rundown heights, runup
and randown velocities and breaking parameter). It is suggested to define a wave length for solitary
waves on a 2/3 level of the maximum height (it is connected with length of significant wave in
oceanology). In this case formulas for extremal runup characteristics are universal and the influence of
initial wave form on extremal runup characteristics is weak.

Keywords: tsunami, runup
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Overview of the restoration program from the giant earthquakes and
tsunamis project

Prof. Teruyuki Kato
Earthquake Research Institute The University of Tokyo IAG

Kenji Satake, Koshun Yamaoka, Fumihiko Imamura, Hirokazu Iemura

A giant earthquake occurred off Sumatra Island, Indonesia and generated large tsunami in Indian
Ocean on December 26, 2004. This event caused devastating disasters in the countries surrounding the
Indian Ocean. Motivated by this event, we have initiated a multi-disciplinary and international research
project called the Restoration Program from the Giant Earthquakes and Tsunamis which is supported by
the Japanese government. The ultimate goal of the project is to propose an effective measure to
mitigate disasters from giant earthquakes and tsunamis such as the 2004 event. We tackle this problem
by interdisciplinary and international approaches. Synergetic works among different academic disciplines
are important for ultimate restoration from the disasters due to earthquakes and tsunamis. The
knowledge on the mechanism of earthquakes and tsunamis is to be utilized to elaborate the software
and hardware system of early warning system and to construct a strong and resilient city against
earthquake and tsunami. Education and outreach of such basic knowledge of earthquakes and
tsunamis, function of early warning system and earthquake resistant construction are indispensable for
effective mitigation of human casualties in a society. The project consists of four sub-theme of natural
science, civil engineering and social science as follows: 1) Clarification of mechanism of the giant
earthquake and tsunami and its prediction: This sub-theme tries to clarify the mechanism of giant
earthquake and tsunami using various geophysical schemes such as seismology, paleoseismology and
geodesy.2) Research on developing human resource for enforcing the human power against the natural
disaster: This sub-theme is mostly devoted to build capacities of human power for resilient community
against earthquake and tsunami through education and outreach.3) Research on effective use of
tsunami warning system and mitigation of tsunami hazard: This sub-theme tries to propose an effective
measure of monitoring, transmitting and disseminating tsunami information in real time manner for
tsunami disaster mitigation.4) Restoration program and city planning from the disasters due to giant
earthquakes and tsunamis: This sub-theme searches for coastal disasters due to earthquake and
tsunami and tries to propose an effective plan for restoration from the earthquake and tsunami.Each
sub-theme is composed of 3-5 research subjects and the program strongly encourages synergetic
efforts among international community of related scientists through international workshops and
symposia as well as related field researches. The term of the project is three years from April 2005 to
March 2008, so that the project will terminate in the next year. However, we try to build up long lasting
international researchers community for earthquake and tsunami, particularly in the Asian countries,
toward our ultimate goal of mitigating disasters related to giant earthquakes and tsunamis that may
occur in other areas along the subducting plate boundaries over the globe.

Keywords: earthquake, tsunami, restoration
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A tsunami hazard model for New Zealand

Dr. William Power
Natural Hazards GNS Science

Gaye Downes, Mark Stirling, Kelvin Berryman, Warwick Smith

How does the risk of tsunami compare to that from other natural hazards, and which locations are most
vulnerable? These questions were frequently asked in the aftermath of the 2004 Boxing Day tsunami,
and in this presentation we describe our attempts to answer them. We developed a probabilistic model
for estimating the tsunami hazard along the coast of New Zealand due to plate-interface earthquakes
around the Pacific Rim and local earthquakes around New Zealand. To do this we constructed statistical
and physical models for several stages in the process of tsunami generation and propagation, and
developed a method for combining these models to produce hazard estimates using a Monte Carlo
technique. These models and the results we obtained from them will be described.

Keywords: tsunami, probabilistic, hazard
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Tsunami terminology - do we all talk the same language?

Mrs. Gaye Downes
IASPE]

William L Power

What is run-up? Consult any of a number of scientific papers, dictionaries, glossaries, scientific
institution websites, and you will get one or more of several definitions that differ in key aspects. For
example, what run-up is a measure of, where it is measured, and to what reference level it is
measured.Run-up is only one of a number of frequently-used tsunami terms that have more than one
definition or areoften misinterpreted,resulting in considerable misunderstanding and confusion among
the scientific community and among those, such as emergency managers and planners, who use the
scientific information. This presentation will look at some of the problems we have encountered and
invite consideration of the need to critically review existing tsunami terminology.

Keywords: tsunami terminology
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Reconsideration of the tsunami source model of the 1755 Lisbon Tsunami

Dr. Angela Santos
Civil Engineering and Environmental Engineering Tohoku University IASPE]

Shunichi Koshimura, Fumihiko Imamura

The November 1st, 1755 Lisbon Earthquake, one of the most catastrophic events to have ever occurred
in Portugal, Spain and Morocco, caused severe damage and casualties. The tsunami generated by this
earthquake is well documented in the historical accounts, being reported throughout the Atlantic Ocean,
reaching not only Portugal, Spain and Morocco, but also the Madeira and Azores Archipelagos, England,
Ireland and the Caribbean. In spite of all the available information, the overall picture of this event
remains unknown. On the other hand, there are uncertainties regarding the tsunami travel time, since
some historical descriptions have ambiguous or unclear interpretation. One example is Cape St. Vincent,
where we considered a travel time between 6 and 18 minutes. In other places we did not have access
to the original documents, so we considered the travel time mentioned in previous studies. Since there
are discrepancies in those articles, we also considered a possible range for determination of tsunami
travel time. This occurred in: Huelva, 35-60 minutes; Porto Santo, 30-60 minutes; Figueira da Foz, 35-
55 minutes. Other historical accounts are very accurate and we considered the exact value mentioned:
Cadiz, 78 minutes; Funchal, 90 minutes; Safi, 30 minutes. The Gorringe Bank is the largest tectonic
structure around this area, and with 200 km by 80 km, is enough to generate an Mw==8.7 earthquake.
Johnston (1996) proposed possible source mechanisms with lengths ranging from 100 km to 500 km. In
this study we followed Johnston (1996) proposal and reconsidered the possible tsunami source model
for this event, taking account of the uncertainties of tsunami travel time suggested above. First,
considering the range of tsunami travel time obtained from the historical accounts, we determined the
spatial extent of tsunami source area by using wave ray analysis. Secondly, referring the fault
parameters proposed by Johnston (1996), we calculated the initial sea surface displacement by using
the theory of Okada (1985). Thirdly, we conducted the tsunami propagation model based on the non-
linear shallow water theory. The model results were validated from the point of view of consistency with
the reported tsunami travel time. The good agreement between the model and historical accounts for
the travel time was obtained in some locations, leading us to conclude that the subsurface rupture
length should be between 150 km and 300 km. Therefore, Gorringe Bank area could be a potential
source for the 1755 tsunami and further study on that area should be carried out.

Keywords: 1755 lisbon tsunami, gorringe bank, numerical model
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Deposits of the tsunami of December 26, 2004, In Northern Indonesia:
Simelue Island and the medan coast of Sumatra Island

Dr. Razzhigaeva Nadya
paleotsunami paleotsunami

Larissa Ganzey, Tatiana Grebennikova, Elena Ivanova

Sediments deposited during the tsunami of December 26, 2004, in coastal areas that differ in their
structure and orientations relative to the tsunami front are studied with defining of the factors
controlling particular features of the sedimentation under different wave intensities. The data obtained
by the international expedition that studied the aftereffects of the tsunami in question from January-
February, 2005. The sediments were studied along profiles orthogonal to the shoreline with available
estimates of the tsunami run-up heights and distances. The lithology of tsunami-related deposits and
data on various fossils (diatoms, foraminifers, and mollusks) are analyzed. The data obtained
demonstrate that the sedimentation patterns during the tsunami were substantially variable in different
coastal areas, which is explained by some other reasons in addition to the different wave transformation
on the coasts with different configuration. A significant role in this process belongs to the
geomorphologic structure and composition of the flooded zone and underwater coastal slope. Variably
oriented coseismic motions is one of the factors influencing the sedimentation patterns. The most
intense erosion occurred in the Northern part of Simelue Island , where the tsunami run ups exceeded
10 m. The thickness of the eroded layer amounts at least to 1.5 m. Coral reefs suffered the most
intense erosion, particularly in the areas of coseismic uplifting and on the low shores subjected to a
direct tsunami impact. The lithology of tsunami deposits depends on both the particular features of the
tsunami and, largely, on the material sources. Under tsunami run ups up to 3-5 m high, when the
erosion zone is limited by the upper part of the coastal slope, the beach, and adjacent old ramparts, the
tsunami deposited well-sorted sands texturally similar to their counterparts from the beach and draining
area. The textural characteristics of the sands are well sustained both vertically and horizontally. When
the material from destroyed reefs is the main source for the tsunami deposits, they become more
heterogeneous. Their most intense destruction occurred in the areas of coseismic uplifting. Here near
the shoreline, the tsunami deposited moderately and poorly sorted sands, in the extended flooded zone,
high tsunami run ups result in the sorting of this material, its grain size decrease, the disappearance of
the coarse-grained fractions, and a unmodal grain-size distribution. The taxonomic composition of the
microflora and fauna in the tsunami sediments shows that they mainly originate from the sediments of
the erosion zone, coral reefs, and the upper part of the coastal slope. The paleotsunami deposits
discovered are compared with their recent counterparts. Grants RFBR 05-05-64063, FEB RAS | N2 06-1-
OH3-106.

Keywords: tsunami, sediments




IUGG XXIV General Assembly July 2-13, 2007 Perugia, Italy

(S) - IASPEI - /nternational Association of Seismology and Physics of the Earth's
Interior

JSS002 Oral Presentation 1757

Tsunami intensity as a quantification tool: the example of Mediterranean
and Connected Seas

Mrs. Anna Fokaefs
IASPE/

Eleni Daskalaki, Gerassimos A. Papadopoulos

Quantification of tsunami waves is not an easy task given that adequate magnitude scales have not
introduced so far. Alternatively, tsunami intensity is a tool that makes possible to describe semi-
guantitatively the effects of a tsunami wave in particular coastal sites. Traditional 6-grade tsunami
intensity scales were introduced since 20s. A few years ago the so-called Papadopoulos-Imamura 12-
grade scale was developed and applied in several tsunamigenic regions of the world. Mapping of a real
intensity distribution as well as correlations between intensity and physical parameters of the wave (e.g.
wave height, distance of penetration inland) can be performed. Therefore, the tsunami intensity is a
potential tool for the post-event effect study, for the development of scenarios of expected effects from
future tsunamis as well as for comparative studies. Such possibilities are shown with the example of the
Mediterraneanand connected Seas. Intensities for hundreds of tsunami events have been estimated in
both the classic 6-grade and 12-grade scales and correlations between the two scales are investigated.
Intensities have been estimated for a long number of observation points of the large tsunami of 9 July
1956 in the South Aegean Seaand the intensity field has been mapped as a prototype example.

Keywords: tsunami, intensity, scale
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Development of a Decision Matrix for Early Tsunami Warning in the
Mediterranean and Connected Seas

Dr. Gerassimos Papadopoulos
IUGG Tsunami Commission National Observatory of Athens IASPE]

Eleni Daskalaki, Katerina Orfanogiannaki

After the generation of the large Indian Ocean 2004 tsunami a systematic effort started for the
establishment of regional, national and local early tsunami warning systems in Europe under the co-
ordination of IOC-UNESCO. One of the most important requirements for the development of operational
tsunami warning systems is the existence of a reliable procedure for decision making about the
tsunamigenic or non tsunamigenic nature of a particular earthquake in real-time conditions. In this
contribution we introduce a first approach of a tsunami warning decision matrix for the most
tsunamigenic region of Europethat is for the Mediterranean Sea. Connected Seas, such as the Marmara
Sea, the Black Sea and the Atlantic Ocean offshore are also included. The decision matrix developed is
empirical and is based on two main data compilations. The first is the catalogue of earthquakes of the
instrumental era of seismology, that is from 1900 to 2006. Earthquakes occurring either offshore or on
land at distance no more than 30 km from the closest shoreline are considered. We perform
completeness analysis and determine earthquake magnitude cut-off for several time intervals from
magnitude-frequency and magnitude-time diagrams. The second data compilation is the tsunami
catalogue for the time period from 1900 to 2006. We perform completeness analysis and determine
tsunami intensity cut-off for several time intervals from intensity-frequency and intensity-time diagrams.
The 12-grade Papadopoulos-lmamura tsunami intensity scale is used. We correlate complete data sets
of earthquakes and tsunamis and produce empirical probabilities for the tsunamigenic nature of a
particular earthquake according to the earthquake magnitude class, focal depth, epicentral location and
focal mechanism. Such probabilities make a good basis for the construction of a tsunami warning
decision matrix in the Mediterranean Sea region.

Keywords: early, tsunami, warning
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Stromboli Island (Italy): tsunamis generated by submarine landslides

Dr. Alberto Armigliato
Dipartimento di Fisica, Settore Geofisica Universita di Bologna IASPE]

Stefano Tinti, Filippo Zaniboni, Gianluca Pagnoni

The strong volcanic activity of Stromboli island, located in South-East Tyrrhenian Sea (ltaly), is well
known: the morphology of the volcanic complex has been deeply changed by the frequent catastrophic
events that characterized its history. The last one (or ones), in the Holocene, formed the Sciara del
Fuoco scar (in the North-Western flank of the island), an evident big depression that extends also under
the sea. The sliding mass had an estimated total volume of around 1 km3, and the simulations of such
(possibly multiple) event carried out by our group evidenced the impact of really catastrophic waves on
the coasts of South Italy. In addition to large disastrous events, minor failures take place recurrently in
the Sciara del Fuoco, due to accumulation of ejecta along the slope, to the steep angle typical of
volcanic flanks, to the tremors induced by volcanic activity: all these elements contribute to submarine
and sub-aerial mass instabilities. These have potential for tsunami generation as was shown by the
December 30th 2002 failures that occurred here. Big tsunami waves were set up that travelled all
around the island, reaching the height of over 10 meters and causing severe damage in the waterfront
area, but fortunately no casualties.These events justify the constant monitoring of the Sciara del Fuoco,
together with the large effort to study its characteristics and evolution, but this is not the only place of
Stromboli where mass failures are to be expected. Several submarine incisions were evidenced by
bathymetric surveys all around the island, that can be interpreted as results of past events and also can
be seen as possible source areas of future events. In this work we consider three alternative scenarios
for landslides generating tsunamis around Stromboli flanks, with volume comparable to the December
2002 events. The first is placed in the Strombolicchio plain, north of the island; the second is found near
the southern extreme of the island, at Punta Lena, and the third is located in the Eastern coast, in the
area named Forgia Vecchia. The landslide simulations is carried out through a Lagrangian block model
(UBO-BLOCK1) developed at the University of Bologna, while the computation of the tsunami generation
and propagation around the island and in the Aeolian Archipelago is performed through a finite-element
tsunami model (UBO-TSUFE), that was developed by the same research group.

Keywords: stromboli, landslide, tsunami
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National ocean service operation of tide stations in support of tsunami
detection

Mr. Stephen Gill

Allison Allen, Natalia Donoho, Stephen Gill, Tom Mero, Rolin Meyer, Manoj
Samant, Robert Aspinall

The United States National Oceanic and Atmospheric Administration (NOAA) funds several water level
observation networks in support of operational tsunami warning capability. These observing systems
include NOAA-funded stations operated by the University of Hawaii Sea Level Center, stations operated
by the NOAA Tsunami Warning Centers (TWCs), the NOAA-operated DART network, and the stations of
the NOAA National Water level Observation Network (NWLON). This paper describes the NOAA National
Ocean Service (NOS), Center for Operational Oceanographic Products and Services (CO-OPS)
contribution to tsunami warning. CO-OPS is responsible for operating the NWLON which has supported
tsunami warning since 1948. NOS continues to expand the NWLON to collect multi-purpose data for a
variety of applications, including real-time water levels for navigation, sea level trends, habitat
restoration, computation of tidal datums, and coastal hazard mitigation. After the December 2004
Indian Ocean tsunami, CO-OPS was tasked to coordinate with the TWCs to expand and upgrade the
tsunami warning capabilities of the NWLON. A plan was developed to upgrade existing NWLON stations
with new Data Collection Platforms (DCPs), implement data formats, and fill observation gaps. Work
began in 2005 to upgrade 33 existing water level stations and install 16 new stations in priority areas in
the Pacific Ocean and the Caribbean . By September 2006, all 33 targeted upgrades had been
completed, as well as 15 of the 16 planned installations. And by September 2007, CO-OPS plans to have
completed the upgrade of all coastal NWLON stations with new DCPs to satisfy tsunami requirements.
As of January 2007, a total of 100 NWLON stations are operating in support of the National Weather
Service (NWS)s tsunami warning capabilities. Even though this information will still be transmitted via
the Geostationary Operational Environmental Satellite (GOES) for both the primary and backup DCPs,
for the first time the upgraded DCPs will be transmitting 1-minute averaged water levels every six
minutes. 6 and 1-minute data are available to the TWCs directly through GOES, through remote phone
dial-in, and through the CO-OPS web page. These stations also store 15-second data on a flash drive for
post event analyses and modeling. The 15-second data can be manually downloaded from the station
itself or remotely using the DCPs modem. The strategy developed by CO-OPS and the TWCs has
involved more than just the expansion of the NWLON and new hardware, but an expansion of a total
capability, as evidenced by the CO-OPS support to computing harmonic constants for each DART buoy
site, so that effective de-tiding can take place for resolution of the tsunami signals.

Keywords: noaa, tide, station
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Numerical studies of multiple submarine slope failures and tsunamis near
Seward, Alaska, during the M9.2 1964 earthquake.

Mrs. Elena Suleimani
Geophysical Institute University of Alaska Fairbanks IASPEI

Peter Haeussler, Keith Labay, Roger Hansen

We are creating tsunami inundation maps for Seward, Alaska, in the scope of the National Tsunami
Hazard Mitigation Program. Tsunami potential from tectonic and submarine landslide sources must be
evaluated in this case for comprehensive mapping of areas at risk for inundation. Seward is a
community located at the head of Resurrection Bay, in southern Alaska, which was hit hard by both
tectonic and landslide-generated tsunami waves during the 1964 earthquake. Resurrection Bay is a
glacial fjord fed by several rivers and creeks draining nearby glaciers and depositing sediments into the
bay at a high rate. Sediment accumulation on the steep underwater slopes contributes to the landslide
tsunami hazard in the Resurrection Bay. We constructed a 5-m grid of combined topography and
bathymetry for the northern part of Resurrection Bay. The data is of exceptional quality and includes (1)
a 2006 LIDAR survey of the entire area of interest, (2) a 2001 multi-beam survey of the bathymetry of
all of Resurrection Bay, and a (3) 2006 survey of the Seward harbor and surrounding areas. Gaps
between the LIDAR and multi-beam surveys were minimal, with the exception of a shallow tidal area at
the head of the bay. Where gaps exist, interpolation was used to create a smooth transition between
the surveys. All pre-1964 (1905 to 1961) bathymetric surveys from NOAA smooth sheets were digitized,
with corrections applied for coseismic subsidence, post-seismic uplift, sea level rise, and rounding
errors. We then compared these to a 2001 NOAA multi-beam survey to assess the location and size of
submarine slides. More than 100 million m3 of sediment moved during the 1964 earthquake, with much
of it flowing about 10 km to the south into a bathtub-shaped depression in the fiord bottom. There were
four major slides in the bay with volumes in excess of 14 million m3. A slide along the Seward
waterfront, which is likely responsible for most of the initial damage, has a volume of about 19 million
m3, and left behind a blocky lag deposit. To reconstruct the sequence of waves observed at Seward on
March 27, 1964, we model tsunami waves caused by superposition of the local landslide-generated
tsunamis and the major tectonic tsunami, which arrived about 30 minutes after the start of the
earthquake. We use a three-dimensional numerical model of an incompressible viscous slide with full
interaction between the slide and surface waves to simulate Seward slope failures and associated
tsunami waves. The long-wave approximation is used for both water waves and slides. The equations of
motion and continuity for the slide and for surface waves are solved simultaneously using an explicit
finite-difference scheme.

Keywords: tsunami, landslide, modeling
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Central Kuril Earthquake and Tsunami of 15 November 2006: Pre-event
geophysical field survey and post-event seismicity

Dr. Evgueni Kulikov
Russian Academi of Sciences Tsunami lab, Shirshov Institute of Oceanology IASPE]

L.I. Lobkovsky, V.B. Baranov, A.I. Ivaschenko, E.A. Kulikov

Following the catastrophic 2004 Sumatra earthquake and global tsunami, seismic zones around
thePacific Oceanwere thoroughly examined based on the seismic-gap theory. TheCentral Kurilseismic
gap of about 500 km was defined as the zone of a highest risk of a possible catastrophic event. The last
major earthquake in this zone was in 1780, while the southwest and northeast regions of this zone are
bordered by the 1918 and 1915 earthquake source areas, respectively. The point of main concern was
the northeastern shelf ofSakhalinlslandin theSeaofOkhotsk, the area of active oil and gas exploration.
To examine the Central Kuril seismic gap zone, two detailed marine geophysical expeditions were
conducted on the R/V Michail Lavrentiev by theRussianAcademyof Sciences in 2005 and 2006. The main
purposes of these expeditions were examination of the tectonic structure of the seismic gap,
identification of cross-shelf fault areas, and estimation of the possible source area of the expected
earthquake. Based on results of these expeditions, numerical modeling of several scenarios involving
possible major tsunamis was undertaken. The earthquake of 15.11.2006 occurred very close to the
expected source region. Parameters of the actual tsunami were also similar to that predicted, except
that fortunately the NW coast of Sakhalinlslandwas sheltered from the waves by the Simushir coast.
Simulated tsunami wave forms were found to agree very closely with the open-sea island and deep-
ocean DART records.

Keywords: tsunami, seismic gap
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Solving the Semantics Problem

Dr. Luis Bermudez
Research and Development Monterey Bay Aquarium Research Institute

Adopting metadata specifications is not sufficient to achieve interoperability due to the heterogeneity of
the values in metadata annotations. For example, stage, gage height and water elevation are different
representations of the same concept. These values may be used as values for a metadata element. If
the semantic heterogeneities are not solved among these elements then they will appear to be referring
to different phenomena. Therefore, searching for stage data will not retrieve all the possible results. The
Marine Metadata Interoperability (MMI) project is working to address this issue, as well as other
semantic conflicts. The work is guided by community collaborations and supported via the MMI site
(http://marinemetadata.org). The main activities that MMI focuses to achieve semantic interoperability
are: 1) encouraging the use of already existing vocabularies; 2) providing best practices about
publishing controlled vocabularies so that they are interoperable in the Semantic Web; 3) hosting
workshops to create and map controlled vocabularies; 4) providing tools and guidance to solve semantic
heterogeneities.

Keywords: semantic web, ontologies, interoperability
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U.S. states and territories national tsunami hazard assessment, historic
record and sources for waves

Mrs. Paula Dunbar
National Geophysical Data Center National Oceanic and Atmospheric Administration

Craig Weaver

In 2005, the U.S. National Science and Technology Council (NSTC) released a joint report by the sub-
committee on Disaster Reduction and the U.S. Group on Earth Observations titled Tsunami Risk
Reduction for the United States: A Framework for Action (Framework). The first specific action called for
in the Framework is to Develop standardized and coordinated tsunami hazard and risk assessments for
all coastal regions of the United States and its territories. Since the National Oceanic and Atmospheric
Administration (NOAA) is the lead agency for providing tsunami forecasts and warnings and NOAAs
National Geophysical Data Center (NGDC) catalogs information on global historic tsunamis, NOAA/NGDC
was asked to take the lead in conducting the first national tsunami hazard assessment. Earthquakes or
earthquake-generated landslides caused more than 85% of the tsunamis in the NGDC tsunami
database. Since the United States Geological Survey (USGS) conducts research on earthquake hazards
facing all of the United States and its territories, NGDC and USGS partnered together to conduct the first
tsunami hazard assessment for the United States. A complete tsunami hazard and risk assessment
consists of a hazard assessment, exposure and vulnerability assessment of buildings and people, and
loss assessment. This report is an interim step towards a tsunami risk assessment. The goal of this
report is to provide a qualitative assessment of the tsunami hazard at the national level. The core of the
assessment involved dividing the NGDC historical tsunami database based on the measured runup
heights and the number of runups at each height. Although tsunami deaths are a measure of risk rather
than hazard, the known tsunami deaths found in the NGDC database search compare favorably with the
gualitative assessment based on frequency and height. The second assessment method used the USGS
estimates of recurrence of possible tsunami-generating earthquakes near American coastlines to extend
the NOAA/NGDC tsunami database back in time. Combining the two techniques shows that the
American tsunami hazard is highest for all Pacific basin states, possessions, and those in the Caribbean.
The number of high runups in Alaska and Hawaii indicate that the tsunami hazard is very high in those
states. In contrast, the tsunami hazard is low along the Atlantic seaboard and very low for the Gulf
coast states.

Keywords: tsunami, earthquake, hazard assessment
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Supplementary Post-Tsunami Survey of 2004 Indian Ocean Tsunami in
Sumatra Island and the database

Prof. Koji Fujima
Dept. of Civil and Environmental Eng. National Defense Academy

Indian Ocean Tsunami, occurred on 26 December 2004, caused heavy damages in many countries in
Indian Ocean. After the tsunami, many field investigations were performed to measure the tsunami-
trace height, to examine the damage situation, and to make a suggestion for recovery planning.
However, in Indonesia, the surveys with measurement were concentrated in Banda Aceh city and
northwest part of Sumatra, north of latitude 5.4 degrees N (Lho-nga and Leopung), although the
epicenter was estimated as 3.4 degree N. Therefore, 13 experts organized the survey team and carried
out the supplementary post-tsunami survey from Leopung to Meulaboh, latitude 4.1 degrees N, through
29 July to 6 August, 2006. The length of survey area is 180 km and the number of survey point is about
30. The measured runup height between Leopung and Calang, 100 km south of Banda Aceh, was 13 to
20 m, and the inundation height was 8 to 10 m. As a reference, runup height from Lho-nga and
Leopung (13km length) was 20 to 30 m and the inundation height was 12 to 20 m. Because the low-
lying land lies between Calang and Meulaboh, it was impossible to measure the runup height. However,
the measured inundation height was 3 to 5.5 m, thus the runup height might become round 10 m if
there was a hill in this region. The present survey shows the tsunami height distribution along the
northwest coast of Sumatra. In the present survey area, many big bridges were destroyed by the
tsunami. On the contrary, there were the small bridges which were left without destruction. In addition,
beach erosion is severe between Calang to Meulaboh, the coastline moved over 100 m landward at the
maximum. The mechanism of bridge destruction and beach erosion should be investigated for tsunami
disaster reduction. The database of measurement data of Indian Ocean tsunami was established
including the present data.

Keywords: tsunami, survey, sumatra
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Tsunami wave characteristics in Alberni Inlet, British Columbia, Canada

Dr. Josef Cherniawsky

Isaac Fine, Alexander Rabinovich, Fred Stephenson

Spectral analysis of sea level records of recent tsunami events and calculations with numerical models
are used to study tsunami wave propagation and resonance characteristics on the southwest shelf and
coast of Vancouver Island, British Columbia, and in particular, inside Alberni Inlet. This 45-km long fjord
has experienced significant tsunami waves in the past. The town of Port Alberni, located at the head of
the fjord, was severely affected by the March 27 (Good Friday) 1964 tsunami that originated from a
magnitude 9.2 earthquake in Prince William Sound, Alaska. Property damage in Port Alberni was
estimated at more than 8 million dollars. Tsunami-alert sirens warned the residensts to move to higher
ground and helped to avoid fatalities. Tide gauges in Port Alberni and at two locations on the Pacific
Coast, Bamfield and Tofino, recorded clearly the incoming tsunami waves. However, the Port Alberni
maximum wave heights of up to 5 m were by a factor of 4 larger than in Bamfield, or Tofino, exhibiting
relatively strong amplification inside the inlet. We use spectral analyses of observed tide gauge records
and compare these to spectra of time series generated by two numerical models, a nested-grid finite-
difference model initialized with scenaria from nearby and remote earthquakes and a local finite-
difference model that is forced at its open boundary with red-noise signal.
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Tsunami vulnerability assessment for the city of Banda Aceh using the
tsunami numerical model and the post-tsunami survey data

Dr. Shunichi Koshimura
Graduate school of engineering Tohoku University

Takayuki Oie, Hideaki Yanagisawa, Fumihiko Imamura

The 2004 Indian Ocean tsunami disaster attacked the city of Banda Aceh, Indonesia. According to the
post-tsunami survey conducted by Japan International Cooperation Agency (JICA), this tsunami resulted
more than 70,000 of casualties corresponding to 27 % of population before disaster and more than
12,000 of house damage. The extent of tsunami inundation zone reached approximately 2 km inland
from the shoreline. The present study aims to understand Banda Aceh's vulnerability against the
tsunami disaster, by using the numerical model of tsunami propagation and run-up, and GIS analysis
with post-tsunami survey data in terms of casualties and structural damage. The post-tsunami survey
data were obtained by an effort of JICA mission of the study on the urgent rehabilitation and
reconstruction support program for Aceh province and affected areas in north Sumatra. Using the high-
resolution land elevation data, we performed a coastal inundation modeling for the 2004 Indian Ocean
tsunami that attacked the city of Banda Aceh. The model is based on a set of non-linear shallow water
equations with bottom friction in the form of Mannings formula according to the land use condition. The
equations are discretized by the Staggered Leap-frog finite difference scheme. To create the
computational grids for tsunami model, we use the GEBCO digital bathymetry data, SRTM data, local
bathymetric charts of northern Sumatra (1:500,000and 1:125,000) and land elevation data obtained by
digital photogrammetric mapping. The grid size varies from 1860 m to 23 m from the source region to
the coast of Banda Aceh, constructing a nested grid. The Final grid size within the city of Banda Aceh is
23 m, and the data is based on the land elevation data provided by JICA. The model results in terms of
local inundation depth and the extent of inundation zone are consistent with the actually measured and
interpreted data from satellite imagery. Also, using GIS analysis combined with the detailed survey data
in terms of the damage on structures and casualties, we developed the tsunami inundation depth-
damage diagram to understand Acehs vulnerability against tsunami disaster. Throughout the present
analysis, we found that number of destroyed structures and the percentage of casualties significantly
increase for 2 or 3 m as local tsunami inundation depth. In order to reduce the tsunami hazard and
mitigate the damage of possible tsunami disaster, Acehs reconstruction planning should consider the
possible countermeasures such as sea walls or vegetations in order to reduce the local tsunami
inundation depth to at least 2m.

Keywords: tsunami, vulnerability, numericalmodel
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Forces on the structures in urban area due to tsunamis

Dr. Yoshinori Shigihara
Civil and Enviromental Engineering National Defense Academy

Koji Fujima, Charles Simamora

The Indian Ocean Tsunami of December 26, 2004 caused significant damage to coastal areas. The
tsunami created breaking waves run up the shoreline as surges, or bores. They inundated in urban
area, and broke down most kinds of structures such as residential houses, industrial plant and cargo
transporter. Since the best way to preserve the human life from the tsunami is that people run away to
a higher place as much as possible, a refuge building in coastal region may exert great effect for saving
life. In order to evacuate people safety in the buildings, structure of the building must hold against the
gigantic tsunami load. Therefore, estimation method of force against tsunami on the structures is
required. The objective of this study is to investigate tsunami forces on the structures in urban area. We
carry out laboratory experiments, analytical and numerical model are developed to simulate the
behavior of tsunami. Two dimensional wide wave tank (11m in length and 7m in width) used for the
experiment is 60cm depth with 1/3 slope connected to 5¢cm shelf region, the solitary wave is generated
from the wave generator. The structure models are installed on-shore, we measured total force against
tsunamis, pressure, time history of the water level in off-shore, time history of inundation depth and
vector of velocity in time on-shore. The maximum measured force related to distance from the shoreline
and that related to occupied rate of buildings are discussed. Also, to determine the tsunami force
guantitatively, we introduce relationships among tsunami forces, water level on-shore and current
velocity around the structures. Results of the laboratory experiments are simulated with Finite
Difference Method (FDM) and Finite Volume Method (FVM), and both model results are compared to
clarify which numerical models well simulate the tsunami force. In order to discuss the accuracy of
simulation model, suitable grid size, grid number and grid shape in numerical domain are investigated.

Keywords: tsunami, structure, tsunami force
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A Probabilistic Tsunami Hazard Assessment for Western Australia

Dr. Phil Cummins
Geospatial and Earth Monitoring Division Geoscience Australia IASPE]

David Burbidge, Hong Kie Thio

The occurrence of the Indian Ocean Tsunami on 26 December, 2004 has raised concern about the lack
of information on the tsunami threat, which makes it difficult to determine appropriate mitigation
measures. In addition to a warning system, such measures may include inundation maps and decision-
making tools that would enable planning and emergency management officials to manage the tsunami
threat. A first step in the development of such measures is a tsunami hazard assessment, which gives
an indication of which areas of coastline are most likely to experience tsunami, and how likely such
events are. Here we present the results of a probabilistic tsunami hazard assessment for Western
Australia (WA). Compared to other parts of Australia, the WA coastline experiences a a relatively higher
frequency of tsunami occurrence. This hazard is due to earthquakes along the Sunda Arc, south of
Indonesia. Our work shows that large earthquakes offshore of Java and Sumba are likely to be a greater
threat to WA than those offshore of Sumatra or elsewhere in Indonesia. A magnitude 9 earthquake
offshore of the Indonesian islands of Java or Sumba has the potential to significantly impact a large part
of the West Australian coastline. The level of hazard varies along the coast, but is highest along the
coast from Carnarvon to Dampier. Tsunami generated by other sources (e.g. large intra-plate events,
volcanoes, landslides and asteroids) were not considered in this study, which limits our hazard
assessment to recurrence times of 2000 years or less.

Keywords: tsunami, hazard, modelling
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Earthquake-generated tsunamis in the Mediterranean Sea: scenarios of
potential threats to the coast of Italy

Dr. Stefano Lorito
Department of Selsmology and Tectonophysics INGV

Mara Monica Tiberti, Roberto Basili, Alessio Piatanesi, Gianluca Valensise

We calculated the impact on the Italian coasts of a large set of tsunamis resulting from earthquakes
generated by selected fault zones of the Mediterranean Sea. Our approach merges updated knowledge
on the regional tectonic setting and scenario-like calculations of expected tsunami impact.We focussed
on potential source zones located at short, intermediate and large distance from our target coastlines.
For each zone we determined a Maximum Credible Earthquake and described the geometry, kinematics
and size of its associated Typical Fault. We then let the Typical Fault float along strike of its parent
source zone and simulated all tsunamis it could trigger. Simulations are based on the solution of the
nonlinear shallow water equations through a finite-difference technique. We investigate the tsunami
threat to Italy coasts by both analyzing the travel-times and maximum water elevation field, and
aggregate the results to quantify the threat from each source zone as a whole.We found a highly
variable impact for tsunamis generated by the different zones. For example, a large Hellenic Arc
earthquake will produce a much higher tsunami wave (up to 5 m) than those of the other two source
zones (up to 1.5 m). This implies that tsunami scenarios in the Mediterranean Sea must necessarily be
computed at the scale of the entire basin. The procedure can be easily replicated for other coastal areas
of the Mediterranean. Our work represents a pilot study for constructing a basin-wide tsunami scenario
database to be used for tsunami hazard assessment and early warning.

Keywords: tsunamis, mediterranean, seismotectonics
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Standards and benchmarks for tsunami modeling

Prof. Utku Kanoglu
Department of Engineering Sciences Middle East Technical University IASPE]

Costas Synolakis, Eddie Bernard, Vasily Titov, Frank Gonzlez

A substantial number of new tsunami codes, more than 20 by some accounts, have been employed in
the aftermath of the December 26, 2004 Boxing Day tsunami. Predictions from these new untested
models are being presented at international meetings even though results differ from established
paleotsunami measurements by factors as large as four. These substantial differences have attracted
press attention, requiring hazard mitigation professionals to provide public explanations of the
discrepancies. Since an increased number of nations in tsunami-prone regions around the world must
develop tsunami mitigation plans, both validation and verification are essential for all numerical models
used in planning. Validation refers to the process of ensuring that the model solves the parent equations
of motion accurately, and is accomplished through comparison with analytical solutions. Verification
refers to the process of ensuring that the model represents geophysical reality, and is accomplished
through comparison with both laboratory measurements and field measurements. The gold standard for
inundation numerical codes must include validation, verification, and the essential step of formal
documentation in the peer-reviewed scientific literature. This process must be considered continuous; it
is essential that even proven models be routinely reviewed and subjected to additional testing and
documentation as new knowledge and data are acquired. So far, only a few existing humerical models
have met these standards, and such models must be the only choice for inundation forecast modeling;
the consequences of failure are too serious to risk a lower standard. A forecast system also requires
accurate tsunami measurements and well-tested numerical procedures for inverting the measurements
to produce predictions with a proven model. Clearly, however, there is no absolute certainty that even a
properly validated and verified numerical code will produce accurate, real-time inundation forecasts; this
is why multiple models should be implemented to improve forecast system robustness. We discuss
analytical, laboratory, and field benchmark tests by which tsunami models can be validated, verified and
formally documented in peer-reviewed journals indexed by ISI. This painstaking process may appear
onerous, but is the only defensible methodology when human lives are at stake. Model standards and
procedures that reflect this approach are being adopted for implementation in the U.S. Tsunami
Forecasting System that is under development by the National Oceanic and Atmospheric Administration.

Keywords: tsunami modeling, standards benchmarks, tested model
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Archive and Access of Global Water-Level Data: from the Coast to the
Deep-ocean

Mrs. Kelly Stroker
NOAA NGDC IASPET

Paula Dunbar

NOAA's National Geophysical Data Center (NGDC) operates the World Data Center (WDC) for Solid
Earth Geophysics (including tsunamis). NGDC is one of three environmental data centers within NOAAs
Environmental Satellite Service. The WDC/NGDC provides the long-term archive, data management, and
access to national and global tsunami data for research and mitigation of tsunami hazards. Archive
responsibilities include the global historic tsunami event and run-up database, the bottom pressure
recorder data, and access to event-specific tide-gauge data, as well as other related hazards and
bathymetric data and information. Recently, NGDC has assumed the responsibility to archive the high-
resolution water level data. Currently, NGDC is archiving the pressure and temperature data recorded by
NOAAs deep-ocean tsunameters. The next step would be to incorporate the water level data from
coastal tide-gauge stations around the globe. There is a significant gap in data management for the
coastal water level data in that no formal archive currently exists and it is quite a challenge to obtain
water level information from various sources due to the lack of a central portal. It is envisioned that the
retrospective water level data will be available through web services, using an XML-based schema.
NGDC and the WDC are committed to distributing data in standard formats and the water level data
would be no exception. Images of the station locations would be available through the Open Geospatial
Consortium Web Map Services (WMS) and station metadata would be available through Web Feature
Services (WFS). As part of the World Data Center, NGDC is committed to working with its international
and national partners to develop a method for long-term sustainability of this important data.

Keywords: tsunami, water level, tidegauge
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Tsunami damage in Crescent City, California from the November 15, 2006
Kuril event

Prof. Lori Dengler
Geology Department Humboldt State University

Annabel Kelly, Burak Uslu, Aggeliki Barberopoulou, Solomon Yim

On November 15, the harbor at Crescent City in Del Norte County, California was hit by a series of
tsunami surges generated by the Mw = 8.3 Kuril Islands earthquake. The surges caused an estimated
$5.9 million in losses to the small boat basin, damaging the floating docks and several boats. The event
highlighted the vulnerability of harbors from a relatively modest tsunami, problems in with the tsunami
warning system for a marginal event, and the particular vulnerability of the Crescent City harbor area. It
also illustrated a persistent problem for tsunami hazard mitigation a lack of awareness of both
government officials and the public of the duration of tsunami hazard. Crescent City is particularly
susceptible to tsunami events. Twenty-four tsunamis have been recorded since 1938, nine with
amplitudes of 0.5 meters or larger including two previous events originating from the Kuril Islands. On
November 15, tsunami alert bulletins were issued by the North American Tsunami Warning Center in
Palmer, Alaska. When the alerts were cancelled at 6:40 AM PST, Crescent City had never been placed in
a warning or watch situation. Projections for tsunami amplitudes on the order of a meter prompted the
warning center to initiate an informal dialog with State Warning Centers and resulted in a local decision
to clear beaches and harbor areas in Humboldt and Del Norte Counties, California before the arrival of
the first expected wave at 11:48 AM PST. However there was no direct contact with the regional
weather forecast offices and no advice directly conveyed to local jurisdictions. Water level data from the
two previous Kuril events was not readily available to county emergency managers. There was
confusion at the local level about what amplitude meant, the duration of the event and the appearance
of a moderate tsunami in a harbor environment. Two people were on the docks believing the event was
over when the strongest surges (1.8 m peak to trough) arrived around 2:15 PM. They were fortunately
able to get to safety as the docks began breaking up. Wave activity continued with amplitudes on the
order of 0.5 m for more than 8 hours, through the next high tide cycle. As a result of the November 15
event, interim procedures were adopted by the Tsunami Warning Center to provide advice if forecasts
indicate that tsunami water heights may approach warning- level thresholds. On January 13, 2007 a
similar Kuril event occurred and hourly conferences between the warning center and regional weather
forecasts were held with a considerable improvement in the flow of information to local coastal
jurisdictions.

Keywords: tsunami, crescent city, mitigation




IUGG XXIV General Assembly July 2-13, 2007 Perugia, Italy

(S) - IASPEI - /nternational Association of Seismology and Physics of the Earth's
Interior

JSS002 Oral Presentation 1774

Potential landslide tsunami waves offshore Ischia island, (Italy)

Dr. Violante Crescenzo
IAMC-CNR Institute for Coastal Marine Environments National Research Council IAHS

Chiara Biscarini, Silvia Di Francesco

Recent submarine explorations at Ischia island, a volcanic complex located north-west of the Gulf of
Naples, Italy, showed evidences of debris avalanches and catastrophic collapses including an
amphitheatre scar to the south, and hummocky deposits in the southern, western and northern
offshore. The island is characterised by a series eruptions that continuously modified its morphology,
and by an high rate of tectonic uplift of the central sector, the Mt Epomeo , that has raised up to 780 m
in the past 30 ky with an average rate of 20 mm/y. The studied mass movements in the form of mud-
debris flows, debris slides, rock-falls and debris avalanche radiate from Mt Epomeo as a consequence of
its volcano-tectonic uplift and have an age spanning from prehistory to the present. Debris volumes
range from 0.1 km3 from smaller events to more than 2-3 km3 for the largest avalanche, whose run-out
is probably larger than 45 km as deduced from large blocks occurring in the southern continental slope
until 1100 m depth. In the northern offshore an engraved fan-shaped valley, likely related to the
emplacement of a very recent landslide event, is laterally constrained to the west by a relevant
depositional levee. For all these events, large masses of volcanic material have entered the sea both in
shallow waters and in deep waters likely producing tsunami waves spreading all over the Tyrrhenian sea
and possibly into the bay of Naples . To test we work out a 3D simulation of the potential tsunami event
associated to one of the major landslide events. The numerical model is based on geological data, so
that the fluid dynamic simulation allows to investigate, evaluate and represent the three-dimensional
water waves generation and propagation resulting from landslide phenomena. The problem is
schematised as a multiphase multicomponent fluid flow (compressible air, water and landslide material)
and the numerical tool is a finite volume transient fluid dynamics model based on coupling mass and
momentum conservation (Navier Stokes) equations to a Volume Of Fluid (VOF) model, which actually
keeps and updates the field of volume fraction of one fluid in each cell and is widely used to track the
interface of two immiscible fluids, such as water and air. A previously performed validation with both
laboratory and real event data, has demonstrated that the present model is able to predict with a high
level of accuracy the temporal evolution of water waves.

Keywords: landslide generated waves, numerical simulation, tyrrhenian sea
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Tsunami moment magnitudes (Mwt) of the 1 April 1946 Unimak and the 28
March 1964 Alaska tsunamis

Dr. Liujuan Tang
NOAA Center for Tsunami Research Research Scientist

Vasily V. Titov, Christopher Chamberlin, Yong Wei, Michael Spillane

Previous studies of seismic, geodetic and water-level data have provided the possible sources for some
destructive tsunamis in Pacific (Kanamori and Ciper, 1974, Johnson et al, 1994, 1996, Johnson and
Satake, 1999). Derived based on low-resolution tsunami propagation models, most of these source
estimates are subject to debate and adjustment. NOAA Center for Tsunami Research (NCTR) is
developing the next generation tsunami forecast system and implementing it at NOAAs Tsunami
Warning Centers (TWCs). It includes DART detection, inversion to a pre-computed propagation
database, and site-specific inundation forecasts by Stand-by Inundation Models (SIMs). The propagation
database contains of 836 synthetic unit tsunami scenarios at the major subduction zones in Pacific
Ocean, using the Method of Splitting Tsunami (MOST) numerical model. With resolution of 60-90 meter
in nearshore area, SIM is optimized for speed and accuracy to provide 4-hour event inundation forecast
less than 10 minutes. In addition, a Reference Inundation Model (RIM) with higher resolution of 10-30
meter was also developed to provide numerical references for each SIM, as well as a useful tool for
tsunami hazard mapping projects.The components of the forecast system provide a unique chance to
re-investigate the historical destructive tsunamis by inversion of the coastal water level data with the
high-resolution quality inundation and propagation models. Application of this approach gives tsunami
moment magnitudes of Mwt = 8.5, for 1 April 1946 Unimak tsunami and Mwt = 9.0 for the 28 March
1964 Alaska tsunami. Excellent model-observation comparisons, including first arrivals, wave periods
and amplitudes for first waves of over 2 hours, are achieved at coastal tide stations in Hawaii, Alaska
and U.S. West Coast respectively. Modeled inundation limit at Hilo for the 1946 tsunami agrees well with
the observations.

Keywords: tsunami moment magnitude
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Tsunamis Recorded on the Pacific Coast of Canada: 1994-2007

Mr. Fred Stephenson
Fisheries and Oceans Canadian Hydrographic Service IASPE]

Alexander B. Rabinovich

In the last 15 years there have been 14 tsunami events recorded at tide stations on the Pacific Coast of
Canada. Ten of these events were from distance sources covering almost all regions of the Pacific, as
well as the December 26, 2004 Sumatra tsunami. Three of the tsunami events were from local or near-
field earthquakes and one was a meteorological tsunami. The earliest four events, which occurred in the
period 1994 - 1996, were recorded on analogue recorders, and these tsunami records were recently re-
examined, digitized and analysed. The other 10 tsunami events were recorded using digital
instrumentation with one minute sampling intervals. Each of these tsunamis was recorded at two or
more of the tide gauge stations, and all 14 of the events were recorded at Tofino and Bamfield on the
outer B.C. coast. The tide station at Tofino has been in operation for 100 years and these recent
observations add to the dataset of tsunami events compiled previously by S. Wigen for the period 1906-
1980. For each of the tsunami records statistical and spectral analysis was carried out to determine the
arrival times, amplitudes, frequencies and wave train structure. As a result of these observations, and
the resulting analyses, it was confirmed that significant background noise at one key station creates
serious problems in detecting tsunami waves. As a result, the station has now been moved to a new
location with better tsunami response. The number of tsunami events observed in the past 15 years
also justified re-establishing a tide gauge at Port Alberni, where large tsunami wave amplitudes were
measured in March 1964. The data obtained at Port Alberni during future tsunami events will increase
our understanding of tsunami response at this location, as well as other similar locations at the heads
coastal inlets.
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Observations of Seiche at japanese coast in the Japan Sea and the
significance to tsunami amplification

Prof. Kuniaki Abe
dental hygien Niigata Junior College, Nippon Dental University IASPEI

In situ observations of seiche were conducted at 55 points of bay heads and ports facing to the Japan
Sea in . Sea level was detected with a pressure gauge for 6 hours per point in time interval of 1 minute
and the total data was prepared in the period from November 11, 2002 to December 25, 2006. The
time histories were decomposed into amplitude spectra and the most dominated period component was
identified for each observation point. The result shows that the values vary from 7 to 167 min and level
of 10 minutes occupies 25 % in all the observation points. These periods are approximated to ones of
the fundamental mode under the consideration of the length and the sea depth. Moreover, the
frequently observed periods of 10 to 30 minutes correspond to typical periods of tsunamis which are
excited by large earthquakes, especially in . Therefore, we studied a relation of the dominant period
with one of tsunami in bays and ports. We used tide gauge records of tsunamis observed in the 1993
Hokkaido nanse-oki, the 1983 Nihonkai chubu and the 1964 Niigata Earthquakes. Responses of tide
stations were reduced based on the recovery time obtained by Satake et al.(1988). The amplitude
spectra were calculated for the record of 6 hours from the earthquake origin time with the same
method as for the seiche. Selecting 30 seiches observed at the neighborhoods of the tide stations we
compared the dominant periods with ones of the tsunamis observed at the same bays. Appearance of
the same dominant period between seiche and tsunami at the same bay was counted for all the
observation points in each tsunami. The same period of seiche was defined for the period within the
error of 50 %. The ratios reach to 38, 44 and 8% for 1993, 1983 and 1964 tsunamis, respectively. This
value is an indicator of resonance of tsunami to bay and port. The difference is caused by one of typical
period mainly related to source size and sea depth in the source. In this case sea depth is an important
factor. The typical sea depths are 3000, 2000 and 70 m for 1993, 1983 and 1964 tsunamis, respectively
(Abe, 2007). It is concluded that the difference directly is reflected to one of period and brought the
difference of resonance.
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The Kuril Island Tsunamis of 15 November 2006 and 13 January 2007: A
comparative analysis

Dr. Richard Thomson
Department of Fisheries and Oceans Institute of Ocean Sciences

L V. Fine, A.B. Rabinovich, E.A. Kulikov

Two major tsunamigenic earthquakes have recently occurred near the Central Kuril Islands . The trans-
Pacific tsunami generated by the Mw = 8.3 earthquake of 15 November 2006 was the largest since that
generated by the 1964 Alaska earthquake. Wave heights exceeding 1 m were recorded as far as the
Hawaiian Islands, Oregon, California and . Significant damage took place in the port of Crescent City (
California ) located roughly 6600 km from the source. Maximum waves recorded at this site were up to
177 cm. Marked tsunami signals were identified in records from the Kuril Islands, Japan, Alaska,
Canada, Peru, New Zealand and various Pacific islands. Two months later, on 13 January 2007, a Mw =
8.2 earthquake occurred in the same region with a source located slightly seaward from the source of
the November 2006 earthquake. Although weaker than the 2006 tsunami, the 2007 tsunami was also
clearly recorded at many sites in the Pacific Ocean, including the Kuril, Aleutian, and Hawaiian islands,
California and . Both tsunamis have been examined in detail using coastal tide gauges, bottom-pressure
open-ocean stations and satellite altimetry. Numerical models have formulated for both events.
Simulated tsunami wave forms were found to agree closely with the offshore island and deep-ocean
DART records. The energy flux of the waves was mainly directed southeastward toward the Hawaiian
Islands and . A pronounced feature of both tsunamis was their high-frequency content, with typical
wave periods from 5 to 20 minutes. Dispersion was found to play an important role in the propagation
and transformation of these waves. Despite their similarities, the two tsunamis were markedly different
and even had opposite polarity in that the first trans-Pacific wave for the first event was positive while
that from the second event was negative.
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A comparison of tsunamis in Caribbean and Mediteranean; history,
possibility, reality

Prof. Ahmet Cevdet Yalciner
Civil Engineering Ocean Engineering IAPSO

Efim Pelinovsky, Tania Talipova, Narcisse Zahibo, Andrey Zaitsev, IRina
Didenkulova, Ceren Ozer, Isil Insel, Hulya Karakus, Andrey Kurkin, Irina Nikolkina

The Carribean sea is one of the biggest marginal seas in the planet and located in between lattitudes
70N and 230N, and longitudes -880E and -600E. It is bordered on the North and East by the West
Indies archipelago, on the South by South America mainland, and on the West by the Central American
isthmus. The Caribbean sea is well known and center of attraction with its tropical climate, storms, rain,
clear waters, sun and reefs. The Mediterranean sea is one of the biggest marginal seas in the planet
and located in between lattitudes 300N and 470N, and longitudes -50E and 430W. It is bordered on the
North and West by Europe, on the south by Africa, on the East by Asia. Siciliy divides the sea to eastern
and western basins. The Mediternaean sea is well known and is the center of attraction with its breeze,
clear waters, sun and remnants of ancient civilizations. There are three main geographical features of
the Caribbean Sea, which are i) Outer ring of mainly coral islands with white sand beaches from the
Bahamas, to the Turks and Caicos, the Cayman Islands, ii) Inner ring of more volcanic islands, with
black sands, includes the islands of the Greater Antilles - Cuba, Haiti, Dominican Republic and Puerto
Rico. iii) The alluvial coast of Guyana, Suriname and French Guiana (Cayenne) on the South American
mainland between the vast estuaries of the Orinoco and the Amazon. The fault zones around eastern
Mediterranean basin are Hellenic Arc, North Anatolian Fault Zone (NAF), East Anatolian Fault Zone
(EAF), Cyprus Arc, and Dead Sea Fault. There are series of volcanoes Vezuvius, Etna, Stromboli, Milos,
Antimilos, Antiparos, Santorini, Christiana, Colombus, Kos, Yali, Nisiros and others in the Mediterranean
. Hellenic arc is one of the important tsunami prone areas for the far eld propagation of tsunamis.
Numerous earthquakes and associated tsunamis in history in the Caribbean and Mediterranean seas
seem as the precursor of the future similar events. In this study oceanographical, geographical,
geological and geophysical characteristics of the Caribbean and Mediterranean Seas are presented and
discussed briefly. For comparison the general characteristics of historical tsunamis occured in both seas
documented in literature are tabulated. The estimated zones of tsunami sources in relation to the
earthquake activities are presented. The numerical modeling is applied to several different tsunami
cases. For illustration of the generation, propagation and coastal amplification of tsunamis, the
simulations of different tsunami scenarios for Caribbean and Mediterranean are developed, compared
and discussed.

Keywords: tsunami, caribbean, mediterranean
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The July 17, 2006 Central Java Tsunamis

Mr. Widjo Kongko
coastal dynamic research center agency for the assessment & application of techno.

Gegar Prasetya, Rahman Hidayat, Dinar C. Istiyanto, Sungsang U. Sujoko

The offshore area of the Java fore-arc from historical record had lack of moderate and large earthquake
or low seismic potential, only the area between 109E to 112E is more active in the past, however, its
relatively lack of shallow event. The 17th July 2006 earthquake with magnitude Mw 7.6 happened within
that area and generated tsunamis. The tsunamis hit the south coast along the central Java Island and
neighborhood shoreline and killed 650 people. From the field survey that had been done, the tsunamis
consist of 3- 5 waves with interval from 5 to 10 minutes. The sea receding first, and the second waves
was the highest. It takes 30 50 minutes for tsunamis to reach the coast and the waves run up and flow
depth varies between 1 m to 4. 6 with exceptional wave run up were found at Nusa Kambangan Island
about 10 20 m. This exceptional run up possibly due to second generating mechanism such as
submarine slumping or landslide at the offshore of the Nusa Kambangan lIsland. The cause of many
death tolls were possible due to the earthquake was not felt by most of the people who lived on the
coast according to the eyewitnesses, however, it could be minimized if the warning system is
operational within this region. Unfortunately, there is no warning had been issued, and the warning
systems still not in place even though the Great Sumatran Earthquake and Tsunamis had already
brought a lot of effort into the warning system in Indian Ocean region since it happened 2 years back.
This event, again, a raise how important the integration of early warning system based on technology
available and people who really had genuine commitments on this matter, and continuous education
and preparedness of the people who lived along the coast that facing to the subduction zone. This
implies the future re-development and hazards management of Indonesian Coast.

Keywords: central java tsunamis, warning system, hazards management
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Archiving of tsunami event data

Dr. Laura Kong
International Tsunami Information Center 10C of UNESCO IASPE]

Charles S. Mccreery

Since the 1990s, more than 15 tsunamis have been significant enough to cause damage locally or
regionally. International post-tsunami survey teams have been deployed to collect measurements of
runup, flow depth, inundation, scour, sediment deposits, and eyewitness observations of the arriving
tsunami wave. At the same time, sea level time series recordings of tsunami events are sought out by
scientists, who often first inquire to the tsunami warning centers, such as the Pacific Tsunami Warning
Center (PTWC) in operation since 1949, since they are often the first to know that a tsunami has
occurred. As a United Nations tsunami-dedicated information resource since 1965, the International
Tsunami Information Center (ITIC) receives information starting immediately after the PTWC issues a
watch or warning notification. Much of these data are shared with tsunami researchers and
professionals through ITIC's Tsunami Bulletin Board list serve. The ITIC also regularly publishes a
newsletter and hosts an event web site which starts to compile tsunami event information and data
soon after an event occurs. For long-term archiving, the National Geophysical Data Center (NGDC),
which hosts the World Data Center for Solid Earth Geophysics Tsunamis (WDC-Tsunamis), has the
mission to preserve and archive relevant, quality-controlled data for all significant tsunami events.
Recognizing the long-standing commitment of these three international organizations to tsunamis and
the important value to researchers and hazard mitigation specialists of high-quality, verified, and
authenticated information on tsunamis, the NGDC, ITIC, and PTWC propose to work collaboratively
together to collect, synthesize, quality-control, catalogue, and archive all available data and
observations from significant tsunami events. Within this context, a common standardized catalogue
schema will be established by reviewing existing databases and soliciting input from data providers and
users to determine a system that best meets everyones needs. The group will seek input from the IUGG
Tsunami Commission, its members, and especially its working groups that have been tasked to collect
data from the December 26, 2004 tsunami. The effort plans to build upon and enhance existing
capabilities and services of the NGDC and ITIC with the goal of developing more efficient and thorough
mechanisms for seeking out data, for encouraging the contribution of observations by both scientists
and the public, and for making quality collected information available to many in a user-friendly
environment. In this talk, we will review the status of our quality control efforts and present tools for
collaboration, user input, and data access.

Keywords: tsunami event, sea level data, archive
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Probabilistic tsunami hazard analysis - results for the Pacific and Indian
Oceans

Dr. Hong Kie Thio

Jascha Polet, Paul Somerville

We have developed a series of probabilistic tsunami hazard maps for the coasts of western North
America Australia and along the Indian Ocean based on fault source characterizations of the circum-
Pacific subduction zones as well as local offshore faults. The maps show the probabilistic offshore
exceedance waveheights at 72, 475, 975 and 2475 year return periods, which are the return periods
typically used in Probabilistic Seismic Hazard Analysis (PSHA). Our method follows along similar lines as
(PSHA) which has become a standard practice in the evaluation and mitigation of seismic hazard in
particular with respect to structures, infrastructure and lifelines. Its ability to condense complexities,
variability and uncertainties of seismic activity into a manageable set of ground motion parameters
greatly facilitates the planning and design of effective seismic resistant buildings and infrastructure.
Because of the strong dependence of tsunami wave heights on bathymetry, we use a full waveform
tsunami waveform computation in lieu of attenuation relations that are common in PSHA. By pre-
computing and storing the tsunami waveforms at points along the coast generated for sets of subfaults
that comprise larger earthquake faults, we can rapidly synthesize tsunami waveforms for any slip
distribution on those faults by summing the individual weighted subfault tsunami waveforms. This
Green's function summation provides accurate estimates of tsunami height for probabilistic calculations,
where one typically integrates over thousands of earthquake scenarios. We have carried out tsunami
hazard calculations for western North America and Hawaii, and based on a comprehensive source model
around the Pacific and Indian Oceans. We will present the tsunami hazard maps and discuss how these
results are used for probabilistic inundation mapping, including a follow-up inundation study of the San
Francisco Bay area that is based on disaggregation results of the probabilistic analysis. We will also
show that even for tsunami sources with large uncertainties (e.g. submarine landslides) a probabilistic
framework can yield meaningful and consistent results.

Keywords: tsunami, earthquakes, hazard
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The Southeast Asia Tsunami Disaster Aftermath: Development of New
Approaches to Coastal Zone Hazard Observation and Warning Systems

Prof. Evgeny Kontar
Experimental Methods Lab P.P.Shirshov Institute of Oceanology IAPSO

On January 2005 I0C/UNESCO and IUGG Tsunami and GeoRisks Commissions issued the statements on
the greatest submarine earthquake and tsunami of the early 21st century and recommended that the
countries around the Indian Ocean set up a Disaster Management Center and a warning system in order
to monitor the Indian Ocean in relation to all kinds of natural hazards, especially those related to coastal
regions. Assessment of potential of geo-hazards and their risks to populated coastal areas is becoming
an important domain of scientific research and mitigation management. Coastal zone, shelf and
continental slope are quickly becoming new major areas of industrial technological development owing
to growing population in coastal regions and vast natural resources such as fish, oil, and gas available in
these areas. Understanding risks of natural and human-made coastal zone hazards contributes to
strengthening the scientific and technological basis of a number of industries including oil/gas
production and transport. Traditional ways to evaluate risks of submarine earthquakes and tsunamis
(e.g., through analyzing historic data) are often not comprehensive enough and may result in lower
estimates of the actual risks of these hazards, while a combined approach developed recently at
P.P.Shirshov Institute of Oceanology of the Russian Academy of Sciences provides more accurate
evaluations, which may affect significantly human research and industrial activities in the coastal areas.
We report here some new ideas, approaches and preliminary results in the development of tsunami
warning systems based on a complex monitoring system using the deep-ocean cable installations and
bottom observatories located in the vicinity of the oil and gas drilling platforms which are cable
connected to data processing centers. Operation of such systems is to be combined with satellite survey
as well as with scientific cruise investigations. Also we report here some results of the EU project which
was desined to disseminate information to scientific and industrial communities on combined risks of
submarine contaminated groundwater discharge, saltwater intrusion, coastal zone earthquakes,
landslides, and tsunamis. This information can be introduced targetting potential risk groups, including
local coastal zone authorities and the general public, to enhance general risk awareness.

Keywords: tsunami, coastal zone, hazard observation systems
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The simple model of Tsunami propagation simulator by using SITPROS
Model

Dr. Wattana Kanbua
Thai Meteorological Department Director of Marine Meteorological Center IAPSO

Somporn Chuai-Aree

A new model for the tsunami propagation simulator is constructed. The boundary condition at the shore
line is controlled by the total depth and can be set to the zero normal velocity. This model, with spatial
resolution of two minute, is applied to the tsunami On December 26, 2004, 00:58 (UTC), 07:58 (Local
Time, Thailand), a great earthquake occurred off the west coast of northern Sumatra, Indonesia. The
magnitude of this earthquake was 9.0 and this was the fourth largest earthquake in the world since
1900. We deduce the shallow water wave equation and the continuity equation that must be satisfied
when a wave encounters a discontinuity in the sea depth. Our procedure also includes a new
mathematical model for tsunami generation, propagation, real-time simulation and visualization. The
model is so called SiTProS (Siam Tsunami Propagation Simulator). Thailand is one of the countries
affected by the Tsunami natural disaster on 26 December 2004. In order to provide up to the minute,
precise prediction tsunami propagation simulator model with fast and accurate prediction.

Keywords: tsunami generation, tsunami propagation simulator, real time simulation
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Application of RS and GIS in Tsunami hazards assessment and
Rehabilitation in Car Nicobar Islands

Dr. Arun Kumar
Department of Earth Sciences, Manipur University Associate Professor

Th. Dolendro

The present studies deal with the 26 December 2004 tsunami hazards assessment at Car Nicobar
Island, located at a distance of 200 miles approximately from the epicenter of the Great Indonesian
Earthquake (M9.3). A considerable part of the island has been damaged as a result of the Great
Earthquake triggering and followed by Great Tsunami events. The application of Remote Sensing and
GIS techniques is used to characterize the tsunami damages. The IRS 1D LISS- 3 (Pre) and IRS P-6
(Post) digital data are used to assess the changes in the various coastal features of the island. The
tsunami height, run up elevation, water flow direction, erosion, sand deposition, and coastal subsidence
are main indicators for the main aspects of the damages assessment. The digital image processing of
the pre and post satellite data is carried out, which is supplemented with the detailed field studies at the
island. The digital elevation model (DEM) is generated to demarcate the water inundation, flow direction
and extent of the sea water submergence. 10-15 meters of water inundation on the island is marked
and the flow direction of tsunami water is observed along the NW and SE direction by using 1 meter
DEM. The existing beaches are now extended by 60 meters as sediment deposition on the SW part
while 152.54 meter width of the beach is inundated on its SE part of the island. The new sand
deposition at Kakana and Aukchung beaches are of 2.5 meters high and 10-12 meters wide, which is
observed by comparing the pre and post satellite data. Similarly, the submergence at Malacca beach is
1.25 meters which has caused 170 meters wide stretch of the beach into permanent submergence. This
submergence has also caused the loss of coral at Malacca beach. There are evidences for the earlier
tsunami events based on the study of sand pits at island. The modeling of the tsunami run up and
topography of the island has been attempted. There is good correlation between the tsunami run up,
inundation distance and tsunami height. The application of GIS has been made in demarcating the safer
sites for rehabilitation work in the island. The erstwhile villages on the island were located within the 1
km distance from the sea, therefore, the minimum distance of 1 km has been proposed for
rehabilitation of the villages. The 1 km zone has been used for the plantation by various district level
authorities. The application of remote sensing and GIS is proved to be very useful in assessment of
tsunami hazards as well as rehabilitation measures in the island.

Keywords: tsunami, assessment, rehabilitation
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Restoration of Tsunami Incident by Remote Measurements of the Surface
Water Oscillations

Dr. Tatiana Voronina
JS5002 Inst.of Comput. Math.&Mathem. Geophysics SD RAS IASPE]

During the past few years, the tsunami events that occurred in the Pacific and the Indian Oceans had
caused to turn to on the inverse tsunami problem. The inversion problem to infer the initial sea
perturbation is considered as a usual ill-posed problem of the hydrodynamic inversion of tsunami tide-
gage records. Mathematically, this problem is formulated as inverse problem of mathematical physics
for restoration of the initial water displacement in the source area by the water level oscillations
observed at a number of points distributed in the ocean. We assume that the time dependency of the
source function to be described by the Heavyside function . 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, so the system of the linear
algebraic equations is obtained. The ill-posed inverse restoration problem is regularized by means of the
least square inversion using the truncated SVD approach. In this method, the inverse operator is
regularized with the help of its restriction on the subspace spanned on a finite sample of the first right
singular vectors. The so-called r-solution is a result of the numerical process. The quality of the solution
obtained is evaluated as relative errors (in $L_2%$-norm) in restoration of the source function. The
results are fairly satisfactory, if the receivers have a good azimuthally coverage with respect to source
area. It is necessary to recognize that the results obtained strongly depend on the signal-to-noise ratio
due to the ill-posedness of the problem. As a model of initial water displacement we used displacement
representing the bottom deformation due to the typical tsunamigenic earthquakes with reverse dip-slip
or low-angle trust mechanisms. This paper represents the algorithm of the solution of the inverse
problem dealing with an arbitrary bottom topography having some basic morphological features typical
of the island arc regions with inner and outer boundaries. We have shown that to attain a reasonable
quality of the source restoration in this case we need, at least seven records distributed over the space
domain and their azimuthally coverage plays the key role in obtaining the satisfactory results of
inversion. The algorithm proposed enables us to evaluate the potential of a certain observation system
in restoring the initial tsunami waveform.

Keywords: il posed inverse problem, numerical modelihng, regularization
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Processes affecting tsunamis propagating towards wide continental
shelves, and their role in coastal impacts

Dr. Chris Wilson

K. J. Horsburgh, B. J. Baptie, A. Cooper, D. Cresswell, R. M. W. Musson, L.
Ottemoller, S. Richardson, S. L. Sargeant

We investigate the propagation of tsunamis, towards the European shelf break, from a source at the
Azores-Gibraltar Fault Zone in order to explore aspects of oceanographic interest for tsunami
propagation over a broad continental shelf. We use six different initial conditions, based on the
November 1755 Lisbon earthquake, to force a nested model of the northeast Atlantic. The sensitivity of
tsunami propagation to tides, Earth's rotation, and topographic forcing is examined. Our results show
that topographic features at the shelf edge interact with the almost planar wave front, forming complex
intensified beams. The practical consequences of this interaction are highly variable wave heights
around affected coasts over very local scales. Despite this, wide continental shelves afford a degree of
protection from tsunamis. Due to refraction and wave spreading only a fraction of the tsunami energy
reaches the northwest European shelf, which itself provides a further buffer through reflection and
frictional dissipation. We find that even with an earthquake of magnitude 8.7 Mw, and a fault
orientation favourable to northward energy transfer, the hazards for European shelf seas are
comparable to those during winter storm conditions. The uncertainties arising from the combination of
source orientation and bathymetric interaction suggest that any assessment of tsunami risk, for places
where they are likely, should consider a large ensemble of initial conditions.

Keywords: tsunami, shelf, model
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The potential use of coastal tide gauge data in the Australian Tsunami
Warning System

Mr. Stewart Allen
Bureau of Meteorology Research Centre Australian Bureau of Meteorology IASPE]

Diana Greenslade

The Australian Bureau of Meteorology (the Bureau), in conjunction with Geoscience Australia is currently
developing an operational tsunami warning system. One planned component of this warning system is
to run a numerical tsunami model in real-time, initialised with seismic information and assimilating sea-
level data. DART buoys are typically located offshore in deep water and provide an ideal data stream
that can be assimilated into a tsunami propagation model. The Bureau is currently also expanding and
enhancing its coastal tide gauge network. These tide gauges provide another data stream that can be
used for model verification and could potentially also be used for data assimilation. Tide gauges are
almost always in enclosed harbours, bays or ports and the variability seen in tide gauge records of
tsunamis will contain variability due to the tsunami interacting with the local small-scale topography,
e.g. shoaling, seiching, reflections, diffraction, refraction, wave-breaking etc. These effects are not
represented in the relatively coarse resolution of a tsunami propagation model. The relationship
between the signal of a tsunami at a tide gauge and the offshore wave is strongly dependent on
location and determining the relationship between the two is a challenge. There is therefore a need to
analyse the tide gauge signal and location to determine what, if any, characteristics of a tsunami can be
extracted from the observed signal and used for model verification and/or assimilation. In this
presentation, initial results from an analysis of some existing Australian tide gauge data will be
presented.

Keywords: tsunami, tideguage, modelling




IUGG XXIV General Assembly July 2-13, 2007 Perugia, Italy

(S) - IASPEI - /nternational Association of Seismology and Physics of the Earth's
Interior

JSS002 Poster presentation 1789

Tsunami sources of November 2006 and January 2007 Kuril earthquakes

Dr. Yushiro Fujii
11SEE Building Research Institute IASPE]

Kenji Satake

We have performed tsunami simulations for the Kuril earthquakes which occurred on November 15,
2006 (46.577N, 153.247E, Mw=8.3 at 11:14:16 UTC according to USGS) and January 13, 2007
(46.288N, 154.448E, Mw=8.2 at 04:23:20 UTC according to USGS), and found that the seismic moment
of the Nov. 2006 event was larger than that of the Jan. 2007 event. The tsunamis generated by these
two earthquakes were recorded at many tide gauge stations located in and around the Pacific Ocean.
The DART buoy systems installed and operated in deep oceans by National Oceanic & Atmospheric
Administration (NOAA) also captured these tsunamis. We have collected and downloaded the tide
records at 90 or more stations from Japan Meteorological Agency (JMA), Japan Coast Guard (JCG),
Geographical Survey Institute (GSI), Sakhalin Tsunami Warning Center (STWC), West Coast & Alaska
Tsunami Warning Center (WCATWC), NOAA and their web sites. The observed tsunami records indicate
that the Nov. 2006 tsunami was twice or three times larger than that of the Jan. 2007 tsunami. For the
tsunami simulation, we adopted the following fault models. For the Nov. 2006 event, the fault model is
based on Global CMT solution (strike: 214, dip: 15, rake: 90, length: 200 km, width: 100 km, average
slip: 4 m, rise time (source duration): 100 s) . For the Jan. 2007 event, the fault model is based on
Yagis model (strike: 215, dip: 45, rake: -110, length: 160 km, width: 40 km, average slip: 5 m, rise
time: 50 s). The seismic moment ratio for these fault parameters is 2.5:1, assuming the same rigidity.
The computed tsunami waveforms from the above fault models explain well the observed ones at most
of tide and DART stations, indicating that the seismic moment of the Nov. 2006 event was twice or third
times larger than the Jan. 2007 event.

Keywords: kuril earthquake, tsunami source, tide gauge data
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Simulation of tsunami propagation in Arabian Sea due to earthquakes in
Makaran: a possible scenario

Dr. Vijay Prasad Dimri
National Geophysical Research Institute, India Director, N.G.R.1., India

Kirti Srivastava, D.Srinagesh

The Makran subduction zone is seismically active and the notable earthquake from this region is the
great earthquake of Mw 8.1 which occurred on 27th November 1945. The unique nature of the Makran
subduction zone is that it has been divided into two segments based on morpho-tectonic features and
the contrasting features in seismicity patterns and the varying rupture histories between the eastern
and western segments. The eastern Makran has experienced large thrust earthquakes and continue to
experience small to moderate sized thrust earthquakes whilst the western Makran has no established
historical records of any large earthquake in the historic times or the modern instrumentation. The
absence of notable interplate seismicity in western Makran could be due to varying alternatives like the
plate boundary is locked or the subduction is a seismic in nature. In view of the alternating hypothesis
for the occurrence of great earthquakes along the 900 km long Makran subduction zone we have
carried out a simulation study to assess the potential of a Tsunami hazard along the west coast of India
by considering different sources for the above region. The 1945 earthquake was used in simulating the
tsunami and estimating the height of the Tsunami at various gauge locations and its arrival time at
these gauges. The significant results from this study show that the Tsunami wave heights at different
gauge locations in the west coast of India vary from 0.2-0.8 m. However, if the wave travels onto the
land the heights of the Tsunami wave would be 8-10 times larger than the estimated gauge height. We
have also analyzed the potential of Tsunami hazard due to an earthquake in the locked western Makran
and estimated the wave heights at different gauge locations on the West coast of India.

Keywords: makran, tsunami, wave height
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Tsunami deposits in the western Mediterranean: the remains of the 1522
Almera earthquake

Prof. Klaus Reicherter
Neotectonics and Natural Hazards RWTH Aachen University

Peter Becker-Heidmann

The 1522 Almera earthquake (M > 6.5) affected large areas in the western Mediterranean and caused
more than 2000 causalities. Different epicentral areas have been suspected, mainly along the 50 km
long sinistral Carboneras Fault Zone (CFZ), however no on-shore surface ruptures and
paleoseismological evidences for this event have been found. High-resolution sea floor imaging (narrow
beam sediment profiler) yields evidence for an offshore rupture along a strand of the CFZ that is
supported by evaluation of historic documents. Based on these data, a new epicentral area precisely at
the observed sea floor rupture area is proposed at N 36 42, W 2 23 in the Gulf of Almera. Drilling in
lagunas and salinas of the Cabo de Gata area proved sedimentary evidence for paleo-tsunamis along
the Spanish Mediterranean coast. Several coarse grained intervals with fining-up and thinning-up
sequences, rip-off clasts, broken shells of lamellibranchs and foraminifera show erosive bases. The
coarse-grained intervals show up to three sequences divided from the next one by a small clayey layer.
These intervals are interpreted as a tsunami trail and correspond to three individual waves. We have
also found multiple intercalations of those tsunamites downhole, which is interpreted as either an
expression of repeated earthquake activity or tsunami-like waves induced by submarine slides triggered
seismic shaking in the Gulf of Almera. The coast of southern Spain, the Costa de Sol, is one of the
touristic hot spots in the Mediterranean Europe and very densely populated. Hence, the impact on the
vulnerability is of great concern for society and economy, considering destructive earthquakes in costal
residential and industrial areas, especially a holiday and recreation area in the western Mediterranean
region. Our evidence suggests a certain tsunami potential and hazard for offshore active and
seismogenic faults in the western Mediterranean region.

Keywords: tsunamites, tsunami deposits, western mediterranean
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New theoryfor tsunami propagation and estimation of tsunami parameters

Dr. Ilia Mindlin
Applied Mathematics State Technical University of Nizhny Novgorod, Rus IAPSO

A numerable set of specific basic waves on the sea surface are found analytically. It is shown that any
tsunami is a combination (not superposition: the waves are nonlinear) of the basic waves, and,
consequently, the tsunami source (i.e., the initially disturbed body of water) can be described by the
numerable set of the parameters involved in the combination. In this way, the problem of theoretical
reconstruction of a tsunami source is reduced to the problem of estimation of the parameters. The
tsunami source can be modelled approximately with the use of a finite number of the parameters. Two-
parametric model is discussed thorouhly. A method is developed for estimation of the model's
parameters using the arrival times of the tsunami at certain locations, the maximum wave-heights
obtained from tide gauge records at the locations, and the distances between the earthquake's
epicentre and each of the locations. In order to evaluate the practical use of the theory, four tsunamis
occurred in Japan are considered. For each of the tsunamis, the tsunami energy, the duration of the
tsunami source formation, the maximum water elevation in the wave originating area, dimensions of the
area, and the average magnitude of the sea surface displacement at the margin of the wave originating
area are estimated on the basis of data recorded by tide gauges. The results are compared (and, in the
author's opinion, are in line) with the data known from the literature. It should be mentioned that,
compared to the methods employed in the literature, there is no need to use bathymetry (and,
consequently, refraction diagrams) for the estimations. The present paper follows earlier works [1, 2]
very closely and extends their theoretical results. Example. The following notations are used below: E
for tsunami energy (in Joules), H for the maximum water elevation in the wave originating area (in
metres), R for the mean radius of the wave origin, h for the averaged magnitude of the sea surface
displacement at the margin of the wave origin (in centimetres), T for the duration of the tsunami source
formation (in seconds). Variant a): estimates obtained using a model of tsunami generated by initial
free surface displacement; variant b): estimates obtained using a model of tsunami triggered by a
sudden change in the velocity field of initially still water. The asterisk shows that the value of the
parameter is known in the available literature. The Hiuganada earthquake of 1968, April, 1, 9h 42m (J.
S. T.) A tsunami of moderate size arrived at the coast of the south-western part of Shikoku and the
eastern part of Kyushu. a) E=1.91'1012, H=3.43, R=22, h=17.2; b) E=8.78:1012, H=1.38, R=20.4,
h=9.2, T=16.4; E*=1.3'1013 ([3], attributed to Hatori), E*=(1.4 2.2)'1012 ([3], attributed to Aida),
R*=21.2, h*=20 [4] (variant a) since was obtained by means of inverse refraction diagram.) 1. Mindlin
.M. Integrodifferential equations in dynamics of a heavy layered liquid. Moscow: Nauka*Fizmatlit, 1996
(Russian). 2. Mindlin .M. Nonlinear waves in two-dimensions generated by variable pressure acting on
the free surface of a heavy liquid. J. Appl. Math. Phys. (ZAMP), 2004, vol.55, pp. 781 - 799. 3. Soloviev
S.L., Go Ch.N. Catalogue of tsunami in the West of Pacific Ocean. Moscow, 1974 (Russian). 4. Hatory
T., A study of the wave sources of the Hiuganada tsunamis. - Bull. Earthqg. Res. Inst., Tokyo Univ.,
1969, vol. 47, pp. 55-63.
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Modeling of the UHF Radar signature of a tsunami approaching coastal
areas: application to tsunami warning

Prof. Stephan Grilli
Department of Ocean Engineering University of Rhode Island

Marc Saillard, Sara Dubosq

During the catastrophic 12/26/04 tsunami, perhaps for the first time, satellite remote sensing (radar
altimetry) was able to provide transects of tsunami elevation across the Indian Ocean while the event
unfolded (e.g., Jason 1). Here we similarly use well established Ultra High Frequency (UHF) radar
technology, to develop a method that could provide warning of an incoming tsunami to coastal
populations. When a tsunami reaches the continental shelf, the mostly depth-uniform current it induces,
indeed greatly increases in speed (maybe up to 10-20 cm/s) and starts causing significant Doppler shifts
in ocean surface waves, particularly those of smaller wavelength (high frequency). Such shifts may be
recognized as a typical signature, by a shore-based UHF radar, and thus trigger a warning, provided
proper numerical simulations and sensitivity analyses have been performed ahead of time. Since
tsunamis very much slow down due to decreasing water depth, from the shelf break to shore, warning
times 5-15 minutes could be conceivable, depending on the shelf width. Here, we use a Higher Order
Spectral (HOS) Method to model fully nonlinear sea states caused by wind, down to typical UHF
wavelength of order 10 cm, as well as Doppler shifts and wave shoaling and refraction caused by a
slowly varying depth uniform current. The latter current is obtained from tsunami propagation modeling,
using a standard long wave model, for some selected case studies. UHF radar backscattering is modeled
by a Boundary Element Method solving Maxwells equations, developed and validated in earlier work. We
present initial results of this modeling study, in terms of spatio-temporal UHF radar signatures
corresponding to some tsunami case studies. In particular, we apply this methodology to southern
Thailand, based on earlier modeling work we performed for tsunami runup caused in Thailand for the
12/26/04 tsunami.

Keywords: tsunam modeling, remote sensing, warning systems
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Numerical modeling of tsunami waves in the French West Indies

Dr. Narcisse Zahibo
Physics Universitu Antilles Guyane IASPE]

Narcisse Zahibo, Efim Pelinovsky, Ahmet Yalciner, Andrey Zaitsev, Irina Nikolkina

Problem of tsunami risk for the French West Indies in Lesser Antilles (Caribbean Sea) is discussed. The
catalogue of historic events is created, it includes the eighteen events are selected as true and almost
true. Ten events have been generated by underwater earthquakes in Caribbean Sea; seven events - by
the volcano eruptions in Lesser Antilles, and one is a teletsunami from the 1755 Lisbon earthquake.
Numerical simulation of the several historic events (1755 Lisbon, 1867 Virgin Islands, 2003 Montserrat)
in the framework of nonlinear shallow water equations is performed. Results of calculations are in good
agreement with observed historic data.

Keywords: tsunami
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Mechanism of damage to road embankment caused by tsunamis

Mr. Hiroyuki Fujii
Dep. Coastal eng. INA corporation, Japan

Nobuo Shuto

The Golden 24 is a universal law to save many human lives when a catastrophic disaster occurs.
Damage caused by such a huge tsunami as the 2004 Indian Ocean tsunami is a good example. It is
quite important to send rescue teams, medical assistance and vital goods as many and as soon as
possible to the damaged areas. In order to support such human activities in an emergency, a hard-
ware, i.e., coastal roads, is a vitally necessary infrastructure. Among several causes of coastal traffic
hindrance, the present paper aims to understand the physical mechanism of damage to road
embankments made of soil in order to find how to reinforce or improve them. There are two major
causes of damage to soil embankment. The one is scouring due to overflowing tsunami. The other is
erosion near bridge abutment due to tsunamis that concentrate to openings. A rough estimate whether
a road embankment made of soil would be damaged or not was given by one of the present authors as
a function of the height of embankment and the overflow depth. In order to explain more in details, a
numerical scheme to simulate the process of scouring is developed, on comparing with large-scale
hydraulic experiments for river dikes for which the overflowing time is much longer compared to
tsunamis. The hydraulic experiments carried out in the Public Works Research Institute, Ministry of
Construction, revealed; (1) the critical depth appeared near the shoulder, then (2) the flow separated
and reattached. (3) After the reattachment, the flow over the rear slope was supercritical. (4) When the
flow hit the toe of embankment, high impact pressure was measured, and (5) a hydraulic jump
appeared to return a sub-critical flow. This process is simulated in the numerical model by the present
authors, except for the flow separation and reattachment near the shoulder. Calculated shear stress, if
compared with the strength of the embankment soils, shows the area that should be covered by solid
materials. When a tsunami is stopped by a road embankment of long extension, the flow concentrates
toward openings such as rivers, canals and channels. The velocity of the concentrating flow is simulated
to compute the shear stress on the embankment slope. The slope near the bridge abutments should be
covered by such structure as wing walls to resist the tsunami-induced shear stress. This simulated result
may give a measure of the length of the wing walls. The model proposed herein paper also provides a
basis to examine the usable road network that is the fundamental factor of emergency response

Keywords: coastal road, soil embankment, wing wall
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Walking Tours by Use of Tsunami Digital Library (TDL)

Dr. Sayaka Imaji
Department of Computer Science Gunma University

Yoshinari Kanamori, Nobuo Shuto

We are developing a Tsunami Digital Library (TDL) which can store and manage documents about
tsunami, news paper articles, tsunami run-up simulations, field work data, videos, etc., in Japan. Every
person interested in data about the tsunami can get the information through the internet. We also offer
a multilingual interface. Currently some documents and explanations of tsunami videos have been
translated into English and French. TDL is here (http://tsunami.dbms.cs.gunma-u.ac.jp/). We have
proposed a public education on the tsunami disaster which utilizes TDL for citizens in coast areas struck
by the tsunami. We can visualize the change of tsunami disasters by clicking coast areas on the map in
TDL. This shows a kind of virtual walking tours in TDL, and also is an effective public education. We can
plan some walking tours in TDL based on spatio-temporal domain, the region or the era in Japan. For
example, if you have any interest in the 1896 Meiji Sanriku Great Tsunami, you can travel Sanriku
prefectures on the map, and see a lot of records on the tsunami by clicking villages, towns or cities
along coasts in those prefectures. On the other hand, if you want to know the tsunami disasters of all
eras on a town, you have to input the town name as key word, and can obtain the records on all eras
related with the town. Furthermore, TDL will also contribute to a public education for tourists who go
very occasionally sightseeing in the areas struck by the tsunami. This means TDL supports an actual
walking tour. We have developed the necessary TDL environments to support such walking tours as
follows: (1) Keyword retrievals TDL uses XML technology. The documents containing figures, pictures
and tables are represented in XML structure, and managed under an XML database system (Oracle
10g). The schemas of these documents depend on the type of the documents, reports or newspapers.
Therefore, each document has a different schema. In order to make a traversal retrieval crossing whole
documents, it is necessary to use a unified schema which integrates all schemas for XML documents.
We have designed an integration schema by XML, and implemented the system to retrieve some
requested data from TDL through keyword input on Web. (2) Retrievals by mobile phones When tourists
visit the coast area struck by the tsunami, a lot of facts of the tsunami disasters are automatically
retrieved from TDL and displayed on mobile phones to attract their attention. Therefore, it is necessary
to retrieve the region name of the place where tourists are in. We have obtained the place information
from the area code when we use the i-mode of NTT Docomo mobile phones. There are restrictions of
the number of display characters and the computing powers in mobile phones. Then, we have to submit
some remarkable contents, concerning the number of bodies, destroyed houses and ships, and a
summary of the document to mobile phones. TDL for mobile phones is here
(http://tsunami.dbms.cs.gunma-u.ac.jp/iTDL/)

Keywords: tsunami digital library, mobile phone, xml database
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Manifestations of the Indian Ocean tsunami of 2004 in satellite nadir-
viewing radar backscatter variations

Dr. Yuliya Troitskaya
Institute of Applied Physics Institute of Applied Physics IAPSO

Stanislav Ermakov

The catastrophic tsunami of 26 December 2004 emphasized the need in a functioning global system of
tsunami early warning. A space-borne system of tsunami monitoring would have been an ideal solution
because of global coverage and instant access to the information. At present, the only known way of
tsunami satellite remote sensing is via space-borne altimetry, which, unfortunately, is of limited practical
value: to register a tsunami a satellite should be exactly above the wave in question. In this context, it
would have been preferable to employ side-looking instruments providing large-scale panorama of the
sea surface, for example, synthetic aperture radars. The latter are routinely used for registering
signatures of atmospheric and oceanic phenomena caused by variations of the surface scattering
properties mostly determined by the short wind waves (sea roughness). The key open question was,
whether a tsunami can produce such a signature, that is, cause modulation of the short waves sufficient
for instrumental registration. Here we report on the first experimental evidence for space-observed
manifestation of the open ocean tsunami in the microwave radar backscatter (in C- and Ku-bands;
wave-lengths 6cm and 2 cm respectively). Significant (a few dB) variations of the radar cross section
synchronous with the sea level anomaly were found in the geophysical data record of the altimetry
satellite Jason-1 for the track which crossed the head wave of the catastrophic tsunami of 26 December
2004. The simultaneous analysis of the available complementary data provided by the satellite three-
channel radiometer enabled us to exclude meteorological factors as possible causes of the observed
signal modulation. A possible physical mechanism of modulation of short wind waves due to
transformation of the thin boundary layer in the air by a tsunami wave is discussed. The results open
new possibilities of monitoring tsunamis from space.

Keywords: radar backscatter, tsunami, wind waves
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An Integrated Numerical Simulation for Tsunami and Seismic Wave
Propagation Generated by Subduction-Zone Large Earthquakes

Dr. Tatsuhiko Saito
Earthquake Research Institute the University of Tokyo IASPE]

Takashi Furumura

We develop an integrated simulation model for tsunami and seismic wave propagation to make accurate
prediction of tsunami disasters caused by subduction-zone earthquakes. We employ a 3D FDM
simulation technique for evaluating the spatial and temporal deformation of sea floor caused by the
earthquake, and the resultant vertical movement of the sea-floor deformation is used as tsunami source
model. Unlike the conventional tsunami simulation models that usually assume a simple half-space
subsurface structure and calculates static deformation of sea-floor, our new model includes the effects
of 3D heterogeneous structure near the source region and dynamic deformation process of sea floor. In
order to demonstrate the effectiveness of our new model, we conducted a seismic and tsunami
simulation for the 1944 Tonankai earthquake (Mw8.1) that occurred in the Nankai Trough, Japan. At
first, we calculated the seismic wavefield using a detail source rupture model for the earthquake and a
3D heterogeneous structure of the Nankai-Trough subduction zone. This model includes detail structure
of the subducting plate and low-velocity oceanic sediment at the top of the plate. The FDM simulation
for seismic wave takes about 100 minutes on the Earth simulator supercomputer using 24 nodes
(192CPUs) of processors and 290GB of computer memory for evaluating seismic wave propagation of
200 s. Then, using the simulation results as tsunami source, we evaluate the tsunami propagation by
FDM based on the linear long-wave theory. The tsunami simulation was conducted on a cluster of 16
AMD Opteron processors, which takes about 10 minutes for calculating 60 minutes of tsunami
propagation. The seismic simulation using 3D structural model shows large deformation of the seafloor
in localized region compared with that derived assuming homogeneous half-space structure. This is
because, in inhomogeneous subsurface structure, the seismic strain is accumulated in small elasticity
portion. As a result, tsunami wave of our simulation has larger maximum amplitude than that calculated
with homogeneous half-space medium. Also, the deformation of sea floor associated with the Rayleigh
waves also excites weak tsunami in the direction of fault rupture propagation as a forerunner of major
tsunami signals which might give some information for tsunami early warning system.

Keywords: tsunami, seismic, simulation
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Tsunami waveform analysis for historical large tsunamis generated by the
large earthquakes along the Kurile trench

Prof. Yuichiro Tanioka
Institute of Selsmology and Volanology Associate Professor IASPE]

Kenji Satake, Paula Dunbar

Many large earthquakes have 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. The large
earthquakes occurred in this region in the late 19 century or in the early 20 century are not well studied
because of lack of seismological data. However, tsunami waveform data observed at tide gauges around
the Pacific Ocean are available for some of those historical earthquakes. In this paper, we analyze the
observed tsunami waveforms to study the source processes of those historical large earthquakes,
especially the 1894 Nemuro-oki and 1918 Kurile earthquakes. The fault model of the 1894 Nemuro-oki
earthquake is estimated using the observed tsunami waveform at Ayukawa in Sanriku, Japan. The most
recent large earthquake in this area is the 1973 Nemuro-oki earthquake. The source model of the 1894
earthquake has to be compared with that of the 1973 Nemuro-oki earthquake. The tsunami numerical
computation is carried out using the finite different approximation of the linear long-wave equations. By
comparing the observed and computed tsunami wavefroms, we conclude that the fault length of the
1894 Nemuro-oki earthquake is approximately 200 km, much larger than that of the 1973 Nemuro-oki
earthquake, 40-80 km. The slip amount is estimated to be 2.4 m by comparison of observed and
computed amplitudes between the largest peak and the first trough. The total seismic moment of the
1894 Nemuro-oki earthquake is 2.9 x 10**21 Nm (Mw8.3) by assuming the rigidity of 6 x
10**10N/m**2. This estimate is much larger than the estimated seismic moment of the 1973 Nemuro-
oki earthquake. The 1918 large Kurile earthquake occurred off the central Kurile Islands. The epicenter
of this earthquake is located at southwest of the source areas of the recent 2006 and 2007 large Kurile
earthquakes. The tsunami waveforms for the 1918 earthquake are observed at three tide gauges in
Japan, Kushiro, Choshi, and Chichijima. The tsunami waveforms are also observed at tide gauges in
Honolulu, Hawaii, and in San Francisco. Those tsunami data are collected to analyze the source process
of the earthquake.

Keywords: tsunamis, kurile, tide gauge data
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Evaluation of real-time simulation at 2006 and 2007 Kuril Islands Tsunami

Mr. Ikuo Abe
Disaster Control Research Center Tohoku University IASPE]

Fumihiko Imamura

When a tsunami was generated by the Kuril Islands earthquake M=7.9 on November 15, 2006, a
tsunami warning was issued 15 minutes after earthquake shock in Japan, based on the JMA tsunami
warning system. Although a tsunami warning was canceled about 5 hours later, maximum wave heights
of a tsunami at several points were observed after this cancellation, and the damage of fishing boat
such as overturn and sink were reported due to the maximum wave and current in the next morning. If
a season, time and weather condition were different, the damage should be larger. Furthermore, an
earthquake with tsunami occurred at neighboring location of 2006 on January 13, 2007. A warning
continues for six hours and no damage was reported. However, maximum wave heights in the west
coast of Japan were recorded. The sequence of two tsunamis suggests us several problems; accuracy of
guantitative forecasting system, timing of canceling warning, damage on boats by current/vortex, and
less than 10 % of evacuation at communities along the coast. We compiled there problems and issues
in the tsunami warning and evacuation. In order to overcome such a problems, the tsunami warning
system should be improved by taking consideration of evidences and issues in the 2006 and 2007 Kuril
Islands tsunamis. Recently, a performance of computer becomes higher, and we can simulate more
detailed information in a short time. As instance, we evaluated possibility of the real time tsunami
simulation about Kuril Islands tsunami. In its evaluation, we used the information to be provided just
after an earthquake shock, estimating magnitude, location and depth at several time stages, and try to
estimate the errors at each step. As a result, we found that there was uncertainty of around 40% in
initial conditions.

Keywords: realtime simulation, uncertainty, initial conditions
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Vulnerability of the Argentina coasts to tsunami effects

Dr. Roberto Antonio Violante
Argentina Hydrographic Survey IGCP 464 Argentina Delegate IAPSO

Walter Dragani

The Southwestern Atlantic coastal regions have been traditionally considered of low hazard probabilities
of being affected by tsunamis. The main reason is the geotectonic emplacement in a stable, tectonically
inactive, passive continental margin. However, some geological, topographical and oceanographic
aspects of the region should be reviewed as they could favor the occurrence of destructive events or
increase damage. The Scotia arc, locatedin the southernmost extreme of South America, is a highly
dynamic convergent margin with frequent occurrence of earthquakes and volcanic eruptions. The most
recent example was a 7.3 magnitude (Richter scale) earthquake occurred in 2003 with epicenter near
Orcadas Islands (60.55S- 43.49W), which induced an ocean wave that was rapidly cushioned by the
neighboring oceanic ice-field. The Argentina coasts were affected by the consequences of the 2004
Sumatratsunami. It produced small sea-level fluctuations measured at tide gauge stations in different
coastal emplacements between 37 - 39S, where short waves in the tidal curves with maximum heights
of 27 cm and wave periods between 20-120 minutes were recorded (Dragani et al., 2004). Also the
neighboring Brazilian coasts recorded the phenomena (Frana and de Mesquita, 2006). Considering the
configuration and relative geographical position of the Argentina coasts, the vulnerability to long ocean
waves originated by submarine events like earthquakes, volcanic eruptions and slides in the Scotia Arc
and surroundings cannot be rejected. The smooth and gently sloping continental shelf is a feature that
can behave as a ramp for ocean waves approaching to the coast driven by either climatic or geological
processes. The variable shelf width (decreasing from 600 to 170 km from South to North) and the
morphology of the adjacent continental slope should be considered as probable factors affecting ocean
waves movement. Regarding coastal morphology, there is an alternation of areas with different
susceptibility to damaging effects coming from processes and events originated in the ocean. They are:
a) low-lying regions located few meters above sea level (river mouths, deltas, estuaries, coastal plains,
etc.), considered as probable hazard areas with high potential of populations damage; and b) high
cliffed coasts elevated several tens of meters above sea level which should not offer any substantial risk
except for their possibilities of suffering strong erosion and structural unstability derived from it.The
interplay between coastal and submarine morphology, oceanographic and climatic aspects as well as
geological processes should be considered under an integrated perspective for evaluating the real
potential of the region to the impact of tsunamis.

Keywords: tsunami, argentina continental margin, scotia arc
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South Java tsunami reconnaissance

Dr. William Power
Natural Hazards GNS Science

Stefan Reese, Jim Cousins, Neville Palmer, Iwan Tejakusuma, Saleh Nugrahadi

A team of scientists from GNS, NIWA and the Indonesian Agency for the Assessment and Application of
Disaster Mitigation Technology (BPPT) undertook a reconnaissance mission to the South Java area
affected by the tsunami of 17th July 2006. The team used GPS-based surveying equipment to measure
ground profiles and inundation depths along 17 transects across affected areas near the port city of
Cilacap and the resort town of Pangandaran. The purpose of the work was to acquire data for
calibration of models used to estimate inundations, casualty rates and damage levels. Water depths
were typically 2 to 4 m where housing was seriously damaged. Damage levels ranged from total for
older brick houses, to about 50% for newer buildings with reinforced concrete beams and columns, and
to 5-20% for multi-storey hotels with heavier RC columns. Punchout of weak brick walls was
widespread. Death and injury rates were both about 10% of the population exposed.

Keywords: tsunami, java, reconnaissance




IUGG XXIV General Assembly July 2-13, 2007 Perugia, Italy

(S) - IASPEI - /nternational Association of Seismology and Physics of the Earth's
Interior

JSS002 Poster presentation 1803

Revision and update of the tsunami database for New Zealand

Mrs. Gaye Downes
IASPE]

Willem P. De Lange

In the last decade there have been many advances in the science of tsunamis, and tsunami hazard and
risk assessment. Despite these advances, the historical record of tsunami impact, once almost the only
tool for tsunami-hazard assessment, continues to have an important role. Thispresentation reports on
recent revisions and updates of the tsunami database. In New Zealands short written historical record of
just over 165 years, more than 50 local, regional and distant source tsunamis have occurred, some very
isolated landslide-generated events in confined waters (e.g. fiords), some observable on tide-gauge
records only, some local events large enough to be detectable elsewhere in the Pacific, and others large
enough to have caused disastrous impact, had they occurred at a time and place of more significant
coastal settlement. New Zealand has had a fairly comprehensive tsunami database since 1986 (de
Lange & Healy, 1986). Recent events, such as the small 4 May 2006 tsunami (max. peak-to-trough in
NZ, 0.35 m) and the December 2004 Sumatra tsunami (max peak-to-trough, 1.05 m), have been added.
In addition, in-depth searching of historical records in the last five years has uncovered new historical
tsunamis and extensive further data on known tsunamis. At present, the tsunami database is being
developed as an Excel spreadsheet. Many fields are incorporated, including source parameter fields
(with references) and impact fields, with separate entries for tide-gauge data (for example, maximum
crest-to-trough heights, amplitude, first motion and predominant period), and observed data (for
example, run-up, maximum inundation, brief referenced extracts from historical documents), as well as
event summaries and key references to publications on specific events. The Excel database will be
converted to a Web-based searchable interface, with tools to download and display data. In addition to
the Excel database, transcribing of historical accounts is also in progress. These materials provide
resources for researchers, emergency managers and planners, and for public education and community
awareness. De Lange, W P and Healy, T R (1986). New Zealand tsunamis 1840-1982. Journal of
geology and geophysics 2, 115-134.

Keywords: tsunami database, tsunami hazard
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Applicability of high-precision topographic model for tsunami simulation

Mr. Yoichi Murashima
Disaster Control Research Center Tohoku University IASPE]

Fumihiko Imamura, Shunichi Koshimura

As seen in 2004 Indian Ocean Tsunami, one of the main causes of damage expansion was lack of
information tsunami disaster in inundation area. The importance of hazard maps is steadily increasing.
At this time it is essential to provide detailed information, such as inundation area, tsunami damage,
evacuation centers and evacuation routes. Since developing model to predict tsunamis inundation area
is still in progress and is discussed among researchers, the reliability and accuracy of topographic data
is also essential, which change the results of run-up heights and inundation area from the simulation.
Therefore, a study on accuracy and grid size of topographic model in the simulation is the target in our
research. Recently, not only inundation area but also inundation depth and flow distribution information
is supplied by tsunami simulation. And it is a major issue that using topographic model has impact on
the results of tsunami simulation.In Japan, the 50m mesh elevation data from the Geographical Survey
Institute Japan is available in Japan at a low price and it is widely used in tsunami simulation well.
However, in recent years, it has become possible to measure elevation with adequate precision for
detailed topographic models on an extensive scale, several meters, by airborne laser profilers LiDAR,
Light Detection and Ranging, which has high measurement density and can measure minute
topographical changes. Nowadays, detailed topographic models which use data by LiDAR are being
used for tsunami prediction (Imamura et al, 2004; Tsubaki et al 2006; Iwate Prefecture, 2004).In this
study, the method of topographic models with LiDAR is introduced for tsunamis case. We discuss
whether or not the proposed topographic models made from DEM used LIDAR data and re-extracting
data of dikes and embankments is appropriate for prediction of inundation area. In addition, we study
the accuracy with grid size of topographic model which are suited for run-up tsunami simulations for
such as hazard maps, through the comparisons among the cases with the different resolutions including
50 m data by GSIJ.

Keywords: topographic, lidar, simulation
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Application of Ocean Bottom Tsunami Gauge Data for Real-Time Tsunami
Forecasting

Mr. Hiroaki Tsushima
Graduate School of Science Tohoku University IASPE]

Ryota Hino, Hiromi Fujimoto, Yuichiro Tanioka

Tsunami forecasting is one of the most effective methods to mitigate tsunami hazards. Now, in ,
tsunami warning can be issued within three minutes after the occurrence of earthquakes. This warning
is based only on the seismic data and therefore has some problems; no one can assess the validity of
the forecasting until tsunami reaches coasts and, in principle, tsunami amplitudes may be
underestimated when tsunami earthquakes, which generate tsunamis much larger than those expected
from their magnitudes estimated by seismic data, occur. To avoid these problems, tsunami data
observed at offshore should be effectively used for the forecasting because the offshore stations can
detect tsunami earlier than it reaches to the coastal area. In this study, we develop an algorithm for
real-time tsunami forecasting system using offshore Ocean Bottom Tsunami Gauge (OBTG) data. To
forecast coastal tsunami in real-time, we plan to use pressure data measured by cabled OBTGs. The
offshore tsunami waveforms are inverted for a coseismic sea-floor vertical displacement distribution,
which is used to calculate coastal tsunami waveforms before actual tsunami arrives. Owing to calculate
Greens functions in advance, we can accomplish the successive calculation about one minute. Due to
use more OBTG data in inversion as time lapses after a tsunami occurs, the reliability of forecasting is
expected to improve. In order to check whether our method is practical before tsunamis reach the
coasts, we performed numerical test assuming the case of the 1896 Sanriku tsunami earthquake
(Ms=7.2, Mt=8.6). We use only four OBTGs, presently operating in the Tohoku-Hokkaido region.
Tsunami waveforms were calculated using the source parameters by Tanioka and Satake (1996), and
regarded as the observed waveforms. Then, we compared the observed tsunami waveforms with those
calculated by our forecasting scheme for coastal tide stations. This test shows that our method can
provide more reliable forecasting results, as time lapses. Five minutes before the earliest arrival time to
the coast, our method can provide very good estimation of arrival time and amplitude of first and
maximum wave at most tide stations along the Pacific coast of the Tohoku-Hokkaido region. We also
applied our method to the actual tsunami observations in the 2003 Off-Fukushima earthquake (M6.8);
the tsunami was recorded by both two OBTGs and coastal tide stations. In the result, the calculated
tsunami waveforms match to the observations within five minutes in arrival times and within 70 % of
the first waves in amplitudes at three coastal tide stations. On the other hand, we found that the
accuracy of the tsunami wave height forecasting is subject to effects of azimuthal dependence of
tsunami radiation, which is significant for large interplate underthrusting earthquakes. The result of our
numerical experiment shows that the accuracy of the wave height forecasting will considerably improve
if we build additional four OBTG stations between the two existing cabled system.

Keywords: tsunami forecasting
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Study on behavior of drifting bodies due to tsunami and its numerical
simulation using EDEM

Mr. Naoki Fujii
Port and Coastal Engineering Department Tokyo Electric Power Services Co.,Ltd IASPE]

Ken Yanagisawa, Fumihiko Imamura

When large earthquakes such as Tokai and Tonankai in happen, the coastal area in particular industrial
zone would suffer damage due to tsunami. The damage of the structure is basically classified into two
types. The first is caused by hydrodynamic force of tsunami itself, and drifting bodies due to tsunami
causes the other one. Ships, cars and destroyed objects could be drifting bodies. As seen in 2004 Indian
Ocean Tsunami, drifting/floating bodies together with tsunamis attacked to coastal area and destroyed
the offshore and land structures. The importance of such kind of tsunami effect is realized recently.
Therefore it is an important to develop the tool for predicting behavior of the drifting bodies interacted
by the tsunami at coastal area. In this study, a behavior of drifting bodies due to tsunami is investigated
and modeled. Firstly, experimental tests are carried out. Secondly, we introduce Extended Distinct
Element Method -EDEM- into numerical simulation to reproduce experimental results. This EDEM has a
characteristic to be able to express various shape of drifting bodies by connecting among several
elements. In order to understand the behavior of drifting bodies, especially in complex stream regime,
we carried out drifting experiment with a harbor in large two-dimensional wave tank. The behavior of
drifting bodies is measured its displacement and drifting path by the video system. Several notable
behaviors of drifting bodies were observed, such as rotation with vortex occurred in the harbor, running
on the land and running over the breakwater. Secondly, we aim to develop the model of drifting bodies
with EDEM, which consists of several elements connected by spring, dash pot and slider, and can take
into count hydrodynamic force for drifting bodies on the sea. Tsunami simulation with nonlinear long
wave theory gives temporal velocity on each element. Horizontal force acting on drifting bodies is
calculated by Morrisons equation. Vertical force is calculated by buoyancy based on the tsunami wave
height, gravity and drag force. The drifting behavior is calculated by solving the momentum equation
based on the horizontal/vertical forces. The feasibility of EDEM is discussed through comparisons with
the result of experiments. We made the numerical simulation model for the behavior of drifting bodies
due to tsunamis based on a physical experiment. As a result, it is confirmed that EDEM can reproduce
well the behavior of drifting bodies due to tsunami, including complex behavior such as rotation in the
harbor, running on the land and running over the breakwater.

Keywords: tsunami drifting body, extended dem
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Precise algorithm for tsunami wave rays and travel-time computations

Dr. Andrey Marchuk
International Tsunami Commission Member of the International Tsunami Commission IASPE]

Calculation of tsunami travel-times is still important for the tsunami prognosis and investigation of
historical tsunamis. The methods based on the Huygence principle are the most widely used in the
areas with complicated topology and bottom relief. The main disadvantage of this method is limitation
of possible directions of the wave-ray segments that connect neighboring grid-points. The proposed
algorithm define travel-times more accurately by taking into account all directions of the ray segments.
Corrected travel-time values can be used for restoring the ray-traces which connect the source with all
other grid-points of the computational area. The method was tested on some primitive models of
bottom relief. The shapes of tsunami isochrones and wave rays are approaching theoretical solutions.

Keywords: tsunami, travel time, wave rays
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Comprehensive analysis of the bathymetric data for the North Pacific

Dr. Andrey Marchuk
International Tsunami Commission Member of the International Tsunami Commission IASPE]

Anatoly Bezhaev

Gridded digital bathymetry is widely used for numerical modeling of tsunami generation, propagation
and run-up. The quality of these data is of great importance for reliability of the results of numerical
simulation of tsunami. At present time tsunami investigators mainly use segments of the global Smith-
Sandwell and GEBCO digital gridded bathymetry. The comparison of these data, bathymetric and
navigation charts for the Aleutian-Alaska region discover some significant data mismatches. The user
interface for gridded, vector and raster bathymetric data comparison was created. Using this interface
make it possible to find areas with insufficient density of existing digital data and to choose data for
digitizing and for further creating the new gridded bathymetry.

Keywords: digital, bathymerty
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Historical and holocene paleotsunami deposits on Minor Kurile Arc

Dr. Razzhigaeva Nadya
paleotsunami paleotsunami

Larissa Ganzey, Tatiana Grebennikova, Andrey Kharlamov, Alexander Ya. Ilev

The data obtained describes the results of grain size and mineralogical study of tsunami 1994 deposits
on Shikotan, Tanfiliev and Kunashir Islands. Investigations carried out within the coast with different
configuration, geomorphologic structures, lithodymanic environments and tsunami character. Tsunami
deposits composition were mainly controlled by erosion-accumulative processes during tsunami events
and are in many respects inherited from sources material. Tsunami deposits include marine diatoms,
rich assemblages were found within areas, where material from offshore redeposited. Data of deposits
of earlier historical tsunami from the same sections are discussed too. The study of these deposits
indicates similar development of erosion-accumulative processes during tsunami events with the same
intensity and gripping the material for the same sources. Paleotsunami traces were studies in Shikotan
and Zeleniy Islands coastal peat bogs and lacustrine sequences that were deposited during last 6 ka.
The results will be used for detail catalog of tsunami events for South Kurile Region. The age of these
events was based on radiocarbon dating and tephrochronology, some tsunami parameters (wave
height, inundation area) for different coasts, and frequency were estimated. The marine origin of the
sands was confirmed by some analysis including diatom data. Paleotsunami frequency was irregular,
high reiteration of the events took place during Late Holocene. The data are presented for concrete
coasts. Largest amount of paleotsunami sands were found on Pacific side of Shikotan Island. Some sites
with numerous tsunami sands may be used as key sections. Grain size composition of tsunami sands
was analyzed and compared with other coastal facies. Sources of paleotsunami material were
established. Tsunami sediments are consisting of terrigenous and pumice sands which had different
sedimentation features. Some tsunami and volcanic eruptions were synchronously. Grants RFBR 05-05-
64063, FEB RAS | N2 06-1-OH3-106.

Keywords: tsunami, sediments
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Pointwise and distributed reflection of long waves from a beach

Dr. Ira Didenkulova
Department of Nonlinear Geophysical Processes Institute of Applied Physics RAS I1APSO

Soomere Tarmo, Zahibo Narcisse

Wave reflection from underwater obstacles and beaches is a classical problem of the water wave theory
in the ocean of variable depth. Pointwise reflections are realized on the non-analytical points of the
depth profile h(x), when the function h(x), or its first derivative has jumps (steps, breaks and so on).
Distributed reflection is realized for the most typical bottom profiles including non-reflected beaches.
The pointwise and distributed reflection contribution in the real process of the onshoretsunami wave
propagation is analyzed.

Keywords: tsunami, reflection
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Tsunamigenic potential of recently mapped submarine mass movements
offshore eastern Sicily (Italy): numerical simulations and implications for
the 1693 tsunami

Dr. Alberto Armigliato
Dipartimento dj Fisica, Settore Geofisica Universita di Bologna IASPE/

Stefano Tinti, Andrea Argnani, Filippo Zaniboni, Gianluca Pagnoni

Eastern Sicily has long been recognised to be among the most exposed regions in Italy and in the entire
Mediterranean to tsunami hazard and risk. The historical tsunamis recorded along the lonian coasts of
Sicily were generally associated to moderate-to-large magnitude earthquakes: the most famous is the
11th January 1693 tsunami, whose parent earthquake is believed to be the largest magnitude event of
the Italian history (M=7.4). Indeed, the possibility of tsunami generation by coastal and submarine
mass movements cannot be ruled out: the destabilisation of mass bodies induced by the volcanic
activity of Mount Etna, by the relevant seismic activity of the region or by a combination of these two
factors, together with the steep bathymetric gradients found in correspondence with the Hyblaean-Malta
escarpment just few kilometres offshore eastern Sicily, represents a highly hazardous combination of
factors as regards tsunami generation. Recent offshore surveys, including the multichannel seismic
survey MESC2001, carried out from 27 July to 16 August 2001, on board the R/V Urania of the Italian
National Council of Researches (CNR), mapped a number of possible landslide bodies along the
Hyblaean-Malta escarpment.Understanding the tsunamigenic potential of these mass instabilities is not
only important from the point of view of the tsunami hazard assessment along the coasts of eastern
Sicily, but it can also be useful in evaluating their possible role in the generation of historical events,
such as the January 11, 1693 tsunami. A lively debate exists on the source of the 1693 event, and one
of the key questions is whether the M=7.4 earthquake was the only source of the tsunami, or other
causes (such as submarine landslides, possibly triggered by the earthquake) contributed to the tsunami
generation. So far, numerical investigations of the event have been based only on the first hypothesis,
and they pointed out that the characteristics of the tsunami deducible from the available historical
accounts (size and spatial extension of effects) can be reproduced only by assuming an offshore
tectonic source.The main goal of this study is to make a first attempt to investigate the second of the
aforementioned hypotheses. Taking into account the largest of the mass movements mapped by
MESC2001, we model numerically the dynamics of the landslide and the generation and propagation of
the ensuing tsunami. In particular, the sliding motion is simulated with Lagrangian block models, UBO-
BLOCK1 and UBO-BLOCK2, developed at the University of Bologna, while the tsunami generation and
propagation is carried out through the finite-element code UBO-TSUFE, implemented by the same
research team. The main computed tsunami features are discussed, such as the time evolution of the
tsunami field, the spatial distribution of the minimum and maximum tsunami heights along the eastern
Sicily coastline, as well as the amplitude, period and first polarity of the tsunami waves in selected
coastal stations. We compare the numerical results with the historical evidences and try to draw some
preliminary conclusions on the possible role of the mapped landslides in generating the 1693 tsunami.

Keywords: eastern sicily, 1693 tsunami, landslide
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Assessing vulnerability to tsunami: a pilot study in Seaside, Oregon

Mrs. Paula Dunbar
National Geophysical Data Center National Oceanic and Atmospheric Administration

Dale Dominey-Howes, Jesse Varner, Maria Papathoma-Khle

The results of a pilot study to assess the risk from tsunamis for the Seaside-Gearhart, Oregon region will
be presented. To determine the risk from tsunamis, it is first necessary to establish the hazard or
probability that a tsunami of a particular magnitude will occur within a certain period of time. Tsunami
inundation maps that provide 100-year and 500-year probabilistic tsunami wave height contours for the
Seaside-Gearhart, Oregon, region were developed as part of an interagency Tsunami Pilot Study (1).
These maps provided the probability of the tsunami hazard. The next step in determining risk is to
determine the vulnerability or degree of loss resulting from the occurrence of tsunamis due to exposure
and fragility. The tsunami vulnerability assessment methodology used in this study was developed by M.
Papathoma and others (2). This model incorporates multiple factors (e.g. parameters related to the
natural and built environments and socio-demographics) that contribute to tsunami vulnerability. Data
provided with FEMA's HAZUS loss estimation software and Clatsop County, Oregon, tax assessment data
were used as input to the model. The results, presented within a geographic information system, reveal
the percentage of buildings in need of reinforcement and the population density in different inundation
depth zones. These results can be used for tsunami mitigation, local planning, and for determining post-
tsunami disaster response by emergency services. (1) Tsunami Pilot Study Working Group, Seaside,
Oregon Tsunami Pilot StudyModernization of FEMA Flood Hazard Maps, Joint NOAA/USGS/FEMA Special
Report 103, 7 appendices, U.S. National Oceanic and Atmospheric Administration, U.S. Geological
Survey, U.S. Federal Emergency Management Agency, 2006. (2) Papathoma, M., D. Dominey-Howes,
D.,Y. Zong, D. Smith. 2003. Assessing Tsunami Vulnerability, an example from Herakleio, Crete. Natural
Hazards and Earth System Sciences, 3, 377389.

Keywords: tsunami, vulnerability, risk
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Tsunami modelling along Morocco atlantic coast preliminary results

Prof. Maria Ana Baptista
DEC ISEL. CGUL, IDL IASPE/

R.Omira 1,2, J. M. Miranda,1, P.M.M. Soares1,3, J.Luis, 4, E. A.Toto,2

Morocco, by its geographical situation with two marine limits, lengthens along the Atlantic coast in the
west, and along the Mediterranean coast in north, is the country of Western Africa more exposed to the
risk of the tsunamis coming from the Atlantic and the Mediterranean. In high populated coastal areas
between Rabat and Casablanca the tsunami risk is almost unknown. Data on the 1755.11.01,
transoceanic tsunami, report strong devastation from Tangier to Agadir. In the last century the
1969.02.28 Horseshoe fault (HSF) earthquake Mw 8.0 generated a small tsunami, with maximum
amplitude recorded at Casablanca. Recently, another event stroke Morocco and southern Iberia but its
moderate magnitude (Mw=6.1) prevented the triggering of a significant tsunami. In this study we
present the preliminary results tsunami propagation and inundation results for Rabat and Casablanca
areas. Modelling was performed with COMCOT code, from Cornell University. The simulation domain
covers the eastern part of the Atlantic Ocean offshore Morocco and the Gulf of Cadiz, from the most
prone tsunami generation area. Three nested grid layers of different resolution (0.008, 0.002 and
0.0005) are incorporated to obtain a good description of bathymetric and topographic effects near
shore. Results of the numerical simulations are discussed in terms of wave heights, flow depth and
maximum velocity. This study was funded by projects FCT/TESS and NEAREST STREP 37110 UE.

Keywords: tsunami, morocco, hazard
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Numerical modelling of the 2006 Java tsunami

Mrs. N. Rahma Hanifa
Geodesy Institute Technology Bandung INDONESIA IAG

Fumiaki Kimata, Takeshi Sagiya, Hasanuddin Z. Abidin, Parluhutan Manurung

The M7.8 earthquake occurred on July 17, 2006, at 08:24 UTC or 15:24 in local time, in the coast of
Pangandaran, Java Island, , excited a deadly tsunami of 3 to 8 meters that inundated the southern
coast of Java. This event was a tsunami earthquake based on the fact that the earthquake generated a
much larger tsunami than expected from its seismic waves, the rupture lasted for unusually long time,
and that the source mechanism was a low angle thrust type (Ammon et. al., 2006). The tsunami
propagation has been modeled solving the non linear equations for shallow water . The initial condition
for water surface is computed from Okada's (1985) formulas, using several different seismic
parameters. The tsunami propagation is simulated by a finite-difference numerical model using a system
of multiple grids with one and two minutesgrid sizes.The best estimated parameter are; average slip12
meter and rupture area of 70x200 km with rigidity of 10 GPa. The computed waves are in fair
agreement with the recorded tide at Benoa tide station. The numerical results obtained along the
southern coast of Java, confirm the run up observations.

Keywords: tsunami, modeling, java 2006
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Micropaleontological analysis of 2004 Indian Ocean Tsunami sediments

Prof. Koji Minoura
Geology and Paleontology Non IAPSO

Daisuke Sugawara, Naoki Nemoto, Shinji Tsukawaki, Tetsuya Shinozaki, Fumihiko
Imamura, Kazuhisa Goto

The 2004 Indian Ocean Tsunami, which is one of the largest tsunamis on record, attacked the coastal
areas around the Indian Ocean on 26 December 2004. The tsunami invaded the coast of Thailand with
waves reaching up to 9 meters high (Matsutomi et al., 2005). At Pakarang Cape the tsunami left
thousands of carbonate boulders on the shore. Satellite images exhibit no signs of the boulders before
the tsunami, whereas show distribution of them after the tsunami. The coastal areas are not in the
affect of strong tropical cyclones, and thus the storms were not responsible for the emplacement of the
boulders at the cape. These scientific results, together with the reports of local residents regarding the
absence of such boulders before the tsunami, indicate that the boulders were highly likely to have been
transported as a result of the 2004 Indian Ocean Tsunami. Our numerical calculations indicate that the
reef flat was mostly exposed above the sea surface just before the tsunami attack due to seawater
receding. The first wave reached to the reef edge approximately 130 minutes after the tsunami
generation, and the maximum current velocity of the first tsunami was calculated to be from 8 to 15
m/s between the reef edge and 500 m offshore, and less than 6 m/s on the reef flat. ?We do not know
the origin of such destructive tsunami currents in the sea, and we cannot make clear the reworking
mechanism of carbonate boulders on the forereef slope. In this context the understanding of current
formation is an urgent necessity of study for evaluating the effect of tsunamis on the environment. It
can be hypothesized that fluid motion by tsunami currents cause bedload transport of grains on the sea
bottom. Rapid grain shearing over the static bed disturbs the ecological adaptation of in- and epi-faunal
organism. Such kind of destructive tsunamis occurred repeatedly in the ocean on a geological time
scale, and probably impacted on the ecology and evolution of benthic living things. In this study we
adopted micropaleontological methods for elucidating the erosion-reworking mechanism of tsunami
currents. We have stocks of surface sediment samples dredged in the offing of Pakarang Cape before
the tsunami (April 2002). By comparing the faunal compositions of benthic foraminifers in the samples
with those in sediments collected after the tsunami (April 2005, Febrauary 2006), we could make clear
the origin of tsunami currents in the offshore bottom. The preliminary results on the benthic
foraminiferal analysis indicate that the currents by the 2004 Indian Ocean Tsunami were formed on the
forereef of around 30 m in depth. The difference in faunal assemblages between the samples of 2005
and 2006 shows the ecological recovery of faunal communities to have been made within a year. We
know well on-land tsunami hazards, however undersea effects by tsunami waves are mysterious. Living
things in the coastal areas receive continually exogenous impacts, and they have ecological adaptability
for environmental catastrophes. By applying this characteristic of shallow sea benthic foraminifers, we
might be able to elucidate the origin of tsunami currents that bring on destructive damages on the coast

Keywords: numericalcalculation, benthicforaminiferalanalysis, coralreef
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Tsunami detection by wavelet analysis of DART records

Dr. Victor Morozov
Tsunami laboratory 117997 Moscow, Russia, Nakhimovskiy ave 36 IASPEI

Wavelet analysis has been applied to bottom pressure DART records for detection tsunami signals
related to seismic events from 1986 to 2007 in Pacific Ocean. Wavelet analysis of the bottom pressure
oscillations reveals that the high frequency components of tsunami signals were markedly dispersive.
The observed dispersion was found to be in a good agreement with theoretical estimates of the
dispersion derived from the group velocity of the waves.

Keywords: dart, tsunami, dispersion
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Numerical experiment of the oil spread caused by the 1964 Niigata
Earthquake Tsunami

Dr. Yoko Iwabuchi
Civil Eng. Tohoku Univ.

Shun-Ichi Koshimura, Fumihiko Imamura

A complex tsunami damage involving floating objects driven by a tsunami is a new aspect of tsunami
disaster in industrialize coastal region. The most commonly observed feature of this complex tsunami
disaster is that the destruction of storage of flammable materials by collision with tsunami-driven
objects or by the hydrodynamic force of tsunami may result spread of large fires, flammable materials
such as spilled oil and ignited material advected and diffused by the tsunami current in a harbor or on
inundated land. In the 1964 Niigata Earthquake , oil were leaked from tanks in coastal industrial region.
The tsunami inundation flow which was happen subsequently cause expansion of oil spreading and fire
damage ( lwabuchi et al. 2006 ) . Despite of the risk of all industrialize coastal region and the

significance of the damage by tsunami, little has been done on estimating the complex damage to
waterfronts. Current situation of estimatiing tsunami damage is based only on counting assets possibly
exposed in a tsunami inundation zone, so the features of complex tsunami disaster is not well
understood. We have developed the water-oil 2-layer model to draw up disaster-affected scenario for
disaster prevention planning or as a tool for designing of oil dike. Here, we conduct a numerical
experiment of the oil spread caused by the past tsunami event. Firstly, the simulation of propagation
and run-up for the 1964 Niigata Earthquake tsunami was carried out. Most fault parameters were based
on the source mechanism proposed by Aki (1966). Two large rivers, the Shinano and Agano, in the
devastated area are vital for determining tsunami devastation, especially the area above the Agano
River mouth, where bathymetry data must be extremely precise to calculate the tidal level at the
Matsugasaki Station during the event. The model tsunami shows good agreement with tidal records.
However, calculated inundation area was underestimated. The ignorance of the remarkable subsidence
caused by liquefaction and fountain flow is likely to be one of the main causes of that underestimation.
The findings suggest that the subsidence caused by liquefaction should be considered to predict
tsunami inundation area. Using both numerical analysis of 1-layer tsunami model and historical records
enables us to confirm that tsunami inundation flow make the oil spreading area more extensive in the
coastal industrial region. Secondly, we take the 1964 Niigata Earthquake Tsunami as an example,
numerical experiments were carried out to apply our 2-layer model. We proposed the processes that oil
layer was transported by tsunami inundation flow. The practical issues were clarified by numerical
simulation for examples.

Keywords: tsunami, 2 layer, oil
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The implications of non-linearity and dispersion in a tsunami scenario
database

Mr. Arthur Simanjuntak
Australian Bureau of Meteorology Research Centre Australian Bureau of Meteorology

Diana J.M. Greenslade

The Australian Bureau of Meteorology has developed a 1st generation operational model-based tsunami
prediction system (T1) as a component of the Australian Tsunami Warning System. The T1 system is
based on a database of pre-computed tsunami scenarios. For each earthquake source location, the T1
system provides solutions from four different earthquake magnitudes and chooses the closest scenario.
A natural extension of this system would be to provide an interpolation of these scenarios to obtain the
solution for a specific intermediate earthquake magnitude. Implicit in this is the assumption of wave
linearity, which has been shown to hold in the open ocean but unlikely to be accurate in shallow water.
Furthermore, since the ruptures for each earthquake magnitude differ from each other not only in the
amount of slip but also width and length, the initial conditions would have different horizontal
wavelengths from each other. This will have implications as the waves disperse and encounter
bathymetric features. The importance of dispersion is proportional to the distance travelled by the
waves and inversely proportional to depth. In this presentation, the potential for scenario interpolation
will be investigated by means of numerical experiments and simple scaling arguments. The assumption
of linearity and the effect of dispersion will be investigated separately. Specifically, we will explore some
non-dimensional parameter space beyond which the non-linearity and dispersive effects start to
dominate and therefore render simple magnitude interpolation inappropriate.

Keywords: linearity, dispersion, simulation
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Development of numerical tsunami simulation technique in near field

Mr. Shusaku Inoue
Interdisciplinary Graduate School of Science and T Tokyo Institute of Technology IASPEI

Gota Kubo, Tatsuo Ohmachi

People living in costal areas of Japan are always exposed to tsunami risks because Japan has a long
costal line and active seismicity. And seismic faulting in and around Japan often takes place very close
to the coastline, and tsunamis would attack coastal cities within a few minutes. And also not a few cities
may be included in tsunami source areas. Accordingly, we think it necessary to consider dynamic effects
of tsunami generation followed by propagation and runup. Up to now, many researchers have
investigated tsunami behaviors by means of experiments and computer simulations. Among them, lots
of computer simulations have been carried out for not only academic but also practical purposes, and
lots of simulation techniques have been developed. From an engineering viewpoint, there seems to be
few techniques that can successfully simulate the near field tsunami. For this reason, we have
developed a new technique called dynamic tsunami simulation. Our developed simulation technique was
intended to apply near field tsunamis. The technique consists of two steps of simulation. The first is to
simulate seabed displacements. The boundary element method (BEM) is employed here because it can
give us time histories of dynamic displacement of irregular seabed resulting from a seismic faulting with
a satisfactory level of accuracy. The second is to simulate seawater disturbance using the finite
difference method (FDM). In the second simulation for fluid domain, the Navier-Stokes equation is used
as a governing equation. Thus, this simulation can take account of dynamic ground motion effects in
the tsunami generation. We have recently added new functions to our previous technique to make it
more useful. The new functions are, for example, a technique to simulate tsunami runups, and also a
nesting technique to deal with a large area effectively with a sufficient accuracy. In our technique, the
SOLA procedure and the height function are used. We have validated our technique by comparing
simulation results with runup height of solitary wave derived from theoretical and experimental results.
After all, we have found that our newly developed technique works well, especially for near-field
tsunamis.

Keywords: tsunami simulation, dynamic ground motion, near field
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Finite Fault Modelling for Tsunamigenic Earthquakes in Australasia using
Seismic and Sea Level Data

Dr. Phil Cummins
Geospatial and Earth Monitoring Division Geoscience Australia IASPE]

Toshitaka Baba, Hong Kie Thio, Ming-Hai Jia

Since the 2004 Sumatra-Andaman earthquake and Indian Ocean Tsunami, there has been a vast
increase in the monitoring of large earthquakes and tsunami-related sea level changes, especially in the
Australasian region. The increase in data has resulted in much better coverage of tsunami sources in
this region, much of it in real-time. In this presentation we consider how well this increased monitoring
allows us to characterise these sources, by performing finite fault inversions using combinations of
seismic, sea level and GPS data. While tide gauge data is often limited by its sensitivity to poorly known
local bathymetry, there are an increasing number of ocean bottom pressure measurements which
record tsunami waveforms unaffected by shallow bathymetry, and we investigate the potential of these
for constraining earthquake source properties. Two fundamental questions investigated are: (1) Can
earthquake source models be inferred with sufficient accuracy to be used to validate teletsunami
modeling? (2) Can accurate source models be developed in near-real-time? We discuss our results for
modelling recent tsunamigenic earthquakes with a view towards answering these questions.

Keywords: earthquake, tsunami, modeling
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Tsunami Risk in the Northern Bay of Bengal

Dr. Phil Cummins
Geospatial and Earth Monitoring Division Geoscience Australia IASPE]

This presentation isa synthesis of the results of geologic and geodetic studies of the northern Bay of
Bengal, combined with an analysis of historical accounts of the 1762 Arakan earthquake and a
simulation of the tsunami that may have accompanied it. | show that these are all consistent with active
subduction in the Myanmar subduction zone, and hypothesize that the seismogenic zone associated
with it extends into the Bay of Bengal beneath the Bengal Fan. These results suggest that a very large
and vulnerable population is exposed to a high earthquake and tsunami risk. Other reports that have
characterised this hazard as low may have not considered the possibility that the seismogenic zone
extends offshore, as is suggested by GPS surveys, the active Bengal Fold System, and the historical
accounts of subsidence on the coast of Chittagong during the 1762 Arakan earthquake. Although
the2004 Indian Ocean Tsunami was difficult to foresee, some of the warning factors were there and
should have been recognized by the earth science community. This presentation attempts to draw
attention to similar warning factors in the Bay of Bengal, where the cost in human lives of a large
earthquake and tsunami may be much larger.
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Constraints on the source of the 20th February 1743 tsunamigenic
earthquake in Apulia, Italy, from numerical tsunami modelling and
geological evidences

Dr. Alberto Armigliato
Dipartimento dj Fisica, Settore Geofisica Universita di Bologna IASPE/

Stefano Tinti, Giuseppe Mastronuzzi, Paolo Sans, Gianluca Pagnoni

According to the most recent version of the Italian Tsunami Catalogue, the 20th February 1743 tsunami
was generated by a strong earthquake (M=6.9) which severely hit the Salento peninsula (Apulia) and
the Greek lonian Islands, and that was felt in a very large area, including Calabria, the Messina Straits
and Naples. The maximum damage due to the earthquake was suffered by the towns of Nard and
Francavilla Fontana in southern Apulia, where most buildings were ruined. The cities of Taranto and
Brindisi were also heavily damaged. The earthquake was responsible for more than 160 victims.
Historical accounts on the tsunami are scarce: the only available report describes some tsunami effects
in the harbour of Brindisi, where the sea withdrew. On the other hand, the impact of the tsunami waves
along the lonian and Adriatic coasts of Apulia appears to be well documented from the geological point
of view. A recent detailed study on large boulder accumulations along the southern Apulia coasts and on
their depositional characteristics allowed not only to put them in relation to the 1743 event with a
reasonable degree of confidence, but also to formulate some hypotheses on the possible source area
(SSE of Apulia), on the direction of impact of the tsunami waves and on the highest tsunami runup (11
m). Based on these results and on some basic information coming from local tectonics, we take into
account a small number of seismic sources and for each of them we simulate numerically the ensuing
tsunami. More specifically, for each studied fault we compute the coseismic deformation of the sea
bottom and take it to be identical to the tsunami initial condition. The subsequent tsunami wave
propagation is computed by means of a finite-element numerical code, UBO-TSUFE, developed at the
Department of Physics of the University of Bologna, which implements and solves the Navier-Stokes
equations in the shallow-water approximation. For each run, we compare the numerical results with the
available geological and historical evidences: attention is posed especially on the tsunami wave
propagation direction, on the polarity of the first wave arrivals in some selected coastal stations in
southern Apulia and on the spatial distribution of the extreme water elevations along the coastlines. The
results are discussed in order to draw some preliminary conclusions on the most probable source area
and geometry for the 1743 tsunamigenic earthquake.

Keywords: apulia, numerical modelling, tsunami deposits
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Physical Simulation of Drain Mechanism of Tsunami Generation

Mr. Pavel Korolev

Boris Levin

As a result of 1999 Izmit earthquake a split sea and sinking of the water level were observed in Izmit
Gulf. A cause of this effect may be cracks, breaks in the fault zone.Really great cracks with length tens
kilometers and width some meters are occurred on the Earth surface in the time of strong earthquakes.
Such kind of cracks were observed as a result of recent Neftegorsk (1995), Altai (2003) earthquakes in
Russia.Not excluded that similar processes can occur on the sea bottom. As a result of water withdrawal
tsunami could be generated.This process was simulated physically on the experimental water tank
measuring 3.0 x 0.6 x 0.4 meters. In the central part of tank at the bottom there is a device with slots
simulating cracks opening.Conditions of water waves generation depending on initial water depth, slots
width, time of slots opening are ascertained.This work is supported by Russian Foundation for Basic
Research, grant 07-05-00363, and Program of Leading Scientific Schools NSH 8043.2006.5.

Keywords: tsunami generation, drain mechanism, simulation
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How very-high resolution 3D DEM contribute to quantitative tsunami
damage forecast: the study case of Sri Lanka

Dr. Alberto Armigliato
Dipartimento dj Fisica, Settore Geofisica Universita di Bologna IASPE]

Stefano Tinti, Fabrizio Ferrucci, Roberto Tonini, Sara Gallazzi, Gianluca Calabretta

Tsunami damage assessment and forecast requires both sophisticated numerical modelling and support
of data sets reflecting our knowledge of the physical coastal environment and of the socio-economic
values exposed to the risk. The problem is complex and no standard methodology has been so far
introduced to make quantitative assessment and to provide local communities and responsible
authorities with basic agreed-upon tools to make quantitative estimates of tsunami impact. Here we
explore the contribution that very-high resolution 3D mapping from airborne and spaceborne techniques
may give to quantitative estimates resulting from tsunami modelling. The area of application is Sri-
Lanka, that was severely hit by the 26th December 2004 distastrous tsunami of the Indian Ocean, that
killed more than 290,000 people, and in Sri Lanka took a fatality toll of more than 30,000. This paper is
based on the data provided by the project HyperDEM, that was born from an inter-Governmental
agreement established between Italy and Sri Lanka and was funded by the Italian Ministry for Foreign
Affairs. The project work was mainly based on the integration of airborne LiDAR and spaceborne RaDAR
campaigns that were undertaken between autumn 2005 and summer 2006. The post-processing data
products are a Digital Ground Model (DGM) and a Digital Surface Model (DSM). DGM represents the
Earth elevation cleaned of vegetation and manufacts and it is suitable for mapping the water
penetration in vegetated areas with little presence, or absence, of manufacts, while DSM includes them
and it is indicated for a detailed inundation mapping in urban areas. The terrain resolution in some
urban areas was of 1 metre, providing a very detailed topography which, if properly combined with an
accurate bathymetric data set, is well suited to the computation of detailed inundation map by means of
numerical models. In this study we concentrate on the city of Galle, placed along the south-western
coast of Sri-Lanka, where more than 4,000 persons were killed by the 2004 tsunami and the quay was
completely destroyed. We consider tsunami simulations models where use is made of high-accuracy 3D
DEM and discuss uncertainties in tsunami inundation maps resulting from combination of data with
different level of accuracy and different resolution (see coastal DEM compared to offshore and near-
shore lower-accuracy bathymetric data).

Keywords: high resolution dem, tsunami inundation, tsunami damage
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Numerical simulation of tsunamis around Shanghai on the East China Sea
Coast Due To Great Nankai, Japan, earthquakes

Dr. Tomoya Harada
Research Center for Urban Safety and Security Kobe University IASPE]

Katsuhiko Ishibashi

There has been a controversy among Japanese scientists whether Chinas Shanghai and its vicinity on
the East China Sea coast were struck by large tsunamis or not due to the great interplate Nankai
earthquakes along the Pacific coast of southwest Japan. Chinese historical documents report remarkable
water disturbances in rivers, canals, ponds and wells around Shanghai in 1498, 1707 and 1854. The
dates in 1707 and 1854 coincide with those of the Nankai earthquakes and the date in 1498, with that
of a large earthquake in southwest Japan. Tsuji and Ueda (1997) claimed that these water disturbances
meant large tsunamis and that the 1498 earthquake had also been the Nankai earthquake. Utsu (1988)
and Ishibashi (1998), on the contrary, considered the water disturbances not to be tsunamis but seiches
caused by long-period seismic waves. In this study, in order to terminate this controversy, we carried
out the numerical simulation of tsunami propagation in the East China Sea for the 1707 Hoei, the 1854
Ansei and the 1946 Showa Nankai earthquakes, though the computation was the first-order
approximation. We assumed six static fault models of the 1707, 1854 and 1946 earthquakes proposed
by Ando (1975, 1982) and Aida (1979, 1981a, b). Tsunami propagations were computed by the finite-
difference method for the liner long-wave equations in the area of 120-140E and 2036N using 1-minute
bathymetry data provided by GEBCO. The time step of the computation is 3.0 sec to satisfy a stability
condition of the grid system. The friction with Mannings roughness coefficient of 0.03 is provided at the
ocean bottom where the water depth is shallower than 100m. Initial conditions of tsunami propagation
are ocean bottom deformation due to earthquake faulting, which were computed by Okadas (1985)
program. Concerning boundary conditions, the total reflection on the coast and open boundary to
outside the computational area were used. As the results, tsunamis caused by great Nankai earthquakes
propagate into the East China Sea mainly through the Tokara strait, and they reach the coast around
Shanghai about nine hours after the earthquake occurrence. The tsunami height on the China coast is
not large, less than 1 meter, even for presumably overestimated fault slip of the 1707 Hoei Nankai
earthquake model. Thus, water disturbances recorded in China are considered not to be tsunamis but
effects of seismic waves. However, it should be noted that tsunami and seismic effect due to the next
Nankai earthquake, which is anticipated to recur around the middle of this century, may affect to
considerable extent to the modernized society of China. We thank Yuichiro Tanioka for providing us his
tsunami computation program.

Keywords: tsunami simulation, east china sea, great nankai earthquake
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Modelling Tsunami Inundation in the Gulf of Cadiz - Preliminary Results

Mrs. Vnia Lima
DEC ISEL IASPE/

J M Miranda, M.A. Baptista, M. Olabrieta, L.Otero, P M M Soares, M Gonzalez, E
Carreno

North East Atlantic European coasts were hit in the past by large, destructive tsunamis. The European
Tsunami Catalogue (ETC) includes several large events in the Gulf of Cadiz, generated by moderate and
strong magnitude earthquakes. The city of Cadiz suffered severe damage during the 1st November
1755 Lisbon tsunami. The coeval historical information enables extensive evaluation of run in and run
up data for the city and harbour of Cadiz. In this study we present the preliminary results of numerical
modelling for one of the critical sites in the North Atlantic area. Modelling was performed with COMCOT
code, from Cornell University. The simulation domain covers the eastern part of the Atlantic Ocean
offshore Morocco and the Gulf of Cadiz, from the most prone tsunami generation area. Three nested
grid layers of different resolution (0.008, 0.002 and 0.0005) are incorporated to obtain a good
description of bathymetric and topographic effects near shore. Results of the numerical simulations for
an event similar to the 1755 earthquake and tsunami are discussed in terms of wave heights, flow
depth and maximum velocity. This study was funded by project TRANSFER STREP 37058 UE

Keywords: tsunami, waveheight, flowdepth
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Tsunami hazard estimation for the southern Kuril Island coast

Dr. Victor Kaystrenko
Russian Academy of sciences Institute of Marine Geology and Geophysics

The Russian Far Eastern coast is a one of the most tectonically active margin of the Pacific area with
frequent tsunami occurrence. After catastrophic tsunami in November 1952 that destroyed the most
part of the Severo-Kurilsk town, up till now more than 40 tsunami were recorded on the Far East coast
of our country, the height being more than 5 meters in 7 cases, and in 1952, 1963, 1969, 1994 the
wave heights being up to 15 meters in some points. Tsunami hazard distribution along the Russian
coast is not homogeneous and tsunamis are most frequent events on the Southern Kuril Island coast. It
is known that a sequence of earthquakes exceeding an elected magnitude is really the Poissonian one
and its main parameter is the recurrence functionF (hO) which is a mean frequency of tsunamis with
height more then elected "threshold" hO. Analysis of the natural data showed that this function depends
from two parameters: F(hO) = f exp ( -h0/H*). Parameter H* is calibrate (characteristic) tsunami height
depended from the coastal point of tsunami observation, and f is the regional tsunami frequency, that
varying very slowly along the Pacific coast and can be considered as a regional constant. Using the least
square method these parameters have been calculated from the historical tsunami data set. Finally,
characteristic tsunami heights H* were evaluated for 18 points on the Southern Kuril Island coast.
Tsunami frequency for this region is f = 0.17 1/year and its standard deviation is a(In(f) = 0.13. These
parameter allowed to estimate tsunami risk for this region. The work was supported by the grants of
the Russian Foundation of Basic Research 05-05-64733 andFEB RAS | # 06-1-ON3-106.

Keywords: tsunami, hazard, risk
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Numerical analysis of tsunami caused by seabed deformation

Dr. Toshinori Ogasawara
Department of Civile and ENvironment

Shigeki Sakai, Akifumi Wakamatsu

The seismic intensity scale of the Meiji Great Sanriku Tsunami of 1896 was small scale but the tsunami
height was very large. The maximum wave height was 32 m. Such an earthquake is called a tsunami
earthquake or a slow earthquake. Note that tsunami heights are not necessarily proportional to
earthquake magnitude. This is one of reasons that the tsunami heights in coast lines cannot be forecast
easily. In the present forecast of tsunami, wave heights are estimated by water surface disturbances
due to the seismic fault model. The model is based on the fault parameters calculated by the observed
seismic wave, which are the length, the depth, and the dip angle etc. The information of the initial wave
profile generated by a seabed deformation is more important for the accuracy of tsunami forecast. This
study makes clear how the physical quantities related to the seabed deformation exert an influence on
the tsunami generation. In particular, the relationships between the physical quantities and the
maximum wave height are described. Here, the physical quantities represent the vertical velocity, the
width, and the shape of the seabed deformation. Numerical analysis on the tsunami generation was
done for various seabed deformations. This numerical method defined a two-dimensional water tank of
fluid domain. The water depth was set to four types from 1,000 m to 4,000 m. Tsunami sources used
the vertical displacement field of sea bottom directly computed by using a time-domain solution
involving the boundary element method. The width of seabed deformation was changed from 20 km to
100 km. The speed of seabed deformation was changed at a constant velocity and the maximum
displacement was set to 3.0 m. The waves generated by the seabed deformation permeate the open
boundary on the both side of tank. As a result, when the seabed deformation was low-speed at 0.01
m/s, the maximum wave heights were proportional to the width of seabed deformation. However, when
the seabed deformation became 100 m, the wave heights were found to almost reach as high as the
seabed deformation. On the other hand, when the seabed deformation was high-speed at 0.3 m/s, if
the seabed deformation width exceeded more than 20 km the wave heights agreed with the seabed
deformation. It is concluded from the result that the width of seabed deformation is strongly required at
the determination of the maximum wave height at tsunami generation. Further, the results show that
the initial wave heights will almost agree with the seabed displacement when the width of the seabed
deformation becomes long.

Keywords: tsunami, seabed deformation, simulation
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Rupture Process of the California Earthquake of 18 April 1906 from (near-
field) Tsunami Waveform Inversion

Dr. Stefano Lorito

Department of Selsmology and Tectonophysics INGV

Alessio Piatanesi, Anthony Lomax

Keywords: tsunami, inversion, source
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Seismic and Tsunami Monitoring in the Puerto Rico and Caribbean Region

Prof. Aurelio Mercado-Irizarry
Department of Marine Sciences University of Puerto Rico IAPSO

Christa Von Hillebrandt-Andrade, Victor Huerfano

The US Commonwealth of Puerto Rico has a population of 3.8 million (2000 Census), which amounts to
a higher population density than any state. The island, approximately 160km from east to west by 50km
from north to south, is bounded by off-shore active faults on all sides. Numerous local and regional
events in the recorded history with M>7.0, three of which have generated destructive tsunamis, have
caused extensive damage to local infrastructure. The most recent significant ground motions and (local)
tsunami in Puerto Rico occurred as a consequence of M 7.3 earthquake on October 11, 1918. Efficient
emergency response in the event of a large earthquake or tsunami will be crucial to minimizing the
resultant loss of human life and disruption of lifeline systems. State of the art seismic and sea level
monitoring are necessary to be able to provide an appropriate response to such a disaster. The
seismicity of the island, as well as the northeastern Caribbean region in general (including the US and
British Virgin Islands), is monitored jointly by the Puerto Rico Seismic Network (PRSN) and the Puerto
Rico Strong Motion Program (PRSMP), both operating within the University of Puerto Rico at Mayagez.
As of 2000 the PRSN has been developing a Tsunami Warning System for the region. For the detection
and reporting of potentially tsunamigenic earthquakes it monitors over 150 channels of seismic data
from the Caribbean and adjoining regions. The goal is to be able to timely and precisely detect all
earthquakes of at least magnitude 5 in the Caribbean region. As part of the warning system the PRSN is
also in the process of installing six tsunami ready tide gauge stations in Puerto Rico and a GOES satellite
receiver at its facilities for the data from these and other tide gauges of the regions, including the 10
tide gauges NOAA operates in Puerto Rico and the Virgin Islands . The tide gauges also meet the
standards for long term sea level studies. The data from the five DART buoys which were deployed by
NOAA in the spring of 2006 in the Caribbean and adjacent waters are also being incorporated into the
monitoring system, and Short-term Inundation Forecasting computational grids have been developed
for two major coastal cities, with three additional ones being worked on during 2007, including the
USVI.

Keywords: tsunamis, caribbean, sea level
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Global Tsunami Deposits Dtabase

Mrs. Vinita Ruth Brocko
IASPE/

Paula K. Dunbar

Historical tsunami and tsunami deposit data are important for assessing the tsunami hazard of a region.
The past record provides clues to what might happen in the future, such as frequency of occurrence
and maximum wave heights. Instrumental and even written records often do not span enough time to
assess the full range of a regions tsunami hazards. Tsunamis have been reported since ancient times,
but without mechanical, digital or human observation, all that remain of tsunamis occurring before
records were kept are the deposits they have left behind. Historical events for which deposits have been
studied provide criteria for identifying tsunami in the geologic record (ground truth for the modelers and
photogrammetrically-inclined). A comprehensive database of historical tsunami events and their effects
has been in progress for decades, continued by present work at NGDC. Beginning with a massive
literature search undertaken by colleagues at the University of Hawaii, we extend the record of tsunami
backward in time by developing a new database, one of tsunami deposit locations, their estimated age
and descriptions of the deposits themselves. Events known only by proxy information are included, but
flagged to highlight the absence of a physical deposit. Sort by any populated field, including event,
location, region, age of deposit, author, publication type (extract information from peer reviewed
publications only, if you wish), grain size, composition, presence/absence of plant material, etc. Use the
GTDD to find tsunami deposit references for a given location, event or author; previous work published
in your field area; deposits similar to your field area; of potential collaborators. You may also download
public domain documents pertinent to tsunami deposits.

Keywords: paleotsunami, tsunami deposits, global database
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Analytical solution for long wave directivity

Prof. Utku Kanoglu
Department of Engineering Sciences Middle East Technical University IASPE]

Vasily Titov, Baran Ayd N, Costas Synolakis

The spatial and temporal evolution of a finger-like pattern from a finite-dimension source is referred to
as its directivity. Ben-Menahem (1961, Bull. Seismol. Soc. Am. 51, 401-435) recognized it and defined a
directivity function generated by the source length and the rupture velocity. Later, Ben-Menahem and
Rosenman (1972, J. Geophys. Res. 77, 3097-3128) used linear theory to calculate the two-directional
radiation pattern from a moving source. Ben-Menahem and Rosenman (1972) showed that tsunami
energy radiates primarily at a right angle to a rapturing fault and showed the dependence of directivity
on the seafloor rupture and wave celerity, using the path of 1964 Great Chilean tsunami as an example.
One example of their work is presented in Synolakis and Bernard (2006, Phil. Trans. R. Soc. A 364,
2231-2265) for the 2004 Boxing Day Tsunami. Okal (2005, Pers. Comm.) quickly eliminated the shorter
source proposed in the immediate aftermath of this tsunami, in favour of the larger source, based on
qualitative assessment of the radiation field on the basis of the directivity of the source. Okal (2003,
Pure Appl. Geophys. 160, 2189-2221) discussed the details of the analysis of Ben-Menahem (1961) and
the distinct difference between the directivity patterns of landslide and dislocation generated tsunamis.
Okal (2003) considered directivity pattern differences with the field observation of 1964 Alaska event
concluding that a large slow earthquake and landslide must occur concurrently. Carrier and Yeh (2005,
CMES-Computer Modeling in Engineering and Science, 10(2), 113-121) presented an analytical study for
the tsunami propagation with finite crest length over a flat bathymetry and discussed directivity.
However, the solution of Carrier and Yeh (2005) appears to have two drawbacks. One, they were not
able to compute the integrals numerically for the farfield. Therefore, Carrier and Yeh (2005) proposed a
solution using complete elliptic integral of the first kind, with a singularity and, in continuation of
conservation of difficulty, they proposed a self similar approximate solution for large times. Two, Carrier
and Yeh (2005) analytically modelled only the propagation of Gaussian shaped finite-crest wave profiles,
involving approximations in their solution. However, most realistic initial waveform are N-wave like,
Tadepalli and Synolakis (1994, Proc. R. Soc. Lond. A 445, 99112). We introduce a new exact analytical
solution for the linear shallow water-wave equation over a flat bottom for a finite-crest length source.
Our solution can be applied any given initial wave profile with finite-crest length. We discuss several
features of directivity along with field observations of the December 26, 2004 Boxing Day Tsunami.

Keywords: tsunami directivity, finite tsunami source
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Study on the effect of coastal forest against tsunami, Case study on 2006
JAVA Tsunami around Pnagandaran, Indonesia

Dr. Kenji Harada
Disaster Reduction and Human Renovation Inst. Reserch Scientist IASPE]

Aditya Riadi Gusman, Hamzah Latief, Yuichi Nishimura, Yoshiaki Kawata

At the 2004 Indian tsunami, many stories on tree and forest were reported. Some people were survived
due to catch on tree. Some area was small damage by the forest effect of tsunami mitigation and
blocking driftage. These effects of coastal forest against tsunami were known before 2004 tsunami.
However several primary studies were discussed, the tsunami mitigation effect cannot be established
guantitatively. Regardless of this, coastal forest are used as the countermeasures to mitigate tsunami
impact in the rehabilitation and reconstruction plan. In such conditions, the concern and importance for
the role of coastal forest and mangrove on protection are growing big from many specialized fields. The
workshop on the coastal forest and tsunami are organized in 2006 by FAO (Food and Agriculture
Organization of United Nation) in Khao Lak, Thailand. In this workshop, various authorities related in
coastal forest and tsunami are joined and discussed on the role of coastal forest. The key results for
evaluation of this workshop are (1) The level of knowledge and understanding of the functions of
forests and trees in coastal protection is still insufficient and there is a lack of multidisciplinary research
and cooperation in this field, (2) The degree of protection offered by coastal bioshields depends on a
number of variables, including: i) the characteristics of the hazard itself, ii) the geomorphologic features
of the site and iii) the characteristics of the bioshield, (3) Care must be taken to avoid making
generalizations about the protective role of forests and trees based on evidence from one or a few
areas, (4) The options for protection include: soft solutions hard engineering solutions and a hybrid of
the two. If none of these are appropriate and viable, it may be necessary to zone coastal land use to
prevent (further) settlement and construction of valuable assets in the vulnerable zone. And scientific
knowledge should be translated into policy-relevant information for decision makers and into technical
guidelines.In this study, the coastal forest effect and its limit are discussed based on some tsunami field
investigation. The field investigation in the 2006 Java tsunami was carried out on coastal forest
conditions and tsunami inundation level around Pangandaran and Cilacap, Indonesia. In this field survey
case, species of tree are Coconuts tree, Casuarina, Pangdanus and Mangrove. On the type of tree, the
shape of tree, tree height, location from sea and so on are different and we measured these conditions.
Shuto(1987) is analyzing on the effect of coastal forest from five tsunami events. The limit conditions of
coastal forest effect are shown in the case of pine tree in Japan. Our measurement data and some other
field survey data in 2004 Indian Ocean Tsunami of are collecting and combined for compare the effect
of coastal forest against tsunami and limitation. From these analyses, the limit conditions are shown
depend on the kind of tree and local conditions.

Keywords: coastal forest, java tsunami 2006, bioshield
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Tsunami modeling; trends, needs, achievements and benefits

Prof. Ahmet Cevdet Yalciner
Civil Engineering Ocean Engineering I1APSO

There are several components of assessment and mitigation of disasters. One of them (for tsunamis) is
numerical modeling. There have been several questions came out for the assessment of tsunami risk in
the oceans and enclosed seas after the most disastrous event of December 26, 2004, Indian Ocean
tsunami. This event caused increasing interests on tsunamis by scientists from different disciplines, and
also interests from general public and decision makers and disaster managers at coastal communities in
local, national and international level. Tsunami modeling is one of the most important tools needed for
assessment of tsunamis, using for warning issues and developing educational and training materials.
Tsunami modeling covers i) mathematical description of the problem with initial and boundary
conditions with proper approximations and assumptions, ii) solutions of the governing equations with
different techniques, iii) simulation, iv) visualization. Beyond these v) analysis of the results, vi)
interpretation of the tsunami parameters, vii) understanding of their effects in the inundation zone, and
viii) developing mitigation measures accordingly and viii) using them for educational and public relation
purposes. There are several issues for achieving the modeling results to be more accurate and useful.
One of the main needs for developments in tsunami modeling is estimating the characteristic
parameters of triggering mechanisms and simulating them in more realistic level. Length of the rupture
segment(s) and width of the ruptured plane(s), strike angle(s) of each segment(s), dip and slip angles,
displacement(s) of the ruptured segment(s) are the main inputs for computation of the co-seismic
tsunami source characteristics (initial water level distribution for the static source). Most of these
parameters can only be estimated by compilation of seismic, geophysical and tidal data some time after
the event. Since numerical modeling is one of the essential supplementary tools for TEWSs, more
advanced (using parallel processing algorithms and cluster technology), accurate and faster numerical
models must be achieved for the best supplement to well developed TEWSs. Satisfying both i) accurate
(with additional nonlinear terms such as dispersion and much finer grid sizes) and ii) sufficiently faster
numerical modeling for TEWS will need some more time. In the presentation, the stages of tsunami
modeling, new demands such as more accurate for academic purposes or faster for operational
purposes are discussed together with the needs, trends, developments, achievements, and benefits of
tsunami modeling are discussed with examples.

Keywords: modeling, tsunami, warning
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The tsunami of Djidjelli (Eastern Algeria) of August 22 th, 1856: the
seismotectonic context and its modelling

Prof. Yelles-Chaouche Abdelkarim
Seismology C.R.A.A.G. IASPE]

J. Dverchre, A. Domzig, B. Mercier De Lpinay, N. Babonneau, H. Hbert, J.Roger, A.
Kherroubi, D. Graindorge, R. Bracne, A. Cattaneo, V.Gaullier, B. Savoye, P. Leroy,
R. Ait Ouali

The Djidjelli tsunami of August 22 th, 1856, at 10 p.m. is the first event well known in . It occurred after
the earthquake which hit the region and destroyed the city of Djidjelli, a small city located 300 km east
of Algiers (the capital of ). One day before, a first seismic shock happened in the same area causing
damages. The tsunami was well described by authors as Roth (1950) or Ambraseys (1982) who
reported many details of the effects on the Algerian coast. These authors indicated that a seawave of 2
m or 3m was generated by the earthquake. It flooded the lower part of the town and propagated until
the Balearic island. Effects of the tsunami were felt all around the western Mediterranean region.
Although the tsunami was attributed to an offshore seismic event with a location of about 15 miles from
the coast, its seismotectonic context remained unknown until the recent Maradja2 survey carried out in
November 2005. This survey conducted by the French R/V The Suroit allowed to map the bathymetry of
the eastern margin of from Dellys to Annaba . From the data collected, a morphotectonic map of the
eastern region of has been obtained. Off Djidjelli, four tectonic active structures are outlined along the
foot of the slope. They correspond to a set of en echelon faults with an E-W orientation. From the
seismic profiles, these structures correspond to thrust ramps dipping towards the south. This pattern
explains the occurrence of the double shock and the occurrence of the tsunami on the August 22th.This
later could have also triggered marine landslides. Some instabilities are still observed along the margin.
Using numerical modelling of the tsunami waves due to the earthquake only, we discuss the effect of
tsunami due to the source inferred, compared to the available observations, especially in the Balearic
islands. The Djidjelli and the last Boumerdes May 21st, 2003 tsunamis are considered as the most
important ones which occurred on the Algerian margin. Their occurrence demonstrates that seismicity
along the Algerian margin could represent a major threat for the western Mediterranean region. The
installation of an alert system in this region through the NEAMTWS project will be an important tool to
mitigate the risk.

Keywords: djidjelli, tsunami, en echelon faults
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Distribution of run-up heights of the tsunami of the South off Central Java
earthquake of July 17th, 2006

Dr. Yoshinobu Tsuji
Disaster Mitigation Scences Associate professor, Earthquake Research Institute IASPE]

Seh-Sub Han, Fachrizal, Indra Gunawan, Teruyuki Kato

A huge tsunami was generated by the south off central Java earthquake of July 17th, 2006, and more
than 500 people were killed at the villages on the Indian Ocean coast of Java lIsland including the
international resort point of Pangangdaran. We conducted field surveys twice. The first one made by
Kato during July 25th to 29th July on the coast from Pangandaran to Pameugpeuk abou 150kilometers
west of Pangandaran. The second one was made during August 4 to 8 from Genup east to Parangtritis,
near Yogyakarta about 200 kilometers east of Pangandaran. The maximum run-up height is 7.7 meters
at Pangandaran where 137 peoples were killed due to the tsunami. The length of our surveyed coast is
totally 400kilometers. The run up heights at these villages on the section of the surveyed coasts keeps
the values of generally 5 to 7 meters and did not attenuated up to the east end of our surveyed coast.
The tsunami magnitude in Imamura-lida's scale is estimated at 3. We made interviews to the habitants
and found out that the shaking of the earthquake was weak even at the coasts nearest to the epicenter.
Most of the people living on the coasts west of Cilacap did not feel shaking, so it is suggested that this
event was induced by a kind of tsunami earthquake.

Keywords: tsunami run up height, tsunami of indonesia, tsunami earthquake
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Mechanism of the Totomi-Oki earthquake of the November 7, 1855

Dr. Yoshinobu Tsuji
Disaster Mitigation Scences Associate professor, Earthquake Research Institute IASPE]

Yuichi Namegaya, Yoshikane Murakami

On October 15, 2006 a large earthquake M7.9 of a plate boundary dip slip typed one occurred in the
south sea region of the central part of Kuril Islands , and accompanied with it a small tsunami was
observed at tide gauges on the pacific coasts of the Japanese lIsland . About two month after it, On
January 13th , 2007 another large earthquake M8.2 occurred in the same sea region at the point slightly
outside of the trench axis, and its mechanism was estimate as a normal typed one in the sinking plate .
The Totomi-Oki Earthquake of November 7, 1855 occurred in the sea region off Tokai district about one
year after the Ansei Tokai Earthquake M8.4 of December 23, 1854. A small tsunami of the height of 1 to
2 meters was recorded at several points on the pacific coast, and strong shaking of seismic intensities
6-7 (in JMA scale) were recorded on the plains of Shizuoka prefecture. The crust at Sagara port, near
the Cape of Omaezaki, uplifted by about one meter at the Ansei tokai earthquake, but it was subsided
by about 60 centimeters accompamied with the Toptomi-Oki earthquake. The crust of Irie village on the
east coast of the lagoon Hamana had been subsided and the residential area and the rice fields became
lagoon bed after the main shock of the Ansei Tokai earthquake. But after the Totomi-Oki earthquake
the crust was uplifted and the residential and rice field areas recovered as before. It is suggested that
that the mechanism of the Totomi-Oki earthquake is a normal typed one, which was generated in the
Philippine Sea plate. It is suggested that the relationship between the Ansei Tokai Earthquake and the
Totomi-Oki earthquake is the same as the two events which occurred in the sea area of Kuril Islands in
the recent days. The same typed events also recorded in the few years after the Ansei Nankai
Earthquake of December 24, 1854 in an old document written by a person lived in Kochi castle town.

Keywords: normal typed earthquake, earth quakes pair of dip slip, and normal typed ones
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Miocene conglomerates formed by Huge tsunami

Dr. Toru Tachibana
Reserch org. Environmental Geology of Setouchi

Yoshinobu Tsuji, Yuichi Namegaya

Some tsunami sediments need huge tsunami to interpret the sedimentary processes. The Miocene
conglomerates, Tsubutegaura Conglomerates, is one of them. These conglomerates including meter-
order gravels were deposited in deep water (about several hundred meters depth) , and show
sedimentary structures formed under not only gravity flows but also strong traction currents. Most
possible agents of such traction currents are tsunamis. Nevertheless, there is a doubt whether tsunami-
induced currents are able to move large gravels in deep water environments. We attempted two
researches; (1) the tsunami simulation to estimate the velocity of tsunami-induced currents, based on
the paleogeograhy and the reconstructed tectonic setting, (2) the estimation of the threshold velocities
of large gravels. Results of research (1) using similar parameters of the 2004 Sumatora Earthquake
showed that maximum velocity of the estimated bottom current reached 6m/s in 500m depth.
Considering results research (1) and (2), tsunamis are possible to transport large gravels in deep water.
Tsubutegaura Conglomerates are interpreted to be formed by the huge tsunami caused by large
earthquake like the Sumatora Earthquake. Tsunami have been thought to be no major agents in deep
water environments except extraordinary events like meteorites-induced tsunami.But tsunami may have
occasionally deposited the sediments in deep water environments.

Keywords: deep water environments, conglomerates, miocene
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Large Scale Landslide Tsunami Experiments

Dr. Hermann Fritz
Civil and Environmental Engineering Georgia Institute of Technology

Fahad Mohammed, Jeseon Yoo

Tsunamis are commonly associated with submarine earthquakes. However more than 10% of all
tsunamis are generated by landslides or landslide like volcano collapses with subaerial, partially
submerged or submarine origins. Landslides may pose perceptible tsunami hazards to areas commonly
regarded as immune. A large number of historic and prehistoric slope failures have been reported
covering a broad range of landslide volumes and resulting tsunamis. In recorded history landslide
generated tsunamis have attained local wave heights and runup heights of more than 100m and 500m,
respectively, thereby locally exceeding maximum wave and runup heights of tectonic tsunamis by more
than an order of magnitude. The coupling between the landslide motion and the generated tsunami
waves is of critical importance given the characteristic trans-critical landslide versus tsunami velocity
Froude numbers. Landslide generated tsunamis were investigated in the three-dimensional tsunami
basin at OSU based on the generalized Froude similarity. The landslide emplacement characteristics
were controlled by means of a novel pneumatic landslide tsunami generator. Deformable landslides of
subaerial and submarine origin were modeled with granular materials. State-of-the-art measurement
techniques such as particle image velocimetry (PIV), a digital video system comprising multiple above
and underwater video cameras, multiple acoustic transducer arrays, hydrophones, as well as resistance
wave and runup gauges were applied. The wave generation was characterized by an extremely
unsteady three phase flow consisting of the slide granulate, water and air entrained into the flow. PIV
provided instantaneous surface velocity vector fields, which gave insight into the kinematics of the wave
generation process. At high impact velocities flow separation occurred on the slide shoulder resulting in
a hydrodynamic impact crater. The recorded wave profiles were extremely directional, unsteady, non-
linear and located in the intermediate water depth wave regime.

Keywords: landslide tsunami, osu, piv
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Field survey reveals extreme runup of the 17 July 2006 Java tsunami

Dr. Hermann Fritz
Civil and Environmental Engineering Georgia Institute of Technology

W. Kongko, A. Moore, B. Mcadoo, J. Goff, C. Harbitz, B. Uslu, N. Kalligeris, V. Titov,
C. Synolakis

On Monday July 17, 2006 at 08:19:28 UTC (15:19:28 local time), a magnitude Ms 7.7 earthquake
occurred 200 km off the south coast of western Java in Indonesia. According to Reymond and Okal
(2006), this earthquake involved very slow rupture through ®= 6.1 compared to the usual ©= 4.9.
Similarly, its T waves recorded at Diego-Garcia feature a parameter y deficient by two orders of
magnitude compared to those of typical events from the Sumatra series. This slow earthquake
generated a tsunami that severely damaged coastal communities along the southwest and south-central
Java provinces. The estimated tsunami death toll exceeds 600 along a 200 km stretch of coastline, with
over 400 fatalities in and around the tourist resort of Pangandaran. Flow depths of up to 5 m caused
the destruction of 3000 houses in Pangandaran. A lifeguard reported that, mercifully, the tsunami hit on
Monday afternoon, when there were few tourists on the beaches compared to the preceding Sunday.
This tsunami was difficult to mitigate because the affected area was too close to the epicenter for an
early warning system to have been effective, and there was little or no felt ground shaking. Lifeguards
sitting on elevated concrete towers had difficulties in recognizing the initial ocean withdrawal, because
large wind waves breaking at the coast masked most of the shoreline recession that preceded the main
wave. An International Tsunami Survey Team was deployed within one week and the investigation
covered more than 600 km of coastline. Measured tsunami heights and run-up distributions were
uniform over large areas; however there was a pronounced peak on the south coast of Nusa
Kambangan , where the tsunami impact carved a sharp trimline in a forest at elevations up to 21 m and
1 km inland. Local flow depth exceeded 8 m along the elevated coastal plain between the beach and
the hill slope. We infer that the focused tsunami and runup heights on the island suggest a possible
local submarine slump or mass movement.
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Development of high-resolution coastal digital elevation models for the
U.S.: seamlessly integrating bathymetric and topographic data to support
tsunami forecasting and modeling efforts

Mrs. Lisa Taylor
NOAA National Geophysical Data Center geophysicist

Barry W. Eakins

The National Geophysical Data Center (NGDC), an office of the National Oceanic and Atmospheric
Administration (NOAA), is building high-resolution digital elevation models (DEMs) for select coastal
regions. These combined bathymetrictopographic DEMs are used to support tsunami forecasting and
modeling efforts at the NOAA Center for Tsunami Research, Pacific Marine Environmental Laboratory
(PMEL). The DEMs are part of the tsunami forecast system SIFT (Short-term Inundation Forecasting for
Tsunamis) currently being developed by PMEL for the NOAA Tsunami Warning Centers, and are used in
the MOST (Method of Splitting Tsunami) model developed by PMEL to simulate tsunami generation,
propagation, and inundation. We present our methodology for creating the high-resolution coastal
DEMSs, typically at 1/3 arc-second (—10 meters) cell size, from bathymetric, topographic, and shoreline
data obtained from various sources, including federal, state, and local government agencies, academic
institutions, and private companies. These diverse digital datasets are collected using numerous
methodologies, in different terrestrial environments, and at various scales and resolutions. We discuss
problems encountered in building the DEMs and lessons learned, including: the importance of
establishing common vertical datums, accounting for morphologic change in the coastal zone, and
evaluating source data sets for reliability, consistency and accuracy.

Keywords: digital elevation models, tsunami forecasting, bathymetry
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Ocean data and information network for Africa (ODINAFRICA) sea level
data facility

Dr. Mika Odido

The Ocean Data and Information Network for Africa (ODINAFRICA) has launched a sea level facility the
IODE Project Office in Ostend . This facility which can be accessed at http://www.sealevelstation.net
has the following roles: (i) Data capture via GTS and archive in relational database as an OdinAfrica
backup to national and GLOSS data centres, (i) Web-display of sea level stations status map, allowing
quick visual inspection of the network, (iii) semi-automatic data quality control, (iv) real time provision
of data (including plots and raw data), (v) database services, though which historical data can be
retrieved, (vi) generation of data reports and access to station metadata, and (vii) provision of tide-
gauge operator alert (by email or SMS) in case of equipment mal-function. The facility is built in a
transplantable format with a view to having it mirrored at a location in Africa . The data will also be
mirrored on the websites of the respective National Oceanographic Data and Information Centres
(NODCs) participating in ODINAFRICA. The facility has been developed in collaboration with the Flemish
Marine Institute (VLIZ).

Keywords: sea level, tide gauge, tsunami
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Tsunami disaster prevention Management in Iwate Prefecture, Japan

Mr. Kenichi Yoshida
Department of Prefectural Land Developm Iwate Prefecture, Japan IASPE]

Shigeki Sakai, Toshinori Ogasawara, Koshiya Shin, Tomoko Yamazaki, Nobuo
Shuto, Takashi Furukawa, Tsutomu Mikami

Since Iwate Prefecture has suffered extensive damage from tsunamis in the past, much effort has been
directed towards the maintenance of sea walls, water gates and other tsunami disaster prevention
facilities. However, as a result of i) the serious worsening of the economic situation, ii) the
development of tsunami simulation technology and the predicted occurrence of a tsunami that could
outstrip previous estimates of size, disaster prevention measures in Iwate are currently shifting from the
maintenance of disaster prevention facilities to evacuation strategies. In order that prefectural residents
are able to evacuate in the instance of a tsunami, knowledge and understanding of tsunamis and
improvement in their awareness of disaster prevention is necessary. However, there are many
prefectural residents who have limited understanding of tsunamis, while in the majority of schools in the
prefecture, there are no lessons given in disaster prevention. Futherstill, much time has elapsed since
the occurrence of past tsunami-related disasters and the consequent deterioration of prefectural
citizens' knowledge of disaster prevention, is of great concern. In this report, Miyako City (lwate
Prefecture) is cited as a model case of how the inclusion of tsunami disaster prevention education in
children's school curriculum and the provision of disaster prevention workshops for adults, have been
used to effect improvement in regional citizens’ awareness of disaster prevention. When an initial
attempt was made to introduce tsunami disaster prevention studies in schools, one issue that became
clear was the @ the lack of tsunami disaster prevention educational materials @ limited understanding

of the subject on the part of the teachers. Given this situation, tsunami disaster prevention educational
materials have been developed in cooperation with teachers from elementary and junior high schools.
The materials consist of a DVD compilation of video images that allow viewers to experience at first
hand the terror of a real tsunami, a diagram that explains the mechanism of a tsunami in simple terms,
experiments and photographs of past sea defenses and damage from past tsunamis. To allow teachers
to select and use the educational materials they require for inclusion in a particular lesson plan, the
materials have been put together and categorized using a motif system. As from now, slightly over 90%
of schools in Miyako City will be integrating the tsunami disaster prevention educational materials into
their school curriculums. Workshops attended by regional citizens, members of regional administration
and university members have been set up to address problems and issues relating to tsunami
evacuation. Prefectural citizens living in areas that are potentially susceptible to inundation by tsunamis
have been encouraged to walk the actual path that will lead them to the evacuation area, check on
problems and issues that often arise during an evacuation, discuss policy aimed at reducing damage
and create an action program as part of their tsunami evacuation strategy. In the beginning, prefectural
citizens took a passive stance on the tsunami disaster prevention strategy but after the workshop, there
was much visible improvement in their disaster prevention awareness, culminating in maintenance of
evacuation routes, the production of maps detailing evacuation routes in the event of an emergency
(disaster prevention maps) and other such activities.

Keywords: tsunami disaster, evacuation, disaster education
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Distribution of asperities of the 1854 Ansei Nankai earthquake

Dr. Yuichi Namegaya
Geological Survey of Japan National Institute of Advanced Industrial Science IASPE/

Yoshinobu Tsuji

Are the locations of the asperities of each gigantic earthquake belonging to the series of the Nankai
earthquakes located commonly at the same places? In order to clarify this, the locations of asperities of
two Nankai earthquakes, the 1854 Ansei Nankai earthquake and the 1946 Showa Nankai earthquake
should be estimated and compared to each other. Distribution of asperities of the 1946 Showa Nankai
earthquake is estimated by Tanioka and Satake (2001) by using inversion method on the tide gauge
records of the tsunami wave. They pointed out that there are three asperities; the south off Susaki city,
Kochi prefecture; the east off the cape Muroto; and sea area south off Kii peninsula. However, the
distribution of asperities of the 1854 Ansei Nankai earthquake has not been estimated, because there
are no data of the tide gauge records of the tsunami. Only the distributions of the tsunami maximum
heights, the crustal deformations, and the seismic intensities estimated from the old documents are
available for the 1854 Ansei Nankai earthquake. In this study, we developed the nonlinear inversion
method to solve the distribution of asperities by using the data of the tsunami maximum heights and
the crustal deformations. We estimated the distribution of asperities to make the sums of square of
differences of the maximum tsunami heights between the recorded and calculated minimum. As the
result, the distribution of asperities of the 1854 Ansei Nankai earthquake is similar to that of the 1946
Showa Nankai earhtuake, but the amount of dislocations of the former is larger than that of the latter.

Keywords: 1854 ansei nankai earthquake, asperity, joint inversion
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Symposium
Early-Warning Systems

Convener : Prof. Jochen Zschau

Early warning systems can reduce the negative impacts across the globe of extreme events such as
earthquakes, tsunamis, volcano eruptions, landslides, tropical storms, floods, extreme space weather
and others. They provide timely information that allows individuals exposed to a hazard, to take action
to avoid or reduce their risk and prepare for effective response. Dependent on the type of hazard the
warning time available may range between only a few seconds in case of earthquakes to months and
years in case of creeping disasters such as droughts. Although rapid information- and early warning
technologies are now available to a great extent, their potential in the field of disaster mitigation is not
used to any appreciable extent, showing that the user needs are not yet addressed sufficiently.
Integrated earth observation, the development of real-time analysis, modelling and simulation methods,
their integration with appropriate facilities for data processing, visualization and rapid information
systems and their application to early warning in conjunction with disaster management, therefore,
remains one of the major challenges of applied earth system sciences. The session will discuss the latest
scientific/technological developments, projects, programs and best practices in the field of early
warning. This will be done for various disaster types, from global to local scale and with special regard
to the user needs. Contributions are particularly welcome if they address the aspect of multi-hazard
early warning.
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Post-Tsunami Survey and the Development of a Tsunami Warning System
for Kenyan Coastal Region

Dr. Balla Maggero
Oceanography & Marine Services Kenya Meteorological Services IAMAS

Ali Mafimbo, Antony Kibue

Kenya is among the countries in the Western Indian Ocean region that was affected by the tsunami.
Though the impact was much less compared to the devastation in countries closer to the epicenter.
Malindi bay and Lamu were most affected because they are wide, shallow and open. There are no coral
reefs to shield the bay from the waves propagating from the deep sea. The fishing industry in Malindi
and Lamu was most affected due to destruction of fishing gear, boats and man-hours lost. Occurrence
of the tsunami at the coastal area of Kenya has revealed that the country is ill prepared to deal with
such a catastrophe since there are no early warning mechanisms in place. Though the effects of the
tsunami were less in Kenya as compared to countries close to the epicenter, a number of impacts were
experienced in the country. This is a clear pointer to more serious impacts should another tsunami of
higher magnitude strike our countrys coastline. Therefore, it calls for concerted efforts to put
mechanisms in place for purposes of mitigating the negative impacts of such events whenever they
occur in future. In this report, we presents findings from a post-Tsunami survey conducted by marine
experts from Oceanography & Marine Department of the Kenya Meteorological Service and Kenya
Marine & Fisheries Institute, catastrophic modeling results, some recommended precautionary measures
and recent progress at the Oceanography & Marine Department in developing a Tsunami Warning
System for this region.

Keywords: tsunami, waves, impact
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Flood warning system for Bangladesh

Mr. Mohammad Khaled Akhtar
Early-Warning System [IASPE/

Bangladesh is highly vulnerable to the floods and associated disasters. The worlds highest mountain,
the Himalayan, in the north and the Bay of Bengal in the south make unique geographical setting for
the country. Bangladesh is a low-lying country in the Meghna delta located at the confluence of three
major rivers; the Ganges, the Brahmaputra and the Meghna. During recent years several large floods
have caused disasters in Southeast Asia. The inundation and flooding in Bangladesh is a serious
setback. Flood forecasting in a deltaic region like Bangladesh is a difficult problem. Flood occurs almost
every year in Bangladesh with varying intensity and magnitude. In a normal year, 20% of the country is
inundated by river spills and drainage congestions. Approximately 37% of the country is inundated by
floods of 10 years return period. Devastating floods of 1988 and 1998 inundated more than 60% of the
country. Recent floods of 2004 also caused lots of damage to the country economy. Structural measures
for flood management began in Bangladesh in the late 60s to completely eliminate flood in the project
area but later on non-structural measures has also been adopted for flood management. However, with
the modern technological advancement flood forecasting and warning services (a non structural
measure) acquired the highest position to minimizing flood damage and losses because of Tens of
millions people live in flood plains. Moving them out is not an option but providing adequate safety
against large floods combined with a risk reduction system supported by an early warning is desirable.
With the presence of improved data exchange programme through the neighboring country and access
to the result of numerical meteorological models like ECMWF are only option for the country to
significantly increase forecasting lead times and improve forecast accuracy near border areas.
Considering the present situation, this paper aims to develop a system which can improve the early
warning system by increasing the accuracy of the forecasted boundary discharge with the help of
remotely sensed data as well as meteorological models.

Keywords: flood, warning, forecasting
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Win: a new SOA for risk management

Mrs. Araceli Pi Figueroa
Business Development Starlab

Christian Alegre, Marina Martinez-Garcia

The Wide Information Network (WIN) Integrated Project (EU FP6 Call 2 DG IST) integrates existing
reference results and initiatives to contribute to the design, the development, and the validation of the
European risk management info-structure. This info-structure will be a major element of the future
European Spatial Data Infrastructure (ESDI) and of Single European Information Space for what
concerns the environment and risk management. WIN results, including the data information models,
the service oriented architecture with its set of generic services and workflow management facility,
constitute an efficient and open framework, useful on various environmental and risk management
contexts. The last year of WIN project will be focused on validation, experimentation, evaluation and
preparation of the deployment of the solution, in several thematic. Two domains of experimentation are
defined: Marine and Coastal domain with experimentations related to oil-spill monitoring and response
process, and Land risk management domain, with experimentations on fire and floods disaster
management in relation with French and other countries Civil protections. Planned experimentations will
allow to evaluate benefits of WIN and in particular the capability of WIN to support end-to-end oil spill
monitoring and response process, managing all required information, and the capability of WIN to
improve risk management for what concerns fire and floods, through its unified wide catalogue and its
GIS capabilities. WIN deployment roadmap targets at a wide range of opportunities at European and
regional level, on several thematic like shoreline monitoring, water resources management, and various
land-based risks management domains.

Keywords: riskmanagement, architecture, infostructure
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MarCoast Network: a provision of EO-Based services for marine and
coastal applications

Mrs. Araceli Pi Figueroa
Business Development Starlab

Jrme Bruniquel, Marina Martinez-Garcia

The MARine & COASTal environmental information services project (MarCoast) is part of the GMES
Service Element (GSE) programme, managed and funded by the European Space Agency (ESA). The
project started with a consortium composed of 32 partners from 10 European countries, and gathers all
key actors in the field of marine and coastal applications. Additional activity is expected to expand the
initial scope of the delivered services, both in term of geographical coverage and/or added services.
MarCoast targets to deliver a single portfolio of marine and coastal services at the European scale. The
portfolio is composed of 6 service lines which are: Oil spill surveillance and customised information, Oil
spill drift forecast, Water quality monitoring and alert, HAB monitoring, evolution and forecasting, Water
quality assessment service, Met-Ocean data. One of the specificity of MarCoast, as for each GSE project,
is the strong commitment of users; this commitment is formalized through Service Level Agreement
(SLA), signed between the service provider and the user. Signed SLA is mandatory to start any service
activity. MarCoast makes use of all sensors dedicated to marine applications, such as SAR systems
(ASAR and RSAT-1) for oil spills, ocean colour sensors (MERis and MODIS) for water quality
applications. Altimeter, radiometers, and scatterometer sensors support the production of metocean
data. In the future, GMES sentinels 1 and 3 will be the 2 main missions on which MarCoast services will
rely on. MarCoast is a unique opportunity to gather in the same project end-users, service providers and
system developers. As such, it demonstrates that GMES services are about to reach the needed level of
maturity that will ensure sustainability.

Keywords: operational, marine, services
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Remote sensing/GIS application for early warning systems of natural
hazard: case study of Victoria Island, Lagos Nigeria.

Mr. Olumuyiwa Sonuga
PHYSICS UNIVERSITY IASPEI

The rate of environmental changes at the Victoria Island coast of Lagos State, Nigeria is a major
problem and the environment is under the threat of loss of lives, properties and land became vulnerable
to landslide, soil erosion and land use such as residential, industrial buildings and utilities has repeatedly
devastated by coastal storms and flooding thereby resulting in environmental hazards. Already, an
occurrence of 0.2meters of sea level rise resulted to a loss of 3,100 square kilometer of landmass to
flooding. Studies have shown that population growth, migration, urbanization, human and natural
activities at the costal areas are the major factors influencing the occurrence of the hazards. As a result
of population growth in the country, the rate at which people migrate to Lagos State is high resulting
into high rate of urbanization which has led to construction of buildings whereby obstructing the flow of
water through the drainage channels to drain excess water has cost massive loss of land, bulk age of
sewage. Remote Sensing and GIS technologies have been employed in this study to asses the extent of
coastal land loss and damages in Victoria Island of Lagos. Satellite images for different years between
1990 and 2003 of the study area were compared and results shows that natural processes have
destroyed vegetation and land cover areas.

Keywords: coastal storms, flooding, hazards
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Web Based Global System for loss assessment due to strong earthquakes

Dr. Nina Frolova
Seismological Center of IGE, Rus. Acad. of Sci. Senior Scientific Researcher, Ph.D. IASPE]

Valery Larionov, Jean Bonnin

According to the recommendations of IDNDR Working Groups on scientific and technological aspects of
Early Warning Systems (EWS) in order to fulfill a risk reduction functions such Systems should not be
interpreted as technical instruments for detecting, forecasting impeding event and issuing alert and,
therefore, they should consists of four sub-systems: a warning sub-system, a risk reduction sub-system,
a preparedness sub-system and a communication sub-system. A risk reduction sub-system may allow
potential damage extent and social loss due to scenario earthquakes to be generated and/or estimate
expected consequences due to just occurred event in emergency mode. Risk reduction sub-system may
be designed and developed for individual decision makers usage. Another variant is to develop the web-
based sub-system, which may be accessible to all interested decision makers and experts at
international, regional, national, local or urban level. The paper describes the framework of the global
web-based risk reduction sub-system, its mathematical models for shaking intensity distribution,
damage to buildings and structures, number of fatalities and injuries, as well as its data bases on build
environment and population distribution. The sub-system is now under development within the NATO-
Russia Project Analysis and Synthesis of Loss Estimation and Risk Assessment Methodologies for
Prediction and Prevention of Catastrophes. Extremum family systems developed during the last ten
years are prototypes of the new web-based open tool, which will be accessible to any registered end-
user. The tool will provide possibility of distributed data bases usage and to update the data bases on
regional attenuation laws, vulnerability functions of different elements at risk by joint efforts. In the
case of strong earthquake the Internet conferences may be organized in order to give additional
possibility to experts to take a proper decision about expected damage and loss. One of the principle
advantages of the new web-based sub-system for loss assessment due to strong earthquakes is usage
of common data bases and simulation models, which are updated by joint efforts.

Keywords: web based tool, earthquake consequences
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FLASH: A new EU project for the early warning of Mediterranean flash
floods

Prof. Colin Price
Geophysics and Planetary Sciences Tel Aviv University IAMAS

Yoav Yair, Alberto Mugnai, Kostas Lagouvardos, Maria-Carmen Llasat, Silas
Michaelides

A new European Union FP6 project titled FLASH will run from 2006-2009 in an attempt to improve our
knowledge of historic flash floods in the Mediterranean region, while trying to improve short term
(hours) and mid term (days) forecasts of heavy precipitation events. Flash floods are a serious problem
in the Mediterranean region in particular, and in Europe in general, resulting from large weather
systems with embedded severe thunderstorms that deposit large amounts of rainfall in short periods of
time. Since lightning activity can be detected and monitored continuously from thousands of kilometers
away, this new EU project will use lightning data, together with other available observations, to better
detect and track the location, intensity and timing of heavy convective precipitation events. We plan to
develop algorithms to provide on-line nowcasts and forecasts of areas at high-risk of heavy precipitation
and flooding across the Mediterranean. Our experimental products will be provided in real time to end-
users and stakeholders for use in their planning activities. The societal benefits of such advanced
warnings will be investigated, especially in relation to risk management.

Keywords: flashfloods, lightning, mediterranean
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Earthquake Detection and Rapid Magnitude Determination by the Fast
Wavelet Transform

Prof. Frederik Simons

Ben D. E. Dando, Richard M. Allen

Earthquake early warning systems must save lives. It is of great importance that networked systems of
seismometers be equipped with reliable tools to make rapid determinations of earthquake magnitude in
the few to tens of seconds before the damaging ground motion occurs. A new fully automated
algorithm based on the discrete wavelet transform detects as well as analyzes the incoming first arrival
with unmatched accuracy and precision, estimating the final magnitude to within a single unit from the
first few seconds of the P wave. The curious observation that such brief segments of the seismogram
may contain information about the final magnitude even of very large earthquakes, which occur on
faults that may rupture over tens of seconds, is central to a debate in the seismological community
which we hope to stimulate by this presentation. Wavelet coefficients of the seismogram can be
determined extremely rapidly and efficiently by the fast lifting wavelet transform. Extracting amplitudes
at individual scales is a very simple procedure, involving a mere handful of lines of computer code.
Scale-dependent thresholded amplitudes derived from the wavelet transform of the first 3--4 seconds of
an incoming seismic P arrival are predictive of earthquake magnitude, with errors of one magnitude unit
for seismograms recorded up to 150 km away from the earthquake source, over a surprisingly wide
magnitude range. Our procedure is a simple yet extremely efficient tool for implementation on low-
power recording stations. It provides an accurate and precise method of autonomously detecting the
incoming P wave and predicting the magnitude of the source from the scale-dependent character of its
amplitude well before the arrival of damaging ground motion. Provided a dense array of networked
seismometers exists, our procedure should become the tool of choice for earthquake early warning
systems worldwide.

Keywords: earthquakes, hazards, wavelets
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Detection of precursory changes in source parameters: A probable short-
term forecasting model for the small- to moderate- size intraplate
earthquakes in the Kachchh seismic zone, Gujarat, India

Dr. Prantik Mandal
Seismology NGRI, HYDERABAD, INDIA IASPE]

R.K.Chadha, Mr. C. Styamurty, Mr. I.P. Raju, Mr. N. Kumar

Precursory changes in corner frequency as well as stress drops have been noticed about 2.5-3.0 days
prior to nine main earthquakes (Mw 3.8-5.6) of the 2001 Mw 7.7 Bhuj earthquake sequence, which
occurred in the Kachchh seismic zone during 2002-2006. The studied sequences suggest 2-8 numbers
of foreshocks, which have occurred within a circular area of 10-15 km from the epicenter of the
mainshocks during 80-160 hours period prior to the mainshocks. Since August 2002, the seismic activity
in Kachchh has been monitored by a close digital network consisting of 5-8 three-component digital
seismographs and 10-20 three-component digital accelerographs, which enabled us to relocate the
considered nine earthquake sequences using the joint hypocentral determination (JHD) technique
resulting in a reliable and accurate hypocentral parameters estimates (error in the epicentral location <
500 meter, error in the focal depth estimation < 1000 meter). The focal depths are varying from 2 to 35
km. The estimated corner frequency (fc), source radius (r), stress drop (Ds) and moment magnitude
(Mw) for foreshocks of nine studied sequences are ranging from 3.21 to 9.81 Hz, 128.4 to 487.5 m,
3.21 to 12.39 MPa, and 2.3 to 4.2, respectively. For all the nine earthquake sequences, we observed a
precursory decrease of 66-82 % in the corner frequency and a precursory increase of 65-98 % in the
stress drops during the 60-70 hours period prior to the mainshocks. We also noticed an increase of 30-
60 % in the fault length during the above-mentioned precursory period. The foreshocks for the studied
nine Kachchh earthquake sequences are found to be of Mogi's type-ll classification, which follow
multiple rupture model of foreshock generation. Following dilantancy model, it can be inferred that the
observed an increase of 30-60% in fault length associated with a decrease in corner frequency and
increase in stress drop over most of the precursory period can be attributed to the presence of fluids at
the focal depths (15-30 km depth range), which may be considered as the probable precursors for
predicting moderate size Kachchh events with a lead time of 2.5-3.0 days.

Keywords: foreshocks, intraplate earthquakes, source parameters
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Natural Hazard Monitoring: a early warning method to delineate
potentially affected areas by Hurricane using a GIS model

Dr. Andrea Taramelli
Dipartimento di Scienze della Terra Universita degli Studi di Perugia

Laura Melelli, Massimiliano Pasqui, Alessandro Sorichetta, Bernardo Gozzini

This research integrates the concept that the subject of natural hazards and the use of existing remote
sensing system in the different phases of a disaster management for a specific hurricane hazard, is
based on the applicability of GIS model for increasing preparedness and providing early warning. The
modelling of an hurricane event in potentially affected areas by GIS has recently become a major topic
of research. In this context the disastrous effects of hurricanes on coastal communities and
surroundings areas are well known, but there is a need to better understand the causes and the
hazards contributions of the different events related to an hurricane, like storm surge, flooding and high
winds. This blend formed the basis of a semi-quantitative and promising approach in order to model the
spatial distribution of the final hazard along the affected areas. The applied model determines a sudden
onset zoning from a set of available parameters that include topography, bathymetry, storm track into
coast proximity and river network. For all these parameters, key attributes based on SRTM and
bathymetry data, are the river network delineation (based on the Strahler methodology) the slope data
and coastline bathymetry identification. Complementary data for the final model includes remote sensed
density rain dataset, elevation datasets for selected coastal drainage basins, and existing hurricane
tracks inventories together with hurricane structure model (different buffers related to wind speed
hurricane parameters in a GIS environment). To assess the overall susceptibility, the hazard results
were overlaid with population dataset and landcover. The approach, which made use of a number of
available global data sets, was then validated on a regional basis using past experience on hurricane
frequency study over an area that covers both developed and developing countries in the Caribbean
region. As a final result we can state that remote sensing data analysed together with meteorological
and environmental data in an integrated GIS system give a spatially resolved picture of the surface
conditions and, in our context, information on the occurrence, extent and severity of hurricane hazard.
The applied GIS model has then given rise to a long-lead system that can be set-up to allow such a
early warning to go ahead.

Keywords: hurricane, earlywarning, gis
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Weather and constant plane crashes: a case study of Nigeria

Dr. Deborah Olorode
Physics University IASPE]

Dr Catherine Ikhile

ABSTRACT: This paper examines the incidence of constant plane crashes in Nigeria and the weather
connection. The Nigerian weather condition for the past twelve years (12 yrs) was examined using
weather elements of rainfall, temperature, relative humidity, sunshine and wind speed for three major
towns , Lagos Benin City and Port Harcourt. Results reveal that changing weather conditions over these
years are in line with global climate change. Nigeria has a spotty air safety record with more than
eleven crashes since 1995, killing over 600 people. It is concluded that Nigerian Government embark on
drastic measures and source for facilities to manage the bad weather condition which has contributed to
the constant plane crashes in Nigeria.

Keywords: aircraft, plane crashes, weather
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An evolutionary approach for real-time magnitude estimation for
earthquake early warning

Dr. Maria Lancieri
RISSC-LAB INGV, Osservatorio Vesuviano

Aldo Zollo

Regional earthquake early warning systems relies on the possibility of achieving fast and reliable
estimates of location and magnitude/moment of an occurred, potentially destructive event, in order to
predict peak ground motion quantities at a distant target infrastructure. Recent studies showed the
possibility of predicting the final event magnitude using measurements of the predominant frequency
and/or the low-frequency peak displacement amplitude in the very early portion of P-wave signals. In
particular, the recent analysis of near-source strong motion records from the European Data Base
revealed a clear correlation between distance corrected peak displacement amplitudes and magnitude
for events in the magnitude range 4-7.4 (Zollo, Lancieri and Nielsen, 2006). In the present work we
analyze a Japanese strong motion data-set (extracted from K-Net and KiK-net) with the aim to
investigate the relationship between the early P- and S- wave peak displacement and magnitude and its
use for an evolutionary estimate of magnitude for earthquake early warning application. About 2700
records from 256 Japanese earthquakes have been analyzed with magnitude ranging from 4 to 7 with
maximum depth of 50Km and hypocentral distance smaller than 60Km. The records come from the
Kyoshin strong motion network, which collects data from 1000 strong-motion station deployed over the
whole Japanese archipelago, with an average inter-station distance of 25 Km. The accelerometric
records have been integrated twice, and band pass filtered between 0.075 and 3Hz. In order to correct
the early peak amplitudes for the distance attenuation effect, we evaluated an attenuation relationship
between the logarithm of the distance, the magnitude and the peak displacement read on short time
windows after the P-wave and the S-wave arrivals. While using a duration of 2-sec after the first P-
arrival the peak displacement appears to saturate with magnitude around M=6, this effect is removed
using windows larger than 3-sec for which a linear relationship is found between the logarithm of
displacement peak amplitude and magnitude. On the other hand the saturation effect is not visible on
S-wave peak even for very short time windows (1 sec). Assuming the existence of a strong motion
network, densely deployed in the epicentral area of an impending earthquake, we illustrate a Bayesian
approach to estimate the magnitude and its uncertainty from the P- and S-peak information available at
each triggered station as a function of time from the event occurrence. We show the application of the
proposed procedure to the Japan earthquake data-set by simulating the real-time estimation of several
moderate to large magnitude events along with time evolution of its confidence level.

Keywords: magnitude estimation, evolutionary, bayesian approach
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Recent Progress in Infrasonic Early Warning Systems

Dr. Milton Garces
Infrasound Laboratory University of Hawaij, Manoa IAVCE]

David Fee, Michael Hedlin, Robin Matoza, Hugo Yepes, David Mccormack, Rene
Servranckx, Henry Bass

The emerging global infrasound network has stimulated a growing number of infrasound projects
devoted to natural hazard applications. These applications include monitoring volcanic eruptions,
extreme weather, large ocean swells, bolides and tsunamis. The Acoustic Surveillance for Hazardous
Eruptions (ASHE) project aims to develop and evaluate the capability to use low frequency sound to
provide robust, low-latency notifications of volcanic eruptions over regional distances. We describe
current field deployments of several small, autonomous infrasound arrays in Washington state (US) and
Ecuador. The arrays in Washington have detected diverse eruption signals from Mount St. Helens, and
the arrays in Ecuadorhave captured eruptions from Tungurahua and Sangay Volcanoes, as well as
Galeras in Ecuador. These stations send continuous real time data to a central facility where automatic
analysis techniques for eruption detection are being prototyped. Plans are in place to send automated
notification products on a test basis to a participating ICAO-designated Volcanic Ash Advisory Center for
comparison and possible integration with their existing warning systems.

Keywords: infrasound, volcanoes, ashe
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Real-time, probabilistic and evolutionary earthquake location for seismic
early warning

Dr. Claudio Satriano
RISSC-Lab AMRA Scar/

Anthony Lomax, Aldo Zollo

An effective early warning system must provide probabilistic estimates of the location and size of a
potentially destructive earthquake within a few seconds after the event is first detected.In this work we
present an evolutionary, real-time location technique, based on a robust, equal differential time (EDT)
misfit function, a very fast, global-search algorithm, and a probabilistic approach for describing the
hypocenter estimation. The location technique, at each time step, relies on the combined information
from triggered arrivals and not-yet-triggered stations. With just one recorded arrival, the hypocentral
location is constrained to be within the Voronoi volume around the first triggering station. The Voronoi
volume is defined by the current time and the travel times to the not-yet-triggered stations; this volume
shrinks as time passes, event if no new arrivals become available. With two or more triggered arrivals,
the location is constrained by the intersection of the Voronoi volume defined by the remaining, not-yet-
triggered stations with the EDT surfaces for all pairs of triggered arrivals. (At each point on an EDT
surface the difference in the predicted travel times to two stations equates the difference in the
observed arrival times at the two stations.) As time passes and more triggers become available, the
evolutionary location converges to a standard EDT location.We show several tests of the real-time
location technique using arrivals generated by different automatic picking procedures for strong-motion
data from moderate to large earthquakes worldwide. The results indicate that useful, probabilistic
location estimates, suitable for early-warning applications, can be achieved with very few recording
stations (1-2), while, in comparison, a standard location algorithm usually needs 3 or more stations to
begin constraining the hypocenter.We also present an event binding procedure for the real-time location
technique to detect multiple sources and associate phase arrivals when different events occur close in
time.

Keywords: Iocation, evolutionary, probabilistic
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Use of high-frequency geoacoustic effect for a location of earthquakes
preparation areas

Dr. Boris Shevtsov
Far Eastern Branch Russian Academy of Science IAGA

Anatolii Kuptsov, Igor Larionov, Yurii Marapulets, Andrei Perezhogin, Raya
Sagitova, Gleb Vodinchar

High-frequency (0-10 kHz) geoacoustic precursors of earthquakes are considered. It is shown, that
during preparation of seismic events as result of increase in deformations, intensity and anisotropy of
geoacoustic emission grow, and sound signals have as a first approximation a direction on an
epicenter.The measurements of deformations carried out with the help of laser interferometer have
shown, that high-frequency acoustic noise is the result of slip in the surface sedimentary breeds which
are taking place in an condition of elastic pressure.Having in view the solution for tensor of elastic
pressure and features of sound sources in the breeds the physical model of geoacoustic signal
generation is created. It has explained three experimental results. In the first why the high-frequency
geoacoustic effect arises on distances of hundred kilometers from epicenters. Second, why the
earthquakes giving geoacoustic effect have strongly anisotropic spatial distribution around the point of
measurements. Thirdly, why acoustic signals have a direction on an epicenter, and what explains the
deviation of signal bearing.In the report, the opportunity of use of high-frequency geoacoustic effect for
geodeformations monitoring and location of earthquake preparation areasis discussed.

Keywords: geoacoustic, location, earthquake
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Ground Effects of Space Weather: climatology and forecast of extreme
events

Dr. Larisa Trichtchenko
Natural Resources Canada Research Scientist

Impacts of space weather events on ground infrastructures arise from the combined effects of large
variations in geomagnetic field, ground conductivity structure, and topology of the affected network.
These impacts range from slow, cumulative multi-year excessive corrosion of the pipeline systems to
fast (in minutes) collapse of power grids during geomagnetic storms (Hydro-Quebec in March 1989, part
of Sweden power grid in October 2003). Space Weather Regional Warning Centre in Ottawa, has long-
time experience in working closely with industry to better address the needs for studies of climatology
and for the forecast of the extreme events. For this session we present a short summary of our recent
projects with industrial partners on both aspects. The first topic is the development of the methodology
for assessing the effects of geomagnetically induced currents on pipeline infrastructure in . This includes
statistical studies of the occurrences of different levels of geomagnetic activity, global and regional
models of the ground conductivity and effects of the infrastructure topology. As a result, sequence of
statistical maps for different areas of is produced. The second aspect, forecast of the extreme events for
statistically different zones of geomagnetic activity in will be demonstrated using examples of the latest
space weather events (2000-2007). Here we address the issue of importance of the proper provision of
real-time ground and space data for forecast of ground effects of space weather events for local users.

Keywords: space weather
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Real-time monitoring of earthquake activity in Australasia

Dr. Phil Cummins
Geospatial and Earth Monitoring Division Geoscience Australia IASPE]

Spiro Spiliopoulos, Jonathan Bathgate, Marco Maldoni

Since the 2004 Sumatra-Andaman earthquake and Indian Ocean Tsunami, considerable effort has been
directed towards improving regional monitoring of large earthquakes in Australasia. As part of its
response to the 2004 disaster, the Australian Government is developing the Australian Tsunami Warning
System, which includes a facility for real-time monitoring of earthquake activity in the Australasian
region. As part of its attempt to rapidly characterize earthquake sources, this facility has implemented a
system (based on the commercially available software platform Antelope) for real-time data acquisition
and automatic detection, location, and magnitude estimation. In addition, it is implementing systems for
automated CMT estimation and manual Mwp estimation. To our knowledge this is the first warning
centre in the region that is implementing this array of techniques in a warning context. In this
presentation we present an analysis of the performance of this real-time earthquake monitoring system,
discuss the challenges to earthquake monitoring in the region, and canvas plans for the future.

Keywords: early warning, earthquake, tsunami
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A Possible Method of Tsunami Early Warning

Dr. Yury Korolev

At present Tsunami Warning Services (TWS) in US, Japan and Russiaworks well enough not missing
significant tsunamis. At the same time TWS commit a great many false tsunami alarms (up to 75-78%
of total alarms since it came into existence). It is obvious, that false tsunami alarms are accompanied by
various losses. As a result of some recent false tsunami alarms on Hawaii the average cost of lost
business and productivity was estimated to be $ tens millions in every event. It is possible to reduce a
number of false alarms using additional information on a formed tsunami obtained in the open ocean.
Use of this information can provide more accurate prediction. The method of the short-term tsunami
forecast using information of remote level gauge is presented in this paper. This method is based on
well-known reciprocity principle. This method permits to calculate the form of tsunami wave near every
specific coast point. The sea level information in remote point and the only seismological information
about time of beginning and co-ordinates of the earthquake are needed for tsunami wave form
prediction. The suggested method for tsunami estimation from the data of a sea level gauge was tested
by means of the numerical model with actual bathymetry. To calculate tsunamis (expected ones)
tsunami sources were applied which were chosen as macroseismic ones corresponding to recent
tsunamis. Use of proposed method shows that the main wave parameters of predicted tsunami agree
sufficiently well with parameters of expected tsunami. The presenting method may be applied for short-
term tsunami forecast regardless of tsunami generation genesis. Tsunami may be seismic one, subsea
landslide one or others. The presenting method can be used on-line not only by regional tsunami
warning service but also by local tsunami warning services. So, tsunami warning may be declared for
sites where tsunami to be of real threat. Putting this method or analogue ones into use will permit to
reduce a number of false tsunami alarms. It seems that requirements (recommendations) to TWS in
future may be as follows. TWS must announce tsunami alarm to those point only where tsunami to be
of real threat. This alarm must be accompaniedby information about predicted tsunami: number of
waves, their heights, expected time of alarm canceling. This work is supported by Russian Foundation
for Basic Research, grant 06-05-96139, Far Eastern Branch of Russian Academy of Sciences, grant 06-
111-A-07-248.

Keywords: tsunami, early warning
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Early warning decision support system based geo-information technology
and spatial planning for earthquakes reduction and assessment in Syria

Mr. Hussain Saleh
Department of Civil Engineering Ghent University IAPSO

Georges Allaert

With the rapid development of economic construction and urbanization in , highly dense population,
infrastructure and traffic, caused a lot of troubles to the main cities. Great change becomes to
integrated management and more to eco-environmental safety construction, especially to the
prevention for disasters destroyed structure as earthquake. It is not possible to completely avoid
earthquakes, but the sufferings can be minimized by creating proper awareness of these disasters and
its impact through developing a suitable early warning system, disaster preparedness and management
of disasters for accelerating the delivery of knowledge and advanced geo-information technology to the
end users. In addition, several factors can help in reducing these impacts such as working directly with
complex urban areas in building capacity, institutional development and information sharing, and
influencing policy. Therefore, a cost effective and feasible disaster information system must depend on
an effective spatial planning in which disaster occurrence is considered explicitly as a prime parameter.
The main innovative aspect of this developed system is the integration of the geographical and
environmental data collection and data management tools with simulation and decision tools for
earthquake reduction and assessment. This system is linked with a large, open, and executable
database which has been created with robust data access and data mining capabilities. This centralized
database, which is available via the internet, is a valuable source of information for policy making such
as earthquake hazards and impacts, transportation, public facilities, emergency services, elevation, land
use/zoning and high resolution imagery. Based on historical earthquake hazard records and
socioeconomic database of Syrian cities, the hazard risk index, the vulnerability index, and the response
ability index can be established, and then the earthquake effect index will be obtained. These
assessment indexes with corresponding digital maps, can be used to measure earthquake risk
management performance and to analyze the spatial features of seismic risk reduction in urban areas.
This system, which is connected to an internet browser for transferring local capability to each client, is
interactive tool that allows decision makers and specialized members to view useful information and
maps for various earthquake scenarios. This will assist city planners and public safety officials to
understand the spatial context in which multiple hazards impact urban environments. Also, this will
support disaster-planning processes, comprehensive disaster risk assessment, reduction, and
management activities. This paper constitutes a crucial step in integrated strategies of earthquake at
complex urban areas by elucidating how artificial intelligence and long-term sustainable spatial planning
could be efficiently introduced in the design process of these strategies to create early warning that can
potentially provide vital information that is quicker, better, and at lower cost for reducing earthquake
damage in . Another innovative direction of this research will show how a novel approach parallelisation
and hybridisation of dynamic optimisation methods coupled with local search procedures can effectively;
simplify handling data, minimize the execution time, and facilitate the design modelling approach based
on simulation and optimisation process. Furthermore, a sensitivity analysis using anticipatory process
will be performed in order to handle robustness and simulate an appropriate behaviour of the design
parameters in real-time

Keywords: complexurbanarea, hazardriskindex, spatialplanning
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Spatial forecasting of tropical cyclone wind hazard and impact for
emergency services: example utilising tropical cyclone Larry.

Mr. Bob Cechet
Risk Research Group Geosciernce Australia

Craig Arthur, Mark Edwards, Krishna Nadimpalli, Babu Divi

Tropical Cyclone Larry crossed the Australian coastline near the far north Queensland town of Innisfail
in March, 2006. At landfall, the eye of Tropical Cyclone Larry extended about 20 to 25 kilometres and a
vessel sheltering in the South Johnstone River to the east of Innisfail recorded winds gusting to 225
km/h while gusts as high as 294 km/h were recorded on the nearby peaks of the Bellenden Ker
mountain range (1450 metres) and 187 km/h was recorded at the Ravenshoe wind farm (about 75
kilometres from the coast) as the weakening cyclone moved inland. The Australian Bureau of
Meteorology was able to forecast the cyclone track 24 hours prior to landfall with a good indication of its
size, intensity and speed of movement. No spatial hazard or impact tool for determining local wind gust
hazard and impact is currently available in the Australian region. It is conceivable that post-impact
assessment analysis tools could be utilised, forced by a forecast of the cyclone characteristics, to supply
spatial information for emergency planning (i.e. determine worst affected [severe wind] regions based
on direction, topographic and prognostic cyclone characteristics). Tropical Cyclone Larry was classified
as a midget cyclone because of the limited range of its destructive winds. Furthermore, coastal
communities were not exposed to cyclonic winds and airborne debris for long periods as the cyclone
moved relatively quickly at landfall. Low tides at the time also ensured there was no significant storm
surge. Tropical Cyclone Larry impacted the coast at both high lateral speed and at low tide, causing only
wind-related damage. This presentation outlines the methodology employed for spatial wind hazard
assessment in the Tropical Cyclone Larry impact zone. In this process the regional maximum gust wind
speed was estimated using the Aon Re cyclone model and the local wind adjustment factors were
adapted from the Australian/New Zealand wind loadings standard (AS/NZS 1170.2, 2002) utilising
modifications that enabled the process to be undertaken in a computational framework on a GIS
platform. The impact of severe wind varies considerably between equivalent structures located at
different sites due to the local roughness of the upwind terrain, the shielding provided by upwind
structures and topographic factors. Wind multipliers quantify how local effects adjust the regional wind
speeds (defined as open terrain at 10 m height) at each location. The local wind effects were evaluated
and mapped, and this information has been compared with the damage assessed for engineering
structures (residential, commercial & industrial). This analysis formed part of a post-impact assessment
however the utility of this information for both emergency planning and building standards will also be
demonstrated. A body of literature exists on the topic of boundary layer flow over small-scale
topography. It is interesting, and extremely relevant to this investigation, that one of the very few
studies that has explicitly considered the effects of topography on surface wind speeds in land-falling
tropical cyclones, examines a Category 3 cyclone that passed through Innisfail in the 1980s. Walker et
al. (1988) deals with the landfall of Cyclone Winifred on the far North Queensland coast of in February
1986, with a track similar to Cyclone Larry but approximately 20 kilometres to the north. During Cyclone
Winifred the region of maximum winds was closer to the township of Innisfail than for Cyclone Larry. In
this assessment, we apply to the whole Tropical Cyclone Larry impact region similar wind engineering
principles to Walker et al. (1988) and derive a geospatial assessment of the maximum gust wind
speeds. In addition, and with the aid to heuristically-derived damage (vulnerability) functions, we
determine the damage in a spatial sense and compare it with the post-event field survey of 3000
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The operational forecasting of the tide and surge over Irish waters

Dr. Shiyu Wang

Ray Mcgrath, J. A. Hanafin, Tido Semmler

During the last century, and especially in recent decades, serious flooding events have occurred over
coastal ocean areas. Generally, coastal flooding and coastal erosion are issues with serious economic
and social impacts. It is essential to establish a warning or prediction system to minimize the risk to
lives and property. Over Ireland, flooding is associated mainly with heavy rainfall which can lead to
enhanced river-flow and over-topping of river banks. However, coastal flooding events are often more
serious, particularly those associated with storm surge. In this study, the Regional Ocean Model System
(ROMS) of Rutgers University was run to simulate a strong tide and surge event over Irish waters. The
meteorological forcing data are taken from ERA40 data. The model is evaluated against tidal gauge data
and satellite altimeter data for short and long term simulation. The results show the high resolution
ROMS model can simulate the basic tide and the surge very well, especially in the south Irish Sea. On
the basis of evaluation study, a preliminary storm surge forecasting system was set up for Irish waters.
The model is driven by hourly meteorological forcing fields from the HIRLAM forecasting system used by
Met ireann. The preliminary results show that this system has very good forecasting capability for
predicting surge in the first 24-36 hours.

Keywords: storm surge, roms, hirlam
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Status of the GITEWS project The German-Indonesian contribution to the
Indian Ocean tsunami early warning system

Dr. Alexander Rudloff
Geophysics IASPE]

Joern Lauterjung, Gitews Project Team

On the road to an effective Tsunami Early Warning System for the Indian Ocean first milestones have
been achieved. About ten seismological broadband sensors have been installed throughout Indonesia,
on the Islands of Nias, Sumatra, Java, and Kalimantan. Some GPS stations and tide gauges have also
been installed. A new version of the seismological software package SeisComP will be released soon.
The marine equipment, consisting of GPS buoys and ocean bottom sensors, has been testing since
November 2005. New deployments withmodified components are planned for mid 2007. New
bathymetric data has been collected through several research vessel cruises. Together with integrated
images from earlier collections all data covers an area of more about 100.000 square kilometres, mainly
off coast Sumatra. The bathymetry builds the base for the unstructured grid of the tsunami modelling
group. A couple of sensitivity analysis and wave propagation tests have been calculated and a simplified
run-up was integrated. The architecture of the Early Warning and Mitigation centre (EWMS), a Decision
Support System (DSS)and a communication concept have been planned.The capacity building branch
has started with 8 PhD candidates from the Indian Ocean region for a special programme, working at
their home institutes and at German partner institutes. Since the project and its activities address nearly
all Indian Ocean rim countries, cooperation withcountries like Sri Lanka, Yemen, Tanzania, and South
Africa are planned or already realized.The project is carried out through a large group of scientists and
engineers from GeoForschungsZentrum Potsdam (GFZ) and its partners from German Aerospace Centre
(DLR), Alfred-Wegener-Institute for Polar and Marine Research (AWI), GKSS Research Centre, Leibniz-
Institute for Marine Sciences (IFM-GEOMAR), United Nations University (UNU), Federal Institute for
Geosciences and Natural Resources (BGR), German Agency for Technical Cooperation (GTZ), as well as
from Indonesian and other international partners. Website: http://www.gitews.org

Keywords: tsunami, early, warning
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Can an Early Warning System in Northern Italy be Useful ?

Mrs. Paola Traversa
LGIT CNRS - UJF Grenoble - France IAVCE/

Lai Carlo, Strobbia Claudio

The aim of an Earthquake Early Warning System (EEWS) is to provide the community with a pre-alarm
of a few seconds before a potentially damaging ground motion strikes sensible objectives. In order to
make a EEWS effective and useful it is therefore essential to properly assess a) the expected pre-
alarming times for a given site and seismotectonic context and b) the intensity of ground motion
generated at the site by a possible earthquake scenario. An adequate consideration of these issues is
essential in the implementation of a feasibility study of an EEWS and this is particular relevant in areas
like Northern Italy characterized by low to medium seismicity. At the purpose of assessing the potential
usefulness and reliability of an EEWS in the hospitals of Lombardy Region, we have carried out a series
of numerical simulations of ground motion caused by two realistic earthquake scenarios corresponding
to fault ruptures along potentially active seismogenic structures. In order to validate the results of the
numerical simulations with real records, the earthquake scenarios have been chosen to correspond to
two seismic events recently occurred in Northern Italy. The synthetic seismograms have been calculated
using two computer programs based on an extended kinematic model of the source which fully solve
the inhomogeneous elastodynamic problem. The results of numerical simulations were compared in the
time domain with real recordings showing very good agreement in terms of amplitudes of ground
motion and its spatial decay. The synthetic seismograms also allowed to estimate the temporal
separation or phase delay between the first arrivals of P and S phases at given locations as a function of
distance from the seismic source. This is the basis for estimating the pre-alarm times that can be used
to automatically shut-down the functioning of sensitive equipments and prevent catastrophic chain
failures. Using a simple geometrical model, a sensitivity study was carried out to assess the influence of
relevant seismological parameters used in the numerical simulations. This study revealed a rather strong
correlation between the time separation of P and S first arrivals and the thickness of the layers of the
crustal model adopted in the analyses. More specifically the travel times-distances curves turned out to
be mainly affected by the characteristics of the two thickest layers of the crustal model. Finally a
preliminary investigation has been made with regard to the influence of possible site amplification
effects which may alter the intensity of simulated ground motion calculated for the standard stiff ground
(outcropping rock) conditions.

Keywords: carly warning, italy, simulation
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Monitoring geophysical precursors to natural hazards

Mrs. Steinunn S. Jakobsdttir
Physics Department [celandic Meteorological Office IASPE]

The Geophysical Monitoring Section of the Icelandic Meteorological Office has the obligation to monitor
and - if possible - to forecast natural hazards such as earthquakes, volcanic eruptions and glacial floods
(jkulhlaup). Three types of networks are operated in real-time for this purpose: the SIL seismic network,
the ISGPS continuous GPS network and a volumetric strain network. The SIL seismic system was
designed in the Nordic SIL-project (1988-1995) as a tool for earthquake prediction research and
monitoring. Automatic earthquake locations and continuous GPS and strain time-series are available at:
http://hraun.vedur.is/ja/. An automatic alert system monitors changes in seismicity and sends reports
via SMS, e-mail and by audio messages to computers at the Office. In the EU projects PRENLAB 1&2
(1996-2000), SMSITES (2000-2003), RETINA (2002-2003), PREPARED (2003-2005) and FORESIGHT
(2004-2006) SIL seismic data, including two magnitude ~6.5 earthquakes in June 2000, was used for
earthquake prediction research. Different methods have been developed within these projects in order
to extract information from the data, focussing on highlighting possible precursors. These methods are
now being implemented in the monitoring system. A Spectral Amplitude Grouping (SAG) method from
the PREPARED project is running automatically, displaying the results through a web page. In the
SAFER projecta(2006-2008), a data-base of active faults will be made available for the daily operation,
making it possible to relate earthquakes to known faults in near real-time. Within FORESIGHT, real-time
corrections to volumetric strain data were made for earth tides and air pressure, and an automated
detector will soon be in use within the alert system. The presentation will summarize methods that are
already implemented or will be implemented in the near future and it will discuss some of the insights
gained from these approaches.

Keywords: monitoring, precursors
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On the potential of multi-temporal satellite records analysis for extreme
flooding events monitoring

Dr. Teodosio Lacava
IMAA CNR

Filomena Sannazzaro, Nicola Pergola, Valerio Tramutoli

In the past satellite remote sensing techniques have been widely used within the flood risk management
cycle. In particular, there have been many demonstrations of the operational use of satellite data for
detailed monitoring and mapping of floods and for post-flood damages assessment. When a real-time
monitoring is requested (e.g. in the emergency phase or for early warning purposes) to assist civil
protection activities, high temporal resolution satellites (mainly meteorological, with revisiting times
from hours to minutes) can play a strategic role. In this paper a new AVHRR technique for near real
time monitoring of flooded areas, based on the general Robust Satellite Techniques (RST) approach, is
presented. Its performances are evaluated, in comparison with other well known approaches, in the
case of the flood event which occurred in during April 2000 involving the Tisza and Timis Rivers. In fact,
compared with previously proposed techniques, the proposed approach: a) is completely automatic (i.e.
unsupervised with no need for operators intervention); b) improves flooded area detection capabilities
strongly reducing false alarms; c) automatically discriminates (without the need for ancillary
information) flooded areas from permanent water bodies. Moreover it is globally applicable and,
because of the complete independence on the specific satellite platform, easily exportable on different
satellite packages.

Keywords: flood, multi temporal analysis, optical data
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Monitoring soil wetness variations by a multi-temporal microwave satellite
records analysis

Dr. Teodosio Lacava
IMAA CNR

Elena Vita Di Leo, Nicola Pergola, Valerio Tramutoli

In the last few years, remote sensing observations have become an useful tool for providing
hydrological information, including the quantification of the main physical characteristics of the
catchments, such as topography and land use, and of their variables, like soil moisture or snow cover.
Moreover, satellite data have also been largely used in the framework of hydro-meteorological risk
assessment and mitigation. Recently, an innovative Soil Wetness Variation Index (SWVI) has been
proposed, using data acquired by the microwave radiometer AMSU (Advanced Microwave Sounding
Unit), flying aboard NOAA (National Oceanic and Atmospheric Administration) polar satellites. The
proposed index, developed by a multi-temporal analysis of AMSU records (RST - Robust Satellite
Techniques), seems able to reduce the problems related to vegetation and/or roughness effects. Such
an approach has been tested on the analysis of some flooding events which occurred in Europe in past
years. Results obtained up to now seem to confirm the reliability of the proposed approach verifying its
sensitivity in the identification of pre-precipitations soil conditions, particularly useful for warning system
purposes, as well as for monitoring space-time dynamic of the considered event. In this paper,
preliminary results obtained by the analysis of data related to the flooding event occurred in Europe
during summer 2003 are presented. The assessment of the reliability of such results have been made
comparing them with data acquired by AMSRE (Advanced Microwave Scanning Radiometer - Earth
Observing System), a more recent radiometer with spectral features better then AMSU in retrying soil
moisture.

Keywords: soil moisture, multi temporal analysis, microwave
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Early warnings of forest fires with MSG-SEVIRI data

Dr. Giuseppe Mazzeo
Dipartimento di Ingegneria e Fisica dellAmbiente Universit degli Studi della Basilicata

Carolina Filizzola, Francesco Marchese, Rossana Paciello, Nicola Pergola, Valerio
Tramutoli

A Robust Satellite Technique (RST) permits us to automatically identify anomalous space-time signal
transients related to actual hazardous events distinguishing them from signal occurrences of similar
intensity but originated by the natural space-time variability of land coverage and/or atmospheric
conditions.In this paper, the RST (Robust Satellite Technique) method has been successfully applied for
the monitoring of major natural and environmental risks, exploiting MSG-SEVIRI potential for forest fire
detection. The RST scheme is based on a multi-temporal analysis of co-located satellite records and on
an automatic change detection scheme. The index of local (in space and time) change, which is at the
basis of the classical RST approach, is here integrated with a differential index, computed by using RST
preion as well, which permits us to identify the very start of a forest fire event, exploiting the high
temporal repetition of the sensor. A possible real-time implementation of such a scheme will be
discussed, analysing its actual potential and its possible contribution to the development of a reliable
and efficient early warning system. Moreover, the exportability of this approach (already applied both to
polar e.g. NOAA/AVHRR- and geostationary data e.g. Meteosat 5, 7, GOES) guarantees its complete
applicability to other present or future sensor data.

Keywords: fire detection, multitemporal analysis, seviri




IUGG XXIV General Assembly July 2-13, 2007 Perugia, Italy

(S) - IASPEI - /nternational Association of Seismology and Physics of the Earth's
Interior

JSS003 Oral Presentation 1872

Robust Satellite Techniques (RST) for early warnings in security
applications

Dr. Carolina Filizzola
IMAA CNR

Rosita Corrado, Antonio De La Cruz, Rossana Paciello, Nicola Pergola, Valerio
Tramutoli

RST technique is based on a preliminary multi-temporal analysis performed on several years (variable in
dependence of the availability of homogeneous historical data-set) of satellite records, which is devoted
to characterize the signal (in terms of its expected value and variation range) for each pixel of the
satellite image to be processed. On this basis, anomalous signal patterns are identified by using a local
change detection index, named ALICE (Absolutely Local Index of Change of Environment). RST was
initially applied to the prevision and NRT (Near Real Time) monitoring of major natural and
environmental hazards: seismically active areas, volcanic activity, hydrological risk as well as forest fires
and oil spills are the main fields of RST application. In all cases, the technique demonstrated how
meteorological satellites, which presently offer the highest time repetition (from few hours to few
minutes), despite their low spatial resolution, can be used to timely detect events interesting small
portions (< 100m2) of Earth surface. In this paper, RST algorithm has been applied for security
applications like accidents or sabotages along pipeline networks, exploiting the high temporal resolution
of SEVIRI (Spinning Enhanced Visible and Infrared Imager) sensor aboard Meteosat Second Generation
(MSG) platform. In particular, SEVIRI MIR (Medium Infra Red) signal has been used in order to timely
identify hot spots due to pipeline accidents or sabotages, as a possible real-time implementation for an
early warning system.

Keywords: multitemporal analysis, seviri, security
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Tsunami Early Warning: the approach of NEAREST EU Project.

Dr. Nevio Zitellini
ISMAR Sede Bologna Consiglio Nazionale Ricerche IASPE]

Maria Ana Baptista, Juanjo Danobeitia, Wilfried Jokat, Paolo Favali, Hans Gerber,
Jose Morales, Fernando Carrilho, Azelarab El Mouraouah, Herculano Caetano

In the last decade a pool of European institutions has mapped the location of the potential tsunamigenic
sources in the Gulf of Cadiz (SW Portugal). These sources are mostly tectonic in origin, are located near
the SW Iberian continental margin and are confined and geometrically well constrained. The locations
knowledge of these tectonic structures allowed us to optimally position a Tsunami Early Warning System
(TEWS) Prototype based on the operation of an abyssal a multi-parameter seafloor observatory. This
station will be deployed during summer 2007 offshore Southwest Portugal on behalf the EU project
NEAREST (Integrated observations from Near Shore Sources of Tsunamis: towards an early warning
system).The TEWS methodological approach will be based on the cross-checking of time series acquired
on land by seismic networks and tide gauge stations and by a multi-parameter deep-sea platform, this
latter equipped with near real-time communications to an onshore warning centre. Land and sea data
will be integrated to be used in the prototype of TEWS. The proposed method can be extended to other
near-shore potential tsunamigenic sources, as for instance the Central Mediterranean ), Aegean Arc and
Marmara Sea.

Keywords: tsunami early warning system, multi parameter observatory, tsunami source
identification
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The potential for Earthquake Early Warning using ElarmS in Italy

Mr. Marco Olivieri
CNT, INGV INGV

Richard M. Allen, Gilead Wurman

The new INSN (Italian National Seismic Network) is a dense network of broadband stations deployed for
monitoring Italian seismicity. The network consists of 250 stations with a typical station spacing of ~40
km. Earthquake early warning is the rapid detection of an event in progress, assessment of the hazard it
poses, and transmission of a warning ahead of any significant ground motion. We explore the potential
for using the INSN real-time network for the purpose of earthquake early warning. We run the ElarmS
early warning methodology off-line using a data set of more than 200 events with magnitude between
2.5 and 6.0. A scaling relation for magnitude determination from the dominant period of the first
seconds of signal following the P-onset is developed from the dataset. The standard deviation in the
magnitude estimates using this approach is 0.4 magnitude units and all event magnitude estimates are
within 0.75 magnitude units of the true magnitude. Given the existing distribution of seismic stations it
takes an average of 10 sec after event initiation before the P-wave has been detected at 4 stations. If
we require a detection at 4 stations before issuing the first alert then the blind zone, within which no
warning would be available, has a radius of ~37 km. The ElarmS methodology can provide a warning
earlier than this but with a greater uncertainty. An assessment of past damaging earthquakes across
Italy shows that applying ElarmS with the existing seismic network could provide warning to population
centers in repeats of past events. For example, in a repeat of the 1980 Irpinia earthquake Naples could
receive ~15 sec warning. The variations in the size of the blind zone and warning times for different
regions can be used as a guide to selecting strategic locations for future station deployments.

Keywords: italy, eartquake, monitoring
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Rapid ground-shaking map computation for early-warning applications

Dr. Vincenzo Convertito
Osservatorio Vesuviano Istituto Nazionale di Geofisica e Vulcanologia IASPE]

De Matteis Raffaella, Zollo Aldo, Cantore Luciana, Iannaccone Giovanni

Rapid assessment of strong ground-shaking maps after a moderate-to-large earthquake is crucial to
identify most probable damaged areas. For rapid response, this is fundamental for directing first-aid
emergency rescues, for loss estimation and the planning of emergency actions. Ground-shaking maps
are computed by integrating and interpolating both recorded and predicted data. As a consequence, key
elements in computing ground-shaking maps are the tool used to predict selected ground motion
parameter (e.g., Pga, Pgv, Sa(T)) and the adopted gridding and interpolation techniques. These
elements are crucial particularly in the areas not covered by the seismic network. We propose a
procedure for rapid computation of ground-shaking maps for moderate-to-large earthquakes. The
procedure uses a new interpolation technique based on the triangulation of the region of interest by
selecting regional attenuation relationships for ground motion predictions. The proposed method allows
to account for earthquake specific effects, such as rupture extension, radiation pattern and directivity
integrating the recorded and estimated ground motion values. The method is tested off-line on a set of
earthquakes and the results are compared with those obtained by using the software ShakeMap. From
one side, the comparison is devoted to outline the main differences between the different interpolation
and gridding techniques. On the other hand, the same comparison allows to emphasize the use of
regional attenuation relationships particularly for low magnitude earthquakes.

Keywords: ground shaking map, attenuation relationships, near real time
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Tsunami early warning system in Thailand

Mrs. Sumalee Prachuab
Meteorologial Departmemt, Thailand Director Seismological Bureau IASPE]

The Indian Ocean Tsunami that occurred on 26 December 2004 was one of the greatest natural disaster
in the world. The destructive occurred in many countries in Asia around the Indian Ocean and as far as
the east coast of Africa . Total report of dead, among these countries more than 200,000. In , total
casualties in six provinces along the Andaman coast namely, Ranong, Phang-Nga, Phuket, Krabi, Trang
and Satun are approximately 5,395 dead with 8,457 injured and 2,932 still missing. The earthquake
occurred around 8 oclock (Local time) on Sunday and the first tsunami wave reach spent 2 hours
striking the Phuket Province . Wave period is found to vary from 5 to 15 minutes and wave heights vary
from 3 to 10 metres where Khao Luk in Phang-Nga Province was the highest tsunami wave and most
destructive in Thailand. Tsunami Early Warning (TEW) could reduce the lost of lives on December 2004
if TEW has established and functioned for the Indian Ocean . The basic required for TEW are very rapid
or real-time earthquake and sea-level evaluation, especially the first estimate of the magnitude, location
and depth of epicenter is needed immediatly. However, evacuation plans are necessary in order to save
human lives at location attacked by tsunami. Tsunami wave will hit different parts of coast line with
different strength and wave height. The effective plans with reliable inundation maps are required. In
order to produce such maps, a suitable wave model has to be adopted by using adequate Bathymetric
and topographic maps. In the TEW has been established under the National Disaster Warning Center
(NDWC) in May 2005. The NDWC acts as the center coordinating with other governmental agencies
concerned. In case of the big destructive disasters will occur and have to evacuate the people, NDWC
will make decision to announce the warning to people in effected areas. The Thai Meteorological
Department (TMD) is the organization responsible for monitoring, analyse and warning for all natural
hazards including earthquake information and Tsunami Warning to the public.

Keywords: tsunami, warning, bathymetric




IUGG XXIV General Assembly July 2-13, 2007 Perugia, Italy

(S) - IASPEI - /nternational Association of Seismology and Physics of the Earth's
Interior

JSS003 Poster presentation 1877

New Approaches to Coastal Zone Hazard Early Warning Systems

Prof. Evgeny Kontar
Experimental Methods Lab P.P.Shirshov Institute of Oceanology IAPSO

Coastal zone, shelf and continental slope are quickly becoming new major areas of industrial
technological development owing to growing population in coastal regions and vast natural resources
such as fish, oil, and gas available in these areas. Understanding risks of natural and human-made
coastal zone hazards contributes to strengthening the scientific and technological basis of a number of
industries including oil/gas production and transport. Traditional ways to evaluate risks of earthquakes
and tsunamis (e.g., through analyzing historic data) are often not comprehensive enough and may
result in lower estimates of the actual risks of these hazards, while a combined approach developed
recently at P.P.Shirshov Institute of Oceanology of the Russian Academy of Sciences provides more
accurate evaluations, which may affect significantly human research and industrial activities in the
coastal areas. We report here some new ideas, approaches and preliminary results in the development
of tsunami warning systems based on a complex monitoring system using the deep-ocean cable
installations and bottom observatories located in the vicinity of the oil and gas drilling platforms which
are cable connected to data processing centers. Operation of such systems is to be combined with
satellite survey as well as with scientific cruise investigations. Also we report here some results of the
EU project which was desined to disseminate information to scientific and industrial communities on
combined risks of submarine contaminated groundwater discharge, saltwater intrusion, coastal zone
earthquakes, landslides, and tsunamis. This information can be introduced targetting potential risk
groups, including local coastal zone authorities and the general public, to enhance general risk
awareness.

Keywords: early warning systems, hazards, coastal zone
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Early-Warning Mapping for cavities in abandoned subsurface mines

Dr. Vyacheslav Palchik
Geological and Environmental Sciences Ben-Gurion University of the Negev IASPE]

A surface landslide cased by collapse of abandoned subsurface mines is a problem in many parts of the
world. The landslides can cause damage to buildings on the overlying surface, hinder the economic use
of such territories, and sometimes result in loss human life. Cavities in the abandoned openings at a
depth up to 80 m in Donetsk city (Ukraine) are potentially dangerous from the point of view of
landslides and, therefore, earlywarning map of these cavities is needed. Unfortunately, there are no
reliable plans of the mining excavations and it is impossible to enter such openings. Empirical model
which relates to the physical characteristics of the overlying strata was proposed to predict the
existence of such cavities in abandoned underground workings at shallow depth. The model shows
combined influence of different rock layers and uniaxial compressive strength of the immediate roof
over underground openings on existence of the cavities in the openings. Large thicknesses of
sandstones in the rock mass or relatively high uniaxial compressive strength rock in the immediate roof
contribute to the existence of cavities in abandoned workings. On the other hand, sandstones of small
thickness, weak alluvium, argillites and sandy shales only give additional weight on immediate roof of
the opening and allow collapse of the rock mass. On this basis, early warning mapping for cavities in
abandoned subsurface mines defines locations of these cavities depending on rock strength,
thicknesses, alteration and types of rock layers, thickness of alluvium in overburden.

Keywords: mapping, cavities, landslide




IUGG XXIV General Assembly July 2-13, 2007 Perugia, Italy

(S) - IASPEI - /nternational Association of Seismology and Physics of the Earth's
Interior

JSS003 Poster presentation 1879

Millimetric ground movements from space radars: European Space
Agencys GMES TERRAFIRMA PROJECT

Dr. Chris Browitt
Geoscience Edinburgh University IASPE]

Alice Walker

In the early 2000s, following almost a decade of using differential interferograms to observe centimetric
ground movements, particularly for earthquakes, the Polytecnico Milano, and its spin-out company TRE,
pioneered a new processing approach which has yielded results at a millimetric scale. With around 30
radar scenes utilized, rather than two, a longer term, high precision view is obtainable, with widespread
applications. These range from deformation in earthquake and volcanic zones, ground vulnerability
mapping and landslide risk assessment, to geotechnical issues in relation to groundwater abstraction
and recharge, compressible soils, mines and engineered excavations. Differential subsidence observed
in alluvial flood plains can lead to improved flood risk assessments as is evident from the application of
this Persistent Scatterer INSAR technique in New Orleans. In order to build more awareness of this
potential, the European Space Agency has sponsored a project, entitled GMES Terrafirma, to capitalize
on its ERS1, ERS2 and ENVISAT data archives. Many city and landslide sites in Europe have already
been processed to reveal their ground movement histories for up to 14 years, and by the end of 2007 it
is intended that every European Union country will have at least one city, with satellite radar coverage
processed to reveal small ground movements of around 1 millimetre per year. That information will be
in the hands of national geoscience centres and engineers for expert interpretation utlilising their own
data and expertise. They, in turn, will engage with the relevant authorities in their countries to ensure
take up, and action on the hazards revealed which will be seen in great detail; in many cases, for the
first time. It is intended that these national cities will lead to national initiatives for further studies
across each country, and that the examples will be shared across borders to ensure that the community
of Europe benefits from the experience of its collective experts and from our European Space Agencys
investments in leading edge technology for practical purposes.

Keywords: deformation, radar, satellite
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An experimental model of data receiver for gravitational disturbance
research and earthquake prediction with 3 to 16 days forestalling

Prof. Nikolay Egorov
Faculty of Applied Mathematics and Control Process St.Petersburg State University

Valeriy Smirnov, Boris Bogdanovich

Gravitational field of the Earth is researched for more than 300 years. Nowadays reliable mathematical
models and data analysis methods are developed, which makes possible to solve various gravimetric
problems. Using advanced gravimetric methods we can analyze time-dependent changes of gravitational
force: changes caused by tidal effects and Earth's rotation; and caused by mass redistribution inside the
Earth. All gravitational disturbances may be divided into 2 groups: caused by effect of external (space)
objects, like the Sun, the Moon, etc.; caused by movement of tectonic masses in the Earth's crust and
mantle. The latter movements causes intense earthquakes. Modern experimental techniques of
gravitational disturbances recording are strictly limited both for disturbances of tectonic origin, and for
ones of space origin. Possible recording of local gravitational disturbances in different regions of the
Earth would make it possible to predict probable earthquake sources with some days forestalling, which
could save their lives for hundreds thousands of people. The developed data receiver for gravitational
disturbance recording is a dynamical electro-mechanical device, which provides the ability to determine
direction on the sourced of gravitational impact. The main element of the data receiver is a brass
gyroscope, operating in negative acceleration mode. In this rotation mode the gyroscope reacts on
change of the Sun (Moon) position relating the data receiver by change of period of revolution. As a
result the output signal is changed and may be recorded using a plotter. The sensitivity level depends
also on: angular velocity of rotation; length of deceleration pulse; direction angle to possible source of
gravitational impact. The data receiver shows high sensitivity level in recording small gravitational
impacts from space objects. It is possible to record also high disturbances caused by internal effects. In
principle, all tectonic movements may change gravitational potential of the Earth. Using map of the
Earth's crust breacs, we have carrried out an experiment of data receiver orientation on some of
tectonically active areas. We have registered several high gravitational impacts, with 400 to 500 ps
change of preiod of revolution. (In contrast, for space gravitational impacts, the change was about 75
to 200 ps.) The times of recording were correlated with information about earthquakes. In all cases the
signals were recorded with 3 to 10 (and more) days forestalling. E.g., for earthquake in Iran, 2 April
2006, the signal was recorded on 29 March 2006. Now an experimant is in progress, on scanning and
monitoring some seismologically active Earth's regions using the data receiver.

Keywords: gravitational, disturbance, earthquake
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Anisotropy of high-frequency geoacoustic emission at different stages of
seismic event preparation

Dr. Yury Marapulets
FEB RAS IKIR FEB RAS IASPET

Anatoly Kuptsov, Igor Larionov, Mihail Mischenko, Albert Sherbina, Valery
Gordienko

Research of anisotropy was carried out by vector-phase combined acoustic receiver installed in a natural
reservoir (Mikizha lake) in Kamchatka. It was determined that in the angle range of 10 - 60 degrees
there is a local area which generates the major quantity of geoacoustic signals. The intensity of signals
from this area increases iteratively in diurnal time interval before a seismic event under the influence of
growing deformation processes.

Keywords: geoacoustic emission, vector phase acoustic receive
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Development of structural features for earthquake early warning systems

Dr. Alvaro Antonyan
Armenian National Survey for Seismic Protection President of Armenian NSSP IASPE]

The territory of Armenia is wholly located at the one of the seismically most active regions of the world.
Destructive earthquakes dated back as far as the 6th Century BC. According to the data of the Armenian
historiography the following destructive earthquakes were known: Dvin (851-893, M6.5), Talin Arouch
(972, M6.5), Ararat (1319,1840,M7.5), Garni (1679,M7.0), Tsakhkadzor (1827, M6.5), Spitak (1988M
7.0). These earthquakes caused thousands of deaths and great economic losses in Armenia. Only during
the Spitak 1988 devastating earthquake more than 25,000 people lost their lives, 20,000 people were
injured, and 515,000 people were homeless. Most of the buildings and structures in all the cities and
villages of the Northern part of Armenia were almost completely destroyed. In present, the buildings
and structures in Armenia are designed for ground acceleration values of 0,1-0,2g, that correspond to
7-8 value by MSK-64 intensity scale according to seismic zonation map operating in the territory of
Armenia up to 1994. It is obvious that the expected value of seismic impact (0.4g) considerably exceeds
the designed values of accelerations of existing buildings and structures and the hazard of great
destruction of buildings and structures is evident in case of the possible strong earthquake in Armenia.
Development of Earthquake Early Warning Systems (EEWS), providing information about upcoming
destructive earthquake is getting essential. In this paper we have developed the new concept of EEWS
for Yerevan city. The new system will consist of the two components: 1.Current seismic hazard
assessment and early non-urgent warning (preparation phase): the current seismic regime is evaluated,
and in case of relevant hazard the warning will be submitted to the Government and related governance
bodies, and, if necessary, to public and communities; 2. Urgent warning (earthquake hit urban area and
rapid information is necessary): the principles of action of the urgent EEWS was developed on the base
of velocities difference between electromagnetic waves propagation and seismic waves. It was focused
on the solution of the following tasks: possibility and efficiency of EEWS creation, configuration of EEWS
and determination of necessary number of seismic stations, gain in time the warning in case of
upcoming strong earthquake and others. The first subsystem is dealing with the results of the current
seismic hazard which based on the monitoring data of the more than 40 seismological, geophysical and
geochemical, and hydrodynamic, and geodynamic parameters as well as on the sizes of anomaly and
their correlation with the seismic events, and testing. The appropriate software has been developed.
The structure of the second subsystem and the mechanism for obtaining the special seismic signal have
been developed.

Keywords: early warning
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Can the offshore pressure sensors contribute to early tsunami warning
system?

Dr. Hiroyuki Matsumoto
Deep Sea Research Department JAMSTEC IASPE]

Hitoshi Mikada, Kenichi Asakawa, Katsuyoshi Kawaguchi

Early tsunami warning system is necessary, in particular for those regions that have historically never
experienced devastating tsunami disasters, such as the 2004 Indian Ocean tsunami disaster. In Japan,
seven permanent offshore cabled observatories, in which bottom pressure sensors are included have
been operated by various research institutions and universities since 1970s. Two case studies of early
tsunami detection by the bottom pressure sensors are introduced together with demonstrating by the
tsunami computation; one is by the off Kii-peninula, Japan earthquake (M7.4) in 2004 and the other is
by the Kuril Islands earthquake (M8.3) in 2006. Water pressure fluctuations during the 2004 off Kii-
peninsua earthquake was successfully obtained by the offshore cabled observatory off Muroto, SW
Japan, approximately 200 km west of the earthquake epicenter, i.e, the tsunami source, and the
tsunami signals were processed from the acquired dataset after applying moving average filtering. As a
result, two pressure sensors could detect the tsunami signals 20 minutes before the first tsunami arrival
at Muroto, the nearest coast to the observatory. Tsunami amplitude observed by the pressure sensors
was less than 0.1 m, while that observed at the coast was 0.5 to 1 m. On the other hand, the tsunami
from the mega-thrust earthquake taken place off Kuril Islands on 15 November 2006 was also observed
by the other offshore cabled observatory off Kushiro, NE Japan, 800 km away from the epicenter.
Although most of the tsunami energy propagated toward off the Pacific Ocean, about one hour later,
the series of the tsunami signals was observed by three bottom pressure sensors. The tsunami
amplitude was approximately 5 cm, whereas that observed at the coast were a few tens of centimeters.
In case of the Kuril Islands earthquake, the tsunami could be detected 20 min earlier than that arrived
at the eastern tip of Japan. This means that the offshore observatory off Kushiro possibly become the
most rapid warning strategy against tsunamis generated along the Kuril trench. Our recent experiences
of tsunami observation suggest that the bottom pressure sensors make us possible to detect tsunami
itself in advance. From a viewpoint of early tsunami warning or forecasting, the bottom pressure
sensors would surely have a potential use for future regional tsunami disaster mitigation.

Keywords: tsunami, warning system, offshore observatory
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Storm surges/Wave Operational Ocean Model in KMA

Dr. Sung Hyup You
Marine Meteorology & Earthquake Research Lab. METRIKMA

Sangwook Park, Jang-Won Seo

The Korea Meteorological Administration (KMA) has operated numerical ocean wave prediction system
since 1992. Prior June 1999, the 1st generation wave model (DSA-5) was operated twice in daily over
the Northeast Asia region. With introduction of NEC SX5 supercomputer in 1999, the 3rd generation
wave model (WAM) was implemented with two wave prediction systems the ReWAM (Regional WAve
Model) and the GoWAM (Global WAve Model). At present, KMA (Korea Meteorological Administration)
has operated the wave model and storm surge model based on CRAY X1E system. The study shows
development and verification of operational ocean model and future plan of KMA. The operational storm
surge model (STOM : Storm surge/Tide Operational Model) area covers 115-150E, 20-52N based on
POM (Princeton Ocean Model) (Blumberg and Mellor, 1987) with 1/12 horizontal resolutions including
the Yellow Sea, East China Sea and the East Sea, marginal seas around Korea. From July, 2006 the
STOM have been applied to formal forecasting model in KMA. Sea surface wind and pressure from the
Regional Data Assimilation and Prediction System (RDAPS) is used for forcing input of storm surge
model. In this model, the level of storm surge calculated by the difference between tide level and sea
level change caused by meteorological effects. The newly developed operational wave model is
WAVEWATCH Il which is a third generation wave model developed by Tolman (1989). The Regional
WAVEWATCH Il (RWW3) covers the northwestern Pacific Ocean from 115 E to 150 E and from
20 N to 50 N similar to STOM. The horizontal grid intervals are 1/12 in both latitudinal and
longitudinal directions. The RWW3 is integrated from a state of rest and forced by the RDAPS wind
stress produced by KMA. From 2007, the RWW3 will be applied to formal forecasting model in KMA. The
Coastal WAVEWATCH 111 (CWW3) covers 6 coastal areas around Korea peninsular. The horizontal grid
intervals are 1/120 for each area. Under the renewal process of power computing packs at KMA on
the year 2005, the CRAY X1E system (14.5 Teraflops) replaced NEC SX5 (224 Gigaflops). Establishing of
newly devised ocean prediction system is underway in conjunction with high computing environment.
The main focus of new wave system lies in accommodating coastal wave/surge processes. The west
and the south coastal area of Korean peninsular is one of the challenging places in ocean modeling for
reasonable prediction of nearshore wave conditions and tides.

Keywords: stormsurges, wave, operationaloceanmodel
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Earlywarning system for risk mitigation due to the landslides triggered by
seismic activity

Dr. Dumitru Stanica
Electromagnetism and Lithosphere Dynamics Institute of Geodynamics of the Romarnian
Academy IAGA

Maria Stanica, Constantin Diacopolos

The goal of the paper is to present a specific electromagnetic monitoring system, to better understand
its efficiency for broad application in the landslide study and risk mitigation. The main objective was to
implement this complex system that may provide early-warning against the risk arising from landslides
(test sites) triggered by the earthquakes (EQs) occurred in the seismic active Vrancea zone (Romania).
The activities that have been accomplished consist of: (i) innovation in integrated geo-sensors structure
for network conditions; (ii) implement and continuous improvement of the real-time monitoring system
depending on the landslide test sites conditions; (iii) real time signals processing for pattern recognition
in pre disaster and at disaster circumstances; (iv) assessment and quantification of the geodynamic
precursory parameters related to the landslide phenomenon for risk mitigation; (v) provision of early-
warning against the risk arising from landslide process. Thus, the specific methodology and software
packages have been applied for obtaining, in real time, all the important electromagnetic parameters
and to point out their anomalous behaviour versus the specific pattern pre-established in non
geodynamic conditions. Additionally, by combining different data types and analysis techniques, and
also by merging electromagnetic parameters with geoelectric tomographic images and with low
frequency electric signals occurred prior the stress to reach a critical value, a compelling dynamical
paradigm, in which is emphasized a correlation between electromagnetic parameters and the
earthquakes magnitudes, was carried out. In consequence, by analyzing the data from the Provita de
Sus (test site), it was possible to assign the increase of the landslide activity related to the local fault
which has been reactivated by the EQs occurred in the Vrancea zone. In the end, this paper ilustrate
the stage of the system implementation and to what extent the results carried out in the test (Provita
de Sus) site may contribute on understanding such kind of phenomenon in order to provide the
information necessary for disaster mitigation.

Keywords: electromagnetic parameters, lanslide, early warning
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New seismic system for acquisition and analysis in Israel

Dr. Viadimir Pinsky
Sefsmology Geophysical Institute of Israel POB 182, Lod, Isra

Andrei Polozov, David Kadush, Veronic Avirav, Abraham Hofstetter,

For updated seismic monitoring and preparedness to future large earthquakes as well as for improved
waveform data exchange with other seismic systems in the world and for the progressive earthquake
related research Geophysical Institute of Israel (GIlI) now carries out modernization of Israel Seismic
Network (ISN) and the ISN acquisition system (ISNAS) in the frame of the contract between the GIl and
Nanometrics Co. The ISNAS is based on satellite and radio real-time communication and close-to-real
time automatic waveform analysis. The project consists of four stages: 1) Transformation of the trigger-
based acquisition to the continuous waveform recording; 2) Replacement of the part of the existing
stations to the new ones; 3) Changing of the seismic network configuration; 4) Modernization of the
existing software for processing the continuous data. The ISNAS structure comprises four networks: 1)
Site network (between data loggers and satellite transmitter); 2) Network between the stations and the
data center hub; 3) Data center acquisition network, including communication between the hub and the
servers and connection between the main and the backup center. 4) Analysis network internal GlI
network. The ISNAS includes several types of acquisition: radio-link, new satellite, broad-band frame
relay communications based on the SeedLink and Nags servers. The system includes new algorithms of
real-time detection, picking and location as a part of the JSTAR analysis system, developed in GlI.

Keywords: real time, satellite communication, seismic acquisition
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Real time sea level data transmission from tide gauges for tsunami
monitoring

Dr. Simon Holgate
Permanent Service for Mean Sea Level Proudman Oceanographic Laboratory IAPSO

Peter Foden, Jeff Pugh, Philip Woodworth

The Asian tsunami of December 2004 was the most devastating in modern history. Following this event,
the Intergovernmental Oceanographic Commission held a meeting under the auspices of the Global Sea
Level Observing System (GLOSS) where new recommendations were for made tide gauge installations.
GLOSS guidelines were amended so that new tide gauge installations which are part of the GLOSS
network include tsunami monitoring capability and transmit sea level data of suitably high frequency
and intervals (e.g. 1 minute sea level samples sent every 15 minutes). Here we present the
development and implementation of "tsunami enabled" tide gauges at Proudman Oceanographic
Laboratory, which allow real time data to be returned from almost anywhere on Earth. The system is
based around off the shelf components where possible. At it's centre is a low power, embedded Linux
platform, which performs the data logging and communications. The sensors used so far have been the
OTT Hydrometry Kalesto radar and PS1 pressure sensors which are queried over a serial interface.
Telemetry is through the Inmarsat Broadband Global Area Network (BGAN) system which allows a bi-
directional broadband connection over ethernet, permitting remote reconfiguration when required. Data
transmission is via SMS messages which contain 1 minute values from 3 sensors and are returned over
Inmarsat's private network every 5 minutes.

Keywords: tsunami, tide gauge, real time
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CUSCO base meridian for the study of geophysical data

Prof. Teodosio Chavez_campos
/aga no

Israel Chavez Sumarriva, Nadia Chavez Sumarriva, Liliana Sumarriva Bustinza

In order to have a better comprehension of the different phenomena occurring on the earth and the
management of a data base in real time, that is currently studied by the seven associations (IASPEI,
IAVCEI, IAPSO, IAHS, IAG, IAMAS and IAGA) of the International Union of Geodesy and Geophysics
(IUGG) and others. We propose that the Meridian of Cusco (72 W), would become a Base Meridian, the
same as the Greenwich Meridian. This is based in the entrance of the Vernal point to the Aquarius
Constellation, defining the vernal point as "a sensitive axis of maximum conductivity" as it is
demonstrated by the stability of the geomagnetic equator (inclination of the field is zero grades) in the
year 1939, calculated with the IGRF from the year 1900 up to the 2007 and it is confirmed with
tabulated data of the Magnetic Observatory of Huancayo (Peru). From that date until this year (2007)
the geomagnetic equator it is fluctuating between 12-14 South, on the other hand in the area of Brazil it
has advanced very quickly towards the north, and approximately 108 km. above the earth surface it is
located the equatorial electrojet, that is more intense during equinoxes in South America (Peru and
Bolivia).

Keywords: vernalpoint, equatorialelectrojet, geophysicaldata
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Toward an integrated early-warning system in Serbia

Dr. Peter Labak
Department of Seismology Geophysical Institute IASPE]

Slavica Radovanovic, Erik Bystricky, Andrej Cipciar

Serbia is located in the Balkan area - one of the most earthquake prone areas in Europe. However, up
to year 2004 real time data exchange and analysis had been missing in the country. The modernization
of Serbian seismic network achieved within the Slovak-Serbian project DIRECTE (2004-2005) allows to
collect and process earthquake data in real time.12 seismic stations on the territory of Serbia collect
data in real-time.The data center in Beograd uses real-time data from neighboring seismic networksand
performs real time localization of earthquakes in Serbia. The packages SeisComP and Autoloc (GFZ
Potsdam), Seisgram (A. Lomax),Seismic Handler (K. Stammpler) and archiving tool (GPlI SAS
Bratislava)are used for processing of earthquake data. Similarly as earthquakes, floodings are of interest
in significant part of Serbia.Therefore, a pilot project on real time monitoring of rain-falls is underway.
The goals of ongoing projects ShareDIRECTE and IMPART in the field of disseminationof real-time data
and their use for Civil protection purposes is presented.

Keywords: early warning, earthquakes, floodings
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Reliability of automatic location procedures in north - western Italy

Dr. Chiara Turino
Dip. Te.Ris. University of Genova IASPE]

Scafidi Davide, Morasca Paola, Ferretti Gabriele, Spallarossa Daniele

Reliable automatic procedure for locating earthquake in real or quasi-real time is strongly needed for
seismic warning system, earthquake preparedness and producing Shakemaps. The accuracy of
automatic location algorithm is influenced by several factors such as errors in picking seismic phases,
network geometry and velocity model uncertainties. The main purpose of this work is to investigate on
the performances of two automatic procedure for the real-time location of earthquakes in North -
Western Italy. The automatic-picking algorithm consists on a waveform pre-processing based on
adaptive band-pass filter, self-calibrated by a signal to noise analysis, and on a two-steps picking
procedure. Firstly, an initial pick of P and S phases is obtained with an algorithm based upon abrupt
changes in the ratio of a short term and long term running average of the signal (Allen, 1978). The
second step uses the re-picking program MannekenPix, to improve initial P-phase picking. The location
problem is then solved by both a standard location procedure (Hypoellipse) and a probabilistic, non
linear one based on the software NonLinLoc. The reference locations are determined by the Hypoellipse
code considering manually-revised data. The comparison is made on a dataset composed by more than
500 seismic events for the period 2000 - 2007, geographically selected from 43 N30' to 46N and from 6
E30' to 11E, with local magnitude greater than 2.0. The results point out the accuracy of the automatic-
phase picking of P phases while, regarding the S phases, the automatic procedure is able to recognize a
smaller number of arrival times than the manual one. Furthermore, the NonLinLoc software is proved to
be more efficient than the standard Hypoellipse code, leading to more accurate and reliable automatic
locations mainly when outliers (wrong picks) are present.

Keywords: automatic location, picking
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4D geoelectrical tomography as a tool for real-time landslide monitoring: a
test-bed in southern Italy

Dr. Colangelo Gerardo
Dipartimento Infrastrutture e Mobilit Direzione Generale

Aniello Vietro, Giuseppe Basile, Vincenzo Lapenna, Antonio Loperte, Angela
Perrone, Antonio Satriani, Luciano Telesca, Giovanni Calice, Nicola Pergola, Valerio
Tramutoli

A novel approach based on GRID technologies has been proposed to remotely control active and
passive geoelectrical sensors for obtaining in real-time high-resolution 4D tomographic electrical images
of landslide bodies. In the next future this technology could be applied and integrated in the
hydrogeological early warning systems. The prototype system has been implemented assembling
hardware components (multimeter, multichannel cables, electrical impolarizable probes, TDR sensors
and probes for soil and meteo-climatic parameter measurements) and developing new software routines
for geoelectrical data control and processing. The system allows to measure the self-potential voltage
differences between electrodes putted into the ground at different depth (0,2m 1,0m and 2,0m)
distributed along a profile with 45,0m length with 5.0m of spacing. Combining the SP data for the
different depth we produces a high resolution tomography image along a vertical section crossing the
profile representing the probability to find electrical point sources. Furthermore, the system can be used
for active geoelectrical measurements: electrical currents can be automatically injected into the ground
obtaining subsurface resistivity images of landslide body. Then, the integration of passive and active
geoelectrical measurements allows us to detect the time-dependent-changes of water content in vadose
zone and to evaluate the geometrical features of landslide body. The remote control of geoelectrical and
meteo-climatic sensors with GRID technologies was the key for obtaining in near-real-time electrical
tomographic images before, during and after strong rainfall precipitation periods and, consequently, to
analyse the complex dynamics of subsurface water infiltration processes. An advanced, javabased,
system of tools for remote management and control of the sensors is, in fact, able to automatically
change acquisition parameters (e.g. sampling frequency) of the in situ instrumentation on the base of
some triggering threshold of crucial measured meteorological parameter (e.g. rain rate). Finally, the first
results obtained during an experimental field test carried in Lucanian Apennine Chain (Southern Italy) in
collaboration with Regional Civil Protection is presented and discussed. The study area is located close
the Tito and Picerno villages and it was interested by diffuse and large surface deformation phenomena
after a strong rainfall and snow events occurred on March 2006.

Keywords: grid technologies, geoelectrical tomography, self potential signals
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Robust Satellites Techniques for oil spill detection and monitoring

Mr. Daniele Casciello
DIFA PHD

Pergola Nicola, Tramutoli Valerio, Lacava Teodosio

In last years, the environmental pollution of the sea due to technological hazards, as the oil spills, out-
coming from different sources (oil rigs releases, illegal vessels discharges, tanker accidents, etc.) still
continue. As stated in different conferences, there is an urgent need for improved management of the
sea and coastal zones in terms of monitoring and mitigation of technological hazards. Satellite remote
sensing could contribute in multiple ways, in particular for what concerns early warning and real-time
(or near real-time) monitoring. Several satellite techniques exist, mainly based on the use of SAR
(Synthetic Aperture Radar) technology, which are able to recognise, with sufficient accuracy, oil spills
discharged into the sea. Unfortunately, such methods cannot be profitably used for real-time detection
in whatever geographic area, because of the low observational frequency assured by present satellite
platforms carrying SAR sensors (which can offer observation frequency from few hours up to few
minutes at medium and low latitudes). On the other hand, the potential of optical sensors aboard
meteorological satellites, has not been yet fully exploited and no reliable techniques have been
developed until now for this purpose. A new satellite technique for oil spill detection and monitoring is
discussed in this paper. It is based on the general approach called RST (Robust Satellite Technique,
Tramutoli, 2005) which was already applied for monitoring other natural hazards related to volcanic
activity, earthquakes (Tramutoli, 2001), floods, forest fires (Tramutoli, 1998). Briefly, RST approach is
an automatic change-detection scheme that considers a satellite image as a space-time process,
described at each place (x, y) and time t, by the value of the satellite derived measurements V (x, y, t).
Generally speaking an Absolute Local Index of Change of the Environment (ALICE) is computed and this
index permits to identify signal anomalies, in the space-time domain, as deviations from a normal state
preliminarily defined, for each image pixel, (e.g. in terms of time average and standard deviation) on
the base only of satellite observations collected during several year in the past, in similar observational
conditions (same time of the day, same month of the year). By this way local (i.e. specific for the place
and the time of observation) instead than fixed thresholds are automatically set by RST which permit to
discriminate signal anomalies from those variations due to natural or observational condition variability.
Using AVHRR observations in the Thermal (TIR), the approach was applied to Kuwait and Saudi Arabia
oil spill event occurred in January 1991 during the Gulf War (Cross, 1992, Casciello et al., 2004), to the
Seky Baynunah event occurred in March 1994 (Tseng, 1995) and now applied for the San George
Argentina Uruguay event occurred in February 1997 (Liu et al., 2000). To reduce problems of TIR
fluctuations due to the meteorological and climatological conditions a Robust Estimator of TIR anomalies
(RETIRA) was implemented and used too. This estimator, was quite effective to reduce this kind of
problems, and also to enhance the anomalous signals on the sea due to the oil polluted areas with a
good detection capability and a good reliability too (up to 0% of false alarms) in different observational
conditions. Thanks to the high repetition rate offered by NOAA polar satellites, the proposed method
offers a first opportunity to plan high-frequency monitoring systems for oil spill at global scale. Although
these results need to be confirmed by further analyses on number of events and in different
observational conditions, this work surely encourages to continue the research in this field. Moreover,
the complete independence of the RST approach on the specific sensor and/or satellite system, will
ensure its full exportability on the new generation of Earth Observation satellite sensors which, thanks
to their improved capabilities, could actually guarantee timely, reliable and accurate information.
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Symposium

Non-instrumental seismometry - Quantification of past and future
earthquakes: balancing the geological, historical and contemporary strain
records

Convener : Dr. Gianluca Valensise

General scopes related to Symposia on Non-instrumental seismometry. During the past 20 years, the
seismic hazard assessment practice has increasingly relied on the quantification of past and future
seismicity based on non-instrumental disciplines such as active tectonics, paleoseismology, historical
seismology. Over the years, these diciplines have been turned from merely descriptive to progressively
more quantitative. Quantification involves not only significant parameters of the earthquake source for
recent and more distant earthquakes (e.g. fault location, fault length, coseismic slip, rupture
complexity), but also the rate of earthquake production and recurrence properties of a fault, the
development of segmentation models, the description of the geometric conditions leading to dynamic
triggering. The symposium intends to acknowledge the enormous progress achieved in this area of
seismology in recent years and particularly since the mid-1990s, emphasize their mutual relationships
and show how they integrate with conventional instrumental methods. Due to its long-standing tradition
in the analysis of the historical earthquake record and to its contribution to the development of
methodologies in earthquake geology, Italy qualifies as an especially appropriate country to take a
leading role in this symposium. This is the first of four related symposia: JSS004, JSS005, JSS006,
JSS007. Below the scopes of JSS004. One of the outstanding issues in modern seismic hazard
assessment practice is the comparison of the earthquake record with the geologic and geodetic
evidence for ongoing tectonic strain. The correct estimation of past earthquakes on the one hand and of
geologic and tectonic parameters on the other hand forms the basis for assessing the maximum credible
earthquake, the size of impending earthquakes, and the expected rate of earthquake production in any
given region. Significant over- or under-estimations of the earthquake potential may derive from such
diverse conditions as source complexity during historical earthquakes, poor assessment of fault size,
dynamic fault interaction, failed identification of active fault trends, and aseismic creep. This session
intends to draw on scientists from different lines of expertise who are willing to cross conventional
disciplinary boundaries and compare their approaches, results and residual uncertainties. We especially
welcome contributions from these areas, or contributions that combine them into unconventional
schemes: - quantification of the historical earthquake record; - quantification of the geologic record,
including field studies of cumulative tectonic strain and the development of fault segmentation schemes;
- partitioning of geodetically-derived strain onto individually identified or areal active tectonic structures.
Papers are expected to emphasize the impact of the proposed results or approaches in the improvement
of i) the understanding of the seismic cycle of major faults, and of ii) mid- to long-term seismic hazard
estimates.
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Re-evaluation of historical catalogues in the Indian Region.

Dr. Hari Narain Srivastava
SEISMOLOGY GLOBAL HYDROGEOLOGICALSOLUTIONS IASPE]

Historical earthquake catalogues in the Indian Region were generally based on the felt reports published
in the News Papers, writings of Courts and Historians, archaeological, and Paleo seismological
investigations. Many new damaging earthquakes ranging in seismic intensity from VIII to XII on MM
scale were added in the catalogue based on the above. However, closer examination of some of these
earthquakes has brought out discrepancies in the time, of occurrence and in some cases even their
location. During the early instrumental era, recent re-interpretation of the great Kangra earthquake of
1905 in western Himalaya based on limited seismological data has raised many questions, due to the
inference about two earthquakes one in Kangra and the other near Dehradun. Further look at the data
has reaffirmed the occurrence of only one earthquake of 1905 in Kangra. The other inferred earthquake
near Dehradun was only a consequence of site response called secondary meizoseismal area similar to
that observed during great earthquakes of Bihar Nepal (1934), Bhuj (2001) and Mexico (1985). The
historical earthquakes based on limited data often requires a more closer look which can be undertaken
only if old the seismograms are preserved for new researches. Microfilming of historical earthquakes
was initiated in India Meteorological Department. This was in accordance with the first phase of 1ASPEI.
Program on Historical seismograms and earthquakes. However, the slow methodology and problems in
their preservation has now led to the modern method of digital scanning of the record. New results
have been discussed based on historical data on Indian earthquakes.

Keywords: historical, earthquakes, india
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Modeling the tsunami-associated, magnitude=8.5, AD365 earthquake
sequence in the Eastern Mediterranean

Prof. Stathis Stiros
Civil Engineering Patras University, Greece IAG

Antonis Drakos

Different pieces of evidence (historical, archaeological, geomorphological, marine biological, radiocarbon
datings) provide evidence for a destructive tsunami, coastal uplift and subsidence and earthquake
devastation in various parts of the Eastern Mediterranean, especially the Nile Delta, Cyprus, Crete, Libya
and Sicily in the 4th c. AD. A systematic comparative analysis and evaluation of these data revealed that
all these effects can be assigned to a single seismic sequence in AD365, in agreement with ancient
reports for a universal earthquake of unprecedented scale. A least-constrained elastic dislocation
analysis revealed that the up to 9m uplift of western Crete can be associated with a reverse-fault
earthquake of minimum magnitude 8.5 cutting though to the sea-bottom SW of Crete, in broad
agreement with modern seismological evidence. Still, widespread damage in ancient buildings testifies
to short period, conspicuously nearly local seismic waves. Furthermore, while there is new evidence for
tsunami deposits in Crete, preliminary modeling makes difficult the faulting offshore SW Crete to
account for the reported extreme tsunami damage in the Nile Delta, commemorated for centuries as the
Day of Horror. We can therefore propose that the AD365 seismic sequence consisted of a number of
major shocks, offshore Crete, offshore and possibly between and Sicily.

Keywords: ad365 earthquake sequence, elastic dislocation, tsunami
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Active fault geometry and kinematics of NW Anatolia, new insights from
revision of active fault map of Turkey

Mr. Cengiz Yildirim
Geology MTA IASPE]

The revision of the Active Fault Map of Turkey has been caried out by the MTA and this study presents
the preliminary results of the project in NW Anatolia. NW Anatolia is a transition zone between the
Aegean extensional tectonic regime and the North Anatolian transform fault system (NAFS). The NAFS
turns into a broad deformation zone and bifurcates into two strands as the northern and the southern in
the Marmara region. Lateral motion of the Anatolian block is essentialy accommodated by the northern
strand in the Sea of Marmara. However, the southern strand is included in the NW Anatolian transition
zone as a major splay bifurcating from the master strand of the NAFS. The transition zone (NATZ) is
structurally delimited by the Sndrg-Sincanl fault and the Bergama-Zeytindag fault zones from the
Aegean graben system in the south. However, the eastern boundary of the zone is connected to the
Eskisehir and the Tuzgolu fault zones delimiting the eastern boundary of the Aegean extensional
regime. In this study, about forty active faults were mapped in detail and the active faults were
classifed into four sub-classes as earthquake rupture, active fault, potentially active fault and
neotectonic fault or lineament. The new data reveal that the active faults were localized along four
major bend systems concave to the south in the region, namely the Band rma-Biga, Manyas-Gonen,
Bursa and Bal kesir bends. The Band rma-Biga bend is connected to the westernmost tip of the southern
strand or splay of the NAFS. However, in the east the Bursa bend is connected to the Eskisehir fault
zone via the Dodurga fault. Both the eastern and the western flanks of the bends are controlled by right
lateral strike slip faults. However, the faults trending NE-SW are transpressional and those trending E-W
and NW-SE are transtensional just at the apex of the bends. This structural pattern accommodates a
counter-clockwise rotation of the sub-blocks delimited by the active faults. The Manyas-Gonen bend and
the Bursa bend are the best examples of the bend kinematics of the region. The Bursa fault of E-W and
NW-SE trends at the apex of the bend display normal dip-slip characteristics, however, the Uluabat fault
which is located immediately to the west of the bend is a reverse oblique right lateral strike slip fault.
The findings from this study are consistent with the seismologic and the GPS data. The overall geometry
of the bends are parallel to the Gediz graben and to the large bend of the NAFS in the Sea of Marmara.
Our data imply that bend geometry due to block rotations dominates the kinematics of active faults in
NW Anatolia. The active faults in the southern Marmara and the Biga peninsula are the Yenice-Gonen,
Manyas, Orhaneli, Ulubat and Bursa faults forming the Manyas-Gonen and the Bursa bends that can not
be directly connected with the NAFS. These two bends connect to inner west Anatolia instead of to the
NAFS. The geometry of the bends is controlled by the paleotectonic structures and the granitic plutons
as in the Bursa and Manyas-Gonen bends. The 1855 historical earthquakes originated on the reverse
strike slip Ulubat fault and then the normal dip-slip Bursa fault on the Bursa bend. In the 20th century,
a similar earthquake sequence occurred on the ManyasGonen bend during the 1953 Yenice- Gonen
(M:7.2) and the 1964 Manyas earthquakes. The Yenice-Gonen earthquake nucleated on the restraining
flank of the Manyas-Gonen bend, whereas the 1964 Manyas earthquake (M: 6.9) nucleated on the
releasing flank of the bend and occurred on a dip-slip oblique normal fault. Hence we suggest that the
earthquake sequences in the region primarily initiate on the restraining flanks and then propagate
toward the releasing flanks of the bends. Submission Information 1-JSS004 2- Non-instrumental
seismometry - Quantification of past and future earthquakes: balancing the geological, historical and
contemporary strain records 3-Active tectonic, Kinematic, NW-Anatolia 4-Cengiz YILDIRIM, MTA
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Deglacial earthquakes in Fennoscandia can be reconciled with stable-
craton-core earthquake rates

Dr. John Adams
Geological Survey of Canada Geological Survey of Canada IASPE]

It is believed that the weight of the Greenland and Antarctic ice sheets inhibits current earthquake
activity (Johnston's 1987 hypothesis), and that when the Scandinavian ice sheet melted the stored
strain energy was released in a burst of large earthquakes in immediate deglacial times. | test the
hypothesis that, allowing for this effect, the long-term seismicity rate in Sweden is substantially the
same as that of other Stable Craton Cores (SCCs). | tried to reconcile the per-unit-area rate of
magnitude > 6 earthquakes from a) the low contemporary seismicity rate in Sweden, b) the high
seismicity rate that occurred immediately following deglaciation, and c¢) the much lower rate from the
past 8000 years (both b and ¢ were taken from available paleoseismic catalogs) with the global SCC
rate. The reconciliation needs an assessment of the completeness of the information and some
additional assumptions. | conclude that the Swedish deglacial earthquakes appears to represent the
release of ~50,000 years strain accumulation at a typical stable craton seismic activity release rate. In
the long term, about 8 to 15 earthquakes of moment magnitude 6.0 or greater might be expected
within a 100-km radius of a site during a future 100,000 year period (the full uncertainty is much larger
than this best-estimate range). Past history indicates that much of this activity might be concentrated
into a relatively short time window in the more distant future, or alternatively the analysis places a limit
on the probability of a M>6 event in the near future.

Keywords: deglacial, earthquakes, sweden
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The Earthquake Cycle in the San Francisco Bay Area: 1600-2007

Dr. David Schwartz
IASPE/

Wiliam Lettis, James J. Lienkaemper, Suzanne Hecker, Keith Kelson, Thomas
Fumal, John Baldwin, Gordon Seitz, Tina Niemi

The San Francisco Bay Area lies within the Pacific-North American plate boundary. The historical record
of earthquakes in the Bay Area is considered complete at magnitude 5.5 back to 1850. The striking
contrast between the large number (29) of moderate magnitude earthquakes (M 5.6-6.4) from1850 to
1906 and their general absence between the M7.9 1906 San Francisco earthquake and the present day
is a fundamental observation leading to the concepts of the earthquake cycle, the acceleration of
regional seismicity prior to a great earthquake, and stress shadows. There is no accurate quantification
of either the number or magnitude of moderate events prior to 1850 for comparison. Paleoseismic
studies cannot easily identify moderate-size earthquakes, but they do extend the record of larger
surface-faulting events. Recent investigations of the regions major plate strike-slip faults now provide a
longer view of the Bay Area earthquake cycle. Preliminary paleoearthquake chronologies for the regions
major faults have been developed ; these have durations of 1000 to 3000 years. Although the
completeness of individual fault chronologies is variable, the paleoearthquake history across the entire
Bay Area fault system since 1600 is essentially complete. Evidence of surface faulting that is post-1600
and pre-1776 (founding of Mission Dolores) is found on the northern San Andreas (SAN), Santa Cruz
Mountains San Andreas (SAS), northern Hayward (NH), southern Hayward (SH), Rodgers Creek (RC),
northern Calaveras (NC), San Gregorio (SG), and Green Valley (GVY) faults. The timing of these, listed
in order of their mean radiocarbon age (with age-range uncertainties in parentheses), is: SH 1620
(1605-1645): SAS 1640 (1600-1670): GVY 1700 (1685-1776); NH 1705 (1670-1776); SG 1720 (1695-
1776); SH 1730 (1685-1776); RC 1740 (1690-1776); SAN 1750 (1720- 1776); and NC 1760 (1670-
1830). (Given dating uncertainties, the actual ordering of earthquakes may have been different). Offset
data, which reflect magnitude, are limited. However, measured point-specific slip (RC, 1.8-2.3m; SG,
3.5-5.0m; SAN 3.0m) and modeled average slip (SH, 1.9m) indicate large magnitude earthquakes on
these regional faults. Major observations of the Bay Area earthquake cycle are: 1) between 1600 and
1838 the San Andreas fault failed in a series of large earthquakes rather than as a single, multi-segment
1906-type rupture; 2) a regional cluster of large earthquakes occurred between 1670-1776 (and the
actual interval was likely shorter); 3) the estimated moment release of the cluster (irrespective of the
sequence of events) is comparable to the moment release of 1906; and 4) the cluster was followed by a
regional quiescence of large earthquakes (paleo stress shadow?), with only two (1838, 1868) until
1906. The Bay Area paleoseismic record has the potential to extend these types of observations through
multiple earthquake cycles.

Keywords: earthquake cycle, clustering, paleoseismology
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GPS Constraints on Seismic Hazards in Continental Intraplate Regions:
Eastern Canada Example

Dr. Stephane Mazzotti
Geological Survey of Canada Pacific Geoscience Centre IAG

Joseph Henton, John Adams

Compared to the long return periods, the historical and instrumental records of intraplate earthquakes
only provide a relatively short seismicity snapshot. In addition, the lack of a physical understanding of
what controls the earthquake distributions make seismic hazard assessments in continental intraplate
regions particularly challenging. Thus, hazard models are often a reflection of the earthquake records,
based on the assumption that the hazard is higher in the zones of (known) recent high activity. An
alternative model is to consider that the hazard is controlled by large-scale geological structures where
the seismicity migrates on a time scale of hundreds to thousands of years. Eastern Canada provides a
good test ground for this alternative hypothesis. Most of the seismicity is concentrated in patches along
the St. Lawrence and Ottawa valleys, which follow the late Precambrian lapetus rift and aulacogen
system. All known large earthquakes have occurred along this major paleo-tectonic structure. We use a
combination of continuous and campaign GPS data to try to map crustal strain rates in eastern and
discriminate between the two hazard models (historical vs. geological seismic zones). The GPS data
cover periods of 4-12 years with a spatial density of 100-200 km. To a first order, the horizontal velocity
field shows a systematic south-east motion of ~1 mm/yr, with respect to stable North America, which
decreases eastward and possibly reverts to a slight north-west motion in the far-field. The vertical GPS
velocities show a clear south-east tilt from ~8 mm/yr uplift near Hudson Bay to ~2 mm/yr in New
England. These velocity fields can be attributed to post-glacial rebound from the fading of late Holocene
Laurentide ice sheet. The GPS strain rate field is not as well defined and at the limit of resolution of the
existing dataset. However, preliminary results suggest that crustal strain may concentrate in the areas
of highest historical seismicity along the rift structure of the St. Lawrence valley. A direct strain seismic
moment relationship allows us to convert the GPS strain rate to earthquake recurrence statistics, which
in turn can be used to constrain the seismic hazard models. We discuss the impact of including the GPS
data on the hazard level through the various seismic and geological zones.

Keywords: gps, seismic strain, eastern canada
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The use of morphotectonic data to infer seimotectonic parameters of
normal faults in Crete, Greece

Prof. Riccardo Caputo
Dept. Earth Sciences University of Ferrara IASPEI

Monaco C., Tortorici L.

Morphotectonic features reveal recent seismic activity on normal faults on Crete allowing slip-rates,
palaeoearthquake magnitudes and earthquake recurrence intervals to be inferred. The investigated
faults show major escarpments (100s m high, 10s km long), separating uplifted Mesozoic rocks from
Quaternary deposits. During Holocene, slip-rates out-paced erosion/sedimentation rates and 5-15 m-
high fresh scarps formed at the base of the major escarpments. Based on our field observations and
following empirical relationships between magnitude, surface rupture length and maximum co-seismic
vertical displacement, it is possible to infer some of the principal seismotectonic parameters of the
investigated faults. Long-term slip-rates range between 0.5 and 1.3 mm/a, maximum expected
magnitudes between 6.3 and 6.6 (or 6.5-6.8, considering the worst case scenario), while mean
recurrence intervals range betweenca. 260and870 years. These geologically-inferred estimates are
comparable with those obtained by geodetic datathe historical and instrumental seismicity allowing to
improve seismic hazard estimates in Crete.

Keywords: nholocene, fault scarps, seismic hazard
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Assessing the completeness of an active fault database: the Italian case
history

Dr. Roberto Basili

Sara Scrivieri, Gianluca Valensise, Diss Working Group

For most applications a fault database is effective only to the extent that it ensures a certain level of
completeness, i.e. if all existing fault zones are captured and correctly described. For this reason, and in
addition to mapping the potential sources of individual large earthquakes, the new version of the Italian
Database of Individual Seismogenic Sources (DISS, v. 3.0.2: http://www.ingv.it/DISS/) describes the
countrys earthquake potential in terms of a new category of potential sources, the Seismogenic Areas.
These are narrow, elongated portions of the territory that are intended to represent the surface
projection of active and potentially seismogenic fault systems capable of earthquakes of M 5.5 and
larger. Seismogenic Areas were designed to combine the historical record with a number of lines of
geologic and tectonic evidence that are normally insufficient to determine the existence of potential
sources of individual earthquakes. For this reason Seismogenic Areas are described using the same
geometric and kinematic parameters as the standard sources, but are more loosely defined and are not
internally segmented. More importantly, they aim at a complete description of the earthquake potential
that may allow them to be used in new generation SHA schemes. How can the completeness of
Seismogenic Areas be tested? We subdivided Italy into eight zones that are believed to be relatively
homogeneous from the geodynamic point of view. For each zone we calculated two earthquake moment
rates, respectively from all 81 Seismogenic Areas and from over 300 historical earthquakes having M >
5.5 (http://emidius.mi.ingv.it/CPTI/) that fall within it. The results show that for six zones the moment
rate from Seismogenic Areas justifies the rate derived from seismicity: in one case it exceeds it, and in
the last case it underestimates it. This suggests that the Seismogenic Areas are already reasonably
complete, although at this stage we cannot exclude that large real uncertainties within a given zone
might compensate among them and simulate a good match. This and other limitations of the test
should be overcome when Seismogenic Areas will be tested against the strain rates derived for the
whole country using a finite-element geodynamic model currently in preparation (see Barba et al., this
session).

Keywords: seismogenesis, database
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Numerical modelling of strain rates in Italy

Dr. Salvatore Barba
Seismology and Tectonophisics Istituto Nazionale di Geofisica e Vulcanologia IASPE]

Carafa Michele Mc

Italy is earthquake country, but investigating active faults is difficult as many if not most of them are
hidden or positively blind. Geological strain rates in can be confidently assessed only in very few
seismogenic areas, and seismic hazard studies generally rely only on earthquake rates from catalogues.
GPS networks are still rather sparse and their resolving power is limited by the peculiar configuration of
the country. Our work attempts to bridge this knowledge gap by constructing a geodynamic model that
may be used to assess strain-rates in most of known fault zones and possibly to identify as yet unknown
seismogenic areas. We computed the strain-rate in integrating several datasets: seismic events, active
faults, GPS measurements, stress and strain indicators, and tectonic regime. Different ways to assess
strain rates have obvious advantages and disadvantages, due to the different spatial coverage of data,
different temporal scale, and probably different physical significance with respect to the future strain
rates. Using different classes of observations, we increase the spatial coverage of the separate datasets
and show the inconsistencies where the datasets overlap. Although we do not face how the different
observations relate to the future strain rate, being the physical relationships not yet clear, the
integration guarantees a more robust result than the datasets taken separately. By means of a trial-and-
error procedure, we build a series of 3D dynamical models of and surrounding regions, compute the
velocities, stress, and strain in the thin-shell approximation by using the finite element code SHELLS
(Bird, 1999, Computers & Geosciences, 25(4), 383-394), and compare the model predictions with the
available observations. We test many free parameters in acceptable ranges, including boundary
conditions, fault friction, rheology, etc., and study the models or family of models whose predictions
deviate less from the data. We build the structure of the models based on the most recent information
on the crustal structure, faults, and rheology. The range of boundary conditions and the ideas of basal
shear tractions are adopted from the literature. To compare the predictions with the observations, we
use regional published datasets and compute the deviation of each model with each dataset. Last, we
combine the single deviations assigning a weight to each dataset based on a possible estimate of the
signal that cannot be modelled by our approach. We find that our model predictions satisfactorily agree
with data (we do not reproduce 17-33% of tectonic regime observations, the predicted azimuth deviates
of 26-30 degrees, and the RMS of velocities is 1.2-1.4 mm/y). In the most active areas, we find a strain-
rate of 10-16-10-14 s-1, compatible with the estimates of other authors but with somewhat a different
pattern that accounts for the different datasets. Most importantly, we show that using only one class of
observations leads to very different results depending on the choice of the data, whereas our results
appear to be more robust.

Keywords: strain rates, italy, numerical models
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Where are all the young faults scarps in eastern Canada?

Dr. John Adams
Geological Survey of Canada Geological Survey of Canada IASPE]

Seismicity rates in eastern Canada (east of the Rockies) suggest a rate of 7 M>=4 (approximate
completeness threshold) per year and beta = 2.09. Thus we predict about 0.1 M>=6 events/year, each
of a size that had it occurred in the top of the crust should have produced a surface rupture. This rate
needs to be reduced by about a factor of ~10, viz ~5 to allow for distribution of events in depth
through the seismogenic crust and also ~2 to allow for underwater surface ruptures. For the past 100
years (when knowledge of M6 events is fairly complete) we should have had 0.1*100/10 = ~1 ruptures;
we know of just one: the 1989 Ungava surface rupture, though a few other earthquakes might have
undiscovered surface ruptures. Furthermore a rate of 0.01 p.a. suggests that in the circa 10,000 years
since eastern Canada was deglaciated, ~100+ surface ruptures should have been formed. Arguably we
know none, though some candidates are beginning to emerge, and evidence of earthquake shaking
events is accumulating. If the Canadian ice sheets had the same effect of suppressing the seismicity for
~50,000 years as in Fennoscandia, we should have had ~500+ deglacial M>=6 events occurring near
the ice margin of the day, i.e. 5 times more than the postglacial number. None have been confirmed as
yet. Excuses might be made for the Canadian craton, as behaving differently from the Scandinavian
craton due to the scale of its glaciation, or due to all the deglacial scarps forming under the ice and thus
rapidly destroyed (perhaps as in southern Sweden?). But the gap between the predicted and the known
remains profound.

Keywords: paleoseismic, fault scarp, canada
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Variation of slip velocity of repeating earthquakes and its dependence on
focal depths

Dr. Keisuke Ariyoshi
DONET (JAMSTEC) Seismological Sciety of Japan, AGU IASPE]

Toru Matsuzawa, Ryota Hino, Akira Hasegawa, Yoshiyuki Kaneda

We investigated depth dependence of the slip velocity of small repeating earthquakes using 3-D
numerical simulations of a subduction zone involving large and small asperities based on a rate- and
state-dependent friction law. Our results reveal that the postseismic slip of a large earthquake trigger
slow slip (with slip velocity lower than that of the spontaneous rupture of the small asperity) rupture of
the small asperity located at a depth of 45 km [Ariyoshi et al., 2007, GRL], whereas rapid slip (with
higher slip velocity) one at a depth of 5 km. Uchida et al. [2003, GRL] showed that the repeating
earthquakes in the NE Japan subduction zones occur constantly, conforming to the rate of the plate
convergence for the depth range of > ~40 km. On the other hand, the shallow (< ~10 km) focus
repeating earthquakes tend to be activated only for the postseismic period of large interplate
earthquakes and cumulative slip estimated by them is less than that expected from the plate
convergence rate. Considering that frictional instability of asperities in shallower part is less than those
deeper due to low effective normal stress, most of the observed shallow repeating earthquakes may be
rapid slip events triggered by the postseismic slip of the neighboring large asperities, and the
corresponding small asperities give rise to (aseismic) slow slip events otherwise.

Keywords: effective normal stress, repeating earthquake, rate and state dependent law
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GPS-geodetic monitoring of the South West Seismic Zone (SWSZ) of
western Australia: progress after two observation epochs in 2002 and
2006

Dr. Mark Leonard
Geoscience Australla Geohazards IASPE/

The Australian south-west seismic zone (SWSZ) is a northwest-southeast-trending belt of intra-plate
earthquake activity that occurs in the southwest of Western Australia, bounded by 30.5S to 32.5S and
115.5E to 118E. This is one of the most seismically active areas in , with nine earthquakes over
magnitude 5.0 that have occurred in the SWSZ between 1968 and 2002, the largest of these was the
M6.8 Meckering earthquake in 1968. Since the SWSZ lies as close as ~150 km from the ~1.4 million
population of the Perth region, it poses a distinct seismic hazard. However, little is currently known
about the magnitude and orientation of this deformation, and whether there is any associated ongoing
surface expression. It is also not known how this intra-plate activity compares with that observed
elsewhere in or elsewhere on Earth. Earthquake activity recorded by Geoscience over the past four
decades suggests that the SWSZ could be deforming with strain rates between 10-9 /yr and 10-8 /yr, or
with displacements between 0.1 mm/yr and 1 mm/yr across the 200km width of the currently active
SWSZ. This estimate is derived by applying the Kostrov formula for a moment release of 3.3x1019 Nm
in the 34 years from 1968 to 2002. Early geodetic studies of the SWSZ that used both terrestrial and
Global Positioning System (GPS) techniques were inconclusive, due mainly to the imprecision of the
technologies used in relation to the likely small amount of any surface deformation. Therefore, in 2002 a
new 48-point campaign-reoccupation GPS network was established across the SWSZ to attempt to
detect surface deformation, using ground-level forced-centred monuments. The first two observational
epochs were in May 2002 and May 2006. In both surveys, the dual-frequency carrier-phase GPS data
were collected continuously at each monitoring point over a 5-7 day observation period. For the both
campaigns, after excluding outlying sites (due to equipment malfunctioning), the estimated internal
horizontal precision was 1.0 mm; the vertical precision was generally better than 4 mm. Comparison of
these two repeat surveys shows that strain rates in the order of 10-9 /yr can, in principle, ultimately be
resolved if the deformation across the SWSZ occurs uniformly, but that the four-year time interval
between the existing two surveys is at present not adequate to detect deformation with confidence
given the noise in the estimated coordinates at each epoch. Further repeat surveys after, say, eight and
12 years should begin to reveal any observable deformation significantly in excess of this observational
error. These preliminary results suggest that the higher range of estimated of strain rates (10-8 /yr) is
unlikely.

Keywords: gps, strain rate, earthquake
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Non-instrumental seismometry - Global and regional parameters of
paleoseismology; implications for fault scaling and future earthquake
hazard

Convener : Dr. David Schwartz, Mrs. Suzanne Hecker, Dr. Gianluca Valensise, Dr. Kelvin
Berryman
Co-Convener : Dr. Paolo Marco De Martini, Dr. Eullia Masana, Dr. Daniela Pantosti

For the General scopes see introduction to symposium JSS004. This session deals mainly with the
integration of earthquake and fault rupture parameters across the seismological/geological/geophysical
boundaries exploring the difference in scaling between large and small earthquakes. Another interesting
aspect we would like to discuss concerns the evidence for linear or nonlinear relationship between
average displacement and fault length for large dip-slip and strike-slip earthquakes. These have been
the topic of considerable debate in the last years and we hope that the contributions to the session will
advance our knowledge at both global and regional scales. The session includes, but is not restricted to,
the following topics: - relationships between paleoseismological parameters (surface rupture length and
average surface displacement) and earthquake magnitude estimates; - comparison of
paleoseismological parameters obtained from the pre-instrumental epoch as against modern
earthquakes studies; - comparison of source parameters obtained by different methodologies (geodesy,
geology, seismology and geophysics). We particularly welcome contributions based on results from
fieldwork, high-resolution geophysical measurements, remote sensing studies and analogue models. We
also encourage presentations dealing with problems of under- or over-estimation of earthquake
magnitude resulting from spatial variability of slip and scarp degradation processes at the surface.
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Empirical relations among magnitude and rupture characteristics, through
mechanical modeling of interacting faults and fault patches

Mr. Olaf Zielke
SESE ASU

Ramon J Arrowsmith

Determining the magnitude of paleo-earthquakes is as difficult as it is important. These data are crucial
components to assess seismic hazard: knowing the slip and date of the last major earthquake that
occurred on a specific fault, the derived long-term slip-rate can be used to estimate the timing of the
next large event assuming that they are time predictable. Furthermore, long-term slip-rates define the
slip-distribution within a fault system constraining the regional stress field a crucial component to run
increasingly realistic fault models. Such models may characterize the seismic hazard at fault system
level by incorporating processes such as fault interaction In order to determine paleo-magnitudes,
earthquake-related geomorphic features such as rupture length, average surface displacement, or
maximum surface displacement are utilized, assuming that an earthquake of a specific size will cause
surface features of correlated size. The well known Wells & Coppersmith (1994) paper defined empirical
relationships between these and other parameters, based on events with known magnitudes and
rupture characteristics. However, because their study depended on a limited number of observed
events, the uncertainties on their correlations are rather large, coefficients ranging from 0.71 to 0.95. In
addition, they were only able to differentiate between the three general fault types (strike, normal,
reverse). Therefore, the effect of oblique slip on rupture characteristics was not addressed affecting the
derived relationships. We have developed a boundary element model, based on derivations by Okada
(1992) that simulates faulting and fault interaction of any number of arbitrarily oriented, located, and
loaded faults. For the study presented here, we simulate faulting along a single fault divided into a large
number of (—~5000) elements and utilize a simple Coulomb static/dynamic friction law to create synthetic
seismic catalogs: Each time step the faults are tectonically loaded. When the stress on an element
exceeds its static frictional strength, it starts to slip, corresponding to the stress drop to its dynamical
frictional strength. Due to a fault interaction algorithm, this may cause other elements to fail as well,
cascading into events of all sizes, populating the synthetic seismic catalog. This catalog will be used to
develop a new set of more complete magnitude vs. rupture characteristics plots in the sense of Wells &
Coppersmith (1994). Several enhancements justify this approach: A) We can use seismic catalog of any
length. B) Our catalog will be not limited to large, rare, surface rupturing earthquakes but contain the
full spectrum of possible magnitudes. C) The uncertainty in the correlations will be small, providing a
more realistic assessment of variability. D) How different parameters such as oblique slip, fault
sinuosity, or fault roughness affect the magnitude vs. rupture characteristics relationships can be
explored. In addition to a full exploration of relevant parameters from Wells & Coppersmith, we will also
study system level properties such as fault sinuosity, fragmentation, slip obliquity, etc. Since these are
parameters that can be constrained in the field, our experiment will help paleo-seismologist to interpret
their findings in a more complete way that treats faults not as individual, isolated entities but as part of
a system of interacting structures.

Keywords: mechanical modeling, interaction, synthetic seismicity
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A 48-KYR-long slip rate history along the Jordan Valley segment of the
Dead Sea fault

Prof. Mustapha Meghraoui
IASPEI IASPEI IASPE]

The 110-km-long fault rupture of the Jordan Valley section of the Dead Sea fault exhibits significant late
Quaternary active deformation. We document systematically offset drainage over three regions along
the active fault trace. The mostly dendritic drainage is formed by gully incisions and river streams
carving into the soft Lisan lacustrine sediments and may be arranged into six distinct generations, as a
function of their depth. Considering incisions underwent similar erosion/deposition processes, depth
reflects age and incisions may consequently be sorted chronologically. Besides, from the history of past
lake level fluctuations and intense rainfall episodes, we identify six climatic events likely to have
triggered the onset of gully incisions. In addition, we measured lateral offsets affecting the drainage
from the analysis of aerial photographs and filed control points. Combined observations yield an
accurate dating fro the onset of incisions and thus, for the maximum age of cumulative displacements
they recorded. The deduced slip rate displays a long-term average value of 5 mm/yr, in good
agreement with geodetic measurements. A detailed analysis reveals strong variations over short time
spans with a threefold increase from 3.5 mm/yr to 11 mm/yr during a 2000-yr-long period. This original
behavior is interpreted as a result from alternating periods of quiescence and increased seismic activity
(clustering). Considering the last large earthquake in the Jordan Valley occurred in AD 1033, the fault
may have accumulated 3.5 m to 5 m of slip deficit. This pleads for a Mw 7.4+ earthquake yet to be
released along the Jordan Valley fault segment.

Keywords: faulting, earthquake, offset
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Paleoearthquake surface rupture in a transition zone from strike-slip to
oblique-normal faulting

Dr. Vasiliki Mouslopoulou
School of Geological Sciences University College Dublin

A. Nicol, T. A. Little, J. G. Begg

Landforms displaced by the North Island Fault System (in New Zealand) over the last c. 30 kyr indicate
a gradual northward change from right-lateral strike-slip to oblique-normal faulting (c. 60 in the slip
vector pitch) near its intersection with the Taupo Rift. We analyse fault data from 20 trenches and
displacements along active traces to explore whether changes in late Quaternary fault slip vectors
principally arise due to earthquake rupture arrest in the transition zone and/or to variations in slip
vector pitch during individual earthquakes that span the transition zone. Results show that earthquake
rupture arrest occurs along the strike of the North Island Fault System with, at least 80% of all events
during the last 10-13 kyr terminating across the zone of late Quaternary (c. 30 kyr) kinematic transition
from strike-slip to oblique-normal slip. The strike of the faults across the kinematic transition is
unchanged, and we suggest that rupture was arrested there due to a 20-30 northward shallowing of the
fault-dip across this zone. Rupture arrest decreases earthquake lengths and magnitudes which, when
combined with recurrence intervals from trenching, locally decreases the seismic hazard in the region of
the faults. Rupture arrest alone cannot account for the observed change in slip vectors and some
northward steepening of slip vectors during individual earthquakes is required. Changes in coseismic slip
vectors may arise due to the northward decrease in fault-dip and associated steepening of the principal
compressive stress axis (1) which, in turn, is due to fault interactions between the North Island Fault
System and the adjacent active Taupo Rift.

Keywords: earthquakeslip vectors, fault segmentation, fault trench
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Scaling of paleoseismological parameters of 550 behavioral segments in
Japan

Dr. Toshikazu Yoshioka
Active Fault Research Center Geological Survey of Japan, AIST IASPE]

Yasuo Awata, Yuichiro Fusejima, Fujika Miyamoto

Active faults in Japan are segmented into about 550 behavioral segments based on geometry of fault
strand separated by discontinuities of larger than about 2 km and bends, timing of paleo-faulting and
slip-rate. 550 behavioral segments consist of about 290 reverse faults, 40 normal faults and 220 strike-
slip faults. The maximum value in length among all behavioral segments is 66 kilometers and the
average value in length is about 20 kilometers. We gather paleoseismological data to construct the
active fault database in Japan, and evaluate paleoseismological fault parameters of each behavioral
segment, such as the fault length, the dip and strike, the long-term slip rate, the displacement-per-
earthquake, the recurrence interval, and the elapsed time after the last faulting. To evaluate these
parameters, we use observed field data (mid-range value if they have some uncertainty) after the data
source references. In case there is no field data on the behavioral segment, we adopted the values
calculated from other parameters. We examined the relationships between these paleoseismological
parameters of the behavioral segments of active faults in Japan. In 65 behavioral segments, the
displacement-per-earthquake (D; net slip, most frequency-occurring value) was estimated from field
data. There is a good correlation between the lengths of behavioral segments (L) and D. The values of
D of the reverse faults are slightly higher than the values of the strike-slip faults. The average ratio
between D (m) and L (km) is about 0.15 in the reverse faults except for the Ichinose and Iriyamase
segments, and 0.12 in the strike-slip faults. The relationship between D and the long-term slip rate (S)
is also obvious. Behavioral segments with higher S tend to have higher values of D in over 1.0 mm/yr in
S. However, the values of D are almost flat in less than 1.0 mm/yr in S.

Keywords: fault, segment, parameter
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The role of complex step-over geometry on the 1939 earthquake rupture
propagation in the Niksar Region, North Anatolian fault system

Dr. Omer Emre
Geology Dept General Directorate of Mineral Research and Explor IASPE]

The 1939 Erzincan earthquake (M: 7.9) is the largest event in a sequence of earthquake in 20th century
along the North Anatolian Fault System (NAFS) produced a 360 km-long surface rupture. The event
nucleated in the eastern end of the rupture and unilaterally propagated toward to west. The rupture
extended along the master strand of the NAFS between Erzincan and Niksar basins. However, a part of
65 km-long western portion of the rupture directed towards on the Ezinepazar splay. Three years later,
the 1942 earthquake (M: 6.9) occurred on Erbaa-Niksar fault on the master strand. It produced a 47
km-long surface rupture. We performed detail mapping on fault and step-over geometry to discuss fault
interaction in the both events. In the region, the master strand of NAFS consists of Resadiye segment
and Erbaa-Niksar fault. However, Karayaka reverse fault and strike-slip Esencay and Ezinepazar faults
are major splays. Niksar pull-apart basin located on the main strand which has an 11 km width and
separates the eastern and the central NAFS. The basin characterized by serial normal fault on the both
margins. The Erbaa-Niksar fault divides into two main geometric sections by a 12 km-long restraining
step-over which is characterized with reverse fault zone and push-up structure. The length of the
Esencay fault is 70 km. It is also divided into two sections by a restraining step-over which is 7.5 km-
long and 1.5 km width. Eastern section of the fault includes a serial subsection in left stepping.
Ezinepazar fault that included in the 1939 rupture as the western tip segment runs into Anatolian
micro-plate. A local releasing step-over separates Resadiye and Ezinepazar segment. Although
displacements were 3.5-4.0 m along Resadiye segment east of Niksar basin, the amount of the
maximum displacement was about 2 m on the Ezinepazar segment of the 1939 rupture. Hence, the
amount of lateral slip abruptly decreased on the Ezinepazar segment. However, the data indicated that
a 26 km eastern section of the Erbaa-Niksar fault and normal faults on the both margin of Niksar
releasing step-over ruptured during the both 1939 and 1942 events. Surface faulting of the 1939 event
terminated at the restraining step-over on the Erbaa-Niksar fault. However, the surface faulting of 1942
event covered entire fault including the 26 km-long eastern section. On the other hand, there is no data
for surface faulting on an 18 km-long the eastern section of the Esencay fault. We concluded that
structural complexity in the region played a significant role on the deviating of the 1939 rupture from
the master strand to the Ezinepazar splay. This study reveals that not only Niksar releasing step-over
but also two large restraining step-over on the Niksar-Erbaa and Esencay faults were other barriers to
the rupture propagation of the 1939 event on the master strand and surface faulting jumped to
Ezinepazar splay. We also suggest that Karayaka and Esenay faults did not ruptured during the
earthquake sequence of 20th century along the NAFS should be taken into consideration as the most
important source faults for the seismic hazard assessment of the region.

Keywords: stepover, 1939 rupture, nafs
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Magnitude distribution of linear morphogenic earthquakes in the
Mediterranean Region: insights from palaeoseismological and historical
data

Prof. Riccardo Caputo
Dept. Earth Sciences University of Ferrara IASPE]

Mucciarelli M., Pavlides S.

We analyse the earthquake magnitude distribution of 'linear morphogenic earthquakes' that reactivated
dip-slip normal faults within the Mediterranean Region. Information on past events is obtained following
two distinct methodological approaches: the geological one (morphotectonic investigations coupled with
palaeoseismological excavations) and the historical one (contemporaneous surveys of coseismic
ruptures). In order to homogenise the different datasets, and therefore enabling a comparison, we
calculated moment magnitudes (Mw) starting from seismic moments (MO) estimates. The cumulative
distributions thus obtained for the two datasets show similarities and differences. To interpret these
differences, we generate random datasets reproducing the distribution of the real data, based on the
log-normal distributions of the coseismic vertical displacement and the rupture length. The analysis of
larger synthetic catalogues suggests that coseismic displacements are systematically underestimated for
moderate-to-strong palaeoseismologically-observed events (5.0-6.5), while the opposite occurs for very
strong (>6.7) historically-observed past earthquakes. The possible causes and consequences for seismic
hazard analyses are also discussed.

Keywords: seismotectonic, holocene, seismic hazard
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Maximum Fault Displacements in Extensional Regimes: a Geologic
Perspective

Mrs. Suzanne Hecker
Earthquake Hazards U.S. Geological Survey

Timothy E. Dawson, David P. Schwartz

The characterization of ground motions at very low probabilities of exceedance is important for long-
lived critical facilities. As part of an interdisciplinary effort to evaluate the possibility of extreme ground
motions at the proposed high-level nuclear waste repository at Yucca Mountain, Nevada (Basin and
Range Province, USA), we are addressing the issue of earthquake-source capability. Our approach is to
inventory maximum (or largest observed) historical and paleoseismic displacements on normal faults
both regionally and globally. To date, we have identified in the literature earthquake displacements for
144 faults or fault sections in regions of Cordilleran extension in the interior western United States,
including data from seven historical surface ruptures. Most prehistoric ruptures have been studied at
only one or two locations and, consequently, the relation of observed to maximum displacement is
uncertain. However, site-selection practices and preferential preservation of large scarps favor sampling
of above-average displacements. We have found that, with a few potential exceptions, normal faults in
the western United States have produced net coseismic vertical displacements no larger than about 6 m
at a point. We note that the largest historical displacement (5.8 m in the 1915 Pleasant Valley, Nevada,
earthquake) is essentially as large as any identified in the prehistoric record. Interestingly, faults with
large maximum displacements (> 4 m) are twice as common (normalized to total number of faults) in
the Rocky Mountains region, beyond the margin of classic Basin and Range physiography, than in the
rest of the extensional province. Normal faulting in much of the Rocky Mountains is localized along, and
has perhaps reactivated, parts of preexisting thrust faults. We speculate that the youthful, immature
nature of most faults in this relatively unextended region promotes higher static-stress drops.

Keywords: paleoseismology
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Scaling Relations of Segmented Strike-slip Surface Ruptures

Mr. Yasuo Awata
Active Fault Research Cente Geological Survey of Japan, AIST IASPE]

Most of long surface ruptures composed of more than one segment and many of large earthquakes are
multiple-rupture events. To understand and model the static earthquake source parameter, 16 strike-
slip surface ruptures with lengths of 13-180km and maximum displacement up to 11.5m were
segmented based mainly on geometry of fault strand and slip distribution, and supplementary on
paleoseismicity and seismic rupture process. Then, the scaling relation of sizes of segmented surface
rupture is analyzed. A surface rupture is composed of one to five segments with length of several to 48
km, and the number of segments (Ns) is lineally proportional with the total rupture length (Lt). A
segment consists of a straight main section where displacement is large and continuous, and tail
sections at both ends where displacement suddenly decreases and dies out. The size of tail section is
proportional to the length of the segment. A segment is further divided into smaller segments by
indistinct jogs and changes in slip distribution. These geometric similarity and nested array of smaller
segments suggest the hierarchical self-similarity of fault structure. The maximum displacement of a
segment (Dsm) is lineally proportional to the length of the segment (Ls), and the scaling relations is
Dsm (m) = 0.17 Ls (km). This relation suggests that the stress drop on individual segment is almost
constant. In addition, the equation estimates that the world largest displacements of strike-slip surface
rupture; ca.12-13 m occurred on a segment shorter than about 100 km? These scaling relations of
segment can depicts the relations among Mo, Lt and W (fault width), which have been discussed since
1980s. The linear proportions between Dsm and Ls, and number of segments and Lt are consistent with
the well-known scaling relations; Mo is proportional to L**2 for W<L<10W, and L for L>10W. The
saturation of fault displacement in case of very-long surface rupture can be explained by the upper limit
of segment size, which is probably governed by the thickness of seismogenic layer of the crust.

Keywords: fault segmentation, surface rupture, scaling relation
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Empirical and Theoretical Fault Scaling Relations

Dr. Mark Leonard
Geoscience Australla Geohazards IASPE/

It has been widely observered that the rupture area of small earthquakes (Mo10~21Nm or M>8) have
aspect ratios >4.To account for this | suggest that all earthquakes where the aspect ratio is between
land 5 follow the power law relation W~LP (where W=width, L=length). This relation, with P=0.67
(0.6-0.7), applies to both dip slip and strike slip interplate earthquakes and intraplate earthquakes.
Combining this relation with Mo=pDWL (where D= average displacement) gives a series of theoretical
moment-area (log Mo ~ C1 log A ) and moment-length (log Mo ~ C2 log L) relations which depend only
on the relationship between D and L. Relations were developed for four displacement models: (1)
D~W=LAP, (2) D~VA=L~N(1+P)/2, (3) D~L, and (4) D~L~(2-P). Model 1 has constant stress drop,
model 2 preserves the C1=3/2 relation and model 4 preserves the C2 =3 relation. By combining
published data sets (e.g.Wells and Coppersmith (1994), Henry and Das (2001) and Romanowicz and
Ruff (2002)) the relative merit of each of these relations is estimated by testing how well C1 and C2 fit
the data. For interplate dip-slip earthquakes the preferred P is 0.67 for fault lengths ranging from 4 km
to 1000 km and for intraplate dip-slip earthquake faults with length ranging from 2 to 40km.Similarly P
= 0.67 for interplate strike-slip earthquakes for fault lengths ranging from 4 to 40km (above which they
become width limited) The log Mo~log L and Mo~log A data are consistent with models 1 & 2 but not
with 3 & 4. The closest fitting model is 1, with C1 = 1.4 & C2 = 2.33, followed closely by 2, with C1=1.5
& C2=2.5. WC94 found C1=1.47(0.045) & C2=2.23(0.06). These theoretically and empirically consistent
models have application to hazard and paleoseismic studies, rupture and ground motion modelling, and
may have application for estimating maximum credible earthquakes in dip-slip tectonics.

Keywords: scaling, relations, faults
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Seismic characterization of the Vilaria Fault in NE Portugal: Comparison
between a segmentation model and paleoseismology

Dr. Thomas Rockwell
Geological Sciences San Diego State University

Chris Madden, Tim Dawson, Lewis Owen, Susan Villanova, Paula Figueiredo, Joo
Fonseca

As part of a seismic hazard assessment for a new dam in NE Portugal, we studied the geomorphology
and conducted paleoseismic trenching along the Vilaria fault in northeastern Portugal to explore the
faults late Quaternary rupture history. The Vilaria fault is a major, 250 km-long sinistral strike-slip
structure orientated NNE to SSW. This fault has no historical seismicity for large earthquakes, although
it may have generated a moderate (M5.8) earthquake in 1858 (Vilanova, 2004). Evidence of continued
left horizontal displacement is shown by the presence of Cenozoic pull-apart basins as well as late
Quaternary stream deflections. We identified three major segments based on structural complexities,
with the dam adjacent to the 75 km-long central segment. Based on an inferred rupture of this length,
we would expect earthquakes of about M7.2 with about 1.6 m of average displacement using the Wells
and Coppersmith (1994) regressions. Combined with the very sparse published inferences on the
Quaternary slip rate, about 0.5 mm/yr (Cabral, 1989; 1995), we estimate a return period for such
events of about 3000 years. To test this segmentation model and more directly determine the seismic
hazard posed by the Vilaria fault, we excavated a number of trenches at three sites along the central
segment. At one site at Vale Meo winery, we determined the occurrence of 2-3 events in the past 14-18
ka, suggesting a return period of 5-9 ka. In the same area, a small offset rill suggests 2.2 m of slip in
the MRE. At another site along the Vilaria River alluvial plain, northeast of the Vale Meo site, we
excavated several trenches in late Pleistocene and Holocene alluvium, and exposed the fault displacing
channel deposits dated to between 18 and 32 ka. In a succession of closely-spaced parallel cuts and
trenches, we traced the channel riser into and across the fault to resolve 9 m of cumulative slip, which
yields a slip rate of 0.3-0.5 mm/yr, consistent with but a bit lower than earlier estimates. This
displacement is also about four times that inferred from the deflected channel at Vale Meo, consistent
with its older age. Combining the information of timing at Vale Meo winery and displacement at Vilaria
argues for earthquakes in the M7.2-M7.4 range, similar to that inferred from the segmentation model,
but suggests that the displacements are slightly larger and the return periods longer. It also
demonstrates that there are potential seismic sources in Portugal that are not associated with the 1755
earthquake or the Tagus Valley and, although rare, large events on the Vilaria fault could be quite
destructive for the region.

Keywords: vilarica, paleoseismology, portugal
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A 15,000-Year-long synthetic earthquake catalogue for the Central Taupo
Rift, New Zealand, derived from earthquake geology and historic data

Dr. Pilar Villamor
Hazards Group GNS Science, New Zealand IASPE]

Pilar Villamor, Kelvin Berryman, Terry Webb, Mark Stirling, Nicola Litchfield

For a section of the central Taupo Rift of North Island, we have characterized all fault sources and
assigned earthquake magnitudes based on a new fault rupture scaling relation developed for this region
(see Webb et al in this symposium). The new scaling model, with formal estimates of uncertainty,
relates fault rupture length (based on earthquake duration) to seismic moment. This fault rupture
scaling is appropriate for this region because it is derived from historic data within the Taupo Rift itself
and satisfactorily replicates the observed historic surface fault parameters (e.g., the 1987 Edgecumbe
Earthquake). Estimates of earthquake magnitudes are thus primarily based on fault length. However in
the central Taupo Rift, because the fault pattern is very complex, with closely spaced faults that merge
and bifurcate along strike, it is difficult to uniquely identify the fault traces that combine to form a single
surface rupture. Also, data from paleoseismic trenches and historic events (the 1987 Edgecumbe
Earthquake) indicate that single event displacement (SED) can be highly variable (<0.1 to 2.5 m) from
event to event on an individual fault. SED variability suggests that a fault can rupture in different
modes: primary versus secondary faulting (primary faulting contributes to earthquake hazard while
secondary faulting does not); or primary segmented (representing small to moderate earthquake
magnitude) versus primary unsegmented rupture (representing moderate to large earthquake
magnitude). The fault scaling relation provides a basis for assigning typical SED values to fault length,
and from this we can differentiate between primary and secondary faulting, and segmented versus
unsegmented fault rupture.A synthetic earthquake catalogue has been developed from fault sources by
assigning earthquake magnitude to faults, or parts of faults, consistent with SED values observed in
fault trenches. Earthquake recurrence has either been observed directly in the fault trenches, or
estimated from slip rate values obtained from geomorphic features divided by the derived SED values
appropriate to the fault length. There are a few large independent faults with maximum lengths of ~ 30
km which are indicative of earthquakes of ~Mw 6.9. There are some apparently shorter faults that
generate more frequent, smaller earthquakes. We have merged the paleoseismic with the historic
record into a single catalogue. The field data are reasonably complete for the last 15,000 years,
generating a long term frequency-magnitude relation for earthquakes with associated surface rupture.
We find that within the considerable uncertainties involved in generating the catalogue the two datasets
form a single Gutenberg-Richter distribution from Mw 4.0 to 6.9.

Keywords: fault scaling relation, taupo rift, synthetic catalogue
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Derivation of New Zealand fault rupture scaling relations that reconcile
seismological and geological data

Dr. Kelvin Berryman
Hazards Group GNS Science IASPE]

Terry Webb, Kelvin Berryman, Pilar Villamor, Mark Stirling, David Rhoades

Two factors have encouraged us to investigate a physically-based understanding of fault rupture scaling
of large events. By large events we mean those that rupture the ground surface and are preserved in
earthquake geology records. Firstly, recent literature indicates that large strike-slip earthquakes show a
change in fault rupture scaling when the full seismogenic width is ruptured, and secondly, field
observations of active faulting in do not fit with the often-used Wells & Coppersmith (1994) empirical
regressions. In this study we have reviewed international literature regarding scaling relations for large
earthquakes where the full seismogenic width is ruptured, and find that slope 2 is the most appropriate
regression slope relating seismic moment (logMo) and fault rupture length (logL) for two regions of New
Zealand the normal faults of the Taupo Rift, and the low slip rate (< 5 mm/yr) or low total
displacement, strike-slip, reverse and oblique faults, within the plate boundary deformation zone. We
developed fault rupture scaling relations by using rupture duration in historic events (with well-
determined moment magnitude) as a proxy for fault rupture length, and fault area by incorporating
fault dip and information on seismogenic thickness. Average subsurface slip may then be derived from
seismic moment, and we demonstrate how this relation, when modified to account for differences
between subsurface and surface displacement, is in good agreement with earthquake geology
observations. Recognising changes in fault rupture scaling when width-limited rupture is achieved is an
important factor in fault rupture scaling in two quite different tectonic regions of , and we suggest this
may also be true for all tectonic regions, worldwide.

Keywords: fault rupture scaling, width limited rupture, new zealand
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Displacement-length scaling relations of normal faults and
paleoearthquakes in the active Taupo Rift, NEW ZEALAND

Prof. John Walsh
Fault Analysis Group,School of Geological Sciences University College Dublin IASPE]

A. Nicol

The relation between maximum displacement and length provides important information about the
scaling properties of faults and earthquakes. Displacement-length plots typically reveal slopes of 1-1.5
for ancient fault systems and 1 for historical earthquakes. Active normal faults in the Taupo rift,
however, have slopes of 0.5-0.7 for paleoearthquakes and faulted volcanic surfaces ranging up to ca. 60
ka in age. These low slopes are attributed to two principal factors: sampling bias and fault
interaction/intersection. The bulk of our data are from a digital elevation model of displaced geomorphic
surfaces with a vertical resolution of ~2 m. Displacements less than ~2 m are not routinely imaged in
the model resulting in an under-sampling of small faults and a reduction in lengths of at least 100-200
m. Both of these sampling artefacts introduce a systematic under-sampling of low displacement-length
faults particularly for those faults with lengths of <1 km, and therefore lead to a decrease in the slope
of the displacement-length relation. Fault interaction and displacement transfer in the rift locally
enhances the growth of short faults (e.g., <2 km) that are often immediately adjacent to, and at the
terminations of, the larger faults. Although many of these short high-displacement faults may not be
physically linked (i.e. hard-linked) with other structures, their displacements are transferred to adjacent
faults by deformation of the intervening rock volume, a kinematic scenario referred to as soft-linkage.
Whatever the nature of linkage between faults (i.e. hard- or soft-), complementary displacement
transfer permits all faults to be components of a single kinematically coherent system, with faults
therefore displaying interdependent, and complex, earthquake histories. The accentuated displacement
transfer associated with fault interactions and intersections, nevertheless means that related faults are
marked by higher than average displacement changes and by high displacement-length ratios,
irrespective of time scale. Since the rift comprises many (>100) short interacting/intersecting faults they
are together responsible for a decrease in the slope of the displacement-length relation. As extension
continues to accrue across the rift, we suggest that such short faults are either temporally or
permanently abandoned, or are incorporated into larger faults, scenarios which result in an increase in
the slope of both the finite fault and earthquake displacement-length relations with fault system
maturity.

Keywords: scaling relations, displacement length relation
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Variable paleoearthquake recurrence intervals arising from fault
interactions, Taupo Rift, New Zealand

Dr. Andy Nicol
Geohazards solution Section GNS Science

Paleoearthquakes at the Earth’s surface often produce variable recurrence intervals on individual faults.
The origin of these variations and the extent to which they result from systematic processes is
unresolved. To address this question we analyse displacements of geomorphic surfaces and of tephra
horizons in 29 trenches excavated across normal faults in the Taupo Rift, . Each trench typically yields
information on 3-6 paleoearthquakes that ruptured the surface over the last 16-23 kyr. Recurrence
intervals on 25 faults, which are distributed across the 15 km wide rift and record ca. 30-40% of the
total extension, were constrained by geochemical fingerprinting and radiocarbon dating of up to 12
stratigraphic layers. Recurrence intervals range from ca. <1 ka to 15 ka, with the variability for
individual faults often reaching an order of magnitude. We find that much of the variability in recurrence
intervals on individual faults reflects a temporal and spatial clustering of paleoearthquakes on timescales
of 5-10 kyr. The timing of periods of earthquake clustering are typically different for individual faults
which, together with the uniform rate of total extension across the rift during the last 60 kyr, suggests
that fluctuations in recurrence intervals were not driven by changes in the rift boundary conditions.
Instead, we propose that the variable recurrence intervals arise principally due to fault interaction,
which is achieved by faults intersection and deformation of the rock volumes between faults that do not
intersect. All faults in the rift are components of a single kinematically coherent system for which the
earthquake histories of each fault are interdependent. The largest faults in the system exert the
greatest influence on the location and timing of paleoearthquakes and appear to be capable of
stimulating or retarding paleoseismicity on smaller faults.

Keywords: earthquake recurrence, fault interaction, taupo rift
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Paleoseismic features as indicators of earthquake hazards in Iran

Mrs. Mahsa Abd Etedal
Institute of Geophysics, Tehran, Iran Institute of Geophysics IASPE]

Giuseppe Delfino

This paper is intended to provide a perspective on the use of paleoseismological studies in the seismic
hazard in Iran. Paleoseismology involves the geologic study of the past behavior of active faults. The
evolution of paleoseismological studies in the past clearly demonstrates that in order to properly
understand the seismic potential of a region, and to assess the associated hazards, it is necessary to
take full advantage from the geological evidence of past earthquakes. The large amount of
paleoseismological data collected in recent years shows that each earthquake source creates a signature
on the geology and the geomorphology of an area that is unequivocally related with the order of
magnitude of its earthquake potential. This signature is defined as the seismic landscape of the area.
The scientific contribution of this approach refer to: confirmation of Holocene fault activity, slip-per-
event and average slip rate of a given fault (or segment), seismic potential of known faults, fault
segmentation, fault interaction as consequence of stress loading by stick-slip on contiguous faults, time-
space distribution of seismic activity along a given tectonic feature, seismotectonic association of
historical earthquakes and landscape evolution on the short term and its implications on the long-term
evolution.

Keywords: paleoseismology, iran, slip
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Seismicity investigation of Shiraz Region with remote sensing and GIS

Mrs. Azam Nemati
tehran shomal university student IASPE]

Central Zagros is one of the well-defined seimoactive areas in IRAN. My study area is located in Folded
Zagros and bonded by latitudes 27 N and 30 N and longitudes 51 E and 53E.At first seismic activity of
this territory is studied by using Geological, Geomorphological and Seismological methods. On the
available geology maps there arent any near trend between epicenters and active faults. This problem
comes from Salted Hormoz layer, evaporated sediment that underlain and their plastic property. For
solving this problem we use Remote Sensing Data such as ETM+ images, RADAR images that detect in
scansar mode with 50m resolution and SRTM DEM. We merge panchromatic band with multispectral
bands in ETM+ data and provide an image with 15m spatial resolution .For seismic date we use IIEES,
USGS and Tehran geophysics institute catalogs. Using of remote sensing data is a relatively new
technique that can be used to study deformation and identify lineaments. Multisensor remotely sensed,
has a wide view angle and high spatial resolution are very useful for lineament analysis and neotectonic
mapping in this area also a shaded relief Digital Elevation model (DEM) could be useful for the
quantitative approach of activity of faults- segments (morphotectonic analysis, estimation of the
displacement, erosion rate versus uplift rate, etc ). We identify linear features by visual analysis from
surface and morphotectonic evidence and some software filter (sharp edge, sun angle and etc). Finally
the use of satellite images, earthquakes and GIS analysis show that these are very powerful tools for
identification of blind faults and their characteristics.

Keywords: seimisity, shiraz, remotesensing
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Magnitude versus faults surface parameters: quantitative relationships
from the Aegean Region.

Prof. Riccardo Caputo
Dept. Earth Sciences University of Ferrara IASPEI

Pavlides S.

Historical and seismotectonic data from the broader Aegean Region have been collected and all possible
information relative to ground deformation associated to earthquakes that hit the area have been re-
evaluated. All events associated to co-seismic surface faulting have been selected and further
investigated, while geomorphologic and geological criteria have been used to recognise and characterise
the seismogenic faults associated to these morphogenic earthquakes (sensu Caputo, 1993). In
particular, in order to perform seismic hazard analyses, we compiled a list of all earthquakes where the
surface rupture length (SRL), the maximum vertical displacement (MVD) or the average displacement
(AD) is available. We thus obtained reliable values of these source parameters for 36 earthquakes, of
which 26 occurred during the 20th century, 6 in the 19th century and the three remaining earlier.
Magnitude versus SRL and MVD have been compiled for estimating empirical relationships. The
calculated regression equations are: Ms = 0.90log(SRL) + 5.48 and Ms = 0.59log(MVD) + 6.75,
showing good correlation coefficients equal to 0.84 and 0.82, respectively. Co-seismic fault rupture
lengths and especially maximum displacements in the Aegean Region have systematically lower values
than the same parameters world-wide, but are similar to those of the Eastern Mediterranean-Middle
East region. The envelopes of our diagrams are also calculated and discussed for estimating the worst-
case scenario. Furthermore, for all investigated seismogenic structures, based on several geological
criteria, we measured the 'geological' fault length (GFL), representing the total length of the neotectonic
faults showing cumulative recent activity, and compared SRL with GFL. Eventually, from the distribution
of GFL versus magnitude we also infer an important geological threshold for the occurrence of
morphogenic earthquakes at about 5.5 degrees.

Keywords: scismic hazard, morphogenic earthquakes, seismotectonics
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Reconciling neotectonic and seismic recurrence rates in SW Australia

Dr. Mark Leonard
Geoscience Australla Geohazards IASPE/

Dan Clark

The southwest corner of Western Australia is an area of stable continental crust (SCC) with the geology
being Protozoic and the area undergoing no tectonic activity in the last 40Ma. However in the last 50
years it has had the highest level of seismicity of any area of worldwide SCC. It not been glaciated in
the last 20Ma and has had a cool dry climate for at least the 200ka, thus providing an ideal environment
to preserve fault scarps. The availability of high resolution digital elevation model data (DEM) in this
area has lead to the identification of over 50 new features that are thought to be scarps of surface
rupturing earthquakes (Clark 2006 & Clark and Leonard 2007). Half of these scarps have been the
subject of field work and all are thought to be fault scarps. One feature has been trenched and the
presence of a fault scarp verified (Estrada et al. 2006). Using recently developed fault scaling relations
(Leonard 2007) the fault length and displacement are used to estimate magnitude and in some cases
identifying multiple events, these scarps have been used to generate a neotectonic earthquake
catalogue. Between M6.5 & 7.2 the Log N vs Mag plot of the data has a slope of 1, indicating that the
neotectonic derived catalogue is complete above M6.4. Below M6.4 the number of earthquakes rapidly
decreases, with 20% of the expected number of M6.2 earthquakes and 3% of M6.0 earthquakes being
identified via neotectonic methods. This is likely a combination of the lower likelihood of the
earthquakes causing a surface rupture and the smaller rupture more rapidly reducing in size to below
the detection threshold. Scarps formed by earthquakes of =M7.3 appear over represented with M7.4-
7.5 earthquakes being overrepresented by a factor of perhaps 3-6. This could be explained by the
longer preservation age of these large scarps. The three key results of this study are: 1. Under the right
geological and climatological conditions fault scarps from =M6.5 earthquakes can be preserved for
100ka or more and scarps from >M7.3 earthquakes for perhaps >150ka. With approximately 50% of
M6.3 and 100% >M6.4 earthquakes in SCC are expected to form scarps. 2. Mmax in stable continental
crust is more likely to be M7.3-7.5 than the M7.0-7.2 generally used in hazard studies. 3. The
recurrence rate for this neotectonic catalogue and historical earthquakes in the whole SCC of Australia
are similar. However the contemporary level of seismicty in this area is an order of magnitude higher
than that needed to generate the scarps. This supports the hypothesis that seismicity in SCC is episodic
and migrates on time frames of 1-10ka.

Keywords: paleoseismicity, recurrence, earthquake
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Scaling source dimension of the Mw 6.7 JUNE 5, 1688 Sannio southern-
Apennines earthquake, using geophysical, geological and morphometrical
data

Dr. Rosa Nappi
INGV OV IASPE]

Alessio Giuliana, Bellucci Sessa Eliana, Vilardo Giuseppe, Pierfrancesco Burrato

The identification of the seismogenetic source of the Mw = 6.7, 1688 Sannio normal faulting earthquake
is still a subject of scientific debate. This is due to several reasons comprising a) the possible
incompleteness of the damage pattern, b) the difficult or not straightforward recognition of the induced
surface deformation, c) the probable occurrence of blind or hidden faulting, and d) the low tectonic
deformation rates and youthfulness of the source. According to the magnitude scaled with Wells and
Coppersmiths relationships the earthquake ruptured a 30 km-long, 16 km-wide normal fault. However,
published works propose seismogenic sources for this earthquake slightly smaller than the expected
from the empirical relationships alone. Similar results were obtained for other large historical events in
central-southern Apennines. This may reflect either a routinely overestimation of the magnitude of
earthquakes listed in the historical catalogue, or an underestimation of the geologically determined
seismogenic sources.The goal of this paper is to collect original information for identifying the
sismogenetic source of the 1688 earthquake, making use of seismological, geological and
morphometrical data.ln particular, the seismological data used in this study are relative both to the
historical and recent seismic activity in the Sannio area, which in instrumental times was characterized
by low energy seismic sequences (1990-92 and 1997, Md = 4.1). As regards the morphometrical
analysis, we studied the Tammaro basin area (Sannio, Southern Apennines) for identifying the long
term surface deformation induced by the seismogenetic fault of the 1688 earthquake. The reason of our
choice is due to a) the hypothesis of the 1688 source location inside this basin, suggested by the
seismogenetic source database DISS v. 3.1, b) the presence along the Tammaro river of young
geomorphological features useful for revealing tectonic surface deformation, and c) clustering of recent
seismic events inside this area along hypothetical boundaries of the master fault.Our analysis has been
carried out by integrating the morphometrical data derived by processing of a very high resolution DTM
(5x5 m pixel), with the geological and geomorphological data derived from photo-interpretation and
field surveys in a GIS environment. The preliminary results have provided the following conclusions: a)
the topographical parameters extracted from DTM show significant NW-SE lineaments on the right hand
side of the valley of the Tammaro river; this evidence is further constrained by morphological analyses
carried out both from orthophoto and from field surveys, that confirm the presence of a structural
mountainside corresponding to the above lineaments; b) the low energy sequences, which were
progressively activated, do not coincide with the main structural lineaments exposed at surface, but
highlight the activity of buried structures likely acting as segment-boundaries and constraining the
dimension of the 1688 seismogenetic source.

Keywords: 1688 earthquake
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Symposium
Non-instrumental seismometry - New Approaches to Paleoseismology and
Earthquake Recurrence in the 21st Century

Convener : Dr. David Schwartz, Dr. Gianluca Valensise
Co-Convener : Dr. Daniela Pantosti, Dr. Eullia Masana, Dr. Francisco Gutirrez

For the General scopes see introduction to symposium JSS004. Paleoseismology is now a well-
established discipline whose major goal is the identification and dating of past earthquakes in the
geological record. It provides the fundamental data for developing an understanding of the behavior of
seismogenic faults in time and space and the primary recurrence information for seismic hazard
assessment. Paleoseismlogy has evolved during the past 30 years and is now practiced worldwide. As
the field moves into the 21st century there is recognition of the need to: develop longer earthquake
chronologies, reduce uncertainties in recurrence times, and develop better knowledge of earthquake
recurrence on sources that do not not easily lend themselves to traditional paleoseismic analysis
(trenching). We invite contributions on topics that include NEW: -statistical analyses of paleoseimic
recurrence data, particularly for correlating the occurrence of past events along faults ; -approaches to
identify paleoearthquakes on blind or remote (ie, subduction zone) earthquake sources and in
logistically difficult settings such as urban environments; -technologies that increase the length of the
paleoseismic record and paleoearthquake chronologies at investigation sites on major faults; -dating
techniques of paleoearthquakes; -approaches to quantify slip in paleoearthquakes for better estimates
of paleo-earthquake magnitudes
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Paleoliqufaction features as a tool for paleoseismic studies of blind and
offshore located faults: preliminary field search in Algeria

Dr. Bouhadad Youcef
seismic hazard department Earthquake engineering center (Algeria) IASPE]

The tellean Atlas chain of Algeria belongs to the African-Eurasian tectonic plates boundary compressive
belt where earthquakes are not randomly distributed but may be easily correlated with geological
structures. The tectonic style is represented, mainly, by thrust faults which may be blind located
offshore and/or onshore. Recent strong earthquakes of EI-Asnam, 1980 (Ms=7.3) and Boumerdes, 2003
(Mw=6.8) induced extensive liquefaction features in the epicentral areas. Preliminary field search
indicates that paleoliquefaction features may be found in theses areas. Therefore, it may constitutes a
precious geological tool for paleoseismic studies knowing that either in the case of blind faults or
offshore located faults trace of faulting is inaccessible.

Keywords: paleoliquefaction blind fault
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Beyond marine terraces: investigating Holocene coastal uplift using
transgressive marine sediments and fluvio-tectonic terraces at the
Pakarae River mouth, North Island, New Zealand.

Dr. Kate Wilson
Geohazards Solutions GNS Science IASPE/

Kelvin Berryman, Nicola Litchfield, Ursula Cochran, Tim Little

This study describes two new techniques used to extend the paleoseismic record and constrain the
geometry of an active offshore fault at the Pakarae River mouth locality, East Coast, North Island, New
Zealand. Seven marine terraces dating back to 7 ka have previously been used to estimate the
magnitude and frequency of coastal uplift events at Pakarae, the site of highest uplift (3.2 mm yr-1)
along the Hikurangi margin. To attain a longer record and to verify the sudden, coseismic nature of
uplift events, a method of using the fluvio-estuarine sedimentary sequence underlying the highest
marine terrace was developed. We compared the paleoenvironmental facies architecture of the uplifted
fluvio-estuarine sequence with typical incised valley sequences deposited on stable coastlines. Two
sharp estuarine-to-fluvial transitions dated at 9 ka and 8.5 ka indicate rapid sea level regressions. Their
occurrence during a period of eustatic sea level rise suggests coseismic uplift events caused temporary
estuary abandonment. A further uplift event between 8.5 and 7.35 ka is inferred from the significant
difference between the amount of sediment preserved from this period and the predicted sediment
thickness according to the eustatic sea level curve. This technique enables us to extend the record of
coastal uplift events back to 10 ka and overcome the limitation of marine terraces, which only record
uplift since eustatic SL stabilisation. The second technique uses fluvial terraces that appear to grade to
the marine terraces and thus are also interpreted to be coseismic. A longitudinal profile shows these
terraces fan out downstream and thus their distribution defines the upstream limit of uplift. These data,
coupled with along-coast correlations with marine terraces at Puatai Beach and Waihau Bay (9 and 15
km northward), provide constraints on the geometry of uplift. Forward-elastic dislocation modelling
indicates the fault is likely to be a steeply northwest-dipping reverse fault lying close to the shoreline;
there is possibly involvement of plate interface slip. Techniques such as these are vital for
understanding seismic hazard of subduction zones such as the Hikurangi margin. With no historical
large subduction interface earthquakes, investigations along the coastline need to be able to distinguish
upper plate faulting effects, if we are to isolate plate interface events. Furthermore, the methods
described here contribute to defining an offshore fault that is too close to the coast for marine
geophysical investigation.

Keywords: terraces, subduction, geomorphology
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Earthquake clustering along major continental faults: the influence of
strain pattern and geometrical complexities on rupture propagation

Prof. Mustapha Meghraoui
IASPEI IASPEI IASPE]

The temporal clustering of large earthquakes is a salient characteristic of major continental faults in
active zones. Decisive examples are large earthquake clusters along the East Anatolian fault (1820
1905), the North Anatolian fault (1912 1999), the Dead Sea fault (1137 1293), the southern San
Andreas fault (1502 1680), the Kunlun Fault (1937 2001), the Tien Shan fault system (1885 1992) and
Bulnay-Bogd fault system (1905 1957). Recent projects and faulting studies with paleoseismic
investigations along the Dead Sea Fault (DSF), the East Anatolian Fault (EAF) and the North Anatolian
Fault (NAF) provided a wealth of field data and results on the physical characteristics of earthquake
ruptures. Using individual and cumulative slip, and the rich historical seismicity catalogue and
archeoseismic investigations along fault strike, I examine the length of earthquake ruptures and timing
of past earthquakes. The detailed mapping of rupture zones showing structural restraining bends,
releasing step-overs, patch and segment boundaries, and slip distribution along strike illustrate their
geometrical complexities. | observe that the long-term behaviour of fault segments and/or patches
determines the occurrence of seismic sequences and the location of seismic gaps. In most cases, the
clustering of large earthquakes migrate along fault segments and show off sequence seismic events.
The mechanical coupling between off sequence distant earthquakes and laterally propagating ruptures
depend mostly on the stress change at fault discontinuities and related block tectonics. The temporal
clustering and multi-segment earthquakes ruptures in the past with coupling between step-overs and
stress change suggests the size and probable length of future large earthquakes along major
continental faults.

Keywords: earthquake, faulting, clustering
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Archeoseismic and paleoseismic records of Baelo Claudia (Gibraltar Arc
area, southern Spain)

Prof. Klaus Reicherter
Neotectonics and Natural Hazards RWTH Aachen University

Pablo G. Silva, Teresa Bardaj, Javiten Lario, Christoph Grtzner, Marcel Peltzer,
Peter Becker-Heidmann

The western Betic Cordilleras have experienced several moderate and partly strong earthquakes and
earthquake-related hazards (landslides and tsunamis) during the last 2000 years. The ruins of the
Roman village of Baelo Claudia (Tarifa) yield evidence for the first historic earthquake damage on the
Iberian Peninsula. Roman settlement started in the Il Cent. BC, last relicts are from the V-1V Cent. AD.
We have found indications for two earthquakes, which destroyed Baelo. During the 1. Cent. AD,
probably an earthquake occurred, the village was restored and rebuilt (40-60 AD; Silva et al., 2005).
Ground Penetrating Radar and geo-electrical studies were carried out in the ruins, across fault zones to
map and mirror fossilized and active faults. Although kinematic indicators in the ruins of Baelo Claudia
are often badly preserved, we encountered in several buildings typical evidence for coseismic
deformation, i.e. high-energy events, e.g. shock-induced break-outs in the pavement, pull-ups, and
joints in the flagstones of the Decumanus Maximus. Orientation of these indicators is systematic,
pointing to a shock from the SW, and folding in NW-SE direction. The Isis temple area is partly
excavated. Drums of fallen columns, wall and pillar collapses are directed in S to SW direction, and
testify to coseismic building deformation. A crude stratigraphy based on Roman pottery allows us to
date the collapse event in the IV. Century AD. The amphitheatre of the I. Cent. AD suffered not only
earthquake and/or landsliding deformation, but also a lot of restoration. Open cracks in the walls and
inclined walls are interpreted as generated by slow deformation. On the other hand, big fallen blocks of
the tiers are attributed to coseismic damage. The eastern aqueduct outside the city walls crosses a little
creek. The western part of the aqueduct collapsed downhill, and some of the arcs show rotational
displacement around a horizontal axis, this might be interpreted as a slow deformational feature
originating probably from small creek-parallel landslides. The city wall surrounds the village, and was
built for representative and not defensive purposes. The walls are inclined up to 10 with varying
directions. Keystones of arcs are subsided due to extension. The walls are partly displaced up to 17 cm,
and/or rotated against each other. During the excavation older rests of a former city wall has been
encountered, this wall is topped by a "demolition horizon" with big blocks of wall boulders. This horizon
may correspond to the 40-60 AD earthquake outlined by Silva et al. (2005). Silva, P.G. et al., 2005.
Archaeoseismic Record at the ancient Roman city of Baelo Claudia (Cdiz, South Spain). Tectonophysics
408: 129-146. Acknowledgements This work has been supported by the Spanish-German Acciones
Integradas Program HA2004-0098. The authors are grateful to the Director of the Archeological Site of
Baelo Claudia, Angel Muoz Vicente for facilitating the work.

Keywords: archeoseismology, paleoseismology, roman remains
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Active faulting and holocene paleoseismic record offshore Portugal,
Southwest Iberian Margin

Dr. Eulalia Gracia
Unitat de Tecnologia Marina CSIC - Barcelona IASPE]

Alexis Vizcaino, Rafael Bartolom, Alessandra Asioli, Carlota Escutia, Jordi Garcia
Orellana, Pedro Terrinha, Antonio Villaseor, Susana Diez, Sara Martnez, Juanjo
Daobeitia

Crustal deformation in the southwestern margin of the Iberian Peninsulais controlled by the NW-SE
convergence of the African and Eurasian Plates (4.5-5.6 mm/yr) at the eastern end of the Azores-
Gibraltar zone. This convergence is accommodated through a wide deformation zone characterized by
moderate magnitude seismicity although great earthquakes (Mw=>8), such as the 1755 Lisbon
Earthquake and Tsunami and the 1969 Horseshoe Earthquake, have also occurred in the region. A
multidisciplinary geological and geophysical dataset acquired during the last 10 years in the course of
successive marine surveys revealed a number of active NE-SW trending west-verging thrusts (e.g.
Marques de Pombal, Sao Vicente, and Horseshoe faults) and WNW-ESE strike-slip faults located
offshore southern . The recognition of deformed Quaternary units together with swarms of shallow
seismicity associated with surface ruptures suggest that faults located beneath these ruptures are
active. For instance, a detailed swath-bathymetry data together with new high-resolution multichannel
seismic profiles crossing the external part of the Gulf of Cadiz evidence a 150 km long WNW-ESE dextral
strike-slip fault reaching up to the seafloor. This newly mapped structure may be a plausible candidate
for the 1969 Earthquake (Mw 8.0) which epicentre is located few km away in the Horseshoe Abyssal
Plain agreeing with the calculated fault plane solution. Associated to the active faults, mass transport
deposits and submarine landslides are commonplace. Textural, mineralogical and geochemical analyses
of marine sediments collected in the area in eight different sites stretching from the Tagus to the
Horseshoe Abyssal Plains revealed the presence of numerous turbidite intervals. Although a number of
mechanisms may be suggested to account for turbidite triggering, in the case of the SW Iberian Margin,
earthquakes are the most likely explanation for synchronous, widely-spaced distribution of turbidites
during the Holocene, when sea level was relatively stable. A total of 9 widespread turbidite events have
been recognized for the Holocene. Precise dating of the two recentmost events (E1 and E2) based on
210Pb and 137Cs geochronology provides ages of 1971 3 AD and 1908 8 AD, respectively. These ages
correspond to high-magnitude historical and instrumental earthquakes that occurred in the region: the
1969 Horseshoe Earthquake (Mw 8.0) and the 1909 Benavente Earthquake (Mw 6.0). The following 14C
calibrated ages of turbidite events (E3 to E5) correlate with important historical earthquakes and
paleotsunami deposits from the Gulf of Cadiz area, such as AD 1755, BC 218, and 5200 BP. Considering
also the deepest events (E6 to E9) ranging from 7000 BP to 10400 BP we obtain a recurrence interval of
about 1500 yr for the Holocene. Such a good correlation between turbidites and instrumental and
historical seismic events suggests that the turbidite record can be used as a paleoseismic indicator in a
low-convergence rate margin, constituting a valuable tool for assessment of earthquake and tsunami
hazard along the coasts of the Iberian Peninsula and North Africa.

Keywords: marine paleoseismology, seismogenic faults, turbidite
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Estimation of an upper limit on prehistoric peak ground acceleration using
the parameters of intact speleothems in Hungarian caves

Dr. Katalin Gribovszki
Geodetic and Geophysical Research Institute Hungarian Academy of Sciences

Gy. Szeidovitz, G. Suranyi, Z. Bus, Sz. Leel-Ossy

The examination of speleothems in the Hajno'czy and Baradla caves (northeastern Hungary) allows
estimating an upper limit for horizontal peak ground acceleration generated by paleoearthquakes. The
density, the Young's modulus and the tensile failure stress of the samples originating from a broken
speleothem have been measured in laboratory, while the natural frequency of speleothems was
determined by in situ observations.The value of horizontal ground acceleration resulting in failure, the
natural frequency and the inner friction coefficient ofspeleothems was assessed by theoretical
calculations.The ages of the samples taken from a stalagmite of 5.1 m high (Baradla cave) at different
heights has been determined by ICP-MS analysis and alpha spectrometry.According to our result the
speleothem were not excited by a horizontal acceleration higher than 0.05 g duringthe last 60-70 000
years. This acceleration level is lower than the PGA value determined in previous
seismichazardassessment studies for a much shorter period of time.

Keywords: speleothem, prehistoric earthquake, pga
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Magnetic fabric of earthquake-triggered structures

Dr. Shmuel Marco
Geophysics and Planetary Sciences Tel Aviv University IASPE]

The microscopic fabric of clastic sediments reflect their transport, deposition, and deformation history.
We characterize the fabric of clastic dikes and seismites layers by measuring the anisotropy of magnetic
susceptibility (AMS). We assume that different sources of dike fill have different microfabrics, which
manifest in different magnetic fabrics. We studied over 250 Holocene clastic dikes, exposed by deep
fluvial incision into the lacustrine 70-15 ka Lisan Formation in the Dead Sea basin. Typically, they are
vertical, up to 30-40 m high, and up to 0.4 m thick. In map view they appear in a radial arrangement
spanning a sector of 60 degrees with projected strikes that converge at a structural dome above a rising
salt diapir. Field relations and AMS analyses show that 'passive’ dikes filled from above have vertical
Kmin directions, compatible with sedimentary features. Conversely, horizontal to sub-horizontal Kmin
directions occur in dikes that show segmentation typical of horizontal propagation of the fractures and
lateral material transport. Vertical zoning of the clay and silt symmetric about the center of the dikes is
regarded as evidence of multiple injection events. We conclude that the upward indentation of a salt
diapir induced a local stress perturbation, which triggered the formation of a radial set of fractures.
Subsequently the fractures were filled by horizontal injection of fine clastics pressurized by earthquake
vibrations. Sedimentation from above occurred where the tops of the dikes reached the surface and
remained open.

Keywords: earthquakes, magnetic susceptibility, clastic dikes
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Latent bias in temporal constraints of paleoseismic events in coastal
plains: an example from the Shonai-Heiya-Toen Fault in Northeast Japan

Dr. Shinji Toda
Active Fault Research Center Geological Survey of Japan, AIST

Temporal parameters of paleoseismicity to calculate earthquake probabilities on active faults are
commonly influenced by the preservation of datable sediments. The recent rapid accumulation of
paleoseismic data in Japan reminds us that paleo-earthquakes recorded in sediments are mostly
incomplete despite numerous excavations. We are aware of the limitations of geological method on the
faults particularly in coastal plains where sea level change directly controls the local sedimentation and
erosion during the datable time range of the radiocarbon analysis (in the past 50ka). Here we first
present a typical example of temporal bias of datable sedimentary units from the Shonai-heiya-toen
fault in northern Honshu, Japan, which mostly lacks sedimentary units in the period between 15 25 ka.
We then argue how temporal bias of the analyzed radiocarbon ages yielded from trench walls affects
estimates of average recurrence time. To evaluate such latent bias of preservation of paleoseismicity,
we not only examined the actual detail geological data themselves but also performed Monte Carlo
simulations using both synthetic earthquakes and observed radiocarbon ages. We computed the
following procedures: 1) Repeating earthquakes on a fault are synthetically produced by log-normal
probability density function with predetermined recurrence time (Trs) and coefficient of variation 0.5. 2)
Several radiocarbon samples (changeable parameter) are picked up from the actual C14 data recovered
from the Shonai-Heiya-toen fault. 3) Using the picked-up radiocarbon samples, some of the synthetic
earthquakes is constrained by sandwiching two ages. 4) If the number of the paleoseismic events
determined is more than one event, we calculate the average recurrence time (Tro) during the recent
10,000-yr and 50,000-yr periods. 5) We iterate 1-4 procedures 1000 times and make a histogram of the
estimated average recurrence times. We then compare the mean recurrence time (Trom) from
numerous Tro with the synthesized recurrence time (Trs). As the results of the simulations, ten random
C14 sampling from a trench leads to estimate the recurrence time twice as long as the real one for the
50ka case. Even we increase the number of samples up to 30, we still overestimate the recurrence time,
in other words Trom > Trs. It clearly attributes to several missing events originated from the deficiency
of sediments or possible erosion in the last glacial climax (MIS 2) due to sea level regression. For the
10ka case, we tend to overestimate Trom for Trs < 3000 yr together with C14 samples fewer than ~20.
In contrast, we underestimate Trom for Trs > 5000 yr even increasing the number of samples. We
speculate that 10,000-yr time window tricks us that it befalls the shorter intervals produced by the
combination of Trs > 5000 yr and coefficient of variation 0.5.

Keywords: paleoseismicity, recurrence time, earthquake probability
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Record of Surface Ruptures on the San Jacinto Fault at Hog Lake, Southern
California, Implications for Patterns of Recurrence From a 16 Event 3800
Year Record

Dr. Thomas Rockwell
Geological Sciences San Diego State University

Gordon Seitz, Tim Dawson, Jeri Van Horn, Tim Middleton

Paleoseismic excavations at the Hog Lake site along the central San Jacinto fault near Anza have yielded
one of the longest continuous records of earthquakes on the planet, with at least 16 events in the past
3.8 ka, yielding a long-term recurrence interval of about 240 years. The most recent event is likely the
November, 1800 earthquake based on radiocarbon dating and historical damage records, so the fault
may be nearing failure. The penultimate event is ca 1570, consistent with the long-term inferred RI.
However, interestingly, there was a flurry of five surface ruptures between about AD 1000 and 1410
during which the southern San Andreas fault was relatively quiet (at Wrightwood), leading to an interval
RI1 of less than 100 years. In contrast, we see evidence for only two events at Anza between about AD
250 and 1000 (Rl = ~400 years), during which the SAF at Wrightwood experienced a flurry of at least
seven events (between AD 500 and 1000). These observations suggest that the fault mode switches
between quasi-periodic and clustered behavior, possibly influenced by ruptures on the San Andreas
fault. Mapping of the surface slip associated with the past two events based on offset channels suggests
about 3-4 m of slip per event in the Anza area. The slip distribution defined by 350 measurements of
over 200 separate channels suggests rupture of the entire Clark fault from Hemet to Clark Valley, a
distance of about 115 km. Using 3.5 m for the average slip event combined with the average long-term
recurrence interval of 240 years, we calculate a slip rate of about 15 mm/yr, consistent with geodetic
observations. Our observations suggest that the San Jacinto and San Andreas faults may trade off in slip
accommodation in southern California for periods of up to a half millennium or more. Further, it is clear
from these records that average return times based on only a few events may lead to substantial errors
in estimation of hazard.

Keywords: san jacinto fault, paleoseismology, earthquake recurrence
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A New Approach to Paleoseismic Event Correlation -

Dr. Glenn Biasi
Seismological Laboratory University of Nevada Reno

Ray J. Weldon

When there is more than one paleoseismic site on a fault, the issue arises of correlating events between
them. As the number of paleoseismic sites increases, the number of possible correlations and
combinations among them becomes unmanageable. Correlation based on dating evidence alone
remains uncertain even with high quality radiocarbon evidence. These realities seriously complicate the
use of paleoseismic data for estimation of recurrence intervals and seismic hazard. We present a new
approach that permits estimates of seismic hazard and multiple-site earthquake recurrence without
having to solve the correlation problem per se. The most important input data for our approach are
reasonably complete paleoseismic records and approximate dates for the events. To begin we develop a
complete list of all possible single and multiple-site ruptures allowed within the event dating
uncertainties. Each individual paleoseismic event is counted as a rupture. We compare each event with
the neighboring site chronology, and make another rupture of any which overlap with the first. If two
overlap in time, both become new ruptures. Each rupture is extended in turn to a third site chronology
to make new rupture(s). Lack of dating overlap keeps this process from expanding as the outer product
of the number of events. Ruptures are also extended through sites with no evidence of the rupture, but
penalized for contradicting the paleoseismic record there. The pool of all possible ruptures thus includes
all the available event data for the fault. Paleoseismic displacement estimates or displacements drawn
from an average displacement model are used to extrapolate ruptures beyond the outside sites in each
rupture. Rupture length is used with regression relations to assign each rupture an average
displacement and simple displacement profile. To constrain the rupture history of the fault we construct
rupture scenarios by drawing from the pool of all possible ruptures. Sampling is constrained so that
every event is included each scenario exactly once. The scenario becomes a possible rupture history for
the fault at some level of probability. A large suite of scenarios is developed in this manner. To extract
likely scenarios from the suite, scenarios are graded for consistency with dating evidence (do dates
overlap strongly or weakly?) and by comparing the displacement totaled over the ruptures at any given
point on the fault with the total predicted independently from the geodetic or geologic slip rate and
elapsed time since the oldest event. Other grading criteria may also be applied, such as by using per-
event displacement measurements. Ensembles of scenarios become more or less likely actual histories
of the fault. They may then be used directly in seismic hazard assessment using ground motion
prediction methods, or indirectly to estimate the likely fractions of shorter or longer ruptures, frequency
of multiple segment ruptures, etc. We illustrate the method with paleoseismic data from the southern
San Andreas fault in California. Results have been provided as inputs to the most recent assessments of
the Working Group on California Earthquake Probabilities.

Keywords: paleoseismology, seismic hazard, san andreas fault




IUGG XXIV General Assembly July 2-13, 2007 Perugia, Italy

(S) - IASPEI - /nternational Association of Seismology and Physics of the Earth's
Interior

JSS006 Oral Presentation 1934

The seismic potential of a silent and slow moving fault: the Carboneras
fault (Eastern Betic Shear Zone, southern Spain)

Dr. Eullia Masana

Ximena Moreno, Eullia Grcia, Pere Santanach, Hector Perea, Joao Cabral, Patricia
Ruano, Oriol Piqu, Raimon Palls

Africa and lberia converge at a very slow rate (4.5 to 5.6 mm/yr) through a diffuse collisional plate
boundary. The seismicity is low to moderate and widespread over a very wide area suggesting a
number of slow moving faults. Because of this, many of the seismogenic faults in Iberia have not yet
generated a large historical earthquake and remain may hidden. We aim to detect these and
characterise their seismic potential. The seismogenic behaviour of the Alhama de Murcia fault has yet
been evidenced by previous paleoseismic studies. This fault belongs to the Eastern Betic Shear Zone
(EBSZ), composed by several left-lateral and reverse faults that crop out from Alicante to the north
down to Almeria to the south (at both tips the system is entering the Mediterranean). The
morphological signature of the faults composing the EBSZ is similar to that of the Alhama de Murcia
suggesting than the rest of the faults may also be active and possibly seismogenic. The Carboneras
fault, the aim of this study, is the southernmost fault of the system. It shows very few instrumental
earthquakes but its morphological expression indicates recent left-lateral slip. After a geomorphological
study, based on aerial photograph analysis and field work, the northwestern side of La Serrata range
was selected, as the most suitable area for a detailed paleoseismological study. We present the first
paleoseismological results at the El Hacho site, to the south of La Serrata range. Microtopography, GPR,
Electric tomography, and a detailed geomorfological analysis were used to select the best sites to trench
and to understand the recent behaviour of the fault. Four trenches across the fault and a 3D trench
where analysed. Evidence of a minimum of four reverse component paleoearthquakes where interpreted
based on sealed fault branches and colluvial wedges. TL, U/Th and radiocarbon dating indicated that
the four events have taken place since 55 ka BP and previous to 1180 yr BP. This suggests a mean
recurrence time of 14 ka and a very short elapsed time. Marine studies (swath-bathymetry, TOPAS,
high-resolution MCS, magnetic, gravity and core sampling) are also in course and will be integrated to
the onshore data to obtain a complete image of the behaviour of the fault. The offshore change in strike
of fault was interpreted as a possible segment boundary. Down to this bouondary, the maximum
magnitude that the Carboneras fault could generate is Mw 7.2 although no evidence is found about the
effectiveness of the mentioned segment boundary. The paleoseismic results will contribute to obtain
more realistic values of the seismic hazard of this highly populated area. The methodological results are
also of interest in the Iberian Peninsula where we suppose that many seismogenic faults are historically
silent and at the same time they enter the sea and need to be studied integrating onshore-offshore
data.

Keywords: eastern betic shear zone, carboneras fault, slow moving faults
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Statistical approaches to earthquake recurrence in novel off-fault
paleoseismic archives

Prof. Amotz Agnon
AGU IASPET

Off-fault archives extend records of large earthquakes to 300 ka. Statistics are required in the
interpretation of such records. Three statistical approaches have been used in the validation and
interpretation of such records: (1) temporal correlation between arguably equivalent archives with
precise dates; (2) temporal correlation between dense and sparse records with large dating
uncertainties; (3) resolving power of records in which each event obliterates a finite interval that
precedes the event horizon. (1) The laminated lacustrine sequences of the Holocene Dead Sea offer
dating precision approaching annual. The historical record contemporaneous with the lacustrine one is
sometimes better resolved, where the former provides a yardstick for the latter. Yet the absolute dating
of the laminated sequence is traditionally limited by the inaccurate radiocarbon method. The floating
laminar chronology can be correlated to the historical chronology by anchoring on the precisely
measured intervals. The correlation is validated by estimating the probability for a similar matching
between two random series, about 2 to the power of the number of intervals. In the case of the
historical Dead Sea record, this number is smaller than 10-10. (2) A dated record of damaged cave
deposits, 40 km west of the trace of the Dead Sea transform, can be correlated with the clustered
record of late Quaternary laminated lake deposits. Within the U-Th dating uncertainty, each event in the
cave deposits can fit a cluster in the lake deposits. This can be interpreted as a filtered series in the
remote site, where only events that exceed a threshold leave a mark. A simple criterion for assessing
correlation stems from estimating the chance that a each member in a random series of events in the
remote site will have a counterpart in the time spanned by the clusters of the in-rift site. (3) The
resolving power of archives based on breccia layers (mix-layers) and homogenites suffer from an
inherent limitation: each event is detected by the obliteration of layering which could potentially include
additional events. Using the observed distributions of recurrence and obliterated intervals we estimate
the expectancy for merging of events. The logarithmic distributions observed in the Pleistocene Dead
Sea seismites yield an analytical expression for expectancy. In the limit of small ratio of obliterated to
recurrence interval the expectancy equals that very ratio. The historical record of the last two millennia
validates the analysis, where 30 events are resolved and five are merged into their successors. A
possible implication is that we live in the most active period on record.

Keywords: logarithmic distribution, recurrence interval, paleoseismology
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Complex holocene deformation in the Lower Tagus Valley, Portugal, with
probable tectonic origin

Dr. Joao Fonseca
IASPE/

Susana Pires Vilanova, Pedro Costa, Sandra Heleno, Vittorio Bosi

Palaeoseismological investigations on the Lower Tagus Valley, Portugal, led to the identification of
holocene deformation, dated with C14 and archaeological artefacts. The deformation consisted on a set
of NW-SE dipping planes with variable dip angles, with reverse N-S slip. The deformation was
interpreted as indicative of compressive active tectonics. Alternatively, other authors attributed to the
same structures a gravitic origin. This research was recently resumed, with resource to boreholes and
improved outcrop exposure due to new roadcuts. This new phase led to the following additional results:
1) a gravity-driven landslide, with a sub-horizontal sliding plane, can in fact be identified in the new
exposure, close to the trenches. 2) However, a sub-vertical contact surface striking about N50E and
showing normal slip can also be identified in the new outcrop, directly underneath the old trenches. The
surface remains steep down to a depth of 9 meters at least, making it difficult to reconcile with a
gravitic origin. NW-SE extension, as implied by the new structure now discovered, is at odds with the
usually adopted stress field for Western Portugal. This suggests that the structure is a secondary fault,
with small dimension. Our preferred interpretation is that it belongs to a more complex pattern of
tectonic deformation yet to be constrained by further study, of which the landslide is also a secondary
effect. Such further study is key to the assessment of the contribution of intraplate seismicity to the
seismic hazard in Portugal, and in particular in the Greater Lisbon region.

Keywords: paleoseismology, active fault, seismic hazard
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Identifying active faults and obtaining their seismic parameters in low
strain zones: The northwester margin or the Valencia trough

Dr. Hector Perea

Eullia Masana, Pere Santanach

The detection of the active faults and the determination of the parameters that describe their seismic
cycle (maximum magnitude earthquake, recurrence period and time elapsed since the last event) is one
of the key points that could help to the improvement of the seismic hazard studies in zones of low
seismicity. The faults localized in these regions are characterized by low slip rates (< 0.01 mm/yr) and
long seismic cycles (10 to 3 to 10 to 5 years). We propose different approaches with the objective of
identifying the active faults in a zone of low strain rates, the north-western margin of the Valencia
trough: a) spatial association between earthquakes, instrumental and historical, and faults to detect
those responsible of the present and historical earthquakes; b) paleoseismological studies; c)
geomorphological analysis of mountain fronts to identify the main patterns of those associated to active
faults, those associated to non active faults and those not associated to faults; and d) analysis of
seismic reflection profiles in offshore zones to localize the faults that are offsetting the seismic reflectors
corresponding to the plio-quaternary sedimentary layers. Using this information the faults are classified
in five different groups according with the observed characteristics: a) seismogenic faults (2 in the study
area); b) faults that record present and accumulated activity (8); c) faults that record accumulated
activity (18); d) faults that record present activity (32); and e) faults that do not record activity (186).
The next step is the obtainment of the seismic parameters of the detected active faults. Maximum
magnitude earthquake and recurrence interval are obtained from the length and slip rate of the faults.
However, these parameters can only be obtained for faults classified in groups a, b and c. The time
elapsed since the last event can only be get trough paleoseismological studies and these are not always
feasible in low slip rate faults. The knowledge of these parameters allows the inclusion of some of the
active faults in a probabilistic seismic hazard assessment. This study highlights the importance of
identifying active faults and studying their seismic parameters to be included in any probabilistic seismic
hazard assessment.

Keywords: active faults, fault seismic parameters, seismic hazard
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Liquefaction induced deformation in sediment column and their
significance in paleoseismic studies: Examples from India

Dr. Prabha Pandey
National Geophysical Research Institute, Hyderabad Scientist

Anand Kumar Pandey

Liquefaction induced features are commonly observed in region of recurrent seismicity and their
paleoseismic significance lies in their frequent occurrence and straightforward recognition in trenches. A
number of regional and local agencies play part in triggering the liquefaction; earthquake wave is one
such triggering agent producing seismically induced liquefaction (SIL) on regional scale. They occur
mainly in the saturated soft sediments of beach, barrier and fluvial deposits. The manifestations of SIL
are dependent on the type and variability in the sediment column that are affected by the driving
mechanism and boundary conditions. The normal and reverse density gradients in the saturated
sediment column plays important role in defining the surface and subsurface manifestations of
liquefaction features. These features have been recognized in sediments as old as Proterozoic but the
practical interest is limited only to the Quaternary sediments. We discuss the process of liquefaction and
associated deformation features in sedimentary column primarily formed during an earthquake with
examples from different documented earthquakes in past century and other mezoseismal regions in
India. Further, the significance of SIL in the magnitude determination of source earthquake will be
discussed.

Keywords: liquefaction, paleoseismicity
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Ground penetrating radar for archeoseismological investigations - a case
study from Baelo Claudia, Southern Spain

Mr. Christoph Gruetzner
Neotectonics and Natural Hazards Group RWTH Aachen University, Germany

Klaus Reicherter, Pablo G. Silva

The Roman ruins of Baelo Claudia are situated at the Straits of Gibraltar in the province of Cdiz (Spain),
close to the village of Tarifa. With about 2.000 inhabitants, the city was one of the larger roman
settlements on the Iberian Peninsula and delivered tons of Garum, an ancient fish-dip made of tuna, to
the capital. In the 1st century, an earthquake destroyed wide parts of the infrastructure. Because of the
economic importance the city was rebuild during the Imperial Phase. Later in the 4th century, when the
Roman star already had begun to sink, another destructive earthquake hit Baelo Claudia. It can be
observed in the ruins - the columns and house walls fell on clean pavement and are partly preserved in
this situation - that the event marked more or less the end of Roman settlings in this place. The seismic
source or faults of the earthquakes are not yet clear. Paleoseismological studies showed, however, that
both, the Carrizales and Cabo de Gracia Faults, in the immediate environs of Bolonia might produce a
seismic event big enough to destroy the city. For our study 7 km of ground penetrating radar (GPR)
profiles have been collected in the ruins, using the 300 MHz GSSI antennas and the SIR2 system. The
frequency of 300 MHz provides a good compromise between penetration depth and resolution. In
addition, some 240 cm low-frequency profiles have been taken in order to image the deeper structures
of the area. We aim to find coseismic features like landslides and liquefaction or even buried faults
inside the ancient city. As well we collected subsurface information of the buildings (tilted or destroyed
walls and buildings that are still covered by the post-Roman colluvium). Besides the geological
information, the investigation helps the local archeologists with their future excavations, as many
unknown tombs and constructional features have been discovered during the survey. Our data do not
imply an unknown active fault in the area but document earthquake-related damages like fallen
boulders, tilted walls and the deformation of a buried aqueduct as well as the structure of a small scarp,
crossing the city. The post-Roman colluvium can be easily mapped and distinguished from building rests
and from older deeper-lying sediments. This layer marks the event horizon of the last earthquake after
which the settling stopped. The thickness of the colluvium (or the depth of the event layer) provides
information about erosion and sedimentation processes in the area, including mass wasting.
Furthermore, GPR provides a reliable tool in finding promising locations for probing and/or trenching.

Keywords: paleoseismology, archeoseismology, groundpenetratingradar
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Paleoseismology in Iran; aims,previous record and future panorama

Mr. Alireza Babaie Mahani
institute of geophysics MS.c student of seismology IASPE]

Shayesteh Mehrabian, Majid Bagheri

Being placed in Alp-Himalaya orogenic belt, Iran is one of the most geologically active regions in the
world. Northward movement of the Arabian plate and stability of the Turan plate in the north has
caused Iran plateau to become squeezed in between. All of these conditions have transformed Iran to
one of the most exclusive places for occurring earthquakes in the world. The energy of earthquakes in
Iran is released along the faults in different seismotectonic regions. Earthquake catalogues in Iran
consist of instrumental and historical data. The Instrumental data are limited, in the most optimistic
situations, to some decades ago. Historical data can go back to some centuries or a millennium. In the
regions where earthquakes occur frequently with short recurrence intervals, for example in Zagros, by
instrumental data bank we can have an assessment of hazard in this region. In north of Iran, Alborz-
Azarbayejan province, Historical data can increase our knowledge in order to have an assessment of the
hazard. In contrast, in the regions of E-NE of Iran neither Instrumental nor historical data can reveal the
history of occurring earthquakes in the past. In these parts of Iran the earthquakes occur with long
recurrence intervals, much longer than our data range, so the role of paleoseismic investigations can be
determined here to detect earthquakes that occurred some millennia ago. These investigations usually
have been done by digging trenches across the faults to obtain some information such as: determining
the exact sense of movement of faults; identifying and dating paleoearthquakes on the faults;
measuring the slip rate of the faults and the recurrence interval of the paleoearthquakes. This
information is then used for seismic hazard analysis of the regions specially where there are not enough
data (instrumental and historical) for the assessment of the earthquake hazard. In this study we tend to
deal with this kind of work; the aim of paleoseismic studies in different parts of Iran, the history of
these studies and also the future panorama of this interdisciplinary subject.

Keywords: paleoseismology, iran, seismichazardanalysis
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Applying Different Techniques in Studying an Active Strike-slip Fault;
Example of a Seismotectonic Study in the Southern Alps, NW Slovenia

Mrs. Vanja Kastelic
University of Ljubljana, Department of Geology M.Sc IASPE]

Jure Bajc, Mladen IvcI¢

We combine several techniques to obtain better insight into earthquake processes on the active fault
zone in NW Slovenia. This particular fault system is of major concern with respect to seismic hazard in
Slovenia one of the strongest events in the last century occurred there, the Mw = 5.6 in 1998 and Mw =
5.2 in 2004. In areas with absence of recent sedimentation or with active erosion processes, no young
sediments or sedimentary rocks are present. Therefore, studying the seismic history of a fault in such
an area cannot be done by standard paleoseismological investigation technique like trenching.
Quantitative assessment of deformation that occurred on a particular fault must be approached by
alternative methods due to lack of typical geological markers, such as displacements between
stratigraphy or lithological boundaries. The Julian Alps (Eastern part of Southern Alps) in NW Slovenia
are a region where both, absence of recent deposits and lack of geological markers is typical. The 1998
and 2004 earthquakes occurred along a NW-SE striking fault that runs through this region. We applied
detailed structural mapping of the area along the fault trace, computed the stress orientation from
measured kinematic data, and enriched both results with joined hypocenter (re)locations and focal
mechanism calculation. The combination of the results of these different techniques provides better
understanding of the seismicity of the area. We show that the fault exhibits a segmented geometry of
individual fault segments and step-over zones of local transpressional basins that bound these
segments. The geometrical relation between the length of individual segments and their overlap and
separation distances in the step-over zones play an important role in spatial distribution of earthquake
sequence. The step-over zone with overlap to separation ratio around 1:1 was easily breached by Mw =
5.6 event, while the one exhibiting the ratio around 5:1 was not breached by the same event and the
aftershock cluster stopped at this step-over zone. Comparison of the fault area marked by the
aftershocks and the fault area, obtained from the scaling relation between the magnitude and the area
that ruptured, shows that the aftershocks span a significantly larger area than the segment that was
activated during the main event. On the other hand, the aftershocks that occur within the first few
hours after the main shock do mark the activated fault area of the main event reasonably well.
Comparison between both methods shows, that in case of good local coverage of seismic stations in the
epicentral area distributed evenly in all direction from the epicenter, polarity of first arrivals technique
gives very good and reliable focal mechanisms. These in turn allow detailed seismotectonic
interpretation of the earthquake processes in the area. The solution of focal mechanisms computation
for both main earthquakes, that yield dextral strike-slip deformation, are also in a very good agreement
with results obtained from field measurements of kinematic indicators and the solution of inversion of
the data used for calculating stress orientation. Results give a N-S oriented direction for the maximum
compressive stress and a strike-slip solution for the kinematic behaviour of the fault within this tectonic
phase.

Keywords: active tectonics, fault segmentation, fault plane solution
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Sedimentological imprint of past earthquakes in the Algerian margin from
slump and turbidite record (Maradja Project)

Dr. Nathalie Babonneau
IUEM - Universit de Brest UMR 6538 Domaines Ocaniques

Nathalie Babonneau, Antonio Cattaneo, Jacques Dverchre, Bruno Savoye, Karim
Yelles, Gabriela Dan, Anne Domzig, Pierre Giresse, Rachid Matougui, Bernard
Merci De Lpinay, Henri Pauc, Virginie Gaullier, Faouzi Djadid

As shown by the 2003 M 6.9 Boumerdes earthquake, northern is affected by moderate to large seismic
activity damaging the Algerian coastal cities. Seismic activity results from the convergence motion
between African and European plates. It occurs through large earthquakes, activating fault segments
partly located offshore and causing important effects on the stability of the sediments on the Algerian
continental slope. Sedimentological and geophysical data acquired offshore during the Maradja cruises
(2003 and 2005) allow to identify possible Quaternary sediment instabilities generated by seismic
events. The submarine slope morphology is characterised by deep canyons, indicating high efficient
sediment transport by gravity processes, from the shelf break to the deep basin. Morphological and
sedimentological studies of the margin suggest that several types of gravity deposits with a possible
seismic origin exist. Slumps and debris flow deposits appear on multibeam-based seafloor morphology.
They are mainly located at the foot of the continental slope and on steep canyon flanks, and are
sometimes linked to subsurface fault motion. These sedimentary structures have a typical size of a few
kms. Using detailed sonar imagery (SAR), high resolution seismics and core data, we made a first
estimation of the age and distribution of slumps and debris flows. The link with seismic events is difficult
to build, since deposits have limited spatial extent and rare vertical superposition. For the moment, a
consistent chronostratigraphic framework cannot be established for these structures and prevents us to
obtain event recurrence intervals. Large turbidity currents flowing offshore may well represent the result
of sediment destabilisation induced by seismic activity, as testified by direct recording of catastrophic
mass flows immediately following some of the most destructive historical earthquakes. During the 1954
Orlansville, the 1980 El-Asnam and the 2003 Bourmerdes earthquakes, numerous deep-sea
communication cables were broken by turbidity currents directly triggered by seismic events. Currents,
probably initiated in canyon heads, propagated as far as 100 km and more from the Algerian coast into
the basin. These events are recorded as turbidite deposits in the abyssal plain and in levees of turbidite
channels. A detailed sedimentological and morphological study of the margin (especially in the Algiers
area) is performed in order to estimate the location of the initial instabilities in the canyons, the paths of
active sediment transport and the main flow characteristics of the turbidity currents. Using this
knowledge of transport and sedimentation processes, we establish a coring strategy for a cruise
programmed in August 2007 in order to attribute an age to the largest deep turbidite sequences and
estimate the recurrence time of these events in the different structural segments of the margin. This
approach will help to gain important informations on the recurrence of great earthquakes along the
Algerian margin in the last 10,000 years and on their actual imprint on the seafloor.

Keywords: paleoseismicity, algerian margin, slope instability
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A fresh fault scarp identified in an urban district by LiDAR survey: A case
study on the Itoigawa-Shizuoka Tectonic Line, central Japan

Dr. Hisao Kondo
Active Fault Research Center Geological Survey of JapanAIST

Shinji Toda, Koji Okumura, Keita Takada, Tatsuro Chiba

A light detection and ranging (LIDAR) survey that provides us high-resolution DEM has been successfully
applied to the field of active tectonics recently to reveal invisible and obscure active faults, especially in
forested areas. Here, we apply the LIDAR to an urban district in which detailed fault mapping is normally
difficult due to densely built-up area in central Japan. Matsumoto City, which is located on a ca. 3 km
square basin along the middle section of the Itoigawa-Shizuoka Tectonic Line active fault system (ISTL),
one of the major active fault systems in Japan, shows us a large gap of the fault continuity. As the
result of the survey, we found obvious fault scarps in the densely populated area. For the LiDAR, the
data were acquired from a Cessna, which basically flew at the position of 750m above ground surface
with laser scanning angle of 15 degrees. Along the expected fault traces, in order to avoid loss of laser
returns to ground surface insulated with buildings, data was acquired from the position of 1000m above
ground surface with a scanning angle of 12 degrees. GPS position control and Inertial Measurement Unit
(IMU) data were combined with the time of flight for the laser data to produce DSM data. After filtering
process to remove noise data, and laser returns to buildings and vegetations, DEM data at 0.5-m-grid
interval was processed. Based on the high-resolution DEM, a continuous one-meter-high scarp was
clearly recognized on alluvial fan surfaces in the urban district, west of the Matsumoto castle built in the
ca. 16th century. Since the trend of west-facing scarp is almost perpendicular to the general flow-
direction of streams, the scarp can be geomorphologically interpreted as tectonic origin. Taking
distribution of adjacent active faults into considerations, the newly found fault traces probably
contribute to form a pull-apart basin related to a fault step-over between the Gofukuji fault and the East
Matsumoto Basin faults of which predominant slip component are left-lateral strike-slip. Since the
Gofukuji fault has 14% earthquake probability for the next 30 years based on previous paleoseismic
studies, the existence of such a fault scarp in urban district and its tectonic interpretation in Matsumoto
City is crucial not only for evaluation of the future surface rupturing and direct strong shaking from the
source but also for fault segmentation of the ISTL. Thus, the application of the current LiDAR survey
technology to other urban areas would provide advantages in various aspects of seismic hazard
mitigation.
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NEotectonic derived models for crustal deformation in a stable continental
region setting: insight from the Southwest Of western Australia.

Dr. Mark Leonard
Geosclence Australla Geohazards IASPE]

Dan Clark

In recent times, high resolution digital elevation models (DEMs) have emerged as an important tool for
finding and characterising earthquake related geomorphology, and particularly fault scarps. The results
of a reconnaissance investigation of two DEM datasets covering a large portion of southwest and central
Western Australia are presented. A total of thirty-three new fault scarps of probable Quaternary age
have been identified, bringing the total number of neotectonic features in the area to sixty. The scarps
are spatially isolated and range in length from ~15 km to over 45 km, and from ~1.5 m to 20 m in
height. Most scarps where a displacement sense could be determined from the DEM data suggest
reverse displacement on the underlying fault. In the few instances where high-resolution aeromagnetic
data is coincident with a scarp location the ruptures are seen to exploit pre-existing crustal weaknesses.
Twenty-one of the features have been verified as fault scarps by ground-truthing, and range in
apparent age from perhaps less than a thousand years to many tens of thousands of years. Only four
have been quantitatively examined to determine source parameters (e.g. timing of events, recurrence,
magnitude). However, three important characteristics are revealed in the extant data: 1) recurrence of
surface breaking earthquakes on an individual fault is typical (ie. areas hosting active fault scarps are
earthquake-prone), 2) temporal clustering of events is apparent on many faults (ie. large earthquake
recurrence in active phases might be much less than during inactive phases), and 3) significantly larger
events than have been seen in historic times (MW>7.2) might be expected in the future, Australia-wide.
This rich neotectonic record also provides an opportunity to understand the characteristics of intraplate
deformation at the scale of the entire Precambrian shield region (the Yilgarn Craton). An uniform
distribution of the northerly trending scarps suggests that strain is uniformly accommodated over the
Yilgarn Craton at geologic timescales, and that the easterly-trending compressive contemporary stress
field has pertained for hundreds of thousands of years or more. This evidence supports a model
whereby the lower, ductile part of the lithosphere is uniformly strong and deforms uniformly, and the
upper (seismogenic) layer accommodates this large-scale flow by localised, transient and recurrent
brittle deformation in zones of pre-existing crustal weakness. The proposed model implies uniform
seismic hazard across the southwest of Western Australia, but at a timescale much greater than useful
for most seismic hazard assessment applications. Palaeoseismological data on individual faults is playing
an important role in bridging the gap between this seismicity model and the historic record of seismicity
in , upon which all current seismic hazard assessments are based.
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Rupture characteristics and deformation partitioning in the Himalayan
front of NW Himalaya: evidence from a post 1335 AD earthquake

Dr. Anand Pandey
National Geophysical Research Institute Scientist

Prabha Pandey, G.D. Singh, G.V. Ravi Prasad, K. Dutta, D. K. Ray, Madhukar Milki

The Himalayan Frontal Thrust (HFT) is the southernmost terrain defining intracrustal fault marked by
the underthrusting of the Indo-Gangetic alluvium under the Siwaliks of the Sub-Himalaya. The HFT is
physiographically recognized as an abrupt topographic break separating the Siwalik range from the
Piedmont/alluvial plain. The Sub-Himalayan belt in the hangingwall of the HFT has attained a height of
~900 m above MSL (or ~600 m relative relief with reference to the HFT outcrops) during Late-
Quaternary period. Invariably, the Siwalik rocks are observed in anticlinal disposition close to HFT zone
and the folding has been attributed to fault-bend folding. This led to the growth and upliftment of
different levels of strath terraces in response to the fold growth related to activity on HFT. Some recent
active tectonic studies and paleoseismic investigations have argued for the growth related to episodic
seismic slip on the HFT. The surface ruptures of some past earthquakes have also been documented in
the HFT zone, which is recognized as the locus of primary earthquake rupture front of the active
Himalayan mountain belt.We explored the moun