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Why tsunamisoccurandwhy we studythem

Generationmechanisms:
Earthquake
Underwater volcano
Underwater slides
Rock-slideimpact
Asteroid impact

Why we simulate:
Better understanding
Warning systems
Location planning
(population, structures)
Evolution of life and
climate changesinsight



Oil productionmay generatea newStoreggatsunami

The Storeggaevent8200years ago

Run-out: 800 km; Volume: 5; 600km3; Area: 34; 000km2;
Estimatedmax run-up: 50 m along the Norwegiancoast
Animation 1; Animation 2



Rock slidesin fjords may generatetsunamis

Accidentsin Norwegianfjords:

Loen 1905(61), Tafjord 1934(41), Loen 1936(73)



Asteroidimpact



Energyestimatesof impact and tsunami
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23 million Nagasaki bombs

Asteroid'sdiameter: 1:6 km, density: 3 kg/ `, speed: 25 km/s
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Tsunamigenerationmodelingis demanding

Di�culties with generationmodeling

Earthquakes: seismicmotion of the bottom

Slides:(turbulent) mixture of solid/
uid/grains with water

Impacts: blast waves,phasetransitions,fragments



ODE systemfor ray tracing of tsunamis

Standard model for tracing wavecrestsx and correspondingwave
number k and frequency! for slowly varying bottom H(x; y):
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PDE modelsfor tsunamipropagation

Tsunamisare (normally) long compared to the depth

Commonmodelsare averagedin the vertical direction

PDE domain: 2D oceanarea on a map (3D waves!)

Physicalbasis:massand momentumbalance,inviscid
uid
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Depth-integratedmodelsfor tsunamipropagation(1)

The Shallow Water Equations
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Normally solved(e�ciently) by explicit time stepping

Commonadditional terms
Coriolis force, bottom friction, wavebreaking



Depth-integratedmodelsfor tsunamipropagation(2)

The BoussinesqEquations
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Features

Weakdispersion(deepwater) and nonlinearity (coastalareas)

Demandsimplicit schemes() nonsymmetricmatrix systems)



Tsunamisapproachingland is demandingto model

Di�culties with modeling in coastalareas

Wavebreaking

Sedimenttransport due to large (bottom) currents

Run-upon beaches,damageon structures
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Asteroidimpact



The Mj�lnir impact142million years ago



The impact simulatedby a multi-materialhydrocode



PaleoBarentsSea(142 mill. years ago)

Reconstructedbathymetry

Gentlegradients

Depthsh < 600m

Desirableresolution:
� x � 200m; 100m

Presentdomainsize:
2000� 2000km2;
5000� 5000km2 desireable
) 2:5 � 109 grid points,
13000time steps



Simulationof the Mj�lnir tsunami

1000s 1201s
1575s

r km

y km

Animation of the wholetsunami

Animation of the front of the tsunami



Impacton the environment
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Multi-physics/domain/codevia domaindecomposition
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Dispersive (Boussinesq) equations

Nonlinear shallow water eqs.



Summary of tsunamisimulationmodels

Greatvariation of model complexity:

Simplestmodels: tracking rays by ODEs

"Classical" tsunamis:2D (linear) shallow water equations
(explicit �nite di�erence schemes)

Fine resolutionoften neededeverywherein wavemodels

Asteroid impacts: dispersionmight be important
(implicit schemes,non-symmetricmatrix systems)

Generationand run-up need3D multi-scalemulti-material
models("multi-phase Navier-Stokes")

Domaindecomposition is a promisingsolution method

Greatneedfor parametersensitivity studies(multiple runs)
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