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Why tsunamisoccur and why we study them

o Generationmechanisms:
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Eathquake
Undervater volcano
Undervater slides
Rock-slideimpact
Asteroidimpact

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




Oil productionmay generatea new Stareggatsunami

Offshore Geohazards —
Tsunami generation

The Storeggaevent8200yeas ago

Run-out: 800 km; Volume: 5; 600km?3; Area: 34; 000km?;

Estimatedmax run-up: 50 m alongthe Norwegiancoast
Animation 1; Animation 2




Raock slidesin fjords may generategsunamis

Accidentsin Norwegianfjords:
Loen 1905 (61), Tafjord 1934 (41), Loen 1936(73)




Asteroidimpact




Energyestimatesof impactand tsunami
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Asteroid'sdiameter: 1:6 km, densiy: 3 kg/ ", speed: 25 km/s ]
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Tsunamigeneratiormodelingis demanding

Di culties with generationmodeling
o Eathquakes: seismicmotion of the bottom
o Slides: (turbulent) mixture of solid/ uid/grains with water
o Impacts: blast waves,phasetransitions, fragments




ODE systemfor ray tracing of tsunamis

Standad model for tracing wave crestsx and carespnding wave
number k and frequency! for slowly varying bottom H(X;y):
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PDE modelsfor tsunamipropagation

@ Tsunamisare (normally) long compaed to the depth

@ Commonmodelsare averagedn the vertical direction

o PDE domain: 2D oceanareaon a map (3D waves!)

o Physicalbasis: massand momentumbalance,inviscid uid

hx,y.t)




Depth-integratednodelsfor tsunamipropagation(1)

(H )u)+§«H )
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Normally solved(e ciently) by explicit time stepping

Commonadditional terms

Caiolis force, bottom friction, wave breaking




Depth-integratednodelsfor tsunamipropagation(2)

The Boussinesdequations

o Weakdispersion(deepwater) and nonlineaity (coastal areas)
o Demandsimplicit schemeg) nonsymmetricmatrix systems)




Tsunamisapgroachinglandis demandingo model

Di culties with modelingin coastalareas
@ Wave breaking

@ Sedimenttransport dueto large (bottom) currents
@ Run-upon beachesdamageon structures
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Asteroidimpact
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The impact simulatedby a multi-materialhydracode
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PaleoBarents Sea(142 mill. yeas ago)

Reconstructecdbathymetry

o Gentlegradients
o Depthsh < 600m

o Desirableresolution:
X 200m; 100m

o Presentdomainsize:
2000 2000km?;
5000 5000km? desireable
) 25 10 grid points,
13000time steps




Simulationof the Mj Inir tsunami
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@ Animation of the wholetsunami

@ Animation of the front of the tsunami




Impacton the environment
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Multi-physics/domain/cale via do

Nonlinear shallow water egs.

Dispersive (Boussinesq) equation\
\ - :
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Summay of tsunamisimulationmodels

Greatvaiation of model complexiy:
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Summay of tsunamisimulationmodels

Greatvaiation of model complexiy:

o Simplestmodels: tracking rays by ODEs

o "Classical"tsunamis: 2D (linea) shallav water equations
(explicit nite di erence schemes)

o Fineresolutionoften neededeverywheran wave models

o Asteroidimpacts: dispersionmight be important
(implicit schemesnon-symmetricmatrix systems)

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

@ Domaindecompsition is a promisingsolution method
o Greatneedfor parametersensitiviy studies(multiple runs)
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