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A first training course in 

Landslide -HySEA

Geo-INQUIRE training course, 7-8 April 2025



Previous on-line HySEA codes training courses

ǒ Geo-INQUIRE, Tsunami-HySEAin 27-28 April 2024 

ǒ ChEESE-2PтTsunami-HySEA/Meteo-HySEAcodes in 13-14 May 2024

ǒ Today - Geo-INQUIRE, Landslide-HySEA

ǒ Eventually, future reducedgroups hand-on sessions.
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Other Tsunami -HySEA courses at : (3) SINAMOT -UNA (Costa Rica), (2)

UTFSM/SHOA (Chile), (2) RSPR (Puerto Rico), IHC Cantabria, IGN, BSC, U.
Malta, ESPOL (Ecuador), DIMAR (Colombia) and other personal trainings



Geo-INQUIRE, Tsunami-HySEAin 27-28 April 2024 

Complete information (videos and slides) at: 
https://www.geo -inquire.eu/dissemination/training -activities/tsunami -hysea-course-introduction -and-tips-on-
installation
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Slides and recording available

https://www.geo-inquire.eu/dissemination/training-activities/tsunami-hysea-course-introduction-and-tips-on-installation
https://www.geo-inquire.eu/dissemination/training-activities/tsunami-hysea-course-introduction-and-tips-on-installation


ChEESE-2PтTsunami-
HySEA/Meteo-HySEAcodes 

4

Complete information at: 
https://cheese2.eu/event/tsunami -meteo-modelling-training/
https://cheese2.eu/news/online -tsunami-meteo-tsunami-modelling-training/

Recording available

https://cheese2.eu/event/tsunami-meteo-modelling-training/
https://cheese2.eu/news/online-tsunami-meteo-tsunami-modelling-training/
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Geo-INQUIRE, Landslide-HySEAin 7-8 April 2025 
More info here: https://www.geo-inquire.eu/dissemination/training-activities/landslide-hysea-code

Slides and recording available soon

https://www.geo-inquire.eu/dissemination/training-activities/landslide-hysea-code


Speakers
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Aim of the course

¶ Basic introduction to Landslide-HySEAcode.
¶ Understand the model used
¶ Different modelling approaches for landslide-generatedtsunamis
¶ Provide atool to perform landslide-generatedtsunami simulations
¶ Requirements: Input data and parameters
¶ Present several examples
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Scheduled Agenda
1. Introduction (Jorge Macías) 
2. Things you need to know before starting simulating (Jorge Macías)
3. Landslide-HySEAcode тRequirements, input data, parameters and so 

on (Sergio Ortega)
4. Practical examples (Carlos Sánchez Linares)
5. The HySEAcomputational platform (Carlos Sánchez Linares)



Topics of the course

¶ Basic introduction to Landslide-HySEAcode.
¶ Model equations
¶ Some examples of scenarios simulated
¶ Subaerial and submarine slides
¶ Comments on benchmarking
¶ Other approaches for modeling landslide-generatedtsunamis
¶ Access to atool to perform landslide-generatedtsunami simulations.
¶ Input parameters and data required
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To who

¶ Newcomers to the code

¶ Researchers with or without prior experience in tsunami modeling

¶ Scientists and engineersinterested in tsunami modeling

¶ Especially, those focusingon non-seismic tsunami sources
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How we will proceed ?

¶ Threespeakers

¶ All questions in the chat

¶ These questions will be directly answered in the chat by any of the available speakers

¶ Or, eventually, be asked to the current speaker by them

¶ A document with the key questions and their answers will be produced
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Things you need to know before starting simulation
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ÅMethodologies

ÅExamples

ÅModel Equations

ÅVariables, input parameters and data

ÅBenchmarking of codes

ÅHints about dispersion

ÅSubaerial landslides - Lituya Bay

ÅSubmarine landslides ðPort Valdez/Al -boraní
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HySEA models for the simulation 
of landslide generated tsunamis

A family of codes
Å Landslide - HySEA ïGranular flows

Å Hydrostatic and non -hydrostatic versions

Å Strong or weak coupling

Å Multilayer -HySEA model

Å Dispersive

Å Vertical multilayer structure

Å Granular / solid block

Å Dynamic initial forcing

Å Coupling models

Å Generation: Multilayer -HySEA

Å Propagation: dispersive Tsunami -HySEA



A first example
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A first submarine example : 
Paleo- tsunami at Siberut Island, 
Sumatra

Singh et al. (2010), Geophys. J. Int.,180

[doi: 10.1111/j.1365-246X.2009.04458.x]

https://doi.org/10.1111/j.1365-246X.2009.04458.x
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Singh et al. (2010), Geophys . J. Int., 180, pp. 703-714.

A first example of submarine landslide: 
Paleo - tsunami at Siberut Island, Sumatra
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A first example of subaerial landslide: 
Tsunami at Montserrat Island

References: Cole et al. (1998), Heinrich et al. (1998),
Wadge et al. (1998), Heinrich et al. (1998), Heinrich et al. (2001).
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Model Equations

Fluid 

layer

Granular 

layer

Mass conservation

Mass conservation Momentum conservation



3D Navier -Stokes or Primitive Equations

όὼȟώȟᾀȟὸ Öὼȟώȟᾀȟὸ ×ὼȟώȟᾀȟὸ

ὬὼȟώȟὸȾ–ὼȟώȟὸ (ὼȟώ

Shallow Water (Vertically integrated)

όὼȟώȟὸ Öὼȟώȟὸ

ὬὼȟώȟὸȾ–ὼȟώȟὸ Ὄὼȟώ
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Vertically Integrated Models ðShallow Water

Level of reference Mean sea level
–



1D Model Equations
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1

2

Mass conservation

Mass conservation Momentum conservation



1D Model Equations
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ⱬ

thickness of the layer of fluid

fluid flow, i.e., velocity by thickness

gravity

Bathymetry (non -erodible)

density of the fluid

thickness of the granula r layer 

flow of the granular material (layer 2)  

density of the fluid layer 

ⱬ=(1-‪0) s+ ‪0 1

ⱬ density of the granular material 

‪0 porosity

1
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Friction terms
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ὶ
ⱬ
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First layer friction term

Ὓ ὶὛ Ὓ Second layer friction term
1. Friction between layers

Ὓ ά ό ό ȿό ό|,     ά friction coefficient

2. Friction between the fluid and the non -erodible bottom

Ὓ ὫὬ Ⱦόȿόȿ,  ὲ Manning coefficient

3. Friction between the granular layer and the non -erodible bottom

Ὓ ὫὬ Ⱦόȿόȿ,    ὲ Manning coefficient



Coulomb term  (†)
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1. Determine the Coulomb angle (input parameter): ♪

2. Critical friction 

„Ã Ὣρ ὶὬÔÁÎ♪, ♪Coulomb angle

3. How this term acts

if † „Ã then  ή π

if † „Ã then † Ὣρ ὶὬÔÁÎ♪

‬ Ὄ Ὤ ÔÁÎ‌ no movement



Computed variables and input parameters 
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ratio of densities 

thickness of the layer of fluid

fluid flow, i.e., velocity by thickness

gravity

Bathymetry (non -erodible)

density of the fluid

thickness of the granula r layer 

flow of the granular material (layer 2)  

density of the fluid layer 

ⱬ=(1-‪0) s+ ‪0 1

ⱬ density of the granular material 

‪0 porosity

ά friction coefficient

ὲ and ὲ Manning coefficient s

♪Coulomb angle



Computed variables and other model outputs
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thickness of the layer of fluid

fluid flow, i.e., velocity by thickness

gravity

Bathymetry (non -erodible)

density of the fluid

thickness of the granula r layer 

flow of the granular material (layer 2)  

density of the fluid layer 

ⱬ=(1-‪0) s+ ‪0 1

ⱬ density of the granular material 

‪0 porosity
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thickness of the layer of fluid

fluid flow, i.e., velocity by thickness

Ὤ
ή

thickness of the granula r layer 

flow of the granular material (layer 2)  

ό
Ὤό

velocity of the layer of fluid

momentum flux

ό
Ὤό

velocity of the granular layer

momentum flux for layer 2

–

Å Maxima for –, velocities, momentum flux

Å Arrival times



Input parameters and data
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ratio of densities 

thickness of the layer of fluid

fluid flow, i.e., velocity by thickness

gravity

Bathymetry (non -erodible)

density of the fluid

thickness of the granula r layer 

flow of the granular material (layer 2)  

density of the fluid layer 

ⱬ=(1-‪0) s+ ‪0 1

ⱬ density of the granular material 

‪0 porosity

Ὄ Bathymetry (non -erodible)

ά friction coefficient

ὲ and ὲ Manning coefficient s

♪Coulomb angle



Input data and parameter + Initial conditions
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ὶ
ⱬ

ⱬ
ratio of densities 

Ὄ Bathymetry (non -erodible)

ά friction coefficient

ὲ and ὲ Manning coefficient s

♪Coulomb angle

Ὤ ὼȟπ initial thickness of the granular layer

And some other technical parameters:

Å CFL (stability coefficient)
Å Saving time

Å Epsilon h
Å é



Annex under request: Units
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ὶ
ⱬ

ⱬ
ratio of densities (no units) 

ὬȟὬ

ήȟή

Thickness ðlength (m) 

Flow = velocity * thickness (m 2/s) 

Ὣ
Ὄ

Gravity (9.81 m/s 2)

Bathymetry (non -erodible) ð(m)

ά friction coefficient ð(1/m)

ὲȟὲ Manning coefficient s ð(s/m1/3)

♪Coulomb angle ð(o)

ὛȟὛȟὛȟὛȟ3ȟ†

All friction terms has units (m 2/s2)
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Benchmarking

More info: https://edanya.uma.es/hysea/index.php/benchmarks

https://edanya.uma.es/hysea/index.php/benchmarks
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HySEA models and NTHMP Benchmarking

NTHMP ïNational Tsunami Hazard and Mitigation Program

Å Propagation and Inundation

Å Tsunami Currents

Å Landslide Generated Tsunamis

ÅMeteotsunamis

Tsunami -HySEA

Landslide -HySEA
Multilayer -HySEA

Meteo -HySEA
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Tsunami -HySEA. Results for NTHMP's Tsunami benchmarking process

for Propagation and Inundation

ÅBP1: Simple wave on a simple beach - analyticalïCASE H/d=0.019 (hydrostatic )

ÅBP2: Simple wave on a simple beach ïlaboratory

ÅBP3: Solitary wave on a conical island ïlaboratory

ÅBP4: The tsunami runup onto a complex 3D model of the Monai Valley beach ïlab.

ÅBP5: Okushiri Island tsunami - field

Propagation and Inundation ðTsunami -HySEA

Reference : Macías et al. (2017). Performance benchmarking of Tsunami -HySEA model for NTHMPõs

inundation mapping activities . Pure and Applied Geophysics , 1-37. [doi : 10.1007/s00024 -017-1583-1]

Hydrostatic

&

Dispersive

http://edanya.uma.es/hysea/index.php/benchmarks/63-propagation-and-inundation/88-bp1
http://edanya.uma.es/hysea/index.php/benchmarks/63-propagation-and-inundation/89-bp4
http://edanya.uma.es/hysea/index.php/benchmarks/63-propagation-and-inundation/90-bp6
http://edanya.uma.es/hysea/index.php/benchmarks/63-propagation-and-inundation/91-bp7
http://edanya.uma.es/hysea/index.php/benchmarks/63-propagation-and-inundation/92-bp9
http://edanya.uma.es/hysea/index.php/benchmarks/63-propagation-and-inundation/92-bp9
https://link.springer.com/article/10.1007%2Fs00024-017-1583-1
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Model setup : non-linear, non-dipersive or dispersive with friction

Å Friction: Mn=0.03 ïfor dispersive: 0.032 and 0.036
Å Parameters: d=1, g=1, H=0.0185 (non-breaking) H=0.3 (breaking)

Å Computational domain: from x=-10 to x= 70.
Å Grid resolution: 1600 cells, i.e., Dx=0.05=d/20.

Å CFL: CFL number is set to 0.9
Å Version of the code. Tsunami -HySEA third order non -dispersive and second order 

dispersive are used

BP2. Simple wave on a simple beach - lab
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BP2. Simple wave ðNon breaking wave

Hydrostatic Non -Hydrostatic
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BP2. Simple wave ðBreaking wave

Hydrostatic Non -Hydrostatic
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Maximum runup as a 

function of time

Breaking

BP2. Simple wave on a simple beach - lab

Non-breaking
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BP3. Solitary wave on

a conical island - lab

Lab model setup

Wavemaker

In red the four gauges considered for

validation (6, 9, 16, and 22)
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BP6 - lab
3. Runup around the island

CASE A

Smaller

CASE B

Intermediate

CASE C

Larger

Non-hydrostatic
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BP6 - lab

CASE A

CASE B

CASE C

Hydrostatic



Tsunami -HySEA. Results for NTHMP's Tsunami benchmarking process

for Tsunami Currents

BP1: Steady Flow over Submerged Obstacle - laboratory
BP2: Tsunami Currents in Hilo Harbor - field
BP3: Tsunami Currents in Tauranga Harbor -field
BP4: Flow through a City Building Layout - laboratory
BP5: Solitary Wave Propagation over a Complex Shelf - laboratory

Tsunami currents ðTsunami -HySEA

ÅLab cases (BP1, BP4 and BP5) at:
Macías et al. (2020). Performance assessment of Tsunami -HySEAmodel for NTHMP tsunami currents
benchmarking. Lab data. Coastal Engineering , 158, 103667, [doi: 10.1016/j.coastaleng.2020.103667].
ÅField cases (BP2 and BP3) at:
Macías et al. (2020). Performance assessment of Tsunami -HySEAmodel for NTHMP tsunami currents
benchmarking. Field cases. Ocean Modelling , 152, 101645, [doi: 10.1016/j.ocemod.2020.101645]

https://edanya.uma.es/hysea/index.php/benchmarks/64-tsunami-currents/83-tc-bp2
https://edanya.uma.es/hysea/index.php/benchmarks/64-tsunami-currents/84-tc-bp3
https://edanya.uma.es/hysea/index.php/benchmarks/64-tsunami-currents/85-tc-bp4
https://edanya.uma.es/hysea/index.php/benchmarks/64-tsunami-currents/86-tc-bp5
https://doi.org/10.1016/j.coastaleng.2020.103667
https://doi.org/10.1016/j.ocemod.2020.101645


HySEA. Results for NTHMP's Tsunami benchmarking process for

landslide generated tsunamis

BP1: Two-dimensional submarine solid block ïrigid slide/submarine

BP2: Three-dimensional submarine solid blockïrigid slide/submarine
BP3: 3D - Subaerial and Submarine solid slidesïrigid slide/both

BP4: 2D - Deformable submarine slide ïgranular slide/submarine

BP5: Solitary Wave Propagation over a Complex Shelfïgranular slide/subaerial

BP6: Deformable subaerial slideïgranular slide/subaerial
BP7: 3D - Field case, Port Valdez, AK 1964ɀfield /submarine

Landslides Generated ðLandslide -HySEA/Multilayer -HySEA

1. Macías et al. (2021). Multilayer -HySEA model validation for landslide generated tsunamis . Part I
Rigid slides, Nat . Hazards Earth Syst. Sci., 21, 775-789 , [doi : 10.5194/nhess -21-775-2021].
2. Macías et al. (2021). Multilayer -HySEAmodel validation for landslide generated tsunamis . Part II
Granular slides, Nat . Hazards Earth Syst. Sci., 21, 791-805 , [doi : 10.5194/nhess -21-791-2021].--

https://edanya.uma.es/hysea/index.php/benchmarks/65-landslide-generated/76-lg-bp1
https://edanya.uma.es/hysea/index.php/benchmarks/65-landslide-generated/77-lg-bp2
https://edanya.uma.es/hysea/index.php/benchmarks/65-landslide-generated/78-lg-bp3
https://edanya.uma.es/hysea/index.php/benchmarks/65-landslide-generated/79-lg-bp4
https://edanya.uma.es/hysea/index.php/benchmarks/65-landslide-generated/80-lg-bp5
https://edanya.uma.es/hysea/index.php/benchmarks/65-landslide-generated/81-lg-bp6
https://edanya.uma.es/hysea/index.php/benchmarks/65-landslide-generated/82-lg-bp7
https://edanya.uma.es/hysea/index.php/benchmarks/64-tsunami-currents/86-tc-bp5
https://doi.org/10.5194/nhess-21-775-2021
https://doi.org/10.5194/nhess-21-791-2021
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BP2. 

3D submarine 

solid block

CASE d=61

Å Dashed line ïlab data

Å Solid line - model



43

BP3. 3D subaerial/submarine solid block
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BP4. 
2D submarine 

granular slide
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BP4.  2D submarine granular slide ðMultilayer -HySEA

Model



46

BENCHMARK PROBLEM 7:

Field Case: Slide at Port Valdez, AK during 1964 Alaska Earthquake

Poster X4.381| EGU2017-19000. Numerical simulation of the submarine landslides and tsunami 

occurred at Port Valdez, AK during 1964 Alaska Earthquake with Landslide -HySEA model
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The paradigmatic simulation of

Lituya Bay, Alaska,1958

González-Vida et al. (2019). The Lituya Bay landslide-
generated mega-tsunami. Numerical simulation and 

sensitivity analysis, Nat. Hazards Earth Syst . Sci .
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The paradigmatic simulation of Lituya Bay, Alaska,1958

t=0t=8t=10t=20t=30t=39
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The paradigmatic simulation of Lituya Bay, Alaska,1958
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The paradigmatic simulation of Lituya Bay, Alaska,1958



Lituya Bay, Alaska,1969
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Al-boraní submarine landslide

Macías et al. (2015). Mar. Geo.
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Al-boraní

submarine landslide

Macías et al. (2015). The Al-Borani submarine landslide
and associated tsunami. A modeling approach. Mar. Geo.
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Al-boraní submarine landslide ðMaximum wave height


