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Previous on-line HySEA codes training courses

Geo-INQUIRE TsunamiHYSEAN 27-28 April 2024

O«

ChEESE2P T TsunamiHySEAMeteo-HySEAcodes in 13-14 May 2024

(@4

Today - Geo-INQUIRE, Landslide-HySEA

O«

Eventually, future reducedgroups hand-on sessions.

O«

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 TsunamiHySEAINn 27-28 April 2024

Complete mformatlon (V|deos and slldes) at:

mstallatlon

Geo-iN

Home / Dissemination / Training Activities
/ Tsunami-HySEA course: Introduction and tips on installation

Tsunami-HySEA course: Introduction and tips on installation

Virtual training course on Tsunami-HySEA, a Geo-INQUIRE WP5 code, available through virtual access

(VA) and transnational access (TA)



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 Tsunami and

ChEESEZPT Tsunamt Meteo-Tsunami Modelling
HySEAMeteo-HySEAcodes Training Course Now
Complete information at: Available Online

https://cheese2.eu/event/tsunami-meteo-modelling-training/
https://cheese?.eu/news/online -tsunami-meteo-tsunami-modelling-training/

“ A TSUNAMI AND
METEO-TSUNAMI

MODELLING



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

Geo-INQUIRE Landslide-HySEAINn 7-8 April 2025

More info here: https://www.qgeo-inquire.eu/dissemination/training-activities/landslide-hysea-code

Geo-iN@UIRE

Home / Dissemination / Training Activities / Landslide-HySEA code

Online Training: A First Training Course in Landslide-HySEA
code

Description: This course will address the basic concept for mesh generation and bathymetry file
generation suitable for finite volume codes. It will provide with tools for automatic generation of
synthetic landslide scenarios using diverse tools. The main goal is to teach attendees on how to use
Landslide-HySEA software for landslide-generated tsunami modelling and simulation and, finally,
introduce to several postprocessing tools. If time permits, the computational platform, HySEA, will be o

presented to used Landslide-HySEA code.



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

A8 -4-4_-2-9

Scheduled Agenda

1. Introduction (JorgeMacias)

2. Things you need to know before starting simulating (Jordéacias)

3. Landslide-HySEAcode T Requirements, input data, parameters and sa
on (Sergio Ortega)

4. Practical examples (Carlos Sanchez Linares)

5. TheHySEAcomputational platform (Carlos Sanchez Linares) 3




Topics of the course

Basic introduction to Landslide-HySE Acode.

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

A 4 45 4 43 5 -3 2




To who

" Newcomers to the code
f  Researchers wth or without prior experience in tsunami modeling

1 Scientists and engineergnterested in tsunami modeling

1 Especially, those focusingon non-seismic tsunami sources




How we will proceed ?

l

l

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




Things you need to know before starting simulation

A Methodologies

A Examples

A Model Equations

A Variables, input parameters and data
A Benchmarking of codes

A Hints about dispersion

A Subaerial landslides - Lituya Bay

A Submarine landslides & Port Valdez/Al -borani




HySEA models for the simulation
of landslide generated tsunamis

A Landslide -HySEA i Granular flows

A Hydrostatic  and non -hydrostatic versions A fam”y Of COdeS

A Strong or weak coupling

A Multilayer -HySEA model

A Dispersive

A Vertical multilayer structure A Coupling models

A Granular/ solid block A Generation: Multilayer  -HySEA

A Dynamic initial forcing A Propagation: dispersive Tsunami  -HySEA




7 A first submarine example .
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A first example of submarine landslide:
Paleo-tsunami at Siberut Island, Sumatra

Singh et al. (2010), Geophys . J. Int., 180, pp. 703-714.
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A first example of subaerial landslide:
Tsunami at Montserrat Island
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0q1 =
ﬁa/ qi, D Mass conservation

Model Equations
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Vertically Integrated Models 0 Shallow Water

3D Navier -Stokes or Primitive Equations Shallow Water (Vertically integrated)
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1D Model Equations

\ hi(xy.0)
H(x.y)
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1D Model Equations St g =0
CQ thickness of the layer of fluid h % + % (Q_f n gmz) _ _gmaa_h-? n h1%
I fluid flow, i.e., velocity by thickness \ ohe 0% _

Z  density of the fluid ot ox )
"O Bathymetry (non -erodible) \ % T % (Z_z + ghg) - _gp_;h28a_h1 T QCC);'_I)_(I ik
"Q graviy N
"() thickness of the granula r layer ~ S
r'] flow of the granular material (layer 2) "---.\Laye” ha(xy.t)

Z density of the fluid layer "

Z  density of the granular material Layer2™.

ha(x.y.8) \

r\o porosity IZ =141 ) [ g 1l -




Friction terms Y Y Y First layer friction term

Y 1 Y Y Second layer friction term

1. Friction between layers

Y oo —(O 0 )@ 0 |, @riction coeﬁi@ I 2—

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

Y !m—;r(’) g’) Sy @nning coefﬁ@

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

Y m—TO @ S @anning coeﬁ@




Coulomb term (1)

1. Determine the Coulomb angle (input parameter): )

2. Critical friction

,¢ = g(1 —1)hy tan(a) Q_coutomb angle_D

3. How this term acts

~

if |T| ,,A then r'] Tt ' (O Q) OAl) no movement

t 1t .2 then T Ap 1)QOAN)




Computed variables and input parameters
N

(Q thickness of the layer of fluid

1 4

Il fluid flow, i.e., velocity by thickness

— 4

Z density of the fluid — ratio of densities

v4

'O Bathymetry (non -erodible)

Q gravity - \

"() thickness of the granula r layer friction coefficient

\

a
flow of the granular material (layer 2) 8 and € Manning coefficient s
>

density of the fluid layer Coulomb angle

N N _S5-

density of the granular material ~ o

[ g porosity |z =(14 ) +[ g 4

- Y J
s




Computed variables and other model outputs

ﬁQ thickness of the layer of fluid

N fluid flow, i.e., velocity by thickness
Z density of the fluid

'O Bathymetry (non -erodible)

Q gravity

"() thickness of the granula r layer

r'] flow of the granular material (layer 2)

Z density of the fluid layer

Z  density of the granular material

\

[ o porosity

IZ =(11 o) *T o4

"0 thickness of the layer of fluid

4

r] fluid flow, i.e., velocity by thickness

v

(’) velocity of the layer of fluid

Qo

momentum flux

") thickness of the granula r layer

r'] flow of the granular material (layer 2)

o ) _ J
'?0 2¢

O velocity of the granular layer

Qo

momentum flux for layer 2




Input parameters and data

CQ thickness of the layer of fluid R

N fluid flow, i.e., velocity by thickness

Z= density—of the fluic- I <l ratio of densities

'O Bathymetry (non -erodible) - -

Q gravity O Bathymetry (non -erodible)

"() thickness of the granula r layer

r'] flow of the granular material (layer 2)

4= HERSHy GhiRe Shuithaycts C'X friction coefficient

4 density—of-the-granuiarmaterial— € and £ Manning coefficient s
\r_ o Peresty- IZ——:&FQ)_’*'H__G_1 ) J  Coulomb angle >




Input data and parameter + Inftial conditions

— 4

— ratio of densities

4

"O Bathymetry (non -erodible)

Q ((d‘ﬂ'[) initial thickness of the granular layer

7

O friction coefficient

\ \

€ and €

Manning coefficient s

) Coulomb angle

And some other technical parameters:
A CFL (stability coefficient)

A Saving time

A Epsilon h

A ¢é




Annex under request: Units

Q hQ Thickness d length (m)

¢

14 14

r] Flow = velocity * thickness (m 2/s)

‘l 2
4
O Bathymetry (non -erodible) & (m)

ratio of densities (no units)

Q Gravity (9.81 m/s ?2)

\ S

4

A friction coefficient & (1/m)

All friction terms has  units (m 2/s?)

£ FIE Manning coefficient s & (s/m3) ‘YHYHYHYFB FTI'

J Coulomb angle 8 (°)




Benchmarking

More info: https://edanya.uma.es/hyseal/index.php/benchmarks | g+



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

HySEA models and NTHMP Benchmarking

A
A

[Propagatlon and Inundation J » | Tsunami -HySEA

Tsunami Currents

Landslide Generated Tsunamis ——

Meteotsunamis

——————— | Meteo -HySEA

 Landslide -HySEA
| Multilayer -HySEA

NTHMP T National Tsunami Hazard and Mitigation Program

&
ol
&




[ Propagation and Inundation 6 Tsunami -HySEA ]

Tsunami-HySEA. Results for NTHMP's Tsunami benchmarking process
for Propagation and Inundation

ABP1: Simple wave on a simple beach - analytical i CASE H/d=0.019 (hydrostatic )

ABP2: Simple wave on a simple beach i laboratory Hydrostatic
ABP3: Solitary wave on a conical island i laboratory _ & _
Dispersive

ABP4: The tsunami runup onto a complex 3D model of the Monai Valley beach i lab.
ABP5: Okushiri Island tsunami - field

‘ Reference : Macias et al. (2017). Performance benchmarking of Tsunami -HySEA model for NT HMP &

inundation mapping activities . Pure and Applied Geophysics , 1-37. [doi: 10.1007/s00024-017-15



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

BP2. Simple wave on a simple beach -lab

N

[ Model setup : non-linear, non-dipersive or dispersive with friction }

Friction: Mn=0.03171 for di
Parameters: d=1, g=1,

Computational domain:  from x=-10 to x= 70.

Grid resolution: 1600 cells, i.e., x=0.05=d/20.

CFL: CFL number is setto 0.9

Version of the code. Tsunami -HySEA third order non -dispersive and second order
dispersive are used &

Too To oo Too Too T




BP2. Simple wave 9 Non breaking wave

Hydrostatic Non-Hydrostatic

Solitary Wave on a Canonical Beach CASE H = 0.0185 Solitary Wave on a Canonical Beach CASE H=0.0185
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BP2. Simple wave

Hydrostatic

Solitary Wave on a Canonical Beach CASE H = 0.30
Solitary Wave on a Canonical Beach CASE H = 0.30

d Breaking wave

Non -Hydrostatic

Solitary Wave on a Canonical Beach CASE H = 0.30
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BP2. Simple wave on a simple beach -lab

Maximum runup as a function of time
0.1 I T \ \ \

Maximum runup as a oogl|  om-dispersivel ) o066 o 0-0802 chsg,((ﬁgg,—
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BP3. Solitary wave on |
a conical island -lab

Lab model setup

=
z
Wavemaker 9

In red the four gauges considered for
validation (6, 9, 16, and 22)
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BP6 - lab

[Non -hydrostatic ]

CASE A
Smaller

CASE B

Intermediate

BP6 Solitary wave on a conical island Runup
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BP6 Solitary wave on a conical island - Runup
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[ Tsunami currents 0 Tsunami -HySEA ]

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

BP1: Steady Flow over Submerged Obstacle - Iaboratory
[ BP2: Tsunami Currents in Hilo Harbor - field

| BP3: Tsunami Currents in Tauranga Harbor -field |
[ BP4: Flow through a City Building Layout - laboratory
| BPS: Solitary Wave Propagation over a Complex Shelf - laboratory

A.ab cases (BP1, BP4 and BP5) at:

Macias 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].
Acield cases (BP2 and BP3) at:

Macias et al. (2020). Performance assessment of Tsunami-HySEAmModel for NTHMP tsunami currents

&
ol

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

[ Landslides Generated d Landslide -HySEA/Multilayer -HySEA ]

HySEA. Results for NTHMP's Tsunami benchmarking process for
landslide generated tsunamis

( BP1:. Two-dimensional submarine solid block i rigid slide/submarine
BP2: Three-dimensional submarine solid block T rigid slide/submarine
BP3: 3D - Subaerial and Submarine solid slides 1 _rigid slide/both

[ BP4: 2D - Deformable submarine slide i granular slide/submarine
BP5: Solitary Wave Propagation over a Complex Shelf i granular slide/subaerial

\ BP6: Deformable subaerial slide i_granular slide/subaerial
BP7: 3D - Field case, Port Valdez, AK 1964 7 field /submarine

1. Macias et al. (2021). Multilayer -HySEA model validation for landslide generated tsunamis . Part |

Rigid slides, Nat . Hazards Earth Syst. Sci., 21, 775-789 , [doi: 10.5194/nhess -21-775-2021].

2. Macias et al. (2021). Multilayer -HySEAmodel validation for landslide generated tsunamis. Part Il
anular 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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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

BENCHMARK PROBLEM 7:
Field Case: Slide at Port Valdez, AK during 1964 Alaska Earthquake
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The paradigmatic simulation of
Lituya Bay, Alaska,1958
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Gonzélez-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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Al-borani submarine landslide
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Macias et al. (2015). The Al-Borani submarine landslide
and associated tsunami. A modeling approach. Mar. Geo.
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Al-borani submarine landslide 06 Maximum wave height




