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A first training course in 

Landslide-HySEA
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Outline

● Essential Ingredients

● Practical examples

■ Mayotte submarine Landslide

■ Aerial Landslide (high resolution)

■ Stromboli (Parametric approach)

■ Nested meshes (Al-boraní landslide)

● HySEA Plantform

■ Test cases. Classic Form

■ Preprocess Form
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Preparing Your First Simulation: Essential Ingredients

● Bathymetry file

• Format:
• NetCDF/HDF5 (e.g., bathymetry_file.grd) 

with strict UTM coordinates

(rectangular domain, not spherical).

• Variables:

• x, y (UTM easting/northing) → double

precision.

• z (elevation/bathymetry) → single precision.

• Validation:
• Use GDAL (gdal.org) to verify/project data into UTM.

• Ensure no gaps or NaN values in the domain.
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https://gdal.org/


Preparing Your First Simulation: Essential Ingredients

● [Bathymetry + sediment layer] file

• Format:
• NetCDF/HDF5 (e.g., bathymetry_eta2.grd) 

with strict UTM coordinates

(rectangular domain, not spherical).

• Variables:

• x, y (UTM easting/northing) → double

precision.

• z (elevation/bathymetry) → single precision.

• Validation:
• Use GDAL (gdal.org) to verify/project data into UTM.

• Ensure no gaps or NaN values in the domain.
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https://gdal.org/


Preparing Your First Simulation: Essential Ingredients

● Simulation Parameters Configuration
● Obtainingparfiletemplate:

● Execute without arguments to display help:
path_to_LHySEA_v4.0.1/bin/LandslideHySEA

5



Preparing Your First Simulation: Essential Ingredients

6

Initialization

Output control

Mesh configuration

Boundary conditions

Time configuration

Stability control

Physical and model parameters

● The parfile



Preparing Your First Simulation: Essential Ingredients
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● Load Balancing

● Key Concept
● Dynamic workload distribution across GPUs to:

ṉMaximize computational efficiency

ṉPrevent GPU idle time

ṉHandle memory constraints

● USE:
● ./get_load_balancing <path to parfile> numberOfProcessesInX numberOfProcessesInY



Preparing Your First Simulation: Essential Ingredients
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● Running Landslide-HySEA
Here, depending on each cluster and its architecture, it will be posible to use the

queuing system, or simply call the executable using the parameter file as input

mpirun path_to_LHySEA_v4.0.1/bin/LandslideHySEA path_to_parfile



Preparing Your First Simulation: Essential Ingredients
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● NetCDF output data



Preparing Your First Simulation: Essential Ingredients
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● NetCDF output data

●
●

●

●

●



EXAMPLE 1: Mayotte submarine landslide and generated tsunami
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Poulain, Pablo & Le Friant, Anne & Pedreros, Rodrigo & Mangeney, Anne & Filippini, Andrea & Grandjean, Gilles & Lemoine, Anne & 
Fernández-Nieto, Enrique & Castro, Manuel & Peruzzetto, Marc. (2022). Numerical simulat ion of submarine landslides and generated

tsunamis: application to the on-going Mayotte seismo-volcanic crisis.  Comptes Rendus. Géoscience. 354. 1-30. 10.5802/crgeos.138. 

● Event Background
• Location: Eastern flank of Mayotte's submarine slope

(Piton200volcanic cone)

• Trigger: Magmatic intrusion (2018 seismic crisis) → 
Slope instability

• Landslide Volume: 0.5 km³ (empirical estimate from
bathymetric differencing)

V Resolution bathymetry (50m grid)



EXAMPLE 1: Mayotte submarine landslide and generated tsunami
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● Mayotte_parfile.txt



EXAMPLE 1: Mayotte submarine landslide and generated tsunami
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● Running Landslide-HySEA



EXAMPLE 1: Mayotte submarine landslide and generated tsunami
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● Running Landslide-HySEA

1 hour of simulation time in just ~6 min !



EXAMPLE 1: Mayotte submarine landslide and generated tsunami
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● Outputs & visualization



EXAMPLE 1: Mayotte submarine landslide and generated tsunami
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● Outputs & visualization



EXAMPLE 1: Mayotte submarine landslide and generated tsunami
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● Time Series Output Files for gauges

Key Rules

- Line 1: Integer number of gauges (n_gauges).

- Lines 2–N: x y coordinates

[csl@anonimus21 MAYOTTE]$ cat ts.dat
2
546039 8588451
492506 8562798

Time series data:
•simulation_results_ts.nc → Contains ”eta1” (water surface
elevation) at exact gauge coordinates.
•Structure:

• Variables: time, eta1 (per gauge)



● Animation (Python scripts - Postprocessing)

18

EXAMPLE 1: Mayotte submarine landslide and generated tsunami



EXAMPLE 2 – Aerial Landslide - High resolution data

● Let’s move to the cluster to run the example that Sergio mentioned yesterday

19

1 meter per pixel resolution !!



EXAMPLE 2 – Aerial Landslide - High resolution data

● The parfile:
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600 seconds (10 

min) of simulation
time in ….

40 minutes
(Runtime: 2.368883e+03 sec)



EXAMPLE 2 – Aerial Landslide - High resolution data

● The result:
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EXAMPLE 2 – Aerial Landslide - High resolution data

● The result
● (post-processing)
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EXAMPLE 3 – Building the Sediment Layer
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EXAMPLE 3 – Building the Sediment Layer

● Computation of the function h2

● Thekeyof our methodisthe analyticalfunctionthat createsthe slideusingphysical

parameters:
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EXAMPLE 3 – Building the Sediment Layer

1. Inclination Angle (α)
1. Convertsthe slidedirection(SLIDEANGLEin degrees) to radiansfor mathematicaloperations

2. Criticalfor aligningthe failurewith the bathymetricgradient

2. Scaling Factors (k_b, k_w)
1. Determine howsharplythe landslidethicknessdecaysat its edges

2. Dependontwo competingparameters:

1. SLIDE_EPS(0–1): Controlsedge'sharpness’.

2. SLIDEL/SLIDEW: Set the length/width scalesof the slidebody

3. Thecosh⁻¹functionensuressmooth, physicallyrealisticthinning
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EXAMPLE 3 – Building the Sediment Layer

3. Coordinates transformation

4. And the final computation of h2
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EXAMPLE 3 – Let’s apply to a real example
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EXAMPLE 3 – Let’s apply to a real example
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EXAMPLE 3 – Let’s apply to a real example
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● This parametric approach for constructing potential landslide scenarios—

using just key geometric parameters—serves as a powerful tool for

rapid what-if testing. When precise sediment data is unavailable, it lets us:

1. Systematically probe failure locations by shifting (X₀,Y₀) across unstable slopes

2. Quantify hazard bounds through parameter (e.g., minimumvolumeto trigger

tsunamis)

3. Prioritize field surveys by identifying high-risk zones needing verification

Move to the cluster and perform the simulation using this eta2 generation script.
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EXAMPLE 3 – Stromboli landslide – Used approach



Nested meshes algorithm for high resolution results

●

●
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Definition of nested meshes
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Definition of nested meshes
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Definition of nested meshes
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Definition of nested meshes
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Definition of nested meshes
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Nesting grids with Python and GDAL library
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Nesting grids with Python and GDAL library.

Carlos Sánchez. EDANYA Group. C h E E S E 47

Nesting grids with Python and GDAL library



An example using nested meshes. Alboran Sea landslide
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In this Landslide-HySEAsimulation, we
employa two-levelnestedgrid
approachto efficientlymodeltsunami 
generationand propagation. Thesetup
features:

•Level 1 (Ambient grid): 50 m resolution
covering the entire Alboran Sea basin

•Level 2 (Refined): 12.5 m resolution
(4× refinement) focused on the coast of
Málaga.



An example using nested meshes. Alboran Sea landslide
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An example using nested meshes. Alboran Sea landslide
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HySEA Platform as Virtual Access 
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Geo-INQUIRE is funded by the European Commission under project number 101058518 within the HORIZON-INFRA-2021-SERV-01 call.

Geo-INQUIRE is a joint effort of 51 institutions

Thank you for your attention!
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