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Preparing Your First Simulation: Essential Ingredients

e Bathymetry file

*  Format:
* NetCDF/HDFS5 (e.g., bathymetry file.grd)
with strict UTM coordinates
(rectangular domain, not spherical.
e 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.


https://gdal.org/

Preparing Your First Simulation: Essential Ingredients

e [Bathymetry + sediment layer] file

*  Format:
* NetCDF/HDFS5 (e.g., bathymetry eta2.grd)
with strict UTM coordinates
(rectangular domain, not spherical.
e 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.



https://gdal.org/

Preparing Your First Simulation: Essential Ingredients

e Simulation Parameters Configuration
e Obtainingparfiletemplate

e Execute without arguments to display help:
path to LHySEA_ v4.0.1/bin/LandslideHySEA

B L T B B
Landslide-HySE& numerical model v&.8.1

Copyright (C) 2818-2824

EDANYA Research Group, University of Malaga (Spain).

Landslide—HySEA can not be copied, modified and/for distributed
without the express permission of the EDANYA Research Group.
Landslide-HySEA is distributed under license. For more
information, wvisit:
https://edanya.uma.es/hysea/landslide-hysea_license.html
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Use:
el e /SOFTWARE/LHYSEA_vé4.B.1/bin/LandslideHySEA dataFile




Preparing Your First Simulation: Essential Ingredients
e The parfile

Rules # Experiment name e .

1 # Initialization type (@: from functions; 1: from file) |n|t|a||2at|0n
bathys/rules_bat.grd # Non-erodible bathymetry

bathys/rules_ini.grd # Bathymetry (Non-erodible + sediment layer)

rules # NetCDF fTile prefix for level @

111188888 14# Variables saved (eta, maximum_eta, velocities, maximum_velocities,
modulus_of_velocity, maximum_modulus_of_velocity, maximum_modulus_of_mass_flow, momentu
m_Tlux, maximum_momentum_flux, arrival_times) (1: save, @: do not save)

1 # NUmbDEer ofT nested mMesnes 1 i
1 # Upper border condition (1: open, -1: wall) MeSh Conf|gurat|0n
1 # Lower border condition
1 # Left border condition i+
1 # Right border condition Boundary Cond|t|0ns
GO0, 1 ¥ CIMUIAtI0n CIME (Sec]
15 # Saving time of MNetCDF files (sec) (-1: do not save) . . .
- {1c (o : - Time configuration

. # CFL
5e-3 # Epsilon h (m) Stability control

4 ¥ Hatlo Of densities Of the layers

1e # Coulomb angle (degrees)

le-4 # Friction between layers H

5e-2 # Granular material-bottom friction (Manning coefficient) PhySICaI and mOdel parameters
4e-1 # Water—bottom friction (Manning coefficient)

12 # Maximum allowed velocity of water

60 # Maximum allowed velocity of granular material

1008 # L (typical length)

100 # H (typical height)

@.083 # Threshold for arrival times (m)




Preparing Your First Simulation: Essential Ingredients

e Load Balancing

e Key Concept
e Dynamic workload distribution across GPUs to:
N Maximize computational efficiency
Prevent GPU idle time
N Handle memory constraints

15

e USE:

® . /get_load_balancing <path to parfile> numberOfProcessesinX numberOfProcessesinY




Preparing Your First Simulation: Essential Ingredients

e Running Landslide-HySEA

Here, depending on each cluster and its architecture, it will be posible to use the
gueuing system, or simply call the executable using the parameter file as input

mpirun path_to_LHySEA v4.0.1/bin/LandslideHySEA path_to_parfile

#!/bin/bash

#SBATCH —-job-name=LHySEA
#SBATCH —-partition=gpu
#SBATCH —-output=0UT/job_%j.txt
#SBATCH --nodes=1

#SBATCH -—gres=gpu:1l

#SBATCH —-time=82:00:08

software=/mnt/beegfs/csl/SO0FTWARE/LHYSEA_v4.8.1/bin/LandslideHySEA

mpirun $software rules_parfile.txt




Preparing Your First Simulation: Essential Ingredients

e NetCDF output data

NetCDF (network Common Data Form) is a file format for storing

multidimensional scientific data (variables) such as temperature, humidity,
pressure, wind speed, and direction.

Each of these variables can be displayed through a dimension (such as time)
in layer (GIS) or table view from the netCDF file.

i - -
=% : wﬁﬂr




Preparing Your First Simulation: Essential Ingredients
e NetCDF output data

NetCDF (network Common Data Form) is a file format for storing
multidimensional scientific data (variables) such as temperature, humidity,
pressure, wind speed, and direction.

Data in netCDF format is:

e Self-Describing. A netCDF file includes information about the data it contains.

e Portable. A netCDF file can be accessed by computers with different ways of
storing integers, characters, and floating-point numbers.

e Scalable. Small subsets of large datasets in various formats may be accessed
efficiently through netCDF interfaces, even from remote servers.

e Appendable. Data may be appended to a properly structured netCDF file without
copying the dataset or redefining its structure.

e Sharable. One writer and multiple readers may simultaneously access the same
netCDF file.
Archivable. Access to all earlier forms of netCDF data will be supported by current
and future versions of the software.

@ NCO (https://nco.sourceforge.net/). The NCO toolkit manipulates and analyzes
data stored in netCDF-accessible formats




EXAMPLE 1: Mayotte submarine landslide and generated tsunami

8620000
® Event Background

° Location: Eastern flank of Mayotte's submarine slope 3
(Piton200volcanic cone) 8600000 -

°  Trigger: Magmatic intrusion (2018 seismic crisis) -
Slope instability

* Landslide Volume: 0.5 km? (empirical estimate from
bathymetric differencing)

8580000

8560000

\/ Resolution bathymetry (50m grid)

8540000 4

500000 520000 540000 560000 580000

-3000 -2000 -1000 0
Poulain, Pablo & Le Friant, Anne & Pedreros, Rodrigo & Mangeney, Anne & Filippini, Andrea & Grandjean, Gilles & Lemoine, Anne &
Fernandez-Nieto, Enrique & Castro, Manuel & Peruzzetto, Marc. (2022). Numerical simulation 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.




EXAMPLE 1: Mayotte submarine landslide and generated tsunami

L]
e Mayotte_parfile.txt 8620000
B

Mayotte # Problem name
1 # Initialization of states (®: from functions; 1: from file) 8600000
bathys/BathyMayotteP2@@M2e@8x2808_NETCDF4_float.nc # Bathymetry grd file
bathys/BathyMasseMayotteP2@@M2808x2008_NETCDF4_float.nc # Eta_2 grd file
mayotte # NetCDF file prefix
11006060000 1# Variables saved (eta, max_eta, vel,...) (1: save, ©: do not save)
1 # Number of levels
1 # Upper border condition (1: open, -1: wall) 8580000
1 # Lower border condition
1 # Left border condition
1 # Right border condition
3600.1 # Simulation time (sec)
68.9 # Saving time of NetCDF files (sec) (-1: do not save)
] # Read points from file (@: no, 1: yes). Used for time series 8560000
0.8 # CFL
1le-3 # Epsilon h (m)
8.5 # Ratio of densities of the layers
7.8 17.8 9.0 # 3 Pouliquen angles (degrees)
le-3 # Granular material-water friction
9.85 # Granular material-bottom friction (Manning coefficient) 8540000
8.825 # Water-bottom friction (Manning coefficient)
258 # Maximum allowed velocity of water
250 # Maximum allowed velocity of granular material
1eee # L (typical length)
18@ # H (typical height)
8.5 # threshold for computing the arrival times 500000 520000 540000 560000 580000

-3000 -2000 -1000 0




EXAMPLE 1: Mayotte submarine landslide and generated tsunami

e Running Landslide-HySEA 8620000 "

- 8600000
#!/bin/bash

#SBATCH —-job-name=LHySEA i
#SBATCH —-partition=gpu
#SBATCH ——output=0UT/job_%j.txt 8580000
#SBATCH —-nodes=1
#SBATCH ——gres=gpu:1l
#SBATCH ——time=02:00:00

software=/mnt/beegfs/csl/SOFTWARE/LHYSEA_v4.08.1/bin/LandslideHySEA 8560000

mpirun $software mayotte_parfile.txt

8540000 4

500000 520000 540000 560000 580000

-3000 -2000 -1000 0




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

Process @ loading data
/

Landslide-HySEA numerical model v4.8.1
Copyright (C) 2010-2024
EDANYA Research Group, University of Malaga (Spain).

Landslide-HySEA can not be copied, modified and/or distributed

without the express permissinn of the EDANYA Research Gruup. LLELaLlivul urovo, ucliLial = V«JALT77L/ETUL DEL, rimnme = 9U77 .00 >Eu
;::g:;i:;:vssgsﬁ.distributed under license. For more Iterat:'!.on 67669, deltaT = 5.319927e-02 sec, T:E.me = 3599.93 sec
https:!/edar’wa.uma:eslhysea/landslide—hysea_license.html Iteration 67679; deltaT = 5.319927e-02 sec, Time = 3599.98 sec

/ Iteration 67671, deltaT = 5.319927e-02 sec, Time = 3600.04 sec
Problem data Iteration 67672, deltaT = 5.319927e-082 sec, Time = 3600.09 sec
initialization: from file Iteration 67673, deltaT = 5.319927e-02 sec, Time = 3600.14 sec

Ratio of densities of the layers: @.5
Pouliquen angles (degrees): 7, 17, 9 .
Friction between layers: 0.901 Runtime: 3.725916e+02 sec
Granular material-bottom friction: @.05
Water-bottom friction: 0.825
Maximum allowed velocity of water: 250
Maximum allowed velocity of granular material: 250
Epsilon h: 8.801 m
Threshold for arrival times: @.5 m
Simulation time: 3600.1 sec
Saving time of NetCDF files H H H H H H
Love o: 60 sec 1 hour of simulation time in just ~6 min !
Saving time of time series: 15 sec
Number of levels: 1
Level @
Volumes: 2800 x 2000 = 4000000
X: [486750, 5867080]
Y: [8.5229e+06, 8.62285e+06]

Reading time: 1.726198e-81 sec.
Running 1x1 processes

NetCDF result files found but etal, ulx, uly, eta2, u2x or u2y were not found in some of them. Starting a new simulation.

Initial deltaT = 5.319927e-02 sec
eration deltaT = 9927e-0




EXAMPLE 1: Mayotte submarine landslide and generated tsunami

e Outputs & visualization

%| Ncview 2.1.8 \| mayotte.nc
Landslide-HySEA model output

displaying Wawve amplitude

frame 3/61 1-Jan-1970 00:02:00

displayed range: -0.935297 to 12.133 meters

Current: (i=590, j=0) 0 (x=516250, y=8522900)

Quit -1 “ 4 n p M Edit ? Delay: I Opts

hotres

Dim:
Scan:
Y:

hH

Inv P

Name:
time
lat

lon

Inv C  M1/4

0
B8.5229e+086

486750

Linear Axes

Current:
1-Jan-1970 0(
Y

e

Range Bilin  Print

10 12

Max:

3600.09

Units:

seconds sinc

B8.62285e+06 degrees_norl

586700

degrees_easl




EXAMPLE 1: Mayotte submarine landslide and generated tsunami

e Outputs & visualization

X/ mayotte.nc

[ JoN | [% Neview 2.1.8
Landslide-HySEA model output

displaying Maximum wave amplitude

Mo scan axis
displayed range: 2.27428e-06 to 3.10248 meters
Current: (i=1999, j=1073) 0.00479612 (x=586700, y=-B576550)

Quit EE“E“E' Edit ? Delay: I Opts

hotres InvP InvC M1/4 Linear Axes Range Bilin Print

0.5 ] 15

etaz
Dim: Name: Min: Current: Max: Units:
Y: lat 8.5229e+06 Y- B8.62285e+06 degrees_nor

x: lon 486750 - S86700 degrees_easl




EXAMPLE 1: Mayotte submarine landslide and generated tsunami

® 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]S cat ts.dat
2

546039 8588451

492506 8562798

Time series data:
esimulation_results_ts.nc - Contains “etal” (water surface Time s i 1 -
elevation) at exact gauge coordinates.
*Structure: o

* Variables: time, etal (per gauge)




EXAMPLE 1: Mayotte submarine landslide and generated tsunami

. . . . Time: 00h:00m:15s
e Animation (Python scripts - Postprocessing)

Time: 00h:06m:45s

78874 { \ )
WL P& .
WIS A

g T Ak L7 Tsunami wave (m)
Tsunami wave (m) . Landslide Emflle im) R "'9' » / e |
I — 4 7 b 5.0 -2.5 0.0 25 5.0

5.0 2.5 0.0 2.5 5.0 25 50 75  CEEb A
FE L




EXAMPLE 2 — Aerial Landslide - High resolution data

e Let's move to the cluster to run the example that Sergio mentioned yesterday

1 meter per pixel resolution !!




EXAMPLE 2 — Aerial Landslide - High resolution data

e The parfile:

Rules # Experiment name

1 # Initialization type (@: from functions; 1: from file)

bathys/rules_bat.grd # Mon-erodible bathymetry

bathys/rules_ini.grd # Bathymetry (Non-erodible + sediment layer)

rules # NetCDF file prefix for level @

11118088880 1# Variables saved (eta, maximum_eta, velocities, maximum_velocities, modulus_of_velocity,
maximum_modulus_of_velocity, maximum_modulus_of_mass_flow, momentum_flux, maximum_momentum_flux, arrival_times
) (1: save, @: do not save)

1 # Number of nested meshes

600 seconds (10
min) of simulation
timein ....

H (typical height)}
Threshold for arrival times (m)

1 # Upper border condition (1: open, =1: wall)
1 # Lower border condition
1 # Left border condition
1 # Right border condition
608.1 # Simulation time (sec)
15 # Saving time of NetCDF files (sec) (-1: do not save)
2 # Read points from file (@: no, 1: yes). Used for time series .
0.8 # CFL 40 minutes
Ge-3 # Epsilon h (m) . )
0.4 # Ratio of densities of the layers (Runtlme' 23688836+03 SeC)
10 # Coulomb angle (degrees)
le-4 # Friction between layers
Ge-2 # Granular material-bottem frictien (Manning coefficient)
4e=1 # Water-bottom friction (Manning coefficient) >_
12 # Maximum allowed velocity of water
&0 # Maximum allowed velocity of granular material
1080 # L (typical length)
#
#

0.03




EXAMPLE 2 — Aerial Landslide - High resolution data

e The result;




EXAMPLE 2 — Aerial Landslide - High resolution data

e Theresult
e (post-processing

i N [ r € L
[ $# —eq 0 1;
echo “You must provide a Net(CDF file as an argument."
exit 1

# NetCDF
input_file="$1"

filename=$(basename "$1"
name="${filename%.*}"
extension="g{filename##s. } "

out_tif_file="g¢{name}_ inundepth.tif"
out_tif_mask_file="${name}_mask_inundepth. tif"

ncks -v max_height “$input_file" max_height.nc
ncks -v bathymetry "$input_file" bathymetry.nc
L

I | I jdal_calc.
gdal_calc.py -A max_height.nc -B bathymetry.nc ——calc="((B < 8) * (A + B))"
—outfile="$out_tif_file"

rm max_height.nc
rm bathymetry.nc

echo "Operation completed. Result saved in $out_tif_file."




EXAMPLE 3 — Building the Sediment Layer

Profile along Major Axis Profile along Minor Axis
e = Original Bathymetry (bati) 3200 | — Original Bathymetry (bati)
— With Landslide (eta2) ~~— With Landslide (eta2)
Landsiide Thickness Landside Thickness
% Centroid 3300 { 4 Centroid
3400 1+

-3600

~3600

Elevation (m)

Elevation (m)

-3800 1 ~3700

00 7500 10000 12500 15000 17500 [) 2500 5000 7500 10000 12500 15000 17500 20000
Distance along major axis (m} Distance along minor axis (m)




EXAMPLE 3 — Building the Sediment Layer

e Computation of the function h2

e Thekeyof our methodisthe analyticalfunctionthat createsthe slideusingphysical
parameters

» Xp: X coordinate of the ellipse center in the computation
domain.

» Y5: Y coordinate of the ellipse center in the computation
domain.

\4

SLIDEANGLE: Inclination angle measured from the north
direction [0°, 360°].

SLIDET: Maximum thickness of the sliding layer.
SLIDEL: Length of the sliding layer.

SLIDEW: Width of the sliding layer.

SLIDE_EPS: Shape parameter.

vvyyy




EXAMPLE 3 — Building the Sediment Layer

1. Inclination Angle (a)
1. Convertghe slidedirection(SLIDEANGItiEdegrees to radiansfor mathematicaloperations

2. Ciriticalfor aligningthe failure with the bathymetricgradient
SLIDEANGLE - 7
O =

2. Scaling Factors (k_b, k_w) 180
1. Determinehow sharplythe landslidethicknesslecaysat its edges
2. Dependontwo competingparameters
1. SLIDE_ER@&-1): Controlsedge'sharpnes’s .
2. SLIDEL/SLIDEW: Setlength/width scalesof the slidebody
3. Thec o sfbnctibnensuresmooth physicallyrealisticthinning

Scaling factors:

_ 2cosh™'(1/SLIDE_EPS) oo 2 cosh~1(1/SLIDE_EPS)

SLIDEL o SLIDEW




EXAMPLE 3 — Building the Sediment Layer

3. Coordinates transformation The transformed coordinates x; and y; are defined as:
x¢ = (X — Xpo)cosa+ (Y — Yp)sina
ye = —(X — Xp)sina+ (Y — Yp)cosa

4. And the final computation of h2

Auxiliary term:

1
= — SLIDE_EPS
aux cosh(kpx;) cosh(kwyt)
Final computation:
hy — m 0 SLIDET - aux
2= Ma& ™ 1 SLIDE EPS




EXAMPLE 3 — Let's apply to a real example

Stromboli_bathy

X0_ini = 12438,000000
Yo_ini = 13225.000000
9.59
133.8639
800.65
800.65

h2total(x, y):

np.pi / 180.0
cos_alpha 1p. cos(alpha)
sin_alpha = np.sin(alpha)

(] g np.arccosh(l / SLIDE_EPS) /
p.arccosh(l / SLIDE_EPS) /

np.meshgrid(x, y, indexi 'ij")

.cosh(kw * yt)) -
maximum(@.0, SLI * aux / (1.8 -

h2_matrix.T

eta2_init = h2total(x,y) + z

20000

15000

10000

5000

10000 15000 20000

5000

-2500 -2000 -1500 -1000 ~500 0 500
"Elevacion (m)’



EXAMPLE 3 — Let's apply to a real example
Stromboli_eta2

X0_ini = 12438,000000
Yo_ini = 13225.000000
9.59
133.8639
800.65
800.65

h2total(x, y):

np.pi / 180.0
cos_alpha 1p. cos(alpha)
sin_alpha = np.sin(alpha)

(] g np.arccosh(l / SLIDE_EPS) /
p.arccosh(l / SLIDE_EPS) /

np.meshgrid(x, y, indexi 'ij")

.cosh(kw * yt)) -
maximum(@.0, SLI * aux / (1.8 -

h2_matrix.T

0 100 200 300 400

o -2500 -2000 -1500 -1000 —5’00 0 500
eta2_init = h2total(x,y) + z ‘Elevacion (m)’




EXAMPLE 3 — Let's apply to a real example

3.

Move to the cluster and perform the simulation using this eta2 generation script.

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:

Systematically probe failure locations by shifting (Xo,Yo) across unstable slopes
Quantify hazard bounds through parameter (e.g, minimumvolumeto trigger
tsunamis

Prioritize field surveys by identifying high-risk zones needing verification




EXAMPLE 3 — Stromboli landslide — Used approach

%| Noview 2.1 O % stromboli_platform.nc
Landslide-HySEA model output
displaying Wave amplitude
frame 12/61 1-Jan-1970 00:01:50
displayed range: -11.4893 to 24.0243 meters
Current: (i=460, j=413) 0 (x=23050, y=20688.33)

quit =1 4« 4« [ » » Edit 7 Delay: | Opts
jet In¥P InvC MagX1l Linear Axes Range Bilin Print

15 20

eta2

Dim: Mame: in: Current: hdax: Units:
Scan: time 1-Jan-19700( &00.013 seconds sing

Y: lat -¥- 21830 degrees_norl

K lon - 23050 degrees_easl
| /|




Nested meshes algorithm for high resolution results

e Starting from a mesh of a certain resolution, we can build a nested mesh with
respect to it from a refinement ratio.

o [tisimportant that the meshes satisfy this condition, establishing the nodes
of the new mesh in the center of the intercells as a consequence of the
refinement

36.5°N




Definition of nested meshes

Level O




Definition of nested meshes




Definition of nested meshes




Definition of nested meshes




Definition of nested meshes




Nesting grids with Python and GDAL library

from osgeo import gdal

import numpy as np

import matplotlib.pyplot as plt
import os

import glob

def reproject_image_to_master ( master, mydata, outname, res=None ):
mydata_ds = gdal.Open( mydata )
if mydata_ds is None:
raise IOError; "GDAL could not open mydata file %s " \
% mydata
mydata_proj = mydata_ds.GetProjection()
mydata_geotrans = mydata_ds.GetGeoTransform()
data_type = mydata_ds.GetRasterBand(1).DataType
n_bands = mydata_ds.RasterCount

master_ds = gdal.Open( master )
if master_ds is None:
raise IOError; "GDAL could not open master file %s " \
% master
master_proj = master_ds.GetProjection()
master_geotrans = master_ds.GetGeoTransform()
w = master_ds.RasterXSize
h = master_ds.RasterYSize

if outname is None:
outname = mydata

if res is not None:
master_geotrans[1] = float( res )
master_geotrans[-1] = - float ( res )

dst_filename = outname.replace( ".tif", "_nested.tif" )
dst_ds = gdal.GetDriverByName('GTiff').Create(dst_filename,
w, h, n_bands, data_type)
dst_ds.SetGeoTransform( master_geotrans )
dst_ds.SetProjection( master_proj)

gdal.ReprojectImage( mydata_ds, dst_ds, mydata_proj,
master_proj, gdal.GRA_NearestNeighbour)

dst_ds = None # Flush to disk

return dst_filename



Nesting grids with Python and GDAL library

coarse_grid='coarse_data,tif'
fine_grid= 'fine_data.tif"
out_name="'out_nested_data.tif’

ratio = 8 # RATIO OF REFINEMENT

## READ COARSE GRID L@
ds=gdal.Open({coarse_grid)

#% GET THE SPATIAL RESOLUTION
geo_transform = ds.GetGeoTransform()
res_x = geo_transform[1]

res_y = geo_transform[5]

## GET EXTENT OF THE FINE GRID
fine_grid_shape = fine_grid.replace( ".tif", ".shp" )
0s, system( "gdaltindex aux_shape.shp '+fine_grid)

# CROP COARSE GRID TO THE EXTENSION OF THE FINE GRID.
dsClip = gdal.Warp("aux_clip.tif", ds, cutlineDSMName = 'aux_shape.shp',
cropToCutline = True, dstNodata = np.nan)

# APPLY REFINEMENT OF RATIO 4 TOQ THE PREVIOUS GRID
dsRes = gdal.Warp("aux_L1.tif", dsClip, xRes = res_x/ratio, yRes = res_y/ratioc,resampleAlg = "average")

# FINE DATA (UNALIGNED)
src_filename = fine_grid

# GRID WHERE I WANT TO INTERPOLATE THE FINE DATA
match_filename = 'aux_L1.tif"

print{"Nesting grids...")
dst_filename=reproject_image_to_master(match_filename,src_filename,out_name)

# OPTIONS TO CONVERT TO GRD
options = gdal,TranslateOptions(format="'netCDF', creationOptions=['FORMAT=NC4'])

# CONVERT COARSE TO GRD AND NC4

output_netcdf = coarse_grid.replace( ".tif", ".grd" }
gdal.Translate{output_netcdf, coarse_grid, options=options)
os.system( *ncrename —-v Bandl,z ‘+output_netcdf)

# CONVERT FINER TO GRD AND NC4

output_netcdf = dst_filename.replace{ ".tif", ".grd" )
gdal.Translate(output_netcdf, dst_filename, options=options)
0s, system{ "ncrename -v Bandl,z ‘+output_netcdf)

print{"Nested meshed created. DONE.")



An example using nested meshes. Alboran Sea landslide

Alboran #
1 #
bathys/bati_50.grd
bathys/eta2_56.grd
simulations/alboran_1@

2 #
4

1

bathys/bati_l1.grd
bathys/eta2_l1.grd
simulations/alboran_11
11060000000

Bathymetry name
Initialization type (@: from functions; 1: from file)
# Bathymetry file
# Initial state file
# NetCDF file prefix for level @

11000008001 # Variables saved (eta, maximum eta, velocities, modulus of velocity,
aximum momentum flux, arrival times) (1: save, @: do not save)

Number of levels

1 # Upper border condition (1: open, -1: wall)

1 # Lower border condition

1 # Left border condition

1 # Right border condition

3601.0 # Simulation time (sec)

60 68 # Saving time of NetCDF files (sec) (-1: do not save)

4] # Read points from file (@: no, 1: yes). Used for time series
0.9 # CFL

5e—3 # Epsilon h (m)

9.55 # Ratio of densities of the layers

10 10 10 # Pouliquen angles (degrees)

le-3 # Friction between layers

5e-2 # Granular material-bottom friction (Manning coefficient)
4e-1 # Water-bottom friction (Manning coefficient)

12 # Maximum allowed velocity of water

60 # Maximum allowed velocity of granular material

10000 # L (typical length)

1000 # H (typical height)

Inthis LandslideHySEAimulation 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
Malaga.




An example using nested meshes. Alboran Sea landslide

Alboran # Bathymetry name

1 # Initialization type (@: from functions; 1: from file)
bathys/bati_50.grd # Bathymetry file

bathys/eta2_50.grd # Initial state file

simulations/alboran_10 # NetCDF file prefix for level @

1100000001 #Variables saved (eta, maximum eta, velocities,
aximum momentum flux, arrival times) (1: save, @: do not save
2 # Number of levels
4

1
bathys/bati_11.grd
bathys/eta2_11.grd
simulations/alboran_11
1100000000

of velocity,

1 # Upper border condition (1: open, -1: wall)

1 # Lower border condition

1 # Left border condition

1 # Right border condition

3601.0 # Simulation time (sec)

60 60 # Saving time of NetCDF files (sec) (-1: do not save)

*

Read points from file (@: no, 1: yes). Used for time series
CFL

Epsilon h (m)

Ratio of densities of the lavers
Pouliquen

Friction
Granular

#
#
#
#
#
#
#
#
#
#
#




An example using nested meshes. Alboran Sea landslide
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