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The challenge of wildfires

Wildfires are a major concern in the
EU due to more energetic conditions
linked to climate change. New tools
are needed:
 

To help decision making
To assess fire front spread
To understand fire-atmosphere
interactions
To evaluate smoke dispersion
To estimate potential impacts on
populated areas

Fire-atmosphere interaction and
extreme fire behavior overwhelms fire
fighters and threatens populated areas
Smoke dispersion linked to large fires
and fire-complexes events 

A reliable simulation is needed for
operations planning and health
impact assessment

Wildland-Urban Interface (WUI) and
transport networks are most vulnerable
to wildfires.

Risk assessment and environment
planning 
Information is needed to assist
decision making for sheltering and
evacuation
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A multi-scale approach

Scene 1. Landscape scale
 To provide simulations of wildfire progression, energy release and coupled atmosphere-fire
interactions. 
 To estimate perturbation of wind fields. 
 To simulate generation of pyro-convective movements. 
 To model smoke release and dispersion. Generation and transport of flying embers. 
 Calculation domain is  50 x 50 x 3 Km. Target spatial resolution 20 m. Target temporal resolution 5-10
min
 
Scene 2. Wildland-Urban Interface scale

 To provide simulations of the local fire behavior and local fire-atmosphere interactions
Local flame front propagation
Local combustion heat release
Local combustion smoke release and dispersion

 To estimate local effect of vegetation on air flow and fire behaviour
 To estimate local effect of buildings on air flow and fire behaviour 
 To simulate generation, transport and emission of flying embers 
 Calculation domain is   3 x 3 x 1 Km; Target spatial resolution 1 m; Target temporal resolution 1 min

Two use cases with two specific scales
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Landscape scenario

Practical Application: Operational analysis of large fires
and fire-complexes events:
 

Fire front spread forecast
Analysis of pyroconvective movements
Impact of smoke on urban environments
Assessment on resources allocation

Practical Application: Probabilistic spread and
landscape risk assessment:

 

Identification of potential landscape hotspots
Planning of WUI prevention and mitigation strategies
Verification of protection measures

Objective: Provide simulations of large wildfire progression, energy release and coupled atmosphere-fire
interactions, including  fire front spread, smoke dispersion and pyroconvective movements
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Use of EuroHPC JU resources
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HPC simulation of Fire-Atmosphere interaction

High resolution – Downscaling
Up to 5 nested domains
WRF – mesoscale model
SFIRE coupled fire spread model
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HPC simulation of Fire-Atmosphere interaction
D4

D5

228 Km

40 Km



‹#›

HPC simulation of Fire-Atmosphere interaction
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HPC simulation of Fire-Atmosphere interaction
1000 m resolution 200 m resolution

D4 D4
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HPC simulation of Fire-Atmosphere interaction
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HPC simulation of Fire-Atmosphere interaction
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Application – Simulation of real wildfires

Source: Regional Forest Firefighting Service of Castilla-La Mancha

Start
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Application – Simulation of real wildfires

Source: Regional Forest Firefighting Service of Castilla-La Mancha

28/06/2019    19:04   (17:04 UTC)
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Simulation of fire propagation

16:00 UTC
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18:00 UTC
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Simulation of fire propagation

19:00 UTC
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Simulation of smoke dispersion

16:00 UTC
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Simulation of smoke dispersion

17:00 UTC
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Simulation of smoke dispersion

18:00 UTC
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Simulation of smoke dispersion

19:00 UTC
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Simulation of smoke dispersion

20:00 UTC
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Application - Landscape analysis

Simulation of fire spread and smoke
dispersion of a large fire in a transboundary
large fire in the surroundings of Györ
(Hungary)
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Application - Landscape analysis

BP     Burn Probability, expressed in %
NF     Number of times fire passes through a point in the territory
NS     Total number of simulations
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Wildland-Urban Interface scenario

Practical Application: Fuel mitigation design and
vegetation planning:

Treatments in forested areas surrounding urban zones
Treatments within residential developments

Practical Application: Performance-Based Design
(PBD) applied to buildings
Identification of the most vulnerable points
Study of reinforcement strategies
Verification of protective measures

Objective: Simulate wildfire propagation in WUI areas, thermal impact on buildings, and smoke production and
dispersion
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Use of EuroHPC JU resources

MeluXina cluster, CPU partition

Tools Used Within OpenFOAM:

PIMPLE solver for air movement
fireFoam solver (OFv2312) for turbulent flame diffusion
porousGasificationFoam solver (OFv8) for reactive porous
media
wildfireFoam solver specifically for forest fuels

Working Scales:

Fuelbed scale (1x1 m)
Household and surroundings scale (50×50 m)
Urbanization scale (1×1 km)
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Vegetation
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Vegetation modeling

Vegetation description

Vegetation identification process – individual-based
Tokenization (position, species, age, condition)
Use of standardized formats for vegetation description
Population interpretation for WF pilot:

Linking tokens to detailed 3D models (library)
Generation of point clouds
Biomass distribution
Voxelization and creation of OpenFOAM fields (Ywood, porosityF, hum)

This approach enables the reuse of vegetation populations:
In other pilots through reinterpretation 
Coupled with vegetation growth models like SORTIE
To quantify fuel mitigation actions
To facilitate and automate photorealistic visualization 
To support the development of advanced Digital Twins
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Vegetation modeling
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Description of vegetation structures
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Projection of plants population – SORTIE ND
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Projection of plants population – SORTIE ND
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Generation of biomass distributions - Sampling
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Generation of biomass distributions - Pointcloud
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Generation of biomass distributions - Pointcloud
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Generation of biomass distributions - Voxelization



‹#›

Generation of biomass distributions - Voxelization
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Generation of biomass distributions - Voxelization
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Visualization
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Visualization – Integration of numerical simulation
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Simulation of optical effects of smoke and flames
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Landscape - Integration of CESIUM Service

A service offering a 3D model of the world
Massive high-resolution real-world photogrammetry and 3D content at runtime using 3D Tiles
Free and open source plug-in for UE, fully integrated as objects for interaction
MTG has integrated Cesium with LiDAR point clouds and wildfire simulations in UE
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Landscape - Integration of CESIUM Service
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WUI – Integration of vegetation structures
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WUI – Integration of vegetation structures
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WUI - Simulation of environmental smoke
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WUI - Integration of Gaussian Splatting trainings
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Thank
you!

MeteoGrid

Modesto Lafuente 45, 
28010, Madrid, Spain

phone: (+34) 627 014 317
e-mail: david@meteogrid.com

David Caballero
Follow us!
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