Fire In Paradise: Mesoscale Simulation of Wildfires
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Wildfiresare an existentialthreat acrossvariouscountriesaroundthe world. Moreover,the frequencyof forest fires is expectedto
further increaseasa resultof changingclimaticconditions Thecomplexdynamicspairedwith their often rapid progressiorrenders
wildfires an often disastrousnatural phenomenonthat is difficult to predict and to counteract We presenta novel method for
simulatingwildfires with the goalto realisticallycapturethe combustionprocessof individualtrees and the resultingpropagation
of fires at the scale of forests. We rely on a state-of-the-art modeling approachfor largescaleecosystemdshat enablesus to

representeachplant asa detailed3D geometricmodel

Eachtree In our simulation iIs composedof a number of connected branch
modules where eachmodule consistsof a collectionof branches We employ an
Eulerianfluid solver to simulate fire and to model its propagationthrough the

ecosystemThisway, fire canbe transferredfrom moduleto moduleand tinturn t

from tree to tree. Theuse of detailed branchgeometryallows us to realistically
capture the three-dimensionalfire spread,which cannot be easily coveredwith

other representationsor statisticalmodels Forexample,when a tree underneath
anothertree is burning,fire canspreadvertically Thiswould not occurin simplified
spatialrepresentationssuchasstatisticalmodels

Wind direction Our model allowsusto simulatethe effect
\ \ \ of wind for wildfires. A constant wind
velocity, for example, leads to fire

propagationin the dominantwind direction.

Moreover, we simulate an Increased

concentrationof oxygendue to wind, which

accelerateghe combustionprocess

Our simulationruns at interactiverates and thereby providesa convenientway to
explore different conditionsthat affect wildfires, rangingfrom terrain elevation
profiles and ecosystemcompositionsto variousmeasuresagainstwildfires, such
as cutting down trees as firebreaks, the application of fire retardant, or the
simulation of rain. In the Figureon the right side,two simulationswith fire breaks
of different sizesare setup, andfire is initiated on the right side If the fire barrier
IS too narrow, the fire Is able to spreadto the other side If the fire breakis
sufficientlylarge,the fire spreadis prohibited.

Condensed cloud water

Flammagenitusclouds are densegrayishto

Water vapor brown cumuliform cloudswhich potentially
/ emergefrom wildfires or volcaniceruptions
Burning wood releaseslarge amounts of

water that supersaturatehe air aboveafire.
Flammagenitus clouds can condense,
resulting in rainfall contributing to
potentially extinguishinghe fire. The Figure
on the left side shows a simulation of a
wildfire  scenario from  which a
flammagenituscloud emergeswvhoserainfall
finally extinguisheghe fire on the left side




