
Fire in Paradise: Mesoscale Simulation of Wildfires

Wildfiresarean existentialthreat acrossvariouscountriesaroundthe world. Moreover,the frequencyof forest fires is expectedto
further increaseasa resultof changingclimaticconditions. Thecomplexdynamicspairedwith their often rapidprogressionrenders
wildfires an often disastrousnatural phenomenonthat is difficult to predict and to counteract. We presenta novel method for
simulatingwildfires with the goal to realisticallycapturethe combustionprocessof individualtreesand the resultingpropagation
of fires at the scaleof forests. We rely on a state-of-the-art modelingapproachfor large-scaleecosystemsthat enablesus to
representeachplant asa detailed3Dgeometricmodel.

Our simulationrunsat interactiveratesand therebyprovidesa convenientway to
explore different conditions that affect wildfires, ranging from 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 sizesareset up, andfire is initiated on the right side. If the fire barrier
is too narrow, the fire is able to spread to the other side. If the fire break is
sufficientlylarge,the fire spreadisprohibited.

Flammagenituscloudsare densegrayishto
brown cumuliform cloudswhich potentially
emergefrom wildfiresor volcaniceruptions.
Burning wood releases large amounts of
water that supersaturatethe air abovea fire.
Flammagenitus clouds can condense,
resulting in rainfall contributing to
potentially extinguishingthe fire. TheFigure
on the left side shows a simulation of a
wildfire scenario from which a
flammagenituscloudemergeswhoserainfall
finallyextinguishesthe fire on the left side.

Our model allowsus to 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
acceleratesthe combustionprocess.

Each tree in our simulation is composed of a number of connected branch
modules, where eachmoduleconsistsof a collectionof branches. We employan
Eulerian fluid solver to simulate fire and to model its propagationthrough the
ecosystem. Thisway,fire canbe transferredfrom moduleto moduleand �t in turn �t
from tree to tree. Theuseof detailed branchgeometryallowsus to realistically
capture the three-dimensionalfire spread,which cannot be easilycoveredwith
other representationsor statisticalmodels. For example,when a tree underneath
anothertree isburning,fire canspreadvertically. Thiswould not occurin simplified
spatialrepresentationssuchasstatisticalmodels.

T. Hädrich1, D. T. Banuti2, W. Palubicki3, S. Pirk4, D. L. Michels1
1KAUST, 2UNM, 3UAM, 4Google AI

Water vapor

Condensed cloud water

Wind direction


