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1. Introduction

This study employed an agdmised modeb simulate fire spread in a communitjhe
simulation modetonsidersdur factors: ignition pointheat release rateoad density, andiind
effectbased on literatur@lbini 1976;Anderson 1968Finney2010 Anderson 1983)The study
area idocatedin City of Avondalein Georgia United Statesyith approximate size d.8
square kilometerffig.1). This community was chosémcausét has a mixture of forest and
residential areasherefore it may providensights intdfire spreathg in different settingsThe
satellite imagef the study area was obtained from Google Earthtfamgimulation model was
developed in Netlogo
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Figure 1. Study area

2. Methods

Agentbased model was usedgiulae fire spreathg by interactingfire agens with virtual
environmenwhich is consistent with literatu@onabeal?002 Carmel 2009 The simulation
was based ophysicalfire behavios (Himoto 2008) andaccordindy agentsmake decision
combining ignition poinand heat release ratef fuelsto determine whether the fire is able to
spreadWe then proposeinescenarios with variousetting of selected factors texaminethe
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impactof the factoron fire spreadThe spread trend simulation thgeneratea map oburnt
area describing therend of fire spreadWhenafuel was ignited in the model, itgirningtime
will be recordedBy mapping fued’ burningtime, we carthen determinéhe direction and trend
of fire spread.

3. Agent-based modeling

Inspired bypreviousstudiegWaters2002;Zhang2007;Yassemi2008;Stavrakaki2009 Zhao
2010, an agenbased simulation model, which included a virteslalironment and agentalled
“embef, was developed tsimulatea communityfire. A virtual environmentvas established
consisting ohouse, wood, lawn, road, and barren anedhe study communityHousesand
woodsarethe majorfuel sourcs. The ember agestveredefined as thedge of firewhich is
used tadetermine whether fire mesghe physical requiremefdr spreathg. An ember agent
makes two decisions: deterrmg whether the fire could be maintained and whether the ignition
point of urignited fuel has been reached.

Theheat release rate was deriveddogyation(1) from Nelsoris study (1986).

1 1 o Q)
where Q is heat fluxk( w -?nand t is time (sf:he parameten is a constantalueandwas
obtained fronpreviousfire experimentgHao 1992Madrzykowski2008. This study used
minimumcritical heat fluxastheignition pointof a fuel Whenan unignitedcell is exposed to a
constant minimum heat flux, the fusgll will be ignited(Babrauska2001).

The wind effecis related tgparameten for simulaing wind' sinfluence orheat releasing
(Meroney2011). We implemented eighwind directionsin themodel. Forthefire starting
location(i.e., fire sourcecell), road density will be calculated describehe continuity of fues.
Holborn et al(2004) suggestedhe average time fromccurrence of firéo the arrival of fire
fighters isnearly 10minutes Sowe calculated road density by dividitigeroad area by 10
minute fire damage ardar each fire staing locationin this model

4. Scenarios

This studypropo®d ninescenariostéblel). They reflecdifferent setting of factorsin orderto
gain insights intdhe impact of each factor on fire behaviors &ndl burnt areaScenario A
servesas the reference for other scenarios.

H-ip T-ip H-a T-a R-d Wind
Scenario Condition (kwd) 1 (kw)d (%)

A Reference 54 54 0.0264 1.1852 13 none
B Low Ignition point 2.2 2.2 0.0264 1.1852 13 none
C High heat release rat: 5.4 5.4 0.1055 5.7292 13 none
D East wind 5.4 5.4 0.0264 1.1852 13 east
E South wind 5.4 5.4 0.0264 1.1852 13 south
F West wind 5.4 5.4 0.0264 1.1852 13  west
G North wind 54 54 0.0264 1.1852 13 north
H High density of road 54 54 0.0264 1.1852 24 none
I Low density of road 5.4 5.4 0.0264 1.1852 10 none

Tablel. Nine ScenariosH-ip, ignition point of house; -p, ignition point of tree; K,
parameten of house; Ta, parameten of tree; Rd, Road density



5. Results and Discussions

Scenariosresults(fig. 2) presentinghe comparison of fire aréfig. 3) and average spreaate
(fig. 4) showedall thefour factors have critical impact dive spreadFirst, alow ignition point
in scenario B (fig. 2b) producedarger firerangeandafaster spread rate thématin scenario A
(fig.2a) because low criteria of ignition allow fuelbe ignitedwith low radiation of heat.
Seconda higler heat release ratd fuel (fig. 2c)resulted in fagr fire spreathg and a large
damage areasahigh heat release rate ledd highradiation of heatThird, the presence of
wind increased thére range(fig. 2d —fig. 2g) given thatt accelerated the heat releasing
process and resulted in high radiation of heat. Wind also ctidingdire spread trend ithe
wind direction. Lastroaddensity affeactdfire spreadrom two aspects, shaping damdgeea
and interrupting the continuity of fue(fig. 2h —fig. 2i). Scenario H produced a very small fire
range because theontinuity offuel hasbeen interrupted by roadScenario | showed the
resultingdamagd area concentratg on the west foredandalong the roagwhich showedhat




Figure 2.Results of scenarioa- 2i represent results of scenario A to scenario |



180000

160000
140000
120000
100000 ® Fire Area
80000 - ®m Burned Tree Area

60000 - m Burned House Area

40000 -
20000 -
0 |

1 2 3 4 5 6 7 8 9

Figure3. Fire-damagd area(m?) of the scenarioColumn1-9 represents scenario A to I.
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Figure4. Average fire spread rate?/s). Column1-9 represents scenario A to I.

In summaryjgnition point and HRR play important roles in the variation of spread rate and
fire area. Wind can largely change the spread trend ddifidecnlarge the firmnge Road
density has various impacts on fire sprdadnost casg thefire-damagedirea was shaped by
roads.When roads interrupt trmontinuity of fuel beds, fire could be contained in a limitadge
This study demonstrates that agbased modeling is an effective technique to investigate
community fire spread ants influencingfactors.
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