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A Simulation Model for the Study on the Forest Fire Pattern

Hark-Soo Song - Wonju Jeon * Sang-Hee Lee

ABSTRACT

Because forest fires are predicted to increase in severity and frequency under global climate change with important
environmental implications, an understanding of fire dynamics is critical for mitigation of these negative effects. For
the reason, researchers with different background, such as ecologists, physicists, and mathematical biologists, have
developed the simulation models to mimic the forest fire spread patterns. In this study, we suggested a novel model
considering the wind effect. Our theoretical forest was comprised of two different tree species with varying
probabilities of transferring fire that were randomly distributed in space at densities ranging from 0.0 (low) to 1.0
(high). We then studied the distributional patterns of burnt trees using a two-dimensional stochastic cellular automata
model with minimized local rules. We investigated the time, 7, that the number of burnt trees reaches 25% of the
whole trees for different values of the initial tree density, fire transition probability, and the degree of wind strength.
Simulation results showed that the values of T decreased with the increase of tree density, and the wind effect
decreased in the case of too high or low tree density. We believe that our model can be a useful tool to explore
forest fire spreading patterns.

Key words : Forest fire spreading speed, cellular automata, forest ecosystem.
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Fig. 2. Graphical representation of the manner in which
forest fire can spread from a burning tree in a
central landscape cell(left) to trees in neighboring
cells(right) according to our cellular automat model
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Fig. 4. Flow-chart of the simulation procedure in forest fire model
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Fig. 5. Simulation execution process in forest fire spreading
model

Pw=0.2 Pw=04

07 08 03 10 05 06 07 08 08 10
Clot Ctot

05 06 07 08 09 10
Clot

Pw=0.6 Pw=0.8 Pw=10

Fig. 6. Simulation result by wind and tree density

wEbA = THEL e 1 Jes G, Wl gigt
by Lohe Sl es |

Higho] B8 T AAIH R FojEs A3 Ko
Ttk P =109 = G, 7F0.55 Aol T 5A%H
WS L sl ThAl W, viEe] Al7)7F S5 AL
£9] gato] ¢ wha] dof drp= S ofujgict i,
G & Fto] YR AXAY Holx| i, vigto] mak= Fof
EQth U] dert v o uiel Uiyt AF
go] QA S 7HsAdol ARA "k YRS A2 g
olA] Al =W Hlgho] go] Eojw Ho| EE7| oy
o} ok&d, G, 2 Fho] U AXH HE YE7E A= A
a7] wfioll vkl Aj7|of whet geke wHA] okl Abe
o] & ghiter).

Fig. 62| Z3}5 & tf HFH o= olglfsly] $JaliA,

40,000
35,000 -

30,000
~+Pw=0.0
=Pw=0.2
~Pw=0.4
~Pw=0.6
--Pw=0.8
~Pw=1.0

25,000 -

20,000 -

15,000

10,000 -

5,000

0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1
Ctot

Fig. 7. Time of concentration at T by wind and tree
density

1000

800 -

~-Pw=0.0
+Pw=0.2
~Pw=0.4
—~—Pw=0.6
-~—Pw=0.8
~Pw=1.0

600 -

400 -

200 -

0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1
Ctot

Fig. 8. Change of burnt tree by wind and tree density

R K IER = 105 )



op
Lo
e
=
rido
i
=)
o=
o

Fig. 69 Q(column)F-& F&= HosM3
51‘11 G ol thgt Abaghit avto] digh HES GA A
¢ Ak Ao ¢, 0 mul Ha) 4] e
l Batgke At 8t G, 9] FFE He A= oy
= Wit ¢, ms Bl gk wAkeH L}EME}. o
#@o| A7I7F A= T ghol & ‘:t e s
o % 9lckFig. 7 22). Fig. 82 C, 9] %ol EB_Q o
To| Zho] ofmA| Wk Al Holzw Sk ¢, 9]
ol AdE T o] g4 ol e g =+
ok 71 Bolet AR uieto] 47| P, 7t A4 o
2 Z7koRe 2S o 4 9tk

Ao, ABeto Eulet o2 THE A%
B2 Ak 7129 B4 S o] vs) @
R heedh RS 74T v E o] 3t Bakeh AlEs)

A 3G @ 0ol 9. £ A7F Ba, vl &
7} AREE AL o 223 Qolo] ke AL o 2
gglon, A& T2 UiEo] 4lo] gl HlgS Al)A

o Akl Jlelsks A=A Agket. halel LA
o] At Akl uhe: 2 TR} 98-S 7
4o Bo] 29Ik 0|71 Ak St Alof Heky
o oleks Sl 2 FAlslol ol s Wt 8
S VA0 Ho] i ojck B mdL o)
B0 7PgeaL Gl e A A Bk Ak

Yol o 2 TS 2ok Ao W AlF AT} of
o & ApmFo] Hol i Qluk & HdofM= @:t__r s
= Ads] 243l ol AP ANE el &

SIck. o] AgtolA] A}ﬁﬂow w2 3 7ol “H
- Atk Husi He _*«1 == SEHoR AMgS)
7] el & S, YR LH FTOR R0l At

Y& muYskT Ao, Bed| BZES T Al
275 wHE7IR spd ek vige] B3 o] =RolA

B kg 7Pgeta glo, AR
EAY = A7 o2 Higko] vl
HpgE %!711 ii‘iﬂ G qlek. e ol2iet A Yol
S AL Qlek 2 Sl shrE S7kAI G ARt
2A| o] AA| thEo] WY o wje] A dA|SHA] &
=t 2ol g S, g AHollA thEo] Aol
u WL of AJgtef o] o] offl A|¥7kA] Z1Ejal ofH K
Fog FMtEo] QIEAE dSskaat & o, 8] =Y

[ 106 JEaEINERPSEE

==X

N A1t 2

stk el ol #AE S
| Slo A A AEet B gES Husie o

T2 AT ASLS 73 ik o] AFATE A3
AEm o] HE G43E AHAE Sl o] Fol gl

L ST AR 2 NSl el 2 o

10.

11

12.

. Malamud BD, Morein G, Turcotte DL.,

. Pinol J, Terradas J, and Lloret F.,

A nek w7 g o
wic,

References

“Forest-fires: an
example of self-organized critical behavior,” Science. Vol.
281, pp. 1840-1842, 1998.

. Ratz A., “Long-term spatial patterns created by fire: a model

oriented towards boreal forests,” International Journal of
Wildland Fire. Vol. 5, pp. 25-34, 1995.

. Diaz DR, Lloret F, Pons X, Terradas J., “Satelite evidence of

decreasing resilience in Mediterranean plant communities
after recurrent wildfires,” Ecol. Vol. 83, pp. 2293-2303,
2002.

“Climate Warming,
Wildfire Hazard, and Wildfire Occurrence in Coastal
Eastern Spain,” Climatic Change. Vol. 38, pp. 345-357,
1998.

. Flannigan MD, Stocks BJ, Wotton BM., “Climate change

and forest fires,” Science of the Total Environment. Vol.
262, pp. 221-230, 2000.

. McCoy VM, and Burn CR., “Potential alteration by climate

change of the forest fire regime in the boreal forest of central
Yukon Territory,” Arctic. Vol. 58, pp. 276-285, 2005.

. Clark TL, Jenkins MA, Coen J and David P., “A Coupled

Atmospheric Fire Model: Convective Feedback on Fire Line
Dynamics,” Journal of Applied Meteorology. Vol. 35, pp.
875-901, 1996.

. Burgan RE, and Rothermel RC., “fire behavior prediction

and fuel modeling system FUEL subsystem,” General
Technical Report INT-167. pp. 126, 1984.

. Toannis K, and Adonios T., “A model for predictiong forest

fire spreading using cellular automata,”
Modelling Vol. 99, pp. 87-97, 1997.

Hargrove WW, Gardner RH, Turner MG, Romme WH,
Despain DG., “Simulating fire patterns in heterogencous
landscapes,” Ecological Modelling. Vol. 135, pp. 243-263,
2000.

Pitts WM, “Wind Effects on Fires” Progress in Energy and
Combustion Science. Vol. 17, pp. 83-134, 1991.

Beer T., “Bushfire rate-of-spread forecasting: Deterministic

Ecological



MBS 7S 3t AlZ2old =22 |

13.

14.

15.

16.

17.

and statistical approaches to fire modelling,” Journal of 18. Eastman JR., “guide to GIS and image processing”, Clark
Forecasting. Vol. 10, pp. 301, 1991. Lab, Clark University, Worcestar, MA, USA. Vol. 2, 1999.
Halada L, Weisenpacher P., “Principles of forest fire spread 19. Berjak SG, Hearne JW., “An improved cellular automaton
models and their simulation”, Journal of the Applied model for simulating fire in a spatially heterogeneous
Mathematics, Statistics and Informatics. Vol. 1, pp. 3-13, Savanna system”, Ecological Modelling. Vol. 148, pp.
2005. 133-151, 2002.

Boychuk D, Braun W1J, Kulperger RJ, Krougly ZL, Stanford 20. Matsinos YG, Troumbis AY., “Modelling spatiotemporal
DA., “A stochastic forest fire growth model”, Environmental dynamics of a community of annual plant species:
and Ecological Statistics. Vol. 16, pp. 133-151, 20009. implications for management of biodiversity”,Ecological
Ball GL and Guertin DP., “Improved re growth modelling”, Modelling. Vol. 149, pp 71. 2002.

International Journal of Wildland Fire. Vol. 2, pp. 47-54, 1992. 21. Loibl W, Toetzer T, “Modeling growth and densification
Vasconcelos MJ, Geurtin GP., “Firemap simulation of fire processes in suburban regions-simulation of landscape
growth with a geographic information system”, International transition with spatial agents”, Environmental Modelling
Journal of Wildland Fire. Vol. 2, pp. 87-96, 1992. and Software. Vol. 18, pp. 553-563, 2003.

Feunekes U., “Error analysis in fire simulation models”, MS. 22. Encinas AH, Encinas LH, White SH, del Rey AM, Sanchez

Thesis, University of New Brunswick, Fredericton, NB,
1991.

& 8t £ (hssong@nims.re.kr)

o ; Rl Al B

M ¢ F (wjeon@nims.re.kr)

2006 KAIST 839338t} v}

2012 $pTiete HREAFON A4
20012~ 84 B/ pelmeleiTe TAATY

GR., “Simulation of forest fire fronts using cellular automata”,
Advances in Engineering Software. Vol. 38, pp. 372-378,
2007.

2006~2008 F=IE7|EY ZA7|E AT A WS A
2008~@AA =7keElpetd A A

TRk : ABAEILY, AR YEND B4 L nde,

oo

Fp7) 48705

0| & 3] (sunchaos@nims.re.kr)

2005 abistar se|stal wpap
2008 7Rkt THPEEA md A Ea

_2009~3A FEeAESH] e9AY

2010~84 Fpelsiare SREseYsaTy 2y

ol | ARAE mu, A BUd, HAsh o, WA}

M2 A3 20134 6




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


