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Preface

MASIFIRE program[ has[ been[ developed at' VTT [ Building[ and[ Transport, Espoo,
Finland.[Thelworkhas[been[financed[by[the Scientificl Advisory Board!for[Defence
(Maanpuolustuksen ftieteellinen neuvottelukunta, MATINE).

VTTImakes[no warranty, éxpressed [or implied, [fo users 0fIMASIFIRE, [and(dcceptsno
responsibility [for [itsise. [Throughout/this[document, [the mention0f/computer hardware
or[¢ommercial[Software does not[¢onstitute[éndorsement by VTT, nor does(itlindicate
thattheproductslarenecessarily thosebestsuitedforthelintended [purpose.



Contents

PrOIACE ... ettt e e e et e e e e e nbbaeaeenes 5
LI INEEOAUCHION ..ottt ettt e ettt e e e ettt e e e etba e e e e snebaeeeeensbaaeeesnnsaeeaennes 8
2. [IMOAElIA@SCIIPTION ....eeeuiiiiieeeeiiiiee ettt e et e e e e et e e e eebteeeeeebaeeeesnsraeeeeensbeeeeenesaeeeas 10
2,100 Surfacefire[SPread. ....ccoeuuiiieeeiiiiie et e 10
2200 Crown[fire[SPread .......ccoouviieeeriiiiieeeiiiee ettt eete e e et e e e e e eeaaee e e 10
2.300) Spreading[@lgOTTithm ..........ooiiiiiiiiiiiiiiie e 11
2.40) Transport OftoXICIPrOAUCES ....c..vviieeeiiiie ettt 12
2.500 IgnitionofBuildings fromforestfire..........ceeeeeeeiiieiieniiiie e, 14
2.6 Ignitionlofisurface fires fromEXploSiOn ...........ccecuviiieeriiiiieeiiiiiieeeieee e, 16
3.0Systemlrequirements (andinstalling MASIFIRE ........c.ccccooiiiiiiiiiiniiiiieeeee, 18
3.100 Hardwareland[software Tequir€ments.............coccuveeeerriieeeeniiieeeeeiieeeeeineenen 18
3.200 InstallingIMASTFIRE ......oooiiiiiiiiiiiiieeeee et 19
A TTUSCIANECTTACE ..viiee ettt e ettt e e e ettt e e e e s tbaeeeestbeeeeeeeraeeeas 20
A1) MaINIWINAOW .eiiiiniiiiieeeiiiieeeeeiitee e ettt e e ettt e e e st eeeestbaeeeeeebaeeeeenenaeeeesnsnees 20
4200 FuellSetupWinAOW.......ccovuiiiieeiiiiiee ettt e et e e e e e eaeeeeeneee 24
4.30) Building[SetupWindOW .........ccecuviieeeiiiiieeeriiiieeeeiiee et e e 28
4,410 GeneralParameterS. ........uuueeeeruiiieeeriiiieeeeitieeeerireeeeesibeeeeesebaeeeeeeaaeeeeennes 33
A.5TT IMIEIIUS ettt e e e ettt e e e e e ettt e e e e e e ettt et e e e e e e sttt et e e e e e e e nnbbbaaeeeeeeens 35
5.000perational ANSIIUCEIONS ......vvvieeeiiiiieeeiiiiee e ettt e e ettt e e e et eeeeeibeeeeeenebaeeeesanaeaeennes 38
5.100 Stepsiofialtypical[SImulationProCess ......c.vvveeeriiviieeeriiiieeeeiieeeeeiiiee e e 38
5200 USINZIMIAPS. 1+tteeeeuurrreeeeirieeeeeirieeeeaairteeeeseraeeeessssaeeeeaasseeeeesassaeeessnssseeessssseeens 40
5.300 DefiningHUCIS...c..uviiieeeiiiiie et 41
6. LISUITIMATY .ttt e e e e e ettt e e e e e s s aaabba e e e eeeeeessnnnsbbaaeeeaeeeens 48
ACKNOWIEAZEMENLS.......oeiiiiiiiiieeeiiiee ettt e e et ee e e tbeeeeeenenes 49
RETEIENICES ..ottt e e et e e e et e e e e e tbbeeeeeeraeeeas 50
Appendix[A:Glossary



CBH
CBD
CFB
FMC
FME
1

I

mX

o"

Oig
R'initiation
Ryurface
Ractive

Rﬁnal

Pw
s
pb: pW

Listlof'symbols

canopy/lbase height(im)

canopy/bulk density((kg/m’)

crown [fraction/burned

foliar moisture [doncentration (%)

foliarmoisture/effect

firelinelintensity[(W/m)

critical firelinelintensity (W/m)

mass(lossrate/oflspecies XI(kg/s)

reaction intensity, heat release rate perfunit@area (kW/m?)
heatloflpreignitioni(kJ/kg)

rate/0flspread ofithesurface fire leading to [initiationloficrown fire
rate/0flspread oflthesurface fire (m/min)

rate/oflspread (0fithe(active crown fire[(im/min)

finallrate oflspread/(m/min)

temperature [(K)

ambient[temperature (K)

walltemperature (K)

windspeed [(im/s)

simulation/timel[step [(min)

celllsizeloflthe map(m)

effectiveheating mumber(oflsurfacefireline
wind[doefficient

slopelcoefficient

bulk density(ofifuel material, densityloflwalli(kg/m’)
propagating (flux[ratio



1. Introduction

Forest! fires[ may[ causel al significant(tisk[ for[the  buildings[thatlarel closeltoldense
combustiblevegetation. ThisIrisk (becomes especially limportantif the (Buildings/areuised
tostorelexplosive materials. The ¢ombination(ofanléxplosion'hazard[and[combustible
forest/vegetation may!(lead toextremely [fast[fire[ $pread [and[al¢atastrophicsituation/if
thelexplosion[storagelisicloseto housing(or industry. Mathematical hodelling 0 flthe fire
spreadin[ wildlandlurbanlinterface [ may[ belused[ tolidentify[the  potential ofl suchla
catastropheland [to study/the [possible ways [to feduce [the risk.

Thel development[Jand ‘properties[ of’ ivarious wildland[fire[ 'models[ were[ recently
presentedin[the[teview article[ofl Pastor et[al.[J2003].[According(toltheir article, the
most widespread modelling[systems[ for[wildland fires[istBEHAVE[]JAndrews[1986]
whichlis[basedlontheRothermel's[[1972]model for(thelspreading(tateland[fire[line
intensity[in[ the surfacel fuels[ and[ thel classification[ system[ ofl thel vegetation[ fuel
[Anderson1982]LIThe odellincludestheeffectsofifuel load[and type, wind, [slope/and
moisture[ by[ thel use[ ofl experimental correlations! supporting[thel relatively[ simple
physicallmodels. Rothermel'smodelhas/beenusedlinlother computer models too, like
FARSITE[[Finney1998].

Onelofltheproblems(oflsemilémpirical fireline [progress models(like BEHAVEl/is/their
incapability [ tolhandle[thethree dimensionality and inhomogeneous! structure ofl the
vegetation(fuel.[Tod@void suchproblemsMorvan(& [Dupuy[2004] have[developedand
validatedalcomputational (fluid [dynamicsmodel [(CFD)for[thesimulation o f'fire spread
in[ Mediterranean shrub.[ Thelinodel includesla detailed descriptionofl the[ physical
processeslincludinghydrodynamics, tadiationand[pyrolysislin[the[Vegetation. Duelto
the complexity[ ofl the model,[ thel presented[ applications havel bnly[included two’
dimensional ¢ases. Despite(this(restriction, (the modelldanbe tised fo[produceimportant
relations 0flthe[fire behaviour(and/énvironmentalldonditions.

For[the modelling[ ofl the[ fire[ spreading from[forest to[buildings and structures, the
traditional/modelshave onlybeen(ofllimitedse. A few modelshavebeenproposed for
thehandling [of! the Wwildland irbanlinterface [(WUI)[fires. Cohen[ & [ Butler[ [1998]
studied(thelignition[of'wood materials[from(the fadiation[0flthe forest fire, (butlincluded
no [fire spread[modelforthe [ vegetation.[Rehm etlal. [[2002,12003]used [CFD [fo [predict
the[threedimensional flow! field Caround[thebuildings and werelable[to model the
vegetation![fire[spread using multilphaseformulation. Despite(the Fapid ([development of
the[computer rfesources, thismodels(is/still[difficult/and(slow [tb use foralcomprehensive
analysis ofirealtargets, includingrelatively/large [forest area, realistic(altitude terrainland
buildings. Inlcaseléxplosives[storagedreas, some kind[of'mechanismlis[needed toignite
the meighbouring vegetation/in/case oflexplosion.



Inlthis[work, [a[software toolhas beenldeveloped (which combinesthe BEHAVE [imodel
with[riumerical (hodels [tb [predictlignition[of'buildings, [@and spreading o flfire through the
explosions.Thelcrownfires aresimulatedusing[the modell0f'Scott (& Reinhardt[2001].
Thelsoftwareis[¢alled[ Mapbased Simulation[of Fires in[ Forest Urban Environment
(MASIFIRE), [andlincludesthe éffectsof fuel type, Wind, moisture[and[the[shapelofithe
terrain. [Model(tesults(include(the firespread, totalheat [release rate, production ofltoxic
species/and[necessarylévacuationlarealforpeople. Themodeluserlinterfaceallows the
uselofldigitizedmaps toldescribethefuel typesland [terrain.



2.'Modeldescription
2.1 Surfacelfire'spread

Thelmodelfor(thespreading/ofisurface(firelin the forestbedlis based (onthe BEHAVE
model [[Andrews[1986]. In/BEHAVE [the [physical andempirical models[for surface(fire
spread,[originally presented (by [Rothermel([[1972], Wwere[dombined with[13[standardized
ground fueltypes, described by Anderson([1982].[Rothermel proposed(that the[spread
ratel0flthe surface fire(is

_QE(+4,+9,) (1)

surface ~
p b 8Q[g

where Q" listhe reactionlintensity (kW/m?), £lis(the propagating(flux ratio, ¢, /and ¢lare
the (wind and[slopelcoefficients, pj is the[oven[dry bulk density (kg/m’), elis[the
effective heating number'and Q, lislthe heatlofiprelignitioni(kJ/kg)[(heatlthatlis/required
tolbring/aunitimasslof fuel tolignition/temperature). Seeltheloriginallarticle [Rothermel
1972]for(details.

Themodels(werelincorporated into[MASIFIRE [program uising/fireLib library [[Bevins
1996]which/provides/themodels 0 BEHAVE [asan[ANSIICprogramminglibrary.The
fireLib[ version[1.01 was[used, with[ the[ following[ modifications:[ Two [ combustion
variables, [Fuel ResidenceTimeMax/and Fuel HpuaTotlwereladded, whichlcontain(the
fire[ residencel time correspondingtol smallest[ surfaceldreatovolume(tatio [and[total
amountloflheatper[unit/area, respectively.

2.2[ Crown firespread

Thelinitiationland[ spreading ofl crown[ fires[ areldescribed[ by[the[ modellofl Scott/ &
Reinhardt[]2001]whichl¢combinedthe(BEHAVE surfacel fire[model with the[simple
correlationsfor(the crown!fire[spread. The modell¢alculates(thespread(tate oflactive
crown fire((seeeéxplanations(in[Appendix/A)isingtheléquation

FME
=334 —— (RIO )40% @)

Racti ve — <
FME,

where[(R )40 is[the[surface fire[Spread rate[given by [the standard [surfacelfuel iumber
107at(40% (ofthe current free[wind speedand(current'slope. FMEIis(thefoliarmoisture
effect whichltakes into accountltheeffectof foliarmoisture(dontent (FMC). FMErefers
to[100% /[ foliar[ moisturel content.[ Thel initiation ofl crown[ fires is[ triggered[ by the
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Byram's!firelinelintensityloflthe[surface fire /.[When!(thelintensity /[teaches(al¢ritical
value /', 'thelcrownfires/are[possible. /'lis[calculated[from(the(canopy(base height CBH
and FMCwithlthefollowingformula

I [CBH(46O + 25.9FMC)T2 3)
100

Theldistinctionloflactiveand [passivelcrown [fires(is made Based0n/thevalue[of Rycive. [A
crownfire[becomesldctive when R, reaches(alcriticallvalue R' . =3.0/CBD where
CBDlisltheldanopy/bulkdensity.

active

Thelfinallspread rateis/calculated(as

Rt = Ropee + CFB(R

- Rsmfface ) (4)

surface active

where CFBlis(the/crown(fraction/burned by [the fire. Following(the éxample oflScott(&
Reinhardt[2001],welcalculate CFBas/dllinearfunction(ofisurface fire spreadrate

CFB = R‘m'.’face - R'initiat[(m (5)
R'SA -R'

initiation

where R'iitiaiion 18 [the Surfacespread(tateleading(tolinitiation o f ¢crown fireland R's4lis
thelsurfacelspread(tatelatlimit R,civel= R'aciive. [ Byldefinition, R'iiiasion 5160 I'/ HPA,
where HPAlis[the heat[per[unit arealavailablel for ’¢combustion. Note that the it of
spread [rate(is h/min, Whilelthe Byram's/fireline intensityhasunits 'W/m.

2.3 Spreadinglalgorithm

Thelspreadinglof thelfirelis calculated (by dividing(thelsimulation[arealto[squarel¢ells.
Thelcellsicorrespondto [the [pixels[0f the map [image. Atleach(time(step, thecodeloops
through(allthelcellsthatarelalready[burningland(c¢alculatesthelignition times of the
neighbouring ! ¢ells, based onlthelrate[ofl spread[to[that[particular[direction. Separate
spread (rates arelused for(thesurface/and crown/fires.

Thefire[$pread neighbourhoodmay¢ontainlonlyeight[¢losestneighbours/orlallarger
area,[up(folradius/given by theiser.[Whenlarger firespread meighbourhoodis used, the
spread/pattern/becomes(smoother. [On[thelotherhand, [large neighbourhood[may[cause
unexpected behaviourin'Ssome(cases(like narrow fire(barriers((e.g. Water[streams).
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Thelsimulation/proceedsWwithlaltime step Az[whichlis/automaticallylddjusted tolimit'the
distance0ffirespread (within the time/(step [to[0.2 [times thecelllsize Ax,lile.

Ay < 0:20x (6)

max

where Rmax[is/themaximum/ tateloflspread. Thelinitial[value for Atlis'one minute.[An
additional [ limiter[is  introduced[to[ prevent[time[step from  getting[ $maller(than[ five
seconds.

2.4 Transport/ofitoxiciproducts

Both(the[forestand [building[firesproduce!species that maylbe harmfullfor people. A
capability[ ito[Icalculate[ the[ ‘transport[Jofl toxic[Ispecies by Ithellwind[Jis[ltherefore
implementedinl MASIFIRE.[ Memarzadeh! [1995][ presented[ al modell for[ Gaussian
dispersion downwind from[al point[source. According[to[ Memarzadeh's[ inodel, [ the
ground (levelldoncentration(ofispecies Xlat[downwind(distance x[andmormalldistance y[is

. 2 2 (7)
Zx(x,J/)=m—X-exp —O.S[GLJ -exp{O.{MJ }

aU. o o y o

w yYz z

where 1, lislthemass/loss/ratelofithelspecies(kg/s), U, lislthe wind(speed(m/s)dand o;
and o[ larelJthe[ Iplumel Idispersion[ Jparameters Jin[lateral[Jand[verticall 'directions,
respectively.[The[plumetise A(x)lis[calculated usingNetterville's[[11990]Solution(oflthe
buoyant plumel equationslin[Wwindy[ environment. Currently, alheutral atmospherelis
assumed, which(leadsto [the following [solution[oflthe (plume rise

3 1/3 (8)
3 KU, R R
h(x){W[FO-FWO_{WO-FFO(T-FI)}e v ]+(FOJ } S
where flisthelatmospheric(turbulent (buffetfrequency, Slis(theléntrainment(coefficient,
Fo, Myland Ry ldrelthelinitial[valueslofiplume[buoyancy, momentumland [radius/afterithe
plumel haslbent over.[ In[thel current! implementation ofl thel modell thel following
assumptions/havebeen/made:

12



dT,

a

--£ (neutral environm.)

dz ,

T, =293.15K
AT =70K

L =0.6

i, =0.25

A; =250m
f=2pi.U, /A,
P =1013 mbar

where, T,lis/thelambient[temperature, A7listhefemperatureriselin/thelsmoke, ip[is/the
dimensionlessintensity oflEulerian(atmospheric ‘turbulence, Aglisthe length(scaleoflthe
atmospheric/éddiesland Plis[the backgroundpressure.

Thelabovelequations/areused(fo calculate/thelgroundilevel ¢oncentrations[of the [foxic
products(in(the[downwind[direction, based on(the(total heat(telease tate, mass[telease
ratel ofl leachl species,| ffire[ diameter[ and[ wind [ speed.[Thel critical distancel in[ the
downwindlandperpendicularto [thatlare found basedon/the 8hland 15 hinconcentration
limits[ given[by[theluiser. When[the program/starts,[CO2,[COland[PM[particlesare
included (as species. PM g [particles/arelthe(fine particles smallerthan10 pwm. Thedefault
emission[factors[(mass oflieleased [speciespermass of burnedfuel)[andconcentration
limits[ofithese(specieslare(givenlin/Table[1. Theuser(should[dlways use values/thatare
proper(forthe particular(dase, andaddmore species ifinecessary.

MASIFIRE¢alculates(thel¢vacuation areas/basedon/the ground level ¢oncentrations
and[both[8hland[15[concentration(limits. Theselareas/arenot based [onthe[8h or[15 min
averages/ butl ¢calculated ising [instantaneous(Values ofl the ¢oncentrations. [ They don't
takelinto/account/thetransport time(delays(€ither.

Table'l. Theldefaultispecies, theirlemission [factors'and|concentration limits.

Emission(factors((kg/kg) Concentration limits(kg/m’)
Forest([1] Buildings 8h 15 min
Cco2 1.521 1.61[2] 9.1x10°[4] 0
CcO 0.14 0.062] 35.0x10°[4] | 87.0x10°[4]
Particles[PM;, 0.014 0.015[3] 150x107([5] O

[1][From(Battye & Battye[2002].
[2][Erom[Persson & [Simonson[[11998].
[3][From(Table3(4.14df Tewarson [2002]
[4]FromHTP larvot2002.
[5][Erom(Sandberg etlal.[[2002].
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2.5 Ignition(of buildings from(forestfire

Aslthelsurfacelor forestfire dpproaches abuilding, it (heatsup[the (walls[oflthe building
duelto(theltadiationand[¢onvection. [As[the walls'heat[up, they 'maylignitelor[simply
break down, [éxposing(the [dontents (0flthe building[to [the fire. InMM ASIFIRE, [the [surface
or[forest(fire spreadsfrom(cell [fo[cell. [ Theselcells[arelalso used ' when(the heat[transfer
from[firelto [building wallslis[¢alculated. [For(the calculation[of/the[radiative [heat flux,
each(maplcelllis/associated with[alradiating[point(source@bove [the[centre[0flthe cell, [as
shownlin Figure(1. Theradiative[powerlisSetto 30 % 0fithe Tocalheat[release(rate. For
eachlcelllandleachlwalllof the building (N, E,[8and[W), al configuration[ factorlis
calculated[based  onl[thel angle[ betweenl the wall hormalland(thellinelof! sight.[Tt[is
assumed [that[the[pointsources/are on/the samelheight/as(thewall midpoint. Theltotal
incoming radiativel flux[islalsumloflthel cells[withnon(zero[¢onfiguration!factors. In
practice, [ the summation(is[ limited[inside[ some[radius, outside[ which[the[radiation
contributionslareassumed(to have no [practical importance. [At/the homent, ‘this[radiusis
50m.

I I I
BURNING/AREA \

N

N

N
A
~L L SB
NN

\

BUILDING

Figurell.[Calculationldf'vadiativelheat flux [from|forest|fireto lbuildingwalls.

For[thel computation of! thel convectivel heat!transferl onel needs[tol know[ both[the
temperatureand[the [Velocityoflthe[gas[¢lose to [thelsurface. [ Unfortunately, (therelisno
good[modellavailable that[would[ givelthesel quantities forlalpointldownwind[fromla
burningdrealoflarbitrarylshape. Therefore, alseries 0fICFDIsimulations Wwas/carried [out
using [the (INIST [Fire [Dynamics [Simulator[software[[McGrattan(et(al.[2002] where[the
properties ofl leaning|[ fire[ plume! flowing[ over[al building was[ studied[in[al two[]
dimensional” geometry. Anl example[ ofl the flow[is[ shownlin Figure[ 2[$howing[the
temperature!field[oflalleaning[fire[plume. The buildinglis[on/thelleft[and the distance
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fromthelbuilding[wall[to[the 5 [m[widelfire[is[15m.[The wall heightl[is'4 m.In[the
simulations, [the[wall(fo [fire[distance L[was[varied from(5[to[20[m, heat relecase(rate[of
thelfire Q" was/varied from(50to 1000 kW/m’(and windspeed U, [from(0[to15n/s. At
each[ ¢combination, the[ maximum/[gas/temperaturelin(the Vicinity[ of the[wall and(the
corresponding flow [velocity Wwereusedforthe[calculation 0 fithe [onvective heat[flux.[A
first Corder[ (linear) [ polynomial was[ then[ fitted tol the datalusing[ thel least/squares
technique.[Aslalresult, We got/the following [formulalthat [gives/the[donvectiveheatflux
toldlwalllat @ambient[temperature (20 °C)

§"(U,,L,0") =282.9+0.89480" —52.27L +166.1U, (W) 9)

Thisformulalisvalid[for[therangesmentioned [above. Duringthelapplication to thelwall,
thel¢onvection fluxmustbe corrected for(thelincreased (wall temperature. This is'done
byldecreasing/the donvective heat transterby A (7T,.41117p), [@assuming /4 =5W/mK.

NIST Slice
temg
C

470
425
380
335
290/
245
200
155
110
65.0
20.0

Figure2.[Anlexampleldf\the DS simulation of thelinteractionloflalbuilding|(on|the left)
andaWind driven!fire plume with[windspeed of 5 m/s, lheatrelease rate of 1 MW/m’
andfireltowallldistancelaf!15 m.

Welassume!that(alllthelcells thatlarelocated[within[a[90[degrees widelsectorupwind
from/the building[maycontribute fothe ¢onvectiveheat transfer. This['upwind'larealis
found[bygoing(toeachlcell inside thelignition[neighbourhood((see[Appendix[A),land
calculatingthelangle (between the Wwind[direction andline[from[¢ell[¢entrelto [building
centre. Iflthe(anglelis ess[or(eéquallto[45[degrees, thecell belongs fo the"ipwind'(area.
This(techniquelis(illustratedinFigure(3.[Thelabove correlationlis thenlappliedtoeach
celllinside 'the"ipwind'(area, [dnd[thehighestheat [flux[is[¢chosen [to[for[the[heat[transfer
calculationJofllallfour[lwalls [of! lthe[ building. [IThis[ lis[ lsomewhat[ linaccuratel Jbut
conservative [@pproximation. Tosummarize, the(radiativeheat (flux (0flthe buildingWwall
depends(onithe direction 0 fithe wall ((north, [ast, [South 0r west) (but(the [gross/donvective
heat flux [isthe[same for(each wall.
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Figurel 8.[ Defining[ the upwind areal of! convectivel heat| transfer|from| forest fire to
buildingwalls.
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Forlthecalculation/ofithe wallheat[transfer, the walls[are ldssumed to be thermally(thick,
andlonedimensional heatconductionlequation forthe taterial temperaturelis[@ppliedin
theldirection x[pointinglintothe(solid [(the (point x[=[0represents/theSurface)

or, o, or oT Y (10)
C w - k w ; _ k‘v w O’t — . + ;
pM/ w at ax ( w ax J ax ( ) q q

where p,, cyland k,larelthel constantdensity, specificlheat[and[conductivity ofl the
material; ¢ [is[the convective heat[flux(and ¢ [is(the net/tadiative heat[flux[to the
surface. Similar(boundary/condition/is[applied to [the backsurface, assumingconvection
and[tadiationtolalspace/dt[ambient/temperature. Thelaboveléquation'is'solved usingla
finite/difference methodwithuniform(grid(in(the x[direction(and(the same fime[step/that
is(used/for(the(forest(fire spread. Anlimplicit[Crank [Nicholson[schemelis/used for the
timelintegration.  Thetemperature(field[ofithe 'walllis[solved[dnly to [the point[when(the
surfacelreaches/thelignitionlor breaking temperaturegiven(by the iiser.

2.6/ Ignition/ofisurfacefiresfromexplosion

During the [éxplosions hot/andburning[fragments [dre(ejected [to ‘the[surroundings. [ These
fragmentsmay!lignite(theforest fuelsland [cause(a rapid spreadinglofithe forest(firefola
largelarea.[ Thel formation mechanisml ofl thel fragments[islanl[extremelyl complicated
process| that depends onlthelimass[and[ properties ofl thel explosivel material andits
container. [ In[MASIFIRE, Wweldo [not[attempt [to[predictthe éxplosion behaviouroflthe
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explosivelobjects, (butlet/the(user[defineall[the necessarylinformation.[Starkenberg et
al.[J2001]have[studied the [propagation[probabilities[oflammunition(stacks, beingable
to produce/ probability vs.[ distancel curves! for[ various propagation/ mechanisms,[i.e.
detonation, [burning, (imechanical[damagelor[iechanical (hit.[Here wel assume!that(the
probability of!ignition[ ofl the dead surfacel fuelsbehavesl analogouslylandl definela
probabilitycurveusing/two [distances R;land R,:[Theprobability(oflignition(is theasured
asnumber[oflignitionsperdrea. Atldistances shorterthan(or(equallto R,[the mumber(of
ignitions(is[1/m’.[At R, [thenumber oflignitionsis[0.1/m’and zero outside the radiusof
R,.[Between! thesel two values! thelignition[ density( varies! proportionalto[1/#*.[The
definition/oflthelignition(density(curvelis(illustrated(inFigure(4. The[parameters R; and
R»ldrelalwayslassociated withthe[storagebuilding and are(notlaffected by thel¢ontents
oflthe building.

|
|
|
|
|
|
|
|
|
|
|
R1 2

Figurel4. Definition ofthelsurfacelfirelignition|curve.
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3.[Systemrequirements/andlinstalling[MASIFIRE
3.1 Hardwareandisoftwarerequirements

Both(thespeedofthe[computation(and the memory requirement(arestrongly dependent
onlthe(sizelof'the mapused(in/the(simulation. For[speed, therulelis[simple: Faster [CPU
isldlways better.[A [foughlestimate 0flthe hemoryrequirement/set by MASIFIRE!is

Memoryrequirement =227 N*[8/[IE6 [MBytes]

where Nlis/the mumberofipixelslin(the map. Inladdition(to(this, Matlab itselfltypically
requires| tens[ ofl megabytes[ bfl memory. Forlalmap[with[11000 x[500[pixels,[ the
MASIFIRE'sthemoryrequirement (would [therefore (be [approximately (88 MB. Similarly,
forlalmap Wwith[2000 x2000(cells, it (wouldbe 704 MB! Itlis/éasy tosee, that theuselof
maps[with[toohigh[tesolution[or too Wwidelareal shouldbelavoided. For[graphics, a
monitor[ withlalminimum ofl 1152 [by[864[tesolutionland[16[bit[¢olourslisneeded. A
1280by 1024 [resolution(is fecommended.

MASIFIRElis[Jal[ Matlab[ \GUIlapplication (GUI[)=[lgraphical [ luser[ linterface)[ 'with
additionalsimulation[routines ((MEXlibraries) programmed [with[Clanguage. To [tun
MASIFIRE (¢ither 0 flithe followingénvironmentsis meeded:

e Matlab7.0[(R14)lorhigher.

e Matlab[Component Runtime [(MCR)[ofl telease[R14[or higher[installed [on[the
computer. (This[optionlis[not[validuntilla[precompiled(Version [6f MASIFIRE
becomes available.)

Binary[versions[(.dll)Cof theLMASIFIREMEXlibraries are[ available[ for[ Microsoft
Windows operating[ system.[ For[other[operating[systems[(e.g.[Linux), users have(to
compilelthe mexfiles by themselves. Thefollowing[steps(are required to [compile:
mexllrunmasi.cllfireLibmex.c
mex(lfirelibgetfuel.cllfirelLibmex.c
mex[lmapimg.c
mexlmapfix.c
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3.2 InstallingMASIFIRE

MASIFIRE is[distributed"as al Matlabl GUI package[that[heeds[ many! files to[ork.
Belowlislallist[ files[heeded [inf MASIFIRE['1.0.[Copy!these! files[to[anl installation
directory,landadd(that/directory(to Matlabpath.

M files:

BuildingSetup.m arrow.m mfsettings.m
FuelCatalogManager.m ] showwindow.m GetNumberDialog.m
FuelSetup.mUJUOOOOJUOOOfindtoxicarea.m masifire.m

windplume.m

Fig(files:

BuildingSetup.fig FuelSetup.fig
masifire.fig FuelCatalogManager.fig
GetNumberDialog.fig mfsettings.fig

MEXfiles/(dll files[onWindows systems)

fireLibGetFuel.dll mapimg.dll
mapfix.dll runmasi.dll

Alternatively, IMASIFIRE( ¢an[beldistributed[as anl eéxecutable masifire.exe, compiled
with[Matlabl Compiler.[ To[tun[masifire.exe, installl first [ Matlab[Component Runtime
(MCR) bylrunningthe[MCRInstaller.exe.

IMPORTANT: [ IMake(Isure(that/ 'the[ /directory(Ipath( of IMatlab
Component/ Runtimedoes hot contain/ spaces. In[general, any
Matlab components should not/ belinstalled under C:\Program
files(Idirectory. Spaces/in/directorylhames/may/causelerrorsiin
some Matlabfunctions.
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4. Userlinterface
4.1 Mainiwindow
Whenl youl startl MASIFIRE, [ éither [ by[ typing['masifire'[ tolal MATLAB prompt, or[ by

running | thel masifire.exe (MCR [ version), the[ main[Wwindow[ openson[your[ screen. By
default,[the window [is thaximized|to full your screen, (but youcan[makelit smaller(asisual.
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Figurel5. MASIFIRE mainwindow.

Themainwindow contains[thefollowing/areas:

4.1.1Mapaxis

Themap [axislis lised to visualize [the map [image/and [to [show[the [proceeding [ofthe fire
frontsland [burninglarea. Thelburning andburnloutlareasarelshown[bylchanging[the
colourloflthemap. Thelcolours'depend on(theloriginal(colourloflthe map. Thelcolours
for[whitebackground colour(areshownlin[Figure (6. YoulcanZooml[the map Withmouse
bylselectingthe Zoom[fool from/the toolbar, or By(pressing(zkey.

20



BURNING SURFACE FUEL BURNING CANOPY FUEL (CROWN FIRE)

)

BURN-OUT SURFACE FUEL BURN-OUT CANOPY FUEL

Figurel6. Thelc¢olours of thelburningland burnlout surface fuel (leftlimage) and canopy
fuell(rightlimage) onlawhitelbackground.

4.1.2 Fuelimap tools

Onlthe'Fuellmap fools'[panelyoulcanchooselanylof'the(available fuel models[from(the
scrollablelistbox, [and [€ither(makelit(adefault fuel, lor bind thatfuel to [some [0 fithe map
colours.[Tolbind/orunbind/alfuel model, [¢lick[on[thebutton/withTock & or ‘openllock
a, respectively.

New/colours/canlbeladded tolthe ' map by paintingland outlining. Inbothloperations,
mouselisused(to [define the area. [In[painting, [the mousepointeris[used moved by left
mousebutton'down(toladd thel¢olour. Inloutlining,[theborders oflthe coloured area
should (belgiven. After(thepainting, [the ¢olour should (be bound/with[Someloflthe fuel
models, butloutliningalwayshises/the(fuel/currentlyselected.

4.1.3[ Objecttools
Thelsecond panel(on/thelefthand(sidelis/the'Object/tools'[panel. Thereyou/can(¢choose
somelof the objecttypes,[add/thelobjects onlthe maplorldelete eéxistinglobjects.[ The
objectltypeslare
e Ignition/point.[Addlignition[points/by[¢licking thelleft mouse[button over the

map.[Stop/adding by [clickingthe rightmouse button. Thelignition/points/dppear
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on'themap as/ted ¢ircles.[Whenlyouladd anlignition[point,thelignition/fime[of
thel¢orresponding(cell ‘0 the fuellmapis set/tothe current [time. Deletelignition
pointslone (bylone[by[selecting[Ignition[points from[the menu, pressing'Delete’
buttonland(clicking [the houselover(the point.

Ignitionlarea. [ Allarger(arealofl the[map/can belset on[firelin[thebeginning by
addinglanlignition[drea. [ Add[the corners/oflthelareal(as many as[youlwish) by
clicking(theleft imouse (button.Right (mouse button(adds the ast/corner. Belsure
not(fo[bringlany otherprogram/windowon'thetoplofthe MASIFIRE [window
whenladdingignition/area. Deleteand lexistinglignition/area by(selecting Ignition
arealfrom[the[menu, [pressing'Delete' buttonland [ ¢licking[the mouse over!the
area.

Altitudelcontours. [For(the[definition[oflthe terrainyoulcan(adddltitude [contours
bylclicking the pointsofithe contour(with(left mousebutton. Rightbuttonladds
thelast[point, [dfter which/yoularelaskedto[¢lick the[mouselinside the [contour if
youlare[defining alhill,[orloutsideiflyouldre/defining(d[pit. [Alllthe [dontoursmust
bel¢losedlandmonloverlapping. [1f the ¢contour¢ontinues/ outside the ‘mapyou
shouldaddat(leasttwo [points [outside[the Wisiblethaparea, [as shownlin [Figure(7.
Thelaccurate locations [ 0fl the[ pointsoutside the map[are usually[not[ very
important. [When[youlhaveladdedall thel contours, youlshould[ generatelthe
terrain(Tools[menu)and(visually[check!it[(Tools[menu/Show [terrain). Themap
should 'have(thel¢orrect(scaling[before theladding[oflthe ¢contoursbecauselthe
contours|(arenotipdatedbylany(scalingOperations. Delete analtitude contour by
selecting[Altitude[contour from[the menu, [pressing['Delete' (buttonand(¢licking
theouselinside the contour.

Adding and(deletingbuildings. In(thelend[oflthe object Pop ip menulare listed
the[available[ building[ types.[[Addalbuilding[ byl pressing'Add' buttonand
clicking[your[left[mousebuttonover the map. Deletealbuilding by pressing
'Delete'[and[dlickingover(anlexistingbuilding. Thelavailable[building types(are
defined(inthe'Buildingdefinitions'[fooll(Settingsthenu).
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Figurel7.[Addinganlaltitudelcontour'on|thelédge of the map.

4.1.4 Simulationtools

Thel third[panellonlthelleft[hand side[ of' thelMASIFIRE main[vindowis[ised[ for
running' thel simulations. [ Givel thel simulation[time[ by[typing[it[into[theltext[box[in
minutes, and[tun[thesimulation/forthe given amount[of time by pressing/the'Run'
button. MASIFIRE iwill

Pressing'Clear'lwill(clear the results [and [set the [time [to [Zero. [Select additional results by
selectingonelofithe following:

e HRR.[When(selected, MASIFIRE [plots(the[total heat[telease(tatein(a separate
window lin(thelénd [0flthe '[Simulation [period.

e Species.'Whenlselected, MASIFIRE [plotsthe production rates 0f'the [current [ist
oflspecies/inla/separate window [in[the ‘end [0fithe [Simulation[period.
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e Evacuation.[When(selected, IMASIFIRE [plots(theleévacuationlareas on(the map,
and[ plots[the maximum/[ evacuation distancel for[ eachl specieslin[al separate
window. ThelJevacuation(Jareas! lare[ 'shown[with colourful lines. Onelline
corresponds(toonelspecies/and/onelconcentration limit[(8h[0r[15 [inexposure).
Thellegend[on(the tight hand [side [oflthe main[window éxplains[the ¢colours. If
thellegend goeshinder thetap, [deselect ‘the "Evacuation'land(selectlagain.

4.1.5Wind

Thellastpanellon(thelleft hand[side[oflthe[MASIFIREmain[window[is[used for the
definition/oflwind[speed[(m/s)[and[direction. The wind[speed should ¢orrespondto [the
speedlin(thelopen!flat[terrain, atheight[0fl6.1 m. Theldirectionlisldefined as/degrees
frommorthlinlclock[wisedirection. Settheldirection either by typingin[the degrees(as(a
number [or[byldragging[the(ted[arrow[with(left (mouse button. [Thelleftarrow becomes
visible Wwhen [themap [is[read!in.

4.2 Fuel'setup/window

Thelcalculationlofl fire[spreadlin[forest/andsurfacelfuelslis[based [on[the definition of
fuellmodels[and[their association[to[thel different[areasl oflthe map. Everyltypelof
vegetation [that/appearson(the (map[should havelanlown[fuel model. IMASIFIRE[stores
the(fuellmodelslin fuel(catalogs, which[makes!(it[¢asier tolorganize, save and(load(the
fuel'models. [Thelfuellcatalogslandfuellmodels are/defined onla Fuellsetup/window,
which(starts from/the[Settingstenu [0flthe ' main[window. [Fuellsetup windowis[shown
in(Figure(8.

4.2 .1 Fuelcatalog

Inlthe['Fuellcatalog'[panellyoulcan(createnew catalogs,[savethe selected[cataloglon(the
hard[disk, load/a[previouslylsaved(catalogland/closelthe(selectedcatalog. Pressing'Fuel
cataloglmanager' 'buttonlopens alseparateldialog, ' where youlcanl¢copylindividuallfuel
models(from(alcataloglfolanother. Thislis veryisefullwhen(youcreate mew[fuel ‘models
by[modifying[existingmodels, and [Want[to[¢ollect(the mew fuel (models(toalseparate
catalog.

WhenMASIFIRE is[started, the [fuel[dataloglis[initialized [(With[13 [standard [fuel odels
[Anderson(1982].
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— Fuel catalog
Mew catalog | Load catalog |
Save catalog | Close catalog |
Fuel catalog manager |
— Moisture scenario———————————————
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& Global moisture settings
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— Fuel model
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Area to volume ratio 11482.94 [1/m)
Density 512.592 (kgfm3)
Heat of combustion 158.6223 (M1 7ke)
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Area to volume ratio 4000 (1/m)

Figurel8. [Fuelsetupwindow.

4.2.2( Fuelimodel

Thelindividual fuellmodelsofithe currentlyselected (fuellcataloglare[defined [in the['Fuel
model'[panel. In/the[fopoflthe panellisaPop upmenuwhichlisused(tolselect/the fuel
model. [1f"the[ fuel modellis[ modified, thel changes!shouldbelsaved byl pressing!the
'Apply' buttons. Buttons [arealso dvailableforremoving the fuel model from/the catalog,
creating dnew model, [oricopying(the (currentfuelto theend of'the catalog (Clone).

Fuelimodel'sNamelandDescription are [text[strings, used/to lidentifythe model.

Windreductionfactor(isised/to [calculatethelactualwind(speedat thelgroundfire flame
height((typicallyl o2 ), by multiplying/theopenterrain windspeed/givenlin/the hain
window. Theldefault valuelis[0.3 butlevenvalues (0.1 haybeused fordense fuels.
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4.2.3Surface fuel

In['Surfacelfuel'lpanellyoulshouldgivelthe following[properties forthe surfacefuel:

Depthl(im)/istheheightoflthe fuellayer from/the ground.

Moisture[ content ofl dead [ fuellextinction[ (%)l is[thel ¢ritical moisture ofl dead
fuels, @abovewhichtheylarenotassumed/to Burn.

Thel hatural( fuelslarel hotl homogenous material 'butlal3widel distribution ofl different
grasses, [shrubs, [litter/and live vegetation. To [describe(this kind [0 fimixture o flfuels Wwith
al relatively[ small number[ of!l properties, [ strong[ simplifications[ must[ bel ‘made. To
describethe(rangelofltheldifferent contents, éach/surface fuel may/consistoflupto four
(minimum[one) [ classes ofl fuell types, [ called[ particles.[ Each[particlel class[ has! the
following/properties:

Particletiypelis[eitherdead, live (herbaceous, [orlive woody[stem.

Loadis the(mass oflparticles per tinit area (kg/m®).

Thelparticle(sizelisdefined assurface arealto [volume(ratio [[AVR), whichcan(be
calculated for[sphericallparticles[asl AVR [=[6/d[and [for[cylindrical [particles[as
4/d.Here dlisltheparticle diameter.[AVR hasinits [1/m.

Density/is/the oven[dry(density ofithe material (kg/m").

Heat[oflcombustionlis thelénergy thatlis feleased when[one linit[massoflparticle
massburns((MJ/kg).

Total[mineral(content (%), effective mineral(content[(%).[See Rothermel ([[1972]
for(details.

Moisture(content. Each(particle(typemaybegivenown[moisturedontent. These
valueslare[isedonly[ifI'Fuel[dependent moisture'is[checked [on the 'Moisture
scenario'[panelloflthe Fuellsetup[window. [ (This[featurelis[hotlimplemented [in
MASIFIRE1.0).
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4.2.4( Canopy fuel

Inlordertopredict(thelinitiation and[ spreading ofl crown! fires, thel properties of the
canopylshouldbeldefined forlallfuelmodels. The(13 [standard [fuel imodels[do mothave
canopy!at(all. ' Theldefinitionloflcanopy!(fuelis/simpler(thanthe surface fuels, [ds/therelis
only/onelclassofifuelparticles. "Canopy/fuel [panel has(thefollowing fields:

e Load!is(thelavailable ¢canopy!fuel perlunitarea (kg/m?). This ¢an belestimated

usingthe ihnformation(onthe canopybiomass(ofltrees/dnd the number (0fltrees per
square(meter.

e Canopyheight/is/dpproximately the height(ofithe trees from theground((m).

e Canopylbaselheight is(the lowest height[above thelgroundlat whichltherelis(a
sufficientlamount(oficanopyfuellto [propagate fire verticallyinto [the [canopy.

e Heatloflcombustionlis/the(énergy(that(is[teleased [ when[one unitmass(of canopy
mass/burns((MJ/kg).

¢ Foliarimoisture/dontent (is the moisture content(of'thefuellparticlesi(%o).
e Arealtolvolumeltatio (1/m)is[the measurel ofl typicall particle size. Seelthe
explanationloflithesurfacelfuelproperties.
4.2.5 Toxic/specieslyields
This[panellis used fo[define whatlistheyield [0 fleach [toxic[species for(the[durrent [fuel
model.Thelyieldis/defined(as/dlreleased mass perone kg oflburned fuel.[To modify(the
yield[values, [¢hoose[thelspecies from(the(list, typelin[the new valuelinto [the text[box
below, and press/enter.
4.2.6 Moisture(scenario

Themoistureof'the fuelmay beeither fuel specific/orglobal.[Globalsettings(dre handy
whenyoulwant[fostudy(thel[¢ffect (oflthe Wweather [or[daytime (on(the Wholelsimulation

area. (The fuel dependentmoisture scenariolis[not[implemented [in(MASIFIRE[1.0).
Fiveldifferent thoisture(content values are iised:
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e Woodlmeans/theoisture0fithe(live woody(fuels. Theldefault(is [150(%. Woody
fuels/are[perennialland [usually have(surfacelarealto [Volume(tatios from[3300(to
6600 (1/m.

e 1h,[10hland[100hmean themoisture/contentsofisize categories ofldead fuels
corresponding to [onelhour, [tenhourand hundred Thour[drying times. Thelone!l
hour[(1h)[timelag dead[ fuell category includes[ fuels[ from[ 0 to[0.64 tm[in
diameter, [ the ten'hour[(10(h)[timelag/ dead[fuell categorylincludes/fuels/ from
0.64[to[2.54¢mlin(diameter, [andthe hundredhour (100 h) timelag fuel(category
includesfuels/from(2.54(t0(7.62[¢mlin[diameter. Larger fuels(dre mot[considered
inlthe[simulation.

e Herbaceous/means(the thoistureloflliveherbaceous(fuels. ILive herbaceous(fuels
usuallyhavesurface area fo[volumeratios from4900to 11,500 1/m.

4.3 Buildingsetup/window

Forltheldefinitionlof'buildingtypes, dlseparate Building[Setupwindowis[used. Youlcan
enterBuilding[Setup from/the Settings henulofithe MASIFIRE imainwindow. [Building
Setupwindow (has(three[sections; ‘theldctual building types/aredefined in[own[panellon
thelright. Possible contents[ of thebuilding[ andwall(typeslarelalsoldefinedinlown
panels.[ Thelbasic tulelis/ that beforelthelignition,[ the behaviourlofl the building[is
determined[bylits[wallltype, as[the[wallslare heated up[by[thelforest[fire. After the
ignition[the dontents 0flthe building/determinelits behaviour.

Inltheuipleft[¢orner oflthe[windowlare[buttons forlsavinglandloading oflthe Whole
setup(on'thehard(disk.'Load'(button replaces/thelcurrentsettings by(thecontents oflthe
loaded!file.'LoadIncrem.'load[the contents[incrementally, adding(the (building, content
and[wallltypes(tothe énd oflthe ¢orresponding lists ofl current/types. Building[Setup
window [is[shown[inFigure 9.

4.3.1 Content(Types
After(thelignition, [the behaviourloflthebuildingis[determined [by its ¢ontents. In[this
panellyoulcanmodifylorfemovelthelexisting[content[types, create new [types ormakela

cloneloflthe current(type. Press"Apply'to(savethe modificationstothecurrently visible
content type. Each/content/type(has thefollowing fields:

28



-} Building Setup Y =]
Save | Load | Load Increm —Building Type
Apply | Remaove | Mew | Clone |
|Comb Build =
— Content Type Narne [Comb. Build. ™ lgnite in the beginning
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Figurel9.[BuildingSetup Window.

e Name/andDescriptionlareused/tolidentifythe content [tiype.

e Typeldefineslthe hazard(division, andlis/one(oflthe following

o Combustible(Il!
o Explosivell.10]
o Explosivell.2[]
o Explosive[1.30]

MNo'explosion[dantakelplace

TExplosives (withd[mass/explosionhazard
TExplosives (withalprojectionhazard
Explosiveswith predominantlyla fire hazard

Thislinformationis[ currently[ used only[ tolimake[ al distinction[ between
combustible’and[ explosivel materials.[ How![the[ material[actuallyl behaves,
must/bedefined byltheuser.

e Ignition(delay((s)lis the[time[that(is[needed from[the ignition/dr(breaking o flthe
building/walls(to(thelignition oflthe ¢content. [However, [if [Someloflthe éxplosive
contents0flthe buildinglignites (explodes), allithe(other(contents/arelalsoignited.
Ignition[delayland[growth[time[parameters/arelexplained(in[Figures(10and[11
for/combustible/andlexplosivelfuels, respectively.
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e HRRPUA, thelheat(telease rate per unitarea (kW/m?), isused tolcalculate the
heatrelease rate/0f'combustiblecontent.

e Heatloflcombustion AH,[(MJ/kg)lisised/fo predict burning time[oflcombustible
content.

o Growthl[timel|(s) f,[determines[thel timel constant! ofl thel heatl releasel rate
development. For[ combustible fuels it[is(thel growth(rate of the #*[typelheat
release rate/curve((the time when/the (heat(release(rate(reaches (1000 kW). [In fire
safetyléngineering, the growth(fimes/are isuallydefined (based/on[the following
categories:

Growthltype Growthltime #,/(s)[]| Typicalmaterial

Slow 600 Floor/coverings

Medium 300 ShopIcounters, 0ffice furniture

Fast 150 Bedding, displays/and [padded work ]
station[partitioning

Ultralfast 75 Lightweight [furnishing, iipholstered

furniture, packing taterial inrfubbish
pile, [dardboard(or(plasticBoxeslin
verticallstoragelarrangement

<[15 Combustiblelliquids

Forlexplosives, the[growth timelis[the[duration(oflthelexplosions. [Ignitiondelay
and[growth time[parameters(arelexplained(inFigures10(and[11 for/combustible
andleéxplosive fuels, respectively.

e Thelyieldslofltoxiclspecies/ from[the burninglorlexplosionloflthe contentlis
defined/inaWway similar(to the fuel hodel/definition, [inthe [previous(section.
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HRR =HRRPUA x Area
max

HRR = 1000 kw

4
x| lgnition Growth
delay time
‘>

Time Fuel
consumed

Figurell0. Definitionlof the heatlrelease vate|curve forlcombustible fuel.

4.3.2 Walltypes

Each(building has(walls[oflsome defined type. This[panellallows(the modification/and
removing oflexisting Wwall types, definition[0flnew wallltypesand(cloning [0f'thecurrent
wallltype(to the énd[oflthe(list. Press'"Apply'tosave[the[modifications(fo ‘the currently
visiblewallltiype. Eachwall'has thefollowing properties:

e NamelandDescriptionareused/toidentifythewall type.
e Thickness, ¢onductivity, densityland[Specificlheat(are(the physicalland [thermal
properties(ofithe Wwall.[Theseproperties/shouldlincludetheeffect/oflthe moisture,

aslthemoisture(content/of'the material lisnot/separately(defined.

e Ignition[temperatureis(thel¢ritical[walll Surfaceltemperature/ where!the[walllis
assumed [toignite. Thismethoddan be [@pplied to, for(example, woodenwalls.

e Breaking[temperature is/thelcritical walllSurfacetemperature where(theWwalllis

assumed [to (break down. Thismethod [dan[belapplied [to Wwall'thatare hade [0f, (for
example, (gypsumboard.
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HRR = AH = Mass/Growth time
__ max g

i
i Ignition Growth
T delay time
* > E
Time

Figurelll. Definitionlof the heatlrelease vate|curve forléxplosivelfuel.

4.3.3Building Types

This[panellallows[themodification/and [temoving [0f eéxisting[building fypes, [definition
oflnew (types(andcopying[(Clone)of thebuilding ‘type[fo ‘the éndoflthe Tist for[further
modification. [Press["Apply'[to [savelthe modifications[tothe currentlyvisible[building
type.[Eachbuildinglhasthefollowingproperties:

NameandDescriptionlare(used folidentifythe building[type.

Tolstart[ thel fire[ from[ thel building, [ thel checkbox[ with[text['Ignite[inthe
beginning'[shouldbelselected. The contentsloflthe buildingWillthenlignite(after
thelignition/delays/dorrespondingto [dach[content tiype.

Wall typeltefers/tolonel ofl thel typesldefined[inlthe "Wall[ Types'[panel.[ Each
building/is[@assumed to have four Walls[(north, €ast, Southland west) (0 flsame type.

Ventlareal(m?) isareaoflopenings(on @achwall. (This[propertyis Here for future,
notused/ih MASIFIRE(1.0.)

Tofeduceltheprobability lof!fire spread[fromlalforest [fire to [d[building, theforest
fuellis[typically/cleared from/theclose meighbourhood o fithebuilding. Insidethe
outer/clearing/distance therelis[Some[fuel, (which(is[definedlin the'Fuel' (Pop lip
menu. [ Thislis(typicallysome surfacel fuelllike[grass. Inside(the inner[¢learing
distanceltherelis Mo [fuel(at(all. [This(isltypically[from(zero [to few heters.
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e Eachlbuilding(mayhaveup(tofourtypes/oficontent. These [types oficontents(are
selected from the four [pop [up menus, and(the mass(kg)@nd surface areal(m?) o f
theldontentlare/given/below.

e Both[thel combustible and! explosivel content[ mayl causel thelignition[ ofl the
surfacefuels/surroundingthe building.  Thelignitions take[place during[the[time
period set/byltheshortest/ignition(delayand heat(telease tate[growth time oflthe
current/contents. The[probability oflignitions is defined[as mumber[oflignitions
perisquare(meter oflforest. Thefirst radius/correspondsto [thelignition/densitylof
1/m’ land (the second [for[0.001ignitions /m’. [See Figure(4 for more details.

4.4 Generalparameters

Somel general parameters ofl MASIFIRE [can[ belset[ using[ the[ 'Generall parameters'
window, (whichliséntered from(the[Settings menu [0fithe main Wwindow. A [picture/of'the
window isishownlin[Figure(12.Thelavailable[parameters/are

e Simulationtimel[step[ (min).[This[is[ thelinitial andmaximum[valuel of’ the
simulation[ time[ istep. During[ the[lsimulation/ the[ time[Istep [lisadjusted[las
explainedin(Section(2.3.

e Maplpixellsize[(m). Thelscaleloflthe maplisidetermined by the size0flthepixels
in[meters. Thelscale ¢an be modified[either (by [typingthepixel[size[directly, or
bylcalibratingthe map(scale using[someknown distanceon/themap.Seesection
5.2.1.

e Mapfix[neighbourhood. Thisllinteger number[ determines| thel radiusof! the
neighbourhood/during the MapFix [Operation. [See AppendixAand[Section(4.4.

e Ignition[point(tadius(m)lis[thesize oflthe ted [¢circles[showing[thellocationlof
ignition[ pointsonlthe imap. Thel samel lengthlislalsolused  aslal sizel ofl the
buildings.

e Printinglinterval (min)/determines how [0ften the proceeding[0f'thesimulation(is
shown(onthemap.

e Spread[heighbourhood determines!the humberlof’ cellslineachdirection[ for
which(thelignition fime is[calculated [during(the fire Spread (modelling. (Higher
numbergives lsmootherspreading [ patterns,  Ibut[mayllead[Jto[ lunexpected
behaviour(in'somelcaseslike narrow fire barriers(e.g. Waterstreams).
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e Heightldifference betweenlaltitude[ contours (m)[is[used[in the generation of
altitude terrain.

e Resolution[for(the3D[terrain/visualization[(200)[is the [ mumber[ofipointsin x[]
direction'whenlthe 3D[surfacelofltheterrain/isigenerated.

e 'Showlmaplobjectslin3Dlimage' should beselected!liflthe objects!likebuildings
andlignition/areas[should beldisplayed/inthe 3D isurfaceloflthe [terrain.

e Thellistlofltoxic[specieslis/defined [here. The buttons onlthe tight let the uiser
introducemew(species, remove Some [0fithe [currentispecies/and [Save[the [changes.
Tolmodify(the propertiesloflalspecies, [selectlit from[the menuland typelin/the
emission[factorsand/¢oncentration(limits(to [the correspondingtext boxes. Use
NaN, lif the informationlis mot/available. Remember to [Savethe changes.

-} General Parameters 1 o ] 24
——General settings Toxic species
Simulation tirme step (min) I 1 Mews
Co
Wap pixel size (m) | 2 particles Remove |
Mapfix neighborhood I 1 Save changes |
Ignition poirt radius {m) IT LI NOTE:.Saying changgs will reset
the emissian factors in fuel types
Frinting interyal (min) | 10 e CoD
Spread neighborhood | o Default emission factor for forest fires (kadag) |1 521
e R |5— Default emission factor for building fires (kalkg) |1 B
15 min exposure concentration limit (ka/ma3) all
Resolution for the 30 terrain visualization 200 8 h exposure concentration lirmit (kg/ms3) |—0.0091
M Show map objects in 3D image
Ok Cancel |

Figurell2.|General parameterswindow.
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4.5 Menus

4.5.1 Fileimenu

Thelfile[menu/contains/the following items:

OpenWorkspace!

SaveWorkspace

Opens[previouslysaved[Wworkspace.[ Workspacelislabinary[file
withléxtension.mat. Theworkspacel(files0f'the future MASIFIRE
versions are Motmecessarily backwardcompatible.

Saves thecurrent 'workspace(fo(a/binary(file[with[eéxtension[.mat.
Thelworkspacefile dontains/all the necessary information(for later
continuation oflthework.

SavelAsWorkspace!] Saves(thelcurrentworkspace toamew/file.

ReadMap

Loadterrain

Savelterrain

Exportltime/series(

Close

Askslthe(file mame0f the 'mapimage and(reads /it (using[Matlab's
imread([function. [The requirements [(formap images [areéxplained
in[Section(5.2.1.

Loads[previouslyl saved[ terrainlinformation.[ Terrain[filesare
binary[ fileslwith[extension[ .ter.[ The loaded[ terrainl must’ be
compatiblewiththe currentmap.

Saves(thelcurrent(terrainland(the altitude/contourstola/binaryfile.

Writes/the[durrent [fime[seriesdatato [a[text file. The[file[contains
the[followinglinformation: Time[(s), heatteleaserate (kW), thex
and [y [¢o [ordinates[of the fire[center point[(m), [fire area (m?),
emissions ofl theltoxic[speciesl (kg/s)[and[evacuationldistances
(km)corresponding [ toleachlspecies, ifl the Jevacuation[Jwas
selected fromthe MainWwindow [simulation/tools.

Exits LM ASIFIRE.[Please[ notel that[ the program always[exits
withoutlaskingif'the workspaceshould(besaved.
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Building setup

Fuelsetup

4.5.2( Settings'menu
OpenstheBuilding Setupwindow [(Section4.3)

Opensthe[Fuel/setup window (Section4.2)

General parameters 1 Opensthe General [parameters window[(Section4.4)

Gridlon

Toggles thevisibilitylofigrid (On(the map.

Showlaltitude'contours| Togglesthe visibilityoflaltitudecontourson/the map.

Highlight map altitudes With colour

Toggles[the[visualization oflaltitudelinformationlon[the map. 1f
selected, highlareas(areshown/asred(in/the map.

Showlbuildinglnames! | Toggles/the visibility (0f building [type mext(to€ach buildingobject

on/the(map.

Show!buildingwall temperatures

Savelimages

Figurelmenu

Calibratelmapscalel’]

Toggles[thel[wisibilityl ofl thebuilding[ wall[surfacel temperature
inside[eéachl[building[ object on the map. Maximum!/ofl the four
walls[(north, [@ast, south, west)is[shown.

Toggles thelsaving[oflthe 'map [imagesduring[the simulation. 1f
selected, MASIFIRE [willlsaveanlimageloflthe ap, including/the
fire [spread[patterns, atlevery printlinterval. [ The[jpglimageslare
saved[linto[JalJrunmasilldirectory[ 'under[Ithe[Jcurrent[Jworking
directory.

Toggles the[Visibility ofl Matlab's [Figure [ window [imenus.[These
menus[dontainthanylusefullfoolsfor theldontrolling [0flfigures.

4.5.3[Toolsmenu
This[tool allows[ thel calibration[map[ pixell sizel[(i.e.[ scale) by
letting[the luser(click [two [points [fromthe map, [@nd [then(asking for

theldistance[between(the pointsin[meters. [ Thislis useful, [iflthe
mapldontains/some landmarkswith known/distance.
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Resamplelmaplimage! ' This[toollallows theltesampling oflthe maplimage inlorder[to

Reducelmap|dolors

Addaltitudeldontour!]

Generatelterrain

Showlterrain

increase(or(decrease thelresolution. [ Theltool asks for(amew pixel
sizelin[ meters, and[then[ calculates hew[imapimage. After the
operation the(sizeloflthe maplhas/changed(in[terms oflpixels, but
thel distances[ arelthel same. Thel hew! pixell sizelis[usually[not
exactly(the onethat[waslasked, butlas ¢lose tolthatlas[possible.
Duel tol thelistrong[idependence ofl thelIsimulation[speed[ and
memory[tequirements/onthel$ize oflthe[maplimage. Itlis[often
usefultodecreaselthelresolution.

This[tooldanbeised to reducethe number(ofidoloursionthemap.
Alsetl of newl coloursis[ determined[ from[ the originall colour
palette[by(the[teduction/factorgiven[bytheuiser(andthen(all the
colours!are mapped(tolthel¢losest/¢olouroflthemew palette.[ The
user canl accept[or[reject[ thelresult. Different[ valuesofl the
reduction(factor(shouldbe tested. Theltoollshould (beused before
any simulations/havebeenmade.

Asksluser[tolclick[the [points[for[alhewlaltitude[ contour. Same
operation[ as[ pressing['Add'[ button onlthe'Object[tools'[ panel
when[Altitudedontour(i§selected from/the enu.

Calculates(the(altitude terrain, i.e. the(altitude o fleachmap pixel,
bylinterpolating from(thelaltitude¢ontours. Cubicallinterpolation
is(used.

Visualization[oflthelaltitudeferrain(as [three[dimensionalSurface.

Thelaltitudeslare[ multiplied[by[alfactor[ofl five tolimprovelthe
visualization.
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5.[Operationallinstructions
5.1 Steps/ofialtypicallsimulation/process
Thelsteps oflaltypicalsimulationprocess arelisted Below.

1. Havelthemapimage(availablelas(a/file(onyour hard[disk.[See(Section/5.2.1 for
requirements onl theimage. It[is[ best/ to make alseparate folder[ for! your
simulation.

2. Start[Matlab, change! toltheldirectoryl wherelyoulhavethe map, and[ start
MASIFIRE by(typing masifireltolthe Matlabprompt[(This[assumes[you
havelthe 'MASIFIRE installation[Idirectory in[ the[ Matlab[ toolbox [ path.)
Alternatively, [start masifire.exe((not(available for MASIFIRE1.0).

3. Readlinlthelmap.SeeSections/4.5and(5.2.
4. Iflnecessary, reducelthe map(dolourshising thetoollavailablelinToolstenu.

5. Setlthemap(scale[(Section[5.2.2). [tlislimportant(tolscale(the map beforelany
otherlaperations|below.

6. Definelthelaltitude(terrain(byfirst’adding the altitude[contours((Section(4.1.3)
and(then[generating [the [terrain/(Section(4.5.3).[Check [the terrainvisually.

7.  Setlthelist of toxic species on(the General parameters window[(Section4.4).
Thelspecies(list[shouldlalways beldefined [beforel theldefinitionlofl fuel and
building [fypes [(because the changingoflthe[species(list[initializes [the[emission
factors/oflifuelhodels(and building[contenttypes.

8.  Definelfuels[models. Youlmayuselthe[standard fuels/that[are available[when
the[program/starts, define[somelof yourlown orloadlanlexisting[fuell¢atalog.
(Section/4.2).

9. Bind[ fuellmodels[tothe existing map[ colours. If_ onel vegetation[ typelis
dominantin/the[simulation(area, [the corresponding[fuel ' modelshould bemade
theldefault fuel. [Or[ifimost/of'the ap [arealis[non combustible, make['Nofuel'
theldefault.[SeelSection4.1.2 formorelinformation/onbinding.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Bind/the map(colours/thatlareused/for hap(symbols, altitude dontours/and [texts
tolthe text[typelappearing in(thellistlof fuellmodels. 1fl some[of the mapline
types(consistlofitwo [or[tore(dolours,it[is best[to (bind [the[outmost/colour first.
Experiment (with[different/MapFix neighbourhoods/iflthe fire[$preadpatterns
arenot/whatyouleéxpected/(Section(4.4).

Definel new[ areas! onlthe mapl using| the Outline tool,[ Section(4.1.2. Itlis
important|to bind|theltextfypes|before(the uselof theloutlinetool.

Definelbuilding|[types. [First[define the wallland ¢ontent [types, ‘then[thel[actual
building[types[(Section[4.3).[IfI the[ definitions arelavailable[ in[ anlexisting
database,loadthe[database. It(islimportant'tolhaveltheforest|fuel types|defined
beforelthe building|definition.

AddBuildingonthe map (Section'4.1.3).

Addlignition(source. t[may[beleither [0nelor morelignition point, ignition/drea
orla/buildingserving aslignition'source(Sections4.1.3land 4.3).

Setwind[speedand/direction/(Section4.1.5).

Select[theIdesired[ ladditional Joutput: [ 'THRR [Icurve,[ Species! lemissions/ lor
evacuation/distances((Section4.1.4).

Setthe[simulation timeinminutes/and run(thesimulation/(Section(4.1.4).

Repeat thelsteps(14[to[17asllonglasmeeded. [However, youlmaynot/add(other
ignition[sourcethanlignition[points.

Exportltimel(series, ifineeded (Section’4.5.1).
Savelthe workspace [for(laterise/(Section4.5.1).

CloseMASIFIRE[(Section4.5.1).
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5.2 Usingmaps

5.2.17 Map/image

Mapimagelis[the (basisfor(the[wholesimulation. Themethod how thelimageis[0btained
is[hot[important,[ but[thelqualityloflthe maplimagelisimportant. Therefore, scanned
imagesshould beused with(care. The following[properties are important for ‘the image:

Thelimage file[should (contain/three[colour[components [foreachpixel(R,G,B).

Thelimageshould[containlas few[colourslas[practicalltoleénableltheleasyl but
sufficient(Jidentification[Jofl ithe[ lvegetationJtypes. /Ifl jthe 'map(colours(Jare
continuous|or(shading, decrease(thelcolour(depthlusingsomelimage processing
software. Do [not[uise imageformats[with[lossy compression!(typically [ JPEG)
becauselthe [lossy ¢compression/will[alter[thelcolours(slightly. [Colour teduction
toollislavailableinthe Toolsthenu, Section4.5.3.

Thelresolutionshouldbe[sufficient so [that(allithe important(details (canbe found,
but[not[ too high[ tol keep! thel simulation[ times[ and[ ‘memory![ requirements
reasonable. The[mapshouldnotcover[toollargelarea. Uselimagel processing
softwareltolincludel only thelareal ofl importance. The mapltesolutionlcanlbe
changedin[(MASIFIRE [using the '/Resample ' mapimage' toollavailablelin[the
Toolsmenu, Section4.5.3.

Thelsupported!fileltypeslare

JPEGI  8bitland 12 bitlosslessicompressed RGBlimages

TIFF

24 bitluncompressed [images; 24 bit images(with[packbits[compression; and
48[bit [RGB limages

BMPIII  24[bit,[and 32 [bit incompressed images

PNGII  24[bitland48bit RGBlimages.

5.2.2[ Setting/mapscale

Digitized maps[c¢onsist[oflpixels, and[e¢ach[pixelhas therefore somel finite[area thatlit
covers. [ InEMASIFIRE, [¢ach[pixellis[used[as[alcell for[the spreadinglalgorithm. [It[is
thereforeleéxtremelyimportant that(the[sizelof the[pixellis correctlylset. [ There aretwo
ways ofldoing|this:
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1. User[maylenter[thel pixell sizel in[metersto[the Generalparameters window
(Section[4.4).[This[is[useful (when[the[‘map comes[ from[ some commercial
computer tap [library, wWhere [the [pixel[size[canbe found.

2. User[may!calibrate[the[map[byl¢choosing[thelcalibration[tool[(Section(4.5.3).
User(islasked(tolclick ‘on[two[pointslonl[the map, andthen[type theldistance
betweenthepointslinmeters.

5.3.10IChoosingone of the standard(fuels

5.3 Definingfuels

Thelfollowing[instructions arel taken from BEHAVE[2.0.[ They( givelal step by[step
procedurehowto¢choose(the[best/surfacelfuel ' model of the[13 [standard[models. The
standardmodelsand theirpropertiesare listed in Table 2.

Table[2.[Thelstandardsurfacelfuellinodels [Anderson[1982]. Mo.Ext.lis[the moisture

concentrationwherelthefuelldoes not'burnlanymore.

Fuellloading/(kg/m?)

Surfacelarealtovolumelratio(1/m)

Fuellnoll 1 10h 100tht]  Live 1th 10h 100 Livell Mo.Exti(%)
1 0.17 0 0 0 11483 12
2 0.45 0.22 0.11 0.11 9842 358 98 4921 15
3 0.67 0 0 0 4921 25
4 1.12 0.90 0.45 1.12 6562 358 98 4921 20
5 0.22 0.11 0 0.45 6562 358 4921 20
6 0.34 0.56 0.45 0 5741 358 98 25
7 0.25 0.42 0.34 0.08 5741 358 98 5085 40
8 0.34 0.22 0.56 0 6562 358 98 30
9 0.65 0.09 0.03 0 8202 358 98 25
10 0.67 0.45 1.12 0.45 6562 358 98 4921 25
11 0.34 1.01 1.24 0 4921 358 98 15
12 0.90 3.15 3.71 0 4921 358 98 20
13 1.57 5.16 6.29 0 4921 358 98 25

1th = 0...[0.64[cm
10h = 0.64L[..[2.54cm
100th] =[0I 2.570L.[7.62[cm
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Observations

1.

Determine(the [generallvegetationltype, lile.,[grass, brush, timber [itter, [Or[slash.

2. Estimate(which stratum(ofisurface fuellismost(likelyto[carrythe spreading|fire.

3.

Forlinstance, the fire maybelinla[fimbered [drea, (but/the timber [is [relatively [Open
and(theldead (grass, not meedle litter, Wwould[carrythefire. Inlthis[case, fuel hodel
2,whichlismot isted(ds(atimbermodel, [should[be considered. In(the [Same(area
ifithe(grass/is[sparse and therelismo wind[or[slope, the meedlelitter[would be the
stratum/(carrying [thefire[and[fuel hodel 9 Wwould bela better choice.

Notelthe general depthland¢ompactness ofl the fuel. [ Thislinformation[will[be
needed whenusing(thefuelimodel key. Theselareverylimportantconsiderations,
particularlyinthe(grass/and timber types.

Determinel which(fuell classeslare presentland[ estimatel their[influencelonl fire
behaviour. [Forlinstance,[greenfuel may [bepresent, (but will it [playa[significant
rolelin[ fire[ behaviour? Large[ fuels[ may[ bel present, but[ areltheyl soundlor
decayingland/breaking[up? Do theyhave limbs and twigslattached[or are they
bare/cylinders? Y oulmust ook for(fine[fuels'andchooselamodellthat fepresents
their depth, [compactness, and[to[somelextent, the[amount[ofl live fuel and its
contributiontbfire. Do motbe restricted by the fuel hodel mame (or [Category.

Using[ these observations, proceedthroughlthe[fuel modellkey[andlthel descriptions
providedby[Anderson((1982)lto(select/almodel.

Key tothe Standard [Fire Behaviour Fuel Models

[.IPRIMARY [CARRIERIOF THE[FIREISIGRASS

Expected [rate 0flsSpread(is[moderate(to High, withlow [to hoderate lintensity [(flame length).

A. Grasslisfine structured,(generally(below kneelevel, and cured[or[primarily(dead.

Grass/islgssentially dontinuous. [Consider [fuellmodel(l.

Grasslis[coarselstructured. abovekneellevell (averaging about[3[feet), andlis
difficultto Walk ‘through. [Considerfuel model 3.

Grasslis[usually[under[an open[timberlor[ brushl overstory.[ Litter from[the

overstorylislinvolved, but(grass/¢arriesthelfire. [Expected spread(tatelis slower
than(fuelodel(l [andlintensity(is less thanfuelimodel3. [Consider fuel hodel 2.
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II.IPRIMARY [CARRIER (OF THE FIREISIBRUSH OR [LITTER BENEATH BRUSH

Expected|rate oflspread(and fireline lintensity(flame(length)is moderate[to High.

A.

Vegetative typelis/southernfoughlorlowpocosin. Brushlis generally(2[to 4[feet
high. [Consider fuelmodel 7.

Livelfuels/arelabsent/or(sparse. Brushlheightaverages 2 [to(4[feet. Brushlrequires
moderatewinds(to [Carrylthe [fire. (Considerfuel model(6.

Livelfuelmoisture[canhavelalsignificant effect(on [fire behaviour.

1. Brushlislabout2feethighwith(lightloading[oflbrush{itter linderneath. ILitter
may!darry(thefire, @speciallylatlow wind speed. (Consider fuel model (3.

2. Brushlisiheadhigh((6feet)with aheavylloadinglofldead Wwoody fuel. Very
intense fire with(high[spread rates/arelexpected. Consider(fuel odel 4.

3. Vegetativeltypelis/highlpocosin.Consider(fuelmodel4.

[II. PRIMARY [CARRIER (OF[THE FIRE[IS[ILITTER BENEATHA'TIMBERISTAND.

Spread rate(is Tow [to hoderate; firelinelintensity((flamelength) taybe low [to (High.

A.

Surfacelfuelslare[mostlyfoliage(litter. [Large[fuels(arescattered [and[lieon the
foliagellitter;(ile., largefuels are mot [supportedabove [thelitter By their (branches.
Green(fuels/are(scattered [enoughto belinsignificantto fire[behaviour.

1. Dead[foliagelis tightlylcompacted,[short[needle[(2[incheslorlless) ¢onifer
litterlor Hardwood litter.[Consider[fuel model 8.

2. Deadlfoliagellitter[is looselyl compacted/long/ heedle[pinelor hardwoods.
Consider(fuellmodel 9.

Therelis(alsignificant[amount[of larger [fuel.[Larger fuellhas(attached[branches
and [twigs, [0r[has [fotted [enoughthat[it[is[splintered [and [broken. The larger(fuels
arelfairly (wellldistributed [over thelarea. [Somelgreen[fuel (may[bepresent. The
overallldepthofl the fuellis[probably below[the knees, but somelfuel ' maylbe
higher. Consider/fuelimodel10.
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IV.IPRIMARY [CARRIER [OFTHE [FIRE ISILOGGING [SLASH.
Spread rate is Tow [to high; [fireline[intensity[(flame Tength) [is low [to Very high.

A. Slashlislaged/andovergrown.

1. Slashls(fromhardwood(frees. Leaveshave(fallenland[¢ured. [Considerable
vegetation[(talllweeds) has[grown in'amid[the slash’and hascured or[dried

out.[Considerfuelmodel 6.

2. Slashlis/from/conifers. Needles have(fallen/and/donsiderable vegetation[(tall
weeds[and[some shrubs) haslovergrown(theslash. [(Consider fuelthodel [10.

B. Slashlisfresh[(0(3 [years/or(so)/andnotloverly[compacted.

1. Slashlisnot[¢ontinuous. [Needlellitter[orsmalllamountslofl grasslor[shrubs
must [be[present to help[¢arry thelfire, (but(the primary(c¢arrier(is(still/slash.
Livelfuelslarelabsent/or(domot(playla’significanttolelin[fire(behaviour. The

slash/depthlislabout(1foot. Considerfuel model (1.

2. Slashlgenerally ¢overslthelground[(heavier[loadingsthan[fuel[modell11),
though(there may/belsomelbarelspots orlareas ofllight[coverage. Average
slash[depth[Jis[Tabout[12[]feet.[]1Slashlis[Inot[lexcessively[]compacted.
Approximatelylonehalfloftheneedles may[still[(be on(the branchesbutlare
not(ted. [Live fuels[arelabsent, orlarenotexpected foaffect(fire[behaviour.

Considerfuelimodel12.

3. Slashlis/continuous/ormearlyso (heavierloadingsthanfuelmodel12).[Slash
is[notlJexcessively[lcompacted(Jand[hasJan[Javeragel depth[lofl 13 [feet.
Approximately [onehalflofithe needles/are(still(on[the branchesandlare(ted,
OR[all’the needles(dre(on the branchesbut/theylare/green. [LLive fuels/dremot

expected(tolinfluencefire[behaviour. Consider [fuelimodel13.

4. Samellas[ previous, [ EXCEPT[alll thel needles arel attached[ and[ arel red.

Considerfuelmodel(4.
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5.3.2[ Determiningthe forestbiomass

Surface(fuels(¢onsists[of bushes(and[smallltrees, understoreyvegetation[{dwarflshrubs
suchlas(lingonberryland bilberry,(grasses, mosses/andlichen)and itter. A lstudy ofthe
organiclmatter(¢ontent of anlold[spruce forestlin[NorthernFinland determined/surface
fuel (biomass to[1.05 kg/m* [Havas & Kubin[1983].[About[30%[(0.15 kg/m®) oflthe
litter in(the[01d 'spruceforest Was larger than[6 mm in[size dnd [about 70(%(0.34 kg/m®)
smaller(than[6 'mm. [Figure[13gives[the Variationlinunderstorey(vegetation/biomass/in
coniferousforests withlage[oflstand.

Canopy! fuell¢onsists[of  foliageland[ branches.[Thelcanopylbiomass[in anlold[spruce
forestwas determined (fo 2.80 (kg/m*[Havas & Kubin[1983].[A [free [dependent estimate
islobtained [by¢counting[the humber [ofltrees per unitlarealandestimating anlaverage
diameter[at[ breast height[for[theltrees. Figure[ 14 gives anlaveragel foliage[+ branch
biomass[ forloneltree. The mass ofl canopyl fuel per[unitlareal canlbelcalculated by
multiplying(the @averagebiomass/oflone [tree with[the number[ofltrees [peruinitarea.

10,8

10,6 ] )
o Scots pine
NE forests 1
2 110,41 e
% - All coniferous .
% b forests - . Norway
S 10,2 L TR spruce
(a8]

0 : | |
. 50 100 150 200

Age of stand, years

Figurell3.Total biomass|ofiunderstorey vegetationin!coniferous|forests (Muukkonen &
Mikipddl2003).
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Figurell4.[Generalisedfoliage and ' branchbiomass curves!for boreal spruce andpine
(Muukkonen(2004). Total = foliage(+ branch, | dbhlis diameter|at|breast height. [Estimate

forlaveragelc¢anopybiomass/treelinlan oldsprucelforestlinNorthernFinland|(Havas &
Kubinl[1983)lisadded|forspruce.
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5.3.3[Creating/new fuelimodels

IfThonel of! thel standard[ fuel models appropriately[describes! thelsurfacel fuel, or[the
crown!(fires[should [belincludedinthe [Simulation, [a mew model(should [(bedreated. The
easiest/waylofldoing(this[is[by[¢opying[the[standard [fuels toalnew![fuel ¢catalog,[and
modifying[them. 'Whenyoulhavemodified/any(oflthe fuel modellproperties, tTemember
to[press(the"Apply'[buttonlofl the Fuel[Setup [window. Otherwiselthe ¢hanges arenot
retained [ When[youl exit[ the[ Fuel Setup.[Whenlyouhavel¢reated alhew!( catalog[with
custom(fuelltmodels, [youshould [savethe wholecatalog (0n thedisk for later ise.
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6..Summary

Software [forMap based [Simulation 0fFires/in (Forest Urban Environment (MASIFIRE)
is[described. [ Thelsoftware[can belused for(the[simulation of fire[spreadlin forests with
surfaceland canopy(vegetation, and[thelspreading[of! fire[from[the forest[to[buildings.
Thelmodellincludesthe effects/oflfuel itype, wind, moistureand the shape [0 flthe terrain.
Modellresultsinclude the fire[spread, [fotalheat feleaserate, [productionoffoxic Species
and[hecessarylevacuationlareal for[people. The!firel spread algorithmlisbasedlonlthe
BEHAVE imodelldevelopedby(the U.S. Department(oflAgriculture, [Forest(Service. The
featuresofithe user(interfaceland the basic/procedure oflithe uselarelalso described.

48



Acknowledgements

Thelcontributions 0flthe following[peoplelaregreatlylacknowledged: Mr. [HenriBistrom
oflVTT [developed/andimplemented the treatment oflaltitude information. Dr. Tuomas
Paloposkiland[/Dr.[Esko[Mikkolallalsolofl 'VTT [provided [ Jimportant background
information, éspecially lonthelemission[factorsand [oncentration limitslofltoxicspecies.
Dr.[Patricial Andrews[0flUSDA[Forest[Service helped with(the detailslof BEHAVE
model.

49



References

Andrews, [P.L.[1986. BEHAVE:Fire BehaviourPrediction/and FuelModeling[System[T
BURNI Subsystem[ Part[ 1. /General[ Technical "Report [ INT[194.Ogden, JUT:[U.S.
Department(of/Agriculture, [ForestService, Intermountain/Research(Station. 130 p.

Anderson, [ H.E.[1982.[ Aids[to[determining[ fuel'models[for[ estimating[ fire  behavior.
General Technical Report INT[122.[Ogden, UT:[U.S. DepartmentoflAgriculture, Forest
Service, IntermountainBorest/and Range [Experiment [Station. 22 [p.

Battye, [ W.[ &[ Battye,[ R.[2002. Development ofl Emissions! Inventory[ Methods! for
Wildland[Fire, Final[Report. [EPA[Contract[No.[68 D [98[046. Research[TrianglePark,
NC:USEnvironmental Protection/Agency. 82 p.

Bevins, [IC.D.[11996. [ fireLib[ User Manualand Technicall Reference. ISystems! ifor
Environmental Management. 47 1p.

Cohen,[].D. & [Butler, [ B.W.[1998. ModelingPotential[ StructureIgnitions! from[ Flame
RadiationExposure[ with Implicationsfor[ Wildland/Urban(Interface Fire[ Management.
TAWF.13th[FirelandForest Meteorology Conference. LLorne, Australia 1996.Pp.[81-86.

Finney, [IM.A.[11998.[]JFARSITE: [Fire[] Areal] SimulatorModel[ | Development land
Evaluation. Res.Pap. RMRS[RP4,[Odgen, UT:[U.S. Department (0f Agriculture, [Forest
Service, RockyMountainResearch Station. 47 p.

Havas, [ P.[ & [Kubin,[E.[1983.[Structure, growthandorganic[ matter_ content[in[the
vegetation/cover oflan(old[spruceforestin(NorthernFinland.[AnnalesBotanicilFennici
Vol.20,pp.115-149.

HTParvot(2002.(Occupational iexposure limits). MinistrylofiSocial[Affairs [and [Health.
Tampere. 55[p.[(InFinnish).

McGrattan,[K.B., Baum,H.R.,[Rehm, R.G., Forney, G.P.,[Floyd, ].E.,[Hostikka,[$.[&
Prasad.[K.[2002.[Fire[Dynamics[Simulator[(Version[3)+[Technical[Reference Guide.
Technical [Report !NISTIR[6783,[2002 [ Edition, Nationall Institute ofl Standards and
Technology, Gaithersburg, Maryland.

Memarzadeh, F.[1995.[AFunctional[Explanation’oflaPoint[Source GaussianPlume

DispersionModel.[1995TASME[Cogen[TurboPower [Conference, August23—24,11995,
Vienna,Austria.[11p.

50



Morvan, D.[&[Dupuy,[J.L.[2004.[Modeling[the[ propagationofl alWwildfire throughla
Mediterranean! shrub using[ al multiphasel formulation. Combustionand[ Flame[ 1138
(2004),pp.199-210.

Muukkonen, [P.[2004.[1Generalised[allometric[volume and [(biomass[functions for [some
Europeanl(tree species Cost[¢21meeting"Task Force[Meeting[on[biomass expansion
factors(BEFs)land[allometric biomass/equations". [Hauho[16—19.5.2004.11 slides.

Muukkonen.[P.[ & [ Mékipad, R.[2003.[ Biomass[ models of understoreyl vegetation
according(to(standageland site quality in (boreal [doniferous forests. 15 slides.

Netterville, D.D.J.[1990.[Plume[Rise, [Entrainmentand [Dispersion[in[Turbulent[Winds.
Atmospheric Environment, [Vol.[24A,No. 5, pp.[1061-1081.

Pastor, [E., Zarate, [IL., [Planas, E.[&[Arnaldos, J.[2003. Mathematical imodels and [calculation
systems!for(thestudyloflwildland[fire behaviour. Progress/in Energyland[Combustion
Science, Vol.[29,[pp.[139-153.

Persson, B.[J&[ISimonson, [IM.[11998.[[Fire[ I[Emissions[ linto[ the/Atmosphere. [ Fire
Technology, Vol.[34,No.[3,pp.266-279.

Rehm, [R.,[McGrattan, K.B.[&Baum, H.R.[2002.Large[eéddy[simulation'of flow[over(a
wooded building/complex.[Wind[&[Structures, Vol.[5,No.2—4(2002),pp. 291-300.

Rehm, R.,Evans,D.,[Mell,(W., [Hostikka,S., McGrattan, K., [Forney, [G., Bouldin,(C. (&
Baker, [E.[2003.Neighbourhood[scalefire spread. [ 5th[Symposiumlon[Fire[and [Forest
Meteorology, Orlando, [FL, 16-20MNov.2003. The American MeteorologicalSociety.

Rothermel,[R.C.[1972.[ Almathematical (model forpredicting[fire[ spread[in wildland
fuels.[Res.[Pap. INT[115.[0gden, UT;U.S. Department (61T Agriculture, [Forest[Service,
Intermountain(Forest(and Range Experiment [Station. 40 [p.

Sandberg, [ ID.V.,[Ottmar, [ R.D.,[Peterson, [ J.L. & [ICore, [ J.[2002.Wildland[ ffire[Jon
ecosystems: [¢ffects[ofl fire[on(air. [Gen.[Tech.[Rep. [RMRSIGTR42[vol.[5.[Ogden, [UT:
U.S. DepartmentoflAgriculture, Forest(Service, Rocky MountainResearch(Station.[79(p.

Scott,[J.H. (& Reinhardt, E.D.[2001. Assessing (crown fire [potential By linking (hodels[of

surfaceland/crownfire[behaviour. ResearchPaper RMRS[RP29. Fort[Collins, [CO: U.S.
Department(oflAgriculture, [Forest[Service, Rocky MountainResearch(Station. 59 p.

51



Starkenberg, 1., [Sullivan, J.D., Hillstrom, 'W.W., ILottero, R.E.,(Chin, W.K.[& Mulkern, T.J.
2001. AT Summary ofl Analysis and[ Test[ Support[ for[ the[ Munitions[ Survivability
TechnologyProgram.[ARLITR[2506.ArmyResearchLaboratory, MD.42[p.

Tewarson,[A.[2002.Generation/ofheat’and [chemical dompounds/in fires. In: MDiNenno, P.J.,

Drysdale,D., Beyler, [C.L.[&[Walton,['W.D.[(Eds.).[SFPE [Handbook [of Fire[Protection
Engineering, 3rdedition. Pp.[3[85-3[161.

52



Appendix/A:Glossary

Thisiglossary/ismainlybased(on/the(glossary0flScott/&Reinhardt[[2001].

Activel crown[ fire —[A[continuous! crown[ fire[in[which thelentire fuel complex
becomeslinvolved(andthefire [spreadsinthecanopy fuels.

Available[ canopy ! fuel[+—[Thelimass[ ofl canopy![ fuel per[unit areal consumedlinla
crownfire. Therelis ho[postfrontallcombustion in’¢anopy!fuels, so onlyl finel¢canopy
fuelsarel consumed. Wel assumel that[ onlylthel foliagel and[al smalll fraction[ ofl the
branchwood!is(dvailable.

Canopy[ basel height[+—[Thel lowest[ height abovelthel ground[ at[whichthere is[a
sufficient lamountoflcanopy!fuelltopropagate(fire[Verticallylinto[the ¢anopy. Canopy
base heightislanleffectivel valuelthat incorporates!ladder(fuels/ suchlas[shrubsand
understory/trees.

Canopy [bulk/density =—[The mass(oflavailable/canopyfuellperunit/canopyvolume. It
is/d[bulk [property 0fla stand, not/an(individualltree.

Canopy [fuels =—[Theliveanddead foliage, live[and[dead (branches, [@nd lichen ofltrees
and(talllshrubslthat(lielabove the[surfacefuels. Seelalso @vailable danopyl(fuel.

Continuous(crown [fire =—[See active crown fire.

Crown [fire /—[Any!fire thatburnslin(danopy fuels.

Fireline intensity = The rate/oflheat release [in the [flaming front [per(unitlength of fire front.
Flaming front =—The(Zone at(afire’slédge wWheresolid flameis[thaintained.

Foliar[ moisture content’ *—[ Moisturel content (dryweightbasis)  bfl live[ foliage,
expressed/as/apercent.

FoliarCmoisture effect[—[ Al theoretical  effect[ofl foliarCmoisture  content onlactive
crown [fire(spread rate.

Fuellmodel *—[Alset ofl surfacel fuel ' bed[ characteristics(load and[ surfacelarealto[
volume/ratio (By[size[dlass, heatcontent, [dand [depth) (0rganized for[input to [d fire 'model.
Standard[ fuel[models(Anderson[1982) have[beenlstylized to tepresent[specificl fuel
conditions.
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Ground! fire[ +—['A[5low[burning, smouldering! fire[ in[ ground![ fuels.[ Contrastl with
surface(fire.[Ground[fuels—Fuels[that(lie (beneath[Surface fuels,[Suchlas organic(soils,
duff,[decomposing/litter, buried [logs, toots, and [thebelow surface[portion oflstumps.
Compare with/surfacefuels.

Ignition meighbourhood +—[A[rectangular(area/ofthe map[daround ad(building Where(the
forest(firemay[contributeto [theheating [0 fithebuilding[walls.'Width/and[height[oflthe
arealare(2 x IgnitionRadius((100 matthe[moment).

MapFixloperation=—/Anloperationwhere MASIFIRE [tries to [determinethe dctual fuel
typelofl the cells[that are markedlas'Text'[type. Forleach['Text'[typel cell, the[most
commonlfuelltypelinside the MapFix meighbourhood!isapplied.

Passivel¢rown![fire =—[Acrown![firelin[whichlindividuallor[small[groups[ofitrees torch
out, but[$olid flaming[in thel¢anopylcannot[be maintained [except! for short[ periods.
Passivel crown! fire[ encompasses al wide! range[ ofl crown[ fire[ behaviour[ from[the
occasional torching/oflan(isolated treeto [amearlyactivelcrown fire. Alsodalled ‘torching
and[candling.[See also [intermittent crown fire.

Plumeldominated fire —[A[fire for[whichthe power oflthe(fire[éxceeds(the power of
the[Wwind, [leading[tolaltall[convection[¢columnlandlatypical spreadpatterns. Thelfire
spread models[ised inMASIFIRE [ do[hot address[ plume dominated! fire[ behaviour.
Contrast/withwind[driven/fire.

Reaction lintensity —Thelieat release rate of fire[per init(area.
Surface fire 5—[A [fire spreading through/surface fuels.

Surfacel fuels(+—[Needles, leaves, [ grass,[forbs, dead and down[branches and[boles,
stumps, [shrubs, [andshort trees.

Totalfuel Toad =—[The mass[oflfuel[perinit(areathat(dould possiblybe consumed/in(a
hypothetical(fire[ofithe highestlintensitylin(the [driest fuels.

Wind [reduction factor-— The(tatio [oflthe midflame[Wwindspeed(to [the ‘open[ (6.1 m)
windspeed. [Forconvenience 0 fimeasurement(eye level winds/are lisually [substituted for
midflamelwinds.
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