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A Comparison of Coarse Scale Fire Eflects Simulation Strategies

Abstract
Deleloplnenl of manage ..! oric.l.d compuref models lbr coarsc scalc lire snnulation is oftcn problenatic becau,ie of thc
l radcofi bet\a ee n pfed iction realj sln and modcl u tilir) . Th is stLrdi co mparcs lhrce spatirl nnrde l i ng nratcgics oi iDcreas ing co m
plerily lbr snnularing coaNe scale succcssion and tire dlranics across rhc E0 million ha Inlerior Columbia Rirer B.rsin (ICItB).
ln all three approrche\ successional d-'nrmic\ are modeled using a nrultiplc path$a) rppfoach rhcrc sclal conmunit) t!pe!.
cllled \uccession classes. arc linkcd.rlorg p th$'irv\ thirt con\ergc Io a stable communiiy t,vpe callcd.r potenti l \egeialion typc
$hich fepresenrs a unjquc biophysical \etting that i\ sratic throughour a sinuhtion. Fire dynal1ics ure sinmlated using rhrce
stoch.rstic approachcs implcnerled inthfee sepffale co purcrmodel\. The Columbia l.tir'cr B,ts successr()n Nfudel(CRBSUM)
\imulates firc rLsi.g probubilities liom r unifoln prohabiliry disldbution thfi reflects arcprclcnlrd!e llre fetur n inier\al. CRBSLINI
$l\ modified to crcrlc CRBSLIM2 lh.Lr sinNlales fire occurrcncc rr lhe potertial vegetation rlpc lclel and sub\eqrent firc cllccls
rt the successional cla\! lc!cl The FIREPM (FIRt P,\Itcrn) mL,dcl nocha\ticrll! simulatc! ijrc starrs tiom .r thrce paramclcr
\ {e ibul l  funct ion.  Fi re is  thcn sprcrd across Ih(  l . rnd\rr l re u\r r f  J  !o, , l , r (  L! r ru Jpfrorch rhcrc an crponent i r l  pfobabj l i r !
lunct ion Lletermines the s iTc oi  an c l l ipse wherein a l l f i \e ls wi l lbc bunrcd.  Simulated hnd\cape pal lcrns anddisturhrnce resul ts
rLre comprfed rcross thc thrcc rpprorches. Re\Lrlrs indicate odcl\ olincrersing complexity rcqLrirc dirionrLl p.rf.rmereriTation
.rnd comDutert i  c .  butnro\ ide lnore real is t ic  rcsul ts.

lntroduction

Rcalistic fire pattems are often diflicult to simu-
l . r r e  i n . p r t i r l i y  e r p l r e r t .  i , ' . r r . e  ' . , r l e  r e [ e r r r i o n
succcssion models because ofscale conflicts (Baker
1989. McKcnzie et al. 1996a, McKenzie 1998).
The fine scale charactcristics that dictate fu'e spread,
intcnsitv and direction, such as topography. fuel
noistues. and wind. are not accurately reprcsenled
at coarse scales because ol the low rcs()lution of
input data layers (Prenticc ct al. 1 993, \\'iens 1989).
Morcover. wildfires usuallv burn in a mosaic of
intensities and spread rates that is difncult 1(] simu-
late when pixel sizcs are large and spatial data
layer categories are broadly clcfincd (McKenzie
1998). As a r.esult. manl coarse scale nodcling
efli)rts do not directly simulate firc dynarnics. but
instead predicl subsequent fire eflects based on
\e-eetation ald site characteristics (Chew 1996,
McKcnzic et al. l996a.Lenihanetal. 1998). The
problem with this approach is that it is dil lcult
to predict where and how hot a fire rvould have
bumcd on the simulation latdscape without know-
ing fire behavior and growth charactedstics. Simu
lation of thc spread of f ire lrom one pixcl to an-
other (i.e.. contagion) becomcs problematic wheD
all thc lactors that govern lire grorvth arc unknou n
and the underlying rnechanistic processes arc not
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modeled such as in coarse scale fire sintulations
(McKenzie et al. 1996a, Lenihan et al. 1998).

Design of most firc models crcated for man-
agemcnt application requires a realistic sinula-
tion of t ire dyntmics but at a complcxity readily
understood by fire managers. This fundamcntal
modcling challenge is to bil lance algorithtn sim-
plicity with obscrved reality. Coarse scale flre
modcls that produce accurale simulations of f ire
splead and shape may requir-e parameters that
managers find diilicult to undcrstrnd and quan-
tifv. The finc scale tire gro$'th model FARSITE
(Finney 199,1) rcquires eight spatial data iavers
and two hourly weather llles which many firc
managers nray lind difticult to creatc or obtain
iirr their lands (Keane et al. l99li). Some models
may requirc simplistic parurneters but necd so many
that quantit lcation is a laborious task. The
CRBSUM rrodel (Keane et al. 1996a) uses input
pr r i rne lc t \  Ih r t  J rc  e . r . i l \  e \ t i rn l led .  bu t  r ' , .qu i re '
stratitlcation of these ptuameters across so nlany
geogr rphrc  rep i l ' n \ .  po ter ) l i J l  \ cFu l i r t i i ,n  t )pcs .
cover types and structural stilges that paramcter-
ization is sometimes difhcult for large Jand ar-
eas. The utility of any fire model is directly rc-
lated 1() the user's abil itv to undcrstand and use
it. and to intcryret its output. Land managers may
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f ind output trom the event-dri\cn. g d based sfo
chastic sinlulalion model EMBYR (Gardner et
al. 1996) easy to unclefstand but diff icult to inter
prct because of its stochastic percolation approach.
Stil l  other moclels rcalistically sinulate fire ef-
fccts using detailed mechalistic approaches. but
their application to managernent problcms is dif-
l icult because quantit ication of input parameters
rnd init ial conditions requires a high level of ex-
pertise (Keane et al. 1996b. scc Landsberg and
Gowcr 1997 ).

Scveral apploaches have been used to model
disturbance cortagion 0n tine and nreso scalc land-
scapes. Turner ald Ronme ( 1 994) and G:irdncr
el al. (1996) used a stochastic cellular modcl to
sinulate the sprcad of crown files in Ycllowslone
National Park. Many ()thcr ccl1 automata models
have been uscd 1o sirnulale stand rcplacement ilres
in the central Rocky Mountains and Southwcst
(B all and Guertin 1990, Vasconcelos and Gucrtin
1992). Stochastic percolation techniqucs (Bcer
and Enting 1990. Von Niessen ancl Blunrcn 1988)
are used to rellect the uncefiaintl ol l lrc bchav
ior across a heterogeneous lanclscape. Clarke et
al. (199:f) uscd fractal algorithrns to propagate
firc through a laldscape matrix. Finnev (1994)
irnd Coleman and Sull ivan ( 1997) usc mcchanis-
t i c  f i r '<  beh io t  l r lg , ' r i l h rn .  l , ' r l ' rnpu lc  in lcnr i l \
and splead of t ires in a spatirl donrain. Unfortu-
natel,y. the application ol thesc nrodcls to coarse
scale landscapes becomcs cnignlatic because the
underlying processes thlt conffibute to fire spr.ead
are best simulated at f iner scirles. In addition.
the pammetedzation of such coarsc scalc models
is diftrcult because of the complcxity lnd diver
.in ol co:u-.e scule l irntlrLrpe.uhicht rtt l in mln)
ecos.vstems. biophysica) environmcnts. and dis
turbarce regrmes.

Most coarse scale firc c1'ltcts and succession
models stochaslically simulate distulbance pro-
ccsscs and model succession using l determinis-
tic pathway approach (McKenzie et rl. 1996b,
Kcanc el al. 1996a). These models are olten de-
signed for simplicity because coarse scale land-
scapes are delined by low resolution nraps dc-
scribed by broad ve-setrtion classifications.
Ber ' ru .e  thcrc  | | r , , Jc l \  J rc  u . (J  to  inve . t ig r te  1o-
ren t i r l  r r rp rc t .  o l  r  l r iou .  InJnJFenrer t  \ l r . r lep ic \ .
they must be built so i lput parameters are ersil)
quanlified and outputresults llre easil) understood.
The cdd i t ion . r l  de t : r i led  eont rg i , ' t t  p r r , len ic \  I , \

disturbance simulations rvould increase param-
ctclizalion complexity and make it morc difficult
fbr research rnd managcmcnt to use and inter
pret (Landsberg and Gower 1997).

This paper compares three coarsc scalc tirc
rnodeling approaches for simplicity. accuracy, and
rcalism based on simulated fire distribution. f-rrc
pattem, and landscape conposition. These models
do not directly simulatc fire behavior but instead
infer fire dynamics and subsequent effects fiom
the biophysical environment and vegetation char
acteristics described 1or each pixel on the simu-
lation landscape. All models use the lntedor
Columbia River Basin (ICRB) as it appeued
around the late l9th century as the simulation ilrea
' F i ! u r e  I  r .  \  n r i r j , , r u \ . u r n p l i , ' r l , , f  l h r \ . t , m p c n -
son is that these models will eventually be used
in land managememt applications. so model in
put must be easily quantit led and output must be
readily understood by land managers. Resulls
from Lhis comparison will aid lirture developnent
ofcoarse scale l ire ellects simulation nrodels and
improve understrnding ink) the rclationship bc-
twccn sinrulation complexity and nrodel uti l i ty.

Model Overview

Thrcc computer rrodels of increasirg complex
ity are compaled in this study. All three models
simulate succession using the deterministic. mul-
tiplc palhway approach taken directly l iom
CRBSUM (Columbia River Basin SUccession
Model), the nodcl used to simulate landscape
changes 1br the Interior Colunrbia Basin Ecosys-
tenr Managcnrent Project (ICBEMP) (Keane et
al. 1996a, Quigley et al. I996). The successional
lramework of CRBSUM is a vari;rt ion of thc
conceptual f lrc succession modeling approach
presented by Kessell and Fischer (1981). This
approach links scral vegetation comnunities along
nultiple pathways of successional development
(Hironaka 1989. Ell iol el al. 1993) (Figure 2).
All pathways will eventually converge to a unique
"stable' or "climax' plant community callecl a
Potential Vegetation Typc (PVT) (Amo et al. 198-5.
Pfister et al. l977, Steele and Gejer-Hayes 1 989).
A PVT is the endpoint of thc successional path-
way diagram and identif ies r unique biophysical
setting that supports a distinctive plant commu
nity (Arno et al. 1985, Steele and Ceier-Hayes
1989). Coarse-scale PVT's tbr the ICRB were
created by grouping similarhabitat type and plant
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l igure L The lntefbf  Columbia Ri lcr  Basin (1CRB )  r imul . r t ion .Lfea \ r i th the ic  gcographic regions u\ed in th i r  srud\  Boxin
the $estefn edge ofrhe lC RU idcnliiics rn area used to inlestigare patch dynrmics ir this stud!.

i lssociations based on climate. topography. dis-
turbance regimes. and gcomorphology (Reid et
al. 1995). There is a unique set of successional
pathways for each PVT prcsent on the simula
tion landscape andPVT delineations do not change
through time.

Succession class is the telm used to describc
a vegetation comrrlrnity in this prthway approach.
and each succession class is described by a covcr
type and a sffuctural stage (Figure 2). The time
spcnt in a successior class depends on thc shade-
toierance and lit'espans of the dominant species
(Catteliro et al. 1979. Noble and Slatyer 1977).
Covertypes are naned for the vasculalplant species
having the pluralitl, of canopy covel for range
types (Shiflet 199.1) or for the hee spccies har-
ing the greatest basal area fi)r 1in-est types (Eyre
I 9li0). Structural stages represenl dcvclopmen-
tal changcs in I plant comnunity's structurc dc-
scribed by the !crtical distribution of plant sizes
and cover (Oliver and Larson 1990.). The origi

Figure 2. Succcssi|)nal path\\'ay diagfam ibr a thcoreric.rl
Dorglr\ lir Potential Vegetar ion I_\'pc(PVT). Di\,
turbancc cllects rre sho\rn b) the da\hcd Lnes.

nal Oliverand Larson ( 1990) process ddvcn struc-
tural stages $'ere nodificd by O'Haraet al. ( 1996)
to account lbr the influencc of natural and an-
thropomorphic disturbances on succcssional de
velopneDt in forcst and woodlatd types. Villnow

DF .  Do la  as  f r

OGMS - Old orowlh nu Usnata
OCSS . Old qrowlh s.gle nrala
YMS Young m!  l s l ra ta
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( 1995) developed stmctural stages for rangelatds
that were later revised ti)r coarse scale applica-
tions (Keanc ct al. l996a).

The three modcls differ in their treatment of
disturbance. specil ically t irc. Disturbances dis-
fupt succession l delelopnent al]d can delay or
advarce the timc spent in a succession class. or.
more conrmonly. cause n abrupl change to an-
otlrcr succession class (Figure 2). Disturbancc is
simulated as a stochastic proccss defined liom
user speciliedprobabilityparameters. Disturbance
probabilitics can be stratitled by geographic re-
gion. PVT and succession class. Each ofthe thrce
models use sorne lariation ofthis method 10 simu
late fires on the cearse scale landscape.

Co umb a  F iver  Bas in  Success ion  l \ ,4ode l
(CRBSUIV)

C R B S L  M  i .  r  s p r t i a l l 5  e \ l l i c i r .  d e l e r m i n i ' l i (
vegetatior dynamics sin.Iulation model thal incor
porates disturbarce as a simple stochastic pro-
cess (Keane et al. 1996a.). Successional develop
mcnt on a pixel (small po ion ofthe landscrpe)
is modcled as a change in structural stage and
cover typc (i.e., succession class) keyed to suc-
cessional t imc sinulated at an annual t ime step.
Occunences of human-caused and natural dis
turbanccs are stochasticall], simulated at the pixel-
ler,el tr-on a set of probabilities that dcscribe a
land use policy or manrgcment plan. A rundonr
number fron an uniform probrbil i ly distribution
is generated. lnd if the number is lcss than the
probabil ity of t irc for a pixel, a fire is sinrulated.
Disturbance eff ects arc detenninistically modeled
rs an immediate change in struclural stage and/
or cover tl-pe with a coresponding adjustment
ofthc successional clock. The model generates
se\,errl output maps and data tiles that descdbe
thc simulated landscapc al each tine step.

CRBSUN/2

Two maior l imitlt ions to CRBSUM arc that it
does not cor]tain routines thal cxplicit ly simulate
disturbance and disturbance eftects at multiple
scales. and it does nol il'lcolporate the relation-
ship of surounding pixels into the simulation of
disturbances. Successional dcvelopnent and dis-
turbancc cfltcts are nodeled pixcl-by pixel us-
ing unitbrm ranclonr number distributions. As a
result. t-rrc-disturbed pixels arc often urilbrmly
distdbuted across the simulation landscape in a

''salL and pepper" pattern. Additionally. simula-
tion rcsults oticn have low year-to-year variation
tbr simulated tire-burned areas because of the
homogeneous distribution offire in space andtime.
Sunounding pixels are notbumed ir one tire event
and nearly thc same number of pixels are bumed
eJ\ 'h  )c r r .  uh ieh  is  an  unre . t l i . t i c  repre .en la l ion
of fire dynamics. Actual coarse scale lires often
bum in large contiguous patches, and annual fluc-
tuations in bumed areas can be quite large due to
the large spttial and temporal variability in drcught
and wind (Alvarado et al. 1998; Lefizman et al.
1998). CRBSUM does not account tirr thcse fluc
tuations and theretbre seems to undcrestimate the
range ofvariability in fire occurence and spread.
CRBSUM2 was created to keep the simplislic
structurc ofCRBSUM but improvc the spatial and
tempora l  s imu l r t i , ' n . , i  f i re  p roce . 'e ' .

Fires arc sinulated at two organizational scales
within the CRBSUM2 structure. The occun.ence
offire is sirnulated at the region-PVT level rvhile
the tire's effcct is simulated at the succcssion class
levcl (co\er type and structural stage). Fire oc-
curence probabilities are stratifled b)' PVT and
gcographic region (see Fi-qure 1) to improve the
level of detail in input data la-yers. A randon
number is gelerated lrom a uniforn probability
distribution and compared with user-specitied fire
occurence probabilities 1br a PVT within a re
gion. lf the landom number is below the occur-
rence probabil ity, a tire is simulated and all pix-
e l .  u i rh in  lh r l  PVT rnd  ger rgr rphr .  rcg ion  are
considered to expcrience a fire. The effect olthat
tire on the pixel s cover typc and sfuctural stage
is simulated at the succession class level fbr that
PVT and rcgion. Each succession class contains
user-spccified probabilities tbr three different types
of fires surlace fire. mixed firc, and stand-re-
placement fire. Another random number is gen
erated and compared to these three probabilities
to deternrine the type of tire that the pixel will
erperience. and this. in tum. dictates the resulc
an l  po . l - l i re .u (cc : \ ion  c l l -s  and \u (  (  e \ . ion  rBc .
Some PVT-succession class combinations have
no chance ofany type offire (all probabilities are
zero), such as a rocklands or lakes, and no Iire
cff'ects are modeled.

F RE PATtern Succession lvodel (FIREPAT)

A problem with both CRBSUM and CRBSUM2
is their inrbil i ly to sinulate realistic f irc patches
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on the landscapc. CRBSUM2 is an attempt to
relain the simplicity of CRBSUM by indircctly
modeling contagious burning acloss adjacent pixels
using a nultiple scale approach across two veg-
etation classificalions. Hou'ever, this approach
contines the fire to static PVT-region boundaries
rnd  the  rubr .q r ren l  e l lec l '  c rn  l t l i n  rppc l r r  in  r
random-scatter pattern within the PVT borders.
A morc nrechanistic treatmcnt of lire spread across
a coane scalc landscape nay be intractable or
impractical because the causal mechanisms offirc
spread cannot bc translated to coarse scales and
lhc input parameters needcd ti)r mechanistic modcls
may bc difticult to quantif)' and understand for
coarse scale \,cgetation classifi cations. FIREPAT
is an rttemptto bridgc the gap between mechanistic
and slochastic approaches by simulating fire ig-
nit ion and size to compute the number of con-
tiguous pixcls disturbed by fire.

The FIREPAT nrodel uses a thrce-step sto
chastic str-ategy implemcnted at the regional, PVT
and succession class le\,el 1(] simulate the stafi of
a tire and its resulting size. Thc probabil ity of
l ire startiog i l any pixcl (7r, ) is computed using
the hazard function ofthe fcillowing three-param
ctcr Wei bull probabil ity 1'unction iJohnson 1992,
Johnson and Gutsell 199:+).

Fire Probabil i ty

, p
. ]  

F R I
) (

vsB REBURN . "  .  r  '  / s3  
l l i uPu,u l

t t  )
FRI

The hazarcl tirnction yfpl, is dct'ined a! tbllows:

" ,  -  ,  - ,  P  . ,  I ' sB 'REBURI  ,1p  1 ;
'  F R I  F R I

Where YSB is the )'cars since last burn. FRI is
thc fire return intenal (),cars). REBURN is thc
minimunr nunrber ofyears bcfore another fire can
occur (years), and B is the shape constant (2.0
used lbr this study). ProbabiJitv of f ire occur-
rence increascs us the time since disturbance it
crcases depending on the vcgetation type (Figurc
3). FRI was parameterized mainly at the PVT
level rvith r'alues rcpeated fbr all succession classes
\\'ithin the PVT unless other drta u,ere availablc.
Paramctcr detaults *ere uscd firr those PVT s
u here fire history or size data were unavailable.
which was approximatell 30 percent of PVT re-
gion combinations (Tabie l).

A unifbflnly distributed random numbcr is
conparcd to the computed ffPl) to detemtine if a
fife has startcd for the pixel in qucstion. If atire
is simulated. another probabil ity fnnction deter-

0 50 1a0 150 2oO 2aA 300
S mltat on Years

Figufe -1. Rchdorship of )ears sincc lasr bufn to thc prob
ahility of 1]rc occurfence using the detlulr ralucs
pfesentcd in T|ble l .

mines the sizc of the fire. We used the following
Iunction to compute fire size (FIRESIZE in ha).

F TRESIZE = 1l-tn@)l)l

Where 0 is approxirnated by the avcrage fire size
(ha). P is the shape facbr (3.0 used for this srudy).
and p is a number (0-l) generated fiorn a uni-
fomr random number generator. Averagc fire size
parameters (0) were stratified by litetbrm group
and geographic region (Table l) to morc accu-
rately reprcsent fire dynamics across the ICRB
(Figure.1).

The synchrony of lires during dry years is also
indirectly represented within the FIREPM struc
ture usiug a simple stochastic algorithm. Fire sizcs
are increased by a user-specified factor (2.0 tbr
this study) if a dry tire year was sirnulated. de-
creased by a proportion (0.5 1br this study) if a
wel year was chosen, or remained unchanged if
nerther a wet nor dry year were selected. The
probabilities of a dry and wet vear are specified
by the user fbr each geographic region.

1r\BLE L DelaLrlt intu! parancters used bv lhe FIREP,{T
mdCRBSUN{2mr els ro s imulare f i rc  lequenc)
.rnd size. Thcse def.ruhs were uscd $hen no fife
interval  was, tvai lable f rom Kcane el  a l .  (1996)
and Morgan el  a l .  f1996).

Liitlor r Def.rult fire Alc lire
biome intcrvai (,"-rs) size (ha)

Years belbre Sh.rpe
rcbum ()rs) factor

f0re\t

Shrublands

Gfas\ lands

t5u
50

t 0
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i00

IU

)
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3

3

110 Keane and Long



3 ' "
:
! , o l
;

$ s

Fire Size
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Figufe'1. FIRhP.AT fife sizc probahilirr- felrtionships lor lhree

biome t !pes using dctuul t  ra lues i r  T.rb lc L

The computcd fire size defincs the dimensions
of an truncaled paraboloid that delineates thc llre
perilneter liom the following rclationship.

ltlREstzL = - ld

Where I is the lcngth ard d is the width of the
paraboloid in meters. Thc elongation of the pa
raboloid (e) or its ratio of length to width is com-
puted fiom the lbllowing Rothermal ( 1991) cqua
t ion :

0 . l l5 r i l / \ I ) rj =  l 0 +  l i  t - l

u'here WIND is average wind speed (m sec-r )
entercd b-"- the user. High winds cause long. thit
paraboloids. The nurcated parabola is then drapcd
over the landscape duc cast from the pixcl where
thc fire originally staned in a "cookic cuttei fash-
ion. All pixcls witl in the paraboloid boundaly
are considered burned by the tire. Only t'ircs that
burn oler hrlf the pirel (0.5 km2 fi)r this stud! )
are actually nodeled. Again, as with CRBSUMZ.
three t,vpes of flres (surtace. mixed. and stand-
rcplacemcnt) can be simulated lbr each pixcl in
sidc paraboloid boundaries. and the probability
of the pixel expcriencing a tire type is also de-
fined by thc user by successional class. The re-
.u l l i rn l  d i . lu rh i rn .  c  p r lhua)  lb r  e . rch  .uc ie . . ion
class by firc type determincs the simulated firc's
subsequent e11ect oD the pixel's covcr type, struc-
tural stage. and succession age. Unburnablc pix
els within the lire boundary such as rocklands or
lakes do not hlc fire type probabil it ies so no dis-
turbance is simulated. Other fire shapes, such as

a circles ol squares. can be used instead of pa
raboloids depending on successional class and
PVT. FIREPAT was also designed so additional
large scale disturbances, such as nountain pine
beetle epidemics and harvesting. can bc simulated
at the same time as 1lre.

Simulation Specifics

Tlre lnterior Colurnbia RiverBasil (ICRB) rvas used
as a test area for this simulation comparison (Fig-
ure 1). This expansive 82 million ha landscape is
very diverse in temrs ofvegetation, climate. topog-
raphy. and ownership (Quigley and Arbelbide 1997).
ICRB vegetation is described from l2T cover types
and 22 structural stages on 55 tirrcst. range. and
riparian PVTs (Keane et al. 1996a, Quigley et al.
1996) ranging from dry desert to lush cedar hen-
lock fbrest. Appr-oximatcly 38 percent ofthe land
in the ICRB is privately owned while 54 percent
is public lands with 53 percent in National For-
csts and Bureau of Land Managemcnt lands
(Quigley and Arbelbide 1997). Elcvations range
fiom 200 meters along the Columbia River to over
3.500 meters along the tallest mountarns.

Fire and succession d)'namics were simulated
, 'n  th r  ICRB lund. r i rpe  lo r  100 1er r .  u r ing  rn
annual t ime step for all three nlodels. Succes-
sion pathway paraneters forcach PVT were taken
directly ftom the CRBSUM modeling e1Toft for
the ICBEMP scientific assessment (Keane et al.
1996a). These parameters were quantified by basin
resource specialists from the rgsearch literature
and from a series ofseven workshops held through-
out the Basin. All ll.rodels used historical (circa
1900) covcr type. structural stage and potential
vegetation type raster nlaps as initial conditions
andhistodcalfire rccunence data to quantit-v model
disturbance pa.rameters (Keane etal. 1996a). Maps
ofpredicted lire occurrence, covertypes and struc
tural stages were generated to compare model
resu l t '  and  behr r  i , ' r  Annua l  t rhu l r r .u tnmar ie .
ofpredicted succession class and fire occurrence
statistics by region and PVT were written to ASCII
files for input to statistical programs and data-
base\  lu r .ub .equen l  summur)  lnd  e , - rmpar i .on .

Fire probabilities fbr the CRBSUM simula-
tion were taken tiom the historical manage[Ient
scenario simulated 1br thc ICBEMP scientiflc
assessment (Keane et 41. 1996a). These probabili-
ties were estimatcd from a variety of empirical
l ire hisbry research studies includingArno et al.

0
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( I 993). Barctr ( I 988 ). Barctt ( 1997). Ballcu er
a]. (1991). Bradley ct al. ( 1992). Cranc and Fischer
( 1986). Davis ( 198 I ). Fischer and Chyton ( 1983).
Fischcr rnd Bradley (1987). Heyerdahl et al.
( 199:1). Marsden ( 1985). Veblcn et al. ( 1993). The
ICRB fire regirnes map of Morgan ct al. ( I 996)
was also used extensivelv to predict f ire interlals
lbr PVT's and cover types rvhere tire history re-
scarch rvas rare. CRBSUM2 and FIREPAT fire
occullencc plrameters were computed dircctly
from the CRBSUM historical f ire probabil it ies.
FIREPAI llrc size and shapc parameters by PVT
lrnd succession cllrss u ere taken mostly lrom the
ICBEM P ti le occurrcnce data layer devcJoped bv
R. Hartford and L. Braclshaw of the Intemoun-
trin Fire Sciences Laboratorl. and from the l it-
eralurc, including Barrctt ( I 997). Bakcr ( 1989).
Johnsor  (1992) .  Johnson and Gutse l l  ( l994) ,
Jol'u'rson and Van Wagncr (1985). Strauss et al.
(19921. and Van Wagner (l978.t. Crre rvas raken
to cnsure l ire probirbil i t ies rvere consislcnt across
model input f i les so thal rcsults could be compa-
rable. For cxarnple. FIREPAT would generaLc
rcsults similar to CRBSUM if f ire sizc was set at
I kmr becausc tire occurreDcc probabil it ies wcrc
idcntical.

Besults and Discussion

lrlodel Behavior

FIREPAI burned nearly cight times thc amount
olhnd comparcd r,vith CRBSUM and CRBSUM2
(Figure 5). The year-to-vear variation (i.e., white
noise) ol FIREPAT predictions was surprisingly
low (approximately 2 3 percent), and tltis varia
tiol,I scemed to incrcase as the amount of bumcd
area reached an asvmptote towltrds the end olthe
l00 yetrr run (Figure 5). Although burned area
tirr the minimum year comptrres well across all
nodcls (Table 2), FIREPAT's simulation of ovcr
l5 perccnt ofthe ICRB burning by yctrr 100 seems
high, but it is below the nraximum arca calcu
lirtcLl lr, rr MorEcn cl rl. ' . { lqo6 r f ire rut imc. mrl
(Table 2). It is probably unrealistic ro $ink thar
nearly a sixth ofthc ICRB burned cvery year. The
high FIREPAT burn estimates is mosr likelv rhe
result ofinacculatc fire size parametedzations ti)r
man) PvT-cover type conbinations and an in-
compatibility with high firc fiecluency probabili
tics. We expecl the adiustment of these param-
eters as ncw data becontc available will ultimately
produce more realistic results and pattems.

b U 80 90 100
SIMULATION YEAR

100 !e.r|\ of simuldion as predicted lioln the thfee modcts CRBSLTNI, CRBSU\I2. and
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TABLE L Predicted arc|  burned b!  t i re and parch dl 'nalr r ics ( I  000 kmr olerrhc I00)et [sofs imula
tion for the thrcc corrse sc le !egetxtion dynarnics models. Number in parcnlheses fepfe-
sents pefcenr o l  srmLr lur iur  fea $hich is  about E21.000 k ln:  E\r imat jon\  ot  l r rer  Dumed
c.rlculrred f|om dre Nlorgxn cl rl { 19961 fire regirne ap is ircluded fof feferencc.

L.Lnd\ r l fe  r t t f ihLr rc CRBSLTN{ FIREP^I Fire regime mapC R I] SUN,I2

l \4 in imuur
Ma\ i  urn

Parch Str t i \ t ics

\ ' l in i 'nu 'n
U xinNnr
Numbef Patches

21.  rJ  (  3 )
1-r.1.1d6)
:L1.1( 5)

1.6

2056.0
t52.1

-r2.8 ( ,ll
l . l rJ.g (t8)
115 .7  d5 )

11 .5
1 .0

10,12.0
680

l l . l  (  2 l
199 .3  (21 )
22.5 ( l)

18 .5  (  2 )
l l . l  (  l )
1 1 . 8  (  3 )

t . 5
1 . 0

2 6 0
t5::

Simulated fires in CRBSUM aud CRBSUM2
burncd about the sane antounts of average an
nual arca as computed liom tlte Morgan et al.
(1996) firc rcgime nrap (Table 2). CRBSUM
burned ncarly c('rstant amounts ofarca each year
rvith less than 2 percent ) 'ear to-ycar \ariation
(Figure -5) and the average annual bumcd area
rer l  c lo .e  lo  Mofgc  c l  i r l  r  lqqorJ \e r f ,gc  e \ t i -
m r t e .  t T r r h l e  l r .  C R t s S U M ) . i r r r u l i r l i u n \ F e n e r
ated highi) variable year to year predictions (Fig-
ure 5.) thal compare well with anecdotal evidence
ofthe variation in historical ICRB fire ycars (Banett
1997). but the rmount of bumed arca was much
higher thln that computed from Morgan et al.
( 1996) (Tablc 2). The larger alea burncd by
CRBSUM2 is probably a result of rhe fire lre-
quency probabil it ies not being adjusted fbr the
size of region-PVT patches and inaccurrte PVT
delineations.

The highest temporal varirbilitv ofcoarse scalc
firc is simulated by CRBSUM2 rvith a range of
120.000 kmr fbr the l00 year sinruJation (Figure
5). Predicted ycaf-to-year r,ariation in arca burned
is lorvest in the CRBSUM (range of 2 perccnt ol
average). while FIREPAT had a range of only
15.000 kmr once the upward trend was removcd.
The synchrol.v of firc ycars was not well reprc-
sented in any ofthe modcls. but CRBStltr42 seems
to simulate lire synchrony best, even though it
was not cxplicit ly modeled. We think FIREPAT
could better moclcl t ire synchrony if somc equr-
tion parameters rverc noclit led using trial-and-
error iterative techniqucs, and if tire paramctcrs
were strati l ied bl l lncr divisiols of geographic
region and PVT. Thc dry and \\'et year FIREPAT

simulatiols worked to an extent but these stochastic
parameters need adjustmeDt. lt is apparent from
the high predictions of f ire area that CRBSUM2
and FIREPAT tire occurrencc parameters need to
be adjusted to account fbr the spatial and tempo-
ral scaling of fire l'rcquency probabiliLics inher-
enl in both models (Figurc 5).

The spatial pattern of fire on the ICRB land-
scape rlas best represented by FIREPAT simuh-
tions (Figurc 6). The small patchcs generated by
CRBSUM were almost alu'ays the same size (l
kmr) (Trble 2) and tendcd to be randomly dis-
tdbuted across time and spacc (Figure 6a). This
produced a salt and peppel or uniti)rm spatial
distribution offire disturbcd pixels. whereas fire
patches explicit ly generated from CRBSUM2
tended k) be large and diverscJv shaped (Table 2,
Figure 6b). Morcover. CRBSUM2 patches were
alrvays conlined to PVT-region boundarics which
resultecl in the burning of the same patch shape
ald size whcnever a tirc was stochasticallv simu-
lated fbr that PVT-region combination, because
both PVT and geographic region boundaries rverc
static on the ICRB landscape. CRBSUM2 as-
sumes topo-qraphy is the main int'luence on firc
size and shapc because PVT region boundaries
wcre created liom topographical constraints (Reid
et al. 1996). However Bessie and Johnson (1995)
note that weathct primarily wind and drought,
are nlajor determinants oflarge scale fires in sub-
alpine tbrests. while tuels and topography play
ninor roles.

FIREPAT lire patches seemed more realistic
because thcy consistentlv crossed PVT and re-
gion boundaries and werc shaped sornewhat like
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Fi gure 6. Patche s ol burned pixe Is trs prcdicrcd iion r lhc drree models after I 0 years ol s imu hlion fof a poftion of the ICRB
sinmlarion afea (see Figure l). r) uniibr lr- dlstnbuted ClttsSUM pixels. b) st.rtic CRBSUN{2 patches. c) truncrted
oaraboloid FIREP.{T Datcher.

large tire perimetcrs (Figure 6c). Also. FIREPAT
sccms to best represent realistic distributions of
lire shapes because of the wide distribution of
sizes (Table 2) (Banett et al. 1997). Howcvcr,
the constant paraboloid shape always spreading
castward did not match some observed spatial fire
distributions (Barett et al. 1997). Large fires of-
ten fbllow topography and r'",ind pattem shifts and
this was not explicitly simulated in FIREPAT. The
truncated paraboloid shape assumes thc large scale
firc was driven only by rvind coming tiom the
west. So CRBSUM2 indirectly simulates topo-
grtrphical effects while FIREPAT only simulates
constant wind effects on lire patterr. An integra-
tion of the two approaches n'ithout sacrificing
simplicity may provc a better modeling approach.

Predictions of ICRB landscapc composition
atycar 100 were quite diffelent for imponantcover
types across the three models (Tablc 3). Thc largc
amount of fire simulated by FIREPAT generally
rnaintained lire-dependent covcr typcs and causcd
a largcr pofiion of the ICRB landscape to be in
early seral stmctural stages. Statistics conputed
tiorn Losensky s ( 1 99.1) h istorical cover type rnap
are included in Table 3 for reference because many
believe that the vegetation as it appeared circa
1900 may be in dynamic equilibrium rvith dis
turbance, irnd thereti)re, the ICRB landscapc at
the end of a 100 year mn should be similar to the
Losensky ( 199:f) map. However. orly FIREPAT
seems to generate the tlre ngeded to maintain the
extent of some historical vegelation lypes as
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p l rd ie tcd  b1  Lo .en .k1  r  lqqJr  rTrb le  . t r  e rcept
for the sagebrush and grassland cover types u'hich
con.rprise over 40 percent ofthe ICRB. Fires con-
ven sagcbrush to grassland and the high levels of
tlre in FIREPAT and CRBSUM2 created land-
scapcs that ha\'g twice the amount of grassland
compared to sagcbrush which is exactly oppo
site ftom LoseDsky's (199,1) predictions. More-
ovcr. the lrrge range of sagebrush and grassland
coverage over the 100 ycars of sirnulation indi-
catcs a landscape that is not in dynamic equil ib-
rium (Table 3). More historical inforrnation is
neecled to investigate the accuncy of these sinru-
lJ r i t ' n  rc .u l r . .  CRBSUM pred ic ted  an  inere l :e
in ponderosa pine covcr type ever the 100 yeals
of si mulation. wheleas FIREPAI simulations show
a sonrcwhat constant level ofponderosapine and
CRBSUM2 predicts a decline in pondcrosa pine
(Figure 7). This is probably because the high
CRBSUM2 lire levels. where eDtire rcgion-PVT
patches arc burned, dees not allow any area to
escape the fire aDd fircs occur so 1'requently that
some areas are unable to beconle dominated by
ponderosa pine covertype. especially in the Dou-
glas-fir PVT.

Fire severity types compare well across the
three model simulations because quantil ication
of lire type probabilities were from CRBSUM
input tiles and tire eftects were modeled at the
pixel level (Table'1). However, the FIREPAT
prediction ofnearly 80 percentofall fires as stand-
replacemcnt fires fir the entire ICRB seens loo
high (Barreft etal. 1997). The majority ofFIREPAT
stand replaccmcnt fires occurred in the sagebrush
cover tvpes. but a number of fires stafted in PVT's
with frequent fire regimes became largc enough
to burn into montane PVT's where stand-replacc-
ment fire regimes are common. Interestingly,
FIREPAT appears to simulate more non-lethal

undcrburns in dry tbrested lands than the other
models, espccially in the ponderosa pinc PVT
(Table,l) yet the model does not predict morc
ponderosa pine by year 100 (Table 3). This is
again bccause of the great amounts of fire simu-
Iated by FIREPAT did not allow succcssionrl
change to a cover type that can experiencc a mixed
or stand-rcplacement tire, and PVT's whcre pon-
derosa pine is seral did not experience thc type
of fire to maintain that species. The random dis-
tribution of CRBSIII'I generatcd tircs rendto create
a morc homogeneous landscape with low tem-
poral and spatial vadability in fire pattcrn and
sevcrity (Tiible 4).

CRBSUM appears to bcst predict the distri
bution of tbrest sftuctural stages with Ieference
to thc historical structure ofpre 1900 fbrests com-
piled by Losensky (1994) (Table 5) but does nor
predict realistic structural stage patches. Thehigh
flre levels prcdicted by FIREPAT do not clrate
the histodcal lbrest stand structure estinated by
Losensky (1994). lt seems many FIREPAT fires
do not burn enough old growth multi-strata staDds
tocrcatethe many nid-seral. stem exclusion stands
found around the turn of the century (Tab1e 5).
AIso, CRBSUM2 lircs do not seem to create many
stem exclusion stands probab11, because the PVT's
that contain these stages do not burn enough to
match historical conditions.

N,4odel Comparison and L m tat ons

Rcsults liom thjs studv denonstrate the difflculty
of balancing model uti l i ty with reality ol predic-
tions when spatially simulating coarse scaie fire
effects. Sinrplistic models such as CRBSUM,
which arc easv to parametedze aDd cxecute, ot-
ten producc honrogenized results without realis-
tic tenporal variability rnd spatial pattem (Table

TABLE 3. Predicled ave.age annual colcrage of live inpofi.rnt cover typcs cxprcssed as percent ofthe
total srmulation arca lbr the three models. Numbers in parcnlheses are the rlnce of cover
!!pe ex lcnls in perceDr of entire ICRB o|er the I 00 ycars oL sinu Lrtion. Hisrod cal covcr tlpc
map composilion (Losen\ky 199,1) is included lor rclerence.

C0!e f  type CR BS UN,I CRBSUN'I2 FIREPAT
Hi, i tor icalco!cr

Iype map

Douglrs 1ir
Subalpine lir
Sagcbrush
Crassland

1 3 . 1  1 r . l  )
8.5 (2.,1)
2.9 (0.8)

24 .3  (8 . r )
20.5 (6.r)

1 1 . 0  ( r . 8 )
7 .1  (1 .8 )
1 .3  (2 .3 )

14.9122.0)
32 .7 l2 t . 1 )

9.8 (LJ.5)
8 . r  (2 .0 )
3.0 (0.8)

15 .5  (16 .3)
30.2 (15.0)

l l . 9 (  )
6.0 (-)

32.6 (-)
15 .0  (  )

Coar .c  Sc : r l c  I  i re  S imu l l t ion  Sr r l rcg i r : . 85



E
Y
o
U)

q)

o

iI
o
It
I
o

1 10,000

105,000

100,000

95,000

90,000

85,000

80,000

TABLE.1.  Alemge annual  t rmount o l  lund (1.000 rnr ' l
burned bi tire severity l,,-pc as simul|lcd liorr
the three nodel \  o!cr  100, , -c l r rs o l  sr . ru lar ion.
Nunbcr\ ir purcnlhcsc\ arc rhc pcrccnl oi\imlr
lar ion la.dscipe that  ras bufned.

: FIREPAT

, ' ' i : . .

.J CRBSUM2

0 1 0 2 0  3 0 4 0  5 0 6 0 7 0 B0 90 100
SIMULATION YEAR

Figurc 7. 1--xren! of pollderosr pine colef tlpe (klll: as pfedicte.l b] the three nodels oler the 100 year.i oi simul.rtion.

CRBSLTN'I CRBSUT'I: FIREPAT

2. Figure 5). More conrplex moclcls such as
CRBSUM2 and FIIi-EPAT produce better temporal
and spatial t ire distributions (Figure 6), but it is
difficult to quantify their copious input param-
eters. and their outputs may be more ditf icult to
interpret. For instancc. thc multiple scale simu
ladon archilecture used in FIREPAT requires learly

fivc times the parameters needed by CRtsSUM.
and the model takes much longer to execute and
produces more output (Table 6).

Complex models generally require more com
puter resources and additional t imc for param-
cterization. but also tend to produce nore realis-
t i c  re .u l ts  rTrb le  6 t .  Th is  i s  e .pe .  i r l l 5  impor t rn t
u,hen one considers the potential uses of such
modcls. Managementapplicationsof thesemodels
may require many computer runs to compare the
impacts of alternative land nanagement stmte
g i e . .  - ' . q 1 u p  J n J  e \ e . ' u l i o l  t i n r e . r r e  i r n p o n u r r t
f'actors to considcr whcn rating modcl utilily (Tablc
6). Over 50 simulations of CRBSUM, each av
eraging 50 hours ()fexecution time, were needed
h1 Kcrnc  c t  r l .  r  lQ96r  r  to  r i rnu l r tc  r : r r i lu .  r r rn -
agement scenarios fbr the ICBEMP eftbrt. Con-
\c r :c l ) .  re \earch  nra l  on lS  neeJ  a  feu  er rcu t ion '
of a model to investigate some ecosystem char--
( lL  n \ l rL .  \ i ,  rc . r l i ' l i c  re :u l l \  mr1  be  n to rc  i rn -

ponant than paraneterization and execution costs.
In short, nodel design should match simulation

Entire ICRB
Srand rcplaccmcnt I  1.5 (53) l5. l  (51) 99.0 (79)

N l i \ c d  l j r e  r c g i n r e  1 . 0 ( l . l )  5 . 8 ( l l )  8 . 8 ( 7 )
Non- lethrLl  undefbufn 7.3 ( - l - l )  13. :  (30) l7.E ( l . l )

Ponderosu pinc PVT
S r a n d  r c p l a c c n r e n t  0 . 3  ( l , l )  0 . 5  ( l l )  0 . 1 ( ( t
N i j \ c d  i i r c  r e g i m e  0 . 8 ( l 0 l  1 . 1 { 1 6 )  0 . 6 ( 1 O
No. le$al  underbum 1. ,1 (56) 2.6 (63) 3.2 (7111
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T,{BL[ 5.  A\er . rge annual  unruntofhnd (1.000km]) intheforest  r t rucru.al  sragc\rcrcsstheICRBarrheendol thel00years
ofsilnulrtion. Numbers in lafenrhese\ afe the percent ofsi ularion landscapc rhar is ii)rested. Hi\rorical \rrucnrral
!tasc\ crc liom Loscnsk! r 199.1).

lorest structur l \tage CRBST-]N{ C R B S U N I ] FIREPAT

Strrd initirLrion

Stand fe in i r i .Lt ion

Old gro$dr mul t inrata

Old gro$rh ! i .g lc \ r rar . r

58 .8  (16 )

8.1.1 cl)
.16.- l  (r2)

7 1 . 3  ( 1 9 )

56 . :  (  l 5 l

71 .7  (  l 9 )

67 .5  (18 )

3 5 . . 1 ( 9 )

5.1 I (  l1)

- s7 . l  ( 15 )

6 .6  (  2 )

59 .9  ( l 6 l

7,1.:r (to)
.1.1.0 ( l2)

1l.1 (21)

,11 . , 1 (11 )

6 . 1 (  2 )

58 .0  (15 )

103.s (17)

17.5 ( 7l

57 .6  05 )
,19.8 (13)

16..1 ( , l )

'1 . \Ul- l r  
6.  Conrpar isor o i \ i r l rLrhl ion characrer ist ics acxx\

thc rhrcc rDodcl \  uscd i r  rh is nudy lbra 100 )err
\nnuhlion run. Pltrrmeters are distufb.rnce pr-
mrrrc lc^ | ) l r l ) .  lhe s.rne number of  \ucce\s ion
paranretcrs arc prcscr( lbr all thr.c nodels.

rPrcptrrLr t ion t inc is  re l rLt ive to t ime spent to prepxre dre
CRBSUN{ lndel
r1-- \ r 'curcd on lBNl Cl l0 U\ lX $ork\ tat ion

obiectives. If l ire patch dlnamics and sprtir l
patterns are important for the nodel application,
then FIREPAT or a percolation modcl mav be
appropriate. but onl!'if amplc cornputer resources.
parameteriziltion limc and expertise are available.
On Lhe othcr hancl, if reiative trends of geleral
ized nodcl output wil l satisf,v rnodeling objec
ti\ es. ther] perhaps CRBSUM oI CRBSUM2 ma1
be lnore appropnale.

It was extremely difficult to rectif,r' fire size,
tlre occurrence. and tire ellects paranelers to
generate accurate sirnulation results. CRBSUM
produced realistic yearly fire eslimatcs (Table 3)
because olly one set of paranletcrs wils used to
calculate fire d-vnanics and these were computcd
tiom sources similar to those used for the firc
re-ginres maps (Nlorgan et al. 1996). Howerer.
scale and statistical problems arise when firc size
and s.vnchlony are explicit l l '  simulated with
CRBSUM fire occurrcncc data as In the

CRBSUM2 and FIREPAT models. Fire lrequency
pamrneters must be adjusted to agree with the fire
size and timing parameten to make F1REPAI and
CRBSUM2 results n]ore accurate. This is difh-
cult to accomplish using infbrmation from the l it-
erature because most studies did not quantity tire
dynanrics at couse scales ald they did noL cxtcn-
sively map firc perirneters. It seems the onlv shor!
term option available 1(] make simulated t'lre sta
tistics more realistic is to adjust f ire sizc and fire
ftequency parameters to achieve believable re
sults-

Quanli l lcation offire input parameters for all
three models was incomplcte and limited in this
comparison effbfi. Firc probabilitics in CRBSUM
input filcs were estimated b! lire specialists and
natwal resource personnel fiom the literature and
personal experience (Keane et al. 1996a). Most
lire occurence probabilities needed by CRBSUM2
and FIREPAT were cstimated fiom the CRBSUM
input fi les used tbr thc ICBEMP eftort. Often.
rve did not have time to vcrity that estimated pa
rameters produced desircd levels of disturbance
in the model. Fire size and shape paraneter co
efficients tbr FIREPAI rvere roughly estimated
l'rom a 6-year fire occurrence database crcated
for the ICBEMP and also liom the literature and
lire lecords. Unlbnunately. rnany ecosystems and
geographic areas did not have adequate data to
accurately quantify nrost fire occufience and size
parameters so we assigned parameters based on
the most sinilar biophysical setting (Table l).
Some FIREPAT fire size parameters \a,ere adjusted
to producc nrore realistic lire dynamics. butovcrall,
neally all fire paranrcters were computed to be in
agreement across all three model runs. For ex-
r rnp lc .  the  pr r rb rh i l i t i e .  , , r ' r l re  oc(ur ren(c  in  r
sagebmsh grassland rvere identical across all thrcc

CRBSUN,I CRBSU\,I] FIREPAT

7.000
t . u
21

Lo$

ConUlexi t l
Regi()n-level paf.Lmeter\
P\jT-level !.Lf .rmete|s
S'r rcersn)n c l rL\s-1e\  e l

E\ecur ion I ime (hfs) :
lnterpf ellLtion ditllcu1t)
Sp.Lri.rl trrtem rexlis,n

Nlodcratc High
0 6

ll7 t)
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model input f i les. What is needed is a dynamic
algorithm that mechanistically computes fire pa-
ranelers (size. frequency, sevelity.) lion a quan-
tif icrtion ofthe biophlsical sctting (c.g.. rainfall,
soils. evapotranspiration. \'egetation). This $'ay
the tire regime can vrry as the vegetrtion and cli-
mate change.

This model comparison is by no mcans com-
prehensir,e and complete. Many other modeling
strategies could have been includcd in this cffon
to account for the full range of coarse scale flre
etlects modeling stratcgics. Howcvcr, we could
not do this because of time and conputer resource
limitations. and also we assumed that most other
strategies are more complcx than FIREPAT trnd
modcls ofthis high complexity rvould be less useful
to land management. Cell automata and perco-
lation models ale definitely useful in coarse scale
fire pattern sinrulation and thcy probably wil l
produce more realistic fue pattems than FIREPAT,
but they can require man)' input parameters and
computer resources, and their results might be
clift'icult lbr lancl rranagers to interpret. In addi
tion. they sti l l  must have l l ire ignition routine
thal rcalisticrlll- starts fires across the lardscape
based on site. climrte, and vegctation, and this
lequires still more input paraneters. We are cur-
rently de\,eloping a sinplistic coarse scale flre
perc(tation model based on FIREPAT slructure.

Probably the most corrplcx simulatioll ap-
proaches are coalse scale applications ofprocess-
based iire gr(\r'th nrodels such as FARSITE (Finney
199.1) and SiroFire (Coleman and Sull ivu 1996).
These models nray cvcntuall i- produce the most
rcalislic rcpresentations of fire patterns and se
vedties, but their application to coarse scale )and-
scapes is problematic. because the fundamental
physical rclationships used by the nodels require
fine scale input datn. Even if the cross scalc in-
compalibilities werc rcmedied. these models would
be difl lcult to use i irr lancl managcmcnt bccausc
thcy rcquirc accurilte. spatiall)' explicit leplesen
tations of climate, tuels. vegetation, and topog-
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