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e _AB'ST;RACT._'T o

Th1s report descrlbes a study of forest ﬁre dynamlcs at the landscape scale The
Ob_]ECtIVEC of this study was'to develop a spatlally exphcrt model that can s1mulate long~
“term fire dynamrcs ini Ontarlo especrally in the boreal regron Here we present I _ 5
- background mformatron a brlef review of exrstmg fire models the logrc of model .
development such as ecologlcal foundatron and descrrptors for a fire’ reglme and

potentlal uses of the model.

The role of forest fire is. two-fold. On one hand, fires'burn forest biomass,. :
"consume timber resources, and destroy propernes fires drsrupt the forest’ s successrve 2

~ renewal cycle and functlon as a tlmer for succession, i.e.. reset the successron cycle to a -

o partrcular pomt On the other hand however frequent ﬁres could heip to mamtaln the -

.‘drversny of landscapes and may evenbea normal" component of forest ecosystems
' mamtammg their structure and functron - ' '

- Afire regime is usually described by fire frequency We propose a-comhinatiOn of
© fire return mterval and size drstrrbutlon for characterrzmg a unrque ﬁre reglme Thls

' combmatron descrrbes the proportrons of large and small ﬁres

A rev1ew of flre models in the lrterature suggests that none of the ex1stmg fire -

B models could meet all of the expectatrons ‘of the study Most’ exrstmg fire’ models elther :

. deal with scientific problems with. drfferent temporal and/or spatlal scales or Wlth
- prescribed fire reglmes or are. unable to link to a Geographlc Infcrmanon System (GIS) :
L .'_database Therefore a new model is needed o '

ON-FIRE (ONtano FIre REglme model) was developed for srmulatmg ﬁre
-reglmes that result from the mteractlon between fire events and forest landscapes as’ .
.:mﬂuenced by weather. Three main components of ON—FIRE are looped for each time
_-step: forest. growth fire dlsturbance and regeneratlon after the burn Age dependent ﬁre:,
' -probabrllty is a major assumptron of ON-FIRE The idea behmd thrs assumptlon is that

' - the processes of fire ignition and spread are mamly ccntrolled by a variable that changes

slowly - amount of fuel accumulated ACToSS a landscape Other factors (such as



'_ vegetation cover type, topography, motsture reg1me and weather) w1ll mod1fy the ﬁre

: probab1l1ty across the landscape and contrtbute to ﬁre 1gn1t10n and spread processes - -

The phlIosophy guldmg the development of ON FIRE is that any of the ex1strng '
hypotheses in the field of fire modellmg, such as weather-dnven and: fuel-driven fire

S processes should not be pre- accepted or pre-reJected On the contrary, ON-FIRE tr1es to

o 1ncorporate the effects of both weather and fuel condrtrons on ﬁre reglme and prov1des a . . “

o framework with whlch users:will be. able’ to test dlfferent hypotheses We belreve thts )
o modelhng approach 1s approprlate because the current knowledge of fire process is so
' l1m1ted that the ex1st1ng hypotheses were not well supported by observauons :

ON-F IRE has many potenttal apphcatrons in dlfferent ﬁelds of forestry mcludmg _
: forest pohcy, r_esource management ﬁre management and wﬂdl ife and ha’o1tat

e managernent
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This report descrlbes a study of forest ﬁre dynanucs at the Iandscape scale - ON—
FIRE (ONtario Flre REgrme model), initiated. within the Forest Landscape Ecology B
Program (FLEP) at the Ontarlo Forest Research Instrtute (OFRI) The objective of thls
“study i is to develop a spatlally exphclt model that can srmulate long—terrn fire dynamrcs in
Ontario, especially in the boreal region. Here we present background rnforrnatlon a bnef
review of existing fire models the Ioglc of model development such as ecologlcal
_foundatlon and descr1ptors for a fire regrme and potentlal uses of the model

‘The study or1 gmated from the requlrements of Ontarro s current forestry pohcy,
which requrres that resource mandgement should mrmlc natural dlsturbance pattems for’
. ensuring sustalnable resources and marntamrng blodlversny (Env1ronmental Assessment
‘Board 1994) The 1ntent of the pohcy was to rnaxrmtze the long term tlmber resource 3

supply and t0-COnserve blodlver31ty '

To 1mplement th1s forestry pohcy, however, we must understand the patterns of

- natural dlsturbances (mcludmg fires, insect pests, drseases w1ndstorm etc) Natural

disturbance patterns are still poorly uinderstood: For assrstlng forest management _

decision- makmg, a tool 1s needed to answer "what 1f' questions. The tool must be able

to s1mulate natural dlsturbance patterns and allow users to compare outcomes from o

, dlfferent management optrons w1th these patterns “ON- FIRE is one of the tools de31gned
to. reach this goal. - Vo o ' o e

Ontarlo s forestry policy is consrstent Wlth the ones in other provmces and.
countries. For example timber oriented forest resouree rnanagement has been w1dely
'replaced by multiple use management goals (Lamas and Fries 1995). Tools that can =
_ sunulate natural fire regnne WIH also contrrbute 10 forest pohcy outs1de Ontano

Two 1mportant characterlstlcs have been deﬁned for the study in the orlgrnal
desrgn landscape scale and long-term dynanncs

F ocusrng on the spatlal scale of the landseape means that spatlal heterogenelty has
~tobe mcorporated into the development ofa s1mulat10n model -and the model must be

- spatially explicit. Thls approach enables us to link the developed model to a geographlc

| 1nformatlon system (GIS) database SO that reahstlc results can be obtalned In other



'I':rr__-words users of the developed model Would be able to address the questron of Whether a

fire reglme could be modrf' ed by drfferent landscape structures

The empha51s on long- ~term dynarmcs enables us to evaluate the nnpacts of
climate change and other management pol1c1es on the dynam1cs of s1mulated forest _
- landscapes For this evaluatlon a natural drsturbance model is needed as a baselme From. :

these perspectlves the study ] ob]ectlve can be written as: to develop a spatlally expllclt

. model that can srmulate long -term fire dynamics in Ontar1o especrally in the northwest R

(boreal region). The: model should be focused on srmulatmg stand-replacing forest fires ) -

L _(marnly hghtnmg-caused ﬁres) 1nclud1ng CIown ﬁres and intensive surface ﬁres that

,_-'have shaped thé structure of boreal forest Iandscapes m terms of stand age and specres S

L composmon

_ We wil ﬁrst address the quest1on of why the fire model is s0 unportant by _
descnbmg the roles of dlsturbances on the dynamrcs of forest Iandscape The questron T
!thus can also. be: rephrased as in ‘what Ways will the dlsturbances lnfluence forest '
successmn and hence the structure of the forest landscape'? _ "

2. ROLES OF DISTURBANCE ON F OREST DYNAMICS

Itis necessary o mtroduce the concept of forest successwn to understand the role
. of dlsturbance in forest dynamics.

S 2L Folre'st success'ion'theory'

Tradltlonal forest successwn theory (Clements 191 6) tells us, that the. assemblages =

of forest species move toward a sustained climax Species assemblage ina hlghly ordered :

o .' | ‘sequence and the resultrng cl1rnaxes are prrmarlly determined by cllmate and soil

- .conditions. Clements ( 1916) sees the forest commumty asa supraorgamsm and the

o _ Var1ous stages of successwn are equ1valent to the birth, growth, maturity, and death of an .

. organlsm This traditional view of ecosystem successmnal process could be séen as | .

o 1__ controlled by two funct1ons &plonatro which emphasrzes the raprd colonrzatron of

. recently disturbed areas, and ¢ onseggatron whlch emphasrzes slow accumulatron and

" .storage of energy and materral



This v1ewp01nt however has been revised to mclude two addltlonal functrons
(Holling 1986, 1992) One is release (or- Qreatlve destructron) ie. the trghtly bound
accumulatlon of blomass and nutrrents become 1ncreasrngly fragrle untrl itis: suddenl

released by drsturbances such as forest ﬁres and 1nsect pests Another one is

), i.e. sorl processes m1n1mrze nutrrent loss. and reorgarnze .

, nutrrents S0 the nutrrents become avallable for the next phase of explcntatlon The revrsed-‘
viewpoint has mcorporated the results from extensrve comparatlve freld studres and
' experrmental rnampulatlons of Watersheds ' : - '

A renewal cycle, therefore is composed of four ecosystem functlons frorn _
_ explo1tat10n slowly to conservatron very raprdly to release raprdly to reorganlzatlon
and rapldly back to exp101tat10n Thls is the $0- called "4 box" model 1llustrated in Frgure .

The 1dent1flcat10n of the two addrtronal functlons has clarrfled the roles of

dlsturbances on forest dynan‘ncs Forest ﬁre as one of the release agents usually dlsrupts L

the forest renewal cycle and acts as a tlmer for successron processes

22, Roles of ..fo'rest firés‘_ i

Forest frre 1s one, of the. major dlsturbances that Have been shapmg the- structure of - o
landscapes 1n 1995, for example serlous forest ﬁres occurred across Canada, from R

- British Columbia to Ontario and Quebec Many of: them were ouit.of control The ﬁre

. occurrences: ‘have been summarlzed (Canadlan Forest Serv1ce 1995) Frgures 2 and3

~ show the fire situations in six provmces and two terrltorres of Canada where- most of the

fires occurred compared w1th the past 10 year s averages Flgure 2 shows the number of
fires, and Figure 3 shows the area burned in thousands of hectares Area burned in 1995 o
j :was higher than the average for the last 10 years, in sprte of only three provrnces ,
- (Manitoba, Ontar1o and Quebec) havmg higher than the average fire iumbers. In Ontarlo _
the total area burned i in 1995 was 32 tlmes the average value though the. number of flres 28
© was only slrghtly h1gher than average e .

F1re has many negative rmpa'(':ts from the vlewpoint‘ of human soéiet'y Fire usually
. burns forest biomass, consumes nmber resources and destroys properties and valuabtes
Fire also transfers carbon from forest biomass to soil carbon and raprdly releases some
'ecosystem carbon into the atmosphere (Kurz et al 1992) The transformatron processes

contrrbute to 1ncreases m COZ, and thus may increase average global surface temperature



Thei mcrease 1n global surface temperature wrll 1nﬂuence the growth of forests and may

o trigger more frequent natural fire 1gn1trons The use of prescrlbed fires to pre-treat

| .' Tegeneration sites and reduce slash fuel could decrease the fire probablhty fora qu1te ._" '
- while (delav the t1m1ng of next large ﬁre) ' ' '

o I destructlon

o Flgure 1 The four. ecosystem functrons and the1r relat1onsh1p to ‘the amount of stored
-~ capital and the degree of connectedness The arrowheads 1ndrcate a renewal cycle ’I’he

' dlstance between arrowheads 1nd1cates speed, i.e.,a shor’c mterval means slow change, . '

'long mterval raprd change (reproduced with permrssron from Hollmg (1 992))

) Forest ﬁres however may not be completely harmful to the forest landscape For o
B example, frequent fires could help to mamtam d1vers1ty of landscapes short return. ﬁre T

o cycle favors vegetatron w1th short hfe Spans, and long return fire cycles allow forest

spemes to develop towards chmax specres assemblages determlned by cllmate and 5011

7 :COI’ldltIOBS Flre may 1ncrease nutrient avallabllltv for plants by d1rect addmon of -
o nutrrents in ash (Chr1stensen 1987) ‘ o ' |
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Flgure 2. A comparison of number of ﬁres in. 1995 wrth the last 10 year's average values .\ o

in six: provinces and two temtorles of Canada usmg data from the Forest Flre Research
Group (Canadlan Forest Servrce 1995) ( 1995 data are up 10 September 21 )

Forest ﬁres may even be a normal” component of forest ecosystems in the boreal -
; reglon Fires may be necessary to mamtaln ecosystem structure. and functlon For ..~

example, serotlnous species, such as ]ack p1ne (Pmus bankszana Lamb. ), are adapted to i

; frequent burnmg Heat from fire causes thelr cones to’ open and release seed..

The assessment of ﬁre 1mpact could be drfferent under dlfferent spatral scales For -W
example, Figure 4 represents hypothettcal fire: maps for i landscape at three dIfferent o
spatial scales. The fire map on the rrght represents a ]arge spatlal scale composed of 20 by)' '

20 pzxels Among these:- pzxels 26 are burned; Wthh represents 6.5% of the total area of
the landscape This landscape was not burned severely From a small spatial scale L
- (indicated at the mt_ddle), whlc__h isa part of the larger iandsc_ape, however, the selected

area was severely burned because 75% of the total area was burned. Furthermore; ifeach '

pixel is as'sumed to represent a forest stand (showed on the left side), then_‘;it is eithernot -~




,_burnecl or burned completely Thus the ﬁre s 1mpact on a stand could be elther none or

o extremely large
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‘Figﬁ're:’S . A comparison of area bumed in 1995 with the last 10 year's average valnes in.
' 31x provmces and two terr1tor1es of Canada, using ‘the data from the Forest Fire Research

- Group (Canadlan Forest Servrce 1995) (1995 data are up to September 21 )

In sprte of the dual roles of fire, the 1mportant thlng in 1mplement1ng Ontarlo s
current forest pohcy, isto ﬁnd out the potentral consequences of fire events occurrlng at--
drfferent stages of forest succession, and deterrmne how forest ecosystems recover from
dlsrupttons of their successmnal processes In the folIowmg sectlons We dlscuss Ways to o
| 'descnbe a ﬁre reglme why a new ﬁre model has been deveIoped and how a natural ﬁre ' : S

- regrme could be srmulated



Stand-Level ~ = Small-Scale =~ LargeScale .

Figure 4. Hyp_oth’etic’_al 'ﬁre mapsfor eﬁlanclscape at _three_different ‘spatial scat_éé; P

T ‘3,. FIRE REGiME-‘ :

Fi ire reglme dlffers from ﬁre behav1or in temporal scaIe F1re reglme usually refers
toa’ system that can be descrrbed by a number of characterlstlcs over a: Iong perrod
such as a few decades or even cenmrres The descrlptrons of ﬁre reglmes in both time and
space are called patterns of fire d1sturbance Frre behavior usually refers to fire 1nten31ty

and how fires are 1gn1ted and spread 1n a short perlod such as daysor hours even =

 minutes or seconds. These are typrcally expressed in ﬁre behav1or models

4 A change in fire reglme is a functlon of chmate In a study of ﬁre scars from grant-
sequoia, Sequoiadendron. gzganreum (Lrndley) Buchholz Swetnam (1993) found that the
frequency of long-term ﬁre occuirence at the: reglonal ievel was mamly determlned by

climatic conditions. Durmg a warrn perlod from about A.D.1000 to 1300 frequent small
fires occurred; and during cooler perrods from about AD. 500 to. 1000 and after A. D.
1300, less frequent but mhore w1despread ﬁres occmred This shows how current ﬁre ; ‘.
_ reglmes could be changed by pro;ected global chmate change -



3.1 Natural fire fegim'és

" More attenition should be paid to natural fire regimes in the borea] forest region;,” " -

B -_béc_auSe lightning-caused (a natural source pf' foresf_f_'irres)“ﬁres played a more important

- role in boreal forests than in other forests, e.g., in United States. In Canada in 199‘5_,' 42% |

«of the total nufnbér of 'ﬁreé were caused byrrl_.ightning, or 85% of the total area burned (see
o Flgure 5). In the US,'lighthingrqadsed fires are _r_'n_dré-i'mportaﬁt in the north than _thé' S
_ ,'soﬁth'. During the period from 1917 to 1 96.6,--f6f ef(amp”le,-"lightningtacéoulnted for 64% of '_

* fires in the Rocky Mountain GrQup (12 StatéS), 31% in the Pacific Gi'oup (five Stz';te's), o
- and bne to two % in the rest of the Us (Brown ah'd"Daifi's_:l97‘3'_)'___.(566 Flgure 6).

‘: ‘Number of Fires B BE o "'Area :BU.'fl”éd = -

B Fig_uré 5. The percentages of llghtnmgand human gcfiviti'es calj’sed'f;pi‘est fires in ‘1_995‘.i'n‘- e

‘ - Canada, a_ég:ordirig to data from the Forest‘Flif_erReS'earch'Group::('canadi‘anporeéf S _el."_Vi,Cle;' .
. 1995). (1995's data are up to September21.) . . T

| ~ The relative importance of lightning-caused fires in thé Canadian boreal forest
. region, however, does not necessarily indicate a natural fire regime. The fire regime
,ob'_servéd in the region'may_b'_é_ closer to gklnatural_.ﬁ.ré regime tha.njt'hat in other regions, .

beéause it excludes many fires caUscd, by thOpQQenic factors.

~"Natural fire regimes occurred befor¢ European Settlement when most fires were ©
 caused by lightning strikes. At that time, forests could have been continuously going -
" through the succession processes described in the previous section: the patches created by

- fires provided space for natural regeneration including seed germination, survival,



seedlmg, and’ then specres competltlon processes Eventually the specres most adapted to

the patches wouId become the domrnant specres and remam untﬂ it dles ora drsturbance

OCCUrs.

R //// ////// ig.

United States’ B Rocky' Mountain Grouo (12 States) Pacrﬁc Group_‘(s States) R

North Centra]_-Group-r(Bl ‘Stat‘e's)‘ s E_astern,Grol:up(‘JZ'SfatE_SA) RS Southern Gféqu-(TB'staEGIS’_ |

: Frgure 6 The percentages of hghtnlng and human actlvrtres caused forest ﬁres durrng the i ‘_ I

- period of 1917-1966 | in the Umted States (Brown and Davrs 1973)

~ Natural dlsturbanccs (ﬁre msects drsease w1ndstorm ez‘c ) however may h1t

these patches at any time durmg therr slow conservatron process and restart the - o

succession cycle Frres can alter forest Iandscape structure 1mmed1ately and change the _f B |
ﬁre probabrhty across the landscape ' : ' ‘

_ The ﬁre pr'obability of a forest stand,; or it's'ﬂarnrhabil'itjt, is a difficult co'nc'ept o
define. Itis 1nﬂuenced by many factors related to the. quantlty and quahty of exrstrng fuel
and by the fact that not many ﬁeld datasets could be used to evaluate the quantltatrve c
} relatlonshrps between thlS probabrhty and forest status. For our purposes ﬁre probablhty
is defined in a relatrve sense as the probablhty that one. forest stand burns more readlly

*‘and with greater 1ntens1ty than another w1thm the same landscape
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The d1fferences in: changmg pattern of fire probablhty across a landscape depend
onthe temporal scale of the investigation. In fire behavior models, thie fire probability i is"
_.mainly determined by fue] quality-related factors such as m01sture content nearthe =

_‘surface and the amount of precrprtatron In models of long term fire dynamlcs however

. fire probabihty 18- .determined by both fuel quantity and qualrty-related factors Wlth

N increasing stand age, the increased ﬁre probablhty may be caused by the amount of fuel
_ i.accumulated and structural changes of trees such as branchmg pattems that carry ﬁre
. from the ground to the canopy: (Rundel 1981 Papro and Trabaud 1991)

" The resultmg structure of the landscape would deternnne the numbers and .

locat1ons of fire 1gn1t1ons and even the extents of spread processes thus 1nﬂuencmg the

‘ﬁre drsturbances in the years following. For example, newly burned stands wrll less hkely" '. '

- _be re-burned the followmg year than non-burned stands, 51mp1y because the amount of

fuel is reduced Less 1ntens1ve or small fires will consume.a small amount of fuel and the" B

‘ total amount of fuel wrthm the landscape wrll 1ncrease contlnuously, until an 1ntenswe or .-

large fire occurs. An mtenswe or large fire will consume a large amount of fue] . 4
- ,accumulated w1th1n the landscape and thus greatly reduce the probablllty of any large e
| .ﬁres reoccurrmg within the Iandscape in following years Tn other words, the ‘
"unavallabrhty of fuel results ina smaller probability of 1 1gn1tlon and spread Thus, the ﬁre T
_"probabrhty map wrll change after every ﬁre event T '

_ “Thus, a ﬁre regime emerges that con31sts of a large number of small ﬁres and few L
- very large fires. Thls 1s what is perce1Ved as patterns of ﬁre reg1mes A natural fire regrme _- .
snnulatron should be able to generate such scenartos '

32, 'De'scriptrn'nof fire regime -

To'simu'late natural fire regimes, ﬁrst determine the‘app'ropriate des'criptors ot" a
fire regime. In the development of ON- FIRE ‘we proposed that a combmatlon of fire
'_return interval and size drstrrbunon should be used to descnbe a fire reglme and valldate
the model ' ' ‘

There are two common questlons that resource and ﬁre managers have about a ﬁre

_~reg1me (N how often ﬁres would happen ina partlcular study area; and (2) how severe o

. The word "1gmt1on" is used in our stndy in reference toa small area of forest bemg bumed Deﬁned in
_-this way, its usage will be consrstent wrth the hlstoncal ﬁre records in Ontarro s Fire Manaoement Branch -
- (not less than 0.1 ha).
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(including frequency and 1ntens1ty) those ﬁres would be To answer these questlons ﬁre :' S B |

researchers have ‘been using technologles and data collected from other d1sc1p11nes e.g..
fire scars and sedrment records (MacDonald et al 1991) 10 complement lackmg

historical ﬁre data

Frre return 1nterval could be used to address the f1rst questlon It can be deﬁned as:', :

the time requlred to burn an area that equals the whole study area. Flre frequency, another |

often used descrrptor is the rec1procal of ﬁre return 1nterval Either fire return 1nterval or .

fire frequency may provide 1nforrnat10n about the h1stor1cal fire occurrence s1tuatron for a :

given study area.

Fire. return interval can also partlally address the second questron For example 1f .

fires are severe and burn large areas; then the calculated mean fire return 1nterval will be R

shorter than when ﬁres are 1ot severe. Therefore thlS measurement of fire reglme has 7
long been used in descrlblng a-fire regime. I—Iowever the measurement does not prov1de
information about the proportlons of large and small fires, and cannot descr1be afire-
regrme ina unlque way. Consequently, d1fﬁcult1es will appear when resource: managers B
, try to mimic natural frre reglmes usmg the mean flre return mterval

-Below, we present a'simple"numerical exam‘ple‘ to: eXplain why the mean fire S
return mterval will provide only very little mformatlon to resource managers dec1d1ng
how large an area of forest should be harvested at one trme Let's calculate the mean frre
- return interval for four different scenarios: (1) five % of a landscape burned every year
- (2) 10% of the same landscape bumed every- the other year (3) 20%of the same ' _
- landscape burned every forr years; and (4) 40% of the same landscape burned every elght_

years. Unsurprrsrngly, the mean fire retum mtervals are the same -- 20 years for all of the =

four scenarios, That i is to say, a srngle mean fire return mterval value could result from
' many different scenarlos What this srmple example tells us'is that if a fire regrme is. only -
described by the mean fire return mterval or fire ﬁequency, then the impact of the ﬁre R -
regime on the landscape cannot be adequately evaluated, except assumrng srmllar c
landscape structures would result from the four scenanos

To avoid such confusion' a description of ﬁre sizes has to be -in.tr'oduced Fire'siie i
distribution has usually been assumed asa negatrve exponential in many fire. models, - _
although the sources are not ¢lear (Baker 1989). The d1str1but1on can successfully account '-
for the large number of small fires, but cannot predlct the few large fires. We colleeted a |

number of datasets of hrstorlcal ﬁre occurrences to see what the patterns of ﬁre size



dlstrlbunons would be and found a con51stent dlSCOI’ltanOLlS pattern for most of the
datasets (F}gure 7) '

. Ontario (1921-1992)
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: 'Fxgure 7. Dlscontmuous fite size dlStI‘lbthlOIlS from various hlstoncal fire data: (a)

"hzstorlcal fire records & 200 ha) from Ontarlo (1921 1992) (unpubhshed data) (b) e
-hlstorlcal ﬁres n Boundary Waters Canoe Area of anesota (Hemselman 1973) and (C)K R
S .,-‘ﬁre SIZeS in West Slberla (1700 1956) (Antonovslq er al 1992) -
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The drscontmuous pattern of fire size d1str1butron is not a new phenomena The

only reason it has not been thus descrlbed in the llterature 1s that hrstoncally a different

method of calculatmg fire size dlstrlbutlon was used Some fire researchers for example' o

grouped fire reeords by uneven size class 1nterval ‘This usually results ina contmuous '

pattern of fire size distribution, and thus sansﬁes the theoretrcal assumption of negatwe o

exponentlal fire srze distribution. When even size class mterval - the most common _
method for calculatmg s1ze drstrlbutron in statlsncs --'was- applled to hrstorlcal fire data '

the drscontlnuous pattern appeared

We are not criticizirlg the use of uneven siz'e'class interval for describing fire size
distribution in order to meet the theoretical fire size- drstrrbutron assumptron but are o
proposmg an alternative way of lookmg atthe problem We thmk the even intetval -
method descnbes a ﬁre regrme na more uruque way than the uneven 1nterval method

For generatmg a neganve exponentlal fire size distribution, a much w1der range of large R

fires may have to be grouped into one’ 51ze class, o compare wrth the ranges of small

~ fires. For example, the size classes used in characterlzlng Ontarro s ﬁre size dlstrlbutlon L :'. :"':_
were usually: 0.1,0.2- 4, 4- 40, 41 -200, 201 1 000 1,001-10,000, and >10 000 ha (Ward e

and Tichecott 1993). The range of the largest size class is much wrder than that of the _
smallest size class. It i 15 not casy to evaluate the 1mpact ofa ﬁre fallmg into-this 51ze class
ona landscape unless we assume a fire of 10,000 ha and another 0f 320,000:-ha (the

largest fire in Ontarro see Figure 7a) have srmllar Impacts ona landscape In summary

the even interval method descr1bes a fire' s 1mpact ona landscape more prec1sely than the . “

uneven rnterval method

To apply fire size d1str1butron the issue of how to determme the approprlate

number of the size classes has to be addressed: 1t the number of srze classes is Very large e

~then the size dlstnbuuon will: hkely show some drscontmulty, but if only two size classes
apply, then it is 1mp0531b1e to 1dent1fy any d1scontmu1ty The quesnon becomes how

many size classes are appropriate for historical fire records‘7 From the v1eWpo1nt of

 statistics (Venables and Ripley 1994), the number of size classes could be determmed by Vo
sample size. For a dataset Wrth a: normal dIStrlbutron ‘this relat10nsh1p could be expressed o

as Sturges' rule. For a non-normally d15tr1buted dataset ‘with the same- sample s1ze ‘the
number of size classes should be a couple more than what is expressed by Sturges rule
as 1ndrcated by Doane s rule (Venables and Rlpley 1994) '

The problem of determmmg appropr1ate number of size classes also existed when
| the uneven interval rneth_od was used to charactenz_eﬁre_srze drs_trrbut_ron.,Another
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‘_-problem to be addressed is how to determme the. appropnate boundar1es for each of the e

| size classes: The fire size distrlbutron Wlll change with different boundarres although

~there may not be any size classes mrssrng between the small and large fires. The

boundaries of uneven interval size classes in the literature mrght be randomly determmed -
_ sinee there is.no appropnate statlstlcal theory for generatrng a size d1str1but10n USrng the

' tuneven interval method..

4. WHY A NEW MODEL? .

- Why are We developrng a new model when so many fire models already ex1st in"
e the llterature? This questron can be answered by a review. of ex1st1ng firg models
comparmg anumber of model character1st1cs 1nclud1ng the spat1a1 and temporal scales
B  that the rnodels focused on the quest1ons that' the models addressed and the’ assumptlons
that the models used ' ] L BT

E "For the purpose_s of:'our _study,‘ an'appr_opri.ate model should be able to: - i

R (1) srmulate long—term dynarnlcs at the landscape scale w1th temporal resolutlon ofa.
. fire season and, spat1a1 resolution of one ha; . o
| 2) 1ncorporate the nnpacts of both age (z e, ﬁJel accurnulatlon) and Weather (z e;
fuel quahty) ‘ . :
"(3) 1ncorporate rmpacts from" other factors lncludlng fuel type topography, and 3011 ‘
. rnmsture ‘ ' ‘
.(4) link. to GIS databases _ , .
(5) produce 31mulated fire reglmes that are consrstent 1n tenns of frequency and srze.'
L drstrlbutlon wrth observatlons made in Ontarlo P B
._ 6) srmulate 1rregular ﬁnal ﬁre shapes _ .
D srmulate the processes of spatlal pattern. formatlon and dlssolutlon _
-“ i (8) produce srmulatlon results that show a pseudo cychc pattern in temporal
dynamrcs of pattem rndrces _ ' ,
| (9) generate relatlve ﬁre hazard maps” Wlthm user~deﬁned temporal frarneworks for
assrstlng management de01s1on maklng '

| A relative ﬁre hazard map shows the relatlve probab]hty of buming across the landscape The map erl -

~ provide a- new dimension for assisting resource and fire managers in decision-making processes. Areas
o with hlgh probabthty of belng bumed erl not necessanly be the.main targets of any fire suppressron O

B act:ons



We can. clasmfy ex1st1ng models of fire dynamrcs as Short—term or long term and
as spatlal o non- spatlal A long—term model srmulates fire dynamlcs over tensor -

hundreds of years whereas a short—term rnodel s1mulates the changes:in: forest pattern

during. one ﬁre season (year) A spat1a1 model s1mu1ates the 1nteract10ns between adjacent -

landscape umts whereas a non Spatlal model does not account exphcnly for these
1nteracttons here "mteractlon means prlmarlly that the fire spreads across a forested
landscape In Table 1, we grouped models into four categones accordtng to these spattal
and ternporal criteria. Our dtscuss1on of each group is driven by its relevance to our
objectives. Therefore we pay relat1vely httle attent1on to the short-term models and focus

mamly on the long -term omes. .-

Tahle 1. Catego’riesOf.fo'restfﬁre_models;' :

Short—term- '_ ' Long—term EEEER

, Frre behavmur models th R Markowan models ‘

Rothermel (1972) j ' Shugart et al. (1973)

~ Albini and Stocks (1986) - 'Kessell (1979). '_

Weber(1991) SR " Hall et al. (1991)

S o .| Fire frequency models: - B
N e IR -'VanWagner(1978) L
S Nom= | o 'JohnsonandVanWagner(l%S)'
spatial |- © . .. 7.0l Masters (1990) - L
R Sl =l Johnson and Larsen (1991)

|~ -Johnson (1992) -
| Gap models:

Kercher and Axelrod (1984)
Keane et al. (1989)
“Prentice ef al. 1993)

- Ftre spread models s k SR : Antonovsk1 etal (1992)
- |+ Turner et al. (1989) | Baker (1992) -
Spatial - Turner and Gardner (1991) | ‘Peterson (1995)
: . Hargrove eral. (1995) | Green (1989)

_ Vasconcelos and. Guertm (1992) Ratz (1995) e
S o .. | Boychuk er al (1995, in press)

| 'Li and Apps (1995, 1996)
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) 4.1. Short;'term, non-spatial

Models in thls group are related to ﬁre 1gn1t10n and spread in a parttcular
- env1r0nment Well- known fire behavior models belong to tlns group

F re behav1or models focus, on surface fires and predlct rate of ﬁre spread and -

S '_1nten31ty for various fuel types and terraln The rate of spread isa. funct1on of weather for )

" “ a‘given fueI type and terrain. Rothermel S ( 1972 1983) fire behavior model has been o
'wrdely used for constructmg other fire models such as the Fire Danger Ratrng System at

B .'j the natlonal level and FIREMAP at reglonal to local levels.

Rothermel s (1983) moclel requ1res mput 1nforrnat10n about fuel type fuel

\ morsture, wind speed wind drrectron and. slope. The output of the model isa s1ngle value

E that represents the rate of spread of the ﬂame front for surface ﬁres 1n homo geneous '

o condrtlons The calculations of fuel type influence are chosen from 13 standard fuel
o models that represent ‘most of the 51tuat10ns llkely to be found in the Umted States The-

o slope 18 fixed fora part1cular site. The variation in the rate of spread largely depends on

o the weather whtch determmes fuel moisture and the Speed and drrectron of Wlnd

' Obv1ously, the accuracy of the pred1ct10n rehes heav1ly on a precrse weather forecast .

o Flre ‘behavior models snnulate the combustton process based on. physmal and
chemtcal pr1nC1ples (Rothermel 1972, Albini and, Stocks 1986, Weber 1991) Suoh
'models are useful in fire suppressron efforts, but thelr appllcatron is usually hrnrted to

E ~ short time penods

42, Shor’t’-_term,‘ Spatial

Models in this group srmulate how a fire spreads over a landscape The majonty

-of the models are "grid-cel]" rnodels that srmulate a landscape asa gnd of ceIls of equal s

- " size. The fire- spread algorithms d1ffer in several aspects [¢9) ﬁre spread toan, adjacent

N _cell is ! randomly generated using a set of probablhtles or is calculated using current . RS

Weather data; (2) fire shape is predeﬁned or simulated randornly, (3) the’ snnulated

R Iandscape is assumed to be homogeneous or not. A snnphﬁed analog of these fire- spread o
B algorrthms is used in some long-term models (Le EMBYR) -but the appllcauon is

o _'_s_:questlonable because of the high requrrements for 1nput data (pnmartly Weather data)

R
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Short-term spatlal ﬁre models are typlcal of dlsturbance models found inthe -
landscape ecology literature: These models are developed based on the methodology used
in theoretical percolatron studles to mvestlgate how landscape heterogenelty will -
influence the spread of dlsturbance The goal of the 1nvest1gat1on is to find a cntlcal
value of probabthty, under whlch a disturbance cannot spread from one edge to another
and above which a disturbance startmg from any pomt spreads ACTOSS the landscape
(O'Neill et al. 1992, Turner and Gardner 1991). These studies are based ona much
simplified landscape scenario that con51sts ‘of cells that are e1ther sensitive or non—
sensitive to disturbances. These models are not spec1ﬁc to fire, but 1nclude all kinds of
contagious dlsturbances Results obtalned from such studtes are h1ghly theoret1cal and

might not be reahstlc

4.2.1. EMBRY

The methodology used in dlsturbance models of landscape ecology has been 4
modified to simulate the causes and consequences of large scale ﬁres like. those that
burned in the Great Yellowstone Natlonal Park durrng 1988 in models like EMBYR (an
Ecological Model for Bummg the Yellowstone Reg1on) (Hargrove et al unpubllshed
manuscript). The major ‘modifications in EMBYR are the ablhty to link to a GIS database
and rmprovement in the fire spread algorrthm The algonthm assumes fire can spread to
all its nelghbonng cells including those shartng a common edge and those sharmg a. -
common corner, instead of the assumptron that ﬁre can only spread to cells sharmg a
common edge ‘The fire spread probability is summarrzed ina look-up table and each ’

element in the table isa funcnon of successronal stage (forest age)

The modelling approach .used in E_MBYR, was simil_ar- to..other-short-'tenn' spatial
fire models; such as FIREMAP described below However, it is also used in l‘ong-tehn'
simulations for 1nvest1gat1ng the relatlonshlps among global change d1sturbance and
landscape (Gardner et al unpubhshed manuscrlpt) . |

. 4.2.2. FIREMAP

The drrecnon for developmg short-term spat1al ﬁre models is. 81m11ar -= trymg to
incorporate as much detad as poss1ble of fire spread processes such as firel type, fuel

consumption, and weather. We use F IREMAP as an example of Such models
(Vasconcelos and Guertin 1992) '
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FIREMAP is a combination of the fire spread algorithm of the BEHAVE system
and a raster-based GIS -- the Map Analysis Package. A friction surface is calculated first -

- in FIREMAP The fr1ct10n 15 deﬁned as the time it takes the fire front to consume acell

- andis computed by dividing a cell's length by the fire's rate of spread. Once a fire source
- pornt 1s deﬁned FIREMAP can calculate fire spread according to the number of time

' - units the fire takes to consume each of the cells. under the given conditions. The tlme ERy

 units assoc1ated with each cell are recalculated for changes in weather.

_ F IREMAP is desrgned to srmulate fire- dynamrcs dunng avery short penod
. _Requ1red weather data input are h1gh in temporal resolution. In the example that

e 'Vasconcelos and Guertin (1992) give, the input of fuel m01sture and wmd d1rect10n and

- speed need to be updated hourly. In five time steps, FIREMAP 51mulated a ﬁnal ﬁre R

shape 81m11ar toa real fire that occurred between June 10- 14,1988 m Ivms Canyon il the o

. ,Fort Apache Ind1an Reservatlon of. east central Ar1zona

FIREMAP is apparently des1gned to be used by ﬁre managers atan’ operattonal

B level However, the lack of such high resolutron weather forecasts-may hmlt the accuracy o "

. of the simulation. Another questionable point is the predlctlon of fire source pomt -

- effective technology that can prov1de the exact fire source pornt before a fire occurs is

' still unavar]able These hmltatlons could apply to all the short term fire behavior models, =

' -and leave unanswered the. questlon of the. ab111ty to predlct exact tlme and locat1ons of ﬁre
ignition and hence the exact ﬁnal ﬁre shapes and srzes

4.3. L-ong-term,_ non-spatial ‘_

Models in this category. simulate the long- term'ﬁre'dynamics ofasingle or .-

. “multiple forest patches The lack ofi 1nteract10n between. patches makes these seemlngly

'drfferent models srmtlar from our point of- V1ew Indeed; 51mulat1ng multlple—patch”

landscape dynamics with a non—spat1a1 model is equrvalent to applymg the model

8 -separately to each patch in the landscape The model‘s parameters may depend on the
type of patch and its 1n1t1al state, but smtulatxon of the dynamics of one patch is not o

- affected by any changes in the state of an adjacent patch. R

Long~terrn non- s’pat1al mode’ls can be d1v1ded into t'hr'ee subgro'ups cach with its S

- own specrﬁc features The first subgroup 1ncludes Markovran models (Shugart etal

B 1973 Kessell 1979, Hall etal. 1991). These are. grld cell” models that s1mulate the. -
dynamics of each cell with -a matrix of probabilities for the transttlons_from one state to
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another. Both the 1n1t1al state ofa landscape and the trans1t10n matrix account for the -
spatial variability in cell types (such as vegetatron type fuel load slope etc.); for thts
reason, some authors refer to these-models as spatral models. Thrs approach probably
originated with a model presented by Shugart etal (1 973) lh]S model did not: srmulate
the transitions correspondmg to the. burnrng ofa cell but had all the key features that .

distinguish Markovian models.

- The second subgroup is the largest one and contams models that use the "ﬂre
frequency” approach. Thrs approach was 1ntroduced by Van Wagner (1978) and was -
further developed and apphed in numerous stud1es on fire frequency distributions-
(Johnson and Van Wagner ] 1985 Masters 1990, Johnson and Larsen 1991) In these '
models, the frequency distribution for the mterval between fires is described using e1ther
negative exponentlal or Weibull dlstrrbutlons The models are effectlve in analyses of

changes in fire frequenc1es 1nduced by clrmatlc change

The thlrd subgroup 1ncludes SO- called gap models (Kercher and Axelrod 1984
Keane ef al. 1989); these 1nd1v1dual tree-based models smrulate the long- “term dynamrcs
of a small forest patch (usually 1/12 ha). Gap models aré matnly apphed to snnulate L
successional changes (SpeCIGS composmon and replacement) under Varlous chmatlc
scenarios,

Gap models have been wrdely used in the study of forest successron The research
goal of gap models is to sunulate forest succession through spec1es competltron ata small
spatial scale -- usually about 1/ 10 to 1/ 12 ha. Most gap models are called conventlonal
forest gap models, which are the variations of the JABOWA model (Botkm et al 1972)
Non-conventlonal forest gap models are those not derrved from JABOWA

Gap models aim to srmulate forest growth through 1nd1v1dual trees competrng for
resources such as llght after a mature tree d1es and Ieave space for small trees to. grow :
The spatial scale of gap models is generally cons1stent wrth the size of the space after a
- mature tree dies. Fast growing species tends to domlnant the gap first, but long lived
species will eventually dommate Weather changes wrll determlne the rates- of growth and
survival of the tree spec1es and result in different. successron processes The dlfferences
between conventional and non-conventional gap models: are in the ways they snnulate -
growth and competrtlon among 1nd1v1dua1 trees '
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_ ' Drsturbance (mcludmg forest ﬁres) 1mpacts on gap dynamrcs are usually

o expressed as a function of the gap s age (time since last drsturbance) ie., the older the
gap, the hrgher the probability of being drsturbed Once the disturbance happens all the f ‘ T
j"':trees will d1e and gap dynamlcs Wlll start again. '

The landscape version of the gap model i 13 non- spatral because they assume that

. forest dynamrcs ona landscape can be adequately represented by aggregatmg a large

| HUIHber of lndependent Samples of small gap dynamrcs In other words éach of the ﬁre o

L disturbances w1ll only destroy. the forest W1th1n one gap, and no propagatron will be -

) ; ‘_'.':cons1dered FORSKAZ (Prentice et al 1993) can serve as an example of the landscape

7.', version ofa gap model The model aggregates the dynarmcs in 100 gaps that are

S '-1ndependent of'each other to represent the dynarmcs of the- landscape ‘Each gap 1s

e subjected to dlsturbances accordmg toa Werbull functlon l1nked to age

: Desp1te d1fferences in approach the commor feature of these three subgroups of

o - models i is the lack of any spatial mteractlon between landscape patches Consequently, _

these models correctly describe long-term average landscape patterns under cértain - o
. ¢onditions as well as trends in these patterns caused by macro -scale | processes such as -

L chmatrc change, but do not capture spatlal variation-in the patterns This can be 1llustrated=

as. follows the. apphcauon of a typical long—term non—spatlal model to an: 1nd1v1dua1 patch'- .

i 'produces a stable probabrhty distribution for the patch's age or state here "stable" 'rneans o

| that the drstrlbutlon does not: change wrth time. When applred toa’ mult1~patch"

landscape ‘this stable dlstrrbutlon transforrns 1nto a stable landscape age structure wh1ch '

. can be understood as the share of the area occup1ed by forest’ of grven age the ageoféa. S

L patch is the time since the last catastrophlc ﬁre Tt is obvious, that in order to be stable

the age structure should have a monotomcally decreasrng shape Although thrs shape has i
. ‘been observed in the age structure of some areas (Yarie 1981), it is 1ncon31stent with the ke
1rregular occurrence of major fires reported in many studies.of long-term forest fire -
history (Hemselman 1973, Taude 1979, Antonovskl et al. 1992) a ma_]or ﬁre mevrtably
r:_drstorts the monotomcally decreasmg shape of the age structure

' ,4;4.;‘_Long-te‘rm,- spatial -

Models in thls group 51mulate long term ﬁre dynamrcs by accountmg explrcltly |

o for spatral 1nteract10ns between Iandscape patches ‘These models meet thé expected -

Spatral and temporal scales of our study All models that we are aware of are grrd cell"
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models with the dynamrcs of an 1nd1v1dual cell related to its neighbor cells through ﬁre
spread processes (€.£-, Green 1989; Antonovski ef al: 1992; Baker 1992; Ratz 1995; 7_
Peterson 1995; Li and Apps 1995, 1996; Boychuk ef al, 1995, in press) Any Ofthes e
models, however, can only partially meet our expectatlons Here we summarize two -
models as éxamples of long-term spatlal fire models FORLAND (Antonovsk1 et al
1992) and DISPATCH (Baker etal. 1991)

4.4.1., FORLAND

Although the fire model for boreal forests in western Slbena was ﬁnally pubhshed
in a book chapter in 1992, the structure of the model was: publlshed 1n an internal workmg
paper at the TJASA (Internatronal Instltute for Applied Systems Analy51s) in 1987. The L
model was named FORLAND (FORest LANDscape) n research papers publlshed in -
Russian, however, the name has not been used in papers published in English yet. The
model simulates a forest temtory as a grid of cells. Each cell is charactertzed by its age
(successional stage) The fire source foreach cell is assumed equal durlng a'single fire "
season. The probability of ﬁre Inaturlty ofa part1cular cell ‘will determine whether a forest
fire would be ignited i in that cell: This proba’orhty isa functlon of the cell's successronal
stage and weather, which. 1ncludes seasonal temperature, maximum seasonal perlod o
between two successive rains, and seasonal pre01p1tat10n Once a ﬁre 18 1gn1ted itwill
propagate to its neighbor cells, accordmg 10 another set of probab1ltt1es -- called ﬁre g
spread probablltty The fire spread probab1l1ty isa function of success1onal stage The :
values of fire spread probab1l1ty and fire soutce probablhty are deterrmned by the best ﬁt
of observed percentage of area burned per year and the results from numerous computer
' experrmental runs.

The model was applied to a forested area (165, OOO ha) on Kas- Eniseyskaya plain
in western Siberid. The study area was simulated by a grid of 25 ’oy 25 equal stzed cells
Each cell represents a forest s1ze of 264 ha A yearly time step was used in the model.
Within a time step, the program checks every cell to see if it is a fire source. If 1t is, then
the probability of fire rnatunty of that cell wrll determme whether afire will 1gn1te Once
a fire ignites, it may spread to adJacent cells aceordmg to the probab1l1ty of fire spread of
the burning cell. There was no pre-determmed fire size to limit fire spread so final fire
size will be determmed by the cell-age (or successional stage) mosaic of the landscape In
other words, the fire would spread contmuously until stOpped by low fire spread L
probability in al adjaeent cells The srmulanon results showed a btmodal shape - |
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S dlstrrbutron of area burned per year whrch corresponds to a ﬁre reg1me consmtmg of

many small fire- -years and few irregular large ﬁre years

The un1que feature of FORLAND 1s that the s1mulated ﬁre reglme is not

E prescr1bed by the users, but generated by the 1nteract1on between fire events and the eell— .

.age mosaic of the landscape Thls modelling approach emphasrzes the 1nteract10ns amongrl

system components and 1nvest1gates system dynam1cs from an: evolutlonary perspecnve

) ’:However F ORLAND was unable to output data or landscape structire and ‘was unable to'!-

‘ _l1nk to a GIS database These weaknesses greatly l1m1ted further development of the
_ model and its potentlal apphcanons Consequently, the model was generally used in
B _theoretlcal research ; ‘ L '

5 d. 4.2 DISPATCH

DISPATCH (DISturbance PATCH) was developed for studymg the effects of

| climatic change onthe landscape s:structure when subject to large d1sturbances (ongmally o

'_'onented to floods: and later rnod1ﬁed for ﬁres) ‘The model is a-combinatior of several

o -_'.-exrstmg software packages and some additional locally written code o '-

' The model COHSIStS of ﬁve major components ( 1) the clrmatlc regrme a

S I probab111st1c way to model the occurrence of a vdriety of weather on a seasonal time ._—- ,

~-scale; (2) the drsturbance reg1me a negatrve exponenual drstr1butlon of dlsturbancc 51ze

. 3 GIS map layers mcludmg vegetanon type, patch age elevatlon slope and aspect (4) ‘; -

‘.-ad1sturbance probabrhty map that i is a user. deﬁned comblnatlon from the ﬁve map layers :
" and (5) a structure analys1s program that outputs quant1tat1ve 1ndrces and measures of the
jlandscape ' ' ' o

A landscape was smulated as a grzd of 200 by 200 cells Each cell has a randomly‘ : “ E

e 7'_determ1ned age between 0 and 250 years old as the initial landscape structure The model-

51mulates weekly changes m the landscape If the sunulated week 1s w1thm a d1sturbance |

o _pertod then the model checks to.see whether antecedent conditions favor a dlsturbance If _

' _'-they do, then a d1sturbance szze distribution w111 be generated from one of the four

L ‘negatrve exponennal drstnbutlons which correspond fo the four seasons A dlsturbance

E j':_probab1hty map will then be calculated The locanon of a drsturbance is- determmed by

- "_‘j-etther the cell thh the h1ghest dtsturbance probablhty, or randomly chosen among cells

" conta1n1ng d;sturbance probab1ht1es above sonie user-deﬁned mmrmum value Followmg BRI

?‘a dlsturbance ignition, the drsturbance may spread to one of the erght nelghbonng cells
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which has the highest dlsturbance probabrhty, or to a randomly chosen neighbor that has : S

a dlsturbance probablllty above some user-deﬁned minimum value The algorlthm Wlll ,
continue untrl elther the potential disturbance size'is reached or there are no nelghbonng L
cells with the mmlmum probablhty of bemg dlsturbed _

DISPATCH isa GIS model It runs Wlthm a raster-based GIS package - GRASS;- ”
It is able to hnk to areal GIS database but lacks the expl1c1t functions and verlﬁcatlon of
FORLAND (Baker 1995). It can simulate the impact of a user-defined fire regime on . .

landscape dynamlcs but 1s unable to generate a natural ﬁre reglme as FORLAND dld

4.4.3. Mani'toba- rnodel'

The Mamtoba ﬁre model (Peterson 1995) was a. theorettcal model based on hlghly. o -

abstract 51tuatlons from the boreal forests of Marntoba Canada The Manltoba model was -

developed Wltl'lin a Cross- scale theoretical framework for testing two hypotheses The ﬁrst' L

hypothe51s is called the 1nteractron hypothesrs - fire produces and-is 1nﬂuenced by forest =

pattern. This hypothesrs was supported by the snnulatron results The second hypothes1s L

is called the lump hypothesis, i.e., the interaction of forest and fire processes produces .
spatial and temporal d1scontmu1t1es in forest landscapes lt was weakly supported by the '
: srmulatlon results. ' ' '

The methodology used in constructing the Manitoba fire model was similar to that =~

in percolation studies. The model assumes that a ﬁre is-able to spread to-all nelghborlng R e

cells Wlth a probablhty thatis a functlon of cell age A fixed number of i 1gn1t10ns is o
~assumed, and the ﬁnal sizes of the fires are determined by the cell-age mosaic: of the IR

: hypothettcal forest landscape The model was. not de31gned for hnklng to a GIS database o -

and was solely for s1mulat1ng age- dependent ﬁre dlsturbances

The idea behlnd the Mamtoba model 18 that ﬁre processes are fully deterrnmed by =
the amount of fuel accumulated across forest landscapes . |

4.4.4. Other models |

In other lo'ng~t_erm'-spat'ia1 fire models, Green (1989) _exa‘minec_l the potential =~
- consequences of species competition in a trop-ical forest-with a model] that accounted for

fire oceurrence and seed dispersal. The study showed that a random initial spatial pattern

converges on various patterns as aesult of a series of fire disturbances. A model by Ratz =~~~



B (1995) srmulated a spatral pattern of success1onal stages under two scenarros constant b
.. and age-dependent ﬂamrnabrhues A'model by Li and Apps (1995, 1996) simulated ﬁre -7.
__drsturbance-usmg sta_nd age-relatedlg_mtmn, while the spread was determmed by the
- distance from a disturbance center. The study demonstrated that errors ln'slmulating
"~ forest biomass may be caused by neglectmg cell interactions. Fmally, a theoretlcal model "‘
~  FLAP- X, was developed for 1nvest1gatmg the effects of long term ﬁre dynam1cs on forest: -
”'age dlstr1butlon (Boychuk et al. 1995 in press) o o T |

S Some of the assumptmns used in these models seem 00 51mpllst1e e.g; the A 4
L assumptlon of a fixed. final Shape for an 1nd1V1dua1 fife in the models by- Green (1989) and‘ S
' :Boychuk etal (1995, in press) and the user»deﬁned shape in Baker s (1992) model The o

| .'ﬁxed elltptlcal or circular ﬁnal ﬁre shape assumptron does not explam some observatlons .

o - For. example the mosalc of forest pattern may result in only abouta thlrd of the |

;='vegetat1on bumlng w1th1n the per1meter of a large fire. For the 1987 Deadwood F irein- -
- the Boise Natronal Forest 16% burned at hlgh mtensrty, 18% at: moderate mtensrty, and o
- -:'__the remammg 66% either burned at tow 1nten51ty or did not burn at all (Fuller 1991) ThlS -

L _kmd of observat10n suggests that fire models usmg the fixed elllpt1eal fire shape

_ assumptlon may overest1mate total burned aréa up to one third. However, th1s does not
: ._‘_’-»-'negate the ] major ‘advantage of these models, i e. , their ab111ty to snnulate spatlal
.- variations in fire regime and/or landscape patterns '
4.5, Géneral comments on'eXis'ting- fire models

Eaeh of the ex1st1ng fire models was developed for 1ts own purpose and may not

be mcluswe or sultable for other research goals The followmg general eomments pertam o

- only to the critetia for choosmg a model for our present research objectwes only

Short-term non-spatlal models try to deterrmne the rate of spread from detarls in -
' tphys1cal and chemlcal processes of combustion. The questlons addressed by these models_ :
) ..'_‘are mostly determmlsttc and static, e. g what is rate of spread under a setof glven i

‘ weather and fuel condmons

' Short-term spatlal models try to sunulate a particular ﬁre event under a set of

e -glven condmons For theoretical purposes, ﬁre models belongmg to thrs -group could

: r_usually provide useful 1ns1ght on how a ﬁre évent would behave. For practlcal purposes,

-~ fire models belonglng to this. group usually demand hlghly aecurate weather data Srnce S
: "such data would most hkely be avallable after the fire event the major ﬁ.lnctron of these
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models would be to provide explanations of why the fire event behaved as it did. These
models will be able to predict a'_-ﬁre-even_t only when such highly accurate weather datais,. '

available.

Long-term nion- -spatial, models are fundamentally'baSed on' point based 'randornr |
sampling theory These models cannot mcorporate the spatial correlation among - _
disturbed sites. Li and Apps (1995, 1996) studled the consequences- of spat;al and non- -
spatial modelling approaches on forest dynanncs and found that the mean biomass
simulated using a spatial modellmg approach was mgmﬁcantly higher than that found -
using a noa-spanal modelhng approach In the Spat1al modelhng approach, fire
propagation was simulated by a d1stance-dependent funct1on The non-spatial model
assumnes fire does not propagate like in ‘the landscape version of gap models. The .
different 51mulation results suggest that spatlal correlatlon among dlsturbed stands may
play an 1mportant role in srmulatmg long-term dynam1cs of fire and, forest Iandscapes '
The long-term non- spatral models, therefore are usually not adequate for addressmg
questions related to those dlsturbances w1th spread property

The temporal and spatlal scales of long-term spatlal fire models are con31stent _
with our research ob}ectrves HOWever ‘none of the ex1stmg models were able to meet all
of our expectations. For example, _Green 8 (1989) Baker s (1992), Peterson's (1995), and
Boychuk's er al. ( 1995 in press) models assume prescrlbed fire reglmes such as fixed fire
ignitions per fire season, fixed circulat or elllptlcal final shapes and negatlve exponentlal
* size distributions. These models were d631gned to srmulate built-i 1n prescrlbed fire -
regimes, not natural fire reglmes Most models Were uriable to link to any GIS database
except Baker (1992) Therefore, they may not be sultable for pred1ct1ng the forest patch
mosaic patterns after fire dlsturbances and the changes of the rnosa1c patter_ns_ over tlme. ’

Fire models could be used for theoretxcal and/or practlcal reasons In theoret1cal
research, a hypothetrcal landscape is usually assumed in.the models; For practical _
purposes, however a fire model has to be able to link to a-spatial dataset such as a GIS..

However, some fire models that hnk w1th a GIS dataset can also be used 1n theoretlcal ‘
studies, ) : '

Results from this Irterature review and the descrlptlon ofa fire regime in the
previous section, have indicated that none of the existing models could meet our research -
objectives and expected charactenstlcs ‘A new ﬁre ‘modél is needed to sunulate natural |
(not prescnbed) fire regimes, Wthh could be descrlbed by a comblnatlon of ﬁre return



- the ablhty to link to a GIS database) In the next section, we give a brlef descrlptron of the S

L 7' ‘:;‘atternptlng to 51mu1ate ﬁre behav1or for every 1nd1v1dua1 ﬁre event

T _understandmgs of ﬁre processes ﬁre isa functron of cl1rnate or Weather and ﬁre is a

mterval and drscontrnuous size. drstr1but1on based on reahst1c forest landscapes (ie. w1th

. rl_'_'model ON-FIRE focusrng on its structure and maln assumptlons For technlcal detalls o
- “seeLieral (1995):
s 'ON;FIREMOD‘EL =

- ON- FIRE srmulates the changrng patterns of final ﬁre sizes and shapes at the end -k ,.

~of each fire season over a long “term. perrod Readers should keep in mmd that we are not o

) -5'.'1. ‘Mo_del assump_tions : e
Two kll’ldS of assumptlons were usecl in exrstmg ﬁre models based on d1fferent

- funCthll of the amount of fuel accumulated in the forest The methodology used in . :
i de"dopmg fire mOdelS is partly dependent on. the understandmg of ﬁre processes and the_ pE
D Spatlal scale: concerned - : . g

Researchers who beheve frre processes .are fundamentally determmed by the

arnount of fuel accumulated across the landscape wrll hkely 51mulate fire: 1gmt1on and

| spread asa functron of forest age, such as in Peterson S (1995) Manltoba flre model

"These researchers usually srmphfy the comphcated dynamrcs 1n local weather and. pay v
£ more attentron to the effects of basehne fire probabrhty, whlch is.a functron of fuel”

o quantlty They tried’ to focus on fundamental processes that shape the landscape structure

o ‘and to. understand the long-term dynarmcs of a landscape The: major weakness of these

. .‘ " models is overSlmpllfylng the effects of other factors such as fuel quahtyJ that mﬂuencej'j
',baselme ﬁre probablllty ' ' ' : .

Researchers who beheve ﬁre processes are mamly controlled by local weather

L erl probably snnulate ﬁre 1gn1t10n and spread as a functlon of ﬁJel mo1sture content

e such as in McAlpme S (pers comm.. 1995) model These researchers usually try to apply R
: f‘shortnterrn non-spatlal fire models reported in fire. behavror studles to landscape scale

The maJor drfﬁcultres mvolved in. these apphcauons are. satrsfymg the demand for local '

- ‘ weather data at high temporal and. spat1al resolut1ons and scahng—up small scale results to

the landscape level (see ng 1991 Shugart et al l992 L1 and Apps 1995)
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The roie of chimate and weather in the occurrence of forest ﬁres has been stud1ed '
extensively- by numerous authors Cllmate-related fire characterrstlcs that are exphc1tly

simulated by the model (ﬁre frequency and ﬁre size dlstrlbuuon) are most 1mportant

An overvrew of the stud1es on the relatlonshrp between clrmate and ﬁre frequency*
was given by Johnsor. (1992) who concluded that (1) fire frequenmes are: climdte-
dependent and 2) fire frequency is reasonably constant over penods of stable chmate
with changes 1n ﬁre frequency caused by changes in cirmat1c cond1t10ns ‘Swetnam (1993)'
found an mverse relatronsh1p between fire: frequency and fire s1ze He 1nterpreted the :
increased fire size followmg perrods of low ﬁre frequency asa synchronrzatron with fuel
accumulation. Substituting age for fuel, one may rephrase the latter effect asa 7

synchromzaﬁon with forest age: large ﬁres occur when contlguous areas (cells) become
old as a result of insufficiently frequent small ﬁres such small fires burn only smgle S
cells, resulting in 2 mosaic of cells of drfferent age rather than broad expanses of " even
aged" old forest. '

The r'elationship between seasonal weather condi't'ion'and 'ﬁre"s‘iz'e distrihution i’s g
substantially less evident. F lanmgan and Van Wagner (1991) studled the relatronshlp
between the seasonal seventy ratmg (SSR) (a component of the Canadlan Forest Flre
Weather Index System) and burned area for nine major d1v1srons of Canada from 1953 to_.
1980. They found a very poor correlation, Wlth 0 to 34 %.0f the varidnce explamed
Harrington ef al. (1983) obtained similar results usmg components other than SSR. These
results suggest that the mﬂuences of chmate and weatlier on ﬁre dynam1cs are drfferent '
- and seasonal weather condmon may not be the only dommant factor detennmmg ﬁre e |

dynam1cs ' ' '

The relatronshlp between, chmate and ﬁre size may be approached using the .
observed fire size distributions: F1gure 7a presents the fire size dlstrrbutron for Ontarro
this distribution uses data on fire size from 1921 to 1993 (Ontario Forest Research -'
Institute, Forest Landscape Ecology Program unpubhshed data). The presented firesize- - .
distribution has a dlscontmuous pattern, with the three peaks corresponding to small (2- |
1,600 km?) and large (2, 400-2 ,600 km? and 3 200 3,400 kmz) fires. Fires were absent '
- from the size classes 1 ,600 to 2 400 km2 and 2,600-3,200 km2 S1mrlar drscontrnuous
patterns can be observed for drstrrbuﬁons of annual burned area in other regions, -
(Heinseiman 1973, Tande 1979, Antonovskl et al 1992)



If fire size were driven solely by ahypotheticalclimatic factor, the :frequency' B

. distribution of the climatic factor built over along tirn'e'WQuld also "hav'_e a'disc_ontinuous s

" " shape; any ‘"unimodally" distributed factor would result-in‘a fire size distribtition with on,e'

- 'peak (Here We must say “hypothetlcal" since, as mentloned above the chmatlc factors

' "_studled so far canhot be used as prechctors for fire size.) An’ explanauon srrrular to that of " :

R Swetnam (1993) seems to be more probable: Frequent small fires consume a certain part el

-of the fue} load within the landscape but the total fuel load still accumulates gradually,

U the vulnerablhty of the forest landscape to large fires thus i 1ncreases over trme

S ':Eventually, a large fire occurs and consumes a large amount of fuel s1gn1ﬁcantly

- reducing the chance- of the landscape bemg dlsturbed by. another large fire for a wlnle

o Consequently, small fires are more’ hkely to occur than large fires. Thus any. glven .

- cl1rnat1c srtuatlon is sufficient for a large fire only 1f the prrmary condrtlon is met I e the L

- B landscape has accumulated a certaln level of fuel. .

One maore argument comes from the experlence of one of the co- authors in.

" :Tdevelopmg FORLAND for westem Srberla (Antonovskl et al 1992) Durlng thls study, ) _—
- all experiments with cllmate driven probabilities of fire 1gn1tlon failed to produce the

. observed distribution pattem of annual Burned area if the probab1hty of fire Spread was |+ ;.

setto zero (ie , interaction between cells was 1gnored) On the other hand constant age—- o -
- dependent probabllrtles of fire rgmtron and f1re spread were suffrment to 51mulate the i
observed bimodal dlstrlbutlon pattern of burned area. S

) To prlorltlze the relatwe 1mp0rtance of chrnate and spat1a1 mteractlon we. add
- processes to'the model in a stepwise manner Testlng the individual contrlbutlon made by'_' i

“each process allows us to separate those processes that srgmﬁcantly 1mprove the model
| _from those that do not. We have no intention of denymg the effects of chmat1c factors on, :
“fire reglme but we do not overernphas1ze the effects '

F1re chmate and weather are external factors that 1nﬂuence forest dynarmcs
o 1nclud1ng forest growth and regeneranon If the forest dyna:mrcs under no fire and -

) constant weather can be called’ normal“ then changes in the external factors wrll be the

o sources that 1n1t1ate changes in the normal forest dynam1cs The 1mpacts of these sources R

E '_ ) would be determmed by the response of the forest landscape through its: structure (O'Nerll

Tt al. 1991) For a landscape with hlgher average flre probablhty, for example an

- - 1gn1ted fire would hkely burn a large area and dry -warm- w1ndy weather would probably

- o '1ncrease the arca burned
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If natural ﬁre reglmes can be descrlbed by the processes explamed in the Sectron
3.1 and forest, stand age could serve as an approx1mat10n of fuei accumulation, then- stand L
age-dependent functions wouId descrlbe the fire probabrhty across a landscape Age- '

dependent fire probabtllty 1s the miajor assumptlon employed in ON-F IRE. The idea e

behind this: assumptlon is that the processes of fire tgnltlon and spread are mamly

controlled by a variable that changes slowly ---amount of fuel accum_ulated across a

landscape.

The assumption is derived from a basic ecological theory that says the dynamics o
of a system are fundamentally controlled by its slow varrable(s) The theory is supported
by a number of studres about- 1nd1v1dual ecosystem dynarmcs (Odum 1971, Holhng
1986) We applied t thls theory to the fire dlsturbance situation. It a forest landscape and
its associated fire events can be seen as an abstract system then the dynamics of the
system at the temporal scale of a few decades to a few centuries, wrll be fundamentally

controlled by the slow variable - amount of fuel accumulated across the landscape, -
 which can be.approx1mate_d by forest _successmn processes related to forest age.- |

The assumption is also s_upported. by empirical observations. Balling et al. ( -1.9-92_) o
reported the influence of forest sUccessionaI stage on 'the ﬂa’mmability of YelloWstone o
lodgepole -dominated forests. They found the ﬁre reglmes in these forests are

' characterlzed by stand—replacmg fires that occur at relatlvely long intervals of 150 to 300 o

years or more, and ﬂarnmabthty tends t6 increase as stands. approach maturity over these ST

intervals. However a blg fire year may not 1mmed1ate1y occur once the stands are mature T

For example; the burn area data presented in the study do. not show a sunple increasing
trend over the study perlod (1872 1990), i.e. , many stands would have reached a mature
and ﬂammab}e state by the beginning of the study perlod The arca of mature forest
nevertheless, may have mcreased over the study perlod resultmg in an 1ncreasmg
probability of large fires. - o

" The age- depende'nt fire probability has also been widely used in short-term spatial .
fire models and- 1ong-term non- spattal models as'a general assumptlon -A look-up table of -
age-dependent fire probablhty, for example was used in EMBYR, and a Weibull o
distribution function of gap-age is used in F(_)RSKAZ, aEuropean_forest gap model, for
characterizing the frequehcy of disturbances (Prentice et al. 1993). In general, this_ '
assumption rs associated with studres of forest succession (or long- term ecosystem '

- dynamics), and it is usualty not used in any of the studies of short- term ecosystem _
: dynamlcs ' ' '
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" The bas¢ map of fire probab111ty for each tlme step durlng the srmulatlons is-

o malnly determined by the age of the forest The base maps are modified by a number of".

- _other factors including weather The detailed methodology on how these factors affect the_ .2. o

o .base fire probablhty map will be presented elsewhere However the sources of R

,1nformat10n used in formulatlng these relatlonshlps are largely the results of ﬁre behav1or Lo

- studles

Weather usually changes at a much faster rate than forest age and is therefore W

- closely assocnated w1th shortnterm ecosystem dynamlcs The current versmn of ON-FIRE

= 51mulates natural fire regrmes under a stable climate scenarlo wh1ch means that lack of

' ._raln could be expressed by randorn events followmg a normal dlstnbutron The dynamrcs |

P _ of moisture content of fuel are assumed 10 be cIosely correlated w1th ramfa]l Ernplrlcal

N .evrdence for the seasonal change pattems of fuel morsture can be found'in the Thousand- o

o :Hour Tlmelag Fuel M01sture (THRFM) whlch 1s an estlmate of the percentage mmsture Ll

' -content of dead and downed roundwood fuels larger than 7. 6 cm in dlameter (Renkln and L

Despaln 1992) A dlstrlbutlon of THR¥M- complled by us1ng values of 1 766 days

. archived for the 1965 1988 ﬁre seasons. showed an approx1mate1y notmal drstrlbutlon in" .

_. _ 'terms of relatlve frequency

In short we do not 31mp1y pre-accept or pre-reject e1ther the fuily chrnate or .'

L weather-drlven and fully fuel dr1ven assurnptlons Our assumptron is that a fire regrme 1s Lt

" the result of i 1nteract10n between fire events and forest landscape structures 1nﬂuenced by L

_weather

5.2, Model strnc_"tu"re

_ A forest landscape is. snnulated as a grid of cells Each cell is consrdered to be LA
hornogeneous in terms of age and vegetation cover type Cell ageis deflned as the trme o
- since the last severe ﬁre ' ' ' '

- There are three main components in ON-FIRE: forest growth, fire di’sturba'nce E |
’ 'and regeneratlon after dlsturbance These components are Iooped for each tlme step (a.

R year) Flgure 8 shows.a simple flowchart of the model. The model 31mu1ates severe ﬁresil':__ L

. _; only, ie., stand replacmg ﬁres where the Vegetatron is completely burned



_ Figure 8. A simple ﬂc')wchart of the ON-FIRE model. -

_ Forest growth is used to describe changes n the celi's state. This mcludes .

- mcrements in age for the cunent version. However, blomass fuel load, and spec1es

- replacement wﬂl be 1ncluded later. The calculation 1s. iooped for each of the cells smcé
these changes occur in the forest at the stand level w1thout fi ire. Age is the ﬁrst state ~ ° _:'



L varlable chosen for the model because. other cell characterlstlcs such as biomass and

B ~ on the suscept1b1ht1es of these cells. The susceptibility of a cell is determmed by 1ts age

s . process contlnues until susceptlblhnes drop below a threshold or the ﬁre reaches the
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" -"accumulated ﬁlel can be approx1mated as functlons of age.

Ftre dlsturbance across a landscape 1s srmulated as 1gn1ted by a hghtnmg strlke m -
~a particular cell Oncea cell is ignited, the fire may spread to the ad}acent cells dependlng

Those bumed cells agaln have the potentlal to spread to adjacent unburned cells Th1s

boundary of the landscape

Once an. area is burned the regeneratlon 1s assumed to sta.rt from the. next year and

i the vegetatlon cover types will not be changed i e enough seeds w1ll be avarlable after

fire d1sturbance and the outcome of species competltlon will be the same as that before

S _”the dlsturbance In latér versrons, however detalled seed generatlon survrval and

S dlspersal processes w1ll be mcorporated

'_5'.3‘.‘Simulat"ion r_tésﬁlts B

‘ The results presented here are samples from a large number of runs to show how £

' .‘. reahshc fire. reglrnes could be 51mu1ated usmg ON—FIRE and how ON FIRE can meet all o ;
" the expectatlons of the study listed in. Sectlon 4: Detallecl results and the1r explanatlons e

can be found in Lietal. (1995) :

o The sunulated mean ﬁre return 1ntervals are 70 to 80 years The results are ' '_ B :
e cons;stent Wrth the summary of Ontario's ﬁre hlstory studles (Ward and Trthecott 1993) |

Flgure 9a shows a snnulated ﬁre 51ze dlstrlbutlon based on a hypothetlcal ‘
= ';:Z_’landscape The results 1nd1cate that 0N-FIRE is- able to snnulate not only frequent small R
. fires, but also mfrequent large ﬁres The ﬁre regimes 51mu1ated by ON-FIRE look closerl o

- to observatlons (Flgure 7a) than that 51mulated by a prescnbed negatlve exponentlal ﬂre o

B size distribution. This is because the negatlve exponentral ﬁre s1ze dlstrrbutlon may not S

- be able to s1mu1ate mfrequent large fires very well. - e |

Flgure 9b shows a s1mulated ﬁre size dlstrlbunon based on a real forest landscapel'"f‘-,‘"-f'

E - " in Northwest. Ontano The. study area is 10 by 10 km2 and located in UTM Zone 15 S
' : between 5580900 to 5590900 in northrng and between 424000 to 434000 1n eastmg The- v

o results md1cate a sumlar dlscontlnuous pattern as in'Fi 1gure 7a
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:Flgure 9 S1mu1ated ﬁre size dlstrtbuttons based on a (a) hypotheucal landscape and (b)
- real forest landscape in northwestern Ontano

L Figure 10-shows chan"ges in 'the: perc'entaoe o'f area b-utned ovef tinjie.',,

ON FIRE is also able 0 output the landscape structure created by ﬁre S
dlsturbances at: the end of each time: step (F1gure 11) The results over a certam perlod can' -
also be summarized as a relatwe fire. hazard map (see Fi 1gure 12) ‘which i is useful for

evaluatmg the potent1a1 1mpact of fire dlsturbances for a gwen study Slte and assmtmg
forest resource management dec151ons
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. Figure 10: The temporal dyriamics in percentage of area burned.

6 USE OF ON-FIRE

ON-FIRE has many potent1a1 appheauons in d1fferent ﬁelds of forestry Here we-
: summanze characterlstlcs of ON-FIRE and present some of its. appl1cat10ns An exa:mple :

_ F-of how to use the model wﬂl be presented in a separate report .".

. . ON—FIRE is able o 31mu1ate ﬁre regrmes The ﬁre regrmes ean be 31mulated on a" SRS
: hypotheucal or real forest landscape Tn order to snnulate a ﬂre regtme on a real forest s S
L landscape users have to: mput related GIS lnformanon about the landscape The 1nterface' S

o between ON—FIRE and a GIS database ensures the s1mulat10n results Wlll be reahstlc

_ _' .-‘Users w1Il be able 0 1nvestrgate the loglcal consequences of the dynanncs of both
e landscape and natural fire reglme for a. glven study area by mputtlng related GIS

SO lnformatton about the study area 1nto the model '
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Flgure 11 A sample landscape stand~age mosalc created by forest ﬁres at the 100th tlme :
_ step of a s1mu1at10n based ona hypothencal forest landscape ”

ON—FIRE prov1des opportumtles for exammmg the influences of dlfferent _
anthropogemc dlsturbances (in addltlon 1o natural fire regimes) on an evolvmg system .
' forest landscape Ecosystems have been described as evolvmg systems or moving targets, a
‘ _'and thus in'the ideal situation the issue of ecosystem management should be. dlscussed
within the framework of an evolvmg system Management under such cu'cumstance wﬂi
need new tools for s1mulatmg the dynmmcs of’ evolvmg systems ON FIRE could serve’
as one of the new tools

. ON.-FIRE can afso serve as a framework to incorporate the. effects of other
natural dlsturbances such as Insect pests and windstorms. This wﬂl be addressed in
another study developmg an mtegrated natural disturbance model The study wﬂI
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) consrder the 1nteract10ns among different kinds of natural dlsturbances such as. ﬁre and -

1nsect pest

".,-Flgure 12 A sample fire hazard map over 500- year S sunulatlon based ona study area m
B -_northwestern Ontario. Each plxel represents an area of I'ha. The darkest coIor mdrcates
. the highest probabrhty of a burn. Most white pixels are the lakes where no ﬁres would
| 'occur The grey scales between wh1te and dark indicate a gradlent of ﬁre probablhty from‘. _
‘ -low 1:0 hlgh '

ON-FIRE can be used to examine the impacts of projected chmate change on i
”",forest landscapes through the changing dynamics of fire reg1me Itis generaliy predlcted '
' ' that the prOJected global Warmmg in the 21st century will increase fire frequency and

o ) 'severlty Thrs prediction was based on the scenario of increased gfobal surface

- _ftemperature This means that fuel would dry-out more qu1ckly (assummg preC1p1tat10n

g‘. ‘.’-§tay_s cons__tan_t), and thus the fire probability across a landscape would increase. If thls_ s
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N _‘-'.true then more ﬁres would be 1gnrted by ltghtning strikes and the ﬁres would spread

B lmore easrly The unlque thlng about ON-F IRE is that clrmate change will no longer be . |

__"seen as the only drrvmg force, but as one component of the system thus researchers wrll o

- be able to study systern dynarmcs when one of the system components changes

In the apphcatlon of ON FIRE forestry pohcymakers wrll be. able 01 use the

. model as a tool to evaluaté Iong-term consequences of’ drfferent options, based on a.. o

_ landscape of interest: The: evaluatron will be based: on comparisons between two R
. scenarios: under a natural fire reglme and under assumed forestry pollcy on top of the o

fnatural flre regrme F or exarnple the 1nﬂuences of fire management on ﬁre regrmes in -~

o *_,boreal forest landscapes have: been tnvestrgated using ON-FIRE (Lr and Perera in prep. ). _‘-' :

" ~Fire managers forest resource managers and land use planners will be able to evaluate
‘ ‘long-term consequences of drfferent opttons of management Wlldhfe and habitat ' _

4 :'-_:.rnanagers W1ll also be able to llnk therr models to ON FIRE to evaluate conservatton B
o ;‘pohcres and managernent optrons ' ' ' '

" The aigorrthm of ON—FIRE could also be adapted into a GIS software package In : a

'. ,'_:thls way, users wrll be. able to run ON-F IRE from wrthrn the GIS software The - TR
T _1ncorporat10n of ON-F IRE lnto GIS will also enhance the functlon of the GIS package by

'addrng the capabthty to predtct the potentlal stand age mosajc of forests in the future
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