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Large-Scale Fire Disturbance: From Concepts to Models

Abstract
,\ssesslng and predicting lhc cilccts ol lirc at largc sprlial scales are sure ofthe most difficult. ]et relevant. problernr in lirc
science.  lhecompler i t tof f i reregimcsinthcPaci l jcNonh$cnandof icrrcgionsis$idel l recognized al though infonnat io.  for
addressing fire ettecrs generall! js arailable onh" ar snall spadrl scales. Tlis Specirl I\sue ofNo/'/irt.v S.i?r.r. discusses rhc
lafiabilit) of fire regiines. c.itical issucs rclalcd lo scalng lire dura up ro large sprrial \cale\ and ne\ modeling approachc! for
\imulati. g fj rc cflicls. lnncrscd inlcgrution oi life efiects d ata and mode 1s in resource managem en t an d p lan ing is irrrpro\ ing
lhc nanagcmcnt ofdistrrb.rnce rcgimes as components of ecoslstem dlnanlics.

File is the nost in'rpofianl periodic natural dis-
turbance in most l irrcst, shrubJand and grassland
ecosystems of western North America (Rogers
1996). Although thcl occur intiequently. large
and high-intensity lires can cause rapid changes
in vegetation. soils, nun ient cycling. microclirnate
and many other ecological properties. From a
human perspective, large fires have potcntial im-
pacls on thc ccononric value and uses of natural
resources and structures. The interface ofhuman
r,alues with ecological impacts provides a con-
iext fin- the development of social policy and re-
sourcemaragcmcntwithrespecttofirephgnomena.

The e i lec t .  o f  f i re , - rn  ceo l , 'B rc r r l  \ \ . lem.  in
North Amcrica have been fi)rmally studied fbr
o\er half a century. Thisresearchhas included a
rvide range of ecosystems and perspectivcs, and
wc now understand many ofthe physical and bio-
Iogical inpacts offire on ecological systems. One
could till an entire bookcase with books andjounal
articles on the topic. With all Lhis information
available, why is therc an increasing interest in
lire in the Pacific Northwest and else\\"here in
westerl North Americal

There are t$'o principal reasons. Fi$t,f ireis
nou bcing increasingly studied and managed at
large spatial scales (Schnoldt et al. 1998). This
modification of spatial t i)cus ti) l lo$,s the cunent
t rend, ' t '  L le \e l  n in !  rpprouche.  Io r  mrna! ine
\\'atersheds. ecosysterns. Iandscapes and biogeo-
graphic regions. thal is. enlit ics of not only large
size but significant complexity (Quigley et al.
1996). Second. tire is increasingly vieued as a
critical component of disturbance regines and

spatiotemporal dir,ersity at large spatial scalcs
(Frelich and Reich 1995). Fire is no longcr per-
ceived as an isolatcd phenomenon. and its role i l
the dynamics ofecological systems is norv vicwed
as not only an important disturbance but a neces
sary one.

Scientitic and managerial assessment of largc-
.c r le  l l re  has  o [ tcn  been p |ob lc rn : r t rc .  J  \ r lu r t i , rn
that was illusfated dudng and ti)llowing the large
t'ires in the Yellowstone National Park region of
1988. Although fires ofapproximately 5.000 kml
h . . rL l  , ' L .uned in  th i .  reg ion  dur ine  prs t  r rn lu r i r ' \
(Romne and Dcspain 1989). resource managers.
administraton and the public seemed to have lim-
ited au areness ofthe role ofextreme disturbrnce
events in forest ecos),stcnrs.

Large lires are heterogeneous rvith respect to
physical characteristics and biological impacts
(Lerlzman et al. 1998). Even most 'catastrophic"

fircs generally have considerable variabil ity in
energy rclcase, rate of spread. tlame length and
residence time. which result in spatial variabilitv
in vegetation nortality. plant regeneralion, soil
chemical properties, erosion and hydrological cy-
cling. This variabil it l  creates remarkable diver-
sity in physical and biological sffucture at large
spatial scales. Ecologists have long lecognized
this heterogcneity and have beeD trustrated at the
difficulty associated wift sampling and understaDd-
rng  l t .

One of the greatest bafiiers to undcrstanding
and managing large fires is a lack ofdata at large
.p l t i r l  rca le r  lV iKenz ie  l9o8\ .  Ther ls tml jo r
itv of scientific data on fire has been collected at
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scalcs ol l0 L to l0r kmr (N1cKenzie et al. 1996).
and applying stnall scalc datr to large scale l irc
p l l cn ,  'me|L  r  (  tn  re .u  i t  i  . lBn l  l i f J  l  e ' r  o ls  in  p |c -
dicting tire effects. becausc critical processes difl'cr
at dit lerent spatial scalcs lSimard l99l). This
problem is inhefent noljust to tie but to scaling
in nearly lll ccological svsten-rs and processes. It
is one ofthe critical problems in ccologl today and
has sc\.erel1' lirnited our ability to translate smal1-
scalc ecological data into lar€e-scale malagerial
applications (Peterson and Parker 1998a. b).

Fire regimes in western North Anlerica ale
ch . r ruc te r izcJ  h1  r r r r i rh le  I reqr renc ic , .  i r r te r r . i l i e .
and spttir l scales (Baker 1989). dependilg on
chlracteristics of the lc-uctation. ttels and othcr
environmental conclit ions (Agee 1998). In the
Pacitic Northrvcst. ccosystems nnging ftont tem-
perate coniferous rain lirrest to alpine mcadows
to sel]ndesert shrub-steppe encompass a brord
spectrum ol climates rrd l ire regimcs. Retfo-
speclivc analv\es such as fire histor\ \tudies show
that fires generall,v occurrcci more fiequeltly in
most \!'estern tbresls prior to the twentielh ccn-
tur). For example, ignitions tion l ighming and
ht tn t .u .  ( \ . r t i r  e  Anr .  na . r r . . rnd  I l l ( r  Eu to lnur i ( i l l
settlers) caused avcrage fi le f iequencies of lcss
than l0 years in some \\ 'estern ponclerosa pine
(Pinu.; pondent.scr) lorests (Agec 1993). Fire tie
quencies during the twenlicth century generall,-
hne been lor,er duc to fire exclusion. including
fire suppression and fiagmentation of landscapes
b1'logging and various human land uses (Baker
1993). As alesult, f irc severit l in some forests is
e\pected to bc higher duriog the nexl ccntury
becausc ofhigh fuel accunulations. In t 'rct. therc
is sonre concern that recenl large l ires i l lbrest
ecos)stelns on the eilstside Crscade Range (> 800
k t t r  l re l  in  l t to  l r  r rc  e r  i c le r r rc  th r t  f i r ' c  reg in r . .
are aLreadl being pushed liom low or moderatc
severitv to high scvcrity.

While sorne ecologists spcculare about the
inrpiementatior of idcal" t ' ire regimes based on
histolical f ire frcquencies. this is unrealistic in
most cascs. With the exception of a lc\v parks
and *' i ldcrness reserves. public and prit 'ate hnds

e'managed tirr timber and a dir ersitv ofresources.
and hunan activit ies aod structures arc distrib-
uted throughout most landscapes. Rcsource man-
ager\ are no\\' looking at crcative ua1,s of ilte-
gl-altll]g \aious aspccts oldistulbaoce rcgin]es with

human acti l i t ics such as timber productiot')
(Lefizman and Fall 1998.). Knou'ledge ofdisrur-
bance ri ites aDd patch sizc can be used to dcvelop
silvicultural and landscape managemcnt strate
gies that includc tire or have sontc of the charac-
tcristics ofhistorical f ire patterns (Delong 1998).

The spatial and temporal complexity ol' fire
regines presents enormous challcnges tbr scien-
tists and resource l lanagcrs. It is unlikely thar
there $il l  ever be sufficient data to confidentlv
assess hle effects at large spatial scalcs because
of the expense and time required to collect thosc
data. Therefore. the most logical approach to re
so i \ ing  the 'sca leprob len"  i s todeve lopnodc ls
that can sinulale large-scale processcs and pre
dict large-sclle eflects with rersonable accuracv.

The occurrcnce of large fires can be modeled
with various statistical distributions al]d mathemati-
cal relationships (Alvarado ct al. 1998). therebv
. i r tp l i l5  ing  thc  rn r l1 . i .  t r l  f i re  occur renr 'e  i r r  .p<
cific regions. Detcrmining the effects of fire at
large spatjal scales can be tacil i tated with a num-
ber of sinrulation rnodeling approrches (Keane
rnd Long 1998). although the appropriate mod-
eling strate-q), nray van depending on the eco-
s!stemand spatial scrle ofinterest. The ultimate
scale problem now lacing us is the potential irn-
pact of changes in the global atmospheric cnvi-
ronrncnt on the Eafih's ecosystems. Alterecl dis-
turbance pattcrns. including lire rcgirnes, may be
the greatest effect of global climatic change on
lrl: ln\ <(o\\\ lem\. Fortunatell lhareare nou ri lnu
latioo modeling tools that address the el'fccts of a
changing climate on firc severity at large spatial
sctrlcs and link them to dynamic vegetatioD mod-
els (Lenihan et al. t998).

The authors of this Special Issue of Norl&-
'|e.t/.tcicri(]e outline critical issues related to large-
scale llrc efl'ects in the Pacific Nor-thwest and
be)'ond. afiiculate the vadabilitv in tire-ecosys
tem interactions and highlight conceptual barri
ers lelated to scaling up from existing data. They
also otl'er state-of the a approaches lbr scaling
lire effects data and tbr simulating tire effects at
large spatial scales. The discussions extend be-
yond theory irnd concepts to thc integr-atioD of
scaling and modeling in management applications.
The p i r r rJ igm o l  ' c icnce-h i , 'eL i  managetnr .n t  i \
f lourishing in NorthAmerica. With a long historv
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ofllre research bchind us rnd a variety olanal_"-tical
tools becoming available, wc arc wcl)-prcpared
to integrate fire scieirce in resourcc managcment.
The social and political climate of the next de
cade u'i l l  determine hou'fast this process occuls.
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