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Humans, Topography, and Wildland Fire:The Ingredients for Long-term
Patterns in Ecosystems
Richard P.Guyette' and Daniel C.Dey2

Abstract Topographyand the fuel environment also are important
variables that determine the fire regime by controllingfire

Three factors,humanpopulationdensity,topography,and spread, intensityandextent(Whelan1995, DeBano and
cultureinteractto createtemporalandspatialdifferencesin others1998). Humancultureand land use directlyaffect the
the frequencyof fireat the landscapelevel.These factors continuilyand natureof the fuelenvironment.We present a
can be quantitativelyrelatedto firefrequency.The firemodel quantitaliveapproachto modelingthe interactionof humans
can be usedto reconstructhistoricandto predictfuture withlandscapesandtheircombinedeffects onfire regimes.
frequencyoffire inecosystems,as wellasto identifylong- Three factors,humanpopulation,topographicroughness,
term changesinanthropogenicfireregimes.Topographic and culture,interactto createtemporaland spatial
roughnessis positivelyrelated bya regressionequationto differencesinthefrequencyof fireat the landscape level.
the length of mean fire intervals indicating that fires are less
frequen t in roiJgh than in flat terrain during periods of low Succession in Anthropogenic Fire Regimes
human population density. The strength and direction of this o
relationshipdiminishesasthe frequencyof anthropogenic Throughlime, fireregimesundergoa numberof changes
ignitiOnsincreasesto the pointthat thefuelenvironmentis baseduponpopulationdensity,topography,and culture.A
pyro-saturated._Humanpopulationdensityis a master progressionof fourstagesinanthropogenicfire regimescan
variablein understandinganthropogenicfireregimesand be identifiedinthe upperCurrentRiverwatershedfire record.
topographiceffects,The interactionsof thesefactorsthrough These include:1)an IgnitionLimitedstage, 2) a Fuel Limited
time createsat leasttwo stages inanthropogenicfire stage, 3)a Fuel Fragmentationstageand, 4) a Culturally
regimes:an IgnitionLimitedStage inwhichfire frequencyis Limitedstage.DuringStage 1, fire frequencyincreases as
functionof humanpopulationdensity,anda Fuel Limited the humanpopulationapproaches0.64 humans/km2andthe i

Stageduringwhichfirefrequency is limitedbyfuel numberof potentialignitionsincreases.Fire frequencyis a
productionandis.independentof increasesin human logarithmlunctionof humanpopulationdensity.In later

•population.density, stages,ashumanpopulationdensityincreasesand the
landscapeis saturatedwithignitions,otherfactors limitfire
frequencysuchas fuel loadingandcontinuity,cultural

Introduction attitudes toward fire, and human valuation of natural
' resources,in theCurrentRiverwatershed,thesecondstage,

Human-Landscape Interactions Affect Fire Regimes a Fuel LimitedStage, is characterizedby limitsimposedon
the frequencyof firefrequencybythe primaryproductionof

Humansare byfar the mostimportantfactorsinfluencingthe fuels.Duringthisstage,humanpopulationdensityexceeds a
frequencyof fire ignitionsinthe MissouriOzarksand thresholdot 0.64 humans/km2andincreasesin population
elsewherethroughoutmuchof easternNorthAmerica.Most densityand ignitionsdonotresultinincreasedfire frequency.
fires occurduringthe fall, winter,andspringinyears of

normalprecipitation.Dry,warm weatherof onlya few days is This paperwillintegratepopulationdensityandtopographic
sufficientto curefine fuels and permitthe spreadof surface
fires,especiallyinthe springand fall whendeadground roughnessinan empiricallyderivedmodelthat can be used
vegetationandleaf litterare most abundantandexposedto to mconslnctpastor to predictfuture frequencyof fire in
the sun.Firesduringthe growingseasonare rarebutdo ecosystemsat specificsites.Here, we focuson the
occurduringveryhotand drysummem.Highfuel moisture developmentofan empiricallybasedmodelof fire frequency

• contentandprecipitationin summerlimitfire ignitionsand from over2,500 tree-ringdated fire scarsat 29 sites inthe
spread.Despitean abundanceof thunderstormsin Missouri CurrentRiverwatershedinsoutheasternMissouri.This data
(50-70 thunderstormdays per year) (Baldwin1973), natural • set is usedto developandverifya regressionequationthat
ignitionsare rare(Schroederand Buck,1970). Most predictsfiretrequencybasedon topographicand population
thunderstorms.occurinthe springand summerand are variables.We alsoexaminethe interactionsof humansand
usuallyaccompaniedby heavy rainfall.Fire statisticsfor landscapeswithrespectto fireregimes,and illustrate,using
Missouri(Westin1992) indicatethat'lessthan 1 percentof the timmodel,the spatialandtemporalvariabilityinthe
fires are causedbylightning,all othercausesare human- anthropogenicfire regimeinthe upperCurrentRiver
related, landscape.

Rational and Use for Fire Regime Models

'ResearchAssociateProfessor,The Schoolof Natural Quantitalk'emodelsof fire regimescan be usedin many
Resources,203ABNRBuilding,UniversityofMissouri, ways.Paslfireregimescan be reconstructedfor natural
ColumbiaMO 65211.email:guyetter@missouri.edu areas thathavenoon-sitefirehistoryinformation.The

2ResearchForester,USDAForestService,202ABNRBldg. equationscan be usedinconjunctionwithsoil,geology,and
ColumbiaMO 65211.email:ddey@fs.fed.us speciesdatato reconstructpastandpotentialflora and
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faunal mosaicS.Thus, land managersinterestedin returning Wiegers1985) is coincidentwithlong-termtrendsin fire
small isolatedparcelsof land,naturalareas, orwhole trequemy inthe CurrentRiver watershed(Guyetteand
ecosystemsto pre-Europeanconditionsusingprescribedfire Cutter1997).Territorialexpansionbythe Osagefrom 1673
can use thismodelto reconstructthe fire regime. Io 177.,0probablyresultedfrom manyfactors,oneof which

. Researcherscan alsousethe equationto createa GIS includedthe acquisitionof equestriantechnologyfrom
overlayof a fire regimefor use withresearchplotsorto aborig'wBltradewithwesterntribes.The horsegave the
make inferencesaboutfuture fire regimesbasedonchanges Osagenew rangeandmobilityto hunt,exploit,andculture
in populationand Climate,and landscapevariables.Perhaps (by tre) areassuchasthe CurrentRiverwatershedwhich

the most importantaspectof fire regimemodelsand fire weredislantfromtheirterritorialfocus.Wiegers(1985)
_ historyhowever,maynotbe the informationprovidedon fire estimatedthatthe Osage acquiredhorsesas earlyas 1680

regimes,butthe perspectiveprovidedonthe long-term whileWaldman(1985) setsthe date circa1719.They hunted
interactiOnsbetweenhumansandtheirenvironment, inthe eastfor bears(perhapsin the CurrentRiver

" watershed)and inthe westforbuffalo(Chapmanand

The Historical Context of Human Populations, Chaprnan1972). Stevens(1991) reportedthatthe Osage
Cultures; and Fire in the Current River Watershed movedsouthand easttowardthe CurrentRiveron extended

- springhuntscoincidentwithMissouri'slargestfire season
AI! of the historic changes in human populations due to war, (Westin 1992).

migration, and disease are probably reflected in the fire scar
record.EuropeansintroduceddiseasesdecimatedNative The Cherokeewere one of severaltribesthatmigratedinto
Americarlpopulation.War amongpeoplescausedmigration the Ozarksafterbeingdisplacedfromtheireasternlandsby
and genocide.Depopulationcausedbydisease(Dobyns Euro-Americans(Gilbert1996).They probablycontinuedthe
!983; Ramenofsky1987), warfare,andmigrationoc;urred traditionalburningpracticesthey hadusedontheirancestral
throughoutmuchof NorthAmerica(DeVivo 1991)andhas lands.About6,000 Cherokee(Gilbert1996)may havebeen
been linkedwithabruptchangesinfirehistory(Guyetteand _ing _ southeastMissouriand northeastArkansasat the
Dey 1995a; Dey andGuyetteinpress).Indeed,oftenthe ll_ne(1803)of the LouisianaPurchase. Inthe late 1770s,
highlyvariablenatureof humanpopulationsandcultureis manyoflhe Cherokeesettledto huntandfarmalongthe St.
reflected i.nthe extremevariabilityof the firerecordwithina FrancisRiver,whichliesabout60 km eastofthe Current
site (Guyetteand Dey 1995b, Cutterand Guyette1994, River.TheOsage made war uponthe Cherokee(Banks
Guyette and McGinnes1982). 1978)asIhe Cherokeeinfringedupontheirhuntinggrounds.

Conflictmayhave ledto wildlandburning.A general increase
• Anthropogenicignitionswere probablyfrequentalongthe inthe percentageof sitesbumed annually(Guyetteand

richfertilebottomlandsof large riversincludingthe Current Cutter lgg7) inthe CurrentRiverwatershedoccurredfrom
andJacks ForkRivers.About1000 A.D.(Lynott1989, Price I760 (9percent)to 1820 (30 percent)coincidentlywiththe
and others 1983) duringthe MississippianCulturalPhase, migrationof the Cherokee (Gilbert 1996)andother eastern
agriculturalcommunitieswere locatedinriparianareas inthe Iribes.
Current River watershed, and they would have been a
sourceof many ignitions.Withthe endof thisphase(about The Delawarehada traditionof wildlandburningbefore
1350 A.D.) beganan era of limiteduseof the watershedby migratingto MissourifromOhio (Whitney1994).The
humansfromdownstreamreachesof the riversystem(Price DelawareandShawneeentered Missouriat Cape Girardeau
and others 1976). An early source of anthropogenic ignitions and passed through the Current River watershed on their
•mayhave beenthe 6,000 Quapaw(Baird1980)that livedto waywestinthe late 1700s andearly 1800s(Stevens 1991).
the Southeastofthe CurrentRiverinArkansasnearthe One _e of Shawneeand Delawarepopulationwestof
confluenceof the White,Arkansas,and MississippiRivers Ihe Mississippiin 1812was 400 (Marriott1974). In 1816,
before 1680. Disease came first to large riverine cultures Banks (lg78) stated that there were about 840 Delaware

• suchasthe Quapawbecauseoftheir locationand and1,300Shawneeinall of Missouri.In 1824there were
• populationdensity (Dobyns1983), and reducedthe Quapaw 1,383 Shmmee inMissouri(Howard 1981). Delaware

population by two thirds in 1698 and again reduced their hunted, Ibed, and traded in the upper Current River area
populatiOn in i747 and 1751 (Baird1980).There were only fromabout1815 to 1822. InNovember1820, 1,346
about 700 QuaPawby 1763. Coincidentwitha low Delawarecrossedthe MississippiRiverandmade an
perCentage of sites burned circa 1750 in the Current River emergercy encampment on the Jacks Fork of the Current
watershed(Guyetteand Cutter 1997) were epidemicdisease River(Weslager1978). However,they stayeda numberof
in 1747 and 1751 which reduced the Quapaw population, years and Ibis was associated with increased fire frequency

• (Guyetteand Dey 1997). Mostof the Delawareand
The Osage peoplefrequentedthe studysiteaboutthe time Shawrmehadleftthe CurrentRiverwatershedby the 1830s
of firstEuropeancontactandprobablyprovidedmany andEBo-Americansbeganto occupythe area.
ignitionsduringthe 1700s (Guyetteand Cutter 1991). Banks
(! 978) commentedthat therewere about6,000 Osagecirca Old-stockEuro-Americans(Gerlach 1986)fromthe
1800 inand aroundthe Ozarks.About1,200 Great Osage southeasl_rnU.S.,mainlyTennessee,begansettlinginthe
lived on the Osage River 280 km west of the Current River area circa 1820 and continued their tradition of wildland
(Marriott1974). A changeinthe territorialboundariesof the burning.Later,circa 1860, Scotch-Irishimmigratedintothe
Osage fromthe late 1600stOabout1803 (Bailey1973, area.TtmCurrentRiverwatershed, likemanyother forested
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areas inthe easternUnitedStates(Sutherland1997), 1991). Forinstance,a majorOsage trade routeto St. Louis
experiencedan increasein fire frequencywithsettlementby intersectedthe lowerCurrentRiver.The abundanceof these

° Euro-Americans.Inthe CurrentRiverwatershedthe percent sites decreasessignificantly(r=-0.53, p=0.03) withtheir
of sitesburnedincreasedwithpopulationdensityduringthe distanceupstream.The Mississippianculturalphase
1810 to 1850periodand the averagepercentof sitesburned - (O'Brienand Wood1998) persisteddownstreamon the
in a year nearlydoubledfrom 20 percentin 1810to 39 southeastborderof the Ozarksuntilas late as 1700 (Price et
percentin1850 (Guyetteand Cutter1997). al. 1976). Quapawliveddownstreamand southeastof the

watershed(Rafferty1981). Later, the densityof human built

Methods structures in the Current River watershed during the mid
1800sdiminisheswith theirdistance upstream (r=-0.69,

Fire Scars p=0.002).Even todaythe populationof townsalongthe
CurrentRiverandJacksFork Riversdecreasesas one

Fire scarsonsurvivortreesform the data base of thiswork. movesupstream(r=-0.98, p=0.02). Perhapsfertilesoilsof
In anthropogenicfire regimes,fire scarscan be thoughtof as the lowerreachesof the riverproducesmore fuel and
ecOIogicaliartifacts.They are objectsmade or modifiedby forage,whichintum attractmoregame, hunters,gatherers,
humans.Humanssetwildlandfiresand woundedthese and agriculturalist.These are relationshipsthat may persist,
woodyplantsasthey attemptedto manipulatevegetation to someextent,throughtime and cultures.Alternatively,
with fire fora varietyof purposes.As ecologicalartifacts, fertilesoilsmaybe correlatedwithlandscape level fuel and
they pointoutthe relationshipsbetweenhumans,organisms, fire dynamics,or landform gradientssuchas topographic
and forests.Likeartifactsinan archeologicalcontext,{'hey roughness,that mayaffectthe ignition,spread and
can be datedintimeand givena locationinspace.As such, consequentlythe frequencyof fire.
they reflectmanyhumancharacteristicssuchas population
densityandculturethatcan be usedinan anthropological We derivedtl_etemporalcomponentof human population
context.Thedatesand locationsof these ecologicalartifacts densityinthe studyarea from populationnumbersand
are usedin"thisworkto examine the relationshipsbetween trendsas describedin historicalaccountsand analysesas
humans,fire,andlandscapeovera periodof extraordinary reviewedinthe introduction.Fire frequencyhas been found
change and diversity in human history, to be strongly associated with human population density

. (Guyetteand Dey 1997, Dey and Guyette inpress, Guyette
The regressionequationfor reconstructinghistoricfire and Cutter1997).The densityof each groupin the Current
frequencyis derivedfrom data on fire frequency,topographic Riverwatershedwascalculatedby dividingtheirtotal
roughness,andhumanpopulationdensity.The meanfire populationby the area of a circlewhoseradiuswas the
intervals(MFI) Usedinthe regressionequationwerederived distancebetweenthe populationcenterand the studysite.
from fire scardatafor threetime periods(1700 to 1780, 1781 This componentof humanpopulationdensitydoesnottake
to 1820,1821to 1850)at the 29 sites.Muchof thefirehistory intoaccountthe greatspatialvariationof populationdensity
informationthatfollowsis compiledfrommorethan2,500 fire withinan area andonlyreflectschangesinpopulation
scars onshortleafpine(Pinus echinata Mill.)stumps,trees, densityovertime at studysitesas a whole.
andremnantsinthe CurrentRiverwatershed(Guyetteand

Cutter1997, Batekandothers 1999). Dendrochronological An Index of Topographic Roughness
methodswere usedto date the fire scarsfoundonover166
shortleafpinewhichare usedas the basisfor the modeland The highlydissectedtopographyof the CurrentRiver

•followingdiscussion.The mean fire intervals(MFI) in this watershedhas beenshown(Guyette 1995) to affectthe
' studyamthoughtto reflectfire frequencyduringecosystem spreadand frequencyof firesduringperiodsof lowhuman
developmentanda range of humanpopulationdensitiesthat poputationdensitywhenanthropogenicignitionswere limited

• hasoccurredoverat leastthe last millenniumin the Ozarks. in nu_. Roughnesscan slowa lowintensityfire by
Herel we presentthe two mostsignificantvariablesinan decreasingthe rate of spreadas fires bumdown steep
equationthatcharacterizesthe effectsof humanpopulation slopes,fuelcontinuityis brokenby creeks,riversand rocky
densityandtopographicroughnessonthe frequencyof outcrops,andchangesinaspectinfluencefuel moisture.
wildlandfire. Topographicroughnessis estimatedby measuringthe

surfaceareaof the earthwithmeasuringsurfacesof different

Human Population Estimates sizes(Figure1). Indicesof topographicroughnessare
developedby comparingsurfacearea measurementsmade

A spatialandatemporal componentof humanpopulationare withtwodifferentsized scales.A circle,5,000 metersin
combinedto reconstructhumanpopulationdensityvaluesfor diameter,is markedon a digitalelevationmap.The surface
use inthe equation.The spatialcomponentreflectsthe area of theearthenclosedby thiscircleis calculatedfrom
tendencyin thewatershedfor greaterpopulationdensities pixelsthat are 30 meterson a side.Their slopeand a
andthereforeignitionsto occurdownstream.We usethe trigonometricconversionare usedto estimatethe area of the
distanceupstreamofa sitefrom Hawes,on the Current unevenlandsurface(Krstanskyand Nigh 1999). The pixels
River,as a referencevariablewe callRiverMileto modelthis are summedto estimatethe surfacearea of the landscape
tendency.Manyarcheologicaland•historicNativeAmerican enclosedby the circle.This measureis then dividedby the
sites are locatedinthe largerand more fertilebottomlands planimetdcsurface area (the large scale inthiscase) of the
'inthe downstreamreachesof the CurrentRiver (Stevens circlethatis 5,000 metersin diameter.This ratioof the actual

30 Proceedings:.WorkshoponFire,People,and theCentralHardwoodsLandscape GTR-NE-274
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Figure 1 .---Topographic roughness is an important variable which intemats with human
population density to control the frequency of fire. Topographic roughness can be estimated
withan IndexofTopographicRoughness.The illustratedexampleofanIndexofTopographic
Roughnessiscalculatedbymeasuringthecircumscribedregionoftheearthofa given

. dimensionandshapewitha largemeasuringsurface( I=) andmanysmallmeasuringsurfaces
(ss).Thesumof theareas(Sa)ofthe smallmeasuringsurfacesisthendk_edbythearea(La)
of thelargemeasuringsurfacetoobtaintheIndexofTopographicRoughness.

surfacearea to the planimetricsurfacearea isthe Indexof variabilityisnotsurprisingconsideringthe large rolechance
TopographicRoughness. playsin a complexandhighlyvariablephenomenalike

wildlandfire. Inaddition,thereare methodologicalproblems

Results and Discussion " withthe firescar recordsuchas the numberof sampletrees
ata site,theirIocalbn,the size of the site,and the hitand

Modeling Fire Frequency missnatureof thescarringprocessthat create errorswith
" respecttothe actualspatialand temporaldistributionof fire

Weuse the Indexof TopographicRoughnessandestimates eventsinthe dataset.None-the-less,the temporaland
•. ' Ofhumanpopulationdensityto modelthe frequencyof fireat spatialdepthofthefirescarrecordallowfor the identification

the landscapelevel. Centralto thismodelare regression of the significantindependentvariablesinthisequation.
•. equationsderivedfrom andtestedwithindependentfire scar Althoughthe ,frameworkof thisequationmay be applicablein

data.The regressionusedto reconstructpastfire frequency manyecosystems,the calibrationof these variableswill
at the studysitesfor the period1700 to 1850 is: differgreatlyindifferentecosystems.Differencesin fuels,

climate, topographic roughness, and other landscape
MFI = -442.1 + (449.9 x topo)-(0.001 x pop), (Equation1) variablessuchasthe abundanceof lakeswouldrequirea

newcalibration.
where: MFI= mean fire interval

top0= Indexof TopographicRoughnessfora circle Human Population Density and Topographic
witha 5,000 meter diameter Roughness in Rre Regimes
pop = natural log of humanpopulationdensitytimes

• the squareof rivermile, Anthropogenicfireregimesare the resultof complex
n = 78 (three time periods,29 sites), interactionsbetweenhumanpopulationdensityand an
r2= 0.51, numberof factors,suchas culture,fuels, and landscape.

•all variablesand interceptare significantat P<0.01. Topographicroughnessisone of the mostimportantand
temporally persistent landscape variables. At low population

This regressionexplainsabouthalf of the variabilityin fire densities,firefrequencyincreasesas populationdensity
frequencyin time and space.The amountof unexplained doesas a resultof increasinganthropogenicignitions(Figure

.Proceedings: Workshop on Fire, People, and the Central Hardwoods Landscape GTR-NE-274 31

"8



,Ib°

2) and topographicroughnessis an importantfactor so

mitigatingthe frequencyof fire (Figure3). At higher y_8.45+42.7(x)
populationdensitiesfire frequencymaybe fuel r'=0.74
dependent or diminishas landscapeartifacts(i.e., fuel 40 o o c
continuity.ormosaicthat resultfrom humanlanduse), -o o o o o o(1)

culture, and changes in human economics (ex. real E _0 0 0 0 0 c 0 o@estate, forage, timber) inhibit the ignitionand ._ 3o 0 0
propagation of fire over the landscape.The effects of _ _ 0 0
topographic roughnesson fire frequencychangewith "_ 0 0
time and human population (Figure4).Topographic _ 2o- 0• 0 0 0

controls on the frequencyof fire becomelessand less o o o o
importantaspopulation densityandthe frequencyof n
anthropogenicignitionsincreases.Justbeforethe era 10.
of fire suppression(Figure4), as populationdensity
andagriculturalactivitybecomegreater,burning
increases in topographically rough areas relative to 0
topographicallysmoothareas as humansattemptto 0.0 011 012 013 014 015 016 017

cultu'revegetationinareas of marginalagricultural Populationdensity (humans/km2)
PrOductivity.A rule-of-thumbconcerningfirehistoryis ,
that at 10wpopulationdensitiestopographicallysmooth Figure2.--Human populationdensityis the majorfactorinthe
areas (oftenprairiesandgrasslands)bumedmore frequencyof wildlandfireignitionsinmanyregions.This scatter
oftenthantopographicallyroughareas (oftenforested plotandregressionillustratethechangeinthe percentageof
lands).As populationdensityincreases, studysitesburnedeachyearwithhumanpopulationdensity.
topographicallysmoothareas bumlessoftenand The datais forthe period1620to 1850andis fromthe Current
topographicallyroughareasbummoreoften. RiverwatershedinMissouri.The percentageof sitesburned(y

axis)isfrom annualdatathathasbeensmoothedwithan 11
•Pyro-saturationis a stageina fireregimewhen fuels year movingaverage(Guyetteand Cutter1997).
. are burnedassoonas they accumulateenoughto
carry a tim. Inorganicdecomposition(fire)playsa
much greater role than organic decomposition (decay)
incontrollingthe oxidationof biomass.Ecologically,
the resistenceof an ecosystemto pyro-saturationis a • 1620-1700data
functionof humanpopulationdensityandtopographic 4 Plot1Regr O
roughness.The resistenceof someecosystemsto O 1701-1780data

_- Plot2 Regr 0 • •pyro-saturationfrom anthropogenicignitionsis very ,-7

low.Forinstance,it mighttake onlya handfulof _ _:_ 0humanson horsebackor footto keep a topographically _. /

smoothecosystem,suchas a largeprairieof tens of _, 3 c_/_ t
thousandsof squarekilometers,ina stateof pyro- ,- _e .-_ _ o(1)

saturatiOn.On the otherhand,manytopographically, o-= _ _'0_0 :_t
roughecosystems, such as the forestsof the Central _ 0 _ o

• Hardwoods Region,require a relativelyhighhuman _ 2 e _, popu!ationdensity.toreach andmaintainpyro- LT. _ _ _ 0 o
saturation.The quantitativerelationshipsexpressedin o OO
Equation1 allowus to estimatethatinthe Current o 0
Riverwatershedit takesabout0.64 humansper 1
square kilometerto reacha stateof pyro-saturation. 1.015 1.020 1.025 1.030 1.035 1.040

ImPlications for Landscape Rre Regime TopographicRoughnessIndex
DiversitY ' Figure3.---Thesetwoscatterplotsandregressionlinesillustrate

the mitigationof firefrequency(MFI) bytopographicroughness
The fire model(Equation1) was usedto predictthe duringtwo periodsof lowhumanpopulationdensity.
mean fire intervalfor pointsthroughoutthe upper Topographicroughnessis hypothesizedto have reducedthe
CurrentRiverwatershed(Figure5).The valueto this frequencyof fire byinhibitingtheignitionandspreadof
approachto studyinglandscape-levelfire regimesis anthropogenicfires.
that extrapolationof singlefire historiesof limited
spatialand temporaldimensionsoftenunderestimate
the actual variability within an ecosystem. In contrast,
a landscapefire modelcan representthe diversityof
fir.eregimesas they changeacrossthe landscapewith
variationsintopographicroughnessandhuman
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(. !

population. The diversity of mean fire intervalspresent Populationdensity(humans/kmz)
at the landscapelevelbetween1700and 1780,a 0.036 0.041 0.181 0.440 1.43 4.17
periodof lowpopulationdensity,maybestreflectthe 1.0 , , , , , ,

- fire regimeas it was for manycenturiesbefore
Europeansettlement. 0.8

O
The diversityof fire frequencyat specificlocationsin n :o.s-O
the Current River watershedis muchgreaterat low p-
populationdensitiesthan at highpopulationdensities _x 0.4
as the Spreadof fires froma limitednumberof u.• _ 0.2

anthr0Pogenic ignitions is mitigatedby topographic "_"
roughness.The spatialdiversityof firefrequencywithin .o o.o
an ecosystemthat resultsfrom topographicroughness --_
persiststhroughtime andcan resultinstrongspecies =-- -0.2O
ass0ciations_Long-termtopographiccontrolof fire O
regimescan create refugiaforfire sensitivespeciesin -0.4
topographicallyroughareas as wellascreatingrefugia
intopographicallysmoothareas forfiredependent -0.s
species.These refugiamay providevaluablesources is'so 17'00 17's0 18'00 is'so 19'00

for re-colonizationof disturbedlandscapes. Calendar yearQ.

Conclusions Figure4.--This graphillustrateshowhumanpopulationdensitycan
mitigatetheeffectsof topographicroughnessonthefrequencyof fire.

Fire-frequencyvariesspatiallyandtemporallyat the Theyaxisisthecorrelationcoefficientbetweenfirefrequency(MFI)
landscape-levellargelydue to changesintopography, andthe IndexofTopographicRoughness.Theupperx axisshowsthe
humanpopulation,andculture.Populationdensityand meanpopulationdensityof theperiodofcorrelation.Thebarsindicate

thelevel,sign,andperiodof the correlationcalculation.Correlationsfortopographicroughnessare mastervariablesin
thetwoearliestandthelatestperiodsare significant(p<0.05).

understandinganthropogenicfire regimesthatcan be
• quantifiedand usedto modelthevariabilitywithina fire

regime.Althoughlandscapelevelfiremodelsrequirea
considerableinvestmentinthe acquisitionof fire scar,site,
landscape,and populationdata, theyenablean
understandingof long-termfire regimesthatcan be usedin
many ways.

Our fire modelcan be usedto estimatethe frequencyof fire anthropogenicfire regimesare markedbyChangesin factors
at any orall pointsin a landscape.Firefrequenciesand whichlimitthe frequencyof fire suchasthe frequencyof
regimes can be calculatedfor naturalareas,parks,and ignitions,the productionof fuels, the propagationof fire, and
foreststhat haveno fire scar,historic,orcharcoaldata base changingculturalvalues.
for estimatinga fire regime.Futurepredictionsof fire

frequencycan be made by incorporatingchanginghuman Acknowledgments
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• Figure5.---Thismap illustratesthe diversityof
meanfire intervals presentat the landscapelevel
during a period (1700 to 1780) of low to
moderate population density, which best reflects
the fire regime many centuries before European
settlement.Firefrequencygradientsare
representedbythe iso-pyrolines.Iso-pyrolines
definea gradientofequalfirefrequencies.
Numbersadjacentto iso-pyrolinesgivetheclass
of meanfire intervalsdefinedbyeachline.
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