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1 Intr oduction

Cummingand Armstrong (1998) analysedby simulationthe currenttenurearrange-
mentsin the AlbertaPacific Forestindustriednc. (APFI) FMA. Theirresultssuggested
thatsignificanteconomicandecologicabenefitscouldbeachiezedby moving from the
presentllocationof rights (Businessasusualor BAU) to a moreunified management
system wherebya singleland managemwasresponsibldor delivering specifiedperi-
odic volumesof hardwood or softwoodto all forestproductscompaniesiependenbn
thelandbasel will referto thelattercaseasGlobalplanning,or GP. Thestudyreliedon
TARDI S, atownship-resolutiorforestlandscapesimulator | will assumehatreaders
of this documentrefamiliar with the original study

Discussionswith industryrepresentatiesidentified someinadequacief the way
TARDI S allocatedwood supply Furthermorethe original modelformulationhadno
representationf fire. Sincethe first studywascompletedn Decemberl998,1 have
developeda suite of statisticalmodelsof fire ignition, sizeandeffect. Thesemodels
have all beenincorporatednto TARDI S. The aimsof the presentstudywereto 1) re-
evaluatethe original conclusionausingthe nev model,which moreaccuratelyreflects
thebehaioursof APFI andthevariousQuotaandCTP holders(all referredto asQuo-
tashenceforth)and?2) explorethe effectson wood supplyanddeliveredwood costsof
addingfire into thesystem.

2 Model changes

This sectiondocumentssubstantre changedo the model structure,as per the agree-
mentof DecembeBth1999,andsubsequerdiscussionsvith D. CheyneandG. Grover.

2.1 Load balancing

In the original version(Cummingand Armstrong,1998),deliveredwood coststo the
APFI mill werequitevariableovertime. Much of this variability wasdueto haulcosts,
reflectingchangingspatialpatternsof harnest.

TARDI Sis atheartasimplehanestschedulerthatusesso-called‘greedy” optimi-
sation. Thatis, at eachof mary stepswithin a simulationyear it determineghe best
(cheapestactionto take next, giventhe areasavailablefor hanestingandthe remain-
ing demanddor deliveredwoodvolume.Unlike true optimisingschedulersit doesnot
“look ahead'within or betweeryears.It is difficult to achieve constanteliveredwood
costsin this way.

Onefactorin theschedulinglecisiongs the estimatecaul costfrom the operating
compartmento amill in $ m 3, which is a function of haul distance.As an approx-
imate solutionto the balancingproblem,| replacedthis costwith a desiredaverage
value,which changesmoothlyover time ¢ from aninitial valueof z, to afinal value
z. atratec, accordingto equationl. Thusall townshipsareweightedequallyat every
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Figurel: Effect of loadbalancingon haulcostvariability.
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given stageof the simulation. This weightedvalueis usedin scheduling. Delivered
wood costsarecomputedusing“real” haulcosts.

Ty =5+ * (e — ) 1)

t+c
For APFI in BAU scenariosthesevariablesarez, = 15.0, z. = 19.15 andc¢ = 10.
Thesevalueswereestimatedrom preliminarysimulationtrials. No load-balancings
attemptedor Quotaholders,who operatewithin relatvely smallareas.Variablehaul
costsarenotamajorfactorfor Quotaholdersin thesesimulations.

Haul costsfor APFI with andwithoutloadbalancingarecomparedn Figurel. The
variability underload balancingis substantiallyreducedwith the standarddeviation
over 200 yr decliningfrom 1.71 $m~23 to 0.68 $ m~—3. This comesat a cost,asmean
haul costsrise from 16.48 $m 3 to 17.20 $m 3. In both casesmeancostsrise over
thefirst 25 years,asthe capitalroadnetwork is completed.Costsdrop sharplyat year
15 with completionof the secondprasson townshipsharestedn thefirst five years.In
thebalancedcase haulcostsarenearlyconstantfteryear20.

No load balancingis attemptedunderglobal planning. If this policy wereto be
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implementedconstanteliveredwood costscould presumablybe negotiated,at a pre-
mium, betweerary contractingmill andthe notionalwoodlandananagemerdgeng.

2.2 Chip trade

Therewas no representatiorf the chip tradein the previous versionof the model.
This hasbeencorrected Quotaholdershaving a chip tradearrangementvith APFI are
identifiedin the“Agents”file by thechi ps commandwhich specifiegeleventaspects
of theagreementTheseare

dest i nat i on identifieswherethe chipsgol

conver si on specifiesvhatproportionof deliveredwoodvolumeis converted
to saleablechips(l assumé).4);

haul distancen km betweerthesourceanddestinatiommills. Thisis corverted
to $m 3 assuminghathaulcostperunit volumeof chipsis onehalf thatfor raw
logs;

paynment by APFI perdeliveredtonneof chips(l assume$30.00).Thisis con-
vertedto paymentperm? by dividing by 2.0.

All thefour variablesusedin the modelcanbevariedindependentlyor eachsav mill.
Thenetvaluerecevedfrom chipsalegs thuspaynent lesshaulcostswhichl assume
areborneby the supplier Quotaholdersandothershaving suchanarrangementvith
APFI wereidentified by APFI staf. In TARDI S, the specifiedarrangementsatisfy
APFI'srequirementsor softwoodfurnish.

2.3 Incidental cut

Thepreviousversionof the modelallowedtoo muchincidentalhanestto belost (e.g.,
to decay). This waspartly becausef price structuresand partly a combinedartefct
of the scheduleandthe decaymodel. The new versionof the modelhassubstantially
reducedhe magnitudeof simulatedosses.This wasdoneby modifying the scheduler
by simulatingafinertemporalscale andby changingthe decayrates.

Theoriginal round-robinschedulehadtheeffect of having mary townshipssched-
uled by APFI after all Quotasand CTPshadbeensatisfied. Resultingincidentalwas
all subjectto a 20% loss. The schedulehasbeenmodifiedsothat APFI hasn = 10
“kicks” (atthecat)ateachturn: thatis, it schedules townshipsatatime. Theresultant
incidentalconiferis thenusuallypurchased.

TARDI S runsat a five yeartime step. However, a psuedo-yeacanbe associated
with eachhanestingaction by dividing the total harnestedvolume up to that point
by the total requiredperiodic volume. This yearis associatedvith every parcelof
incidentaldeciduous. Whentheseparcelsare agedat the end of a modeltime step,
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thoseolderthanl yearareassumedo belostto decay Therestremainattheroadside,
soto speakandareavailablefor purchasehenext time step.Incidentalconiferdecays
at20%peryear asbefore.

In BAU mode,meanconiferlossesare3.6 x 102 m3yr ! andmeandeciduoudosses
are9.4 x 10* m?® yr—!. Coniferlossesarenegligeable while deciduoudossesareless
than4% of the AAC. For comparisonunderBAU in the earlierversionof the model,
decidioudossesvereaboutthesame put coniferlossesvere40timeshighet In global
mode,coniferlossesare7.3 x 10* m? yr—! anddeciduousdossesare3.1 x 10* m3yr—!,
orjustover1%of AAC. Thereseemdo benowayto reducehesdossedurtherwithout
forcing the scheduleto ignorepricesandcosts which defeatsts purpose.

Incidentalconifervolumesarenot quotachageable anddo not counttowardssat-
isfactionof specifiedwood demands.However, incidentaldeciduousvood is part of
APFISAAC.

2.4 Costaccounting
2.4.1 Newor alteredcoststructures

Four substantiathangesveremadeto the original prices.
1. APFlpays12 $ m~3 for all incidentaldeciduousat thelanding.

2. coniferregeneratiorchagesareassessetb all partiesattherateof 12 $m 2 per
unit volumehanested.

3. APFI sellsincidentalconifer at the landingfor the pro-ratedcostof hanest,in-
cludingdues.

4. Thecostof extendingthe capitalroadnetwork to a new township,andof provid-
ing adequateoadingwithin the township, hasbeenraisedto an averageof one
million dollars. Theoriginal estimatevasonehundredhousandiollars.

2.4.2 Calculation of delivered wood costs

Figure 2 illustratesthe flows of materialbetweenthe forestand mills, and between
mills. Eachof theseflows hasan associatedostor paymentstructure. As different
rulesapplyto differentmills (e.g., somesell chips,somedo not) costcalculationshave
becomemuchmorecomplicated.This is especiallyso becausdotal costsandvarious
subtotalgnustbe computedandthesevaluesmustbe compareabléetweerscenarios.
At eachfive yeartime step,for eachmill, | computethreedifferentcostestimates.
Grossand net deliveredwood costsare computedfor all quotachageablevolumes.
Grossdeliveredwood costsinclude all woodlandschages (planning, roading, tree
to truck, regenerationand dues),haul costs,and paymentsfor ary deliveredquota-
chageableincidentalwood or deliveredchips. Net deliveredwood costsare gross



Figure2: Schematiof woodflows from woodlandoperationsandbetweemills.
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costs,lessary paymentsreceved for chip salesor incidentalsales. A net costis
alsocomputedor all deliveredwood,includingnon-quotachageablencidentalwood.
Subtotalsof all three costsare computedfor all Quotaholdersandfor all pulpmills
(werethereto be morethanone). Total costsover all usersarealsocomputed.Costs
areall expressecis$m 3.

3 Simulation of wildfir e

In TARDI S, wildife is simulatedby four processesignition, initial spreadfinal size,
andeffect. Ignition modelsthe spatialpatternof fire starts—morepreciselyfiresthat,

having started,becomelarge enoughto be detectedoy presentsuneillancemethods.
Initial spreadmodelsthe probabilitythata detectedgnition will achieve acertainmin-

imum size,in this case9 ha. Firesreachingthis sizeare“free to gron.” Onceafinal

sizeis determinedthelaststepin modellingis to determinghefire effect, measuredby

the areasof differentforesttypesthatareburnt. Thefirst threeprocessearerandom,
thatlast (fire effect) is determinedy the forestcompositionof the areawherethe fire

started.



3.1 Ignitions

The numberof igntionspertownshipperfive yeartime stepis a Poissorrandomvari-

ablewhoseexpectedvalue(mean)depend®n the sizeof thetownshipandalsoonthe

compositiorof thetownship.By “composition”| meanthe proportionalareasf decid-
uous,white spruce plack spruceandpine dominatedorest,andof “other” types.The

“other” categyory is mainly wetlandareasput alsoincludesrecentburnsandclearcuts.
The currentimplemenatationin TARDI S is basedon unpublisheddataand analysis
of mine. | presentedhe basicresultsat Biological Scienceseminarat the University
of Albertain fall 1997. Notesto this talk are available on request. | have recently
conceveda betterestimationmethod which shouldbe developedandincludedin ary

future extensionof this work.

3.2 Initial spread

Eachignition hasanindependent¢constanprobability of exceedingthe thresholdsize
of 9 ha. This probabilitywasestimatedrom fire historydatabaseavailableon the Al-
bertaEnvironmentProtectionweb site. The probabilitieshave changedvertime, in a
fashionconsistentvith increasinglyeffective fire suppressioifCumminget al., 1998).
In thesesimulations| usedp = 0.084, estimatedrom the countsof all lightning fires
in the studyareabetweenl971and1993. The correspondingaluefrom 1983-1998
is p = 0.045. | did not usethis value,asit seemsoptimistic for a 200 year simula-
tiom, it presumegontinuedvery high investmentsn fire suppressiomandignoresary
contrikbution from humancausedires.

3.3 Firesize

For fireslargerthan9 ha, the logarithmof final sizeis distributedasa truncatedex-
ponentialrandomvariable(Cumming,1999b). The truncationplacesa boundon the
maximumsize of a fire. Using methodsdescribedn the paper | estimatedhat this
maximumis about310, 000 ha. For eachignition which passeshe 9 ha thresholda
simulatedfire sizeis dravn from the truncatedexponentialdistribution, usingstandard
methods.

My statisticalmodelsindicatethat fire size dependson forestcompositionat the
townshipscale.ln particular firesarelargerin areaswith muchpineforest,andsmaller
in areaswherethereis muchrecentlydisturbedforest (loggedor burnt with the past
15 yr.) Theseresultsarepreliminary andarenot employedin the presenstudy

3.4 What dofiresburn?

Having determinedhatafire of agivensizestartsin a particulartownship,thelaststep
is to decidewhatthefire burns. Firesdo not burn all foresttypesequally nor do they
burnin directproportionto whatis availablein thearea.Firesarehighly selectve. This
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selectvity canbe modelledusing multivariatestatisticalmethods{Cumming,1999a).
Thesanethodsshaw thatfire compositiorstronglydepend®n forestcompostiorin the

areawherethefire starts,but is independenof fire size.| re-estimatedhe multivariate
statisticalmodel describedn Cumming(1999a)so thatit could be usedfor predic-

tion in the currentapplication.Theresultingmodelexplainsover 60% of between-fire
variationin compositionpasedon a sampleof 48 mappedires.

Fromthe fire sizeandpredictedcomposition the modeldetermineshow mary ha
of eachof four timbertypes(leadingdeciduouswhite spruce pine andblack spruce)
areto beburned.It then“grows” thefire outwardsfrom the townshipof ignition, until
therequiredareasof all typeshave beenburnt. Provisionis madefor largefiresstarting
nearthe FMA boundaryto partly crossthe boundary Burnt standsaretreatedmuchas
recentlyloggedstandsandgo backontheir original successiondtajectory

All burnt areasare treatedas thoughthe fire killed all living trees: thereis no
representatiorof spatialvariationin fire severity. TARDI S makes no provision for
sahageloggingatthe presentime.

4 Results

4.1 Without fire

Herel revisit the principal resultsof Cummingand Armstrong(1998), underthe re-
visedmodelformulation,but without fire. Aggregatedeliveredwood costsunderboth
scenariofresummarisedn Tablel. Themainpointsare

1. underbusinessasusual,Quotaholdersfaceshortflls;
2. changdn policy is nearlycost-neutrafor APFI;

3. globalplanningreducesietcoststo Quotaholdersby 2.81 $ m=3.

Over a 40 year planning horizon, the resultsare even more favourable. Net costs
to Quotaholdersare reducedby 3.65 $m 3 and net coststo APFI are reducedby
0.30 $ m~3. The GP scenaricalsoensuregreaterstability in deliveredwood coststo
the Quotaholders(Figure3).

UnderBAU, mary Quotastannotbesustainedn thelongterm(Figure4), although
APFI requirmentsare always at least99.5% satisfied. Shortlls to someindividual
Quotaholderof 30% or more begin about2065. Under GR all periodic volumesof
coniferandhardwood aresatisfiableover the 200yearplanninghorizon.BAU is more
expensve, andis unableto guaranteevood supply

4.2 With fire

Becausdire is a randomprocessits effects on timber supply must be evaluatedby
monte-carlotrials. | did this my runningthe model 100 times, undereachof BAU
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Table 1: Mean deliveredwood costsfor Quotaholders, APFI and totals, for BAU
and GP scenariospver a 200 year planninghorizon. Qg and Qn are grossand net
deliveredwood costsfor quotachageablevolumes.Tn is netdeliveredwood costover
all volumes.Costsarecomputedasin Section2.4.

Businessasusual

Qg Qn Tn

APFI 28.83 24.97 24.97
Quotas 52.33 45.33 42.75
Total 33.80 30.25 30.26

Globalplanning

Qg Qn Tn
APFl 2494 24.83 24.83
Quotas 48.99 42.52 42.39
Total 31.43 29.61 29.61

andGP scenariosin orderto estimatethe probabilitiesof achieving specifiedperiodic
volumesof deliveredwood.

Simulatedratesof burn were approximately0.0035. Thatis, roughly 0.35% of
the studyareashouldbe expectedto burn in the “average”year This simulatedvalue
is consistentvith my expectationdasedon Cumming(1997)and Cumming(1999a).
Eventhis low rateof burn severelyreducegsimbersupplyto the Quotaholders(Figure
5). UnderBAU, mostQuotaholdersarevery likely to experiencepersistensharpde-
creased deliveredwoodvolume,startingin 2045.1n mary casesthereareperiodsof
severaldecadeyearswherethe probability of realisingeven50-75%0f quotavolumes
is lessthan50%. APFl is notsimilarly effected.Overtheplanninghorizon,APFI wood
supplyis satisfiedat 95% levelsor higher with probability 0.99. Theresultsconcern-
ing the Quotaholdersareconsenrative, becausehe spatialconstraintdhey faceunder
BAU areactuallymore severethanwere simulated. This is becausanary FMUs are
aggreatedin the hanestspecificatiorfile (e.g., A5, A7 andA8, S4 and S8; seethe
Appendixof CummingandArmstrong(1998)).

UnderGR no shortfalls in Quotavolumesoccurredduringary simulationrun. GP
is robustin the faceof my modelof thefire regimein the studyarea.On averageover
100runs, net deliveredwood costsare not much alteredwhenfire is includedin the
simulations.



5 Conclusions

Onthe APFI ForestManagemenfAgreementArea, theallocationof softwoodto Quota
holdersis not sustainablainderthe existing arrangementsf divided land-basesnd
overlappingtenures,even without ary lossesdue to wildfire. When a realistic risk
of fire is incorporatednto a hanestschedulesimulator the situationbecomesnuch
worse. Most Quotaholdersshouldanticipatesubstantiabnd persistentreductionsin
deliveredwood volume,beginning about2045. This problemis entirely an artifact of
existing tenurearrangementslnder a global planningenvironment,no shortlls in
deliveredwood volumeare predicted eitherto Quotaholdersor to APFI. In addition,
deliveredwood coststo Quotaholdersareexpectedo be lower underglobalplanning,
with or without the risk of fire, by at least2.50 $m=3. The risk to timber supply
undercurrenttenurearrangements entirelybornby the Quotaholders.APFI'swood
supplyis not substantiallyat risk undermy simulatedfire regime. A changen policy
from BusinessasUsualto Global Planningdoesnot substantiallyalter deliveredwood
costsfor APFI. Most of thetangiblebenefitsof a changdn tenurearrangemente/ould
accrueto the Quotaholders.

It mustbeemphasisethattheconclusion®f the presenstudydependn my mod-
els of foresthanestingandof fire. TARDI S doesnot modelthe impacts(additive or
compensatorydf otheractwities in the forest. In particulay alienationof productive
forestlandby the enegy sectoris not consideredn this analysis.



Figure3: Time seriesof meannetdeliveredwoodcostsfor APFI andall Quotaholders,
underBAU andGP scenarioswithoutfire.
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Figure4: Proportionof total quotavolumesachieved underBAU and GP scenarious,
withoutfire.
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Figure5: Failuresin wood supplyundera stochastidire regime. The graphsindicate
the annualprobabilitiesof achieving statedpercentagesf Quotavolumes,for Quota
holdersin aggrejate(a) andfor atypical large Quotaholder(b).
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