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1 Intr oduction

CummingandArmstrong(1998)analysedby simulationthe currenttenurearrange-
mentsin theAlbertaPacificForestIndustriesInc. (APFI) FMA. Theirresultssuggested
thatsignificanteconomicandecologicalbenefitscouldbeachievedby moving from the
presentallocationof rights(Businessasusualor BAU) to a moreunifiedmanagement
system,wherebya singleland managerwasresponsiblefor deliveringspecifiedperi-
odic volumesof hardwoodor softwoodto all forestproductscompaniesdependenton
thelandbase.I will referto thelattercaseasGlobalplanning,or GP. Thestudyreliedon
TARDIS, a township-resolutionforestlandscapesimulator. I will assumethatreaders
of this documentarefamiliarwith theoriginal study.

Discussionswith industryrepresentativesidentifiedsomeinadequaciesin theway
TARDIS allocatedwoodsupply. Furthermore,theoriginal modelformulationhadno
representationof fire. Sincethe first studywascompletedin December1998,I have
developeda suiteof statisticalmodelsof fire ignition, sizeandeffect. Thesemodels
have all beenincorporatedinto TARDIS. Theaimsof thepresentstudywereto 1) re-
evaluatetheoriginal conclusionsusingthenew model,which moreaccuratelyreflects
thebehavioursof APFI andthevariousQuotaandCTPholders(all referredto asQuo-
tashenceforth);and2) exploretheeffectsonwoodsupplyanddeliveredwoodcostsof
addingfire into thesystem.

2 Model changes

This sectiondocumentssubstantive changesto the modelstructure,asper the agree-
mentof December9th1999,andsubsequentdiscussionswith D. CheyneandG.Grover.

2.1 Load balancing

In the original version(CummingandArmstrong,1998),deliveredwoodcoststo the
APFI mill werequitevariableovertime. Muchof thisvariability wasdueto haulcosts,
reflectingchangingspatialpatternsof harvest.

TARDIS is atheartasimpleharvestscheduler, thatusesso-called“greedy”optimi-
sation. That is, at eachof many stepswithin a simulationyear, it determinesthebest
(cheapest)actionto take next, giventheareasavailablefor harvestingandtheremain-
ing demandsfor deliveredwoodvolume.Unliketrueoptimisingschedulers,it doesnot
“look ahead”within or betweenyears.It is difficult to achieveconstantdeliveredwood
costsin this way.

Onefactorin theschedulingdecisionsis theestimatedhaulcostfrom theoperating
compartmentto a mill in

�������
, which is a function of hauldistance.As anapprox-

imatesolution to the balancingproblem,I replacedthis cost with a desiredaverage
value,which changessmoothlyover time � from an initial valueof �
	 to a final value
��� at rate 
 , accordingto equation1. Thusall townshipsareweightedequallyat every
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Figure1: Effectof loadbalancingonhaulcostvariability.
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given stageof the simulation. This weightedvalueis usedin scheduling.Delivered
woodcostsarecomputedusing“real” haulcosts.
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For APFI in BAU scenarios,thesevariablesare �
	��! #"%$'& , ���(�) +*,$- #" and 
.�) +& .
Thesevalueswereestimatedfrom preliminarysimulationtrials. No load-balancingis
attemptedfor Quotaholders,who operatewithin relatively smallareas.Variablehaul
costsarenot amajorfactorfor Quotaholdersin thesesimulations.

Haulcostsfor APFI with andwithout loadbalancingarecomparedin Figure1. The
variability underload balancingis substantiallyreduced,with the standarddeviation
over /0&1&32�4 decliningfrom  1$65% ������� to &%$6718 ������� . This comesat a cost,asmean
haul costsrise from  97,$':18 �;����� to  #5%$6/0& ������� . In both cases,meancostsriseover
thefirst 25 years,asthecapitalroadnetwork is completed.Costsdropsharplyat year
15with completionof thesecondpasson townshipsharvestedin thefirst fiveyears.In
thebalancedcase,haulcostsarenearlyconstantafteryear20.

No load balancingis attemptedunderglobal planning. If this policy were to be
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implemented,constantdeliveredwoodcostscouldpresumablybenegotiated,at a pre-
mium,betweenany contractingmill andthenotionalwoodlandsmanagementagency.

2.2 Chip trade

Therewasno representationof the chip tradein the previous versionof the model.
Thishasbeencorrected.Quotaholdershaving achip tradearrangementwith APFI are
identifiedin the“Agents”file by thechips command,whichspecifiesreleventaspects
of theagreement.Theseare

destination identifieswherethechipsgol

conversion specifieswhatproportionof deliveredwoodvolumeis converted
to saleablechips(I assume0.4);

haul distancein km betweenthesourceanddestinationmills. This is converted
to
�������

assumingthathaulcostperunit volumeof chipsis onehalf thatfor raw
logs;

payment by APFI perdeliveredtonneof chips(I assume$30.00).This is con-
vertedto paymentperm

�
by dividing by 2.0.

All thefour variablesusedin themodelcanbevariedindependentlyfor eachsaw mill.
Thenetvaluereceivedfrom chipsalesis thuspayment lesshaulcosts,whichI assume
areborneby thesupplier. Quotaholdersandothershaving suchanarrangementwith
APFI were identifiedby APFI staff. In TARDIS, the specifiedarrangementssatisfy
APFI’s requirementsfor softwoodfurnish.

2.3 Incidental cut

Thepreviousversionof themodelallowedtoomuchincidentalharvestto belost (e.g.,
to decay).This waspartly becauseof pricestructures,andpartly a combinedartefact
of theschedulerandthedecaymodel.Thenew versionof themodelhassubstantially
reducedthemagnitudeof simulatedlosses.Thiswasdoneby modifying thescheduler,
by simulatingafiner temporalscale,andby changingthedecayrates.

Theoriginal round-robinschedulerhadtheeffectof having many townshipssched-
uledby APFI afterall QuotasandCTPshadbeensatisfied.Resultingincidentalwas
all subjectto a 20%loss. The schedulerhasbeenmodifiedso that APFI has <=�> +&
“kicks” (at thecat)ateachturn: thatis, it schedules< townshipsatatime. Theresultant
incidentalconiferis thenusuallypurchased.

TARDIS runsat a five yeartime step. However, a psuedo-yearcanbe associated
with eachharvestingaction by dividing the total harvestedvolume up to that point
by the total requiredperiodic volume. This year is associatedwith every parcelof
incidentaldeciduous.When theseparcelsareagedat the endof a model time step,
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thoseolderthan1 yearareassumedto belost to decay. Therestremainat theroadside,
soto speak,andareavailablefor purchasethenext timestep.Incidentalconiferdecays
at 20%peryear, asbefore.

In BAU mode,meanconiferlossesare ?,$67;@A +& � � � 2%4 ��B andmeandeciduouslosses
are *,$':C@D +&FE � � 2�4 ��B . Conifer lossesarenegligeable,while deciduouslossesareless
than4% of theAAC. For comparison,underBAU in theearlierversionof themodel,
decidiouslosseswereaboutthesame,but coniferlosseswere40timeshigher. In global
mode,coniferlossesare 5�$6?G@� 9& �H�C� 2%4 ��B anddeciduouslossesare ?,$- I@� +& E �C� 2�4 ��B ,
or justover1%of AAC.Thereseemsto benowayto reducetheselossesfurtherwithout
forcing theschedulerto ignorepricesandcosts,which defeatsits purpose.

Incidentalconifervolumesarenot quotachargeable,anddo not counttowardssat-
isfactionof specifiedwood demands.However, incidentaldeciduouswood is part of
APFIsAAC.

2.4 Costaccounting

2.4.1 Newor altered coststructures

Foursubstantialchangesweremadeto theoriginalprices.

1. APFI pays  #/ ������� for all incidentaldeciduous,at thelanding.

2. coniferregenerationchargesareassessedto all partiesat therateof  #/ �;� ��� per
unit volumeharvested.

3. APFI sellsincidentalconiferat the landingfor thepro-ratedcostof harvest,in-
cludingdues.

4. Thecostof extendingthecapitalroadnetwork to anew township,andof provid-
ing adequateroadingwithin the township,hasbeenraisedto anaverageof one
million dollars.Theoriginal estimatewasonehundredthousanddollars.

2.4.2 Calculation of delivered woodcosts

Figure 2 illustratesthe flows of materialbetweenthe forest and mills, and between
mills. Eachof theseflows hasan associatedcostor paymentstructure.As different
rulesapplyto differentmills (e.g., somesell chips,somedonot) costcalculationshave
becomemuchmorecomplicated.This is especiallysobecausetotal costsandvarious
subtotalsmustbecomputed,andthesevaluesmustbecompareablebetweenscenarios.

At eachfive yeartime step,for eachmill, I computethreedifferentcostestimates.
Grossandnet deliveredwood costsarecomputedfor all quotachargeablevolumes.
Grossdeliveredwood costsinclude all woodlandscharges (planning, roading, tree
to truck, regenerationand dues),haul costs,and paymentsfor any deliveredquota-
chargeableincidentalwood or deliveredchips. Net deliveredwood costsare gross
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Figure2: Schematicof woodflows from woodlandoperationsandbetweenmills.
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costs, lessany paymentsreceived for chip salesor incidental sales. A net cost is
alsocomputedfor all deliveredwood,includingnon-quotachargeableincidentalwood.
Subtotalsof all threecostsarecomputedfor all Quotaholdersand for all pulpmills
(werethereto bemorethanone). Total costsover all usersarealsocomputed.Costs
areall expressedas

�F� ���
.

3 Simulation of wildfir e

In TARDIS, wildife is simulatedby four processes:ignition, initial spread,final size,
andeffect. Ignition modelsthespatialpatternof fire starts—morepreciselyfires that,
having started,becomelarge enoughto be detectedby presentsurveillancemethods.
Initial spreadmodelstheprobabilitythatadetectedignition will achieveacertainmin-
imum size,in this case*3J�K . Firesreachingthis sizeare“free to grow.” Oncea final
sizeis determined,thelaststepin modellingis to determinethefire effect,measuredby
theareasof differentforesttypesthatareburnt. Thefirst threeprocessesarerandom,
that last (fire effect) is determinedby theforestcompositionof theareawherethefire
started.

5



3.1 Ignitions

Thenumberof igntionspertownshipperfive yeartime stepis a Poissonrandomvari-
ablewhoseexpectedvalue(mean)dependson thesizeof thetownshipandalsoon the
compositionof thetownship.By “composition”I meantheproportionalareasof decid-
uous,white spruce,blackspruceandpinedominatedforest,andof “other” types.The
“other” category is mainly wetlandareas,but alsoincludesrecentburnsandclearcuts.
The currentimplemenatationin TARDIS is basedon unpublisheddataandanalysis
of mine. I presentedthebasicresultsat Biological Sciencesseminarat theUniversity
of Alberta in fall 1997. Notesto this talk are availableon request. I have recently
conceiveda betterestimationmethod,which shouldbedevelopedandincludedin any
futureextensionof this work.

3.2 Initial spread

Eachignition hasanindependent,constantprobabilityof exceedingthethresholdsize
of *�J�K . Thisprobabilitywasestimatedfrom fire historydatabasesavailableon theAl-
bertaEnvironmentProtectionwebsite. Theprobabilitieshave changedover time, in a
fashionconsistentwith increasinglyeffectivefire suppression(Cumminget al., 1998).
In thesesimulations,I usedLM�N&,$6&080: , estimatedfrom thecountsof all lightning fires
in the studyareabetween1971and1993. The correspondingvaluefrom 1983–1998
is LO�)&,$'&0:P" . I did not usethis value,as it seemsoptimistic for a 200 yearsimula-
tiom, it presumescontinuedveryhigh investmentsin fire suppression,andignoresany
contribution from humancausedfires.

3.3 Fir esize

For fires larger than *MJ�K , the logarithmof final sizeis distributedasa truncatedex-
ponentialrandomvariable(Cumming,1999b). The truncationplacesa boundon the
maximumsizeof a fire. Using methodsdescribedin the paper, I estimatedthat this
maximumis about ?, +&%QR&1&1&SJ�K . For eachignition which passesthe *.J�K threshold,a
simulatedfire sizeis drawn from thetruncatedexponentialdistribution,usingstandard
methods.

My statisticalmodelsindicatethat fire sizedependson forestcompositionat the
townshipscale.In particular, firesarelargerin areaswith muchpineforest,andsmaller
in areaswherethereis muchrecentlydisturbedforest (loggedor burnt with the past
 #"T2�4 .) Theseresultsarepreliminary, andarenot employedin thepresentstudy.

3.4 What do fir esburn?

Having determinedthatafire of agivensizestartsin aparticulartownship,thelaststep
is to decidewhat thefire burns. Firesdo not burn all foresttypesequally, nor do they
burnin directproportionto whatis availablein thearea.Firesarehighly selective. This
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selectivity canbe modelledusingmultivariatestatisticalmethods(Cumming,1999a).
Thesemethodsshow thatfire compositionstronglydependsonforestcompostionin the
areawherethefire starts,but is independentof fire size.I re-estimatedthemultivariate
statisticalmodeldescribedin Cumming(1999a)so that it could be usedfor predic-
tion in thecurrentapplication.Theresultingmodelexplainsover 60%of between-fire
variationin composition,basedon asampleof 48mappedfires.

Fromthefire sizeandpredictedcomposition,themodeldetermineshow many ha
of eachof four timber types(leadingdeciduous,white spruce,pineandblackspruce)
areto beburned.It then“grows” thefire outwardsfrom thetownshipof ignition, until
therequiredareasof all typeshavebeenburnt. Provision is madefor largefiresstarting
neartheFMA boundaryto partly crosstheboundary. Burnt standsaretreatedmuchas
recentlyloggedstands,andgo backon their original successionaltrajectory.

All burnt areasare treatedas thoughthe fire killed all living trees: there is no
representationof spatialvariation in fire severity. TARDIS makes no provision for
salvageloggingat thepresenttime.

4 Results

4.1 Without fir e

HereI revisit the principal resultsof CummingandArmstrong(1998),underthe re-
visedmodelformulation,but without fire. Aggregatedeliveredwoodcostsunderboth
scenariosaresummarisedin Table1. Themainpointsare

1. underbusinessasusual,Quotaholdersfaceshortfalls;

2. changein policy is nearlycost-neutralfor APFI;

3. globalplanningreducesnetcoststo Quotaholdersby /%$'8, ������� .
Over a 40 year planninghorizon, the resultsare even more favourable. Net costs
to Quotaholdersare reducedby ?,$'7U" ������� and net coststo APFI are reducedby
&,$'?1& ������� . TheGPscenarioalsoensuresgreaterstability in deliveredwoodcoststo
theQuotaholders(Figure3).

UnderBAU, many Quotascannotbesustainedin thelongterm(Figure4),although
APFI requirmentsare alwaysat least99.5%satisfied. Shortfalls to someindividual
Quotaholderof 30% or morebegin about2065. UnderGP, all periodicvolumesof
coniferandhardwoodaresatisfiableover the200yearplanninghorizon.BAU is more
expensive,andis unableto guaranteewoodsupply.

4.2 With fir e

Becausefire is a randomprocess,its effectson timber supplymustbe evaluatedby
monte-carlotrials. I did this my running the model 100 times, undereachof BAU
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Table 1: Mean deliveredwood costsfor Quotaholders,APFI and totals, for BAU
andGP scenarios,over a 200 year planninghorizon. Qg andQn are grossandnet
deliveredwoodcostsfor quotachargeablevolumes.Tn is netdeliveredwoodcostover
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

APFI 24.94 24.83 24.83
Quotas 48.99 42.52 42.39

Total 31.43 29.61 29.61

andGPscenarios,in orderto estimatetheprobabilitiesof achieving specifiedperiodic
volumesof deliveredwood.

Simulatedratesof burn were approximately0.0035. That is, roughly 0.35%of
thestudyareashouldbeexpectedto burn in the“average”year. This simulatedvalue
is consistentwith my expectationsbasedon Cumming(1997)andCumming(1999a).
Eventhis low rateof burn severelyreducestimbersupplyto theQuotaholders(Figure
5). UnderBAU, mostQuotaholdersarevery likely to experiencepersistentsharpde-
creasesin deliveredwoodvolume,startingin 2045.In many cases,thereareperiodsof
severaldecadesyearswheretheprobabilityof realisingeven50-75%of quotavolumes
is lessthan50%.APFI is notsimilarly effected.Overtheplanninghorizon,APFI wood
supplyis satisfiedat 95%levelsor higher, with probability0.99. Theresultsconcern-
ing theQuotaholdersareconservative,becausethespatialconstraintsthey faceunder
BAU areactuallymoreseverethanweresimulated.This is becausemany FMUs are
aggregatedin the harvestspecificationfile (e.g., A5, A7 andA8, S4 andS8; seethe
Appendixof CummingandArmstrong(1998)).

UnderGP, no shortfalls in Quotavolumesoccurredduringany simulationrun. GP
is robust in thefaceof my modelof thefire regimein thestudyarea.On averageover
100 runs,net deliveredwood costsarenot muchalteredwhenfire is includedin the
simulations.
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5 Conclusions

OntheAPFI ForestManagementAgreementArea,theallocationof softwoodto Quota
holdersis not sustainableunderthe existing arrangementsof divided land-basesand
overlappingtenures,even without any lossesdue to wildfire. When a realistic risk
of fire is incorporatedinto a harvestschedulesimulator, the situationbecomesmuch
worse. Most Quotaholdersshouldanticipatesubstantialandpersistentreductionsin
deliveredwoodvolume,beginningabout2045. This problemis entirelyanartifactof
existing tenurearrangements.Undera global planningenvironment,no shortfalls in
deliveredwoodvolumearepredicted,eitherto Quotaholdersor to APFI. In addition,
deliveredwoodcoststo Quotaholdersareexpectedto belowerunderglobalplanning,
with or without the risk of fire, by at least /%$6"0& ������� . The risk to timber supply
undercurrenttenurearrangementsin entirelybornby theQuotaholders.APFI’s wood
supplyis not substantiallyat risk undermy simulatedfire regime. A changein policy
from BusinessasUsualto GlobalPlanningdoesnotsubstantiallyalterdeliveredwood
costsfor APFI. Mostof thetangiblebenefitsof achangein tenurearrangementswould
accrueto theQuotaholders.

It mustbeemphasisedthattheconclusionsof thepresentstudydependonmy mod-
elsof forestharvestingandof fire. TARDIS doesnot modelthe impacts(additive or
compensatory)of otheractivities in the forest. In particular, alienationof productive
forestlandby theenergy sectoris not consideredin this analysis.
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Figure3: Timeseriesof meannetdeliveredwoodcostsfor APFI andall Quotaholders,
underBAU andGPscenarios,without fire.
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Figure4: Proportionof total quotavolumesachievedunderBAU andGPscenarious,
withoutfire.
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Figure5: Failuresin woodsupplyundera stochasticfire regime. Thegraphsindicate
the annualprobabilitiesof achieving statedpercentagesof Quotavolumes,for Quota
holdersin aggregate(a)andfor a typical largeQuotaholder(b).
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