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The Problem

Givenadequatenodelsof gronth andyield, anddata
oncostsandpricesiit is nottoodifficult to find “opti-
mal” silvicultural regimesandrotationagesonanin-
dividual standbasis.A rigid applicationof thesepre-
scriptionsto a forest, however, may produceunac-
ceptableresults. The annualproductionwould vary,
following a curve resemblingheagedistribution for
the standsin the forest. Similar fluctuationswould
appeain therevenuesandin thelabour equipment,
andfinancerequirementgor hanestingandslivicul-
tural operations.

Exceptpossiblyfor a smallproducercontracting-
out all forestwork and operatingin a nearperfect
market, the strict applicationof regimesderived on
anindividual standbasiswill generallybe far from
optimal. A major reasonis that the costsand rev-
enues,assumedo be constantin the single stand
analysis,are actually affected by the scaleof pro-
duction. Thereare costsassociateavith the expan-
sionof production/processg capacity andwith the
maintenancef unusedcapacity In addition,there
may be constraintsarisingfrom contractuatommit-
ments etc.

There is a needthen, for tools that can assist
in planningthe managemenof aggregatesof for-
est stands. Theseaggr@ates,or “forest estates”,
canbeindividual forests,groupsof forests,regions,
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or whole countries. We considerhere only even-
aged forests, and focus on general-purposenod-
elling toolsusedin New Zealand.

The Classical Approach

It we hada homogeneouforestwith equalareasin
eachageclassup to theoptimalrotationage,the op-
timal managementerived from a stand-leel analy-
siswould alsobe optimalat theforestlevel. In addi-
tion, therewould be an even annualflow of produc-
tion, costs,andrevenues.

Traditionally it was consideredthe job of the
foresterto aim for this simple and satisfying state
of affairs,theachiezementof a“normalforest”. The
steady-stateharacteristicef thenormalforestwere
intensvely studied,including ways of handlingthe
complicationsassociatedvith the presenceof vari-
ouscrop typeswith differing growth rates. Knowl-
edgeabouthow to transformanarbitrarynon-normal
forestto thetamget normalforestis lesssatishctory
hovever. A numberof more or lessad-hoc forest
regulationformulaeandprocedurespftenhaving lit-
tle or noeconomiqustification,have beendeveloped
for this purpose.

Some remarkable examples of nearnormal
forests, attainedafter centuriesof continuedforest
managementgxist in Europe. Somecountriesstill
basetheir forestmanagemenn the conceptof the
normal forest and on traditional forest regulation



formulae.UnderNew Zealandconditions,however,
these methods are inadequate. Apart from the
guestionable desirability and/or feasibility of a
steady-statsituation,mostforestestateswill befar
from normality at leastfor mary decadesPlanning
for the efficient managemenbf forests with the
kinds of age and crop type distributions that now
existis essential.

1 Simulation Models

Simulationhaslong beenusedby forestergo answer
“what if” questionsaboutthe effects of forestman-
agementEssentiallyit consistof building a simpli-
fied abstractrepresentatiomf the forest(a model),
e.g., by a setof tablesandrules, and using this to

1984
26+

21-25

16-20

11-15

Age classes

6-10

1-5

HARVEST

Figurel: Conceptuamodelof forestestates

ginning of a 5-yearperiodis describedby the area
in eachcrop type andageclass. During the period

predict the consequencesf different management SOmeof the areain eachclassmay be cut, andthe

alternatves. Thereadyavailability of computerdas
reducedhework involvedin carryingout thesesim-
ulations, and so madeit possibleto analysemary
morealternatvesata muchhigherlevel of detail.

Thereare 2 simulationsystemsin generalusein
New Zealandor long-termforestmanagemerlan-
ning: RMS80/RMS85(Allison et al. 1979, Allison
1980,1985),andIFS (Garcial1981). Both simula-
tors,in commonwith oldernon-computerisedroce-
dures,usea similar conceptuamodelof aforestes-
tate. Thismodelcanbeunderstoodin generaterms,
by referencdo Figurel.

The forestis describedby a classificationof ar
easinto “crop types” and age classes. Standsare
groupedinto crop typesaccordingto growth, silvi-
culturalregimes,hanestingmethods|ocation,own-
ership,or othercharacteristicsasappropriatdo the
planningexercise. Eventsarerecordedfor time in-
tenals (“periods”) of lengthequalto the numberof
yearsin anageclass.

Figurel illustratesthe modelfor 1 croptypewith
5-yearageclasses.The stateof the forestat the be-

remainingareamovesinto the next ageclassat the
beginning of the next period. The hanestedareas
may be replantedmmediatelyinto the sameor dif-
ferentcroptypes,or left unplanted.

The areascut from eachclassare multiplied by
the appropriateentriesin hanest product/resource
tables,to computevolumesproduced,or resources
requiredor generatedn the period. Theresidualar
easmay be multiplied by entriesin the samepro-
duc/resourceablesto asseghe growing stock,and
by entriesin anotheisetof tablesto accounfor inter
mediateproducts/resourcesuchas thinning yields
andsilvicultural costs. It is alsopossibleto transfer
areadetweercroptypes;thisis usefulfor modelling
alternatve silvicultural regimesor changesof own-
ership.

In usingthesesimulatorstheuserspecifieqor ac-
ceptsdefaults for) the actionsto be taken in each
period. Decisionsincludethe areasto be hanested
from eachcrop type andageclass,areaswhich will
bereplantedandareago betransferredacrosscrop
types. Thereare variousalternatve ways of speci-



fying theseactions. For example,the usermay just
give the total volumeto be producedin the period,
andthe programautomaticallydistributesthe neces-
sary cut amongcrop typesand ageclassesaccord-
ing to predeterminedules. A numberof different
reportscanbeproducedo describeheresultsof ap-
plying a particularmanagemerstratey.

RMSBO was developedby NZ ForestProducts
Limited, and hasbeenusedmainly by the largest
private companie§NZ ForestProductsand Tasman
Forestry),andby the Schoolof Forestryof the Uni-
versity of Canterlory. It operatesn batchmodeand
iswrittenin Fortran.A distinctive featureis thecom-
putationof a numberof “forest mass”"measuresle-
velopedby Allison (1978). Thesemeasuresndicate
similarity of the currentstateof the forestto a nor
mal forest;they have beenfoundusefulin communi-
catingwith top managemengndfor somevaluation
andyield controlandanalysispurposes.

IFS, developedat the ForestResearchnstitute,
hasbeenlargely usedby the New ZealandForest
Serviceand by somesmallerforestry organisations
andforestry consultants.It is primarily aninterac-
tive system,althoughit canalsobe usedin a batch
mode. Versionsin several Basic dialectsare avail-
ablefor ICL andVAX mainframesandfor anumber
of microcomputers.

Optimisation Models

Simulationusestrial-and-errorto searchfor an ac-
ceptablemanagemerdtratgy. Only alimited num-
berof possiblealtenatvescanbetried, andin mary
instancesmuch superior solutions may be over
looked. Given a clear statemenbf objectives and
constraints pptimisationtechniquescan be usedto
find a “best” solution. It mustbe recognisedhow-
ever, thatthe objectvesandconstraintsisedin opti-
misationmodelsare oftengrossoversimplifications,

3

andmary relevant factorsthat aredifficult to quan-
tity areignored. Also, currentlyavailable optimisa-
tion methodsarenot suitablefor handlingashigh a
level of detailasthe simulators.

By farthemostcommonlyusedoptimisationtech-
nique for long-termforestry planningis linear pro-
gramming (LP). Several applicationsof LP have
beencarriedoutin New Zealand.Someof themwere
developedby operationaresearchexpertsin collab-
oration with managemenfor modelling a specific
situation(e.g.,White andBaird 1983). Two general-
purposelLP-basedsystemsfor use by forest man-
agersareCPLAN (Shirley 1979)andFOLPI (Garcia
1984).

CPLAN, like most LP forest managemensys-
tems followstheso-calledViodel | formulation(see,
for example,Clutteret al. 1983). Individual stands
are groupedinto “cutting units”, which correspond
approximatelyto ageclassewithin croptypes. For
eachcutting unit. a numberof managemendlterna-
tives are nominated. Thesealternatves specify the
managemenof standsover the whole planningpe-
riod, and shouldcover all the reasonable&eombina-
tions of silvicultural treatmentsand successie har
vestingages.The flows of therelevant productsre-
sources,costs,and revenuesfor eachmanagement
alternatve mustbe provided. The managespecifies
an‘“objective function” or endresultto bemaximised
or minimised,for example,presentetvalue,anda
seriesof constraintson the flow of productsand/or
resources.CPLAN thengenerateshe bestover-all
managemenstratgy by determininghowv much of
eachcuttingunit shouldbetreatedaccordingo each
managemertlternatve. Solutionof the modelmay
be followed by post-optimalanalysis,wherethe ef-
fectsof changesn constraintsalternatves, andre-
sourceflows areinvestigated.

FOLPI doesnot usethe Model | formulation. In-
stead, it is basedon a model of the forest identi-
cal to that usedby the simulatorsdescribedabore.



Givenanobjectie functionanda setof constraints, Allison, B.; Farquhar G.; Kane, W.; Newell, K ;

LP is usedto calculatefor eachperiodthe areasto
be cut from eachcrop type andageclass,the areas
anddestinationcropsfor replanting,andary trans-
fers of areaacrosscrop types. The sameinput data
files areusedby IFS andFOLPI, andreportsidenti-
calto thoseproducedvy IFS canbe generatednter
actively. Objectivesand constraintsare specifiedin
aform thatdoesnot requireary detailedknowledge
of LP.

Conclusions

In forest managemenit is usually not sufficient

to analysesilvicultural alternatves for individual

stands.In mostinstancesthe interactionsover time

betweerstandswithin forests regions,andcountries
areparamount.

Several simulationand optimisationforest estate
modelsareavailablein New Zealand.Oftenthe use
of asimulationmodelby itself will give satishctory
results.In othersituationsbestresultswould be ob-
tainedby applyingdfirstanLP-basedystemandthen
usinga simulatorto explore the effect of deviations
from the “optimal” solution.
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