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Alternative Management Policies For Mountain 
Ash (EIICalyptus Regnans F.Muell) In Victoria. 
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J:;.:ustralian Agricultural Economic Society 
Lincoln ,College, Cantetbury, New Zealand. 

7 ... t} February, 1989. 

The .management oi forest. has become a tomplex ~nd.: ,sensitiveis$ueinl'eeeuttime$t Ac. 
tionsQfc;onrsel'VlltiOll moveJlu~nbth~ottghotlt au,sttali{la.nd thereat of theworld,fueUedby' 
environmental effects 118.$ tQl'cedvatiotlsgQvernmen.tsto,re evaluate 'their objective. of lIlan~ 
ll&ngforest. .Ml1jor 'it~$ue$ th~th.a;vetobecOn$idered apadfrom the value of timber inc:1ude 
etI'Vironrnental effects i.ncluding ,greenhouse effect. '$.ud ,othervalueao£& standing 'forest such 
~ 'recreation, conservation ofnatnralflol'a andfaun(J.i,l.nd value o[nol\, wOodptodtJctlsuch 

a$ wild honey.. lIowever~ 'WiththeexceptionQ{wildhoneythe other .pJ.'()dt~cbare .nolsold 

and ,pric:;e$ tor them ate not deteI'mined, in the :matket.. Hertcethe ~value$oftheseseJ:V'ice$ 

atesu.bjectlvelyestimated.TherefoJ'e,any reuonablyteliableeconotniealulbfiiso£ ,forest 
management ,must, 'beh~ed solely on the valtJe of tim bet lnthe rorestO,nce~he value of the 
timhertothe $oclety is estimated, it willgiveM indica.tiono£ the minimUlll\raluetha.tthe 
other tQ~petingactivities mustgenel1,Lte in order ,to convince the policy makers to reshape 

the objecth'¢s Qrforet~management. In ecOno))l.lcterms this wiUgive the opportunity CQSt 

tosocietyoi usiIlg Bt{orest :to obtain, products other lhiUt timber .. As such, "be current study 

is limitedtothe~a1ysis oftitnberproductionaetivitiesin tllountainn-sh io{et;ts in Victotria, 
Q~~nt lUJ'-nagernent poUcie$ for pubUcfol'esb itl. Victonaemph8$ise$ the importance 

Q£eeonon:Ucviabilityinproviding forest. and llonforest~product$ fOf the current and. Ifu­
turegeneriatious. Euvironmentalsen$itivity also hlUJ been taken intoa~t()untin outlining 
nta.n~ement plans. In tetmsofeconomieviu.biJUYt the commeJ.'cial ma.nagement oi.forestl'Y 

<liThe authQ~ 'willte.to thankliwithth~ U$U~ t~veatt john KelUledy fQr :initialsuppo.rtgiven toptepare 
thi,p.,per :andJ.)a.ndVcs,lllCttilQf}t(:lprul comments ~nd suggestion.. Also toRah Campbell, am IncoU. 
PeterFa8S11Iug'h.$tew~t~ndRebe(:,c;a ~ot<ts o£ tht: Dep~u:trnC';.ntorconsetvationFo.test a.d Land (DOiL).. 
Theauthorthan~Ulll ~owiedse5*he ·use of ·STANDSIMmodel oCtheDCFL in thecuuent study. 
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p'(Qduction p4;utili~a.tiQJl.acti'Vities ~xpect to genera.te a 4 pet<:enll'et~t11 ont1U1ds inve$ted. 
T:hepoUcyemph.,eltht:Qbjeetive of .maintaining ll.sawl'og otieuled iQtesttytathcrth.n a 
pmpwoodQtientedone".To aclliewthisand variau$ ·envi.romnenta{ 'Ol.ljectiYes, the. minimum 
tQtation penodlSfor ludive h8J:dwood lotctd!i h~ve been1tet at '80 to 150 l~ari*depending QU. 

the (Qrest, type. 
Because oithehigh poteJlti~l damage to the remaining 'tree. and telulting lOJ .• ,thintrlng 

of mount&in&$ustand. inSt~te F('.)tests h1L$. been tluspendeg. linceea:11~ventita(.Jtowever, 
l'e~eMchhubeeJl i.tdti"t~dwith, the eOUa.borati.onotCSlRO :to .illvc$tigate the m~thQds o£ 
tedl,1Qllg tbe damage :!UJ,dlols due toihituul1g.LilI1ited Ica1ethinmngnot, «*cee(ting :20 pet 
eentof the bas~ &tea. is ¢attied Qutinthelieexperiment$, The tC$earchisstiU :been earned 
o1Jt..nd no ,col1,cl.ttsive results a.vallabl,e yet 

'l'heec;ononli¢$of MOlUltain A$hh~been 'ama1y~d pr~wiouJly by Webb (1969) and 
C$pbeU(1914). Oampbell has examined the effect of one thinning while none of them has 
·con$ideredtheeftect /of'the dama.ge caused toth~ 'rem~ningtr~s.Cttttentstudyob\ain. the 
opthn~ '«onop:de l'otation periods fot Mountain A$hstands and anal,ses theitnpliclltion$ 
on ,8, iong ,t()t.tionp()li~l~Theeftectof thinning, isextlJllined. to evalu.tethe econoJllitl of 
thinning los$due to'bntt .darts,2lge. A sbnUlationteehnique iln~ in 'the$tudy for ec;oilomic 
~11~y8il$ utillaingan em$tinggrawth lnodeIfol' Mountain Ash (lncan 1983). 

Timber production in Victoria. 

The ,timber itu:dli$try malces a$ignUicl'u\ (ontributionto ,theE;~onomy ot Victoria. The, 
4;1'D.ptoy-mentcreated is6SQO in the prim-At! dfSgeand21,()OOin;fudher ptace.sing~ The 
e<>ntribu.tion tp the ·m8.nu.J~et11ringindu$try is about 8 percent. Theditedand indirect 
employment ~atedby induI$try18 'abo~t 42,OOO(DC.FL 1986).Tl1e im.portance of this i. 
highlighted by' the£aet tha.tthe ma.jorityof tllese jQbsare created ill tbe~rtd conununitie$ 
whQJe~()nomic.activitie$IA:~ basedmtdnlyon \the pJ'<)dt1.ction. ·Qf prlmuyptod.ucts* 

The timber industry invictori~ ifJ not self sufficient. O£the2'tateff.isoftwOQdeonsumption 
55 per 'cent isimpoJ,'tedirom other ~t~tesa.nd overseas. VicioriaexPQrts6awn. h8.l'dwOQd~ 
,pWpl.l1dpapet" hlUdbqaxd~d:plld~clebo~d mainIytoNew South Wale$ .. the AU$tr.oan 
Oapittsl Tetrito~ and .Qlleensla.nd~ A sm1.ill volume ofspedliltytimber il 'sold Qver$eas 
(DaFt 1986 p$ge '23) 

A~h type !orestswhichinclu.de mount~n~hJalpine asb "ad ,shining gum reprCiient the 
highly-productive i'oreP$ts in vit~()ri~. There wete624,OOO; hectaresotMh· typefotetd$lll 1980 
atJd thi$ tept~Jth .. 'bout 92 l)!3r centofth~highly productive forests .in Victona(Fctguson 
19B!;). Trus '&veJ .an: lndic~tiQnortheimpottanceof ash type forest management to the 
timberindttl$bY it,! Vidoria. SODte .0£ this. land is.not :a;v8.il~ble lottinibet: production:. Some 
ureMeome ltAdernational p~rksl,tndtheea.tchmentsQt the Melbourne Metropolitan 13oa,rd 
QfWork_" whose objectives are to create anenvi:ronmenttoobtain other forest value$$uch 
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.'I$J:ec:rea.tion,coUlervatiORO£ lllLtivefiota. and fauna and to luu=ves~ "'Ei.tet.Even within the 
ZQnesvihe~ tintbetba.rveating is X'ecoro.mend~(l by the LandC()usctVlltionConI1c;i11) some 
tlte'P.x-e,,*eluded to proteeten;viromnent.uot othet valuel$ such aswa.tet:.flora andlo-una. 
~d hi$tonealand ,t~ctea.tiona1 Gites' .. Somea.-r¢aJ; aTlnot suUa.ble; for logging ;aeUvitie~ due to 
;tot>ogt:aphiealreas6}1$.TlQs :e$trids thetot~ ~a.te~allowed lor' ,timber harvesting to about 
209.000hectarea 'ot t<>45 percent of tbe JUea.lI.~lable 'lQt WQod prQduction. lnadditionlQ, 
thette; public .fotett$, thetc' Wete 5920heetates of Mhtyp~ forests nnderpnv-.teowner.mp i11 
1980. 

'Monntain .. h 'titnber ha$ !l' 'rughdetnattd in£unrit1lte ,andcon.ttt1~tioJl indu..bie$ .. lligh 
.qt1~t.y 101' .~. 'u.ed ;tQ produ~ veneetboard$. lnadditiQil the p.apet indu.try hM recently 
intre.Qed ittdePltQld iQthardwood p11lptQ produce: highqqali~1 pape~ 'usediu photocopiers 
pd ~milt\r useG" :There hasb~na.lhi£t :in ,products in the l,a.pet 'incl~$trl u011110wqttality 
paperusedio PXodl1c;esupertnuketplloperbags tQhigb.qtt1;l!itypaper" MOl1nttlill ~h is ()ne 9£ 
thehigbly demanded hardwood pulp and' ~ome pa.per ·m8.l\u,faeiUl'er, llaveeatab1isbed tbeif 
ownmotUlt~n~h plan:t .. tionsto 1eeu,l'e'a guattlJ1teed i\1pply or h-.rdwpodpulp. 

Sil\riculturtdCharacteristies ·of Mountain Ash 

MQtJntain, Ash lsone of thetalletit ,hatdwflodtret'!8 :intheworldlUld n llatUl'all,groW$ only 
in the Ulountah\& of Vjetori~ and Tlusuumia. tn Victona..about 62S,OOOhaQt Alh~ype 
fot¢stlaJe located in high :tainCtill m()Wi~. ·~onQr Centtal and Eaatetn. llish1ands" the 
Otw~y IWt$es ,andSonth Gippsh,.nd Rallges~ These, ,rotelboccupythe upper .teaclte$of 
the, principal. catchments ofltlO$t major $treamsl\lldtheyere'nearlyalwayseven .. aged', 
ionowing~vefe, wildflrcortimbet .h~rve8tblg ac:tivity. In theit 11a.tut2llstate :mo1,lntainMh 
foretlts'contiul.lously ch~ge. Age, me,. wind)snb'W, insec;tsand fungi all have an. eJfect Q11.thc 
·sta.ndgtowthlUld $bucture. Severe flte candc$hoy an oldc:t"topen iQretlt repl,.cingit with 
dense regrowth. In 'theabsence(jra.regener~tive 'fir~ 1:J;:lo~ntaill, ilShwo\11d dip.p,pe~;frQm a 
.$ite:inabou\5QO years. 

Mountain uhis af'ast 'growingspecie$Md is ,yell suited rot pl8,I1taiions.WeU$tocked 
J\l,UldSDlay attain a. 'meanannu~ iucrem.entotaOo c;ulfttac and more than 20,OOOcu/ftlac. 
ha.vebeet:l hat1t~ted lromn&tivest~ds (Buttler 1970 as" cited hyCampbeU 1974). BecallGe 
of th~i~ intolera..nt llature1 successfU!regenerat·ion.o£ ash type eucalypts depend, amongst 
otheli' thinSI5, on the removal of competingveget-.tioIlto£orma suiiable seedbed lot gel'­
mina.tioll:~d estlYGeedlinggrowth. (Oampbell1974).Thiaharimportant implications Cor 
"bnbet'buve.tingactivities, M it ,tequires that large ·M¢!l$ Q.£ .matllteb'eesnlustbe removed 
quicklyifsnccesd'ttlregeneratiOllistobe obtained. The u6u~pt'ocedure in,sb.te :forests b; to 

iT)te tt"d C9nienalio~ (jQll~cUIn.xenecQmmendationstotbe governrttcnt or 'VidQdaotl ~Qning and 
llR' otPIill..t¢ laud~ , ' 

l~. eV\m-asedfQt~t itt as~d (':onsistingoftree.s Qf the same age 



~leadel1and. tegcne17aie ,eithet 'by 'plantit,JSQt;' by ar~.aI ,s~ding (Campbell 1914)~ Mountain 
ashmrt:$taca.nnot 'be .1~ti$raetQrl11Xe-establishedatter\imbet ,ha.rve~tbtg~etivities llnles. 
natUl:al tcqulreme,nts:{QX" ~egeneta.tiQn,(t.te met. The;:elUuat, 'be: ~ ,tdRc.ient .~ de.r lelledto 
,cl1$Ul'e; th$~ th."ite receives .dequate'$l1nlight,. and a hot fh':e to remove all {orelSt Utter and.. 
expoJe·tneiJ!ineralaoilinQ17detlo prep ate a .receptive,seed bed£or$owing~,A1tenlatively, 

, " ',.~. " . 

the' .iteCQ~d bemeehaniel1lly l?tep~edfor plan.ting ot' seedling$~ 
The: ~h 'type: euealypbate $UvicaUywellsuited. 'iQthinning PtQVidedthat~he thinning 

QP;l'·atioll iff c&tefUJly eQAtrollec1 'toavQid stem dalll&gcandihe ,devetoPtncJI,to£epiconnie 
,.to()t.~ The,tteefiretn~ning .a.t'tel' '" hinnin.g tespond 'Well to te}eNe,a.l1dtheit ,Sl'()fl volume 
tpJ'Q<\l1ct.iott 'Per~cteia very dOGe to tnator an untrunnedatal1'd .~ long :illlte tb.innipg 
lntenJit1ianot. ,excesJive (01:lJJlpbeU 1914). BQa.1 area. production is los' on1yvthere the 
.t$llUi i.xedttced to the ex\enttha~itta.nnot utili2;e theavaila.ble $p~ce'J Ot thc$tand i •. at an 
qe:thal it cannot 'l'(:l5pondtothe, t.teatment due to loss of vigol'.Thiuningin MQuntmll Ash 
d~s not. h.ve J;signifieantefFeetonthe ditJ-meter gtomh Qfthe Ietainedf.t~s until i.bout 
40: per cenJ of theb~!t.lalea i. tenloved (Webb 19t'S). 

'Thea-ttua} 'dcclsionon whethera,i st~d sltQuld betmnned depends: onecQnomicfacto.tl, 
the, lQct\tiol).,of the I$t'-nd, to~ding, iopo#lI.pby,gtQundconditionan.d.the size Md. quality 
of .tents-.vailable iotl'emoval. Mountain B$h is extremelY ,ul5c~ptible ,to adem. d.m~eand 

llnl~I,the top<)sraphy tmd $found CQi1di.tio~sate suit.bte@d, operation i$c-.re£ul11t~ried 
,out the lQIIR~,from.tem df.lnage may negate any benefits irom.tbinnilig (Campbell 1914)., 

Economic nlQdels· of [orestDlansgementw 

The problem, involved ,in. the lnl1llagetnentor &i'Qte$t~e: bothbiologiealA1ldeconomi.<;; 
.Ftom the economic' l'0into( view the 'forestiIJonetotmo£gromng eapUat Ther~ndantel\tal 
e,onomicptoble.misbowl1ll,lch, capUdshould be InvelitedfQI what dllt~tion. TId,i. ,known 
uthe l'Ottt.tiolJ, prQblem,inrQre.t~~ ThetitnbeI VQblme in a stand 'of to feSt change •. OVer 
time. The dyn...mcs Q£ 'forestgrowth invQlve$growthofhdght$ud.diamet,er: orindividu~ 
t~" :ud ,Dlottali\1 Jndb2l$al Mea grow.th of the wholeatand OVef; the ye$l's. Theta.te of 
gtowth ,i. n()tcOn.tZUl~ .C)\"ettitJie. Youngtteeligrow at a; :ta.terl'ate than thematutetrees. 
Xu an even~.gedst.nd the rate Qflgrowth .0£ volume :l1t; .etlrly ages ma;y be sloWbeca.u.se of 
bighmorlality ot'itees. Once the ~ta.nd h.l!$slabilised, the rate of growth. can be m~ntained 
.at,J. high tOiie..H'oweVetiuthe atandgtows older'ira.te OfgtDwth: declines~ At 'some age there 
coUld be: ... t"Pt\tiolt in .,growthta.nd~hereafter)dueto decaying of oldtteea.the 'tateQ{ 
~.theouldbee()tne lleg~tive. 

Tlte'econoJnic pto'blem in foreJtryia ·to determinetbeoptimultl X'Qtation,peril")d. The: 
~lQtion tQ this problem h .. in principle been known since MJir;tinFau$\mannt

$ work in 

"~iii;t;li;;'l;;;iOd:'i.~ii';' Um,e ll~tw~~ plannns.nd ,~tUn~ ... fo~~.t, 'stand. 
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_ .1849, BowevettS&nluelaon (1976) p<>iut$()utthat tn8.ll1 e~on()mi"hattem.ptedto~lvC" this 
probtem.incQrreen'~FotCltet.pfererto look: at*h~ r fClt mpagemeni. 'pt:;>blemttoIn M\ pute1r 
bi91Qgi~poil1tofview,dilh~egarding the financial upe.<;tlJ.Thi~ m-.y be acceptable if Ifl.ttd 
and c>thetinptttl ate tQ$tles, ag<i, the efrect.oitim,e i$ctUlbnpodant. 

A ~ei1ofe(:QllOuUe model. ulSed inrQtestn1lP1ageD1~nt .an$lysls. Th~ ineludepre~nt 
:~elwQnh~ ifln~clallJla.ttUitl~,the .oil eJtpect"~iQnWuefihe .i.llternal r.te()f~t~rn alld 
the: £or($t rcl\t~ lu,lheQptimuin. tbt.tiQnperioa.~alYlJi.; the ·output of .. tbnbet.tand is 
~r~. ·afttnctiQt1of' Unto, hQldingQtner input. tOll.tui.. O~h~t :bNie -.uumptiona 
include, ~ded kl\owl.edget eQu,tanttelativepnce. oVer time ap,d I.. ·pctr~tcapU..tm ... ket, 

Spit. BxpeetationValue 

1'helQilexpedjr.tiQ)J. val~ei •• Uributed to Martin F.u.tPl .. nnandgbteenthe~t1UY Ge,man 
:eeottonU.tw Thl'''givet thu capit.u.ednlue: o{the infinitely1QnSJedeao£ 'expected peri'c)dic 
'income., ktlppo.edto the .• ingletotationoptimirationuudet Pl'eiCmt. ne\wodh_aly.is, 
the lOil ,expeetationvalue modeloptbni~ ,theconUnuou$ toiatiQll problent.The $Olu~iQn 
tQthew~liI1110UJ,tot.tloP pl'Qblem ~.xjnUZefJ; 

This£otn1uUt. b b-.Rd,Qntl1eusumptiontha.taU l'otation :penodlate:of ~quasllength. 
Th~lQgic; qde:rlyiIlgthisilthrJ.tin .art, infinite planning 'hQri®nundet .st-.tiQQUl condition., 
()J1ce'~ tot,tion ~odi, chOlen1the second ,ptriod,becomealhe iniUalpedod {Ol," tbe teJt 
olUme hQ:ti~~ 

13ydi«e~uti.ting the.hove equatioltwUhre.peettotJ,the condition fOl,"the optimum 
rotatiQnpetiod;i. derived; 

P.fl(T) ·;:O;'rP/(Tl +tV(T) 

Plt.(T) ;ilthem¢reue in thel,net 'valllc ·of the ,lauding forest over ... year, tP.{(T) i5the 
interelt ··Utat: c.nbe eam~d lfthe netrevepue 'frQntcuUinglnc .tOrelt ,landi. iJlv~ted. 
lV(T) b lbeoppodunity cO$to('theinvettmen\tiedu}l :in.tlte Jite; ·w.here 'V(T) .. ~prelent 
the pttJentv.lue o£ (he.tream at futqte~venue$t«om.monI1 known .. thelite~ue)~ 

1.'1~.bove eC}t1ation describe. tbe .F",uJtnulnn ... Pr~.let .. Ohl !.4theotem, which .ay.that n~ 
lateSt.IAd,hall be· h.JtVf!Jted wben the rate of change or its. value 'wilht~pe~\ to time is. 
~t1.1Iotbeintef@t on w.lueof ,tandplus intete$\onthe valueortbe foteit.landlJ (Jolttt.J1a"OR 
·-.nd 'LQ~ 11J8St 'P-se80). The <>ptim.alrotation period. is a functiOtiof thepal'JUneter$ 



PtC ,gd :r.ThefoUomq ~mparativell.tic l'el.tiQ~Jhiplh .. ycbet:ndeti'fed:b1 JO:bu$lO# 
.ctJ .• t 

dT 4r <0 

An'in~in the price .ol·timbel"i1JC.tt~ Ulenlue offormlud "hicb.iQ'umillC:~ 
thf; iid~l~t ·of 1eDs1hening tbe tQt.'ioJl; :p·enod,TQ CQmpe.,.t~ ft>r.li.iaterelt,cod, 
1he rot~~ :iJ;lUllettnu,*.hQuen, thcJ:ot_tio.-penodJn ord~ to obtaiA .hi.sller :r.teo! value 
gfQwtb:. 

An hle#uc inth~plantiil., cott. deerea.JeS th(t'A1~eorthe tomt l.nd. :Qd dea¢gec the 
1.iet~teotlon;theBl.e of laAd. A."feluli,. 'h~ l'ot.lio .. :pmCki lePllhe!l"llldtbe n1.u.e 
.~O'Wth,()ftbe i"ore.tdetUlle8·" 

All iuc:re.einthct.te or interes\ lead$, ~() .hodenbtg (lethe ,rot.Uo. ~riQd in otd~t:to 
tNJethe Dte otvalllesrowtbofinc.5talut. Thif will m..kethe hi&~etretUtlll olliQvelted 
tet1U11l!l'otntnccuUinS. and the iJdeteatQA ·theV{liue of Jandequtlto th<t 'rate of\1l1ue 
srowthofthe,tand. 

The Methodologies used 'in the Economic AnalysieofForeetry 
Management. 

l\l()d~rn ~()JlQtniean.t11eJ Qf£oreittynllUtqement.Uempt t()c,muimiJetbe :p~ea' ~u.e 
·Qf 'Mitctam' ,oye~ .~ ,intbdtel1~mberot ·rotatioll,clclefoUowinstheFa.,st.m.All mQdel" 
'The .JnetltodQlope.that .ltavo bten employed v.J1'ftomtb\! :limul,.tiQft.pptoaeb. (Oampbell 
1914}'lo ldPl1«llllplf!XdynlUllieprQgt.unming(DP) m.odel. (It.tSht :eJl' . .t., 19§). -the 
oUtet ,!llelhodQlop'thati' becominlPQPulat ine«>nomie :Q.tyfi. or £OtQi· DUQtagemcJlt .• jJ 

tlptimai unlbol'tll«try (O.W'i$C~t.rd" 1984:}~ 
The ·JimuJ"dion ... t*~roadti$ I';Ql,plelo modeJ..nd. 'the o.pthtud, tutatio:p, pcriod.autd 'retUtD$ 

cU ,be eNill'Qbtai~eatQfopet.Uot,l.withQut lhi~nins.b1eontpleteenum~.ti()n, The 
eompldeetutn~atiQnb .. ; 'beena.timo con$umius' -.nd txpelu;.ive ~etd.el\Jl'U recently­
HOW¢y~,UlodefQcomputitig fllCiJUiet; ltavctnade the tp. e __ cr. The 'adunlqeQ£ this 
nielh~ i,: that ibeqpti.m.ulOittiiollSCJlQ. helound fQr any complex {Qmt, ~wth lnodel with 
ptnttulOctnfdescdptive YJriable,* Roweverlthismethodoio81isinCeriQf tQQthctllike dp 
~.U": of · •• yi~'tou~ (ompleteeuumeraUoulJ.ldbeeau,fC oCtile inabiIitY'loil\~orp<£l'.te 
'. ·m.unUu.dcof',thiunlt1!. !.u~cl.ioJl •• im.uJtMeo~lly win,the fQt.UQu;p:enQd JJuuy.i_ i .. in DP., 



",Dyaatul~ pl'Q,t"mming ittduUq~el :~~Qll',entt1 wldtly'u~bt the~.omicau"Y.li1 <t 
fotelt; Jg.~q=tJ"ept~The,.tnnt",e of UP i.th.iit <:'1oU, OQt.m,fOltdioJtI, simu1tu~\Wyf9t 
QP.izp.a1 thilUlitlg: levelf ~dtim~ • welt as tor the optimal rotatiQu periQd. UP :~d. 
bet:ome -n:f*t d)nlpt~ q. tbe ltUQlb~f'pt lit-.te 'Q.dabl~ ia lncre-.ed -.udihitJ 'i.lu~OWIl. 
the ',~u~ or diJJlen.onaJi~y·., :JlecatllW',o:Ctltis dimenlioJlalit;y ptobltJtt.,direet doption of 
yell cotnpleJt r~~ srowth 1llodel$ with 'J1uu11vanable. iuio •• DP (rlme*od,i,diBicult .. In 
.~dt.iultaa<* nUl"" "lM! .eeeP~tooc;ifice, cedaiQ~d $Qmetimel,irnpoit&;Qttil\!ieultum 
,dus;rad~ltiQth.t explftin t1le¢otnplete,gtowthpto~,' Qf .'fot,Cit 'tlll1d. AlthQugh, dp:I1lQWI 
pt~ticalconaidet .. tiolt of &, large-numbet Qr altetn"n,e: d~.ion. sueh .. ,tnu,;thblniul' 
'illknJitietud .... " the,p~dftc.tiQnof.to~n, densitr .. ndtim:eh,.velobe~ .. tric;ledlo 
di.~te. intel'..t.(BtQd.i..-: ~t...t" 1978). 

The limnlJ,lion, modelued lnthecunenl,ttld,simulltes the .!towih of tbe{orest on; 
lndividgaliree '~i. l1.-ingpwaYQ[lree diametep_ Adoptia, this 'm.(}d~liutQ.np.tequir~ 
.'Uqe .ttU1~Q£ ,tAte. to ~a>mmod .. te .JJlIU1f pombledia.metet di$hibt.dion". T:hi.·wonld 
1nUe()bt~1iil1& '. ~ .. mericJt1 ~lution.vet}~difti¢tdt; i£ .~.upo$.ible- lte1.\~thec~A-t .lu~1 
u~th~limul .. tion .p,plQi,tn" 

Tb~ Metbodologyand Model 
1!lteeuneni .tudr .. ~a, .imu1.~iQlt approach. wUhccPlplele enurue'ration, t<> obt~llnl~ 
QPumdtotatiou periQCiMd ·return, to,tullthinned $tl#c&. 'rbr:thlruliltg p~blem, i, ~ined 
Ql1.JsiJJ$Ql'eflJUrtUOKn lhiuningtate4and, in,temltrollow:iqtherecuntmend.ti<;D •. ·of 
Webb(l9$} .. The eeonQmiemodt:lu.ed,j, th~aoUexpect.tiQlt tUodel,with: ... hl6Jd.tetl#1~ 
hodJQtt ' .. ' 'd~etib~ by the F.Ultll1Blltt2qu~t.on#l 

The bbj~ive' of ~hf'eUml1t"fbld1 i. tOeJtimatethe o,ptimalrot,Uon, '~nod.jiJr Mo~:t. 
tadn A.lt.taudlJillVi~t4ri~ Th~ bbj~tive itJ.nctinn il: 

Where; 
,NPR = )let ptemlt, -glue fmm 'tot.tiPDato ,inn,nlty 
p),=: fric~Qttirnl:H:r' :netofb-.rmtins coat per .¢ubic metetQ, 'a'1-M,~ 
T ~Temdl\alQf ro\,dion .~~. 
t ;:;ase o{the ItlUl({;a,l~li.\~eQ{ gtowUt 

V~T}= VoI~mcQttinthct harve.ted .• t rotation '''SeT (of ra"". ~ ') o. ~Co.'Q( est.bU.hmentoftheltand, 
Ck =A"lUJlltooQfm-.inlaining, 'the ~.tJ,1td atagc t 
Tfte YOlume of' 'nt.etd'uultable:tiitlhtrhvvejten .t,e-.cbage is esiinuded: 'blliblU.llltillg 



I 
[, 
I' 

'h~ P'OwthQf ,tke It_d". The model estimate. the: baAl', .~ .. t • 15 ... r"actioll ·of 
'~he nunl'*' ott~i.,th.~ ·.t .. d~dlbe.ite hul,,~ (SI1... (Site iJutex ... :the M~p 
Dow~ .. t Heiptofthe .• b.u:d: .'ager 20t Ntd it l'tPteJeJl\.tite ptexbu:tivitl or ,tbeIUe, M~atl 
domi~~t.~p\ i,the; \.V~3!~ hd,htof :lbeSO I_pI lteQperhett.~~ lIod.tii1 i. 
Iimuil.ted;",I..{QcUonoi .-se udthe llumber of 'treea ilttbe.tand.fiomplMti~,;. till 
dcwteJ.lbl,. At. iSlbel~ ·~di'tribf,tt~-.mOtt' dlameter d .. ,~lhebi.oIDid 
diattibtdio1,l. Thia diameter d.Id.i.tritndiQn;ilflh~i.\ coJlveriediJlt(), .... Uta10f t~di ... et~ 
to "imttdakthegt<>Jrihoftbetstu4oubuUvidual t'lte b.i... ,Ann ... " baAl ~. 'powth: Qt 
tnt' •. l •• QTe.~ 151~O! ... j, JhDul"t~ .. ~·r,adio:;).of"e.dqdiJs, bP.t· .~_d lh~ 
.~ ind~ ~baMI, aJ'eJ.p'owth, i.th~: di.bibldtd.A\QO$ Jb<:treelQu the ·bMi.,orth~ 
dj~kt"l;t"ut 'bd~,~ over batk of ~htree .. Them«liudolllitt~tkd,htot !be,land 
:i.e.ti.m.teil ... t\utdiQD,Qface .. dtke.itemdex .. 'f.~d~· t~ arc~Ted .&Pm "e 
~ror tree dillAetenitcordia, to tbemQd.1U" f.t~ ,applicable."~." 

'the .fQ.tj(1ltmod~}:aUQwl(ot\l;UtlPbl,trom beloW' .• if Jeq.ittd, ,.beu:70 ~c$'of 
,(fte ,t~, ,cmovc:d ,'ue 'l'tonl.thme ol'thcJntaUeddiatP:cta- _a ,the: :,telt i,&Om eveqthird 
~N.Il;1lSt~,~¢ept:fOl' th,,7S tat~~ ~m., ·c~ perbeet.e~ 

The ·~.rea.:rd1ed .. t lhbuuDpot.t d~rdli.sare.p:m.ped·bltodi"'derd ..... ':£be1\ lite 
height o.toe' .rep~t .. tbrt treeiu e~d ... i".timak:d: u .. luctiolil..or J1ltdi .. dom,iaqt 
heiPt ,~d: ·theaiamet" o£th~'l~.. '.tbe .ol'q~f! ~£tim:htl'i.th~lte:ltiUl.led, u.derfi~ 
.prodl1~ :c.teg()ri~, ·Th*Y(thun~'.m.htn, ,multiplied blthe 1\~mbetof '(teea ip ~adu. 

,qd "~f:dttp tQe.timaktbcio.ttd 'volumctlUiluedor dN.d~led" 

Royalty Rates 

Rqf"'tlRtel"cbr~ ·.b,.tbe DCFL :tlre ,bgedon ~rO'.tnutl.developed to .ctoU,ut tOt the 
di.t.nteofthe sit~UQ~, the itllentled'lnNketand 'lito, ,price ofthc·tig)be1" ill lb.t~"¢t~ 
The.tate: i.divid~ iutofttiQQ;J land :a.nd lh"~ ;r.~~ '~""'fJuugedon .. 1Jm(omqlltlil,y 'buis. 
Ourraqil)', :llete '.-.ro ;3000 :ro~ty ·(,tea. ch .... gedby neFL lorlimbet· ittlhe :CofCSU tlndetitJ 

cOAtl'QI. 
TQ4etet.miDeth~ .foyal.\yt",te$ ror l.!:ount.iu, A"b,tbe ·timbeto,tpu.t if ~t~g()ri,ed iuto 

6FOUp-.Qutht:.'-is of diJJJ1elet .• hte .nddefectfintbc wood. Arepn:$eu~ltivca~l of 
toy,ttY' r .. te,rbr Mon,ntaiuA.b ,alongwUhth~dif.met~rspetific.tb)g.tUl(i lh4 maxbnlun 
d.,tt:(;' ano~ iu los' Lo· r.u. into ,Jpecificc.tcgorinate given. in thelollow.ingtlble. Defee' 
iimbct, i, 'cb~,eit at &9 ,peretnt ottnepul.pwood rate. 

At.; pY'e1i$ite; thctQy.J.'1 i.thatged oltlhebuiti of ·tltoductcatt1orie$. jrh~ ,Pt~uct 
c:.te$9,f1i,det~t.m ... ed by the diunetet.it.eandtbcq .. lli\yurtimbet. The leJ1&th .... wk d 

.'l ...... um..~ltod.~ .,m. i,limU!1lt! lulftc STANOS1N: .oddort'ke Dep.-dllt".t. otC<1.~r •• ti~. 
F~t.tt pd ...... 1'''~ biotoFQltq .•• tiQ ... i$l.crti. ··~.eN*,.* ,ift, 'JJJ~tnodtl. A n~. oftll •• moddlt 
~JmI, :ia !r'.-pbtll. d . .t 11'rQ 



· .... ..~ .... Table ~ jBn1al~1. :a.tn 
";P~.~t;;":·"·;':'::'"···· .. , Uimnr-:u'lll I l,,[wmuldi 

C'.te&otIDiUl~\er Defect, 
on ,AUo"a" 

ROY'lty·· 
a.te 

.. pitt m$ 
'.pet (esl 

~~~~""""""' __ ~:*,!I:_'·~~~_,~"_'·.~·._._.;t~~~.¢;\e~4;¢:l~iii .k, Ipi\:' <=~.:cl'<'f:;?,~r;;!J*;':.#):;:,,! ,~,~:ri; ¢l4l>;;:4'bi>;!:'J lei 

Vm~LoP' 0 ~ "SQ~OO' 

SAw ~ Qlali,ty A in ,2 SO.(Ml 
Saw :~ 'Q.11.nt1l);3io ~1.00 
;S&W Lop Quli_,. c ao 20 2:2.00 
51" .tQp.Q • ..ut1·:J) is SO 1.83 
Pwp Wood", 6.91 
~, Jlatui.l .... 5.53 

~ :., _~~~", •. ~,~"":" .. ~".l.~,.~._,,,,·w~'. ,~."'!' .. ;t, .. , .. :~~7'·',;~~~4(,-~ '::: .=:t :, .~, ,c.,'.M:~~~~~~~'T-~··~~~·f .... >,. ,~~~:, , .. __ ,:.::'~ 

&:mr¢e:·C~m~fcc ,Di,.i$iQta:. ~t~~tof' CO~q;ti<>A Fomt .. d,tpc;t 
Th~ at." dle,royUtr t&lt¥.th~ ~u :Noojee in :1988 .. 6 (tke1l'eP~t 
... ~ .of' t.c tatcel1:1arged; lot MO.l1t:.bl Atltthmupolt Vietoril<+ 

i. etitl$ ·2~1~m.,TlU •. Iens~. ii ide-.lUitd_am:tioQ" Toqu.uCI lQ·be .. ,tade: ,A.w 101, 
.. : ,RtiiOa'howd ·bcmo~tlt.5O:cm.illdi .. etet t "id ,.k()ttld, .c:tcOfitqt\atO:J'C iblb,! ,pettee,' 
dett~tl by yobt~. Fo~B,Ot .. dJ) 'Iul1itl.wlQlI Uitemiuim .. ~qi~'l~t=, a..: ·ate· 35.30: 
-.a.1:2$ 'Cl1ludtl~ muimttm idtretl, .. to .... ~ ,te"'" '10 'Md2U~' <tat m~u'vdl.A. 
ib.,,:,h,llld .~.llil~~t.ediUlektli.'o£,tb¢\~i.t~~:He1IcetUptopOdio'CI or ,ote:.'W 
I"'sedi~w ·"It lOS v<)},me· :is eXpttkdtoint~" In ;lr'OM :tfobu:n;eletm1J tldllet.l1ly 
lJ.ppel,'. lloweil'et, M lfte.tudlUlttUUth,e~.(etU iD'~·t.C~. Debt" ~~ttllv.11 
due t('JtW'o, reuo....Otle il theintm.u defee'. ~tt.;ttd.byt'e lenn.ite .tt~k,rt.o~'he 
,bottQ~of'tl~ettet. ?dtQd~rett.ttQte<ll)yt~t':,f".p1 ~~UKk •• t.tbe()~~p ~,a.gd:bJ 
&mk~QRnc:ha·~TlU.tt$tiltll nt ;~ «)nlplet~nnbu •• bJ('eled tothtele.tt~l •. The ·Ol~ 
'lpe ofdelUt,istk.tcR.ted by bot" itl. 'he :bcle i; .. u,~d hI \braltdlel~The Jlum'&er· ·cClttef 
bl •• t-.nddeertQef:d-eto mod..tity .... liltqdm.tute$. TM$ct:f .. te.at#YiJO.me~t/ot 
*l1etellWaip,it«t,t~~ develop ~pi(ormie.ltoot"ttdbt .... cb~.lhe~b1ttUU.,.knt>t, btl,Ae 
lde. J#lhi', t~the timber i. l'lQt lotl·f,h.owevel'themJl.rket vaJ.u.eot "uclltimbeJ"i, .I.ow. 
l'~cet, ,the proportioJlofhilj, qualit1timberdQe$ nol in(te~1ritb; as~ ,M.,aewmildexpeel .. 

1IIhi. ,ereattd ., prutiQl problem btmoddUnpt l'ohtQ1d .of.titrl~r·Dudet ,tatbc;att$9ry .. 

'Thot .. r: ~q:be@ ttpeeill1rdiflicuU bctAliMof lhe difllculty inobtailii1s_ttt1m .• te oflhe: 
'tio\ber 'l ... t ,buprOOtlcediQlotdtlllndeteiCh tategory" Th.e 'new' toyalt"".tem h.~n 
introd.eeeoall ill 1988, dt~krOfeJlhe intorm.tioftOfl I.ve".qu.ntity of tim bet :ptodu~ 
\tader e~h~.ttpt.1iJ not ••• U.ule .'(,f()I$the.",Heu:~,. aue.tim ... te ··WQ·madeaOOut 
\he ~bleptQpottif)Jit: Qfe"cb PtOlju~t~.teSt,q ,Ii ,&h"~J1in Table 2. 

T,he,uneAt, .. .:Jy.i$ df'pendJo.nlhele \"olume propodionj whicbcann{ltbe guJ.t.rtt~i() 



t.We2: &t~~~~,~!o,~~!,~oa, ,o!y~~me~Y:J:tdt!t,,~ Prm.!.etrJ .... ~1 
PtOd.u'~ 'P~potl~ 
O.teP1o(Totat 

VOium.:c 
~A '$ ." 2~S%-

BtU" 
025" n 12.5% 
.ftdpw~ .. , .' .' ..... " ,5,U.~ 
1'hae'~tim.t~~· ;~e;; ·thebUi' or­
mronl1.'ionQb~aifted;uomth~ ~padtQeft~.qf 
Ootl~lionFQb!lt; ud. ,Lan.d. 

J:,e·J.CQtt,ak+. BeJ1cc, lh~ :t~l11ti 'w¢re.bn .... kd.b1Ch, .. giJlgt,h~ piOpOdio~ ... Tb~ ;dl~#'4 
'We'I:",uone igtwo ".,., .. 'Oneil by intte.sio8 th:epropodiQtl,· by. (QUltut. fot .. l· ..... a 
ibeqthet h ··brdl~q :tbcpropodioD' o~thebui, ·ot ihe~ .. 'rut·.tathe ptO~io:Q. ~ 
bilhqu.utylop 'W_iJl~ .. th~cteQdk~PillS ibt: ~pulpwood yolunle . .t .• ,miMwt:~fl\ 
u!SO pet ~t or the tol.I. 

The JoWn,cOIt i$bom,~b;ythc bU1~t$. Themlatlyttlts ,giveA ~~.e' Qf:IQ~, t()$t .. 

llowevet';t,he' DOft, .peud. .JrlQtu~;on p,rep.nllsand :main:t~ftbtg;t~'. 'WMr.elke ·aeC,W 
il'~. ;NeJ1otJ .wJl"blcthc, .Ip"en,ptepl.relbe w.dJ{. lnsu~lt~~f!'he 1.tQ ,r~\¢di~ 

1llble: 1 ·~·redt.~ccd~1 '1.·60 per eubicroetet;. Thcl'tfOte1 'to.triv"lt-.toY,tlt1 rate oet,()f 
nl.ding(~lt·~ the tat~ wetertduced by·lt.SUin ~he.cUtteA\Nlalllil-

~gener.ti()n cost 

R~S$~tiQn:(O.t .btcbnt~th~ ~\or l'lld; :p~p .... tio.tlr ·.~(.oUe<ti()ntnumq ~~ .. htle 
,t.pplieable, JeCdiAI. or pl~tiI1Strettili"r.ydtere.pplic:able~dp.ro~~iion. LAd p~tiO", 
to$\ depend. OJ1 the P'lethod.uKdto: prtp . ..-e ihelUd..Wide:lY1:l,edmethod. !uebJ1nU$J'~ 
pd· meciAical prep_flUoR. U."~111;bothmethod$mU$t, be .. Jed tn.eombin,'ion toprepvc' 
atik. 

Plant~'(l& i4 . .:tao done ~sin&two:methQd:s. One il to.raisc the ~ipgsin ,Ii !ttl.relY and 
plut; t .... emb)' bandiuth.e ;fi~ld. lIne ·oth~tis to $lwthe keds in;th~ 'Jield" Whf:Q: lhe 
,~in.' ~. ·pt.uledl ,tediUJ;(!t iiapplied-to e,.cb.pbud.\VhenthepJanl$ ate !ouns:the1 
h.v~,t() ··be· :PtotecttiJ ftomatdmabt. The «)ft, oCt.ch.ttivityissT;,·en .in TableS. 

&~ptrQrthe,.tOl\of .niluNc().nlrril 4ntlJ.ndp~pltf.liollt.he othefc~t$ V1VY witb 
lheplaatiP$ 'den$it1~OnUl\ triJiis o.ttottprrented ). ... rr .. bte3anduIgming lJ,t)\ land 
,prtpatatiolltequitC#l'bo\h 'methods inequalptQPodion the (O$bltsed in *het~ttent anab~li. 
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~1hble 3: RegenetatioltCOIt ',," 
Jt~" -_ ....... ~ . lJ;t~~> 
-~dp~epa~_tiQrt 
,B~l"liilli, .. -
Mtch.anic,.t;pt~p.tatiQn 

~gener.Uon by ,plJnting' 
(1400 plant'p.er heet~): 
Seed: . ~QUecti()n 
N~yc().t: 

Pl$ttting 
:F~tt)n~t> 
Animtd (Qllhol 

see<t~pUe¢tjQn 
S()wl~g 
Animalc()nttol 

.".,"'" 

11 

60*00 
400.00 

80.00 
300.(1) 
350.0tf 
40.00 

100.00 
,810.00 

'190:.00 
60.00. 

100.00 
340f~ 



:'r~hl~~ ~E,~ful~~.e~~~I~!1.,P!>~:tj:~i:,~Q9.Q~,:l:':J.!!!!!­
*>"-<~"~'''~'~'' -, ~Item""'" H'· .•. ''$')11;' 
.p,l.nn~gc~t'· , ~ . . 

SeedCQUeCllOn -,-:.------­
Nltt$ery cost 
;Pl~nti:nt 
Fedili~et 

57.00 
214~OO 
25(}'00 
29~O() 

'5~~:,,:ijo ' 

Dh:~ct.Sowing. 
~·S:::"'.(';;"""d~'c-o~U-ec;""";ti~Q=-n'----- 136.00 

SQwing ,36~Oo 
IT2.00 

A:nQIysUl()f Results 

Tl\e reamt. ·oftlte.numerirc..J,. ~naly.is .axe gi1fcn in thefollQwillg tablM. The'~naly5j$ 11 

applicable iQt • Jt~nd' ·tegen(!~,..ted', with 140(l ptzmttJ. This j,,{hCeQmUlQn .tiUld ~ize.ilJ: DOF~ 

lllmta~ionl ,of mQuntiinn.$btThe fetUntS give the!oil e~pectation v~ueperhe.:t"'1:e·ill eaeh 

~~e. 

1ablef)' ·sive$theoptimal rotation periQQ .• ndsoii expectation valuefot ~n tU1thbln,ed 

stan.d ·at, vanous l'Itt$ ,ot di~countr~nging f~(jm2to 6 pet .. centj Also it gives theresulh 

~nd~rbQtn pbU\tblg~~nd$owing. Rot~tionpefiQd underplautingt whet~the teg~nerati()n 

·C(.llt ill $lnlO$ttw~l:..e ·~·much p"under .iPwing. is relatively insen$itive, ·to the l'ateQ£discount. 

ltot~tlo.D:petiQdtrunder. thesowingl'egime8hQw$gre~tel'~ensit1vityatth
ehigher diSf;ount 

t.te$.~ Th.e i$,oil expectation values are higheJ' under sowing as compared tothQseundet 

pll.Uting·.lJuder pllntingit betQwesunptofitl1ble tQQperate a.t di~count;J:'$te$~t and above 

5 .pete~J.l~ b~u$eof the high regenetation.cost.However,as :expected, the ()ptim~l :rutation 



1iLblt:5: 'total OOltc~' Planting ~.~ .sowing for: Various Den$itie. 
Pl~tDensityTotu.l Costo! 'TotalCef(t 

"'Tooo' 
120.0 
1400 
1600 
1800. 
2000 

of Pla,ntillg Sov.;ng 
$/h~. S/ha., 

"'"'~880~ijO'"""~ ·-'''~502.60 -
990.00536.00 

1100.00 570.00 
1210.00 60.5.00 
13~.O()640.00' 
1430.00614.00 

~::::~~';~:~,o;2~~I~~~:.,;~!fe"c.t ,~tg~~Ses'itt Rate., q£.~is~~u,~t,_~. ~~<"~' 
Nllmber R"te or Phuding Sowing 

Vi.count Rotation SE Value :RotatiQu SE Value 
,Age Slba Age ,'lh. 

-1~400~:'---",-02~, ._, --if-----"S122, '34:' '-620.4 

1400 ,.03' 342049 34 2885 
1400 ,0434 616 ~~l 1336 
1400 ,,0.534 .. l69 31 503 
1400 .06 31 ~1 '\28 39 ==:;:::;::::::=;;:::::=====-= .. ~:'- ... 
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Ta.ble ? .hpwi the Ntalion period and iWU expeeiation. wlueiQt stanos .of vanoua pl~ting 
d~ti~f Exce!p\ tor the eueunder 2 1)(,t centrate:Q('dillcount. 'the highest ~elutl\l'~ given 
by the SDUtlkltltaud~ lndiclting t.t :iti'«OllottJ.ic:.t.to lla.,c JtnalletatlUld..One reU.Ol\i 

lwthi. ia th .. t th~re&e11f;ration cod uri.,.., with lhe planting density" 'nutldng it cheaper to 
·e4t&b1iwhJgl~er~i.nd$~The oUler :reqon :isthat fhe tree. in Im.tlcr ),O.ungiitalld. grow a\ 
.. t..ier 'tIde' ,tbaIl, ;iu 1.rgestauds. The QllUmall'Qta.tiQn'p~riodl,N'c lower for the' IPialle.' 
ttNld athip.cQilt of .(esenetatiorlundfJf.t»·!u,ting" TIDllitu.tion varie$ hQweveJ',. under lower, 
~Oftot.Qwin8. At "-tea of disu;ount o£ le$s'nanSpercent it is slill the lQweJt~~£tecting the 
~gbeJ'tate$ ()f valu.e gtOwthai loW'er~es insmalletJtands. HoW'ev~,.t rates above Spe¢ 
.cent it becomeathe lQngeatrotatiC)n. ~riQdamQnsthe; ,roupstudied.-

lIowever. '~h~ resqIts may.D.ot 'teJleet.'he ttue ~nQrnie lituationonanoptilllllJ. pJa.nti113 
densi.ty .. The .ltn.Uer'tands leave, too mJ;·~ •. lpa~ 'tQttree;s:tobt&ne1:t..This rault. iamote 
branches i~treeaa.ndmakethe wood l .. femrdue to kn.ot$~ InaddiUonbrokenbrpChe. 
Ulake theiteelmore vulnet_bleto.ftUlpl'dt.~~.udinCJ:eNetheder«b 'lathe 'Wood. To, 
tet1ectthetruer;jination. it isueees._rsr , 3.~~unt t.,rthedefeds,c::re.tedby th~·l~\or." 
'fhi. bdom.'ion: i. 'uiun,ait.ble anr;lth~fttte1~·sen.iiiril1 MalYib~ applyingvanou.,r .. tes of 
defec;l.may· beheIptut 'rhi$ .nab.is'i, notunderi .. ken. i:nthe Ctl.tteJltstudy,.buthu been 
planJl<.>d forthe,futtlte. 

Price()rTi~ber 

'rhe~~1tivit1 of the totati.Qn petiod totne timber price wqexarnined ~y 'inc.rf!adJJ$' 
fU):ud«;eQing the pric90iall ~&tegt?ry otwQOc:l by lOper teAt~. The ~\lU.aregiven in 
t.hie 8. 'Xherotati()ll. period i.bu~en.itivet(), the .changeain;pricea~xc¢!pt, .inthe elte or ;6 
~t cen' tate of di.count undet'plantingwberet .n~ iucteueinpriceh~ reduced. thetotation 
'~.The t~n.tot tbe llLckofteipt'i $e in other'c.se.# 'is uncIeat'. ltc(.ml.db~dneto 
'he infiuenceo{'f&ciof' luck .. the valucp lwth of the Jlland specific tolhifJ$peQes. and the 
rel.tive11highcQlto(reg~ne,t.tion. On ;tnt .,the~hancl it m.aybe duetQ ·.m~l('r ch~6ea, ,i.n 

prices'U'et\ in the .senuihity anal1sis~ 

Table 9 .how,therelult. 'of the a.fitilytis {~, tle$(".nsithity ofrolation pe..fod to the cOlt. 
The C()ft$, -.:1: ehqgedby 10 per cent both \1 <l:y ... T,he.reJ1.dtl ,shQwth.lthetotatio:n.period 
i.llot ~.iUve ai.nrorcha,ng~1 inannualtna~ptf!JttUlcC'·<»st. Also, itt the case Qr regeneration 
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Number Rate of PlantiIlg · ~ Sowing . 
Di.c;ount &tatiop SE'ValueRotatiQIJ SE Value 

Age$lbaqe'/.h .. 
1000 .• 02 .. SO 5498' 30 6342 
1000 .0330 2418 .30 3122 
1000 .0430 1049 30 1596 
1000 ,,0500 25129 747 
.1000.06 29 ... 227 29 236 . 

1200 .02 32- 5410 32 f'J431 
12()O .03 S2 2353 32 :J095 
1200 .04 32 888 32 1523 
1200 "OS 31 19 31 (l61 
:1200 ~06 31 .. 400 28 158 

1400 .02 34: 0$122 34 6204; 
1400 .03- 34, '2049 34 :2885 
1400 .(l4~ M· 616 34 1336, 
1400 ~OS 34. ~169 31 503 
1400 -.00 tu .. 611 28 39 

1600 .02 36 4785 36 '5972' 
1600 .03 36 1154 sa 2678' 
1600 ;i04 Sf} 353 36 1153 
1600, ,,05 33 .;338 30 377 
1000 .00 ao ~791 .21 ... 59' 

1800 ~O2 38 4358 38 5643 
1800 .03 .3S 1414· 38 2429 
1800 .. 04 31 19 34 987 
;1600 ~O5 M ",606 31 ,249 
1800 ,,06 31 .. 989 2$ ... ISa 

2000 .. 02, 39 3885 39 5240 
2000 .03 39 1054 38 ;2161 
2000 .04- 38 ,.,204, 34 795 
2000 .05 34- .. 839 33 101 
2000 ~OO 33 .;.1192 23 ..;260 

15 



Table 8: Effect of Chang ea. in Price 
N111llber Rat.te.of PlemtingSowiJig 

1400 
l~OO 
l~':~O 
1400 
1400 

1400 
1400 
1400 
1400 
1400 

1400 
1400 
1400 
1400 
1400 

l)iucount. :Rotat.ionSE Value lWtati()ll SE:Value 

,,02 
c03 
,04 
.05 
,.06 

~O2 

~O3' 
.04 
~OS 
~06 

,,02 
.03 
~O4 
.()5 
,,06 

Age '/b...~·.'l!!~ .. " , 
~"'. ',' ~~NoimarpriC<t' 

34 5122· 
34 2049 
34 616 
34 .. 169 
.31 ..:611 

Price !tletea.se '~ 10% 

34 6113 
34 2599 
34 SSt 
33 55 
29 ·452 

,Price Deereue. b1 10% 

34 4132 
34 1500: 
34 276 
34 ... 392 
31 ,..;770 

16 

34 
34 
34 
31 
28 

34 
34 
:M 
31 
28 

34 
M 
34 
31 
28 

'204 
2885 
'1336 
.503 

39 

7195 
3435 
1676 

'131 
202 

5213 
2336 
995 
275 

.. 124 



.~"" ,.'~".~~" ' .. "" ..... ,.r.~le9!.;Ef£ect ,o£ClumpiltCOIt 
''}liiiiliet'''':Rate 'of .. . "Plating ~.. ,', SoWing ~ ... , 

1400 
1400 
1400 
1400 
1400 

1400 
1400 
1400 
1400 
1400 

1400 
1400 
:1400 
1400 
.1400 

1400' 
'1400' 
1400 
1400 
1400 

1400 
1400 
1400 
1400 
1400 

DitC:O,unl :!tQt.tioaSB V .... ue RotltionSB V.tuc 

.. 02. 
~O3 
•. 04 
.05 
'J06 

.02. 

.03 
,,04-
,,06 
.00, 

,,02 
.03 
.04 
~os 
.06 

"Q2 
•. 03 
.1M 
~OS 
,.00 

A~t,_t/h& .~e , 'lha, 

34, 
M 
34. 
34 
31 

34 
34:: 
34 
34 
31 

U. 
34 
'34 
34 
31 

3i~ 

34 
34 
34 
'31 

34, 
M 
34 
33 
29 

11 

Slt# 34 
2049 34 
616 34: 
~169 3l 
,.611 28 

4867 :u 
1878 M 
486 34 

.. 274 at 
-538 ,28, 

$311 ,:W 
2221 ~t 
146 34, 
·64 31 

.. 523 28 

4898 34 
1.816 34 
461' 34 

.. 304 31 
~143 .28 

5341 34 
2223, tl4 
165 34 
,..:3231 

.. 4.79 28 

6204 
2885 
1336 

SOa: 
:39 

59(9 
,2114: 
1200 
3lNl 
.,.50 

6459 
3051 
-1466 

60S,' 
121 

6008 
2195 
1258 
430' 
.32 

6320 
.2976 
1413' 
516 
110 



CQfi,tke':w .. tion .petiod: :h. ,ltorlen~ 01.1, ,.tther.teJo£diKOllnt,.bovc: 4 per cell'" \llnl" 
lUlMt ,COl' of p1QtiQ~ 

Tb.~~Uvi'1Qfro\.iioll period to tb.Q;eh~eaia ret.Uve ,rieet~' *od~pe~d t)JJ: 

·'~'J'a~of' ~\Jqt ,&ltd the mapilu4e of lhem .. 'ite 'price chanse'. Aitbe lOftt,ratel, ,tbe 
l'Olati~ ~ it .Qt '~.litheu,th., p~ltt nlueot~ "'Uml,.1U'O lUpet~ llQwuer •• t 
Wpo,atft:it ~1~t.tOt_i'" paiodi __ qtive'lQ 'thCl dt ... ~ i-MlAtim'~~" AINP 
,dif.~¢eill~.t <&1\. ··.~~tdbdween pl .. nti., .Jld:~wiJ1l .. At ~s~~r.t.,or,dilco_' 
w.nDl,g" _lower 't:Qgti9. p~dod"h~" ,.t l~twe$tb,ftCil #0, di.~~i w .. ~ 
t~~ TW.b\di~_tbttle ,ea,.ti~tyto ,..:e,&,Uvcpncet, d~pencr. oJ\th~ m.pitude of the 
!ch ....... iQ.~..,pricel Qd._,..frte otdis¢o'(lnt,,, 

P .. o4\\.~~ 'C.'esol'Y 

The' ~tbit, of ~ult.to ine~ ,in qUaJ1tiiy Qt 'imbe~iuthcn.wtQl gada ,AQd 
B wjih.CQ"~pqJ\dm, ,d~~ in '8l'-.des o and: Vi holdhtl pwp~:q~ .. tily .. t $I).' .. ptr. 

'edt. w.exumll:e.dln,d the ~\1lt. ate· si~ ill'.b1e .10. 
A, 10, .perteatill,cteaae in 1h¢ proportion ofgt~et:A.J\dB d~ :uo\ .~',) h .. ~·qy 

~fl«l,QJ.t t.~v.».adiQQ;period. A 100 ~ ,¢¢nt, jn~reaHhu:inc~ ihe :tol.tion 'petiod 
,C~~, i~ i,'i~ ~'of"pet ceD,llid~or discount, undetfOw1l1g. 

~r1wtot&tl()a periodMd "\"fM,wet~f!tUm .. ted' without :.pp11iJSth~ tid~J on \he~islttt 
ar-.det QIl thebNi.of ;quaUt$The Qutput" .. ~.tim.te<l· Qn.tho 'bQi_ 4tdi-.meter'.ite tot 
,jftp.,Q.(!ttAd: 20· .~ (eA~ .Q[Oll.tp .. t,'W. d~ueted :frox,uJU stlldel to GCQu.t torder~~ 
I1nderibilUte .. tQ~liOJJ peri()d,h ... gre_tty btete~d at aiel of dil@~n", leu~bQi pet 

,~\ \tlttler $Nl.~,.d.t, .... k$.lq. tlt.u6:ptf cegt '.~.detplanUg,,~ Tldl ob$erntioft ,.'how. 
ib.tthe-...1pi'Q(ecoo.oJJli~y()ptim.t rotation period, i.bi8Q1,~tive t(J UleptOdutt 
'c.tegoriatiQt;to, 1'1*11; i. ,Qne of ,the: limitationl of the C1,lnent .~~,..i •. , The_all,i, iO; ,hi. 
~iQn '1lt,Q:.S" ... -.due '0 iii :.ew pdei~, potier to Jitlke l()u$~t tQt.Uo# ,eriou. etml()mical~ 
A 'mgr~li.:: ,Ipecltic, cradiU,S!11Itemwithhishet priceJ fQrhisbqu.tit,J' lQgl wouldj_tifl 
'bisker optimom: tot,&tiOA period.. 

ThlpllillS 

T,he dfect, oftbmtdagQft tQt;dioJ1!p~riod.xtdlOil e~pett.tiQtt 'ralqC is ualYJedf.l.thirtrdng 
'ftt~ vaqi"sfi:Qm10 to,40, ,~r ~J'lt. An initi..rtltinmJl5WU .imulldedat lIse 2O~d.leeOild 
~bi~m:ng ·~timti.l .. \ea Jt, • 30.Tabl~ 11.hQWI·lheeft'ect or. ... inglethi,.,.,ning ... t .. ~20. 
Th~ ttlulb .bowLbt in..Il ,(U~ lhinning .It .. inctt~ ibett:turn.and except lor: the ¢pe 

If 4v I'd" ~eJltlhbulblSI the opUltlum, ro:t~dion 'pedodh#$ :1Jlwincreased .. Thi.btdie.te$ ~that 
fit iI, bencfidU to \hi~ .t .. ~. i.\t.td, netweenlero and 40ptfcent. Tbf'thinninsathi,hct 
;bd~ptiet ·.are' llOt. henenciN" Thi.~ :ma1be becawseot lhe,tel.Uvely fewernutnber of ,t~ 
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-Num~taate (jf' . '. P1QU., .. '. SoWin, 

:1400 
"t.f0() 

1400 
1400 
1.400 

1400 
1400 
1400 
1400 
1400 

1.400 
1,400 
1400 
1·100 
1400 

:1400' 
1.00 
1400, 
1400 

nil(t *tld RotatiQnSE Value Roi."tion, SE Value 

~O2 
~O3 
.04 
.. 05 
;;06 

.. 02 

.03 

.04 

.. OS 
~OG, 

.. 02 

.03 
"Ol 
~O$ 
lOG 

.02 

.. 03 
~04 
.os 

Age 'II... age'lh .. 

34 5122 
34 :2049 
34 616 
·34 ·'169 
31 ,.611 

34 ,3443 
34: 2fJfl3 
34 624 
34 ... 161 
31 .. 607 

36 5563 
,36 2233 
3t$' 688 
,34; ",131 
32 .. &00 

53 fU66 
48 2OS'{) 
4,1 312 
36, ·891 

... 116 

19 

34 
34, 
,34 
31 
28 

3Jl 
34 
34 
31 
28 

36' 
at" 
:u 
at) 
28 

53 
,48 
41 
,31 

6204 
2885 
1336 
503 
39 

6229 
,2889 
J334 
SOP 
38 

6G08. 
SQ43 
1392 
523 
28 

6982 
2136 
103S 
261 

.. 1.28 



.:-.":'_~"~;. '. '~:'"'~". "~ .•. '. , ..... :' 'T-¥t~Jb~tr~\ ,9~1;h~nm.1 
"'N,mh«'" It.i~ of" .. -"". PI __ liB, '" "SaWin,' 

,1400 
1400, 
1400 
1400 
:1400 

1400 
,140Cl 
1.00: 
1400 
1400 

1400 
140(1 
1.fOO: 
1400 
1400 

1400; 
1400 
.1.QOO 
1,400' 
1400 

:lllO() 

1400 
1400 
:14(1): 

DiKottftt ·ltot~i()ll .SEV.t.c aot.~ion 52 Value 
,Age '/la age$/b ,"e _'<I.~_,",_~ ___ """,-,,_ 

,,02 M 
.. 03 34 
~04 U 
~OS 34 
<iOG 31 

.02 40 
.. 03 ,35 
..:04 30 
.0$ 30 
~OO 3Q 

TJU1UUI,.t 40% 

,,02 33 
~03 ,3$ 
,,04 28 
~O5 28 

:5122 at 
2049 at 

616: 34 
·1.69 ~1 
-61,1 28 

673140. 
2804,38 
1021 .3$ 

:93'33 
.426 00 

G51G~U, 

~334. 
lOSS 33 
:168 33 

.. 365 30 

5916 :39 
2463 ,30 
1008 30 
192 00 
~312 ,30 

.t AS(!r,W 

5361 38 
2220 28 
828 28: 
104; 28 

1204 
.2885. 
1338, 
·603 

3,9. 

1706: 
·3589·, 
1m 
'164 
209 

7416 
3SUJ: 
1183 
·830 
'26$ 

$SS7 
:333$ 
1774 
88l 
330 

6369 
3039; 
1623 
SUi 



Wl ,Iftft~kidiq~ 
11m ;m1dll, witk"~OIdtJdI"'S.t • 30 .te: ,pvesthtlhe tabl~ 12 Ad 13. They' 

i~ u.t t~ 'beMfiboftwotibuulpatelowttlk","'ot' .1i.p~,,'1U#.i.'llA1tbo~ 
l,,~,ti'" 'tot.t"* ,pmod;i.(~ 'wLtal~natd.t 10 .ptr ,cmtin~.t.i •• btp at2 
ptt,"', ··g,(eQfdi~<*.t*tlJerot.iotlpedod.Jtortnl'i_.n c,... aj.,.taotdi~,d m!&d' 
1 .. 2 pIT eell,. Altioqkikettl.,.., M1!' ,~i&htt tl$q i\YUh 1,0 tld-.i.,theretv,lMltttder 
t:wo tlUutitCt :tte; 'Iowu·tu., ,Q~li.ate' Util,Ii., b • .n ;tUtl. Tki_,m.y·abo, hlYeQued 
·h1te . ..u. tlutt ,d~ll 01;' 'hl.lqd~ 

TJae ~ Qtd. __ ·d,. ·to tW • ., i., .... J~'€ot 0." ,'"" otJiq~l1tbnd .. ud 
;I; ,tMe ot.ttltj,pIe"t.huti.,~ ~io=w"lre ,,'mia,table '1.~:It,powr 'I •• ' U'b~ 10M ··of 
!Ol~ :i. 'lk •• ~«>'edt~ ~4 be lilUit~ 'ioka.lbalO ,~~t it 'i.,.'illpmat&bl~ 
to tWa 'tlut.llTWt ~ ,. ~tkat if'tbe toalof .. '.ewlmwJlg'lI\cU.od to''1,t!'$~,t butt 

~.~ ' .. ' ....• ..',10 "M"(~~~''t',,''i,~~ *;" .' .. ' .' '" .. , 
~"A."'" t ... ,'he: to[ Uial"ll,.,th:ftI; It; •• wod.,omqU ... t tet&Ulq,c r .. tkcr 
tlutml io(.ia; .'Ill. 
x..-. ,~ .. u •• iP.ri.d. 

1'hed&eelol :.l:OlseJ: to'ttdina .~ ,4). :f<)Ua~\J.li01l, 'fat.ell ,lob b, \.able, 15. 
lt~*i •• t - op~.to '1.eoptimll tWa.d., ~odI:I •• t!ipt11eat :rolati4Jl ptdod. 
;mmtJi. ·!aI·ft\,,,,Jnt kipt ~. to the, fOtitty!romtiftlbtr ...tau.. Toj*tify luch, 
• _~'~ptrioil,~he., QUlerrottit ptodQdl: •• ,d~J(n'iUa ,.bmdd;Pltt.te return. to 

:ialJdll wWch;pftt: ,tlee .P~.\ ·vI!VJ.ho\m ittllte t.bl~. 

C •• elur •• 
TIP. 'd.dr :l. '~tbi.f;,'&e ·«'(';.umierot.Uo3~riml j, mlell lower tlt.Ute .iaimtUn 
•• ~ledfor : •• ti'ek-.r4"ood:~t$tUtdt.r ttle (Ufrtat ptitiJt, .• r.",&emab~Uit ~i. ~~~~~ 
;,~to __ .W •• t.td~ t~I&;r~'lQJ)$~l ptrintUfor 'teNOfll6t.ert'lqlhelimbttnluc 
·oflk~$t.dtlha jl; i, It(~lo j\\IUfy :Iftdn 0.. 't(OQ(unic ;term .• > 

-rW •• i., orm~l"Jl., ,Mlt'tAd.: ~mt to be t(:o~mit&lif'\'e l~d.e to b.Uda1lt. 
~d '!le.,hdJi.td tlt "mt.e 'towetti,.n 10 ;pttceu\ oCtbe potentid,RllI1vobt m.c· mo .. tpu.t.> 

1:'h: 'limit,.t.ioatoltile :It,utl iuclud,tl,Uu.t j,' ·doeJ· ttotutouuttDr fO.ftlt nJ.~othe,r 

;tIJQ,t. 'niIt«! ollimbtr. A,uot.,," li.mi •• tion if tha\ the ptobtem or :(:onectlr.pecifyirtgthe' 
rril.~Q£ OIIttpltlil, .~. GttgOffofprod"et. 



1400 ~02 34 
:1400 .;{}3 3<l 
1400' .:01 U 
1100 ",.(t5 M 
1400 00' ... It 

1400·' .:02 42 
1400 ~O3\ ,34· 
1400· .0( 3' 
1400 ",05 .Ie 
"fOt} ,;1>6 34 

1400· ",02 40 
1.00 .~ " " 

32, 
1400 ~04 32 
:1.00 ,;05 ~ 
1400 .00 32 

1400 ,,02: 40 
1~ J13 40; 

.22. 

1122 
2049 
616: 

.. leG 

.,:611 

6394· 
2$53. 

't021 
1021 
11<.21 

3914, 
:~418 

917' 
~',J, 

"'~128 

6311 
21.,33 

3«: 
;34. 
:3-1 
31 
28' 

42 
34 
34: 
34 
$1 

40 
32 
,32: 
:3% 
31 

4:0 
,29 

fS20f 
'D§ 

133& 
303 

;39 

13St 
348t 
1,141 
775 
'206 

6813 
,3285 
leSS 
1S1 
206' 

6340 
,302S 



"; .. '. ~"; ~~,:.~~.,~le. ~3~Jt~,~ ~~.I~pte,1'!!!~l!!l~.'~$ 
N~bet Rate ofPJ.-Uu, seW!', 

DiKOU.t :Rotaii():lt s2 Vitae Rotati{).;SB V..twr: ________ ~~"""" __ *"""'._ .... '''''' ""',,..~~as;;;...e __ , 'e ,~;l 
I#'''\~ '~"""'~ "'" 

1400 ~02 41 
1400 .03 ,It 

1400" JM 31 
;1400 4rni :U 
'1400 .06 31 

1400 .()2' 39 
:1400 jlO3 39> 
1400 .(U .29 

1,100 ,,02 ,38 
1400 .03: 29 

A910 
2433 
916 
13.1 

-374 

,5441 
2199 

832; 

651.0 
2313 

23 

,11 
31 
;31 
31 
31 

39 
29 
29 

38 
29 

6864: 
3312 
1110 
lUI 
·260 

d.S2 
3099 
1612 

6513 
3234 



~~~,e'~~,,_1~~!,:1~~.~[e:;g!~~gf~S~!~~~~~~Y~,~1~~g~~~~~r'~;:~~~:;~;.;, 
.N ~mbel' lb,te;Q£ :Pl~AtingSQwing 

Di$tonnt Rolat.ion SEV~lue Rotation SEVal~e 

AgeJ/haage I/ha 
----~~~~--~--~~ 

1400; 
1400 
1.400 
140Q 
140(l 

5122 
2049 
616 

.169 

.. 611 

Thinning a.t 10% ,a.t ,A.ge20' 'Witht\, 10% t.OS$ 

140n 
1400 
1400 
l400 
1400 

140.0 
1400 
1400 
1400 
14aa 

.02' 

.03 
,.,04 
~OS 
.06 

.02 

.03. 
~O4 
.;05, 
.06 

40 
38 
37 
35 
31 

42 
34 
34 
34 
34 

.... ~.\ 

5608 40 
21~9 38 

651 37 
.. 155 as 
.. 6Q4 31 

5305 42· 
2042 34 
640 34, 

.,.132. 34 

.. 1)95 31 

Table 15: Eft"ect.o£ LopS Rotation Periods, 

NUlnb~r ' iR.~e of Planting' 
Dilcouut R<>taiionSE 'V,uut;;80 Year Rota.tion 

Ag~ $lh~ BE V41ue' ~ge 

'Iioa"~' ··''''''·¥~·'·.o2'' "," '~'''",,- "'a~i 
$ina. 

5122'" ., 44ff'~i'C' "34''<'' 

1400 .033lt 2049 -1169 34 

~4,OO JJ4 34 616 .. 1680 '34 

1400 .OS .. 169 .. 1823 31 

.06' .. 811 .. 1832 28 

24 

"-# 

6204 
2885 
1336 
503 

39 

6576 
2914 
,1343 
502 
31 

6243 
2878' 
1.360 

na2 
29 

Sowing 
SE Value 80 yeM' 

$/ha SE Value 
$/ha. 
, ~ 6264"''''H~' 'iiiff' 

2885 .. 584 
1336 .. 1126 
503 .. 1282 
39 .. 1291 
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