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lCommercialThinning !of Douglas-Fir 
in the Pacific Northwest 

by 

Norman P. Worthington and George R. S!aebler" 
" 

Pacific Northwest Forest and Range Experiment Station 

INTRODUCTION 

. Thi~lllill~ is probably H~e m.ajol' sjlvicuHural pmctJce ~haracter~zill!:l 
Intellslve forestry. It:s ;1,On IS to lllcrease production III esbtbllshecl 
stands ,;md to mold stands ILnd tr'ees to some desired !tnd defined end, 
Thillningis therefor'e It posit.ive cillt.nra] pmctice, in cont.rnst to those 
measures designed only to pt'otect lLnd Sllve what we lutve. Forest pro
tection ILnd phumed forest'l'egellemt ion, which keep forest lands pro
ductive, are basic to ILIly forestry progmm, but, not until positive 
C'uitul'n.1 pl'llctices, principally thinning, tLre undertaken CH,n forestry
properly be clLlled intensive. 

Thinning itself is also chn.rncterized by degree of intensiveness. As 
a pm'ely si.1viculturn,1 measure, it; is independent of disposition of 
matcr;itLlremo\'ecl. From n more inunediately pl'ttctical viewpoint, not. 
onJy mnst cul:t:ing of the h'ees have It. salutary effect. on the stand, but, 
t'he wood removed 111 ust, n:lso Imve iL sale value. Going one step farther, 
if the valu~' of materia] removed equals or exceeds cost of extract.ion, 
the thinnillgs are class as "commercitd." 

Conunel'cia1 thinning as used here .is defined as "a thinning that pro
<luees Illet'dlltufllble products that hnve a value equaJ toOl' greater tllltn 
Hle cos! of extTllct ion." 1 

It is 11lthll'a.1 in the evolut,ion of forestry tlmt commercial thinning 
should be the firs!' kind of thinning extensively practiced. Although 
}>recommen'ial thinning may be very worthwhile, .its uUimate value is 
more diflicnl! to appmise and the pmcticeis very likely to be slowly 
accepte<U 

"'Now with 'Veyel'hauser Co. 
'IIllwl('~' and SlIlith define 'colllmercinl thinning ItS thinning in which the 

felled tI'ees fiI:e eOllve!-ted to IIsefnl prodllcts regardless of whether 01' nat their 
Yulne Is enough to defray the costs of the operation CW, p, 405). ,For the )m!'
)108CS of this bulletin, the "nt-Ienst:-break-evell" definition seellls pI'efemble since. 
lIt the )weJ'iellt stage of development, thillllings that will not 11ay their WilY, 
regardless of IlOw close they cOllle, are rarely )1I:ucticed. 

Italic IlUlubers in pllrentheses !'efer to "JJiteratnre Cited," p, 00. 
• IJimited resareh lllls delllo.llstrnted thut increased enrly production of mel'

('}lIIlltnble prodUcts may euslly jm;tify the expense of precolllluercini thinning 
(:'j!I). Ylei<l of B!'itish plllntatiolll:; Ilrst'thinned at age 13 also exceeds that for 
n\\tm·II.l Amerl!:un stnllds (5, 2.'1). JjJyen without thinning, American plantations 
NHlIlllonly support uhove-nol'lIllll \'olullles ((W, /I. 57 .. B9. 11, .~O), which is pl'obably 
II ttribntllblt' to 1l1l1'1~' uniforlll !iPllcing 0/' 'I:t:ees. It is IJlllmdhle that 'the sume in
('!'eIlSIl in yielcl could he IIChie\'e<1 h~')lrec(llllmCl'ciitl thinning of uutlll'lll stllnds. 

1 
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.2 'J'EcflKICALBULLE'l'IN 1230, U,S, DEPT, OF AGRICULTUHE 

This bulletin is eOllc€'mcd ouly with eOllul1('reial thiuning, 'flle 
backgl'ollnd theori('S ditH:ussed, 1\,1 t110ugh tll)plyi ng equu Ily well to limn)' 
species rn,!se~l in ~\"elHlged ~ta !lds, tLl'P rellLf ed SI}PC! (il:l~ll,y to th(' si h·ical 
charnett'rlsh($ of nong-Ias-hl' (P'ge'lldoI81Iga'meJlZle8a) 111 the Donglas
HJ' subregion, ~eetions on iLpplicntion o'/' thinning ar(' meant' t'o apply 
only in t his area, 

'l\he noughts-fir subregion ilH'luc1l's '~'ashingt()n and Ol'pg-on "'est; 
of tbl'. sUllllnit of the Cnscade Jhnge, .Douglns-fir l'CII('hes nmxinllull 
dlwelopllIPnt; wit.hin {his 1'('gion, The. I'llnge of til(>. ('oast ntri('f.r 
(P,w'lldo/Nttg(( IIw)/.ziesii 'lIwdlzie8ti) of nouglas-li!' inelllClcs,i n add it ion 
t.o w('stel'll. Ol'egon a.nel west(,1'1I ,,'ashingloll, sonthwestl'I'u Brilish 
ColUlllbin, !wd northern CalifoI'll in west. o'f the Siel'l'a Kl'\'ada, Hlue 
Douglas-fi!' (P, mell,'d(!8ii ,ql{(IU'II) 11Il$!l .1ll.Uei.1 wide-I' I'llllgl'. ill I he Hoeky 
Mounln.in region of \I'cslt'nl. Pnil'{1cl Sbde~ and Canada, H eli fl'ers 
markedl \' in' sih'ienl l'lulI'a.('lpri,;t.icH '1'1'0111 I.he ('oa!;1 \'llriel\', 

In ihl,'])ouglas-lil' subregion Lhe Hpceior; oe('.lIl'S (,ltien,)' in till' PacifiC' 
Douglas-fir II nel ] )ouglns-li r-w{!slel'll IWlllloek types (4.'7), 0('('11 pying 
a ZOlll.\ with It Inittl, IUllnid e1iIHH,{:e and good forl'sl', soils, these types 
llre among t Itt\ llIost pl'o(\ueti\'e -fort'sl' t.rPt's in the Uniled SIllIes, 

En'.n-aged ,Yollng-gl'owt.h stands of pure, or nelll'l), pure, Douglas
HI', rt'slllting Jrom abundant rcgl'ltel'aJiol1 following bUI'llin~!' or ('ul
ting oi' thp. old-growth forcst, O('('lIpy \'ast. llreas (fig, 1), Extcnsin', 
planta.t iom; lIa\'e bep,tl <'stabl isll('cl t() Sll pplemeul: .IHt.l'lIl'a.l I'PgelH'I'lltion 
[mel, in hLIl' ycars, llll'gc Hrcn~ ha\'e been artificially seeded, 

This young-growl h forcst·-tlle fOI'es! in which (,OllllnCITial thin
ning may be pl'net,ked-is bound 10 iJeeoll1l' incl'easingly important 
as the. old-gt'owth 'fOl'es!'. is d('plel'eti, It.lld as IIHlrkl'l's alld uliliztLtion 
impl'o\'(', ] nt'I'ensl'd ntlncs, (,()uJlI~'d wil II ill('I'easillg pl'O,!,pssional skill 
il~ llla.lw§!ing tlIP youlIg '('or!>sl', will gTeal I,\' stillllilnf(' ('ollliller('ial Ihin
IIl1lg, 

YouHg-gl'owth '('on'sls til'(' Ihost' I('ss IlwlI IHO YPlll'S old (t,]), TIlt' 
nre!L 0'1' Ilwsp y()tlll~ ron'Hts suitn,bll' f()l' ('Olllllll'I'l'iHI lilillllillp: iH !lol 
knowll, HO\\'('\'IIl', '1'1'0111 Infj:: da.llL ({il) ~h()\\'n in btl.!le 1, it· i;.; eHli
nmled t hnt at. least fj Illillioll tt('.I'CH lllighJ lip so ('Iassili(~d,a 

At. t.he len'l oJ Ill:1I I a gelll l\1l I no\\' 1)I~n('1 i('n.ble, ('OlllnlPI'l'inl I lrillllillg 
of fj m.illion a('I'e~ should add ;~J/~ lllilliOll NlI'ds 01' 1%, billioll bOlm] 
feel to the anllual ('ut. of \\'CHtel'll Ol'l'g'oll HndWashing{on foresls with
ont; illl pu iring Ilwi r produd,i \'i I'.y, Kirkland (Jj) l~sl'.i IllHled I',hal: ('0111

lllerC'ial t. h inll ing of Clens{\ sl ands :tnd ('Ie:u' cull ing of th in l.r stoeked 
spot's would yil'ld an anuuul IUU'\'csl o:f 2,:> billion bo:tn] feel: -from () 
mjUion acrl'S, H('. does nol spP<'ify the l)J'oporlioll of Douglas-IiI' in 
th is estirruLie, 

"'I'hi» ('~l.illlnt(' \\'as !lp\'eIOIlPd liS follow!';: Of' t:11l' 1-1,0:n,ooo 1\('!'l'H oj' YOUll~ 
~!'owt:1I i.n 1Il('(lilllll- Ill' \\"('11-;;/.0('''('<1 slnllds-l:hoH(, wilh 0\,(,1' ,1() 11('1'('('111 HI(l('kil1~ 
((is )-7:! 11('1'('('111 01' 10,1 O:!,O()() 11('1'1';; i;; <'io;(j IIIlltl'cl to IJl' })ollgIH;,;-fil' tYIIl', aI<HUIII
ill~ I:h(' PI'Olllll'tioll fOlllltl ill lotal ('OIllIlIl'I'('i:t1 1'01'(';;1 hwd lIJ1l1lit'l<, :1\I.t1('11 of Ihl' 
IYJI(' lIl'I'Ull~I', ht'I'l!usl' 1'1' Slllll([ a~p (l'il'h!!!' 100 old 01' hit. yOIlI1~), ft'I'I'Hill, sit\', 
i IIH('I'psSi!)ili I:y, IIIl1.l'lq'l S, 1'1 t'" tllllllol hI.' ('om~id(,I'('(1 for III'Pf;(>1I f (hl~' ('Ollllllf'!'('ia I 
thillllill/!, A!tlllli OIIl'-IIlIIf. 01':; million 11('I'eH, 1'0111<1 Ill' <'faI<HUil't1 HI< potential 
thillIlill~ IlI'i.'1I IIndl'l' l'xiHI in/! Slllll(llll't11< lIJI!l l'illltiitioWl, thOIlg-h, of' I1t'('N1sif:y, 
I'his if; 11I1 ('slilll:tll' hllHt'(l 1111 \'PI'~' Iif:f 1(' t:lIl'llIal inforllllli iOll, 

... 1 
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4 TECHNICAL !BULLETIN 1.230, U.S. DEPT. OF AGRICULTURE 

A.1thou~h not 'yet widely practiced, the commercia] tllinlling of 
Dougllls-1U' has enormous l)otentinJ it.1es. 

Tec11niqtles for cal"ryingont the physical job oj~ tlri.llning have been 
developed nnd, in '(Yeneml, call be definec1 iJrlOJ'e expliciUy thau s.i]vi
cultural aspects. fiesearch in thin.ning Douglas-fir has not. been c:tr
:r!ec1 on long enougll .to deve]?p optin~i.un thinning schedu]~s :fl'On~ ,a 
sllvlCllltul'lll GhtllCLpol11t. It, IS t11erei'ore too soon to dmft spec Ihe 
I'uIes and deHnitive tllillning schedules. [:ustead, the f01.'esle1' must 
J'ely heavily 011 judgment; based on silvical knowledge of tlm species 
aucl stn,uCi, 'ltnd a. thorough understanding of t.hinning theory. 

This bulletin fherefore devot.eR considerable space to the tlleory 
Ilnd objectives of thiulliJlff ,as a.pplied 1;0 Douglns-fir. Based on (~lU'
;l'Emt knowledge of stune] cleve]opment and silyienl cluU'aetel'isf'icsof 
Dougllls..:(i!', these provide It bn.ckgl'ound for Held application of th in
ning. Effects of 1:11 inning on management, hu'gply from a theoretical 
shmc1poillt,lt1'e also C]iscllssecl 

Sections on applicltLion and JilHtllcial aspects of thinningc1escl'ibe 
how commercitll thinning sllOuld be. carried out and explain some of 
the economic considemtiolls involved. Actual experience winl com
mercial thinning, experimenbtl and otherwise, is clrawll 011 heltvily 
for these seCti@llS. . 

Although comrnel'C'iuJ thinnings limy be ll1ilde in youllg-I:,'1'owtll 
stauc1solder tlUtll 100 years, harvesl~ or prelmnest cultings aTe more 
like.ly nfter this age. Discussion and data in this bulletin are con
fined principally to tIle 30- to lOO-year age group, with emphnsis OJI 

the lower haH of this age 1'ltllge. Data. are also limited to sites II,
ill, IWc1 IV.~ Site I OCCllrs only on lim ilec1 areas; and eOlnmercial 
thimling lS not likely to(igurepromiJlenUy in the management of 
site V. 

,Vhel'e J'ohttioll age is assumed for iIlustmtive purposes, 100 years 
has been used, 'not l)ecause it is reeommenaed or expeeted to be the 
chosen rotation, :tlt.hough withiu I-he J'ange of acceptable rota.tion 
ages, but. simply for convenience, By using 100 years it is possible 
to present trends Illlcl a S])lt11 of information from which dlttit fOI' 

shorter rotations may be extracted if c1esil'ec1. 

THEORY OF THINNING ASAPPLI&D 

TO [)OUGLAS~FIR 


Forestry, bltSed inpal·t of bio]ogicaJ sciences, has not been, anel 
undoubtecUy never C:LIl be, grou.nded on a lnttIJ~~matictt]l foundnJion 
alone, It must be ttpplied as UJl art basedou the~pl'!Lctit:-ioner's judg
ment. ThilUUug is Jltl clift'erent from :\:1IY other aspect \ l' forestry ill 
th.is respect..Tudgment; required for llPl)Jicatioll of thnmillg lllust 
be bnsedon !Lll unc1erstimcli.ng of thilln iug theory !Llld the way .in 
'wIuch tlle clUtl'acter.isticsof It }l!lrticulal' tree species rehllte to theory. 

•Bllsed o.n height of n verage dominllnt n.1I(1 codominllllt tree at l()O years: 
Site il, 170 feet.; site Ill, 140 feet; 1111(1 site 1. V, no feet. 

...: 
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5 COMMERCIAL TB1NNING OF DOUGLAS-Fm 

OBJECTIVES 

ThilUling, like uny Jorestry prac:tiee, is lUlderbtken for economic 
gain. 1'\\"0 lIlajor objectiycs, if realized, will result in eeollomic gain. 
These are (1) reclistTiblltioll of growth potential of the st[\JJc1 to opti
IlllUn advantage, invoh·jng tree size !1I1cl qua]ity ('onsidemHons; and 
(2) utilization oj: all merc\lllntable nlaicl'ial produ('ecl by a. stand dur
ing !t rotation (it), p. :nJ). The lirst oLjective is usually implied 
when we say, "Tbiuniug speeds the diameter growth of remaining 
trees"; the second, whell \Yo sa)" "Thinning makes possible salvage of 
tlead trees 01." trees about. to <:lit'." 

In addition, there am st'(\ondary objecHyes totllinning, whi('h 
::;\toll]cl perhaps lw eallecl ttc1vn.nhtges incidental 10 a well-eondlleted 
operation. These ilwluele J'lKlu('('c1 J-iI."EI haz:u'c1, preTention of disease 
and insee!; atf:a('ks, and genetic improvell1e,nt oJ the stand. 

Redistribution of Growth 

In the Iil."st objcctiye wt' rpeogniz~' fhal widely spaeed trees g"row 
rapidly in diameter, whilp closl'ly spu('ed tl.'pes grow s]o\\']Y. Total 
YOIUIlIl' growl h of a few rapidly ~To\\'illgll'N'S rnay equal the g"l'o\\ih 
of mlllly slllall tl'e(·s. JlIdeed, within j'ail'ly wide limits oJ llumbel' of 
trees 01' gl'owi ng stock lWt' :I{'rl', tt fixed gl'owl h should be expected 
:for a, givel\ fOL'('st type, Hite, and age.r. 

To obtain a llIeaslU:e oJ this lix('d nUlximulll gl.'o,dh, cubic ITolume 
increase of the. ('nt-il't' SfPlll of all tret's, including those that die during 
the meaSlirement lwriod,lllust be counted as h]('.l'ement (19, p. 354)· 
Th.is fixed yolume pl'od ucl'ion fol' n. gi \'cn forest type and site may 
thus hI:' grOWl\ 011 :ft'w 01' nlHny trees Rt. the forester's cLiscl'etioll-'re
distribution of growlh polenUftl. 

Continued ('oncentl'nJion of the potential wooc1 production of an 
a('I'e Oll :few trees results ill IHl'ge trees; didding tbis conceJltration 
tunong num}' l'esu1t:s in small trees. "IVell-known tldntlltages of lal'ge 
trees illelucle (1) chenpel' logging anCllnilling costs, lind (2) a greater 
variety of generally more yalllahle produets ayailabJe for lDtlllU

:fac.tlll'e. 
BkilHul thin,ning begun n.t an early age wi]] produce more ~l.mble 

"olume, though tota7 \'ohmle production remtLills COllsbtnt. 1'otnl 
\olume produc.tion iuC'ludes totn] stem ,'o]ume, as (dready pointed out. 
N01; all tTees will be large enough to be proJibLbly nuu'keted, ho\\'e"el', 
!Luclll0t all the stem \'olume oJ marketable trees CRn be utilized. Jt 
is COlllmon pl'actiet~, ther:e:fol'e, to meaSlll'e only the salable port.ion of 
trees large enougb to be merchantable. Increase in the uStlbJe volume 
of standstlu'ollgh tlulmi ng comes from two sources: 

r. The extensiyc Utel'utlll'l.', lllostly Elll'Ol){)llll, 011 investigatiollS vf this COll(:ept 
of equal g'l'owth OVl'I' U. wiell' I'llnge 01: growing st(I(:k lias IIl'ell I'eyieweel bJ' seYel'1l1 
u.utho.I'S, i1l('\tl(liug 1:111 w[PJ' ani! RllIith (111, p, 351), Brau.the (')', 'p. 4,~), .Hiley 
(:e.?, '/1. J()')'), alii! Beiberg (;3,),). 'I'he e.()lleept: .has 1101: been ude!]lIlltely tested for 

Douglas-11l', 
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(1) Trees ,reach usnU1e size n.ta,n 'eu:t'.1y [lire. Hence, ljl,tle of the 
stHJl(rS 'produdion wi]] Jbe wasted ill tl'ees t1't:Lt. (lie before l'ellchjng 
usable size~ This .gain is largely s!tcrificed ifsta11Cls areaHowed to 
J'emllinunthinlled untilli'lel'cluwtab.le pl'Oc1ucts ClUJ be removed; 

(2) The mel'dumtable part:o£ n JlL~'ge tree jS!t greater p/:opol±i?J1 
·of the iota] stem volmne tlmn tihat ·of .a small tree. In addJtlOn, the 
bORrd-foot/cuhic-foot; ratio is gl'enJer in n, large tree than :in a, Slllall 
011e. 

To.gnin the J1HtximU111 Po.ssible increase hlusable volume from the 
So.urces list.ec1,deuse st.allds must be thinned ear]y; olhel'wjf3e, lllllCll 
v'oltune wil1Ue .lost intl'ees tlutt fu.ij to :/'each usable size before being 
crowded out of the Si;tlllCl. ''''hell thinning js delayed until diameter 
:growth ,has been restricted byco.ml)etjtjon, gains from l'edisb'iLmtiOlI 
of !\,l'owth c1ependon wh,elher J'emHiniu~ trees will speed tlleircliam
et.er growth slttli.cient:ly to ~llltke up for t.he Joss in gl'owth .of the tl'eeR 
/'emo'~ed. This fen.t.ure--resj)onse to J'elease--iR of most concerJl .in 
eommel'Cilll thinnings . 

..'Uthotwh physiolo.gical fnct.o/'s controlling response to J'elease are 
not. .comj)lef,e:ly unde/'st,ood,eonRide/'a.hlee\'.idence :illdieates that tilt:' 
n:hiljty of b'ees to inc/'ease theh' dhwnete/' gl'Owth in re~ponseto thin
nIng decreases with Itge. It ,is likely tlmtiucl'eased growth depends 
mostly on an inc/'ease ·of crow.n sudace, at least where tlle 1.imil'.ing 
fact.(lI· ill growth is thetTee's pho.tosynt.heHc ellpac.ity. The older the 
tl'ee, the slower Hs CI'O,,'JI growth. Any site CUlTe lll'odc1ese\,jdenct:' 
that, hejght growth ·of h'ees decreases :l'llpjclly after a certain lwe. 
Potent.ia] latera] g/'owth is pro.bau]y ulso~reat]y reduced (4(1). In 
short, an old tree w,illtake longer than a yo.ung tree to Jill a certain 
Ilu'Sj)ace made IlvHilul)le when a '.neighborhlg tree is ,removed, Hence 
the older tree fails, OJ' is slow, to respond with increased cliameter 
gro,,1h. 

Response is also likely to be better on good sites than on poor. In 
ILclditjo.n, eel't;u,ju trees .I'espond better than others, clepencling on their 
position in the stand IllLd crown size, Trees with smitH, wellk crowns 
gene/'nlly are unable to IlHl.keqtd('k and ce/'btin lise of ,new gl'Owing 
space. SucldeJl and heavy J'elease is, JllO/'eover, Hpt to cause physi
ologic!L1c1i:flicultiesol' "siwek," purticularly where a tree's crow.1) ue
fore th inn iug was i nuc1equttt,e £ol'~oo.d g./'o",th. 

Gellem,IIy., the. growth potentiul of a.n lu'ett can :be more l'eacliJy 
clulIlne.led1:o the desirec1.tt'ees jf thi.lulings lire uegull eal'1y and crowns 
Itre kept vigoro.us MId of optimum size. Dlcontrast, i£ cl'owude
velo.Puumt is greatly J'estrjcted,attainmellt o.f fuJl.growthaftel' thin
Jling mny t.nke se\~e/·!tl years. In the lttlter case, pa.rt of the forest 
llJ~en remllins out of :p/\oductiona.ftel' thinning while slo"'-gJ'o.wing 
crowns are ij]]ing tJle l1lHlUlUlde spaces. Helice, some reduction can 
be expected before growth has been redistributed satisfad.olily. 

So flU' in this dis('uSsion we have asslllned OUtt the mai.ll reason fot' 
t;r'ying to l'eclist/'ibut,e growth is to. lH'oduce lal'~e/' tl'el'S JII01'e quickly. 
Producf'io.n of betJl'l'quality trees, ovel.' Iwd abo\'e that t'epresellteC\ 
'by increased size, is It'lSO :ilnpoJ'tttnt:. 'Control .of quality fact.l)/'s sllch 
as size and JIll/HUeI' of limbs, bole £0l'J11, decay, and cOll1j)t'ession wood 
'CllIlOftl'1l beathti.lled through thinning. Relllovaloflow-<]Ulllit"yt/'ees 
t:'ILdy in the .life of the stand, while :/'edistdbut,ion of grmdh :is stHI 

http:vigoro.us
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l){)Ssible, e1urnnels a. higheJ' percentage of the total growth over the 
rot.ution to selected qtmlily trees, -

ArtHieial pl'uning, which :is a.imed at the pJ'o(iuclioJl of qualjty 
trees .in terlllS of limb-free logs, is also iufluelleed by bOlh size and 
quality, Prunecl treeSllHlst gJ'OW I'apidly :ill orc1eJ' 1.0 pl'oduee·ellough 
clear wood t.o justHy the eXJ?enditul'e (~3, 45), This rapiclgrowth 
('un, ill tur'n, be fostered by thrnning,which concentTates stand growth 
on pruned trees, 

Ueclish'il)tltion to trees of the desired species may a.]so be .important 
wheu ,Jo\\--value species, princ.ipally alder, occur :in f)le stand, In 
such .l11stu.nees, the alder should be l'ell1o\-ec1 early to a]]ow the 
])ouglas-Jil' to oceupy its space, 

Possjl)ilities of reaLizing the gJ'eatest gain from redistribution of 
growth by eornnwl'('lalthil1nLng: of Douglas-iiI' wi]] be discussed uu
del' the heacli JIg "SijyiC'ult:uraI Fac(.ol'S," 

Utilization of All .Merchantable Material 

. III t1te .. whlml ([e\'(>]OJ)'"('11 I of c\'cll-agecl sla.nds, llIallY trees must 
(lie bd'oJ'el he ~I :llld reaches htll'n~st able ttge, M ueh of the mOI'l ality 
\-olulIlc rnay be.ll\ IIIt'I'('ltalltabJp fl'ees, 

Han'psfing IheHc lossps iR (hc fleeoll.cl majorobjeeth-c of thi.nlling, 
COntlll{'I'cial thinlling slarled .lalp in t!IP lifp of 1]1(> ShLlld is mostly 
('ollePI'm~d w.ith attailling thiR objedi,'p, Oppol,tullilies for redis
tribution o:f growth lIIay be veJ'y I illl Hed ill Illl'se o]dpr Rtunds, but 
:l'ailure. to hnn'est the flubstallt'ial nUIOl.rnl of mOl'tality thaI :frequently 
oecUl'S needlessly sael'j fices productioll oHlIe site, 

Sup]lI'essioJl is the pJ'edomillant· ('aURe of normal mOI'htlily; oe
easiona]]y, single dominant' trees sUl'('umb t.o inseets, disease, 01' wincl
tlu'ow, Trees that die of suppression are gCllera lJy flip smaller trees 
in f, Rt:llld, Ollly.iu older stands are sue']1 Irees of Jl1PJ'ehalltable size, 
.:\ceordin~ly, It thinllillg clesiglled 10 hal'\-es! mtfural mortality is 
ordinarily tL low tllinning sillce tl.'eeR in Ihe lower ('I'OWI! classes Imve 
! he poorest .life expeet a.ney, 

'Yhere trees IHOst likely to cl.ie are be]ow mel'chanlable size,olle 
alterlllltive is to 'keep tllem alive by halTestillg ltn equivalent yolmne 
of 1IIeJ't'h:m/;nble competitors in Iheclominant· alld eodorninant crown 
elasses, The objeeth'p would be 1·0 keep the poor-risk suboJ'dinate 
frees alive long enough to become JI1Prchautable, " ·.JlCl' tJlrough 111
(TeaSe ill size OJ' lowering ofmillimuJIl meJ'('hanin.bility stlU1dards. 
NOJ'mally, ~m('h ITees would not· bt' 'l'cJained for final crop trees sinc.e 
llrey may be genetically ulldesh'ab'le, lVhere slow gro\\'ers (po(;enti:d 
mortality) are .kept' a]ive,they must be capable of :increasing cliamet.er 
growt h su1Jicien Uy to compensate for the growth of t1l(:~ trees removed; 
otherwise, f.otal wooc1productiOIl pel' acre ",iU be reduced, A thiu
'!ling thai keeps lnt.PJ.'mediate .n.ncl suppl'essed trees a1iye may thus 
eJi'ecfi\'ely :forestall lUlt urul mortality but fail to fu]]y reclist.r.ibute 
potential growth, 

III II young, \'.igol'ous stand wlrerp, growth lila), heeasiJy l'eclis
1I'.ibuted;equi \'alpllt normal ,moJ't.ality IIIH,)' be 1'elllo\'e<1 .in trees thltt 
are Hot expeeted to die soon, 111 oldel', JCHS l'esponsiYe staucls,only 
Ihe dead, dying, alld P001'-I'isk trees Cllll be suceessfuJ]y l'cmoyed with
out reducing the sland's growth, 

http:cliamet.er
http:Ollly.iu
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Other Objectives 

Secondary objectiws of tltimdllg al'e accomplished almost au(-,o
mati.cally in tL thinni.ng dehig-ned to earry out the majOl' objecth'es, as 
explained in the J'o]]owlng clisc.'ussioll. 

Reduced Fire Hazard 

'thinuing provides a. deaner, more accessible forest, thus reducing 
fire Imzal'd. In frequently thumed stallds,amount ·of fuel is mini
mized because of Ole saJ\'age and preventioll ofmol'tnlity. The ver)' 
large nUlllbersof trees that die durin')' the development· of l.t normn] 
stand substantially increase the .fire Imzard. Those trees Hmt fall 
or shed their limbs provide abundant· fuel for :t groulld Jire; those 
that remain stnnding serve /;0 em.'l'y Jires to the trel:' ('1'owns (51)

' ')' .)(II• ~ • .;J • 

Thinning, of course, does p1'oduce SOUle shIsh, which may increase 
the hazard for a short time. Hlasll :fJ'om. thinnillgs usuaJ'lydecolJ1
poses I'npid]y, howeyer, beellns£' 111(:' tops and ]imbs aI'£' usm~]]y smaJl 
lUlcl mostly snpwood. In n.clcliLion, ]J.:lOisture and humidity generally 
fayol' rapJd decay. tTti1izatiolll.:u'geJyc1etel'lllinl's 1:i l'e hilzard since 

1"-477200,. -177208 

li'.lGUlm 2.-111 the 1!)51 I~orkstil'e 011 the OJ,\,Ill)Jie Pellinsula, ·W:\l;h., dead trees 
und dead bl'!w('bes 011 nw holes of H"e trees iu the ullthilllled, Ulljll'Ulted Rtall(l 
enrriell the grollllt1 tin' hI t.h ... cll'URI;' ('I'OWIIS whert' iJ spread raJlidly from 
1'1:('e to tree (left). III t.hl' t hillned. Ill'unl'd st:allti, although the truIlks were 
lire blaeJwned for SCH'rul fl;'ct, tl\(' lirc ('!'owllPd oul,\' l':u'l'l~' a1l(1 some 7i) ver
t'eut of the Illl'l'ellalltnble trl'es Iwd "olulllc HlI\'\,iyc([ tbl' fire ('ri[lltt). 

http:thinni.ng
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COMMERCIAL 'i'HINNING OF DOUGLAS-FIR 

it controls the Q1Utl1t.ity of slash renudniJlg from thinnings .und the 
amoullt.of mort.ality that can be forestalled or salvaged in the smaller 
tree sizes. 

Ease of .a.ccessibiJjty to all plLl·ts of a frequently thhmed forest is 
important from a fire ,control stuudl)oint. Skid roads and trails, 
de\'eloped and kept open through frequent use, provide l~eadymade fire 
lines. Honds buiJt for thiJming ma,y also serve for protection. In 
iact,n. road system may not always be feasible for either thinning or 
proi;ect,ionalone, but jointly the two uses mlty jllstify cons(:ruction. 

Prevention of Disease and Insect At.tack 

Good thhming practice unquestionably favors the development of 
healtJlY, vjgorous trees. 'Vigorous trees, in turn, tend to resistathack 
by mttny insects and some diseases. 

Prompt harvest of infested 01' infected trees, dead or alive, not only 
SILyes 'Wood but may also help to prevent. buildup of popu1a.tip.'J,s of 
destructive inseets and to remove sources of ,J:sease infection. 

Since thinning generally favors trees of better form, it helps to de
velop stltnds w:ith .g'l'en.tlw resisbmce to damage by wind, S110W, and 
ice. Again, wood is sn.vedllnd the v.igor of t]le stand is kept high. 

Genelic Improvement 

Remova,} in ea,r]y thimrings of infe1'101' trees that otherwise would 
live t.o the end of the rotation ]e:l\'es the better tl'ees as seed bearers. 
This byproduct. of n, thinning regime is especially important when 
the llext stand is to be established by llIttural regeneration. Although 
the quality factors that ttre transmissible to .It tree's progeny are 
largely unknown, llothillgcall be los(; by leavingonJy the best trees 
for the Lilla] stand. To the extent-. that Ole goodcharact.eristicsa.re 
heritable, the pmctjce wi]] improve succeeding generations. 

SILVICULTURAL FACTORS 

Knowledge and undersf'lmding of the silvical characteristics that 
control development of trees Hud sbUlds are JleCessary for the hltelli
gent a.pplicntionof thinning. Important characteristics of Douglas
IiI' that iniiuence thinning ])l'actice are tolerance to shade; variation 
umong trees igrowth in height, diameter, and form; wood and tree. 
quality factors; windHl'.I1mess.: H11d resistance t.o disease and insects. 
These'factors are discussed in the following sections. 

Stand Development 

Formation 

DOllg]as-fjr stal1C1Sttre uuivel'sn.llyeven-aged; range in age does not 
exceed 20 percent of l'ot:ation.age. The coast Yllriety is considered 1n

http:goodcharact.eristicsa.re
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10 TEOIll;lOA:t BULLEllI~ i230, u.s. 'DEPT. OF AGRIOULTURE 

tolernllt.of shade (26). For that t:eason it is incapablc of reproducing 
itself beneath its own canopy. Regenerntion 01\ opcn cutovers and 
blU~ns characteristically occurs over a pcriod of years as a slow fiUing
in process (934). 

~tocking vades widely in seedling and sapling stands thilt, on 
the uvernge,are weIJ stocke'1. The reasons for this vtLrilLtion )'ieed not· 
be detn.iled here. ISHlle (24) and others lmve made extensive observa
t,ions ana studies ·of lIatul"ld regeneration. Of int:m:est to the fot'ester 
charged with u tl~innill&, p~Ogl:lllll. is tl.le fact that m:~IlY s~lmds lLl'e 
well stocked nnd III nee(1 of tlunnlllg' at· early ages. Stockll1g, how
ever, is npt to val'y widely even 011 snw.11areas, so that closely spaced 
clumps of trees interspersed with tr'ees wit'h ample I'oom to grow 
(potential rough dominllnts) ltre more the rule than the exception
(fig. 3). . 

Crown Class Differentiation 

Crown class dill'er'entiutioll btkes pln.ee cady in the life of tt Doug
las-fir stand and ])l"Oceeds rapidly (70). Ji'O\ll' I'easons fOl' this Jrllty
be cited : 

F-I873:12 

.F'jOUIIE a.-VUI·illbieu).(~ aJJ(i deveiolllJumt of inliividllul boees unci UlJeven stock
ing in lIIost seedling lind Sllpling stunils toeslllt: in elll~llo I:ruwn cluss differentiu
tionunli in size IIn!llilllbiness of trees. 

http:tolernllt.of
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1. The filling-in process during regeneration results ill trees oi' 
Vltrying age and height. The older trees, being taller, have consider
able ndvltnttlge in the meafol: dominam,:e. 

2. Site heterogeneity within tL stand often £11\'Or8 cerbtil1 tr'ees at 
the expellse of their lIeighbors. 

a. Intolernnce ncc\mtuates the ditterence behveen dominant and sub
ordinate trees, so thitf: the latter fttll behind 1·ILpi<1ly. 

4. A wid~ lIatuml variation in growth rate among inclividual treeS 
giv;ssome tl'ees ilU .inherent advanta~~. ,. ,. 

haJ'ly and certnll1 cl'own cluss dJ lIerentlat.lOll cfleetlvely prevents 
st agnation in Donglns-fir stands. Only Oil the very poorest siteI' 
doc:; one Hn.d anything resembling the locked condition common in 
ponderosa, plJl(~ 01' lodgepole pille. 

As shtnds gt'O\\' older, suppressed tL'ees die rapidly. A cnnstaut 
and mpid diminllfion ill Ilumber' of fTees per IInit :tl'el.L ,·estills. The 
DOl1/!lns-lir yield tables (.J6) strikingly demonstmte the rapid l'educ
tion in normal shwds. Ho\\,('vcr', ('olnpal'cd with many species, snch 
liS the pines, Dou:.rlns-fir forll1s remltdmbly dense stallds. 

Diarn.eter Range 

]~:Lr'ly uneven stockin:.r in til(' Ill'\\" stand and subsequent. distinct 
sep:ll.'atioll into el'own ("lasses result in wide vlt"iation ill diameter 
growth lun0l1g trees. As a consequence. diameters span a wide mnge 
ill stands of thinnable size (fig. 4:). Roughly 1 diameter l"itnge is equnl 
to the a vel'age diall1etm' of the stalld plus 2 to 3 inches /.1 (lig. 5). Avel'
age diltlllt!t-er falls about· midwlty ill the t"allge. Thus, the forester 
oi'dinarily has R wide mngr of tree sillcs to w(wk with. 

Height Growth and Crown Development 

Height gl'owth of Douglas-fir is mpid after a 5- to 10-yeltl' establish
ment period (fig. (». J.Jike SOHle other species nati\'~ to the Northwest 
coastal climates, this rapid mtc of height gl:owth is well mainta,ined 
as tl'ees grow older. Douglas-fir gl'OWS 35 to 40 pet'cent as much in 
height between 40 and (iO years as it does between 20 tllld 40 years (35). 
This continued rapid height gl'Owth is important in thinning because 
it is the means (along with latera.l growth) by which n. tree builds its 
crown. Size Ilnd vigor of crown at time of thinning, in turn, govern 
the ability of a tree to respond to release Itfter thinning. 

Height growth has classically heen considered independent of stock
ing, and hence ullnll'ecf:ed by thinning. Evidence is mounting, how
ever~ that height growth is more mpid il1 less dense stands of DOllg1as
HI' (10, 58). On the other hamI, verT helLvy thinning may induce 
shock resulthlg in reduced height growth (53). 

Chnnge in crown length is controlled by rate of dying of lower 
bm\lches, which subtracts from t;1l(~ crown, as well as by height growth, 

~ ,\8 ('nll/nlllil'II from stand tllhl(~ lllillt'llll'IlI'l"llHl'!' (.iii) : Dilllllj'j('" rllnge l'xt')ml
illg the Iilrgel;t :! lICI:<:cut UllIl::ullllliest :! llert'('ul: of tilt' [ret'S = l,~+l.O;' (ll\'crllge 
(l.h.h). 



1:2 11' ll,\j( ~L III 1.1.111'\ f:!::!I. I .~. PI!'!. III \(.(;l{ 11.11'1:1 

\\!ti,-t, add~ I" II. 1:,,1,· "I' 1"'IIl.-f, d.\ Ill.! 1- l,jll["d,i,\ . "'.'I .. t!,·.[ 1,,\ 
-1'\,,)';11 1':1.-)"('" 11,\111\,·.1 :/n' 1.. I.. r:l!w,', Idtl,·" .j"l,'!,!" hI'- !·w l"\(l't' 
fill't'-~l~dd Ilf' h!.!,;t1 (JI·ln\\ \\ Il-H'}\ ,q·l·dt.. - ;';l!11·1I1 :q'",~ :It~:: ;11!d '",f;lhd 

d'·'[ ... ~f\~ \\ltH"f, t'l!lfJln~~ ;IJHnj~~l' flf li!.dt' ,1\;1 LddJ' ;U\\f'i itf:tIH'!J(~"', 
'~":l,·rni ... r!t:tt:' fI,f"1j1'tt tlllll dl'\t'(npllll'ld :IHd !.!~·!;t'~:I: H",TtL arld \1~-lIr 
"\", ,,-I)'I'''I,/!I-I :d~/):1l1".·ll)!:,··,ild\lI'l.!.I:I"II!.';' ,,>I " .. ,:\. \" /1':111,\ 
d.tril;:f'\t- d:lf 1 'll't' :t\;l'l:tfl~I' l!ll}lI lH:I~I:I!..!I'd -t;liLli 111 !tn\", PI-l [lU"\ 
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AVERAGE D. S.H. OF STAND (INCHES) 

FlnURE ri.-Rauge in (ljameter of !)(; pel'cent of trccl> in nOl'mal I>tllll(l by uverage 
diumeter of staud. IDxdll(les largest ~ pCl'«:ent and smullest 2 per«:ent of the 
trees. Derh'e<1 froUl figure 17 of "~lhe :Yillld of Doughll>-lir in the l'ucilic 
Nm·thwest" (Sill. 

Douglas-tIt· crowns react under mn,nngement. However, the rate of 
dying is rapid and crowns in dense natural sta.nds ILre chttt'actel'isticlllly 
short (fig. 7). 

The lwerage tree in It 66-year-old well-stocked site II stand on the 
Gjl£ord l)inchot National Forest had 3() percent of its total height in 
li\'e CI·own. Height to tJ1C base of the Ih'e (TOWn increased with 
diametel.' in this stand, but. totttl height inCl'ensed mllch instel' (fig, 8), 
so tlmt lO-inch trees (neill' the suppressed end of the scale) had .29 
percent of their heighti'll live crowu, while 30-inch trees httd £19 l)er
cent. Doubtless tllC short crowns of small tJ'ees, loca.ted ns the-yare 
below themaillcIUloPy.arel\.1solessetlioicllt:foodmanufacturei·s.so 
that the difference !n ~I'owth ;l'llt.e b~tween l:l.l'ge itlld sl1lllll trees 
cannot be accouuted f01' by the li:ln~th 01' (:rown :done. 

_Although optimum length oj' live crown is not known for Douglas
th', the rapid death of lower branches snggests that -fnirly wide spacing 
is required for hu'ge Cl'OWI1S and I,ttpic! growth. 

In the taller, older stands where C0ll1111Hl'ciILl thillnings ILre most 
feasible, bl:nnches of adjoining trees seldom interlace. Presumably 
the intolerance of Douglns-fir is a major clLUse, along "with the mechlUl
icn.l interference related to the '''hipping adion of btU, slender trees. 
Thus, the crown of ellch tJ'ee c1l1tl'tlcteristicttlly Occul)ies a distinct and 

vr.6100·--60----.~ 

http:themaillcIUloPy.arel\.1solessetlioicllt:foodmanufacturei�s.so
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STAND AGE (YEARS) 

,FIOvm~ G,-AIlIlI1Il1.h!!iJ,(ht' gl'ilwth of dOlllillllnt and (~OdOlllillllllt trees by Ilge 
of litllUd nlld l';ite I)tllllity, Dl!ri\'('c] frolll tnllh- 1 or "~I'IJ(' Yi!~lc1 of T)ougills-lir 
ill thei'ncilic Northwcl;t" (Sfj), 

cxclusive area. within the stand, This chal.'tlGtcl'istic n'\so suggests Hie 
need :1'01' wi.dcr spaci.ng- in Douglas-fir, t.o JI1"01' develolnnent oJ wide, 
deep crowns, 

Diameter Growth 

DiameteJ'-gJ'ow/'h attJ'ibl1tes oJ IL species 11I'eof utmost im.portance 
in fihe development 0'1' th inn ing pmctlces, beca.use the control of diam
eter ~ro\\'t;h IS a. pl'inllLl',Y objecl'i I'l' of til inllill~, Diametel'growth, as 
preyiously emphasized, dependH In:l'gely on size (II' live crown (3f2) , 
which in turll is eoutroJ.led 1)), spn('ing anclby t:he ~eneticlLlly conb-olled 
~I'owth capacity of theindil'idual tree, III addition, site features, 
inulnding n.\'llihthility of water allcl lllltl'ients, lLlso exercise illclirect 
control. 

DOll~las-Jil', paltielllady Oil good sites, gellerally is l1, Yery fast
gl'owin~ species, Hapicl cliilmetel' ~rowth, evell ill heavily stocked, 
\lllllHtna~ed stands,is sustained ('veil past ages of TO and 80 years, 
Dltnis\t ('xpet'ienee ",it'h intensively managed plalltations has shown 
that It .rate of dhunet:l\I' gl'owth ~I'('ater than tlmt foulld in natural, 



I'> 


1'1(,11:1 /, ('I'(I\I"II~ ill "'I'll ';1,,,,I,,'d IIl1lililllll'd sl:llld~ III'" "ilHl'II"II'I'hl j,'11 11,1' silo 1'1. 
.\ ..... iI 1'1'!"'lIlt t di:lIl1ptpr t,!,J'U\\ Ill. I'\"jlll 011 dlllllilt:J1I1 tl·l'P ..... i:-.. fl'l·qllPlIlJ.," Il's~ tll:ll1 
111:11 III I:lillllld" Oil' tI,,~ll'a"It'. 
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FIGUm: H.-'l'otul height. height to ilase of livp crown. aud U\'e-crOw.n rutio by 
<l.h.h. f()J~ (iG-yen l'-old, !lite H, \\"ell-~t()cke(] stlllUl. Det'h'ed fWIlI dlltllfwm 

gl~t)wtb plots J-r., GifIor<l Piue]lOt Nutiounlli'OI·cst. 


well-stocked sbLllds (18, p . .711) cn,n be achievecl and sustaiued through 
aprogmm of periodic thiunings. 

Achiedng n,n n.vel'llge diameter growth about equal to that of the 
In,l'gest t,rees ill tt nntuml Httwd 'would seem to be a conservative goal 
of thinning. As l)reviollsly pointed out, live crOWllS 011 the largest 
b'ees in l1ahm~l st:wds seldom exceeCl 40 percent of the tree's totnl 
.leugth. Thus, it may be m;snmed that trees in a continuous.1y thinned 
SbLlld would easily reachlLl1 I\verllge size cOIUJ)llmble to the largest 
J0 01' 20 percent oftt'ees in It normal stn,nd. For example, on site II 
the lower diameter lim it of the hrgest 5 percent of trees in the normal 
stand is 1~t8 inches d.b.h. at age 40 Itlld 2(j.2 inches at 80 years (table 
2). Such trees ttl'e ILppllrently growing Itbout 3 inches or better per 
decade at 50 yeill'S, and more than :2 i uelles Itt age 80. 

Dimneter growth chllrilcteristicallylessens as trees hl'}'OW older; at 
It given age the smltll tl'(~es in 11 stn,nd 11t'e the slowest gl'Owers, t,he lurge 
til'CeS the fastest. ..,! 

http:continuous.1y
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TABUE 2.-Lowe'rd·utl1rwte'l' Zi'llliitof la1'ge8t 5 an(Z10 7HJ1'oent of t1'ees 
in 'lim'mal 8tamd8J 'by age awZ 8ite Quality:t 

Lower limit of dituncLer brens!. high 

Age Largest 5 percent Largcst 10 percell t 
(years) I 

Site II Site III Site IV SiLe 1I Silc III Site IV 

20____________ Inches Inches Inches In(;he,~ Im;/ws Incites 
... """ _____ Ain. 9 6.1ao_________ . __ --------- --------- -----7.-310.2 8. 1 9.240 ____________ ------ ... -... --------50 ____________ la.8 10.9 8. 1 12.5 9.9 7. a 

17.5 13. 7 TO. 1 16.0 12.5 9.2 
.20.7 Hi. 5 12.2 19.0 15. 0 11. 1 

60. ___________ 
70 ______ ,, _____ 

23. 8 19.0 ]4. :2 21. 9 17. .2 13.080 ____________ 2H.2 .21.3 16. 0 24. J 19.5 14.890____________ 28. 6 23. 2 17. H 2U. 'I 21. 2 Hi. J 100. __________ ;U.O 25.0 J9.0 28. (I 28. 0 17. j~1I0___________ 
32.S 2!.i. ~~ 20. a 80. 2 24.2 18. U120 ___________ 
35.0 27.9 2LU 32.2 25.9 19.'9 

I Derived by mcthod described 011 pp. U3-64. of U.S. Dept. Agr. Tech. Bul. 201 
(S5). 

Basal Area Growth 

Small trees ill It stand grow so Slo\\-ly I hat they do uot contribl1f'e to 
gl'owth of the stnncl in l)l'OPOl'tioll 10 theil' basal lU'cn or yolume. 
])ILbtfl'om two pel'mallen!: sllmple plots (one in It 50-ymu'-old stand ou 
site index 180, the ollieI' in 11: H2-ycltl'-01d sh.md 011 site index 150)' 
showed that fhe ~O pel'cenl: of the shtnd basnl area ('ollblined in the. 
snmllest trees cont!'ibuted only 9 percent of the total gross basal nl'en 
increment (iig.9). 'l'hong-h the hyo Hta.ncls\\'l'l'l' elissim iIltr j n age 
Imd site, trees smaller Ihn.n averag-e diametel'on both plots contnined 
Ilppl'oxiHHltely 27 percen.!' of the tof:al basal n.rea. Growth of these 
below-uyel:llge-elinmetel' trees made up only 1(j per'('pllt of (hI' totnl 
~[1Jlus, rellloml duri.ugthinning of one-fourth of f'he basnJ Itrea ill the 
smitHer h'ees would be ex.ped lid 1'0 J'ecluce growth onl'y l;\ percent, even 
if tJle I'emllining- trees were illGapable of .rcspondillg to l'elellse. 

'jWood i.Quality 

]liff:ect ofgrowf'h I'Ilte on wood qtUlIHy is proba.bly the fi.t'st l'elal'ion
sh.:il) tlmt comes to l11ind in !tlly (liscussion of thi.nnilw Douglas-fir. 
Full discussion of theetrect of ring widt11 on wooel gtutlity is beyond 

'The site JIplot WitS clitnhlilihecI ill 1U27 III It 52-~'ellr-ol<1 shllld on the Gifford 
P.inchot Natlolllli 1l'OI·CSt. ~l'he sitl' III Illot' is 011 the WincI Hive.: EX]lel'imcntlll 
Forest Itni! wns estnhlIshed .Ill 11)14. in Il stund 72 3'elu's 0](1. Both lliots have 
'been rel1lel1s\ll~ed ]lI.'lI'iOdicnLly sinct! estllhlisll1uellt. 
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SMALLEST TO LARGEST TREE (PERCENT) 

FJ(ltllt\~·R--:I.:oe.l:eellt of total gl'OIll> hmml Ilrea .iucl'ement contributed hy any given 
)Iel'eent of:the lUllmlllrell gl'owing Rtoek;J1el'ccnt(lf growing stock nccnmulate<l 
'by <l.Il'.h" heginning with the smallest tree Ilnd ending with the largest. 
n(lI'j \'ed .fr()1II <lata from gl'll\\ctlt lilot 1, GUI(lrd PiucilOt Nationul Fo.rest, and 
plot 4, :Win<11ti"el'E~])et'illlelltIl1 ]~ol'es.t. 

,the sC()j)e of th is bulletin. rGmdi.ng ,'ules, however, (Us(~l'illliJHtte 
agu,i ust wood wit,1l :fe\\'cl' limn (il'i IIgs lx~rindl; this poiut' is conimoll:ly 
'llse.d aSn dividing lillebetweell "clcsil'llble" :Ulcl "less desil'lLhle'~ wood. 
i(}rowfh rates, outside llll:rk, .l'equired to pl'oduC'e wood wit.h 6 to 12 
l'iu1-.rs per Inch lu'e sllowni.1I t behlbuJation below. These l'ates lu'e 
bused'oll st.uclies of bade th ic1mess at hreast height, which show that 
wood ~rowtl1 is 90.G ])el'cent of outside bad.: gl'Owth r01' trees less than 
10 il1dhesd.b.h., ILnd 84:.6 pe]'eent fOl' htJ'gel' trees (30), or appl'oxi
nHttel~1 80 percent for trees from 5 to 25 iuchesd:b.h. 

11}JIJromim(lf.t~ (lII.I'"ffl Il.iflmctcr· 
/JI'IIlIlth iJllt~i//c /I/wk /It. /JI'/!/IHlhcight 

.1l.dIJuH ~JUH' ilH:II: (illcll).(i______ __,.;_____ #.____ __._______..._____________________~ 

0.39fL____________- ___________-,-______.. ____________________ _ 
.2910 __________ ,... _____________ . _____________________________ _

12_______________________________________________________ ,23 
,in 
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.., 

LittJe data are aYllihhle 10 ind.ieate how .n:lueh wooc1 is pt'oc1uel'c1 
in llIllLlaged stu tlds willI g,'owthmt:es,exceed illg /IH?Se shown a~)O\'~ 
Ifowever, table 2 shows thaJ Oil good sl.tes en~1l the i'aBtN;tgl'OW.lng D 
perce.nt of t.rees in nOl'rnal stands do no! grow faster t han six rings pel' 
.inch nftel' 20 ,real'S of nge, HowPYcl', Yel',)' youug trees ('ollullonly ex
ceed this rat:eof growth, In u stanc1o]c1 ellough fol' :t, cOllllnel'eiul 
opel'lltion, tilin.ning is not likeJy to stimulate diallleter gl'owth of 
Douglas-lir sullieiently to produce wood with fewer titan six rings ,Pel' 
iuch, Indeed, j( is questionllble jj' Douglap-I-il' tl'(lef; ellU be grown at 
six I'ings per inch for any e..xtended pl'l'iod, 

Knots and linlbilless are two othel' lllUjOt' quality flle/ol's thai: in
fhwnee thinningpI'aelice, aHhoughknotf; al'l' lPHs serious in Douglas-fir 
thRU in mallY other s.I)eeies such af; the pinp!;, Dead limbs al'!.' YPI'Y 
persistent on J)oug]us-lil' (40). TJwi I' sizp depends JllOstly on stand 
<leJlsity (wbieh eonlTols IIIP age nJ whieh l'1u'Y (jie) and, to nn in('reas
iug]y l'eeognizec1 ex/pnt, on til(' gt'nef'ie Jnakeup of t1wtTee, COllI'SI'
limbed und fine-limbedlTees ",hieb are not tIll' result- of gl'o\\'ing (l~ll
ditions ean be ,'end i Iy I'l'eogn ized i 11 t\, J)ouglas-fil' :forest, GPIH't ie)stH 
I.wl iHe h~sts wi II sho\\' t Iud these (',hlu'l\ef:l'rist ies are hlWi htble (15, ;3,i) . 
Yet, for lllo!;tll'HNi, Jilllb sizp is ob\'iouHly t he result' oi' gl'owiHg spac(' 
awl thl' 'I'OJ'PS/'PI' must. .!'ll(:ognize thaI keeping stands dense enough to 
r('str.lellimb size also resft'iets crown size anel eleCl'eusps dianwt('l'
"rowth. 
t'" These rr.:-lttlion"hips suggesf' the desirability of artifkial pruning 
for slands t hi nlwd heavily enough at you ng ages to ]WI'm it, hLT'ge I imlls 
to develop, At pI'eSl'llL ('oJl1ll1el'ci nl th inll i Ilg is llol'Jnally not lwgu n 
until the 10w(>1' hl'iUll'!t(>S hn\'(> died, ]n futu!'1.' 'yelll's, however, Olt' 
('ompleJl)ental',V pI'aelic'ps 0"1: thinning and pI'lIning a:1 ,roung ages wi.ll 
doubtless ueeOllH' COml1I011placl', 

Insect and Disease Resistance 

J)ouglas-fil'is singulal'ly :fl'el.' of .inseets and disease!; that· a:fl'eci Iree 
qUlllity 01' di!'(~('t1.v .infllH'llel' thinning pradiee, A l'oot .rot" Poria 
'//l('il'll, is serious in man,)' shlnc1s of thinnablp size, but the only reeOI11
m(llldecl modifiea:tion in PI'ildiep is always to I'PII'IO\'e, den,cl 01' atl'eC'tecl 
t"el'S, FOIi/(,,~ .wlbl'()8(,U8 is flrp only \Yond-I'olting 'fllngus of' im]>rH'
tatH'l':in sfands ofthilli.lablp agt', 

Windfirrnness 

DOllghs.:fll', pa!'t i('ula!'ly young g~'o\\'th,is n'latiwly wincHiJ'lll. On 
deep, well-cil'(tined Hoi Is the tl'lwis firmly Hnehol'ec1 by n \Yell-defined 
taproot and sP\'l'!'al main laterals that I'un diagonally clown into the 
soil ($0). ,Yht'I'e a. JUll'(lP:Ul OJ' lligh wuJpr tabJtl l'est!'ie(s root de
Yelopmenl' of Douglas-Ii I'to a :-iha 11m\' slIl'faN' hl),PI', ho\\,p\"el', \\'i.lld
Ihl'O\\" is not: llll('OllllllOll (.14. (j()) (Jig, 10). Oil slopps, DougJas-f;I' 
!lol'lna]]y c1evplo]lH 1I n ('xt('lJ!,;j \'C' I'oot. Systl'lIl pa I'a l1el (0 Ihe sudacp on 
the. clo\\'nlriJI sick oJ thp tl'tlt'. On the uphill sielp, ill conh'ast, tilE' 
1'oots pxlt~nd ollly it short: distunce bd'ol'e tlll~ning clo\\'u\\'l\rd (00). 

http:perce.nt
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COMMERCIAL l'IUNNlNG OF DOUGLAS-FIR 

The t.ree is therei'orp 11I01'C resistant t.o upslope than to downslope 
"\dnds~ .App:u:en.t1y, t b is nsymmetl'ie:i1 root s,YstPII1 011 s]opes helps 
to expJalll ,,,jl), wluc1fall is most sc"erc on lee, slopes (42). 

1Vllldfal1, whell assoeia ted w.ith pn rt i aJ ell tti n~. usually resuHs from 
Ol1e of th I'el' causes: 

1. r el~1J Iwavy C'lli8, not pl 1ope1'7y Cl(l88ifi(~d Cl8 tldnl1ing8.-In sudl 
operations, Slands :u'p· usua 11.)' eut to a diameter 1im.it alld leave trees 
are slender fol' their lwight and fully exposed. J<jyen so, 'leave frees 
lIrc COJlllllOllly tipped 0,1' bl'Okt'n ratlH:'I' than comp],>t ply 1.1 pl'Ootec1. 

:2. ]'-)'{1(!8 .~//.(dlO'lI'7'oot(';d bel'((,lI.~e of (I ha'l'(lpan 01' lii,qh 'll'ate1' table.
TlljJ\uing IllUSt: be skillfully app]ied on such soils to minimize wiud
throw. 

:J. Roof-l'ot i'nfection~.-Thinning :infected stands hastens wincl
throw of aJllieted trees. However, SUell lrees would have succumbed 
to windfall sooner 01' latcr eyc.l1 jJ tJw shlncl hacll'Plllai.lled ulllhilllled. 

SlendeJ' i utenned ia.tetl'ees repentI,Y exposed by tll i n.lli ng are subject: 
to breakage by winelalld occasIOnally snow 01' sleet, but such clulIlage 
is also eonllllon ill ulI(hil1l1e~1 shmds. The dinwnsion to watch is the 
height-c1iulnctc1' I'atio of the tree. One desil'able. aim of thil11ling 
should be the production of tl'ees \\,]1OSC ratio does not exceed 80: 1 
(J1). J f slendcl' trees with a greatcl' lleight-diametel' ra60 al'e al
I'cady present in Ole stand, thcy shoulclllot bc unc1u1y exposed. Overly 
slender (Tees that aTe Jllcl'chantaule Jnay, of course, be cut. 

Summary of Stand Development 

Stand c1eye1opmellt of Douglas-IiI' as t'onditioued by silYica] ehar
aetl'l'istics may pel'haps be .lI1os1· ('ll~arJy sUllunal'ized by considering It 
typieal stand ready fOl'itsJil'i'it l'Onlll1l'reial thinning. 

:-iuch a stand is eonlposec1 0:1' trees Yal'ying wid!.'ly in size and quality. 
:-iize ranges fl'om ~llIalI SUP.I)J'pssed !.I'lWS 1'0 .1a1'/!C dominants. Quality 
I'unges :i'l'om eodOlllinanltrells ",ilh good :for,lll, small .limbs, and eom
pal'lltin;ly clcal' bolt's to rough, large-limbed (lolllinants \\'ilb rapid 
I:q)('r. J~yell trees 0:1' equnl size that ha,'c ap.lHu'pntl.y grown under 
similar ('ondit iOlls may diJ.!'er gl'eally ill qualily-espeeial1y in size.:U1d 
!''''I'sislenee of dead bnln('hes-beelluse of dill'el'enc:es ill l1I.iej·osit.e and 
gl."netic eb:u'aetl."l'iRliC's. The stand will also IIOI'II1:111y (',olltaill forked 
trees, tl'el."s with bl'oken 01' bayonet lops, and oecaBiolllllJ.,' f:il'e-seal'red 
allCil)artially J'ottplltrees. A.t least sOllie celltel'S of POI'7a w('irii infec
I ion should be expeeted, allc1 some inj'~~('tl'(1 II'('OS lIIay he idplltified 
:lI'onncl their Uorclers. :Many salvable dea.dtrees, including those killed 
by 1'001 l'ot, \Y.ill l\Ol'lIl:t1.\y be foulld.in a pl'eviously lUlthinllPc\ stand. 

Mortality Characteristics 

't'"tilization of as mudl as posflible oJ tllt' mpl'('\tantahle material 
pl'Odut:ed hy lie st.lInll .is a ,major objed.iv(\ 0:1' thinlling.. Trees that die 
in the l.IJ1mtlllagl'c1 forest .IH·ov.idl." the biggest neW source of wood in 
the mauaged fOl'est (lig. 11). 
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V l'iflllH 

1'11011:1- II. .\ \(01',1' ('IlIl"illl'I'nhll' 1I(II"Iiol1 Ill' till' 1"'(lilllI'li"" "I' \lI'II,,,III.-I\('<I IIIIII;! 
I,,~ iiI' ... IIIIl<ls is losl ill 1l1I1'1I!:11 1III1I'Inlil\', TlIl'sl' 11'1'1'" IIiI'd J'1'1l11l I'll" I 1'''1 iii n,S rl':lI' ,,1<1 sill' II ,;1:1I1t; (III II,,· (:;I'IIJ1:<I l'ilH"hlll "nl illJln I 1"III'(,"/. Tllillll!lI;! 
JlI'I;"lIlJly \\III1It! IIII! II:!\(' 1'1'1'\'1'1<1('<1 111I'!1 <ll'nlll, 11111 \\,,,"1<1 11:1\(' ill""I'I'<I 111I'i'l' 
... n1\ :H!I'. 

,\ 111I1l11,!.!,'1I 1l11l'III.lIllIlll'lnlil," ill I)ollgla,;·fil' 1'(',;1111,.; Inl'gl'ly I'I'OIl! ";IIP
111'l'ssjoll. n [·llllsitll'I'.tld(, 1'0111111(' ill lal'!!'!'1' II'Pp,; is 11l,.;1 '1'1'0111 (l111!'1' (':111';(''';. 

LOlIg'1 illll' l'I'(·OI·tls 1'1'0111 pl'I'III:11 J('II I ~TOI\'I h plol'; ,;hol\' 111:11 I Ill' 1)('1" 
('('111 ngl' () 1'1 1'1'('s ('X I )('1'1 I'd 10 d il' d 111'j IIg I hI' lH'xl dl'('ud(, ('n II bl' pl'!'d iell'd 

1'1'0111 1''1"nli(lIlS for 111l' tloIiJiIl:lIlI'('odolllill:l1l1 :lilt! illll'I'IlIl'<iinll'';lIp
III·('s...('d '(·!.!,'IIH'lIis Ill' I li('slnlid I ).'1). For dOllllllalll,; ;111<1 ('(lIIOlllillnlll';. 
f Ii(' (''1IIH I iOIl is: 

Tlli ... ('qll:11 jOll, ;II1IOIIU' III Ill'l' f II i 11 ,!.!,',.; , dl'llllIlIsll';IIl's (11:11 s(JIIII' 1111)1'1 .IIity 
Illlt"l III' ('XIH'('Il'd ill 11/(' I1PI'('I' ('1'1111'11 (,Ia,;",l'';. ~III'II lo"sl's jll'()iralJly 
01'('111' j'('U'al'clll'';s of sl:llld :/1'1I ... il,'·' Till' P()"ilil'p sigll I'UI' :lgl' ('(J('f1i

('il'llI il(dil'all's Il1nl 11i(' Pl'i'I';·III:1!.!,'1' ()I' 11'1'(';; elyill.!.!' ill:l g'i\'l'lI di:lllll'(t'I' 

,'I:I~'" ill"I'(':I"'('''' ;Is slnlilis g'l'OIl oldl'l', Till' 11l·!.!,'nl iI'(' ,;Igll 1'01' <I,h.h, 
,-(l"IIi,-i"1I1 ...hOIl", 11/:11 ill ,,1:11111 ... I)/' n U'II'('1l ng'l'.' slllnil (I'('l's :ll'l' Illllt'll 
Illlln' Illllll'l'alliP 11/:111 Inl'gl' 1l!)1·.... ' 
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The equation fol' intermedinte IUlCl suppressed trees l'epresent-s sup
pression mortaJity more closely:· .. 

l?ereent dYlllg=-13,O+O,54:(site lndex) +0,61 (age) -7,83 (d,b,h,) 

This equatioll (nvplieable on]y to well-st.ocked stands Uke those from 
",hich the hasit' data wI:)re .obtain(>d) shows that amollg" trees of the 
ilame size in stallds of a, gi"ell age suppression mor'tulit)' is g"reateJ',oll 
better sit.es, probably beetlllse of more certain expression of dominance. 
However, sillee site IIlld diameter are correl!tted (,larger' trees on 
betfer sites), the smallest trees nOl'Jlutlly present in a stand of giVeJl 
nge cUe at !lbollt the SHllle ra!'e on gooc1!lnc1 pOOl' sites, As among 
dOlllinallt tL.I1c1coc1orninant trees, the percentage of tTees dying on a 
~eleet.ed site is greater at older ages and among smaller trees. 

Predieting which domi.n!lnts OJ' codominants are going to die is 
oftell impossible, Hence,thillniJ)gs should be frequent: enough to 
1)erll1it· saJmge w]lile dead trees are still usable. ]llteI'Jnec1jate and 
SUPl)l'('ss(>(ltrees likely (0 die call be Inore easily reeoglljzed; more
on'1', sim'l', !-hey ar'e uSlially jlleflkient g'l'oweI'S, little is lost .if they are 
pr('1ll1l f IIrclycuL 

Further analysis of data fl'omthe perlJl:ll1ent" growth plot"s shows 
that tJle HTernge sjzP oftr'ees t'lwtdie jsclosely relat.ed to size of aver
age lh'eb'ee (50) (Jig, 12). Thus, jn a stuml ill which Ole live trees 
tt\'erage .200 board j'eet (International l4,-jlleh), tJle trees that die Dl 
the followDlg decade will average about 00 board feeL 'Yhen live 
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jWI'jO(] to U'"l'J'lIge volumpof Ii\'(~ tl'!~('S ill stlllid utheginlling of period, SOllree.: 
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" 

treesltveritge 500 boal'dfeet (Scribner), trees tl1atdie average about 

200boar(11eet.


" ":Alil1Ual mQrtality on the 33.13 acres of permttnent growth plots 
nvemged 83 cubic feet (totnl stem volume) pOl' acre for all ages and 
sites. AUl1lHtl losses in trees over 12 inches iLvemgecl 284: board feet 
(Scribner)cluring the same period (29). 
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li'IOUIIE l3.-Pel'ioclic Illlllualbollrtl-foot mortality in normal stands by site 
lIuUlitl' and staml Ilge. Tcn-:velll' llcriods lire used. Derived from tllbles ,2c 
and ,~d of "Gt'oss Yiel!l IIml Mortality ~rables for Fully Stocked Stllnds of ,1 

Douglas-fir" (52). 
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Gl'OSS yield tables for Douglas-fir (513) give the expected 1ll0rtalit]T 
by ag-e and site fol' normltl stands (fig. 13). Iuternational volume 
includes trees 7 inches in dinmetm: and lRrg-er to a 5-inch top; Scribner 
volume includes trees 12 inches nnd larger to 1111 8-inch top. Since 
these losses are merciuUltable in terms of size of tree, they should 
also be considered an integml pltl't of total volume yield pel' acre. 

The contribution of mortality to total yield of managed stands will 
be discussed more fully under the section "Forecast of yield." 

Response to Release 

Improved diameter growth aiter thinning depends largely on a 
tl'ee~s ability to take advantage of additi.onal rOom amI build It new 
crown. In Douglas-fit· this ability (1) lessens as the {Tee grows older, 
(2) is grentel' on good sites than on POOl', 11lId (3) is greatest in trees 
that hn.\re neither too much nor too little crown. 

Fnfol·tunately, critical values fol' these three cl'.iteriR hlLVe 110/: been 
established. In n 40-year-old, well-stocked, site III stand of Douglas
fir, trees of Illl crOW11 classes L'esponded to release (54·). Dominants 
responded best in terms of diameter growth, presumably because they 
had adequate crOWl! and root development {'O take adnll1tage of in
creased growing space. Diameter growth of the study trees increased 
l!IOre in the first .J: years ",hen the two nearest competitors were cut 
than when only olle competitor was removed. Little additional 
"rowth resulted, llOwever, fl'Ol11 cutting three rather than two com
petitors. Thinning in n, 97-year-old stand of Donglas-fir on site ill 
l'esulted in only t\, very slight increase in diameter growth of residual 
trees (56). 
It is important to 1mow whether trees left in thinniJ1g will respond 

to release. Althoug-h experimeiltal data are lllcking, the following 
t'abulation is presented as a tentative guide to the ages aJter which 
little or no response to a crown thinning should be expected on domi
nant and codominant trees: ' 

Silori. J(c{liltln 
c"om" craUJ" 

Si te : (uem's) (ue/lr.~)II __________ - _______ --____________________________ 00 
III _______________________________________________ 70 

UO
~O 

IV ______________________________________________ 40 GO 

In preparing this tabullLtion, crowns covering less than about 4(} per
cent of It tl.'ee's hei'ght were classed as "short"; crowns covering 40 to 
50 percent of a tree's height, as "medium." After trees reach the ages 
shown (and it must be remembered that the figures given rest on 
inadequate evidence), thinlling will have little chance of speeding up 
the growth of residual trees sufficiently to make up for the gl.'owth 
of trees cut; hence, little gain can be expected from redistribution of 
growth potentinJ. Growth that would have been lltade by cut trees 
,had they been retained is lost. In stands that exceed the critical ages, 
only those trees that contribute very little-less than their shnre
to total stand product:ivity should be cut. For these older stands, a 
low thinning, which removes the small, slower growing trees and 
pOOl' risk trees is therefore most applicable. Such a low thinning will 
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be highly beneficial because most sn]lp)'pssion lIIorbLlity "'ill be fOt'e
stallecllllld the HlOt'l' eflicient seglllent of the stand w.ill be retained i'oJ' 
fnrthe.l' g)'owth (fig.!)). 

EFFEC.T ON MANAGEMENT 
..~ 

:Management nspects of thinning are not Itlways distinct f)'oll1 silvi
('ulturnl aspects, In this discussion, however. ell'eds of t'hilllling on 
level of growing- stock, rotation, ulld total yield lu'e ('onsidered mltn
agement problems, although they are largely tontrolll'd by sih'ieul
turnl fuctors. 

Level of Growing Stock 

In stands thinned pel'iodically, g)'owing sloek llIay be held at: a 
lIIueh lower level HUlIl in norlllal unmllnaged stands, with little 01' no 
l:l<lt'l'i liee of increment. This is tl'lW {or three reasons: 

1. TI'ees that: will die hefol'C the next thinning do not have to bt, 
I.'ctnined as part of gl'owing stock. Since their growth is negligible, 
harvesting them will not: alreel in('rement. ..: 

2. Eyery well-stocked stand includes mllny trees that contribute far 
less than their share to total increment (fig. 9). Cutting trees that 
arc g)'owth laggards lIlay reduce in(~I'ement slightly, but far less than 
the cOl'responclillg reduction in growing stock. 

;L Diameter growth in a well-stocked, llorma I stand is fRr below 
the maximunl possible, If II stand will respond to release-if growth 
~all be I'edistt'ibuted-growing stock may be reduced with no elTed 011 

lIIcrement. 
The first two reasons are obvious and requil'p no elaboration. The 

third )'eaSOIl, whith is of g)'eat: importance, me)'it's 'further discussion, 
'J'he amount of gJ'Owing stock requil'ed to pJ'Oduce a given ill('reml'nt: 

in a stllllclvaries with diameter growth anel size of trees (55) (fig,14), 
Basnl area incremenf of a fTee is Hearly equal to width of radialgJ'Owth 
times ci)'cum-ference, Thus, a giv~n width of annual )'ing requires a 
eertain length of ci)'('lImferencc to attain a given illc)'ement in square 
feet. The narrower thl' ring, tile greater the <:iJ'{'umference requil'ed, 
and hence, the greater the growing'stoek, A given total circnmferenee 
distl'ibuted among mlln)' smalltJ'ees encompnsses I\, smaller basal 
11I'ea-~rowing sto('k-than the same circumference distributed over 
It few IItrge trees, Both relationships are shown in figure 14, 

gUl'tlpean \Vo)'" has shown that maximum inc)'ement may be ob
:Lainecl 0\'\11' a wid{' I'll.ngeof growing stock,S This is easily undm'stoocl 
frolll reference to figUL'e 14, Simply, this finding means that a 'fl'''' 
trees growing rapidly will pl'Oduce as much volume pel' acre as many 
trees growing slowly, If cOlllmercial thinnillg is Itpplied pl'imlu'ily t.o 
produce maximum ine)'ement, itis essentitLI that renmining trees speed 
theil, gl'Owth sufliciently to compensate for those removed-redistJ'ibu
tion of growth, 'When f'hinnings al'e first started. ill H. fully stocked 

HSIIecili(' )'(:(erCII('C8 fill' this stutl'lIIl~lIt hll\'(' hcell dtetl hy It ulllllher (If. 1IlltllOr:,; 
who lIu \'t' im'l'stigutt'd this pllusc of tllillllillg, See Bul,e!: (4), .l:Iuwley nlld Smith 
(1.9), Sillier (48) (01' dis(,lJssilllls. 
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F.IOURE 14.-Unsn! nren growing lltoek reqnired to grow 1. sqllnre fnot nf bnsnl 
llI'en nt YllI"JulIS mdin! growth l'Ut'll! (illllide IlIu:k) IlIU] b,r dhlmetel' of ITee. 
])e1'ived (1'11111 liglll'e 1. (If "SUIU(~ i\ll.'lIsnfutillllul Aspectll of the Len!l,"f-Gfowillg
Stock l'rllhlelU ill Evell"nged StUllt!S" (55). 

stand, the reduction in gt'owing stock should be accomplished grad
Utll1y through a series of light cuts. "\Then oldel' stands are firsl 
subj'ected to thinning, the growing stock should be reduced vel'ygrnd
uully becl\.use oldel' /irees Ilre less capable of responding to release. 
l'hus1:Ieiberg alldHllddock, in their proposed cutting plun, grndun.lly 
I'educe bllslllnrell from nOl'mnJ at llge.28 to slightly over 50 percent at 85 
yeurs (180). Briegleb's J'ecommended stocking (8) recognizes that a 
higher level of growing stock must. be mltintn.ined after initittl thinning 
in stllnds above lIvemge in height for It given ItVernge dillmetel' (thllt 
is, stands l'esnltingfrom high density). This relationshiJ) is consist
ent with the finding,previonsly eXllhtilled, that short-crowlled, older 
tL'ees are muclt slower to respond to .l'elense. 

Preliminury luutlysis of 30 permllnellt plots on the Voight Creek 
Experimellbll Forest, which had receh'ed vltrious degrees of thinnjng, 
shows thnt.100 sqUltre feet of busllLnrengrew 4:.0 sqlUU'e feet per ucre 
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IUllltHtlly in the fi.l'st 3 yelLl's following thinning, while ~OO square feel' 
grew lUi sqUllre feet. In other words, doubling the growing stock in
creused growth 40 percelli:.. These plots ILI'C ill It site III stand, thinnecl 
for the first time at age i37. In the second ayeM's, doubling the grow
ing stoek 'fl'om 100 to ~OO sqUi1re feet increased growth 37 percent, from 
4.9 to (i.7 squa.re feet anlllmll,Y, 

That in('l'elllent is COllstllnt· over.' ILlly eOllsidcmbl(' rlLllge of basal 
area stocking could not be definitely deter III lrl('cl 1'1'0111 tIl(' Voight Crel'k 
plots, which muged from 79 to :HH square ~'t'et 1.>l'I' aC'l'e in growing 
stock, Howl'ver, it· i~ apPlu'(,ld- thaI: the lowl'r Il'\·l'ls of gl'owing stock 
iu'e much 1I10l'e elliei'(mt proClu('l'l's, pal'f"i('ulal'ly in the second pel'loc1 
Idtel_' thillning, Thus, if the H,7 SCJlIIU'C i'ed of growth is assumed 
optimum, 73 percent: 0:1' tIl(' optimul11 can be grown ,,-it.h hn.! f of tlte 
growing stock, Based on I'll(' ITencl during t-Itl' fil'st t\\'o pl'riocls, th is 
relationship Cltll be expected to improve as t-he shm<i lweorues adjusted 
to thin n ing, 

The Voight Creek dat:a do not. help 10 delilll' ill(' minimum desil'able 
leyel of gl'owing stock; they amply c1emonstmte, however, that grow
ing stock in well-stocked sta nels can be. I'educed grean,)' without, im
pn iring gl'owth, As stands be('om(~ oldel' at ti me of fil'st- thinn i ng, 
gro\\-ing st:oek I11m;t be I'l.'elU('('(lIllOI'(· gl'aduall,Y, and the final Iprt'l of 
growing sioek in(,I'pasNl. 

Length of Rotation 

Although full dis(:ussion of fill:tneilll I'otations is h(',)'ond thl' sC'ope 
of I-his bulletin, (,Cl'tain aspeds IlIUSt be eonsider'ed in order to undl'r
stand the infllH'm'e of (hinlling, 

Financial rotations mllst: be based on a money-yield table, -which 
shows tIl(> value 0:1' n Shlllcl a.t: any age, and the values of J)I'iol' thinning-s, 
The money-yield table is ('onstnlded from a managed-stand yield 
table showing tree SiZl'S allel stalld \'olullles at "1l1.'ious ages, For Doug
las-Ii 1', th inning has not: yel' progressed to the point where such yield 
tabll's nlll \' be eOI1HITu('i:ecl, 

Howe.\·(·I', we can be SUI'(' (-]tat 1'0taJions selpct('(l fOl' thinned stanclR 
w.ill be di fl'(·!'t·rlf' from t-hose selpded 1'01' lll1thillned stall(ls if thl' S1lI1H' 

fi.nancin.1 (,I'it('ria 111'(\ appl ieet ,YheHHw til in ned stand rotations will 
be 10n~cl' 01' shm'h'I' Inay lw fairly easily c1eh'I'mil1Nl, but- 1)J'esenl- in
fOl'llHttion is no!' ac1t'quH.t (. to calen laJe how Illu('h IOllgel' 01' shortel', 

Forest Rent 

Hal'vest age may he timed to eoill(:idl~ with mllximlllll forest rent: 
i.e" mean ll.l1l1Ual ill('rellwllt in 1\1011(,)" .Age nt whiC'h Illllximulll for'est 
rent OC'{'UI$ is, in IUl'n, determined 1aI'~('ly by ('ullllination of mean 
annual inel'(~lnent:. However, when It prCllliulll is paid 1'01' stems of 
liu'gel.' size and better qllltlity, fOl'est' rent: will reaell a maximum soIII I.' 
years nfte.r mean iUlIlual increment culminat('s, 1"01' Dou~las-(it' the 
ill(,l'clIsecl value of hu'gct, trees reHuHH mostly -fl'om lo,,-el' lo~ging and 
mi.lling costs, and hen('e is lesH th;~lI -fot' Slw('il's \\'11('rl' quality also 
('0111111ands It- sllbstantiltl pr(~milll11, R.in('e yield tables for mnllllged 
sblnds of Douglas-HI' ha ve not been dewloped, n~e of culmination of 
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luelln nUllUltl increment for managed stnnds is nlso unknown. It mny 
he reasoned, through use of gross yleld tables, however, that thinning 
will delay culminlttiou nge (18, 50, 5~). MorttLlity offsets 1m 
illCl'ensing proportion of gross tlHllUlll increment as sttLnds grow older . 
.As a l~Sltlt, pedoclic Itnd meall annual gross increments nre equal at 
a 111tel' age than is tl'ue of net incl'ement (figs. 15-20). Thus thiJl
nings, which make it possible to lllu:vest 1\ timber volume somewhere 
between net and gross yield, 11lllst It1so delny cnlmination of mean 
lll!nunl increment. 
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til hll'8 2. n. Iwd 10 (If l'e('\l1Iiclli nl1lll,tiu 2M. (iJ5) Ilud tuble le of Gross Yield 
uutl MOl·tuuty Tubles (5i). 

For Douglas-IiI' on sites II ILnd III, gro!;;s cubic-foot increment ('LtI

miullics Iluout ~o yelll's litter tllH.n 11et, ,,-hile for bOltrd feet (Scribner) 
it is approxinmfely ;10 years later. "Then measured by the Il1ter.nn
tiomLl ,rule, gt·oss increment ('ulmiJuttes about 25 yelll'S nfter 11etOll 
site iiI, am:1 nhout 1:) years litter 011 site III. J3y any of the three mens
ures, the ('Ul:ve of mean 11Ilnua] gTOSS iJlcl'ement shows a lUuch less 
clenily den.lIedmllximum tlutn the llet cune, so t]utt harvest may be 
delayed beyond Ilge of eu]minllUon with little .loss in melUl Ill11lual 
increment. 

'il'he bOlu'cl-:foot calculations, ullsedOll die g'I'OSS yield tahles, make 
110 aUowllnee for il1(,J'ensed pl'oduction resulting from .growing larger 
trees, '\'!bere this JlIlppens the pel·jodie IHUlUld increment would -be 
fl'llise(l still higher und cuhniJmtiol1 !UrtJlel' delayed. If thinning nJso 
increases 'the unit 'Value ofincl'elllent, then age of maximum forest 
l'ent is delayed e\'en JIlOl'e tItan age of culmination ~f men11 lllUlUU]
increment. 

~rlU\s, ltotntiol1S controlJecl by forest rent are certtLiu to be longer for 
thinned SbUlds tlHLll for lmthiulled. 

http:Il1ter.nn
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Soil Rent 

FhHincia:l .I'of afion mit,)' a]sobe set· fl'om soil rent calrulations. 
Hotations SO eSt llblislH:~d He ('xpef'{ed toinsUl'e, a ~iyen l'etuI'I1 (intel:
est) 011 capiULlilwested in a. forestry business. From a strictly Jinan
tinl point of view, soil rent rotations are more, de1'ensible tlunl those 
set by fOl'est :rent. Geuel'tllly speakiJ)~, tJle soil relit rofatioJ] will be 
Ycry lJ.lueh shorter than :I:01'Cs1' J'ClI.t: l'otntion,unless the chosen interest 
rll te h,; "e1'Y low, 

Rotations based. 011 fhe JiJUllWi.ul llmt:u1'.ity eOIl(:ept .are identielll, 01' 

Ileady so, to (hosp deter.mined '1'01' soil rpM if the sarne i-;Itp.J'est I'llte 
is uSN:1 in bot·h ('akulatiolls U4). The (-tred of thinning on J'otafiollS 
is 1I10l'P ea:-;i\y visuu]ized, Jro\\,e\'('!', iu the finalll'ial matul'jty <:ldcu
la\ ion, 

;\ Bland islinllueially ma.! 1I1'l' \\'IH'n the annnal Yalm' ilH'rease .ill 
jWl'\'Pllt p<)lIlds the illtt'l'est mle H\'ailable :fl'orn ,IH.{,I'rraii\'c ilwestrneuts 
(14), Stand ag"e at Jintlll('ia 1Ilia ftll'it.v(~qlla Is rot a t iOIl age,Obvious]y, 
tl\~, nil tH.'-i l1('I'pl.Iwnt PPI't'.('ld:is elosely controlled by \'0] ume-inel'emt'nt, 
01' g"rowth, (WI'cellt. . IJo\\'l'\'l'l', sLnce curJ'l'ntl-!l.'owtllis usual]y n:rore 
Ytlluable(Wl' unit \'olUIlll' thall past· ~I'owth (01' the entire tl'ee) , 
\':1 hIP-iuC'rl'Ult'llt ppl'c{'nt .is ehal'H.cteristically Jligllel' tlwn ~l'owtJl per
{'('ItL 

One majol' l'lred 0:1' thin nillg"is Hred uetion in the amollnt of g'I'OWiJlg' 
sloek l'('quil'l'd {o pl'oclue(' a given inel'ernellt, llncltlll :illcl'easei n ~l'owth 
]ll'I,(,l'nt.. This (,{('pet, ill turn, alt-l'I's Ihe age at w!lieb a stand becomes 
Jinaneially malm't', 

Thinllinp:in older' sta.nds, lilllllll'iallv mahlJ'e or nearly so, prolongs 
tll(l I'otation by ill(,l'easin~ g"l'owth pert'l'nL ]i'il'st. Ill'tillt'l'ement is 
ill('rells('cl t hl'OU~.dl pl'(l\'l'nt iOIl OJ' sa I \'ltg"l' of 1llOI'Iai if.", Secolld, slow
g-I'owillg" 01' Ilollgl'owilll-! tl'ees al'P htll'\'l'sfu(l, J'(\Clueillg fhl' growjug 
sloek tmsl' IIpOIl whil'h g"l'Owl!r IH!I'e('rd is ealeulalwl. 

Tlrl' ('/rpd 0:1' l'ppe,\fHd Ihillllill.\!s start-illl! at YOllll/! ages 011 rotatioll 
h'Jlgih is I(,ss ('lpHI' beeause lilt' ,;aJtel'lI of diametel' gl'owthis g-reatly 
Hlkl'ed, Gl'nl'I'ally, 1\1duced /!I'owillg stock J'esnlts ill higher gl'owth 
]JI:'I'('t'rll, tending- h) dl>lay Jina.neial JlHliul'ity; but thinning also PI'O
dIH'('S large tl'ees, and the gJ'Qw.in/! stock .required ;for a /!iYen amonnt 
of im'l'pnlPnt is gl'e:lfel' for large tTeeS tban ;for sma1] (.H~, 14) (&5), 
The possible ('fred on .l'oi:tlt-ion is bestillustmted by J'efel'ence to the 
YHIt1l'-in(,I'l~IlI{'nt table prepa.red by Heiberg and iladdock (~O) for 
indi"idual IToes in a :l()-year-()Ic1 stand (ta,ble 3)., 

For example, a IH-illl::]1 tree gl'ow.ing· J() rings pel' .illtlr and n 23-incl1 
{I'Ot' gl'owi Ilg (i l'i ng-s pel' inrlrbol:h have It value increment of approxi
.nHlkl.v + J1PI'('Pllf. H:is e\'idellt:that faster diuJnetrrgTowth ve1'111its 
I'aisin~ tl'P(,S toa Jttl'gel' silf,e bdOl'e tlwy l'enrh linn,nciu11l1a.tur.ity, 

H whllt happens to single tI'ees jn a stand is c1mracteristico:f the 
whole stand, then the same concept would apply to stands, '''hat, 
Olen, is the ell'ect 011 ]'otation ]e.ngthl ';Ye In.ight assume, 11101'(le1' 
to darji]7 the factioJ's involved, t.hat It 1G-inch tree with It growth mte 
of J() rings per inch .is typical of an unthumed stand, and it 23-.inch 
tree wilh"n g"l'owthl'ate of (i rin,!!s per inch is typical ofa thiJ1l1ed 
st lIucl, BollI trees, .Ill1d pl'esmnnhl:y stands, are, Jhmncial1y HUltu]'e .if 
41)I'.'J'(\('.nt js lhe .rni ll.iJUlllH acceptable rate, ,\Thieh requ ire.:; the Jonger 

http:41)I'.'J'(\('.nt
http:gJ'Qw.in
http:hl'OU~.dl
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:rotatjoll? ,obyious1y, the answer .depellCls on the silvjculture lpracticed. 
A stundof 23-1nch trees .capubJ~of 'growing sjx rjn~rs per jnch un
,doubtedly must huye heen permitted to make il'upidgro\\·th in the past. 
The stan.d, then, ~you]d 'be ,comparatively young. The slow growth of 
the ]6-jllch trees ill theunthinned st.nud is evidence of pastcrowdjl1g 
;undpast sJowgrowth~ III .n]] likelihood this stand is older than the 
thhllled stund. 

TABL}}3.-'YaZ'!l.e-inol'('ment 7)e'l'{!ent (a1l'lwal) f01' llo'u,gla8-fir by tr'ee 
dimneter and g1'owth rate 1 

! I iIUugs per jnch
D:b.h. ! St.l1lJlpa~e :---,----.---.-----r---,.----.-----;r--(illUhcl:l) 

1 valllC 1 I I I I r
I ! 4 ,5 ,6 8 ] 0 1 12 1 I 6 20 

-..:..-----f--'--·--'----i--·--I-
t Per- I per-/ Per- ! Per- Per- i Per- per-l Per

10__ -. - - - J)ollarso :. ~~~~ .1, ~;~~~ -1- ~~~'~ -i-~;~~~ -I-~~~~ _I -~~~: -, _~;~~~ _ . ~~~~-
1l-______O.55; (;4 152, 43 a:3 .26 ! 21 i 16 13I, 

J2_ .• _- 1.]5 i 39 HI ' 2{i '19 1'15 j]a I' 9.7! .7.7 
I a -.• - ".: J. 90 i 28 22 118 :14 1] i 9. 3 7.0 i 5. 6 
H ___ . _ ,.. ' 2.80 , 22 J8 ; 15 Jl 8.8 I 7.41 5.(i 4.4 
15 __ .. ~.. a.85 ' 18 J4 I J2 8.8 7.0 ~ .5.9 4.4 a.5 
JQ- _--• -_I 5. 00 1 15 .12 ; 10 , 7. 7 {i. j .5. 1 I a. 8 3. 1 
1.r ... " - -.H. 30 I ,J4 !':IJ 9. 4 I 7. '0 5. ,0 4. 7 3.5 2. 8 I'

18 ___ ... __ 1 7.80 i J2 '9.4 7.8 5.9 4.7 a.9 2.9 2.3 

.~,gl:::~~~:·!~ Jg:~g ! JK9! ~: ~ g:~ ~: ~ t~ ~: 6, ~:g i: g
12. (iO ;8'() (;. ~I .5. ;) ~1.0 a. 2 2. 7! ~.O 1. (i

;j:,- - -" _. -I J4. 30 j7.·0 5. H 4..7 a. 5 2.8 .2. :) j 1. 8 1. 423:::::::1 ;J(;.oo 1(;· a 4.2 2.5 12.1 1. :35.0 :3.1 1.6 
,24 _______! '17.70! 5.5 4.4 3.7 2.8 2. ,2 g. 811. 4 1.1 
~5-------. J9.35 15.0 'I. 0 :3.4 2.5 2.0 1.7 La 1.'0 

._:.._H_--_-_"_-_-...,-I__ 2
_
1

._,OO I .4. 5_~~l ~~,.,~ 2. 3_~~~:... ,,~__.._9 

1 Adllpted from table 4, "A method of thinning and forecast of yjeldill Douglas
:fir" .by Jfcibc.rg allel Haddock. Jour. For. 53: IO-18.. 1955 (20). Tree mlues 
(col. 2) Ilbo"e 22 ,inches d.b.h. have been curved. 'Value-jncrement percellt is 

,c.aiculttl,cd by assuming that I-year jncrease in vltltle bears the same ;relationship 
.to the ·totnl value difference -between 1-inch diamcter classcs that I-year diameter 
.increment bcars to 1.0 inch. Diameter iJwremcnto.b. at breast height.isasstlllleel 
to be 1.'1.82 ·timcs woodgrowth,calctllai;ed .from rjugll per jnch. 

Fl'oJll t.his ]lypothetical ,example we mightl'eason: A thinniJlg plIO
:g'l'aHlthn.t: keeps trees growing il'ltpjeUy wi]] permit oue tonLise trees to 
It. ]1L1'ge s.ize before they reach finu;nda] llltttul'ity. 'UTjthout thinning, 
tl'ees~row s]ow]yaml1'each iimmcial maturity at smaller sizes. The 
timerequh'edto raise largehees with.a high growth mte is probably 
short.cr than thnt :required,f,o niise slllalltl'ees at a slow rat.e of growth, 
aJthoughaetuuJcli:fi'crences wmdepelldon thullling practiced. Rota
tion js JlOt neeess:nily shortened by t hbmll1g because trees can he J'nised 
to:R :Inrgel' size ill less time than w.ith no thinning; it :would be short
,.enedonJy :if theobje(~tjv.e js to ,produce trees ,of a given size (teclllllcal 
.rotation) l:egat'cHess ·of JillanciuJ consjderatjons. 

http:short.cr
http:Jfcibc.rg
http:1l-______O.55
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Policy Consid.erations 

Even though financial ,rotations may apparently be rigol'ouslycalcu
luted, actualrotatiolls are still largely a matter of 'p0Hcy determhmtion 
and depend on many factors not pertaining strlctly to the stand in 
question. Thinning, however, may still play an important part and a 
good understanding of how thinning afl'eets rotation length should 
provide a powerful stimulus for ltyoicHng premature harvest. 

For smu]l oWllerships of essentially umnanaged stands, policy may 
be simply one of opportunism; i.e., cubmcl sell for an immediate cash 
returJl. Even whell stands are t.o be cut, either by design or through 
ignorance, as soon as trees will produce lmnimum-size logs, thhl1liug 
may still be important in further shortening an already short rotation. 

For ml\,naged forests, policy is .likely t.o be more sounelly based, but 
may s6]] overJook the possibllitjes of altering rotations by thinning. 
Tluuning holds pnl'ticuhtr promise jll this respect for those oWllerships 
with an unbalanced growin~stockwhen the policy is aime.d nt achiev
ing It regulated forest in tIle shortest possible tbue. The fol1owing 
situations may exist.: 

1. The forestmtty consist of a limited nmount of old growth and ex
tensiye hmnature young growth. The old growth wmIas!" m number 
of yeaTs; then the operation must shift to whnJ, w.ill still be immature 
stands. An uct.ive thulml1p: program in the young growth ,,,111 have 
two ,important effects : (a) 'l'hiDnjngs can supply part of the annual 
wood requirements, making it easier to stretch the old growth, w.ith 
the result that the young stands will be somewhat older when they 
have to support t]l(~ entij'ecut than if not thinned; (0) if thinning 
ulcl'eases dl:uneter growt.h beghming atyoung ages, the stands mny be 
brought to financial maturity endier. The sepnmte effects ·of (a) 
and (0) wjJl be to make nge at cutting mOl.'e nearly coincide with 
optimum J·otation. In adcljtion, since Jinancial maturity will be 
l'enched at a larger size than w.ith no thinning, an .added advantage 
will result from havhlg' larger trees at time of harvest. 

2. "Where there is all abundance of old growth in the ownership, 
}Jolicy frequently dictates that no young growth at all be cut lUltH the 
old growth .is liquidated. The oWllership n1so includes advllllced 
young growth that is mnture ttnd actunlly returning very little 011 
the investment ill gl'owinO' stock. Here it is possible for thhming to 
prolong the young-growtTI rotation by stepping up growth percent. 
This comes from increasing Jlet growth by salvaging or presalvagillg 
mortality while reducing growing stock by removing llongrowing 
trees ill the stund. "Then cutting is shifted entirely to young growth, 
the stands will not be as far past idenl rotation as they would have 
been wit.houtthinning. 

In summnry, it is evident that financial rotation cnn be changed, 
perhaps. greatly, by thinning. Ro!ations set by culmination of mean 
annua.] 1l1crement or forest rent, wl]l most certainly be lengthened by 
thinning. Rot!ttiollS set by soil rent or finuncial maturity doctrlIles 
may be ]engtheJlecl or shortened, depending mostly on the age at 
which thinning is 'begun and the intensity with which jt is practiced. 
Possibilities 0:£ a'}terJllg rotations by thilllling give the forester llew 
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techniques for carrying out existing policy, or new criteria for estab
lishing new policy:. 

Total Yield 

Asnlrendy explained under the section on objectives, thinning will 
increase the usable yield from It forest through salvage of normal 
morl:nlity and production of larger trees. Estimates of the extent to 
which yields CUll be inc~'ensed through thinning nre discussed in the 
present section. 

Gross yield tables for Douglas-fir (59J) show the estimated cumu
11ltivevolume of mortality in normal stnllds (figs. 21 and 22). Fre
quent thinning would be expected .to recover n substantialportioll 
of tJle volume dying after the thinning pl'ogram is launched. The 
percellt increase over normal llet yield Itt age 100, made possible by 
thinnillgs beginning at Vlll'iollS ages, is shown in table 4. Thus thill

9,600 

8,400 I----I-----I-----I----l----+-----¥--_� 

7,200 I----I-----l-----I----l----I----,;~-_I_-_I 

6;000 b----+----+----4---~-~-~-4_~~4 

4,800 I----I-----l-----I---,A---_f----_I_-_I 
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2,400 b---·-I---'--+--~_,.f~__::l"L~---~--_+-4 

1,200 I----I----+-,K-"c...---I----l----+----_I_-_I 

~.0 L.....__ __"-__..L....__..L....__..I___...L...__' 

o 	 30 50 70 90 110 130 140 

AGE OF STAND (YEARS) 

FWlmg 21.-Cu1llulath'e mortality (cubic feet) in normal stnnds fQr sites II, III, 
lind.!\'. DeriYc<lfrolll Unta froll1 01'08S new an<1l\I(lrtnlity Tables (52). 
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l!'Hlmm 220-CUllIllllltive JlIortlllity (hollr<l feet) in normal stands for sites II, 
llI, and IVoDerived frOIl1 datu [Will Gross Yield lind ~l()rtamy Tal)les (52). 

nings stllrted at age 30 and conductecl with. sufficient floequency to 
s:~l":~ge all modality pdor to a. rotation age of 100 years \l would 
increase International board-foot yield by 24 percent 011 site II. If 
thinnings Itre started at age 60 instead of 30, the increase in yielc1 
would be 18 percent. .' 

Not allmortality call be recovered. Some deterioration wilt-
inevitably take place before salvage is possible. Breakage will be 
highet· thlUl in normal operations, lU1cl salvage of the occasional small 
.dead tree in locations remote from a. roacl ll11ty not be feasible. 

• Use ()f lOOYl'lll'S 118 rotation agl' t1l1:fJll/.(hollt this se('tiun is for convenience 
OlllYoPrincillies l)loought out.wl)uldhe e(lllltlly tI:ue (or shorter 010IOllgerlootatioll. 
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TAnlJt~ 4..-hWl'eai1e 'in yield e,l'lJealed at age 100 'if all 'mol'taUt1Y 18 
salvaged f'rOJIlt time of ji'l'st tlti71:ninq 

Illcreuse ill yield 

Age at 
first Cubic-foot Internlltional Scribner 

thinning volume I volume 2 volullle 3 

(years) 

Site Site Site Site Site Sile Site Site Sile 
IT III IV II III IV Il III IV 

PCT- Per- Per- Per- Per- Per- Per- Per- Per
cellt cellt cellt celli, cent cent cent cenl, cellt:10__________ . a:J ao al 2·' 18 !(j 1:3 (j 4

40________ • ') ao -I 28 23 17 15 12 6 ~~50_________ ,. 2(j 2;1 2;! 21 15 14 12 6 460. _______ .• _.
70_________ 22 l8 1.8 18 .13 l2 11 5 '1 

- . I.ll 14 .I :! 14 10 !) 10 4 ·1SO __________ .• 
II !l \J LO 7 (j 8 3 3 

I .Bused 011 volume oC trees in 2-iuch class and over Cor entire stem, including 
st.ump and tip. 

j Bused on volume of trees in 7-inch class lind over to Il 5-inch top. 

3 Bused on volullle of trees in 12-inch cluss and over to 8-inch top. 


Also, in most thinnings an attempt is made to forestall 1l100·taHty 
as well as to salvage it. It is inevitable that some tJ:ees will be cut 
that would have ndde(l measurnble .growth had they been allowed to 
stand until they died. If the remaming trees do not make up this 
growth by responding to release, then increment is lost. 

.Hence, if diiuneter growth fails to accelerate after thinning, the in
crease in yields shown in tltble 4. should be considered as the maximum 
l}ossible. 

On the McCleary Experimental Forest, described on pages 42 and 
97, mortality ill the thmned stnnd averaged 115 board feet (Scrib
ner) per acre annually, all of which was sltlvaged dtu'111g thinnin~s 
('71). .Although the thinn iug cycle is 5 years on this fOl'est, nendy 
aU the area, is visited at 2-year intervals t.o reCO\'er mortality. Sal
vaged volume was 14 percent of net increment. Apparently, thinning 
also forestalled much mortality; tUllllUtl losses in the ullthiulled stand 
"were 418 board feet IUllllmlly. 

If thinnings are begun early enough to increase the size of trees pro
duced, ndditlOnll] yield is obtained frol11 trees that woul(l not. other
wise reach merchantable size before dying. Added yiel(lalso results 
from higher 90anl-foot/cubic-foot. ratios in htt'ger trees. However: 
additions to yielc1sfrom these soul'ces are dimcult to estimate, since 
yield tnblesfol' managed stands al'e lacking. 

'. Tables f01; British Ilnd European manag-e(l stands of Douglas-fir 
indicate much higher yields than for untended .American stands (fZS.
13, 1). 111). .A.1though first thinning ill these slands would be pre
commereial by L\mericnn stalldltrds, commercial thinning begun at 
the ea!'iiesl: possible moment undoubtedly would increase yield 
substantialIy. 
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Heiberg and Haddock (:eO) estimntecl ;yield for thinned stands at 
85 yenrs itS 82,3{)0 boltrd feet (Scribner) fOl' Site Index 150, This is 
32 percent greater than the gross yielc1 expected in normlLlstnnds, 
~[ost of this inCl~nse is due to !til ussumed cubic-foot growth mte about 
30 percent higher than the gross increment in normal stands; the re
nmlllc1el' is mostly a result. of endy production of bOMd-foot size trees, 

Theoretical yields mlly he calculated from gross (5!8) and n01'mal 
(35) yield tables, For site III and II 100-yeal' rotation, gt'oss yie1c1 
is 17,500 cubic feet, clistributed as follows: 

Live standing II t 100 years:
Lltrgm' than 12 inches <1.h.1L_________________________ 12, (;20 
Snlllllel' thun12 inches d,ll.h_________________________ miO 13,270 

l\lOl'tlllity, nge 20 to 100: 
Lllt'gel' than 12 inches «1,h.lL_________________________ 1 HOO 
Smaller thlln 12 inches Il.h.lI-_______________________ 3, a:{O 4, 230 

Gross yie!{L_____________________________________________ 17,;'00 

1Estimate«1 frOm the yield tahle figlln~ of a,700 bd. It. in this sil'.e CIllss, as
sllllling thnt. th(' IIv('rage tree that die(\ hud II hd,-ft./cu.-ft. ratio of 4.1-(.'<llIal to 
thut of a 12-inch, UO-foot tree. 

Thus, of n. total production of 17,500 cubic feet, 13,520, 01'77 ])e1'
l'ent, finally nttllined board-foot size (trees larger than 12 inches 
d,b,h,), including !)OO cubic feet in trees dying pri01' to age 100. The 
objectives of thinning are to increase the pl'opodion of total stand 
pt'odu('tion that ends up in lIu'ger trees; to control (frequently, to 
1I11lximize) the size of tree produced; and to stt1vage ns much as pos
sible of "'hat nOl'lnally dies. 

W"hat mny conceiv;tbly be possible ill pursuing these objectives~' In 
the absence of experience (htta, some estimates may be made and re
sulting yields determined, 'We nmy assume that by thinning the stand 
used in this example, the following will bp accomplished: 

(a) Transfer to trees ];trger than 12il1('hes d,b,h. the GfiO cubic feet 
in trees less than 12 inches in the 100-yeal' not'mal forest; 

(b) Sahr:~,!e the 900 cubic feet that died in trees larger than 12 
inehes d,b,h.lil the normal forest; 

(c) Transfer one-third-1,110 cubic feet-of the 110l'mal mortality 
occurring in trees smaller than 1:2 inches to trees larger than 12 inches; 

(d) Produce It stand averaging 21.5 inches .in diameter at 100 
years-eqlml to the lower diameter limit of the la,rgest 15 per(:ent of the 
h.'ees in thenol1nal forest. 

l'he production in trees hu'ger tlUtl1 12 inches d,b,h, will be 15,280 
cubic feet, or 87 percent of the to btl stand production, 10 percent: more 
HUlll without any thinning, "Ye assume that this can be nccomplished 
by removing 40 percent of the total pl'oduction, or 6,112 cubiC feet, 
as thinningsfrom age 25 to 95, and leaving no percent, or 9,Hi8 cubic 
feet, for harvest at age 100. The linnl hilrvest volume would be con
tained in 75 trees Ilvernging 21,5 inches, The stilnd 'would luwe 69 
percent of normal cubic volume, 

The hOllrd-foot equivlllent of this cubic volume may be estimated 
roughly by using Ilvernge bOllrd-foot/cubic-foot ratios, The ratio in 
the final stand is estimated as 5,2, eqnal to that in a 21.5-illCh, 14.o-foot 
tree. The l'Iltio in the thillnings is assumed equal to that in lL 15-inch, 
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114-foot tree, or 4.5. The cliosell diameter is h:t1Jway between 12 
inches, the millimum tree size used in the calculations, and 18.4 inches, 
the a verllge size in a, 100-yeiLL'-0Id norlilal forest. The height is equal 
to that of a (;5-year-ol<1 tree, the age midway in the thinning pel"iod. 
The estimated boanl-foot·'yield is: 

'l.'hillllings__________________________ n,l12 (,1I. fL X 4.11=27.:' M hll, ft. 
J!'inul,'ni_ ~________________________ !I.ltil'i en, ft. X 1I,~=-l7,7 M 11<1. I't. 

~r"tlll ~·il!hL____________________________________ 711.:! .\1 1111. ft. 

NOI'mill nef' ,yield for' ('his shlnd is (12.800 bO:Llx1 feel. Normal gl'oss 
yield is O(i,;iOO boa.rd feel. Thus, t:hese rather modest increases 
assumed :fQr' h'ee diametel' and pL'OpoL'lioll of total stallc1 proc1uetioll 
utilized would ilH'l'easc board-foot gl'OSS yield by 1:3 peL'c(lIlt. Increase 
OVCI' normal ltl1l11:111aged stands would be 20 pel'cellt. Total cubic
foot pl'odudioII 1'('llIaillS the s:l.Ine as ill a n 01'111 a I fOl'est. 

These gains are possible bec:Luse thinni.ng salvages normal modality 
andredist I'ibllf:es gl'Owth, result;ing in lal'gel' tl'ees :tnd more complete
ut;i I.ization. -

APPLICATION OF THINNING TO DOUGLAS-FIR 

Tho tlll'oretiC':d basi!; fOl' t hinn ing, with paL'tieulal' reference to 
Douglas-fll', has been disellssed in thl' J)I'evious sections. Knowledge 
of silvical elml'acfel'isties of :t spe('ies is eSSen i'ial 1'01.' the intci1.igent 
application of thinning. Now cOllies thl' pmdiclLl pl'olllem of apply
ing that knowledge to a going opel'aiion, in cOIllbinlttion with equally 
impoltant nl:LIlagernent, ol'ganization:d, :U1d Pllginepl'ing features. 

Mueh of the matel'ial in the following sediolls is based 011 unpub
lished data, fr'OHl titiunings in 'LOlli' l'xpel'ill\(\IItal. -fol'ests on l)J'ivnte 
land in thl'. Pugei Sound M'ea. The ownel's hll\'(~ leaSl'd nll'sP fOt'ests 
(0 the IT.S. Fort'st Service for reselLl'ch plll'poses.1U ExperimenhL1 
thinnillg sa.les on lIation:t1 fOl'psts ha\'e also I"'oviekd SOllll' dat.a. A 
thi,'(\ soul'ce has bel~n published data, from experimental fOl'est and 
other' Hlinnings in the I:egion a.nd ill BL'itish Columbia. 

DETERMINING PRACTICALITY OF A THINNING 

A commUL'cial thinning .is practical if it can be done Itt; It profit and 
is silvicultllmlly desirable, 01' at least. not lInc1esimble. 

The decision l'egal'(lin~ sih'icultm':L1 desimbil ity should be based on 
the materinJ ill sectiolls Just presented. Hel:e we :Ll'e concPl'lIed with 
physic:tl and economic factoL'S inf\ueneing proW 1'1'0111 thinning. 
.some faetors, such as t:he llnav:dlability of labor, :lI'p cOlllpletely limit
ing, l'egal'cLless of ot:her :i'eafm'es. Others, sueh as t Ill' sizes of tl'ees 
IlN:Lilabl(~ fOl' eut:t ing, ILI'C :t mattm' oj: dl'gl'ee and dl~pend 011 markets 
or equipmellt H.\':Lilaule. 

liI'l'hest' (orestf; un« UH'ir' lellsing' O\\'lIt\I'S lire Ht'mlo('k )ol\:(ll'I'illlcntnl Ii'orest, 
St. Uegis l'Il!lI'I' CI).; Hood ('ullul Expm'illlelltlllli'()rl'Ht. Pope & 'l'nlhot. 111('.;
~[cOleal'Y Expl'l'illlt'lItul I"m't'st, !1iIllPHt)1i Logging' Cn.; "night el'(~'k Expel'i
mental li'orest, St. Puul &; ~'a('OIl1a ['1111111('1' Co. (now II pad of St. !legis 1'1l1'l!I' 
Uo.). 
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Labor 

'rhe thinn ing opemt ion 111 ust be higilly Hpxible; i.e., itd:lPtable to 
wcather extremes, vH.rillble nlllriwts, and ('Imnges in the kind 01' stands 
thinned. 8nmll (often one-man) eflieienl treWs aL'e needed, requiring 
men willing and able to WOI'k alone with a. minimum of' supervision. 
Commerci:Ll thinning is a, snHLII-profit-lIlltL'gin opcmfion, at- least in 
its initi:t1 stages, which nmkes it necesslLry to keep nonproductivp time, 
ehiefly tra,vel time, to 1\, minimum. Tntvel tillle is all HIe mOl'e im
POI'tllUt, when horses, requiring weekend can~. al'P used 'for skidding, 

Till" Ilnique l:ti)ol' rl'quirelllents of slIeil all opel'llt'ion al'p best mel 
by IlK,:tl lIlen who do nol ([mlland i'ull-tinll', 'yeai'-long l'lI1plo,vnlllllt in 
thinltillg, As l\. ('oroll:u''y, fhe thillniligopcl'ationlhat is IJl'St' adapt-cel 
to fhl'· nlwds of t he local lahol' {on:e is :lIso :tpl I() I){' 1II0St slIC'('('ssfuJ. 

,I [Owl'\'l'r, once. tL (hillning progmnl gains nlOtnl'lItlltri it: ('an and 
shou Icl be('onte II full-ti IIIl'. opl'rat'ioll, a[ least 011 largp O\\'II(,l'sl1 ips, 
AdministTation lIlay lll' sill1plifit'tl by assigning:L foresil'r 'full t ililP 10 
tltl\ job, Adl'antages a(TI'IIl' Jl'onl lIoll(lndlmting, ]>rNlidablf' weekly 
OJ' monthly pl'ociuetioll, Also, a, full-timp progmnl Illttkes it' possible 
to attl.'aef' OL' dl'\'elop experienced labOl' special izing i.1I thinni IIg, 

Accessibility 

{i';1(ler ('\In'en!'. ('onditions ancl \\'it'h ('UITent \'allll's, nearness to ex
isting roa.ds nlHy absollll(·ly lilllit Htinning, I'egll"dless of other asppds 
of HIe oppration, Tim ('ost of extl'lIsi \'(. HC'(,P,,'; roads is USIIH 11'y 100 
gl'eat to be fin:lIl(,l'(\ hy thillilings alolll', 1i'or t'his I'easun, first thinnings 
nhould bt' ('onfitwd to ;ll'l'as n('a.l.' ('xisting roads wlll'I'e nddi!iollal (.'011

stTuC't.ion C'ost:; will lit' light, 
J [om.'\'pl', l'o:ld5, pa I't i('nla I'I,\' 011 III !,!,!'e I' pl'opel'l il's,.lta \'P of'lWI' \'ttl U('S; 

1'01.' px:ullpll', t Iwy (':UI hp IIS('(] '1'01' fin' ('01111'01, sahngl" ;1.11<1 filial hal.'
Vl'sl, Puftillg {helll ill elll'l,\' ('II(H1gh to lu'('ommodatl' ('omnlPI'(,ial 
thinning is Ofil'lI lL good inyest Illent, Thps(' fillan('ial aspeets of the 
I'onel pL'obleln arl' {'l'eafNt at length in n, latp!, sedioll, 

Markets 

Ob\'iously, markets musl' exist i'OI' the ])I'o(\ud:s t'o bl' luu'vested ill 
j;hinning, The ~f(Jl'l'stl'I' nlIlS! cletl'I'lIlinl' Ihe lo('ation 11IId nature of 
IL\,:tilllblemal.'!w!'s and the d('livel'ed ])I'i('(' of woods Pl'of\lll'tS, In /!cn
emI, all acll'flwtfe IIml'lmt shollld pxist f(w small 111:1 (pria I, llc'eessi b Ie 
by good roads tllld withill ~5 01.' ;W miles of t hp sta.lld ullder eOll
sidel'Hfion, 

The maximulll distance, however, depends 011 \'!t1ue of pl.'odud alld 
cost: ofmatel'i:d when loadp<l on Hie tJ'ue1\: at thinning Hitp, Thus, 
snmU pulpwood loaded 011 the i',I'u('k in thp wooels lllay 1'('lwpsent an 
ilwestmcnt. of: $11 P\~L' cord (inel uding $1 fot' stumpagp) 1 leuying pel'
Imps $5 for hauling-enongh 'rot' only :.lO 01' ~ii mil('s, Lal'gl't' tl'l'es 
Inacle into sa \\' logs, 011 the 01 h('t' hand, might ellsi I)' Ita Y(' a margin of 
$1;3 pm' t housltlld :wuilable fot' hauling, aud lIIu,rlmls no {,lost'I' thml [i(l 
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or ,60 nliles might make the thinning entirely fensible. Pulpwood 
prices often 1.'effect tl.le ~el1gth of lutul, with lligher prices being puid 
:for wood from grenter clls/;aUlces. 

Except for specilLl products of limited demnnd, pulpwood marlmts 
are the only outlets Ior the smallesf material. Trees () 01' 7 inches in 
(lituneter will lllllke pulpwood. Under the most fuyorable conditions, 
snw Jogs may be produced from 8-inch trees. SpecitLlized products 
sllch uS poles and piling uSllully require larger trees. The 10rester 
must be COlltinmtl.1y on the Jookout fOl' new, often JimitecI, often transi
tory JIllu'kots to JH'o"ide oul-lets for' his t;hi_llni.ng~. ",Yhere thinnin.!! de
pends 011 this kInd of ll11l1'ket, however, the need for II, highly flexible 
0pcl'lltionis appllrent. 

Stand and Topography 

Gi"ell accessible sbmds, II. lltbor' supply, nnd good InlLl'kets, the pl'llC

tica.1il-y of II. f'hill.1ling is dependent on still llnother fuc:tor; namely, 
physical features of the site lwd stand, and how they Idrect ext;l'Ilction 
costs. 

Topography is It most impori;ltnt considel'lltion, pl'inciplllly becltl1se 
of its effect 011 skidding, Unfuvornble topogl'ltphy may rule out thin
ning, even though all ot,her factors al'c fnvol'llble. Terrain wit·hout· 
sudden bl'elLks or l'o(:k outcrops is most desirable, regardless of the 
skidding medium. 

If horses are nsed for skidding, very little advel'se slope CllU be t.ole
rnted. Steep flLYOl'llble slopes are also limiting. Steep slopes may Illso 
li.mit trnctor skidding, although advcl'segmdes can be mOl'e easily sur
mounted. Slope limitlttions lire discussed more fully in I'he section on 
extraGtion. 

Ne,," equipment IlIld teclmiql,es Itre being developed for thinning 
011 gr'olmd too steep for use by eit-hel' horses 01.' tl'llctors. .As f-hese 
methods nre peliected, tQPography will become less of a l.imiting fac
tor in thinning. The J~lethodsof skidding on steep ground are dis
cussecl in the seetion on skidding. 

FI'equently, stand chn,l'llcterist:ics determine whether n thinning will 
be pl'llet.iclLI. Obviously, t,I'ee size must mah'h a yailnble mar·},ets. 
USlllLlIy, a good Pl'opOI.'tion of the tl'ees in the stand must be above the 
minimum size specified for the pl'Oduct to be sold. For example, aJ
I:hongh (i- or 7-lIlch trees may be just big enough JOI' pulpwood, an 
opemtion based entirely on tl'ees 0:1' this size is apt to be nnpl'olitable. 
The mutter' of size is impol·ta.nt. MltIly t:1tinning p.rojects have failed. 
beclLuse they run too close to It commercial minimum. .A good rule of 
tihumb is that the ItYcrage-sized tree in It stand shoilld be at least tiS big 
as the minimum-sized salable t.ree. 

Tl~ee size exerts n majol' influence on the pmcticality of thilmillg. 
Other features, though, must also be considered. A certain minimum 
volume per nere must uSlially be a:vn.iJnble for cutting, though this 
minimum is much lowel' than is USUltlly considered necessnry. EXJ)e
dence has S110WII thut cuts down to () cords 01' 3,000 bOltrd feet. per nere 
Itre entirely feasible where t.Ile proper equipment (inexpensiye and 
highly mobile) is used (7iB). The forester should recognize, however, 

http:impol�ta.nt
http:t;hi_llni.ng
http:COlltinmtl.1y


CONIMERCIAL THINNING OF DOUGLAS-FIR 45 

,thnt tree size is more important than volume cut per acre, nnel that 
if trees cut nre too smull to be e].i;racted pl'Ofit:n.hly, It heavier cut ])el' 
ncre will not com pensttl;e fOl' it, 

If fixed costs 11.re high, the ncreage availnble for thinning must. Itlso 
be considered in tLpprllisillg the pl'ilCticltlity of an opemtioll, Fixed 
costs such as movillg in, roadbuilding 01' necessary repair, line run
ning, etc" may lULYe to be chlll'ged to the thinnin~ of tt single trnct, 
OccnsionaJly, 't.his mily rille out thinning very smaJl areas, 

CHOOSING A METHOD 

Choosing It thinning method I'equit'es a careful baltuH.:ing of silvi
cltltul'lll reqllil'ements' of the sland with economic consiclera,tions, 
Three genemlly reco~'1.1ized thinning methods are applicable to utttul'tLl 
stands of Douglas-fir: spleetion, ('I'OWn, and low thinning. Age, COll

dition of t'he stand, t1vai labil ity oJ markets, equi p1l1ent to be used, !tIl 
determine wlmt method is most pmctica.l. 

The llll'gesl' tl'l~es of Ihe stand are I'crlloncl in selection thinning, 
In crOWJl thinning, tTees whose cl'owns extend inlo the upper canopy 
m'e cut. Such trees tu·t" USUH 11." a11 aboye a vpragp diameter. In low 
thinnillg, t-he small.est h'eps in t.he stand al.'e l'ell1o\·ecL. Alt:hough there 
is no reaSon why one method IllWit be applied to the total exdusion of 
the ot-hel"S (most comlnel'('ial I h inn ings are a. III ixhu'p of al] three), cer
tain principles discussed undel' silvieultural factors should be thor
oughly understood and kepi ('ons/antly i,n mind. 

In \"el'Y y<HLng sl:lncls, only the Ilu'gest It'ees al'l~ mal'kehlble, and 
only tl seleelioll thinning is feasible (Ilg-. 23), The system may also 
be pntif'ely stttisfactol',Y silvieuit-lll'tllly in sueh stands. Mmly of the 
!al'gest trees will undoubtedly de\"elop into low-quality trees if len 
11l I he stand, However! Ihey tu'e ttlso the fastest: growel"S, and the for
estel' shouJc1 be cel'i:a,in that l'emtlillillg trees haye adequate ('I'own to 
respond to release and quiekly ma.ke up for growth of trees removed, 
Young stands making I'apicl height- growth oflell contain a. substtu1
t ilLl numbel' of low-qual ity clom inalll- stems. 

As pract-iced in Denmark, selection thinnings aTe made VPIJ' JighOy 
Iwc1repeated at 1- 01.' 2-yea,r interynls (7), In a test in Piel'ce Coun
ty, "'''ash" four select ion t 11inl1 ings, 2 yenTs apart, were made in a. sta.nd 
:27 years old at the tillle of first thinning (Jf'3). The test. indicated 
iluL!, gl'owfh had been satisfactorily redistributed. However, average 
diametel' in the stttncll'emn.ined cOllsbtnt because only I-he lttrgest trees 
had been removed at each thiun ing, In!t pl'ttc6ca.l thinning. regime, 
select.ion thinning should no\\' g-ive \\,tty to crown thinning to permit 
seleetecl htl'ger trees to make t-he mosl-rapid growth of which they tLl'e 
ettpttble, 

('rowl1 t.hinning, probably the mosl wic1el~T practiced mel-hod for 
Douglas-ill', is well suited to young stands where. the objective .is to 
develop good qUltEty dominants and ('odomilUUlts (fig, .24), The 
frees I'(~movecl, though not exclllsively I-hI' lar'gest .ill the stand, are 
usulLlly big enough to make v:tlullble pl'oduets. The forester needs to 
remember., 1Io\\,('\,cr, thttt he is rellloving- t,rees that- III'{' contributing 
substantia.!ly to "olume increment. In stands older than thetenta
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lllillg mlly :be made. Aner thehu'gest, ,roughest trees have been re
moved in one ,or two Jight selection HliU11inhrS, crOWll thuuling should 
l>e sbu1:,ed to favor J)otentill] crop trees. 01'own t:hilUliugs should 
110l'malJy be continued untiJ it is ,no longer possible to redistribute 
growth t.o trees ineifher t.he upper or ]fiwer crown classes. By this 
t.uneb'ees ill the lower crown dasses will probably be of mel'clumtable 
size Itnd low thinnings will be }lJ'acticltble. Normally, a series of low 
thinnings wouJd the.!l be made priot' to Jina] ha,rvest. 
1f~he first thinning is c~ela.ye~l,se]ectjon thinning wj]] likely J10t be 

practJeilbleexce,pt that II few of the yery roughest trees elUl probably 
be l'emoved.Ct'ow,n th in,llings applie(l shottld succeed in promoting 
the deve]opmmlt of w'op trees. 
If Jil'st thinning js delayed still later, the initialallcl aU succeedi ug 

('.Hts will ]lrobably ue low thiJlll iugs, 
The mlu'king t'ules .l'eeolJ1uwnded in the next: seet-ioll more or less 

int,egrate. till' dl'eet s 0:1' stulld age, stand ella r'acteristics, a.ncl mill,imuJl1 
lller'ch.all!abiJity stand:,tnls t.o pr:ovide a sequence of thinning methods 
Ycry suru.lar tot he One JUs!: des{,J'IIJed. 

MARKING (GUIDES, .METHODS, .AND COSTS) 

~rilrkin:,r is the kl'Y to. sllC'c:essJul thinning. In rnnkinp: a propel' 
choiee o.f trees to. eut,the marker must mentally synthesize all sih.i
('ultul'al, economie,rnnrkelin:,r, and han'est features of the o.peratio.n . 
.Alt}lOllgh '[a irly ~lefi~l ite ,HUlrkiug ]'ulesll~ay be d~'awn up o.n p.nper, 
thel!' proper apphen!lon!!1 the \\'oods('(~ql!lJ'esthe forester s best Jud:,r
ment, based o'n his kno.wledge 0:1' the p~'rtinent :rado.rs. 

The following mnrkin:,r :,ruides are belieyed 1'0 be near.ly tllljYersally 
applieable :for eomnlet'('ia.l thin.n.i.ng of Do.uglas-fir: 

Priority 1 : :MeJ'C'lmntablelrees (a) I]mfar'('. dead, (0) that wj]] not 
Ji\'e unUI tIlE' lWxt thim)in:,r, 0.1' (c) whose :,rrowth rate is negli:,rible 
,,-.hen compar'ecl wit.h other trees .in the. ~jan(L ]lriol'ity 1 trees are 
mostly bRell)' suppr·essed. but, they nls011wlude (r'ees whose pOOl' or 
deelining- Yi:,ro.J' is attrilmted to. insects, disease, or .injur'y (Jig. 26) . 

Pi'iOi'it:1J 2: Roug-h, lirnby dominants, whose remo.val "'ill release 
ireeso:l' betf.rl'iorJl1 and quality (Jig. 27). 

Priority ,j: T!'(~es whose remand will improve, !lle spacin:,r and 
growth oi'.rema in in:,rtTtWS, pl'o\'i(\e.c1 tJl1lt l'esened trees are capable of 
l'l'sponcling- to release (Jig. ~H) . 

PriOl'it.ll4: :Merehantable diseased, misshapen, and broken trees that 
do not fall iuany of the first three priorities (.fig. 29). 

Figure 30 shows schematically the 'pl'obnhle c1istl'ibufion of trees 
marked for rp)])on11. by priority ('Jass in a iiI'S! thinning, in stands 
l'lluging :fl'om young to old. In a yo.ung SbLllCl. the bu.Ikof the freeS 
mUl~ked woule]' be IJr'iority 2-1Hrge. rough clomirmnts. No .tt'ees in 
pr.iority 1 would be .large eHough to be lUal'l;:etable. Those prio.rity 3 
{rees that are large enough to be merdlUutable could be marked if i:he 
stand is .!lot op(·ned sufficiently h? t.he r'pJ)lo.\'al o.f priority 2 treeB. 
Diseilsec1, misslwpen. and br'oken tr'eN; almost always fall in 01110' of the 
lirst flu'e(\. priot·it ies. If not, the only reason for l'emo\-ing them is to 
intl'easethe cut (at the espense of the growth they would hayemade) 
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~ .100 _ Priority 4 - Merchpntable diseased,misshC!pen,andbroken trees 

~ -------------------~ ~ ' .... Priority 3 - Tr.ees .whose removal will improve spacing ~ 

~.. of remaining trees ~,.~ , /~. 

'~'''. '-, -",/on' ......... ......_ --,/ 


~.~ -- ,/.~ .... ,---------."..---,," 
~. ~ "Priority 2- Lorge,limby,dominants whose ",,,'" 

~ ~ r.emoval will release better ", 

~ trees. ,/ 
~ ",'" Priority I - Merchantable 

~ ,,/ trees-- (a) dead, (b) not expected 

.,;: ,," ·to live until next thinning, (c) negligible 
~ .,.,. 
..... _" growth corr,)ared with average.
~ ~O.~____•___-,_"__________________________________ 

OLDYOUNG 

AGE AT FIRST THINNING 

FlllUlIg aO.-Dhit!'lhntinn I,f mnrke!l trel.'s by priority elllss for initial thinning 
Of stllndsrllnging fmlll young to old. ~'he ilhlstmtion is purdy schematic. 

or to eliminate them as seed bearers, possible sources of infection frol11 
disease. ol'lmrborers of insects. 

In contrast, in an old stand being thinned for the first time, most 
of the trees marked would be priol'lty 1; Le., the poor risk trees and 
those making vel'y slow gl'Owth. Opportunity for removal of hU'gc~ 
limby dominants would be restricted because sUl'\'olUlding trees arl' 
not; caplrble of responding to release. Maddng trees solely to impro\'c 
spneing will likely fail to achieve its only objective-redistt'ibution of 
growth. Probllbly more diseased nn(l misshapen trees would bl' 
1I11trked than Itt younger ages just. to improve the health of the stand. 
Mostly, however, they would be marke(l as pL'iority 1 trees because of 
pf)or growth 01' 1)001' risk. 
. The percentage of trees in priority 1 will increll.se with the increase 

in age of stands being thinned for the first time. The percentage of 
rough dominants that may be I11ltrked for removal declines sharp·ly as 
tlw trees in the stand become more and more i.ncapable of responding 
to release. Percentage of trees marked to impl.'ove spacing should 
increase al; first simply because the number of trees of mercllllntabll' 
size will increase. After the cl'itical age at which it is no longer P0f;

sible to redistribute gl'owth, the percentage of such trees marked will 
decrease. A relatively high pf>,I:centage of ma.lfol'll1ec1 trees would 

. prolmblybe marked in thinnings initiated only a short time priOL' to 
finn] harvest to eliminate them as seed bearers. 

Thus, application of these mnrking guides will result in n, thinning' 
that. follows lIO c1nssiclll system. A first thinning in a young stan(l 
will l'esemble n. selection thinning. Begun later it will resemble a 
crown thinning; and in older stand:;, II. low thinning. In prllctice. 
trees would be mnrked by priority until the desired lelwe sl'and is 
at;bLined. 'rhus, it; might, take olle or seveml thinni.lIgs to relllove 
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all pr'iol'ity 2 tr-ees ill l.l young stalld.. In the llppl iCidion of tilt' nrll'~ 
tho forester' should, of cOIll·se. recognize snlitl! homogeneous ill'eas ot 
the stand being mar·ked. For' example, pl'iority ~ trees .in a. young 
stand might not: all be mnrked for a. single thinning of an lll'ell well 
supplied with such ITees. Anol'hel' ill'ell, howlwer sllIal!, in Ihe same 
shwd rllight, ha vpo no pl'iori/y 2 ITees, and .H1lu'king would be enl'il'elj' 
in pr'iol'il,)';1 fTees. 

CCI'I,ain pl.'ecaut iOIlH in HIe uppl kafion of these gu ides should be 
ouscl'vec1 in ol'dm' 10 ('onll.'ol the intensity of thinning. TIll' beHl' r'ule 
1>I'obabl,)' is thnt givell by Tinlley lllld j\falrnberg (u;e), which. sti pu
la tl'S that r'crHai IlIl1g Irees should nol be reJeased on mOl'e than Olin 
side at. anyone IhinniJlg. Close n(lhercnce to this rule will automali
c;Llh' ('01111'01 til(' number' of trees marked, l{emoval of tl.'ees in the 
lower erowll classes would. nol be. reslTided since they will not relense 
tl'e('s in the main canopy. It is unlikely l"lutl nlly I'esft'iction on eutlillg 
lowel' {,I'Own ('lasses IS silvi(,lIlt IIl'lLlly desimble in cOllllnen'ial fhin
nill!! or DOll!!las-Hr'. 1\101.'(' cOlllplele diRcllssion of HJ(' desi.l'able 
alllollnt to lIlar'k will he '1'011 lid. III 1"110 next section, "Sevel'ity of 
Thillning:' 

Markillg teehni911es valT hr'~('I'y witlt the,persona] prefel'ellces of 
til(' mlll'ker's. PaUli applied wilh hand paint guns, and lIIetal oJ.' 
Pitl)('I' tags staplpel to Ihe trees am probilbhr nle most co 111 III on meth
ods of d('signatiug trees for cutting, Blaxing llnd stamping' with Ull 
a.x is seldom used heea liSe the method is slower and incl'eases the eost, 
of marking. FUl'ther, ehanging a Illlt.rk('d tree to a leave tree is im
posHible, ollee it is blazed. 

TIll' nth'antage of mnrking tl'ees with lags, faslell('d wi.tl] It shlpling 
gun 01' hnl1l1l1(,l', is thai tags arp easily -visible, Also, Ill('Y lllay be put; 
on in miny Wl>itt!IPl', -Whel'('lu; painl applip(\ to wei II'('PS Illay not last 
as IOllg lUi lIe(:eSSaI'Y. Changillg mlll'ked 11'(,Ni is simple, all a(h'lIlItage 
to 11)(' exp("l'i~'IH·pd as well m: tilt' lHrvk(' lIlat'ln~l'. llo\\'pvm', lll(' ease 
\\'ith whiclt tags Illay lw l'enlO\'cd 01' d.llplit'atcd may be a dislt<h'a III age, 
espt'('ially \\'1ll'1'(' I'igid eontTols on cn11 ing ar\' l1eel,ssar·'y. -

Pailll a.pplied "'it-h gUIlR if; [H'obably III(' -fastest Il1cchod of rnadcing 
(fig. :n). The mal'i;:el' nl~ec1 get no doser 111:1n fr to 10 -feet of a t r'ee 
to IHark it-n rcal aclvltillage with limoy (Tees. Disl-inctive paint rnay 
Ill.' IIsed and, if desir('(/, applied to stum)) as well as bole, thlls pro\'id
ing a good cheek on file elltting. A large, conspicuous mark is an aid 
(0 the faUe.r who lIIust sl~ck oul" the marked trces. Conspicnons marks 
tllso ha.\'e it psychological ad \'antage where the trees I11tlrked may 
oll1l'rwisc. Ilppeal' 'from casmtl oosm'vation to be distressingly few and 
fa I' between. 

l\!al:king is be.sl a('eoll1plished by diyiding {'he l\,rea to be thinned 
into long, nill'J'OW strips and rnarklng on(', slr'ip at a time. 1rl('Xpcri
(\l\('l'<! mark('l'S ma~' desigllltle the st.'ips with n lime-soek mark on 
Ii.!\(' II'pes. Mtlrked st I'ips ar'p al'lo IIseful where It dose contr'ol of the 
\'O\UlIl(, l'cl\\oved is \\'lulled. Thl~ II1ll1'kl'l.' Call then easily keep track 
of the lIt'l'cage ('overed alld the volullw mal'ked, After' the initial 
thinning, till' e~qwl'ienced marker' e:tn uSHally keep tr!lck of where he 
i;; by flot ing skid 1'\,:1<ls alld olhel' landrniLI'ks. 

Mar'kiug ('tUI beeollle, tediolls. Ji'Ol' !.Jest results, the. job should be 
plnllllNI so that one ntan lIecd !lot mark COlltillllously. 
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stand, prolmhly heclLuse thel'e is ILhu'ger numbet, of marked trees pet' 

acre, 

TABL)O~ 5,-1'im(l <,'eguil'ed 7)(~~' tref' allli pel' 'It/nit 'IJoltt'lne to 'mW'k stand8 
of ditfm'ent ages 

Agt·
(years) 

Arca 
marked 

Totnl 
tinH' rc-

MUl'ked per nere Marking time per

quirmi Trecs Volume Volume Tree C cu. M bel. 
ft. ft. 

40..__........ 
60 __ .... _.. 
SO ........ _.... 

I 

Acre.~ 
:~5 
:~5 
S3 

ilIett/, .. 
IlOltrll 

IS 
14, 
4S 

f 

Null/.
vor 

40 
IS 
27 

ClI. fl. 
"ao 
750 

I, 020 

j\lCW.-

Btl. fl. Ihours1,100 o. lila 
a,400 .022
4,aoo ' .021 

JHetll~ 
hours 
O. 120 
, lI5a 
.057 

'Mall.. 
hOllrs 
0.468 
.118 
. 13~l 

SEVERITY OF THINNING 

Pl'Iletical appl.icntioll 0:1' Oti,nl1ing I'equil'es all answer' to the ques
tioll 1 "H,o\\' mueh should be cut and how often P' Unfortunately, 
til(> question cannot bt' ILllswered with 11 simple presCl"iption. In
l'\-itably, condition of the stand controls both tile desirable frequency 
of thiun ing and the volume that should be l'el11o\'ed nt Ill!y one time. 
An~ilnble r11lu'kets al'e also a controlling facto!" t]u'ollgh their effect 
on SIze oj' mel'('hantable tree. 

III rna,l'king a. stand for thinning, tlll' forestlll' should be guided by 
what he hopes to accomplish by thinning and by his best judgment 
of how to acc:omplish it, rather than by It precoucei\'ecl idelL of 
VOh1ll1t' 10 bl' "emo\'ed. . 

Oe\'t'l'ity of thinning is deter'minedby two complementary factors: 
YO]IlIl1t' l'elll()\'cd in a single ('ut, ILnd fr'eqllency of cuts. Light cuts 
mnde at shol"l· intCl.'\'ltis may be as "se\'ere" as hea ,riel' cuts applied 
at long inter'mls. Severity of thinning cannot: be defined without 
cOllsidl'riug both faelol'S. 

ji'requency 0:1' thinning should ideally bt' related to It tree"s capacity 
to abSOI'b llt'\\' growing Spnce created by thinning. This capacity de
pends on rule of erown growth, whi('h is greater' in young trees than 
in old, and greater on good sites than 011 pOOl'. Height: growth is 
a. good measure of capac-ity of cl'owns to explLIld. Thus. thinning may 
be timed to coincide with some {heel increment in height, such" as 10 
feet, which is sometimes recommended for Douglas.. tir (17). An.. 
other rule of thumb, also predicated Oil abiJity of crOWI1S to expand 
:following thinning, is to mlLke t'he thinlling intel'\Tul approximately 
equal to olle .. tenth the ag-e of stand being- ill inned. 

ComrncrcilLl thinnings, howt'ver, a1'e usually expedec1 to saJvage 
tl'ees that die between thinnings. Thus. knowledge of detel"iol'ntion 
!'ales is n1so l'equir'ed. Decay of wiudthroWlI timber is negligible 
the first year, but thereafter pro('eeds l'Ilpidly. In slllall logs :"vitI! 
It high proportion of sapwood, Josses ill volume are excessive 5 ye!trs 
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a:l'tllL' willdthl'oW (9,11), 8,YstclIIlLi,ic sldvage every 5 YCllrs shutLid 
sllt:e(~ssflllly rN!Ovel' :t, high pCI'('l\llta~l' of thc volume of killed 
timbel', The thinnillg inl:m'\'ltl should t'hcl'cfoJ'(~, be set at 5 years if 
e;pecial sah'a~c opcl'Iltions are IIlldtll'(alwn as soon as possible ,dtpl' 
unusually helt\')' 1I100'tltlity, :1-1' l'c('onnail::i8ltlH'C shows illsignifielLrtf 
1ll00'tal it)' stllee Pl'e.v iOlls thinll it I!!, the inl cl'nd mlly be lengthencd in 
older stllnds, 

Fot' all exeept 'yOUlI~ stands on the best sites, il years is It shol-tel' in
tprntl tha Ii tlllLt based on the lO-foot-lwight- i !If'!'elllenf I'ule, 1n 
young, good-sitp stands, the iuterval probably need nevel' ill' less than 
ayeal'S, 

-The PI'Opel' amount to eut shotLld be visun.1 i)lec1 as I'lw <l if),p,I'ellel' 
hctween the stand bpi'ol'p thinning and tihe cll'simble I'esidual stand. in 
ordel' to help '1'0('\11' Mlelll i011 on thl' impOIt:lIl<'e of lea\·ing a 1llI'iff'y 
st:lIld ca,pnbll' of makillg opt imnm gl'O\\'th, 

Thl' dl'si I'Ilbll' lea \'(' stand dppends l:lI'gl'ly Oil til(' ('olld it ion oi' 
til(' Pl'PS('lIt sl:LIld alld it1' development history, ;\ IIHeful, ('aRily I'p('og
lli7.cd indieatol' of pasl c\('\'eIOlllll('nl' is tlw lll'i~h{-di:lIlll'tl'I' I':lt io, a 
I'(>f\l'l'tion of dl'llsit y IIl1dt'I' wI! ieh the, pl'psl'nt sl :llld llas !!I'O\\'n, 
Bl'ipgll.'b's .:nlllysis of 11 i~h-pl'()dlleillg stauch, ill .I'}IlI'Ope alld 'W('st ('I'll 
""ash ing{ OJ! ShoWNI {hat nlllllhpl' of sterns ])(>1' 1I('l'e waR dl'peIHIl'lIt on 
1l"('l'Ilgt' (\i:III1('(('1' and Ill'igllt,l'e~:lI'dlcss of agl' and sill' (8), Stallds 
of a gi\'l'1l U\'l'ra~l' dianwtcl' l'cquiL'C mol'C tall 11't'('s (l:tI'~P Iwight
diametel' ratio) 1)(,1' unit :lI'et~ fOt' full stoekill~ t han shod {Tees 
(small height-diainetcl' I'lll in), ]1'01' stands of a gi\'l'n hl.'ight, mol'(> 
:mudl di:UlIPtt'I' Il'eel:' al'(> l'l~qllil'l~c1 (hall \:u'W.' diallll'tpI' II'Cl'S, Hl'i(>~
ld) pl'epared :t table of tIll' slalldal'Cl 11 umbel' of tn'('S jlpl' a('I'e. cll'
I)(>ndin!! (In height :wel di:ulIetel' (table 6). Shwds lin \'ing IIll' stand
ard lIullIlwl' of II'(>('R :U'(' l'XIWe\pd to make IlPPI'(Jximal('ly \l:\ P(,I'('(> II I' 
of llIaXilllllln ~I'o\\'th possiblp '('01' t'he site. Growth fldl;; ofl' I'apidly 
fol' dl'llSilil'R IN;S {han t\IOSl' ~ivl'1l in table 6, alld ilH'I'pa!ws Rlo\\'l,\' :f'OI' 
grcat (>1' dellsit ies, 

If '1'0110\\'1' thnlwll' (r(' t:l1>I(' (i IIH II ~uidl' to a (\psil'lLi)lt'].'an' stand 
I'('('ogn izps tht, i1\ fluen('l' of past' ShUlc1 dl'Yl'lopllll'n t. The PI'Opel' 
amount to eut 1S the di 11'(,I'(\n('(' bet'\\'eCll whnJ is prcsent:. in U1(' stand 
ll11d tho stand ('ailed :fOI' in tIlt' table, Hl'iegleh I'C(;OllUllcnc1s that' high 
(\el1fiity stands (on'l' J;~() per(,Pllt of stilncla:-cl) should bo reduced to 
t.ho s!:wclitl'cl ill Sl'H',l'allight' ('uts I'IIth('I' f'lHln in one heavy cut. 

In Iwad i('p, tTe'l'S l'emoY(>(! ill thinning arc 1I0t: the Sllllle size ns those 
left, illld tllinning by nUJIlbl'I' of tTe('S would be cliflicult to carr)' Ollt 
eOllsist pnt Iy, That is, mOl'p t.I'(,CS thall ('ailed i'QI' in the table should 
btl 1'('1110\'('(1 i·(' t Ill'." ~lI'(' SlllHllt'I' than aYel'age, ancl '('c\\,er trecs if Inl'~er 
Llulll !I.\'l\I'age, This SllggPHts thlLt a standanl baRltI area, be l'eselTNl 
(table 7) and {,XC('RS basal a.l'ea eu!:. Bafml al'l~1I t'ontl'ol of gl'owing 
stotlc is belit'\'ec1 adequate for extensive appli(:atioo of thi.nning, As 
IOllg as the guides of good sil"ieuHult~ al'p followed, basal area re
moved may bl' ('Oil tai 11(>(1 ill mallY small tl'pes Ol' j'pw 1:u'ge ones, 

In tIlt' :d.lsl'nel' of 11101'(' pxi pllKi Vl' pxpeJ'iell('l' data, 1:kiegleb's tables 
ILI'O i)('obnbl,Y thp bl'f;t 1I\'lIilablt' g·ui.d(·s to clt'sil'abll' leave. sttwds, 

K('eping in mind the np('essity of It'lI\'ing till' bpst stand pOHHible, 
it i:,; gelwl'lllly 1.1'1Il' that first thilllli.ngs will oldilllll'i1y l)l' llea\'.il'l' (hall 
SUbSl'f[lll'nt·, thinnings, In young stands~ reSpOIISl.', (0 thinning occnrs 
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so quirJdy that, althou~h 11 heavy cut mlly tempol'lll'ih' reduce inc.re
men! the loss is of sl101.'!' CLul'ltt-ion, In older Sblllds, a backlog of trees 
of poor thrift· and ~rowfh in the lower crown <'lasses may sa:fe]y be 
removed a] I at Ollel'; the.l'dol'e, in stands of til is type, tlrst thilUl ings 
may also bf.' ('oIJlpal'alin'ly heavy, 

On the Voight Cl'eek Expel'imental F )l'e.':;I·, inilialillinnillgsin H 

:17-yen 1'-01<1 sitf.' HI I')t II Ild mngf.'d from lii 10 40 pel'cenJ by cubic 
\'olume (ad), E\'(lllthe heaviest l'uls apparently ditl not I'educe ilH'I'('·
nlt'llt ((J..1)- Thl'He ,,-pl'(' (,I'OWll thilllling8,ilUlslllll('h ilS the smallest 
tl'eps 1IIH.I'ked \\'('I'P Glh inches d,b_h, On tbis fOI'est, thinning intel'val 
is:~ yeal's :1'01' the ligltJ ('uls, {i ypttl'S :1'01.' the ll10demte euts, alld 9 yeal's 
'1'01' til(' heal'r <'UIH_ 

On the i\jf'CIf.'lu'y Expf.'I'imenlal :F'ol'est in a iif)-yea.l'-ohl site II 
stand, 15 to ~:2 ])('I'('('UI. of tIl(' SCl'ibnel' boul'd-'l'ool yolllllle was l't'mOl'cd 
in in it inl t h inn ill~s ((Hi), These WPl'P prpdomina.ntly loll' th inn ings, 
though SOl.ll(> I'()u~h dOl11illnnlR II'pre ahiO ('ut. Lt'SR titan 10 lwrcent of 
Ihe stand is l'l'nl()\'i:~<1 in I'('pt'a! thillnings nl' 5-yCHI.' int'pl'\'als, 

Sc('ond and lalpr thinnill~R al'(' Ol'dinarily ligllt(ll' thlll1 the first 
('uts, nssllming thai til(' pbnlwd intpl'\'nl IlPtw<:'cn thinnings iR short. 
Althongh blankl't prps('ript iOlll'i a1'(> tlangPI'ous, ('lu'pf'ul analysis in(li
('nles tltnt IH'rlmps up to haH ()'f lht' ('lillie-fool incrempnt beh\'p<:'ll 
Ihinuings mar bp I'CIlIO\'ed at ('aell thillning, H 1('ss Ihan one-third 
of thein('\'elll('ni is Jpft in Ihc stantl, gl'owth will almost certainly be 
reel need {lili) , 

CARRYING OUT THE THINNING OPERATION 

Sueeess of ('Olllll1cl'('ial thinning dl'pl'nds to a large extf.'ni on how 
tho Helwll thinning OIH'I'lltion is ('ondu('(<:'d, EnginpPI'ing principlcs 
and pl'lleliecs of e()nn~ntiollalloggin~ LIlUS! bp modified ('ollsiclel,ltbly 
to ndnpt tlwlll 10 thp pal'ti('ulal' l,t'<\uir<:'lIlf.'nts of e-OliilllPl'C'ial thillniug, 
l'IH' (,(lilt I'ast hetwcen log:ging old gl'owt It and thinning young gro\\,th 
is probably gl'eatt'rin Ihe Douglas.fil' subl'l'gionthan in any othpr 
forpst l'('gion in the ('ount r,V, Equipment requirements, in partie-ular, 
are ~rl'atJ}' dif)'(wenL No I(lS8 illlportllnt, perha pH, is it -fresh viewpoint, 
c1e\-iai iug widely fl'01l1 old growth C'ollcepts of size. of material, m!lS

si\-c equipllH'lli, and highball Olll'l'ittions, 
}toucl requiJ'(lll1ellts, equipluent, ('rell' ol'ganiztltion, and the extl'llc

I ion 1>1'O('l'$;S arp clis('usl')Nl ill this seetion, 

Road Standards and Spacing 

Perrnalll'ut roads should be bnilJ at time of first thinning, They 
should b~' ('ollstl'llC'ted to tl stanc1iU'c1 that 'will permit eo.utinuons uSe 
\I-ilh a, III inillHllll o:f Illuilltenance J'or the bala.nel'. of the rotation, 
Stands first thilU1l'c1 at age 40 should not'mally be thinned many times 
pl'iol' 10 linnl lHll'y(lst 40 to (iO yeul's later, Tcmpot'al'y roads are not 
eompatiblp with soell IlP"Ogl'alll and will iueyitably I)1'OI'l' uneeonomi(', 

HOlllh; ('011::;( nwf ed JOI.' t h i lin i ng should a Iso be usable -(ot' hlUTest of 
the filllli ('I'OP, Gl'nelps and tllinellleot should be pstablished with this 
in mind, 
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]j}xpedence ill bujldin~ roads for thinning O.ll experiJnentnl forests 
in the Puget Souud !U'elL lIldicates (hat a 1 (i-fool' roadlwd with n n-foot 
a'uowanee fOl' dild1es, whell neel'ssary, is 1110sl' stlltisfa('lol'Y (fig, !B) ,lI 
Th~ right-of-way shollJd be ('learNl 5 :fllet b(''yond edge of slope to 

.lJar-mlt. adllqullte drying-, ,Ditelws 1I.11.lst not be .!leg-Ieetl'd, ;\.dequate 
dl'ai.uag-e,.is tilt' ('hit>'!' n~qllisif.l' of a PI;'I'IlHllwn! road; illlythilll! Jess will 
restrlt in needless Il'ouble Hnd expelHie, 

"']WIlH{,l' possi bit', road gl'lldps shou ld bl' nllo\\"('(l to sel lIe for' a ,VP:t I' 
befon> SUI'fll('ing and Wit', SOliI(' sa\',illg 0\'('1' Itt>a\'y-tlut,\' I'oads lIlay 
be mad(> Oil sul'iaeing, sinel' thinning InlfliC' is lIswtl.ly light and nol 
('ont i1l1l011ii, j 11 lIIosl ('asp:;, pi [ I'U n gl'a ,'el Hppl ied at t hI' I'lLt e o·f 1,500 

P-1873'17 

./<'l(;\'l:~: :l:!.-lto:ld" built 1'0t, tltillllill).!' SIt(IU/(J hI' ('Oll,.;t rtH'it'(\ to S('l'\'P rot' I:he 
Imhtll('(' of tlt(' I'Otntiol.1 a,1ll1 fill' tituLi .1t:tI'l'l'St. Thl'Y slwuld hc' adcquntel~' 
(irlliIlPd, \1'('1/ :t1i1lL'd, 1111(1 ~t'II(/I.'(1. l'hi" Hi-foot .1"011(\ pillS ditt:ll alld t'/pal"ill;,( 
II tlowa 11('1' j" 011 11t(' Vuighl ('1'('('1;: Expl'l'ill\('1I1111 FOI"L'I<I, 

It APPI'oxillln((' "11('('ifj{·llti(lllS fol' l~,~. Fun·st H('I",\'iep J-IlUtt', elliS!:' ~::\'-l(i litlWa
211'<1 road, 

http:lIswtl.ly
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(,lIbie YUl'(ls PCI' mill' IIlll)' be· sllflleil:'n! for' u first rtpplieal iolt, I'c('og-niz
iug- of ('oul'se f hat :u.'t un1 sul'i'n('ing: I'equ irelllcnts \'ary wil h soi I ('ondi
tjons 11lId g-l':l.dl:', 

A I'oad ill g-en tJe 10 J1wdcnd l' tOPOg-I'Uplr'y eons! l'Uef ed to IIH'se 
::;t IUlciards wiJl J'csu1t ill all n\'e.l'ag-c, I'ig-ht-o:!,-wny widl h of :,)5 ;l'eel, 
oteupyiug 4,:N a(,I'(!S .P('I' lIlile of I'oad, Somewhat /1IOI'C \\'ould be 
necessary.olI sfeepl:'l' g-I'OUlld, For eXIlIuple, roads on tlw· n, ,), 
,.:\nd.l'cws Expel'iuil'lIlal :Fo)'esl in west eentml Ol'cg-on I'pquil'cd (iA;~ 
:l('I'PS pel' mile (44), Hl'l'C, thl' tpl'I'aln is ('olllJlHl'aJi\'ely 1'ough :lnd 
I'oads were built fOI']IHITest oJ old-:I!I'o\\,t It filnbl'l', 

Often, stllrnpng-(> Oil till' I'ight-of-wu,\' will subsUmtinl1.r I'NJuCP C'ost 
of road ('ollRI l'lH'tion, Onl hl' M('(,lcaI'Y Expe1'inwlltn I FOI'I':;I ill a (iO
to fi:~-yPIll'-old l'iitl']J stalld, Ihl' I'ig-ht-o:l'-,,'ay ),j('ldp(\ Bl M boaI'd :t'eei; 
pE'r l11il(', .Its \'Hlm', $1 ,~1(). \\'as:l(i l)('rt'('JlI of tlrp j'otall'oad ('o:;/'. In a 
:37-yelu'-old Hland Oil thp Yoig-hl ('nwk Kx:pPl'illH'lltal FOI'pst, I'ig-hl-of'
war .I'l'<'OYl'I'Y yi('ldp(j ;I·~ nJ bou 1'(1 ·re('1 pel' III i 1(" wil h It ntl ue of $a:J;:l, 
Wlllt'h I'PPI't'S('IJl('~l 7 1ll'I'('('lIt of I'oud ('osl. 

]>I'OIll'I' roa.d spa(,ing- c.\ppl'lIc1s Oil 111(> Hkidding- equipllH'1I1 1(1)(' llst'Cl, 
unl(>ss !opog-I':lphy is limiting, HOlt/Is spH('('d appl'osilllall'ly III miJe 
:lpal'! will I'PSIlI! ill a IIlHxinnUlI ~kiddillg- distnm'l' of (j()() :I'eel, ptlkient. 
fol' t m('lol' skic1di ng, bul {'xll'PlIle fOl' hOl'BPs U. ,n. 'l.n, 

Om' IIlile of I'oad llnd('1' I hispait('I'1l of spating will :;E'ITP HjD aCl'es, 
011 thp M('C'lp:lI',\' gxppl'inH'lltnl Fon'sL "'hp],p an ndjn(,pnf (,011llty road 
waS used lind :;kiddillg- dislalH'PS l'allg-pd lip to 1,O()O fep! JOI' limited 
HI'pas,l mile of l'oad st'.l'\'PS ·17;, :wJ'es (71), Onthp Yoight ('reek 
Expel'inll'llial FOI'Nll. \\'.hpI'P ,.,kiddillg distanC'Ps al'e l1loBIl,\' unt!PI' (iOO 
:fppt nnc! l'xtra Illilpllgl' ,,'nR 1H'mled -.1'01' ('OlllH,(,tillg road!:;, 1 H.lik oJ !'oat! 
sel'\'t's ]~5 I\('I'PS, 011 Ilw H, ..J. .\lIdI'P\\'R Expl'I'illlNltal FOI'N,t tlte 
r(ttp is :I mile of I'oad 1>l'I' B:3 (t('I'l'!:; (.q·D; 011 the Hon.ring Hi\'t'I' Tl'ee 
Fal'lll,l l'I1ilp pel' ]:J.~ a('I'\'S,'~ All H\'erng'e 0:1' J40 lLCJ'(>f; ~hould bp ('on
Hidl'l'l'd I'l'a!:;ollllbl{' -1'01' 1Il'E'ml ('agi.ly iH'('l':;~ihlp to public' rO:H1H. iJ no 
sizable an'as Ullsuitl'd 1'01' thiunillg' al'e illtlud('c1. JJ ('ol)sid()I'ubJe 
at'{'eBS road ('omit l'tH'1 iOIl i::; IlN'l'gsnl'\, 01' stn lids t () 1)(' t hi I\Iwd ('(Ill ta i n 
1I01l0lJ(ll'abh' al'pa,;, nil nnr:.tg'e of i utile pel' HI(J a('l'es ~\\'ollid be It 
bette!'pstimn.l \',l3 

One mill' of :1:J-foof: road pel' lA·() :[('I'PS o('('upies about: ;3 pel'(,E'nt of 
{hf' :fol'esf ill'Nt, JIl olckl' Htamls (>s])(>('ially. SOllIe t-pmpOl'lIl'Y losg .in 
gl'O\\'th mlly Ill' l'x]>('ded tltJ'ollg-h (>XPORUI'(' of bOl'dpl' heps, Rin('(' road 
('1(>lIl'ing- Idso has! hl' efl'e('! of tit ill.ll ing, ho\\,e\'el', latel' increased g-I'o\\'th 
should ('OIllI)PIIRa Ie fOl' SOIlH' of f:1t is loss, (' l'O\\'IlS and possihly 1'00ts 
('IWI'O:\('ltO!\ the I'\Jlld got Ita.!' not 1111 of t ht' !'oad nI'('a is out of pl'od ut'
'1ioll, 01H' pstimatl' pll\('('s this em'I'oa<"lIIllPn(: at ~1:l.2 :f(,E't on eiteh Bide 
of thE' 1'0ad LH), Ho\\,('vel', tr'cl'S spa('ecl20 x :W i'eet (lO!) tret'S pet' 
a('I'p)-,a n'asonable estimate for I'otntion-al!e Irces-j)l'esllJ1lal>l,Y usc 
Sp:WI' l'xtl>nclillg 10 :fcet from thl'ir tTunks, Henee, oup might. est huale 
thnt (luly (he ('t'ntl'1' ]5 :feet· of :t 35-foot road hi PE'I'IlHlI1pntly out of 
pl'odudioll. FOI' tIl(' UO-acre pet' mile l'oad pu.ttern. about I'll> pel'
(,pnt of I1IP totn] fOl'est area would fall .ill this ('atl'go!',)', 

10.1'111.11 JUl'uishp(l hy Y('I'I\(' n, 131'0111'5011 of Tl'cP FIII'IIl i\IUIIIIJ.(('llll'ul B('l'ri\'p to 
n(J~' .H.• Kilt"ll, inlel/('I' (Iu I 1'<1 .TlIlI, 7, l!liir., 

";IN1'('l's, l\l,ls(lIl, .Dlltll 1I11oll'<i ill PHll(·j (list'llssion: "J)(l ('II fs i 11 i uUlll! t I1I'C 
stllU(!S jlUr'!" (l'ol'tluud (,hllplel'. Co.llIUlu.iu Uil'l'[' 8('e,. l:iAl", Fel), l~l. W::;G,) 
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Equipment 

Light, mohile, ineXpeJ1sjve ,equipment is best adapted to thi1lJ1il1g 
YOtwg sbmds ,on gentle ,topogl'llphy.ThirmiJ1g ('annot: ,bellI' the large, 
fixed costs of the lH:!llvy .equipmeJit cOllunonJy used fOJ'e1eal' euttin'g. 
Success ,0£ ithilluingdepencls more on spe('laJh:ec\ jndiviclualefl'ort 
J:aUwl' t,lmu '011 Hie Jarge-sclI]e pl'Odlldion ,eJl'ol'l:s ,of /'ypieal Joggi.ng 
opel'!l.tions. Trees IU'e smull, ]1rocluetion per U('l'(' is low, tll1el mass 
~)l'o(luctio.n techniques are usunlly :uot possible. tTndel' such eOllcli
tjo,u.s,equipment used fo/' eOlJv€'nHonal logging CRlUlOi: he lIsed to :full 
C,llp~\('ity Rl1c1 fixed dUll'ges heeome p1'obi biti \'e: Yet, it is common to 
Snd thinn.lng jobs .0vel'mechanizec1 and ovel'(:u pita] izecl. 

_<\ ljght eblljn SIlW, 1I good ,horse, a sll1idl ,powPI',li,H Joader, Rnd /I 

.(luaJ-axle tl'uek 1I,l'e usulIlly tlieesspntinl itemsof equipment:. In sta,nds 
more thn,J) {lO-70 yelll's old, containing large]' tiJnbel~, II slllall tTaclol' 
may be better suiied to skidding Ihlln JIOJ'ses. SI'ep.,PPI' II ~'eas mny be 
illumed with specilllized high leacl YlI.l'dl'l·f; Ilnd skyline. syst.eJns, \\"hieh 
10'1', however, ;n1U('h mOl'e l'xpens;ve and ,l'equin' cHreful pJa.nni,ng foJ' 
etlieient: USe. 

}fol'e eomplet,ec1iscussion of equi,pment wi.l1 be rouJICl in a JaJel' 
section Oil extraction. 

Crew Organization 

Smull: flexible. ('rews lIJ'l' JlJostdli(';elll' fOl' (~olJlIner('.il\] I' hinuillg, 
OpenltionsolleXpel'.imentaJ fon'sls quickly demons/rilt'ed that C011
tra~ting the worklo small cl'ewswas :)l10st satisfactQJ'Y, often eJl'e(~ting 
SIlV,l).lgS up 10 :-30 :percent below (:OJlllnlJJY new ('Q8Is. COllIT}lCt ('rews 
are paid ou n piece rate basis with ~eale in ('.ol'c1s oJ'M bQtl):d :feet, or 
in n'tullber of poleso.r piling, pl'o\'icli11g the basis for payment. 

Time required fot' the YlIr,ious opemt.ions ill nliJluing provjdes It. 
,bas.is fot' ('I'e\\' organization. On n typical thinning job, a.80 man
~lOUl'S are required to f(']], buck. skid, ;lilCl load 100 ('ub,le :feet. of wood 
(table 8). Allo('atjoll to the various ol)el'utions.is-

Pt.1ref1nt 
J~t'Hiug uu(1 b\lekillg~~________ __,. __________ ~ __________ .'_, ___ _
Skidding ____ ______________________ . ______________________ _ 34 
LOllding______________________:.._______________________________ :;0 

Hi 

100 

'l~llIS, llllltel'iul :felled and buckeel in 1 hour requires 1.5 man-hollrs (,0 

skic1aucl OJ; man-hour to load. Cl'i:\\'s shouJcl be organized on the 
basis ofexpel'ien\:.'pdllta such tiS tbese. Huuli,llg l'equil;ements, which 
ic1epenclllll'gely on disilUlce to market.:, nrecIeterll'linecl sepl11'ateJy. 

In oWe,!' stands ·'I'here bOllrc1-:l'oot Scnleis appropriate; feUulg, buck
ing, skidding, and lOilc1ing were found to req'uire 5.88 mun-houl'S pel' 
thO\ISllllc1 bOllJ'd feet (table 8), Percentageallo(,lIJioll ·of time to these 
operations WllS found ,to. be about: the same as fOl'cuhie feet. 

Ave;rages shoWJl in table 8 tll:e believed to. be reasonably H('.('umte. 
[lowe\'er,evel''y t.hiJ]))jng 'job js ditl'el'l:'Jli lIIid the :fores/e/' should de
v.elop his O\\'JI '.figures ItS II bnsis for ('rew ol'gml.izati()ll where sepal'nte 
,tasks are assigned to ,eaeh man, Suell (la,ta n.l'e indispensable .in plan
ning howexpensiveequjpJ))eJJt (tmetol'S 01' portabJe londers, fol' t'x

http:ol)el'utions.is
http:olJlIner('.il
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·amp]e)mu:y ,be kep.t fuJ1y ,occupied. H!lUling ,tune :(not,quoted above, 
but .show.n :in,ta:b1e S)., in [p.twticular, must, ;be.determined for .eac.'h job 
since It depends 011 ;the ·size .0£ loa(;l Jmuled!\nd travel time required. 

T.L\BI.iES.-Man-7wu1' ~l'equi1'e1nent8 Im'the lI..'a1':ioU/J opm'ations .in the 
,ercM'action p.1'oae88 l 

:PRODUOTION ['lM;E PER HUNDRED ·CUBIO FEE'r 

Fell- Mis-
Project Stand 

age 
ing, 

buck
.ing 

S.kid
ding 

Load
ing 

Haul
jng 

cellnlIe-
OUS 2 

Tot'n( 

Man- IIlan- IIlan- Alan- IIlan .Man-
Years 

Voight,OroeL ______ . 'JO
Hemlock_. ___ • _____ • 50
Oowieht1ll Lakc______ 50
1\leOlenl'j', _ ••• ______ 55 
Rood OlUl:l\. _. ____ ._ (i5
BigGl'eek. __________ 70 

hou.·rs 
2. 4:3 
1.05 
1.91 
.8a 
.9:3 
.61 

hours 
:3..20 
1. 78 
2. 49 
1.01 
iI.On 
1. 84 

hou.rs 
(3) 

0.71 
.59 
.46 
.47 
.79 

hOll;rs 
(3) 

O. 64 
(3) 
.42 
.2(i 
.65 

,hours 
(3) 
0.44 
.50 
.44 
.26 
.52 

hours 
(3) 
4.·62 
(3) 
a. ]6
a.,01 
4.41 

Avernge_______ ----- 1. 29 1.90 .60 .49 .4:3 ~ 4. 71 

PRODUOTION 'l'IME l',Ell 'rUOUSAN.D nOAnD F;EE'r 

Oowiehan Lake. _____ 50 3.G8 4.79 1.14 (3) 0.96 (3)
i\teOleal'Y•• _. _______ 55 1. ,l8 1.80 .82 ;0..-75 .79 5 .. 64
Hood OILUlll. ________ (i5 1.(i1 1.88 .81 .45 .44 5. 1nBig CreeL __________ 70 l.05 a.14 1.:35 1.11 .89 7.54 

A \'ornge _______ ----- - 1. n5 2. no 1.03 .77 .7.7 ~ .7. 42 

1 See table 17 (!lPIJenelix) Ior pertinent descriptive information regarding these 
CXlullples of COlJunel'cia! thinning. 

2 Inc.ludcs time spentIor supel'vision anel bookkeeping. 
3 Data noL available. 
~ Sum of the a\'crages Jor each operation. 

Extraction 

F.elling and Bucking 

The smn]1 power sa w has heen found as useful for felli.nganc1 huck
in.g thiJHlj.n~s as fo1' more COli nmtional Jogging (fig. 33 ). Many makes 
of de pen dUbIe small power sltwsareavmltlble; they have he1ped to 
ll1nke commercial thinningecol1omical, tUld have Ule advantage of aU 
mechanical equi])ment; ie., appeal to present-day labor.. Light saws 
with an is-inch bar and ofu:bout 3% h01'Se1)0\\'e1' are well adapted to 
thinlling. 

:FeJlu1g, the first step 511extl'ltction, is frequently complicated by 
trees hllUgiJlgUp. This is .especialJy true jn young, dense sbUlds being 
thilUled fQ1' the ih'st time. These trees must .be pulled down, n time
cOllsumingoj)emtion. WVhere hang-ups are a l)rob~em, trees should 
:be felled toward the most favol'uble openings III {he CroW11 .canopy, 



(iii J It 11,,11 ,\1. IWLI.LI'I" I:!::II. 1'.:-.. Ill. 1'1'. oj, .\(d:WI 1.11 1:1'. 

1·'1", 1:1 Til" '1I1all 1"1\\'''1' 'a\\ j,.. .. /lit·il'lll rnr 1't'llill:': 111111 I>(I<'l;illl-: IliiIlIJiI,:':', 
II I"" d"llt· 111(1"" (" IlIal,,· '-"IIIIIIl'I"'ial lililllllll,~' ("II-iliI,', 

I I'!.!':lI'd Il'" "I' ~kiddill!.!' 1'(·qltin·IIII·III .... 1·\·IIilll!' 111<1.\ "'IIII!' (ilill" Ill' :lid('d 
1,\ plI,hill!.!' t /'I., .... II illl nil " 1'0111 pik!' poll' . 

. I II cddt'/' 'Inlld- II illl 1n1'!.!(·I' 11'('('" 011111 ill "('I'lIlId :11111 lall'l' Illillldll!.!". 

1111' 1'1'111.]1'1(1 "I' Itall!.!' liP" i,.. 11111 ,..C) :1('1111'. :l11l1 IIIIlI'l' :ltll'1l1 illil Illny II(' 
!l,I('1I11l 1't·llill!.!'111I' In·l· ... lolI:ll·d Illl' "kid 11';lillll 1':llcll'lnll'l' ,kitldill!.!'.
'r I,i, i, 1111,,1 illl/lIIl'llllil rill' Inl'g'(' 11'1·!". \\'11('1'(' Illlcd(' In·(·... CII' IIlII!.!' 

ill!,!' :II'!' ,"idd(·cI. clil'("'1 iOlial rl'IIill!.!' II()I llIti, I'I(1'ilil:lI(· ... ,.,kiddill!,!· 
hilI III'!II'" III n·dIH'I· "kitldill!,!' dlllll:l~(' III 1·(· ... id·II:11 11'1'(''';, ' 

l.illd,il 1!.!' j ... 11l"'('''' '11'.1 Illdy ill Ill/!'" "I' In'(''';: 111\\('1' dl':ld lilldl'" 111'\,:1" 
cd1 1':I,ti, dlll·ill!.!' l't·llill!,!' alill ,kiddill!,!·. '1'1'('1" 1'1'0111 IIlIIII!,!' ,1:111.1" :llld 
I·III1!.!h l'ICII1Iill:1ll1'" ill oldl'l' "'Iallll ... 11I)1'111:llIy 1'('(I'li;'(' 1111l1'(' lililhillg'. 

II( Ilw 1,\ 1'11'011 "I 1I'l'a I ill/I. 1(1)11('\('1'. lilll(· lilltilil,!.!' i ... /'I'quil'l'd. 
1III"kill!,!' lilill'. Ill' '·Olll·'l'. tll·IIl'lld ... Iill IIII' pl'od,II'1 Ill'ill!,!' 11:l1'I1....II,d: 

11101'(' lil'll' i ... 11'1I'lil'l'd 1'''1' ,llllI'l 111'lIclllI'l" '-Iwlt :I ... IlIiljllllliHI 111:111 1'01' 

In·(··II·Ii!.!" II II;' 11l11!'! Ic,!,!' /11'1)(1111'1"" I I' 111111'1' I h:11l 1111(' killd or PI'(lIll1l'l i ... 
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to be extracted fl:Om the same tree, the bucker must be, familial' with 
product specifications and nhle to judge the rnost efficient use for~ach 
tree. Normally: such I.·efinement is not required. 

Felling Ilnd bucking require about 1.29 man-hours pel' hundred 
cubic feet or L95 man-hours per thouslwd board feet (table 8)-np
proxinllltely one-third of the time spent ill extmction, excluding haul
ing. Time required pel' unit volume is largely dependent on tree size 
and, to a lesser extent, on the product. being extracted. Studies al
locating costs to size of tree are not available. One time study re
lated to log size showed that production increased almost in a straight 
line from 53.6 cuhic feel' perman-hour for 7-inc11 logs to 111.2 cubic 
feet for 14-inch logs (74). A similar relationship probably exists for 
trees. 

Skidding 

Skidding consumes the most· time in thinning, l'cquil'illg about olle
half of total extraction time, exclusive of hauling (table R). Skidding 
is also It major cost element ill ('onventional logging, but skidding 
costs are more apt to get· Ollt of line in thinning, largely because of 
the tendency to lise equipment unsuited to the ·job. The operation 
must be planned carefully and checked frequently to insnre maximum 
elliciency. 

Commcrcial thinning is characterized by the small size of mat-el'irr1 
produced and the small volume Cllt pel' acre, which makes it difficult to 
bunch .and sccure It full load at pach turn. ~Inch tim\:' may also be 
requircd for skidroad constl'llct-ion. Thus, production is limited more 
by thc chttracter of the cutting than by the equipment· used for skid
ding. . 

Economica.1 thinning, thereforc, mquires light, flexible, low-cost 
skidding machines. :Machinery too powerful for the job cannot pro
duee enough additional volume. to compensate for higher costs. 

For thinning products less than 10 cubic feet, horses are most satis
factory for skidding, provided that the terrain is favorable and skid
ding distrrnces are less than GOO feet (73) (fig. 34). 'Wcll-trained, light 
horses, Imudled by n. skil1ed tea.mste!', give an excellent account of 
themselves under such conditions. Light (1,500 Jb.) horses are pre
fened because of their ability to get around in the woods, though 
hea,·ier horses mtty be able to pull morc. 

"Favomble terrain/' in geneml, means absence of adverse grades 
a.nd only limited areas of steep fttvorah1e slopes. Although horses may 
get ltrotllld on steep slopes more quickly and safely than tractors, they 
are incapable of liaJl(lling an economical load under such circum
stances. Some foresters recommend t1mt horse skidding be con fineel to 
ttreas with slopes not greater than 25 pcrcent U~7). Steeper l\l'eas have 
been operated ill easterll 'Ynshington, and a commercial stt1e ina 75
year-old stand on the Olympic National Forest was thinned with 
horses wherc slopes up to 40 percent occurred on back lines. 

Effect. of skidding distance and size of product 011 the pl'oductiyity 
of hol's(' skidding is shown in tablc 9. The time study (74) from 
which this tablc was dcrived shows tlHd' skidding output falls below 
ao cllbie :fect pCI' IHall-hollr ",hell logs smallcr than 8 inehe1:5 arc skidded 
:WO feet 01' more. At SOO feet, only logs largcL' than UI inches may be 
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T~\nL1-; V.-HOltrly 7Jl'Oduotion 107' horse slddding of 8-1001 log8, by 
skid(ling distanoe and log diameter 1 

Log Skidding distance in fect 

dinmeter 
 1---..-----.----;----:----.--....---.---- (inches) I , 

100 ~WO aDO 400 500! /i00 ,700 800
----_-1-___1..___ ~~-_._~ <_~____ l.____ ,_..__ .__. __._.. 

I 

cu. fl. ~'U• .fl. Cit. fl.. cu. /1. cu. ft. I cu.. fllO' cu. ft. cu. fl.
L__________ :32 20 2;{ 20 18 

<II. 

1·1 1:3 
8___________ ,11 ~' aa ,1__....:2;;;!lo.....:-_....:2;;;{j:....j 22 I 20 ; ~8 I(i 
9___________ 51 ,11 :37 ;{2 ,__2:.,...8:........,._-".2.,::..5-,,?~ 20 
10__________ (i2 50 ,15 ~m ;H I aD <-I_~~~I-'I 24 

g::::=====: ~~ ~g g~ :l~ j? ! 3~ ~~ I ~il13__________ 91 00 58 <If) 42 ;{O :12 20 

_14_·__-_-_-_-_--_-_-_-~_1_0_5-'-___80__'__(_i7_'___5 7 _ .•~<_4_8__I~__.12_!__ ~.7. L___aa 

I Adapt.ed [l'om tables I, 2, and a of "Cost of thinning young DouglaS-fir," b~' 
Worthington und Shll\\' (74). Linc through the LIthic delineates combinaliom; of 
size and distullce for which producLion i" less than ao CII. fl. per hotii'. 

!"-l87:HO 

FWUlm 84.-0n fnw)rahlc t('l'ruin w1]Pl'c skicldill~ dist:anec i" Ic>'" than (;00 feet, 
Itorses 1I1'C lIIoSt efliden!: for sld(1<ling' )lrO<1U('IH ('lIntilinillg Il'si-l titan 10 tnbie 
feet, IIlIlI WilY bo llJo/:it efficient for lIL'o<1ucts UI) to ao or ail cuui<; feet. 
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skidded wil:h c:omptu'abk ellieiency. In general, skidding distances be
YOlld GOO feet IU'C not- ('COllom leal for horses, though it-is appltl'en t from 
the labll' that size of trees eut ilnd, of comse, cost pOl' hout' and ITILlne. 
of produ('( control tll(_~ I1HLXilllll111 distance for any pftl'tieular job, 

Despite til(' proved succoss of horses, tractors al'(~ mOI'o commonly 
used :for skidding (Jig. i1fi). l~ol' one th ing, tractor opemtol's al'e more. 
I'eadily n vai lablc than teamstel's: tractOl's more a ntilable than horses. 
Fot' anothel', mltny comllHH'cial thinning areas include conditiolls UIl

faNombll'- to hol'st' skidding; -/'01' example, achTcl'sl' grades, long skid
ding distances, 11I\(1 logs too hu'ge to be handled by horses. 

Trnetol's al'e- able to maneUI'el' and wOl'k on acb'erse gmc1es better 
than ho!'!-;es, though (-hoil' use l1Iay also be limited I;y steep slopt's, fa,T
omblc 01' 1I1li'lll'orable, 1n genl'ml, slopes OITor -w pOl'celll: arc consid
cl'ed 100 steep fol' Il'adol' skidding. 

Tl'actol'S (,llIl genemll.)' ilt' used to skid longel' distances f'lHLIl hOI'ses. 
Timo studies, howel'cl', tU'C 1\ot- !Lmilable too I'elate output to h'ee or log 
size Itnd distanc!.' skicldt'c1, It is genet'ttlly beliel'cel that small tmctot's, 
rp('ollllll!.'nded fol' I'hinll illg, call skid up to 1,OO() feet economiettlly. 

~iz(' of Illatel'ial to bl' skidded is undoubtedly the most impol'tant
eIPmcllt, not only in ehoosing bet ween horses :111d tmctol's, but also in 
('hoosing the I'ight- tradol'. As pl.'el-iously explained, horscs tll'('. most 
dlkient JOt' pl'oducls containing less than 10 cubic feet. }i"'or pl'odllct-s 

l!~-487350 

FHa~m> ';;:;.-~IJHlll II:(I('I:OI:S 11['(\ comlllonly u1';c<l for skidding thinlling products 
larger' than eall be hundled cconomieally by horses, 
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lltl'h"CI' than 30 to ~~5 cubic feet, there is little doubt that' only tmctol'S 
ttre pmcticable. Ji'or sizes in between, either' horses 01' t~'actol'S may 
be used, the cboice dependin (r on other factors. 

Smull cm\\,leL' tn/,clOl'S (30 dl:awblLl' hp.) Itl'e most stlt:.isfaNol')'. 
Bllbber-tired tl'llctOI'S work well except in wet, bog'''y situ:tf:iolls, but 
do not hnve the flexibility ·of emwler tractOI.'S nOl~ the extL'lt powel' 
often needed. 

In planning n tractor operation, the most impol'tant thillg to1'e
member' is that tL'llctors are expensive llnd i.nvoh'e a high fixed cost pel.' 
hour whether they aTe working or not. If they llre not worked to 
cllpncity,!dle timel11ny el~sily mn,ke an otherwise good thinning JoG 
nneconollllCal. Over IL penod of yeitl'S, the Iluthors h:n:e obser\'ed that 
lnost thinn ing operations are o\'el'equipped, 

'Where skid(ling distances llre long, It combination of hor'ses llnd 
trnctors HilLy often be used to adVlllltnge (3), HOI'ses skid t'he ILl'en 
neal' lnnding$, Jfar.thel' back. Hley skid to It main skid l'Oad where 
they bunch the logs for It tractor; t'he fractal', in turn, opemtes only 
on the main skid I'oad, To llse It horse-tractor eombinlttion etl'edi rely, 
pl'oduction from the vlll,ious f'ypes of eqni.pment Il\lIst be clt!'eful/y 
(,l()QI'dinuted. Oftell good cool'Clinafion is diflicuit to aehieve llnd the 
thinning job fails, The Ilxiom should be "keep it simple." 

Huge acreages of forest', othel'wise suitable fOl' commel'cial thin
ning, occupy ground too steep fa l' skidding by either hOl'ses OL' trnc
tors, S.ubstantilLi progl'ess hilS been made in developing techniques 
and equipment suitable for' thinning such ItI'eaS, FOI' eXllmple, on the 
Cascade Head Expel'imentlllltoL'est steep (up to GO percent) slopes 
below rocked rands wer'e successfully skidded by a modified high lead 
system, using It %0-y!ll.'d shovel mounted on it hlllftrack (6), This 
machine wns also used fOl' loading, j\JInximum Y1Lrding distlLHce wns 
300 feet. -

Skyline systems, notably the 1Yyssell system (38). may also be pel'
fe<::fed fOl' lise in <::oJluuel'clal thinning of steep gl'OUlld illt-he 1u>uglas
fir region, In any erent, we can be Sllre fhat fntUl'e impl'O\'emfmfs in 
equipment al1{1 met-hods "'ill make it possible to thin much land ('111'

I'ent-Jy pllssed by as too steep, 
'1'he quesfl011 of skidding whole tTees, ai' 10l.g logs versns shol'" IIlf:,"S, 

invQlves two Jactors: cost, and damage 1'0 r'esidual stand. Fnfol'fu
nately, only genei'lL! obser'vations can be made on the problem, 
1\'hethm' trees am lHlcked in the woods aI' on t-Iw landing is oftcn a 
1IlIttter.' of preJerenee, plLl,ticuhtrly llmong horse skinners. 1\Tilh trac
tors, tree-length aI' long-log skidding has pro\'ed more economic:d 
(64,), Theoretically, damage to residual trees should be less when logs 
ttI:e bucked at the stump; hciwe\'el', this relationship is not easy to dem
onstrate in the woods, Presumnl>ly, stand conditions and aUil"ude and 
interest of the fTactor operator are more impo!'tan! than length of 
product skidded, A c:treTnl operator, p:tI'tienhLrlyin second iLnd 
Infer.' th ilmings or in faidy open stands, except on steep slopes, can 
skid long .logs 01' trees without causing significantly gl'eater damage 
than when skidding shoder materia,l. 

Skidding damage includes rubbing of!' bark near base of standing 
trees, and damage' to root systems, The seriollsness of root damage, 
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bolh as to exteIlt tlnd lougtime eltee! on the tTee,is not known for 
] )Ollghls-fir, 

Horses do fhe leust damage lLnd a,I'C ~fl'equently nsed i~ol' skiclcling fOl' 
this l'eaSOll alone, ,,'hm'e tnldol'S am used, the nal'l'owel' the machille, 
the hetlel', This is added l:eaSOll for using the smallest tmctol' capable 
01' doing the job, Bulldozers should be pel'mitLed only whm'e they 
are essential fOl' opening up skidl'oacls, Cr:twlel'-type ltl'('hes shoul<:l 
be lIsed for skidding only whel'e the tmctol' opemfes entirely on estab
lished skiclr'ollds, 

Although tTces am much less easily damaged in the dOI'llHUlt' seasoll 
when the hLl'k is tight:, t'he difreJ'(~lIcc does not justify I'cstTicting thin
ning (0 the dOI'numt· season (fi1) , 

That the skill and inter'cst of 1'.11{' operatol' lal'gely eonf.I'ollLITIOulIt of 
damage, ItlII10St to th~' tobLl exclusion of ot her' intlllellces, has been 
commonly obsPI'\'ed, Although the efreel of c1ILlnage, partieul:u'ly 1'0 
I'oots, has not as yet· been H,dequiLfely l'nLinlltNI, .Donglas-lir ILppeiu's 
to be l'(\I1HLI'lmL)ly I'esistanf to decay entering from wOllnds, This is 
pl'olmbl,)' so beclluse of an abundant· tlow of pit('h that (,O\'(\I'S exposed 
wood, eel'tainly pnwy attcmpt should be lIH1de to minimize damage 
but. 1'01' nw l'e:lsonH gi \'(m, thl'eiLt· of danmg"e alone is not it .i ustiliiLble 
L'eaSOIl 1'01.' not thinning, ' 

Loading 

If donp. pfli(oi(>nf Iy, loading nwy be expected fo hLkl' about HI PCI'
een! of eubie-·f.oot' extl'llction time, exclusive of hauliu~ and l1Iiseel
laneolls finw (bLble 8), ]~f1ieicllt loadillg l'equil'Nl fast, mobile l'quip
mellt. 'With mobilt'. equipment, loading ('1LII b(' [)l'I'f'ol'J\1nd at 11l1y eon
nmient point along' the \\'oodi-l l'oad; 11LI'ge fixed landings are un neces
sar,)', lLlld skidding is simpl i fied, 

Fol' bLl'ge procLuet:s, 1L tractol' Ot' tTu('k-mounfcd Imtcler' is most sat
isfatl 01',)' (fig, :W), Sueh 1L loadel', bo\\,p\'er, is expensi\~e fwd tlLulions 
against idlp tinH' lHust be heeded, ,\'hel'e a tnlck-mounted loader is 
used, it lIlay han' to sel'\'c two 01' mor'e skidding units, FSllitlly logs 
tan 1)(, bUIH'hed a,long 1L L'oad ~fOI' ht(n' loading, pel'l1litting !'he loading 
maehine to be lIsed to -!'ull advantagc, A "hot" skidding and loading 
o]lel'at'ion is not 1'(~e()Inll1endeel, lJeeause too mnch t'il1le is lost 1'1'0111 pOOl' 
('ool'dinaf ion: also, bl'e1Lkdown of the skidclcL', loadel', Ot' {I'lwk wi 11 
tiP II po, h('1' OIWl'a! ions, 

For' sma,1I [H'od uets, Ihe i~orkl ift loadel'is tl1{' best' a \'a,ilable equi p
ment (fig, ;37), Tllis maehine elLn handle a, ('(whLin \'olnme 01' weighf 
lLnd it mILkeR I itt Ie eli Il'er'pnee\\'he{ hel' t he fixed \'01 unit' is in one· lar~~~ 
pieep, Ol' severn,1 slluLlI Olll'S, 'rhIlS, snmll dilLmetpr' sticks may be 
10acll'Cl Jleiwly as fast: itS much Iitl'ger st ieks, lTsunJI,)' the tl'tlckcll'il'el' 
opt'rates f'lw loader with .millol' as:;isbllwe frolll the skiddel', Fl'om ~\ 
to ;) cords 11l:e easily loaded out in less (Imn an honr with such all fLl'
I'ttllgemllnl:. FOI'kliHs lLl'P ('ommonly lIsed fOl' 8-1'oot pulpwood Itlld 
fonmla lI-dilullct CI' logs II P to Hi feet-.long, 

Fixed 10acLirw clpric('s, such as !!i 11 poles. A-fl'llllles. 01' I'oll WiI.yS, arer. ,
!lot slltil::lfn.ctor,Y, l'hei.l' lack of moIJilify is objcet iQl1able TOt' eIther 
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"'r.,1 J:l. ::., Iltl"I"'II,.iyl' fllrklirt lotld.'r" an' 1I11l";! :-;ati"r,WIlJr,r 1'01' loadill;! 
pUlp".H.t1 III' "Inalt I,,~,.., 

1t':I\ iii!! Iltl' Illillllill,!! "1'1'\\':-; to ('ol]{,PlIlmlp Oil ,!.!:l'1 I illg PJ'otiud:, to I'oad· 

:-jdl'. I Ill' lJwjol'l)()( t Il'hl'('k, 

SUD11Tlary of Exfl-action Process 

III "lllllllll'l'!,jal Ibinlling' or I )ollgla,.·fiJ', (Ill' l'xtnu't i()lI PI'(H'P";:' Ilia," 
log'i.'all,\ Ill' .(i, idl'd itlll) t \\(1 ,'at!'gtJl'il':': (I) fl'llill,!!. bUl'killg, Hlld 
,.kiddiuu: I:: J l"lIdillU' alld 1"llIlillg, I·'t·llillg'. hll('kill,!!. Hlld ,.ki.ddillg 
1'(,'Pli!'l' "\\(J(ld~IlIl'll:' II :-I'('('i:ll killt! or lalloj'PI'. LOHdillg Hild ha1llillg 
lIlay I,I' dOl\{' 11,\ I;tlml' lhat I'I'l'ql1l'IlII," would lIo1 lllt'klt' IIII' ,.;tI'il'tI,\' 
\I()/)d~ P;tJ'I. (':qdl:d illlP,.;IIlH'llt j,.; lo\\' reli' rl'lIillg alld !lw'killg. Hlhl 
:lf~1l 1'01' ~kiddill,!! i I' fllll'''{'~ :11'(' Il"'l'd; it 1" ('CJIlI[l:lI'at 1",1,1" high I'm' 
fund ill!.!' :tilt! ltalllillg. p:-I'I'('ially i I' t l'IIt'\;: 11I!J\lIt!!'d 100ull'l',. HI'!, l'l'quil'Plt. 

Fill" I:tl'!!("~(':"{'. "()Il1I1H'l'l'ial thillilillu' till' I'OI'l':,I('I' :-II<Jlrld l'oll"it\l'1' 
dj\idll!U' lit!' \\(lI'l\ :Iiou!! lit!' f()ll,)"ill~ lill\'~: F('lljll~, hlh·kill~. alld 
"ldddiltU'lIl:1\ 1)(' t'fJIJlr:lf'll'd to "lIIHII ;'I'P\\,"; (·!taJ'!:!l'd '"ilil dpli'\l'l'ill~ 
"IH·"llil.;l PJ'o;ltlt'l:- 10 till' I'Wlcl"idl'.•\ ('OIIlPlIIIY IIIIgbl Itlh dl'IiI'()I':r 
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PI<OI)l'CTS FROM THINNlNG 

;--,/,. "I I It·,·- ,f!! hi !.!I'I,\ <I ..II'nllll"··' \'.I.al 1'1'1,,111"1- ":ilt I", lll"d .. f'''HI 
·,,,1111, ... 1' ',tl Illd,i,;!!.!-, C;'·IJI'I':dl.\ -p,·:ddU!.!, till' hl'!.!I'1 IIII' 111'1', I:", 

111.1,,1' It II' \111"',\ "I' ,,,LtI.!,· III "dll"I', ~laj"I' 1'1",hwl- itl !llt· l'Ii!!I-1 
:-;"111 • .\ ,1)'t':1 :/!'I' ,-11'.( III I:dd" III. ,\ IIllwlt 11,.h'l' \:tnt·!\ Ili;1\ 
1"-."1-1111.:,11\ I", 11"11 k..I!'.i 1';/1, • ' 
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15 COMMERClAL THINNING OF DOUGLAS-FIR 

The fO.l'estel' should nOl~nHl,Uy hlt\'e It UHll;l{eting agreement of 
some sort: Iwd complete knowledge of pl'oduct speei(iclLtioll before 
mal:ki ng 1l,11d cutting are begun (01), 

J>J'oducts vury considembly ill sale vnlue per cubic foot (table 
10), Po]eslUld piling Rl'e l'e.lltt.in~ly high-\'a.lue products, Speci
fications, howe\,e.r, al'e eXllctillg n:nd the' market fluctuates widely. 
PUlpwood is just -the reverse; it has comparatively ,low value, speci
fications Ill'e easily met by n high })l'oj)ort.ion of trees removed iJl It 

typicul thinning', and mUJ'kets, if they exist nt all, lire l'chLtively 
sl.able, 

1\Wu}1 	10,-87)edfi(l((,tio'll,~ and 1{)57 8aZe 'va7ue in the ,P~(.get Round 
((J'(!,(!. of oOmmon pl'odlt('t.~ f'l'om. aomm,('l'rial thi'lllnlng 

. ~---

Mini
mum 

Product. Rpcl'ific!l' 
Lions 

Vltit 
Averugc 

sllle 
Product I;!'cc 

d.b.h. Mini- Usual 
Unit ;,rice value per 

CII. ft. 
mum eli length 
nmeter 

Inches 	 Inches Pecl Dollllr~ Dol/ars
piece•. ___Fenceposts••••. 4 3 6- 8 . 10.20 O. :;lO8
corel. ____ .Fuelwoo<L_ 5 4: 2- 8 	 10. 50 .127

Pulpwood ______ 5 '1 <1- 8 coreL" ~. _ 16.00 · ,\1)8
Mine props .. ___ 6 6-,17 I M lill. ft. 1 16.20 · ,186

IGur stl1ke" . - ....... 7 "5 \)-12 piece___ _ 2, .15 .227 
Sn,w 10gfl, KO. 3_ 8 ti 8-:.:12 

I 

M bel. fl __ ! n 50 · 1115 
Smelter polcs ___ 8 (i 25 tOlL 8.55 .2;{1 
Utility poIC"'_" • 10 5 BO-60 lin, fL._ a.25 .4til! 
Piling. _ . 12 li 40-100 lill. ft. •• _ . tlO .465~ 

Suw logs, Ko. 2_ 1(; 12 12-:;12 M bel. ft 47.50 ,2\14 
l)el'lcr logs __ •. 18 14 jJ.I~-,18 .M bel. fl 55.00 ,356 

1--- ..--

I 7-fool pm;L 	 3 Class :;I lwei '" poles, 
2 j 2-foot stuke. 	 ~ 75-fooL pile. 

PrincipltJ products from Ul.1nnings at the Voight Creek EXI)ed
mental Ji'ol'est. from 195.2-54 were S-root Doughts-fu' pulpwood, 45 
pl'rCeHt by yolume; nnd 8- t,o 1H-foot Douglas-iir nud aWel' saw Jobrs, 
55 perce.nl (Jig, 39), If speeild orders had been IlV1LHILble, ClLr stakes, 
smeltel' poles, mine Pl'OpS, and It few ut.ilit.y poles could have been cut 
:from Illis 40-year-old, site III stand, ThiullillgS TIl 1954 :from It 50
year-old site 11 stand on Ihe McCleary J~xperil11eutnl Forest ulclucled 
16- to 32-foot saw ]06"6, 59 percent; 9- to 1S-foot peeler logs, 22 per
cen.t; and 8-foot. alder pulpwood, 19 percent 'rhis thimlulg could 
lUlYe produced a few utility poles lLnd p.iling (iO-foot. maxmHuu). 
ThillUiug' i.n It 70-yellr-old stand on the Seche.lt. Tree Farm neat' Van
COllver, British Coltunbilt, pt'oduced Saw lof,rs, 7S yercent; pulpwood, 
16 percent; l)iling, 5 pen!ent; lind poles, 1 pm'ce,nt. (75), 

AWlOUgh these eX:Lm.ples ind,icate considemble di versity of llllll'kets, 
frequently ollly sa\\" logs ClLlI be rcadily sold (~8, /J9, 57), Pel's,istent 
lU\d OPPol't.unislic study oJ ll1:U'kets sOllle( imes UlleOVel'S possibilities 
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FINANCIAL ASPECTS 
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lIInt, .. "! 1,'. f ,\,"'. '1",1'111 1 1', 'ldllllt':,,11':11 101:.1''''. \11' Y -il" ,,' {""!' 
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ROAD COSTS 

Conllnereinl thinllin:r, p~II';;ll('(L f.'Il(,lw,ti(·a1I.r. 1'('quil'l'S :1 11I0re in
tensh-(' road SYSlpI.ll than ('xisl:'; 011 mosll)J'O(lt'rti(';';, Co:;!' of eOllstrue
ttllg nf.'Pded rouds has 'fn~qllen( Iy been :rin'Jt as n majol' l'('U.SOIl :for not 
thinning (1i~)' This st'('tioll will :riw SOIlI(' pXlllllplps of ill\'p:;t.m('nts 
r~qlliJ'etl in l'oads an<l prei'l'.IT('tl uwthods of ('}uu':rillg costs to [hbl
11ll1:rS, 

On '1'uYornh1f.' Lopogmphy,l'oatls StltisJudol'.Y for tllinnillg and also, 
with lilt1f.' luldcd f.'Xlll'IlS(" suihlblf.' for finnl lUU'\'('sl ('o:;t :from $4))()() 
to BS,()(}O pel" ,mill' dtu'ing tilt' pC'riod of 1!);!H-(j;3 (table 11), 

H~)l:ds ,Oil ('xp('rillH'IlIt~1 'forests Iislf:tl ill lable ,11 \\'('1'1' l~uilt (0 
Speedl('u( lOllS bl'lefl.r oullll1(>d on page (,). Costs oJ ('OilS! ru("llllg the 
j!racll's nU'il'llliulp ill l!tese al'('a~ of gentle to JllOdenlle topo:rrapily, 
:l\-el'nging $;~,(rik PPl' milp, 

Co,;t 0:1' sUl'flu'ing thl'se all-wpuflH'I' roads Yllriptl mOl'l' with·ly, 
On tht' Hood ('anal and Yoi!!ht ('J'(wk l~xJ>Pl'iIllPl1tal FOI'psts, gl'un,'l 
wa:; I"Nldilr Hyailubl(' Oil 01' l1('ilr the j'(H'('StH, and tltt' sand,' to gl'l\yplh' 
Roils PIH'otinl<'rpd I'pquin'd II minilllulIl 01' l)ltlla~t. 011 fltl' Jlpllllo('k 
Exppl"illH'ntaJ Forl'st. !!ran'l had !o 1)(' hauied fL ('om~idt'I':lbll' dish\lwP, 
and helt\'y npplknt iOlls w('re n('(,pss:lI'Y b('('alisP tIll' :-;oi.1 is elnyt'y, ('Olt

ditions on tltl' n:lcCh'lll'Y Expl'riJll('ntal FOI't'st W('I'(, in hpl\YN'n these 
('xt renlt';.;, 

;\nllua\ road eh:u':rp 1>(']" HtTP oJ thilllwd al'Ptt ('an be cul('uhl!p« as 
"howl1 ill table 11. Yalut' 0:1' sl llnlpag(' 1'(')\10\'('(1 'frolll tIll' rig'ltt-oJ
WHy is used to lld'ray part oJ (he initial road ('osts, .\Jthou:rh th('l'(' 
ar(' ot\lt'r ways 01' u('{'()unt ing :1'01' tilis 1'('\'PllUP. tltis s(,h('ult' is siIII pll'st 
and most' dir('('l, Subtl':wting 11i(' \,,,111(' of ri:rht-of-lI"u'y limbel'lean's 
:t Iwt ('o,,:t 1)(,L' mile .I'ppn's('lIti.ll:r capital illYrslmen( .in the road l:iYS

(Pili, 

J{oads must he built for Unal tilllbl'I' 1I:.II'\'('S[: Ilwl'l'fol'C', tht' only 
ad<lNl (\()sls of ('ons! 1"lH'ling I h('lll (·al'l \' ill tilt' rotatioll art' illtt'rest oil 
iI.lycstnH'nl and (,OS! oJ Illllint('llan('C' tI~llt iirotatioH ('nd, If thl'se two 
itellis ;\1'(' eilargl'd lignin,;! t hinlling, til(' original ),oad ('.ost can bt' 
nppl.'opl'.lnlely ('hargl'<l agaillst lilllbl'r (,lit in (lit' final halTl'S! (iv,:;')Y' 

On till' cxpcl'iJllC'lltal 'I'm'psts, tUlJlwl! ('har:re 1)('.1" acre :1'01' road t'osts 
\":\I'i('8 fl'om SUi} to $'J.40 l table 11), High costs on the II('.1ll10t'i, 
]~xpl']"il1lel\lnl FOl'est S('11I pal'll), 'from hi!!1l 11et' cost of road, and 
part 1.1' frolll the 10\\' :u'rpug(' lil'l'\'pd hy ('Heh mile of road, ll.igh 
initial road ('osl is dut' to ('xppnsiYl' f;ul"fa("il!g; low l'ilie.lC'l1('.I' (ael't's 
s(~J'I'ed P('.I' mile), to .lJ're~lIhll' boundaries ·of the aren tbinucd andre
slri('ted ownt'l'ship, 

Hoad eo:;! is olle l'XPt'IlSt' ~:I' Ihinl! in~ (htLt is, sl riC'1 ly fixed per tlere, 
and ht'lWe Jlll('[uat('s Pl'J' Ulllt olltput, dt'lll'ndm~ 011 yoltll1l(' ("lit }>PI' 
Iterl', Ho\\'eYeJ', the e!l'ec! 011 ('xtl'adioll ('ost::{ will he small in allY 
('(tse, 

.. Tht' rond :;,,':;t ('Ill wi II ol!"iou:;lr hl.ll'l' ,"•.,1\1(> hi t IJ(' lil'('01)(1 lind lilH'('(\Nliu~ J'()

tntioJl:;, HpJ1('I'. {lJll~' tit(' ol"i~il1:t1 ('Olit h':;s a l:lllll'ng(' rlilut' ("HIlle to tl1l' JlPxt 
rotatioll) 11(\P(] \1(' ('lllll'p:l'(1 to till' fiunt ('u(. 

;:;::;(:100· {I(I U 
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'I'ABi.F; a.-HO(fa ?W1t8 one:JJ7)e?'imental !O?'cst thinning ol)(l1'atiotls,l1948-58 ..... 

Cost. per milo $lulnp- Net Anilllll! clmrge I>er jliile Area Arlilulll ~ Stand Orlwel . age cost served ehltrge (")
Forest Topography age pet value }ler j>cr per

mile. Grad(l ISurface Totlll p(lr inile Inter'- 1\fainte- Total mile acre ,~\)
milo (1st 2 lIance 3 (") 

~ 
)·car.~ )'arIl8 Dollcirs Dol/ar.~ Dollarll Dollars Dollars Dollars Dol/a I'll Dollars Acres Dollars t:C

Hemlock 4______ Gentlc _____ ___do _______ 50 2,500 3,080 5,110 8, 190 1,561 6 629 331 115 4-16 100 4.46 g
Hood CannL _____ 65 1,000 3,095 1,244 4, 339 961 3;'378 169 80 249 131 1. 90McCleliry________ Mod_. ___ ._ ~55 1,300 2,850 1, !J80 4, ~mo I, 21.0 3,620 181 100 281 175 1. 61
Voight Creek ___ •• ___do •.• ____, 1"940 1,200 3,286 1,500 4, 786 335 4,451 223 75 298 125 2.38 ... 

- Z 
Averagc ___ ""- ................... - .. - D~ I - t-D 3,078 2,458 5,5:36 1,017 226 92 318 133 2.3!J'"? 1,.,4 4, 519 .... 

t-:I 
1:0) 

o 
1 Costs nre for constrllction of 16-foot rollds with Il 3-foot ttllo\n\lIcc for ditches, where necessary, and u 5-foot strip clearcd beyond 

actuul constT\lction. d 
2 Int.erest atS percent. ,tn
3 Estimated. 

4 W""tern l,emlock Cor(lst type. t:I 


t<l 
~ 
~ 

o 
~ 
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In ,theory, not a]) annual clHu'g;es Heed be, assesi:ecl to thinning-since 
l'Otl<1S have ·other Ytdues, ~)Otably Jim contI'o] (1"1). Apportioning 
rond costs to the mlllly possible lIses .is a lllatt.er of judgme'nt nndow.n
er ipolicy. For simpli('ity, :in the \'u.itluJioH discussions in this sec
tion, annual.rond cos'!, is chnrged entirely 10 thilllli ng. 

,Yhere It .long-term cap.ilu] in\'e8tmeut in roads is possible, {he rec
ommended scheme ·0:1' cost· accounting results in nn annual churge 
thut is belie\'edto be rensOlHLbJe and easily sustninec1 bya comrnet'dal 
Ihhming opet'ation, Six years of expcl'.l.ence on Ihe ':McCleary J<jx
perime,ntal Forest showed flmt i.ll this 55- to nO-year-olel stand, J.'ey
enue, from snhn~ed mortality alone amounted 1'0$1.00 pl'racr:ean
mHllly (11), ",bleh is Uri pel'('eni of the Rnnual charge cnkulated in 
table 11. 

EXTRACTION COSTS 

Extruetion costs are themajoJ' element ilJf:lueneing SU(\CCSS of COIn
lllercial thinJ1jng, l\fnny of ,the factol's ldl'eeti11gextraetion eosts were 
inb'?dueecl0 the section AppliClLtio!l of Thinning. ]n the following 
s~,et IOns, eqUIpment costs :tlld expeJ'WllCP clata are 1)1'(,8el1 t.1'c1 as pl'ac
tieul ('xa rnples of thin n ing (IOStS. . . 

Equipment Costs 

The importance of choosing equipment adapted to commercial 
thinning cannot; be o\'el'emplmsizecl, Th(' (:l'nde.lwy to lise o,'e)'
pO\\'ere~lll1a('hineJ'Y that cannot be \ l)erat.ed at full pl'o(lll('iiY(~. capacity 
1'esults J II lL mOl'e eostJy operation :1'01' two reasons: 

L PI'oc1udion is not pl'oportional to the ol)('1'ating cost. Thus, au 
o"er]y .large tl'!tetol' eosting $8 pel' hour t.oopel'td,e (illC'll((li ng dd n~r) 
frequently ClUUlOt pl'oduee twiee as .I11u('h on tI, thinnillg job as tI tl':l(,

tor eost'ing $4 pel' hour. 
2. Fixed (\osts (dl'pl'l:\ciaJion, insul'tLnce, intel'est, and faxes), whidl 

IrO 011 ('\'('11 while the ml1ehinp. is idle, are .much higher for the mO.re 
~xpensive equipment. ldle timeoceurs frequently' in thinning and 
Cll iwot a1WHyS be t\,'oi elecI. 

Ifixecl and ntdable. costs :1'01' typical equipment used in cOllu))e1'eia1 
thiruLiug ure· g]\'eniu lilhle 12. The problem of bnlarwing equipment 
wHIt the job is appaJ~ent from this table. Fo]'('xnmp]e, a 40-55-hp. 
tractor (losts $4·,07 pe.!' hour to run, OJ' $7.18 with iU) ope.mtol' at: $2.75 
per hour and an n lIowance of $0,;3(; :1'01' ('1I0ker5 and wi]'~ rope. A 
horse eosts .$2,(jO, ine]uding a ten.mst,el'nt $2.20. 011 jobs ,\'he1'e either 
may be used, tradol' pl'oduetiou mustb(;'~ 2% times thn.t at tainablp with 
a. horse .if the tractor is to prove ecollom ical. Thl'l'eal'edoubtless 
.mally op('ratiolls 'when' H, tradol' would not attain this production. 
Fur,thel'mol'e, if u, tractor of this size is idle oue-roul,tll of tlie time, 
eost per hour while it is p1'odueiJlg is ju('reHsed .neady 11 percent to 
$7.!)(j because ·of fixed ('hal'g-es of $2.:34 p('I' hour. ]1\ eontrast, fixed 
('harges fOl' 111ello)'s(;' al'.eollly$0.12 pel' hour, which would increase 
t.otal eost only 1112 pel'eent to $2;(14 pel' hour' tllHiel' similar cil'cum
stal)(ll'S, J;f ielll' tinw is unn voidable, as it frequelltly is in commercial 
thinning, the tractor must ontproduce the horse 3 to I, 

http:al'.eollly$0.12
http:l)erat.ed
http:1'0$1.00
http:lllatt.er


00 
TABU-; i2.-('ost of owning and oJ)erating 1'ep'J'e8entClth'e equi1nnentil8ed for COl1WW1'oial thiHni'hg 1 

Operation 	 Equipment 

Fe!lin~ and bucking ___ ll'ower saw_______________________ _ 
SkJddmg _____________ lIorse_______ _ 

• 'I-wheel tructOL__________________ _ 
\Vhccl furm tractor 6__ 

Crawler trac:tors:'25 hp ________ _ 
33-45 hp _____ _ 
45-55 hp _____ _ 
70-80 hp _____ _ 

Loading______________ I Tractor forklifL __________________ _ 
Truck loude!'.____________________ _ 
Shon~lloader: 

%o-yard_
}f-yurd ______ _ 

Hauling______________1 Truck: 
Single axle ___________________ _ 
Dual axle ____________________ _ 
Truck and trailcL____________ _ 

Short-log truck and short-log trailer_ 

J Dubl furnished by manufacturers nr e'mipment operators. 
2 Used for cillculating fixed Cosb.: Interest and taxes, for 

example, ure allnual charges, which nnist be spread oyer the hours 
of normal use. 

3 Fixcd costs are the costs of ownership, including depreciation, 
interest, insurance, and taxes. For the horse, it also includes 
maintenance rations. These costs are ilicurred whether the 
equipment is being used or Jlot. 

4 Variable costs are costs that arc incurred only when the equip
ment is being used, including fuel, grease, oil, and repairs; for the 

o 
Life tife- Cost per hont 

Initial cost I expect- tiine t;j 
ancy 2 use 2 

Fixed 3 V:1riable l 	 TotaiI 	 ~ z 
>Dol/ars 	 I Years Hours Dollars Dalla7's . Dollars 
h 
t"' 

250- 300 2 53,200 0.19 0.27 0.46 .&1
150- 200 ,1 6,400 .12 .28 .40 

7, 000- 8, 000 5 9,000 .73 .50 1. 23 	 ~ 
t-<2,000- 3,000 3 3, 000 1.04 .92 1. 96 	 t=j 
8 

5,000- 6,000 5 5, 000 .87 .62 1. 49 Z10,000-11,000 5 9,000 1. 85 1. 24 3.09 
13, 000-14, 000 5 9,000 2.34 1. 73 4.07 l-' 

~19,000-20,000 5 9,000 3. 37 2.51 5. 88 CoO 
3,000- 4,000 6 6,000 .85 .35 1. 20 o· 

20, 000-21, 000 9 18,000 1.43 1. 61 3. 04 q 
8,000- 9,000 5 8, 000 1. 06 1. 33 2. 39 tp 

25, 000-30, 000 9 18,000 2. 10 2.56 4. 66 t? 
t=j

'1. 000- 4, 500 5 9,000 .75 1. 61 2.36 '"d 
7,500- 8,000 5 9,000 1. 97 3.2<1 ;'3 
9,500-10,000 5 9,000 1.49 2.23 3. 72 o 

1.27 I 
23,000- 5 12,500 2.90 1. 9:3 4.83 ~ 

§; 
horse it includes extra feed, shoes, hamel'S, veterinary bills, and S
miscellaneous costs. Operator wages are not included. (J 

58hoursper dnyfor 200 days per year. Fixed costs, and mninte §
nance and repair chnrges are computed on this basis, the hours 1-3 
being equivalent to felling and bucking mnn-hours. Actual sa,,- ~ hours would be something less. 	 t=j. 

6 Southeastern U.S. conditir:ns, ns reported by B. O. Cobb, 

"Skidding with rubber-tired wheel tractors in the Tennessee 

Valley." T.V.A. Forestry Invest. Tech. Note 26, Jan. 1957. 


7 Drawbar horsepower classes. 



COMMERCIAL 'l':E-liNNING OF DOUGLAS-FlU 81 

This analysis is presented not to clis('ollrage mechallization of com
mercial thinning, uu! to point onl; factors that mllst: he ('onsidered in 
planning. As pointed out in the section on tIll' cxtmction process, 
the tendency iothink in terms of elearcllt-log/!ing teehniquesis fre
quently cletl'imental to thillning. Actually, lliore mcelHlll.izntion is 
probably needed, bId: development must start· with a. viewpoint, refer
enced to the specif-k\ needs of commercial t'hi nn ing. 

Foresters planning n, commercial t'hinning should assemble all :tl,tlil
nble cost. nnd productioll dahL before deciding on eqllipmcllt to be 
used. Detailed ('osts of owning and operating mHehincl',Y ean uSLHLlly 
be obtained ft:Olll eql! ipmetlt. rnnnufnctlirers. {~llfoltl1natel'y, however, 
thOl'e is fl'eq lIent:Jy no SlI bstii'll tc :/:01' opomi' ing CXlw/'icncc, 

Cost, of owning a 110rsl' .is known fairly elosel,r fl'Ol1l expel'ienec on 
()xpel'imenbLl forcst,,, (I;]) (htble 1:1). 'I'll(' aYI'I':\/!f~ ('ost pel' houl' on 
tonr thinning's made al vttriOUH tillles dllring" till' yeal'S l!Hfl to l!);ifi 
"'as SO.-W, nmclc lip of *().l~ fixed costs and $(l.~B viLriable ('OS(H. Feed 
is by far tlte biggest, ('ost item. ill horseowlIcrship, making up (if) PCl'
cent of the total. . 

Case History Costs 

Cost, stll11nlaL'ies fOl' expeL'imcntnl C'omnlel'cial thinnings ('onc1l1l'i'ed 
fL'olll 1!H8 to 1!)fj(j lLre j)l'eHel1 tcel in table IJ. These data W(,1'1' t'olledecl 
fL'om operatiolls :/'01' whi('h l'easollalJly eomplete and ile('urate eOHts nl'e 
aVftihble. N'ot. all examples flre fL'olll sl1('('e>;>;1'lll ('ol11lllcl'citd thin
!lings: that. is, 110(', alJ rehll'ned tIlt\ ('osh; of extmetion. ~ome \\'el'e not 
operated with llHtximl III I eflieicnC'y, partly due to 1l11\\'ise f'llOiee of 

TABI;E I3.-Estimated r.08t of OII'lIi11.,q alld 118ill(! a 1101'8e fol' thinning 
.'IOIllI,r; stand,l' ill 1{'('Ntall IVIINliillr;lon 1 

,\nnualemo;t 
] lCIll 

Variablp Total 

Dollars Dol/aI'S Dol/aI'S
[·\-('(L '_0 _. _. _____________ • ___ ._______ _ ___ _ I;m 75 ;)05, 09 ·1:35,8-I
Har:nPss nnd cqllipllwnL.. _________ __________ ________ (i·L 05 64.05Shocing_________________________________ ;lG. 0·1·0 _ _ :)0. (H
VetcrinilrysclTiel'_______________________ ___ 2.1. 58 21. 58Sheltel' _________________________________ '""_ II), ·10 ___ ._. ___ _ 10. ·10
Dcpn'ciatioll of horse 2 __ • ___ • ____________ .... __ 26, ·10 _____ , ___ • :W.40 
TIL'\es, lnSUl'ilnCC, auel inten'st _________________ 13.75 . _______ _ la, 75
l\Iisccllancous ________________________________ ._______ IG.25 16,25 

ToLaL ________________________________ 190. :{O -148,61 (j:3:3.9] 

",---==""1===,,,1===
Cos! per horse-holll' 3_ , 110 ,277 . :390 

I SOllrce: "Skidding wilh hm'HI?:; to thin young standH in w('sterll \VashillgLon" 
(7.1). 

2 \Yorkillg Iif!', 4 years: initial ('ost, $100 to $175, less salmgc of $25. 
a Based OJ! 1,600 hams' usc annually. 



TABLE l-1.-E(l,'ulI/ples Of the cost of the 1'ariolls o7>emtiorM in the emrl'action pMcess 1 

00COR'I'I'P.H lOll C'l'll\C' I?P.WI' tv 

Project Stand age 	 Felling, .\ ~Skid~i~~·-I~~~ldiJlJ-I~:~I~~:··I· "~;~sccl- Total Total per "3
bucking ! lancollS 2 cord 3 t=.l 

.-------------I· 	 1- 1----'---- § 
~ rears Dollars Dollars Dollnrs Dollars Dollars DollnTs Dol/aI'S

Voight Creek______________________ • ,10 5. II 6.78 (4) (4) (4) (4) (4) d 
;>Hemlock.... _______________________ 50 2.86 4.:38 2.55 . 4.67 2.15 16.61 lB. 79 t" 

Cowich:ill Lake______ ._____________ 50 4.15 6.20 51.52 i (4) 2.00 (4) (4)
l\IcCleary___________ . _____________ 55 2.45 64.42 61.93,' 1. 66 2.21 12.67 10.52 

tc 
CHood ClwaL ______________________ • 65 3.00 64. on 62.05 1. 67 3. H ]:3. 95 ] 1. 58 

Big Creek_________________________ .! 70 1.98 5.63 2.81 , 3.24 3.38 17.04 ~ 14. 14 t=.l 

_t\"('rage_____________________ · !······_· .. ·· . o.- _0 'J 1-11 ') 81 ?_.01-- . I 1:3.3a 
H 

3 ')6 _ ')- -. .'. 	 9 16 06 ~ 

Percent of totaL. ___________________ . __ ._. __ .. 20 33 	 17 ____.16 10014L 	
"" Co>I	 
~ 

o 
COST PER 1\1 BOARD FEE'l' (SCRfBNER RULEl------'-------,-----....---- .•._.--;----_.. . ...--.-. 	 c::: 

Yeal's Dol/aI'S Dollars Dollars Dollars Dollars DoilnTS rn 
Cowichan Lake__ _ 	 50 7.98 11. 91 52.92 (4) 3. 85 (4)
:''IcCleary_________________________ _ 	 t:!55 4. :38 7.89 3. 44 2.97 3.9,1 22. 62 t=.lHood CanaL______________________ _ 65 5. 17 7.06 3. 5:3 2.88 5.42 2·t 06Big Creek_________________________ _ 	 "Ii 

;370 :3. :38 9.62 4.81 5.5·1 5. 77 29.12l\Jt. \yalker________________________ _ 75 7.52 21. 60 2.44 .1. 09 78.88 44.5:3 oFall Creek_____________ _ 90 6.75 7.30 s 2.10 s 2. 6:3 7.70 26. 48 "l 
-' ;>Willd HiveI' 	 no 4.18 05.81 62.25 6. 10 1 ]2.81. 31. 15 

C)
Average_____ _ 	 ::0--1-------- .. - 5.62 10.17 3.07 4. 0:3 U.!H 9 2ll. 80 H 

C)
Pcrccnt of totaL __________________ -I .. ______ . 1 10 	 C34 10 I·' 23 100 t" 

c::: '" 
I Sec appendix, table 17, for pertinent descriptive information 6 Skidding ltllclloading reported together; bre:tkd0'.\'n estimated. ::0 

concerning these examples of commercial thinning. 1 Also includes equipment depreciation, more properly part of t=.l 

2 Payroll taxes; supervision, bookkeeping, and office expense. skidding, loading, and hauling costs. 
3 83 cubie feet per cord. 8 Loading and hauling reported together; breakdown estimated. 
4 Data not available. 9 Sum of the a\'erages of each operation. 
~ Decking along roadside; 
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mnchinelT and pa,dly 1:0 mismallagement. Nevedheless, costs fol' all 
jobs :Lr(' included to give a I'ea.l istie eTOSS section. 

Costs and production cliLtn, in cuuie feet :trl1 given -tor shLllcls from 
40 to 70 yen rs old. The bo:u'd-1'oot. data are from stallds ranging from 
iH) to 100 years; younger SbUlcls are ex(',luclecl because uoal'Cl-1'oot 
llIeasures :we llIH'e:t1 istic :tor sll1all Ilmtm'i:L1 renlOved 1'1'0111 such stands. 

Averages compare f'a,vol,'ably with cost's for clem' cutting simil:Lr 
SbHlds. In the oldm' Shlllcls, logging cost. :weragecl $~\1.80 perM for 
SfL\\, logs delivered to ('he mill. For yonngerstands (he cost, was 
ta::3.;3;3 pel' ('onl (8:3 ('ubie :feet), althouQ'h l1IuC'h of th is material, (00, 

wns eut' itnd sold as saw logs. App:u'e'llt-Iy, Ilmi:erial so small that' it 
('ould be sold on Iy fol' pulpwood would be>, somewhat mOre expensi ve to 
produce. 

Skidding is the most' (',xpensive opel'lltion, acconn(ing for :Lpproxi
matc.ly one-thi)'d of the total eost. Fellillg and uuckillg is ne>xt, mak
illg up about on('-fitt-h of the (-o(a I. Though not- I'efle>eted in t'1wavel'
:lges, felling and buekinp: ill 'yo\'lIlg stallds is 1lI00'P expellsi\'c tltallill 
older. The top cost ill ('he l.'twge-$iJ.1J pel.' lOO (,lIuie feet-oecul'red 
in a first thinning ill a 40-'yc:lI.'-old shLlld whel'p, hang-ups were eOIlI
111011, Hang-ups increase skidding ('ORt u('(:atlsP the time required (0 

pull the trees down is C1ml'ged to skidding. 
('ost of loading is H pel'eent of (Ire tobd (,l1bic-foo(~ cost, but only 

10 percent of boal'(l-foot cost. This dill'm'encp reRul(:s in pttl·(, f)'ol1l 
the clifliculty of finding a suitable means of loading small mnterial ill 
the earlier years of the experience record. 

Hauling cost is 17 pel'C'ent of the total by cubic feet and 14 pc)'C'ent 
~y boa,reI feet. Averages, howe.veI', are not vcry meaningful as cost, 
]s l::u'gely dependent on dishulce hauled. Ihl1ling distance varied 
from f) to 25 miles in the examples given. 

l\fiscell:tneous costs include ch:n'ges for supervjsion, hookkeeping, 
and ofIiee expenses. In two examples, bo('h part of ('he board-foot 
cost. data, miscellaneous costs iucllldc machine depreciation, which in 
olhel' inshtllces is included .in the extl'nct:ion process to whieh it applies. 

Both first and repeat thinning costs arc included in table H. 111
sufTieient data llre :wailable to eleterm ine just· how m nch elleaper seC'
ond and sllceeecling thinnings are than first. It- is estimated, howevel', 
that felling eosts -1'0)' second ('hinninp;s should be 10 to 20 pereent less 
than fOl' first thinnings, at' least. in young stands where hang·-ups :Ll'e 
a. problem. Skic1di 1lP; costs, likewise, should be 10 to 20 pei'eent lesR 
a:ft'or the skid roads Imve been located and cleared out in the Jil'st 
('hinll ing, 

To obhLin total eosts, the road ehal'p;es as pl'e.viously outlined and 
the forester'" eosts for J:tyout, marking, and sale ndll1inistl'atiol1 must 
be added to the ex/;mction costs. 

RETURNS 

Stands in which eommerci:L1 t:hinnlllg ispracticecl are more v:Llllable 
beca,use of (1) increased ill(,OI1le. resulting from greater yields or 
more v:dllable yields, 01' both; (2) income throughout rotat-ion, which 
profonndly a,n'eds interest ('ostsi and (3) highe)' ret-tll'll 011 the in
vestment ill growing stock resulting from reduction in growing stock 

http:l.'twge-$iJ.1J
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without compamble reduction of increment. For the small owner 
there is t1,lso the possihility of remnnemtive self-employment in t'hiu
ning, frequently tLIl irnpol'btllt considel:ation, tLlthoughit may not 
Ilct.mLl1y alrect the sUtl1CrS monebtl'Y vallie. 

Complete discnssion oJ val.tmtioll concepts and i:echniclues required 
to compare tl11' value of managed verS:l~ unnHlIlagec1 stands is beyond 
the scope of this bulletin. However, in the sections that· i~ollow, im
medin,t:e l'etlll'ns frolll thinning based Oil expel'iell(,(" elata, elred of 
thinning Oil stand ndue, and hbol' ret.urns will bC' discussed. 

Conversion Returns 

"Conversion 1'(\(;u1'n" as used in fOl'est vltluaJion (10,7). 411) is the 
immedittte l'('turn Jl"om fL cOlll.llIercinl thinning; i.e., the money left· 
from tht> sale of Pl'OdlletS trfter' paying dil'ect costs of exf'raction, in
cluding an appropriate, I'oad charge. (:ol1\'el'siol1 retul'll is avai1able 
to pay the pr01it and risk of logging and stulIlpage. Although stump
age, in the conventiona.l :-;el1se, may be determined 'for conllnel'cial 
thinning, the ]'Ipgaliv!,' value resulting in many cases is mislea.ding and 
discomnges the applicat.ion oj' eomrnel'('ial thinning. Pr'etel:ltbly, only 
direct extrnction costs alld the annllall'oad cost should be charged to 
thinning, and any margin, howevel: smtLll, should be regitrded as either 
proHt 01' stumpa.ge . 

.!;\..s previollsly emphasizl~d. conversion l'ei'1l1'n fl'Ol11 commercial thin
ning depends mostly 011 the age of the stand being thinned. Size of 
trees that. may be cut contl'ols value of hal'vestable products and cost· 
of ('xtmeLion; for a g.iven site, size, in turn, depends 1ttl'gely on age.

In young stands cOllvel'sion retul'n ll1Ry be nil, but thinning may 
still be highly desirable because o:r the possibilit·y of substantial silvi
eult'tu'ttl beneli.ts that. will be re.flC'ci:ed Inter in incl'easecll'etul'l1s. In 
older stands cOllversion rcf'lu'n may be subsUllItia1 but silvicultul'al 
benefit, very s111tt11. In either case, commel'citd thinning should be 
eonsidered li.nanci a,lly desi rn.b1e. 

Frequelltly, salya~e of remnants of all origiua.l sbLncl contributes 
:mbstlllltin,lly to immediatel:etul'lls from first thinnings. This oppor
tunity should not be oveL'lookecl as It means of making earlier thin
uil1O's possible. 

Conversion returns (before deduction of road charges) for severnJ 
pilot: scale thinning exmnp]es are shown in table 15. These are t-he 
same examples for which extJ'aetion costs wem presented in table 14. 
Cleal'ly, not an trials were li.1Htl1cin.l1y sllccessful. This was due more 
to costs thnl wel.'e out of line than to abnol'lptd1y low product' prices. 
The variation indicates tlULt experience with commercial thinning is 
of the utmost' importallce in assuring n, profitable opel·ation. Stable 
cOllversion l'etul'l1S and stumpage vn.ll1es are not easily determined for 
tltis reason. 

Product prices vlLry widely from year to yeal' n,nd from place to 
place, and are stl'Ongly i.nfluenced by 10cnJ supply and demand. For' 
these reasons, forestel'S elllbarking upon tL cOn1mel'ein.l thinni.ng pro
gram. shoulc1iuvestigate .mal'kets closely. Typical prices preyailing 
1Il the Puget Sound ltrct1,ill the. summel' of lH57 are given in table 10. 

.~ 

~ 

.~ 
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Comparis.on with eost (iglu'es in taule H give anolh(\l" estinmle of 
pos-sible immec1iltte returns. . 
. In general, smaIl diameter product.;; are :tlso low-yalue prodncts 
(tablelO). Small pl'oduels tu:e also t he most expcnsive 10 produce. 
Yet silvienltll.l'al bene(its. arC' most. ])l'ono\lIlced when thinning js 
begun ettl'ly and only small products can be. cut. This points up nHj 

uec('ssity :ror cl1t'rgctic:dly pUI'suing 01' crenJint,; ne\\', small-pl'Oc1uef 
markets, lLnd fOl'leltl'lri ng how to 0xfTaet thesli pl'oduets most (~Iree
lively. Otherwise, full adyantage. e:Ulllot be taken of silvicultnml 
benefits thn{', will aSHlll'(> Il1tlxinmm d(>fen'ccl rcturn, and at the same 
tillle provide posiliYe cOlwel'Bion return. 

T,\IIIJ1,) 15,-E'.1'wllp7e8 0/ tllPieall'rflo'1I8 in commercial thinnin,rJ 

I III IIWei ia!!' I'Pt \It'll 2 per--
Stlwcl ..--~- -.~-.---- .....-.- ....... ----~ ---~--


Projcct 1 n~(' . 
JOO I,OO() Acrc 

eu, ft. bd. ft. 

l'l'al',~ Do{/al',~ Dollw's Doll(LI',~
Yoigh t Creek. _ ____ "_ ___ .. " .... _ 40 :3, 1·1 17, UJ 
H~mlo('k. ___ .. . ..• ____ • _ .. 60 4, 57 3().28 
~r{'CI('firY___ · • __ ._. ______ ... 55 7, 00 12.51 55.3G
Hood Cnl1a\.... ____ .. ___ _ n5 5. (j·1 n,71 42. (j2
Big Cl'cek. ____ . __ . ________ _ 70 G. on 10. :~8 ,n,oo 
~lount Walk()r. __ ........... .. 75 -0,58 - 2S, 61 
Fall Cree\;:. ,.'._. _ .. ______ • . !)() I L :3:3 10:3, (iO
Wind Hi vcr ... ___ . _ . 110 13. SO \is. 72 

I SN! ap]lcuclix, table 17 for pertinent. desel'iptive infv:maLion concerning thesL' 
e:mmples, 

2 Salt' priee of primul'Y prod\lcts at point of delivcry (cxcppt Voight Creck, 
whel'(, vaitw at roadside is used) h~88 C'xtl'Cletioll COHtS, but bcforC' deduction of 
rond ('hurge, An nppropl'httE' HUlltHti l)('r-uCI'C' rond charge multiplied by the 
num\)C'I' of ycars bct··wcen t.hinnillgs should be deducted from the per-acrc return 
"hown in the last colullln for "convClrsion return" ,tS defined in thc tcxt. 

Valuation 

Thinning, wisely clone, results in It more yahtable l'eSCl'Ve sUwd
Vltlups that Me l'ccovcl'eclin la{'cl.' thinnin!!.'s 01' Hllltl lml'n~sL Com
meJ'einl thinning docs not yet, baw acleqLUlte experience clatrt fronl 
which to accurately predict the long time elfeets of sound thinning 
pl'tl.ctices. Nor cttn Y:tInes be cvcn llppl'oxim!Ltely foretold, Est-imates 
'[Lnd prcdietions must be made, however, in order to haye some jcleiL 
of the £1nlt1l('ial nspec·ts oJ II1!l1Hlgernent, 

Estimntes made I'lIUS fal' on the yalne of continuously thinned 
Sb1Uds consistently indicai"(' n financial adnmtage fOl' thinninp: (:eO, 
'1:2). As H.U eXHlll111e o:f probable vlllues, we haYG used the saIne site 
III stand pl'l'\'iously used to illustrate totnl yields (p, ('1), Rpsultant 
yields it.llc1 "(I]nes -l'OI'll tbinned ltnc11Ul unfbil1llc<1 stand tU'(' prespnted 
in table 16. According to this forecast, :27.5 .M hoard :reet would be 
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removed in se\'en thillll i ugs Itl lO-year inten'tlls pl'ior to tlgl' 100. Un-· 
doubted1y the thinning would ha\'e to be stlLl·ted not: IMCI' than age 30 
to produ('c It stlLnd n;vel'agillg 21.5 indIes in d.b.h. at 100 years. Ac
tUldJy, trees smnJ.ler Oml1 1:2 inchcs would have to be cut in addition 
to hll'ger trees. No value is given to these sllmller trees, however, since 
thl'Y do not contribute to bottrd-toot vo]mne. V!tlues given lu'e con
version return YfLlues discussed in It previous section-the income 
Ilvll.ilable to pny for stumpltge, prolit, and risk. VILlues nssurncc1I'1Lllge 
from $1) pCI'M for material cut between ages :25 tUld 35 to $:20 per.M 
for material cui' !dter tLge Sfi. 1'l'oes cut: !d~ final harvest ILl'C assumed 
to be \\'orth $:22 pel' M, $:2 more than the SIIHLllel', lowel' quality trees 
in the unth inned sbwd. Admittedly thcse RI'P genem1 ized \1a1ues, but 
they conforlll fa.il·ly \\'1.'1110 experienee, as shown in table 1n. 

'1\un.E 1().-lll'u.,,~f'I·(l1	ion of the Nt!uation of I (/("'e of thinne(b alld 
wI.thinned sicund8 on site If[ 

---~" 

Vnlue Total value Net 
Hem Age Vol- peI' vnlup ~ 

uIlle I IVI bel. Ct. Itt ago 
Grosfi Net 2 100 

-
Thinnpd siltnd Yoars iV{ lui. fl. Dollctl's Dollars Dollars Dollars

Thinllillgs _________ . 25-a5 1.0 5. 00 5 4 62 
;~5-'15 3.5 7.50 2(j 2a 242 
·16-55 6. 5 10.00 51) 48 a41 
55-05 5. 5 12.50 69 liO 288 
(\5-75 4. 5 15.00 (\8 (iO J95 
75-85 'I. 0 17.50 70 (jl la4 
85-95 a. 5 20. 00 70 61 90 

---,-~-~"-- ,~----- -" --,,- ---,--~--"---,,
1.'oLnl thinnings _____ 27, 5 3lia :317 I, a52 
Finnl hIU'vCSL _____ : 100 47.7 22.00 1,04.9 III8 918 

- ... --- .. -- -...... - -<-- ... 

,,--	 ---Totid yield _________ 
,~ ..... --- .. - 75. 2 - ~ .. ----- 1,412 1, 235 2, 270 

Less nn11\1111 charges'_ --- ... _--- -------- -------- -------- 20 248 
-

ineomc ______ 
_e~ __ ",_"'_ 1,215 2. 022Net 	 -------- ---------~----

Unthinned stlUld 

Final hllrvest._______ ]00 02.8 20. 00 1,250 l,099 I, 251i 
Less ttlllllliti chllrg<'s ,_ -_ ..... -... -- ,._------ -----_ 20 248 

~_J.. ~------_____• 	 ... .., 

~_r'~"'Net illeOlTlP ___ .. __ 	 1,079 I,008." .. ... ... -... ---- -------- - .. - .. ----
I Yield Coreensl described 011 p. 41. 

2 Gross valll(' lesfi 12>~ percellt yield Lax, 

3 I ntprcst a!; 4 percont. 

4Annllal cost of 20 cellls per Iwre includes reforestation lLnd ltd valorem tax, 


5 C()Ilts; fire patrol tax, 7 cents; administratioIl, risk, etc., 8 cents. 

Totu,l value of the thiHllings before taxes is $8()3, ltn IwcrH,ge of 
$18.20 perM. The film1 l'I'Op is worth $1,049, making the tobtl income 
fl'om the 75.2 M hOlLrd leet harvested Il'om Ihe I'hinnecl sta.nd $1,412. 
Aftel' paYl1lent of yiplcll'axes tllHllLllllLUtI ehal'ges of 20 cents pcr acre 
-for ad nilol'l"llll (axes, Jire patrol tax, !wel ac1ministmtion, the incomc 
is $1,:215. 
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III contrast, t:he unfhinned stand wUh normal yield table volume 
of 62.8 .M oOlLr'd feet tLt 100 years is worth $1,~5() at $~O per .M, or 
$1,079 after taxes ILnd adll1inistnLfion elutrges. 

Ditl"erence in income between the thinlled tLncl unthinl1ed shLnds, 
$156 per llCr'e befor'e taxes 01.' $lHG a:fter, may be ttsC'l·ibed to the sih'i
cultuml benefits 0'1' thinning. PILl·t oJ the highel' iJH'olllc in the tlti . .Ilned 
stand results f!'Olll inl'I'eased yield and part 'rr'om iner'eased value per 
M of fimtl harvest {r'ces, a r'efleetion of their' higher quality. As dis
cussed on page ,n, (;he inC't'easecl yield of 12.'1: _M Uoal'c! feet .is a I'eslrlt 
of tl'nmrfel't'ing, by thinning, 2,(;(i() ('ubie feet of \\"ooel tilatLlics or ends 
up ill sma]] h'ees in t.he nOl'nll,l,1 fOl'est to htllTestecl tTees larger than 
12 inches. This 2,6(lO cubic feet includes noo cubic :fee! nOl'mally dying 
in B-i.l\C'h and Jal'ger' tt'ecs, 1,110 eubic feet dying in ll-irieh' anel 
snUtller' trees, and 650 cubiC' :feet in live trees less t-llan l~ inches, 
normally present in the 100-yelll'-01d Jore8L 

Thl' incomes obtained pr'iot' to rotatioll age earn interest 10 the end 
of the r'ohtl-ion, eit·hel' by bei Ilf\' in vesled ('lspwlrer(' 01' by bei.llg used to 
pay CUlTent· ('Ost8 t-hat othpl'\\'lse would ltan~ 10 tIe aeclll11l1lntecl to the 
end of tlte I'otation, Thes(' elll'l r inCOIlles arl' tremendousl Y \'aluable 
and dil'l'etly hl'lp to .rnakl' i'~f:e'llsiw\, nl,inning 11 pro/ihLble practice. 
111 the (Ix!lnlple gIven, 111('0111(' -holll t lUIIIHllgS a('('ulI1l1lat:ecl at 4 percent
is worth $J,:35~ itt Ow l'ncl of the rotation. Ii' tlris thinning income 
is added to the IinalluLI'Vest iuC'oll1e wHel' decluet·ion of the acC'ul1luhtecl 
C'hnl'ges, till' thinned stand is worth twiee as ll1ueh a8 the unthinnecl. 

Another' aspect: of the valuation pt'oblem is return on the capit-al 
in'estmenf:. This aspcct-is important because fOl'est inelustry charac
teristically is yery highly capifn,lillcd, Jnterest 011 ('apifa.1 I'epl'csents 
a large pal't of the cost of forestl'Y. A forpster \\-ishillg to Cttl'l1 tL high 
rate of illtcl'pst on his capitnJ mllst· seek fO)'1IIS 0:1' ('ultivat-ion nUl.t re
quii'll sllla]] a.nlOuntR of gl'owillg stoe\( in I'l~hl.tioll t·o ill('oll1e yield 
('Bl, p. 2.9). Thinning affords a nrajol' avenue fOI.' attaining this ob
je('tiYe, 

Again, no sonnd data arc nVltilable to pl'opel'ly appmisc tile e{reds 
of a t-hinning pl'ogrHm 011 thp int:el'e8t 011 ttLpiJal i.llvestmellL 11'1'0111 the 
example gi,-cll in taole lG, howP,-er', ",ema'y caleulate that a.n lI('l'e of 
lanel ·with an establ ishecl stand not 'yet. 1 yeill' old and eosting $30 
will eal'll 4.4 pel'cenf eompounc1 interest on the ol'iginn.l investment and 
l1\oney I'pquil'ed j'o]' annual clHll'ges l:f held to 100 years and t-llinned 
as pl'esn'ioed. If not: thinned, t.he $aO and investment· in annua,1 
ehn.l'ges wi II earn interest: at t.he rate, of 3.5 percent. 'Vith interest 
ttt 4 percent, the thi lined stand is wol'f11 $40 pel' acre ttnd the unthinlled 
$20 pel' ltet'C ttl time of establishment. 

The fwthol's recognize that this discussion of valtmtion is bllsed on 
II. theoretical eXlunple with inadequate suppm:t-ing data.. However, 
the example i8 believed to be highl'y conset'vn.tive; many exper'ienced 
-forestel's would use mOl'O opf'im istic values, 

Labor Return 

The 1'Ol'cst owner may fl'equently find pro(it!tble employment in 
doing his OWl! thiJUling. For farmers, ruml residents, ftIld people 
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liking outdoot' ,,'ork tlrit; ,,,oods t'mploVllwllt eRn bp all al It'neli \'P, 1'('

tUl'll 'from thillning, ill addition 10 Ihe. ynlups just dis('u~se<l, If al
ternat i\'(' sou l'eN; 0:1' Plnplo~'llIl:'tl I at'e nol anl~Lble, Ot' a t'(' 1m\' paying, 
sueh n. fon'sl own, N' tllH,\' fi,lHI i I WOI'I It ",hi Ie, ,,0 1 h ill 1,liH stand thong,'l,l
he gelf: only II t'PHSOllUbl(' \\'agp and 110 stunll gl' 01' profit 'fot, his d'
folts, In Ihis WHY 11(' tllilV be <Iblt, 10 t,hin a sf'ilnd not ot hl'l'wise suitable 
for commpl'('iul t'hilllling: H.ll(l tl1(','phy gl'eatly impl'o\'p his ('ltun('e oj' 
inc'I'l'!1secl latel'l'ef'tll'lls l'l'f"ullil1g :ft'oll1 sih'i('lIltuntl b('nt'fits, 

Table 8, pnge G5, shows t.hnt an an'l'age of ;un nutll-holll" lSt'p
qui"('l\ to l'xtTnd' n ('onl of \\'ood in (hinnil1gs '1'1'0111 yOllng stands (S;~ 
pt'l'cent o'f Ihe i imp pel' lO() ('U, ft,), 'rhus, IItl' OWtll' l'-WO l'ke I' limy 
expeet to add, ~Lf $~ un \J01It', $7,H:2 pel' eonl 10 his il1('ol1l(' :fl'Olll stump
age. 

I~'ellillg. llll('king, nnd skiti(ling fuke, (it; pel'eenl 0'1' totul ('xtraC'fioll 
time, 01' :UHi houl's I)pt' (,Ol'd, These jobs may bl' llIHll't,tukpll l)y u. small 
f01'est own(ll' sin('l' the N1Uiplllt'Ilt IJel~ded is easily a('quit'e(l and op('r
ated, H hOl'ses HI'(' used :fot' skidding, the capit(tl oullny required is 
('ompal'lltiwly small. At $~ [leI' hoUt, these jobs \'('pl'esell( $0,3:2 pel' 
cOl'd, 

ll\ 1\ yl'U I', OIlP Illflll \\'ol'killg' ~O() days c~onlc1 eXllPct t'o pl'otluee ahont 
JO() (,Ol'dH of wood if' he d.id all the \Yod~ eonneetecl with extl'll("lion, 
Ot,' (lOt) ('ol'ds if In' did ollly (hl' -i'elling', lmciciug'. and skidding, His 
Ittl)ol' would vield him it little, o\'pr $:;.000 ill ('it he!' easp, 

~\. fil'st Cllt of (; 10 10 eol'cls P(>I' aei'c on 100 aCl'es would easily keep 
one man busy -1'0/' a :full ycal' in jllst :/,plTing, bllcking, and skidding, 
~\.ssu\11i1\g' $:3 PPI' ('01'([ for stumpage, profit, and risk, an owner-laborer 
\Yould hu \'(, n gross i Il('ome of about $;),OQO '1'01' h is year's work. 

TIll' oWIH'l'-wol'kel' is in pxcellpll[ position to Inkl' aclnllltage of 
speeializp(\ tllal'lmlii, and to salvage ,il'l'egulfll'JllOl'hllity, In addition, 
lu' will likely devplop a kepuer infPL'l'st ill his forest, whleh ill turn 
\\'ill lH'lp pl\SUl'e propel' ent'p and n.pplieation of othel' desirable silvi
ntltII nll pt'aeti('Ps such as pruning' antl stand improvement, 

SUMMARY 

Commprcial thinllinp:~thilJtlitlg t'ltnJ payii its way-hns tl'enwndOllR 
pof'ptltialitips in the Douglas-fit, type ill the Douglas-fir subl'eg'ion, 
possibly addillg liS IlllH'1t aH :1Y2 million eords, 01'1% billion botll'd :/,pet, 
to the'l'pg'ioll's stlstuitwd-yi('ld eapneity, Although no!' yet widl'ly 
pl'ndiC'P([, pxt('llsi\'p trials han' sho\\'1\ thaI' ill [l('cessibl(' stuJlds neal' 
'I'nnH'lLhlp nHtl'ketii, thinlling' will nol only ::;ubstantially il1('reasl' usable 
pt'oduefioll of thl' [OI'PHt but will also ret'lI1'11 un iml1letlild.e profit. 

TIU' (,:;S('J1('(' of good f hi lin i 1Ig' pmeti('p, 11O\\,P\'Pt', is not only to t'('ttl ize 
II IH'pseut pt'(Jfit, but also to It'uYe (IH' shlnc1 ill tl eOll(\itioll that will pll
!tallee l'Uhll'l' L'ptul'lIs-in short, thp thillning mllst I>P silvicl1ltul'a]]y ~ 
soutld, Th is iJullpt ill nlt't'l' [OI'C' dp\'ot l'S ('ollsidemble RjJt\('(' to t-he theory 
oj' t h,il1lling with speeial l'el'('I'(>I1('p to silYienl ('hamderisti('s 0'1' 
Douglas-fil', j\ thOI'Ollgl1 ll11d.el'standillg of this as[>pd is 1l('l'eSSHIT ~I'()r 
dp,'elopuwnt of tlU' soulld judglHellt' I'Pquit'pt\ to nppl,\' thinning to h('st 
nclYlllltngl', 

Douglas-fir is an intolpl'unt SpeVil'H, ~tn,\!:nat ion iH nllllost nOll
existent, oe('uIT.illg, i:f n.! all. ollly Oil tlH' \'Cl'Y POOl'l's!- sites, Ho\ypyel', 
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l"'e.n on b(;'tt(;'J' Rilt's, :;to('king i;.; freqlwnllv :;0 (I (;,I1S(' IhaL wi{hont
thinning, (,I'OWlJS lw('ollH' gl'l'atly ShOI'It'IIN:!. ...\'R a 1'(lSU It , dialll(;'tpl' 
growth is l't>dueN:1 :faJ' b(llow optimulll, 

III \'olmgl'L' siands-h'})s limn abou! 70 VP!lI,:;-~this ('ol1((il ion nwr 1)1' 
l'('llie(ii_ed by thiuning, whieh 1'(,lpHst's ('llOspn 11'('(1;'; alld slilllldnil's l'itpi!' 
g!'owth" Th(;' l!lOl'l' rapid diuI11~'tPI' gl'owth all'pels lIl!l1lag(;,llll'lll by 
greatly Ull\)l'OYll1g gl'o\\'lh-gl'o\\,lIlg stodc L'plal lOllS, 

In oldeJ' stands, as \\'('11 as youngeI', thinnings thHt liqui(latl' tl)(· il1
\'t>stml'nt in slow gl'owing, ItOI1PI'O<illdiy(' Il'Cl'S an' valunl>l(> bp('aus(' 
1ll01'tnlit~T is sa "'agNI 01' 'I'OI'pst ulltod ulld gl'o\\'th ('llki('IIC'Y oJ t 1.1(> 1'('
llutluing :;t:und ilWI'('lISPC1. 

.\. thinlling to lw ('0I111.1IPI'('inll,\' 81]('('ps:-;-I',,1 L'l'quil'P;'; :l I'lll hl'l'spp('illl
iz('(llnbol' SlI pply, :\('('(>88ibl(' slands Oil fa "Oi'Hhip (opogl'H phy, Hl1d SlI il
nbl(' 11l:u'ln·ts, At titp PI'(,:;plI.l stagp of' c\p\,ploj)lIIpl1l. ('011 I1Il('I'(,jul 
thinning' is n 11 III J'giI1HI opl'I'alion, pHJ'ti('ulul'!y if Hpplipd 10 ,,'oung 
stl1ll<l!' ",hp]'p il ('Hn do thp 11l0st good ill 11H' IOllg I'lIn, ,\s !-'Iwh, it l'l'

quil'l'!' ('uJ'(;':f'u\ ol'gunizatioll. aud nil-Pillion 1"0 <ll'lail!', Tilt' 1110Ht SlIC'('PSS
Jul jObH al'p (host' Ihat HI'P k('pt small and HI'P oIH'I'alp(1 \\'.iJh Silllph', 
in(lxpPIH~i,'(' pquipJllPJ1L 

TY]lp oJ equipJll('1lI- sho1lld Ill' gO\'PI'IH'cl by I Itp sland Ihilllwd and 
tllP pJ'otlnC'ls ['(l11l0,·ptl, HOI'st's Ita \'t, b('('11 f'oUJ1(I 1110St- l'lIkipnt JOI' 
skidding SII\:111 pl'odu('[s, alld Il'adol's fOl' IHl'gP (ll'oclll('fB. with ('011

sidpl'nbll' o,'p)'lnpping Wltl'I'P pit hpl' mH,\' ill' IIHe'd, (/PIH'll(lil1g 011 :f'aC'tOI'H 
ot her I hau Il'pp sizp, Highly ll1ouih· loudl'I's u I'l' I'Pqu iI'NI, Thp,\' lIlust 
be inl'x (Jl'll!'i w, lIull'SS I Ill' tltilllling ('UII bp ol'ganizpcl to pPI'I11it OIPil' 
l'onlinuOllS mil'. I\'illt 1'('slJllUl11 Itigh pt'oc1u('tiOI1, Tl'u('];:s,likl'wisp, 
llP('(l to bE' lIlillzpc1 al 01' IlPUI' c'npa('ity to 1{{'E'p high lixptl c'ltal'gps at 
a minil1111111 Pl')' unit "(JIlIlIl(', ' 

SmalI. f:I('xiblp. eon( I'ad (')'P\\,S lU'P l)('sl- fol' C'Ollllll('I'('ial IhilllliJlg. 
PI'OPP], ('J'P\\' OI'gnnizllt ion ('all do HindI tOW:ll'(\ llOldillg eosls nt a 
j'Ptlsonablp 1pn'1. . 

Ht'('OnlllIPIHlpcl thinllillg follows no l'1n;:si('u1 sil\'iculiul'nI 1ll1'1hoc1, 
BpeallsP onlysnln_bl(' 11'('C's al'p 1'(,1110\'('(1 ill ('Olllll1PI,(,lal tllillllinp:, fill' 
10\\,('1' .limit of mPI'('hunlabilil,' will fil'st of nll c\('tt'l'lllillP Ill(> kind 0'1' 
tltilllling, Seeolllll:\', fltp situic1 itspH'-\\'lwtitl'l' OL' not- I'elt'alwd t I'P(,H 
\riLI reHpond willI i1l('I'p:lS('(\ P:I'()",l!t-PXPITisps ('outrol. H slamls ar(' 
thillned:tH soon as th,p lal'gPH{ (I'P('S I.'Plt('h ('0I111l1PI'('iul Hi%l'. a spleC'li(\il 
I hillilillg \Yill btl j'Ptlsiblt" jll'o"idNl thai {]w :'iiancl is ,\'0l.1llp: and 1'l" 
spollsiw, III slnllcls of Ilw(\imn nge, (,I'o\\'n t!tillning is tll'siJ'uhle and 
IIlH \' bp PI'tH'! i('p{l if l Ill' (l'lWS a\'[I ila bl(' fo)' C'lI.iting a 1'(' 0:1' 1I1PI'du111tablp 
Hil,l~, III old slands. OIl]Y a low thillning is sih'icultlll'all,\' desirablp, 
and till' pOHsibilifips -1'01' ('olllnH'J'('ia1 thinning dppt'l1cl 011 the llIHt'kp(
ubilit,\' of (1'('ps in tlip s1I1>\>I'('SSNI Hncl iutpl'llwc1iatp el'OWI1 ('lasses, 
;)Ial'king gllidpH lU'P j>l'eHPlltt><"I lhat will ]ll'o"idp lOl' su(,h n sC'qnpJH'P 
of th.illnillg 111etho([:;, 

Dpsil'nblp I'OIUJlll' to l'plI1(),'e~()l' tOI'l'SPJ'\'C'-c'allnot bp ('att>~!.'Ol'i
('nlly sppeifiecl b(,(':H1S(, 1.11(' killll of fitand fo ,b(' Ihilllll'c1 pxel'('ises :'iO 
1I111l'h (,OIdTol, and H1::;0 bp('H liSP It<lp(luat-p (lXpel'lplH'P da ta lin "P not bppll 
l11'('Unlulntpd, In p:pnl'I'td, tt 1I111('it 10\\'('I'1('\'(>1 0-1' growing sto('k may be 
nHlintaillPd in contillllOlIHI" tltinllpd s{an([s Ihall ill unthinupc1, 

Fl'eqllPIH',r of thinning i;1 youug sland::; HllOUld bl' n'l~ltp~l to tIll' ('u
pu city oJ t I'ep (:1.'0\\,118 to tl bsol'lJ nl'w room, In general, ill ullllllgS sholll c1 
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be madeever,Y :3 to 1) .real'S. 111 older slallds the .interval ('all be 
lell~thened, b~tI· it should be shor·t ellough to per·.Ulit nHlxillllun sHlva~e 
of mortality. :First Ih.illllillgs are Ol·diruu·.ily hett\'iel' thm} secoJ1Cl H.nd 
.laler thiull illgs. 

In the. absence of (dais extending over long periods, .long-term 
fina.ncial effects of thinuing are d.rtuitlly unknown. Heasonable hy
potheses of wlmt. thinning should accomplish cornbinecl with wlml 
little eXl)erienee data are Hvailable, howcn;r', are used to project yield" 
and values. These projecf'iol1sinc1icale I'lmlfinallcial advHutages fr'OIll 
thilUling, ill ndd.ition to increased tota] yieJcls. Cost expeL'iellce shows 
that well·conducted {hillllin~ opel'Htiolls can also be a:soul'ee of 1m
mecliltte income to the £or'('st oll'n('1'. 
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APPENDIX 

Xon;: ltulit' 11111111)(,'1';; In pllr('nthpSPR ill flJotll()h~s to f'h~~ blbipli Oil the f()llowill/:, / 
pug('", rt'f('l' to S(lUl'('e nIatcI'ialliste!l fill plige I2'}, 

The. 20 I tlbles preHClII('c\ shonlll be helpful to anyone managing 
youJlg-growlh Douglas-fil' timbcl', Other than compilation of tables 
17 and :{O and the speeifieations for fore.st products, no origillal work 
is ill\-oh-('d, dthough some I'cvisionsilayc been made, 

Most of the tabl('s al'e se]f-exp!tlllalot'y, but the \IPplication of sev
eral lIlay I'eqllirc e1al'ifiealion, Tnblcs 24--2(; shol'teut tl'c('-,'oll1lne 
estimation t"lll'o\lgh ('li.minatioll of the height Vlu'iable, aud should 
IJI'O\'(' IIscful whcrc t I'ce height dl'f'el'HlinaLioll is IIot pl':ldicable. 
Table :!/ gi \'(~s ('ubie VOhlll1(, (d t L'l'C segmcnts lying bl'lwcl'n sC\'era! 
l1lininlllln lop dianlef'cl' limits no\\' ('\lIIlnlonly obselTed. It should 
fa<:ilitate ('stilllatioll of additional production through improved 
Iltilization l)I'a('t ic(', 'fable:!D iI1ustl'atrs the large ditl'el'ences that 
often llC'C'l'lIe between IOllg anel short' logs sealed by the Sel'ibnel' rule. 
Tabl(' :3:3 gives gross and Ilet yields, and mOl'talil',y in cubi(, fcet and 
board feet of stands by sit'e (')ass('s. GI'O~S figures /!in· a elosel' ap
proximation of ('ornIllPI'('ial yields, where thinning is consistently 
pl'aeti('('(1. than do Ilet figul'es, 

The IlUlllbcl', and tit'll', of the:20 tables arc as follows: 
7'nbh.' Sf}. 'J'ilh' l'dll" 

17 1'('I'tillellt dula ('on(,('rllillg thillnillg )Jl'IIjI'C'Il, II)<;(~I to illni<t:ratt' IIIUII-
IHI111, 1'"'qllirt'lIIpnt,,, ('oHfH, alit! I'I;'IIII'IIH ill lahll'H So ]-1, and 1:1..___ 1}7

1A Bourll-foot ('nnt('ltl~ uf logs H to :t! f('l't 10111,1'___ .. _________________ !JS 
In ('lIhi!' '-01\1111(' (Jf ~'I)\IIl;::;-growlh l)ouglaH-IiI' ITl'PS bl' (liallll't~\r HI III

total heighL__________--__________________ ___________________ 100 

2(1 Uour(i-foot \'01 tIl II (' of ~'otlllg-Il'rowth Douglas-lit' tl'N'!'; by Iliallle!p,' 

a 1111 tola I hpight: (Int('I')la liollal 1!J -inelt I,e)'f: Hi-fuot: logH) ______ ] 02 


21 Board-foot \'0111111(' (If yOllllg-growth Douglai;-fit' I reps hy diallll'll'r 

allll t'olal Iwight (~('I'ihll('I' I'ule: 1(;-foot log;;) ______ .-_________ 10:: 


22 BUlInl-fool' \'()IIlIIlt' of ~'IHlIll.!;-ll'l'()wth DOIIUlas-1il' tn'l~s by flll'lIl ('\aH:':,

d ialllPl('r, IltHI 1(1;.( IplIl,;'lll (Sc'riiJlIl'I' 1'1111') _______________ ______ ] Q.} 


2:\ ('ord ,'oIUIII(' of; SOllllg-gl'owlh Douglas-til' trl'I!S h,l' dialllPh'r alit!
tota I heighL__________._______ _______________ _________________ 10;; 

2-l. Cuhi('-fnot "olllllt('i; of ),oullg-gl'owlh Douglas-lit' trl'('S by (\.lUI, alld 


~t:lllll a~(' for "ilt' ('\a:,::,:('", 1I, III, aud 1\'_ ..... ___________________ lOti 

2;:; Board-foIl! v\)llInIPS of Yllllllg-grf)wtlt Douglas-th' trl'Pi; h>' d,h,h, 


1111(1 stand ag(' fol' ;;ite das,;(')<; .II, .1 II, and 1\' (Illtpl'IUltional

rl1l(' 1,4-1n('11 k('rl') ______ ., _____ '-_______________________________ 10S 

20 Bourd-foot yoltlllH'S of young-growth Douglus-tir trees by d,h,h, 

HIlII stand age. (01' silt' tlusi<e.i! 1.[, HI, and I\' (Sl'rihn(!l' rule) ____ 110 


27 Cuhie-font ('on tents of Douglas-fir tl'pes between s(ledtied top (liam
eters by <1,h,h, of tr('{~____________--__ .________________________ 112 


28 Yo111luC e(lllil':t\elltf; 1'01' a slac!,ed ('01'(1 of 8-foot J)Ollghls-fir pulp
wood hy 1I,'el'age holt <1ialll('lt')'________________________________ IJ;{ 


21) Pen'cntllge ill\'t't'UiiC in scaled \'oL\1IlIe \\' hen Loug logs Ill'e ll\\('ked

und scalt'd as t.wo short; logs__________________________________ II.} 


95 
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I'/lgePubIc Nu. 7'It!c 

39 BO/lrtl-foot/cubie-foot ralio:;; for yonng-growth Douglas-tlr logs _____ 115 

31 Bonrti-foot/cubk-footratios for Douglas-lir trees__~_____________ 115 

32 Weighl/:! of sele('h!d )lrudllct<; from YollDg-gJ~owth Dougills-tlr______ 116 

3:l Yielllper ncre of young-growth l)uuglas-tir Oil sites 11, 111, and IV_ 117 

~1-l l'ercellt O\'errun by lug dimueter frolll young-growth Douglas-lir logs 


of selected lcngtlu! (OJ: thn'e types of mill andt1\1"(~e log scnles ___ US 
35 Grude, rl'<"uyery from YOlmg-gl'owth Douglas-fir logs in -[lCreellt. ofgreen chitin tally________..___________________________________ 119 

36 Single bltrk thickness at ynrious height:;; in younl;-growUI Douglasfir trecs__________________________________________-----___ 120 
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TAllf"E l7.-Pertinent data conce1'ldng thinning projects ~t8(!cl to lllu8tmte 111 an-llOll l' 1'equh,(Jllwnts, ('osts, and retm'1t8 
in taoles 8, 14, and 15 

I 
Boord·foOL "01· Cubic·foOL vol· Per- D.h.h. cul trees 
tuno removed umc rernol"cll ~nt

Projert !!nd locution Stund Site DUtl'of ,Ar(lll Products Skidding of mi· Remarks-ugl~ clllss thinning thinnvlI uu..ldiulll UJ11C
1'otol Perncre 'rotnl Per nere re· Average 1\Ilni· 

mO"~d lIlum-_._- b 
0 
a::ATM. .IT btl. .\1 rIt.

l'ears ..Ierr. fl· fl. ft. CII·ft. Illches Illches a:: 
Voight Cr('llk Expt. Fore~l, 40 1951-57 t'!lIJl 175 Saw logs, Horse••••• .- ------ --------- 0:3 250-1,800 ~39 8. &-13. 2 6 10 sepnrnte jobs. ::tI
Pierce C?unty, ,,',lsh. pulpwood, n
. 

poles, etc. 
Hemlock ExpL. Forest, Grnys 5() III H155-,5Q 5(} PulJlwood, •••••do••••• ---- .. - ... <0.- ..... ----- 33 6(00 8 10.0 5 Western hem· ~ 

!lurbor County, Wush. stl\\-Iogs (8 lock forest .-3 
ft.). type; 2 sepo· tSrnte Jobs. 

Cowlehlln Lilke };xpt. Forcst, 5(} If 1951-52 5(} Horses••_.SUI\' logs ...... 69S 14.0 l:i4 2,684 39 10.2 i §

Vuncou\'('r IsI:lnd, British Co· .... 

lumblu. . 0 

Z 

McCleury Expt. Forest, Groy.s 1i5 II 1951-55 200 SUII' logs (\(\ .. 1'rtlclor___ 885 2.~Ii.O .... ..... .. --_.... _---- 11 15. i 9 5 scparntnJobs; 
, Burbor County, Wush. 

~ -~ 

0;12 fcet), pulpwood nil ':oJpulpwood. alder. 
~ 

Hood Cunul Expt. Forest, Kit- ns III 1053 IOn Saw .logs...... . ~_ •____ do •• ___ 4:10 4.4 .-_.... -- ...... _-..._- .. - 10 15.5 11 t::I 
sup County, 'Vnsh. 0 

Dig Creek, Sno'lufllrniaNnUonal 70 Ii 105(}-51 !lO .._..do____•.• __ Horses, 659 7.a -.... --- ........_- .. - .. -- ;:.;- ' 13.8 II g 
1-'orp.st, I.ewis County, Wush. truetor. 

Mt. Walker, Olympic Nutionnl 75 .m 194~Sl __••.do____••___ ... __do_. __. ~ 83 370 4.3 .. ------ ... --------_ .. 16 1:1.5 \0 Smull trees [fl
)forest, Jefferson County, Imarked for '-::I
Wush. ....poles were uti  ::tI 

lized as suw 
logs, 

Foil Creck, Wlllnmette Nution- !lO In 1948-49 69 •____do___....__ 'I'rnetor••• 6.11 11.1 ------- --- ..... _----- 19 16.1 12 .-. 
01 Forest, Lune County, Oreg. 

Wind River Expt. Forest, Gif- 110 1951-5:1 •III 113 .....do......... .....do____ 768 6.8 ------- ----------.. 12 19.4 10 40 arres wns 11 sec· 

ford Pinchot Nutfonnl Forest, 
 and thinnil)g. 

Sknmnnln County, Wnsh. 
 eoI r 

.--- --- -_. ~ 

http:1-'orp.st
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TABLE 18.-Boai'd-foof. content8 oflog.~ 8 to;]g feet long ,\ 

-'8 
t'j 

~ 

Top d.i.b. (inches) 

8 

SCRIBNER RlTLE I 

10 12 14 16 

~ 

I_Cligth of log in feet 

18 20 22 
--------1-----------1--1---1--1 

24 26 28 
1--1--1 

30 B2 

,.;0
0 
>
t' 

=' t:l. 
t' 
~. 
003 

6___________________ _ 
7 ___________________ _ 
8 ___________________ _ 
9___________________ _ 
10__________________ _ 

Bd. ft. 
6 

10 
15 
21 
28 

Bd.JI. 
8 

13 
19 
26 
34 

Bd·ft. 
9 

16 
23 
31 
41 

Bd·fl. 
11 
18 
27 
37 
48 

Bd·ft. 
12 
21 
31 
42 
55 

Bd·ft. 
14 
23 
34 
47 
62 

Bd·fl. 
16 
26 
a8 
52 
69 

Bd. ft. 
17 
28. 
4.2 
58 
76 

~-Bd. fl. 
19 
31 
46 
63 
82 

Bd·fl. 
20 
a4 
50 
68 
89 

Bd·ft. 
22 
36 
53 
73 
96 

Bd·fl. 
23 
39 
57 
79 

103 

Bd.ft. c 
25 
4.1 
61 
84 

110 

52 
.... 
g;--~;
~Q.. '\i 

t:l 

11_12__________________ _ 
13__________________ _ 
14 __________________ _
15 __________________ _ 

16 __________________ _ 
17 __________________ _ 
18__ • _______________ _ 
19__________________ _ 
20__________________ _ 

21 __________________ _ 
22 __________________ _ za _______________ -__ _ 
24 __________________ _ 

35 
43 
52 
Gl 
72 

83 
95 

108 
122 
136 

151 
1.67 
184 
202 

43 
54 
65 
77 
90 

104 
119 
135 
152 
liO 

189 
209 
2:30 
252 

52 
64 
78 
92 

108 

125 
143 
162 
182 
204. 

2'1-,
251 
276 
302 

61 
75 
91 

107 
126 

145 
HI7 
189 
213 
238 

265 
293 
3'1'1 
~-

:353 

70 
86 

104 
123 
144 

166 
190 
216 
243 
2i? 

302 
3:34 
368 
40a 

78 
96 

116 
138 
162 

187 
214 
243 
274 
306 

340 
376 
414 
453 

87 
107 
129 
154 
180 

208 
238 
270 
304 
340 

378 
418 
460 
504 

96 
118 
142 
169 
198 

229 
262 
297 
334 
374 

416 
460 
506 
554 

104 
129 
155 
184 
216 

249 
285 
324 
a65 
408 

454 
502 
552 
605 

na 
139 
168 
200 
234 

270 
309 
351 
395 
442 

4.91 
543 
598 
655 

122 
150 
181 
215 
252 

291 
:3:33 
378 
426 
476 

529 

585\644 
705 

130 
161 

/:,c;194 
230 
270 

312 
:357 
405 
456 
510 

567 
627 
690 
756 

139 
172 
207 
246 
288 

332 
381 
432 
'486 
54.4 

605 
669 
7:36 
806 

~ 
.~ 

.t§.
003 
. 
o 
I2j 

>
<:) 

is c 

~ 
~ 



INTERNA'rlOKU, HULl'} UHNCn KEHF)' .... 
6 ____________________ ,0. , 

7____________ ," ______ 8 10 13 16 19 23 I 81 86 41 46 52 .,8____________________ 12 15 19 271 ,24 28 33 :38 44, 50 fj7 M i1 ,9____________________ li 22 27 33 39 45 52 60 67 '76 84 94 l(10___________________ 22 29 36 43 51 59 68 77 87 97 108 119 l~·29 38 46 56 65 75 86 97 109 121 184 148 ~( 211 ___________________ 

12 ___________________ 36 46 57 68 80 92 105 119 183 g
U8 163 179 H13 ___________________ 44 56 69 83 97 112 127 143 160 177 195 21414 ___________________ 53 68 83 99 115 133 151 169 

2~ 3 a::.188 208 229 251 ~.2i 315___________________ 68 80 98 117 136 156 176 198 220 243 267 291 81 6 t'j73 93 114 135 157 180 204 229 =:I254 280 307 335 3{16___________________ C....
17___________________ 84 108 131 156 181 207 234 262 290 320 350 >381 41 t"'18___________________ 96 122 149 177 206 235' 265 296 328 361 395 430 4(i )19___________________ 109 139 169 200 232 265 299 334 369 406 1-3444 483 52 220 ___________________ 123 156 190 225 260 297 884 til373 41:5 454 495 538 58 1 ....137 174 211 250 290 331 372 415 458 504 549 596 q4 421 ___________________ ~' 
22 ___________________ 153 194 235 278 321 366 412 459 506 556 606 658 71o Z23 ___________________ 168 214 259 306 354 404 453 505 557 611 c665 722 77924___________________ 185 235 285 336 388 442 497 553 610203 257 311 368 424 

669 728 789 851 0483 542 604 665 729 793 859 92 ":l6 
l:I 

I Source: Table 2, The Formula Scribner Log Rule (A9). Formula, 16 ft. log: V=0.79D2_2D-4, 0 
~ 2 Formula for 4-foot section: (J.905(O.22D2-0.71D). Taper allowance Hinch per 4 lineal fect. C 
f; 
rJ], 
":l .... 
;tI 
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TABTjE 19.-C'ltbic volwne of young-gl'owth Douglas-fir tl'ees by diameter and totallteight 1 .? 

~ 
Tobl hcight of trce in feet ~ 

D.b.h. t:)
(inchc,;) t=rJ 

40 50 60 70 80 90 100 110 120 1:30 140 150 160 170 '"d30 
!"' 
o

Cll. fl. Cu·ft. Cu·fl. Cu. it. Cu. It. C1!. .n. C1t. ft. Cu·fl. Cu. ll. C,t. ft. Cn·ft. Clio It. CII. fl. Cu. fi. Ott.fl. "=j6 ______ 1.9 2.7 3. 4 4.1 4.8 5. 6 ~ ... ~---
7______ 3.0 4. 0 5.1 6.0 7.1 8. 3 ---,...--- ----- -- ------- ------- --_ .. _- .... ..... - - .... ~--"' .. "'- ,..---~-- ""_ .... _-- ~8_____ 3. 1 5.4 6. 8 8. 0 9. 5 11.1 12. 1 13. 2 14.6 16.0 ----_ .. - ......... -_ ...... ... - ... - .. - .. -- ... ---- .. _---
9______ 5. 3 7.1 8.7 10.4 12.3 14.1 15.4 16. 9 18.7 20.4 _.... _--.-- -_ ... --..- .., ------- _... _---- ------ ~ 

,", 
10_____ 6. 6 8.7 10.6 12. 9 15. 1 17.2 18. S 20.7 22. 9 24.8 27.3 .. _.. --- ... __ ... _-- ... ------ '--..,--

11 _____ 8.1 10.7 13.0 15.7 18.2 20.5 22. 8 25.0 27.9 30.2 33.0 --- -- ...... --- ---- ------- ------ ~ 12_____ 9.7 12.6 15.5 18.6 21. 3 24.3 26. 6 29. 4 32. 9 35.7 38. 7 42. 2 46. 0 -----_ ... - .... -,-- l:I2 
13_____ t=rJ11. 2 14.7 18.0 21. 7 24.9 28. 5 31. 4 34. 7 38. 3 ~U. 8 45. 2 49. 3 53. 6 ------- ---- ... 
14 _____ 12.8 16.8 20.6 24. 8 28. 6 32. 8 36. 3 40.0 43.6 48.0 51. 8 56. 4 61. 2 65. 8 70.0 
15 _____ 74.4 79. 719.2 23. 5 28. 1 32. 7 37.8 41. 5 45. 6 49. 4 54. 5 58. 6 64. 1 69. 4 



;;... :.. 
"; 
(~: 

·6__ - __ 31. 5 36. 8 46.. 7 51. 2 55.2 Ill. 0 65.5 71. 8 77.7 83.0 89. 4 
21. 6 26. 5 41. 91 92. 5 99. 7:7. ____ ... ------ 46.5 51. 9 57. 2 61. 4 67.5 72. 7 79. 9 86.8

29.6 35.3 41. 0 ... ------ ... ------ 63. 3 67. 7 74 80 88 96 102 110
1.8 _____ 32. 8 39. 2 45.2· 51. 2 57.1 112 121L9 _____ ..... ,----- ------- 56.2 1l2.5 69. 2 74.1 81 88 96 105

36. 1 43.1 49.7 105 114 123 133!O _____ ------- -------
39.5 47.0 54.2 61. 2 67.9 75.1 80. 6 88 96 

. ------ ------
.1 _____ 81. 0 87.3 96 104 113 123 133 143 
). 50.9 58.8 66.4 73. 643. 2 154...... _---- ------- 103 112 121 133 144!2 _____ 71. 6 79. 3 86.9 9447. 0 54. 8 63.5 6-- ... --_ ... -------- ... 129 141 153 165!3 _____ ,59.1 68. 3 76.7 85. 1 92. 5 100 110 119 o .... --- ...... ----- ..... -----~ .. 117 126 137 150 163 177 
~4.__ - __ 63.5 73.. 2 81. 9 91. 0 98. 2 107 ~ _...... --- ... -""'-,.. ... ~ 160 174 18825 _____ ----_ ... - 114 124 134 145 ~'87.3 97 105----- ... - --_ .... -.. ---_ ..... - -,..----"" ""- ... ----- to:2 

154 170 185 200 ::l:l112 121 131 14226. ____ -----+- ------- ---,.. ........ - -...... ~- ~.--""-- .. 92.8 103 195 212 Q
27 _____ 108 119 128 139 150 163 179 --_ .. ,.. .. ., ........... -_ ...
.. ---_ .... - ---~- ...... 
.... 

------- ... ------ 159 172 189 206 224,28 _____ 126 136 147 ~ -----_ ... ----- ... - -- ........... - _... --_ .... - - ... ---- .. ------- 113 
143 154 167 181 199 217 236 '.


29 __ . __ .. - ... __ ... --- -... ----- ... ------ ------- 120 132 830 _____ ... -_ .... -... ------ 128 139 150 161 175 190 209 228 248 
...... _---- .. ". ...... _"'- ... ------ "' ... ----"" ... _----- ,..---- ... - Ill' 

~ . §
I Source: Table 5, Volume Tables for Pacific Northwest Trees (a compilaUon) (A4). Volumes are stem volumes, exclusive of b:lrk 

and limb, between stump and 4-inch top d.Lb. Stump height eqllal to d.b.h. with a maximum of 24 inches. ~ 
o 
"'j 

~ g 
~ rn 
.l:t... 
~ 

~ 
o 
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TABLE 20.-Board-foot volume of YOltng-gl'owth Douglas-fir treeJt by diameter a11d totallteigM 
~(Inte1'1Ultiollal 1/.L-inck -kerfi .16-foot ZogIJl) ~ 
i3 

Total height of tree in feet 1-3 0t;ojD.b.h. 
(inches) 

30 40 50 60 70 80 90 100 110 120 130 140 150 160 170' ~ 
t=3 
> 

Btl. ft. Bd·ft. Bd·ft. Bd. ft. Bd. ft. Bd·ft. Bd·ft. Bd·ft. Bd·ft. Bd·ft. Bd·ft. Bd·ft. Bd·ft. Bd. ft. Bd.ft. ~ 
8______ 

_____ 13 17 25 33 40 50 57 67 75 -... ----,~ .. _----- ... ------ --- --_ ... _... ,..--- til 
9~ 16 24 35 44 69 93 115 c::l10_____ 54 80 104 --_ .. _-' "'------- t"'-----_ ... 31 44 57 72 88 103 119 134 151 167 -----_ .. t"' 

t;oj
lL ____ 1-340 53 70 90 109 128 147 169 189 ....12 _____ ------ 209 .. _-- ... -- ... _----- ... -- ---- ---- -- Z ... _--- ... - 48 67 87 108 131 153 176 203 230 255 28413_____ ... ------ ------- --------- -- ... 57 80 101 128 157 183 212 240 269 300 334 37214____ " ------- -----

... _,----- .. ------ 92 119 148 180 214 245 277 310 348 386 432 472 -r.;
15_____ ------ ~ .. ---- ... - ------- ... ------ 138 169 207 242 280 3Hi 352 395 437 490 533 ------ ? 
16. ____ 

---,---- --- .... _-- ... ------ 157 191 233 272 314 354 395 444 491 551 596 c::l17. ____ -----
------- ... -_ ... - ... - ------- 177 213 260 303 348 394 441 493 548 611 662 73418_____ 1P 

19_____ ... ------ -- ..... --- ... _----- -_ ... - ... -- 237 289 334 383 435 486 546 605 673 732 806 
----- ..... --- .-.,.- ...------ -... 259 314 365 419 475 529 594 662 733 799 879 

t;oj----~20 ___ .. 
~ 

~ ... -.......... ~ '.. -,.. .". .. --_ ....... -- ..... --.,.-,. ~ ..... '- -... 340 398 456 519 578 647 720 796 874 959 
 ~ 

!"32L ____ .. _--- ... --_ ........ - --- ... --- ------ ..... 
.. _-_ ... _- ----- ... - 432 495 561 625 699 779 862 950 1,040
22. ____ .. --- ... _- ... --" -_ ... ....... - ... _-- ------- ... _--- -- _.... _--- ... 468 535 605 674 752 839 928 1,028 1,123 0
23 _____ ".l .. -- ... -.. - -- ... _... --- ... ------ --_ ... _- .... .. _----- ------- 504 574 649 720 805 900 995 1, 102 1,20624. ___ .

25 _____ .. ---- ... - -.",--- ... -,..- ,.. -- .. --.- ... ---- ... - ... ------ 540 614 693 769 861 961 1,063 1,181 1, 291 0
> 

---_ ... _- ---"---
~.--

577 656 738 819 915 1,024 1,135 1,257 1,377 ::tI ....26 _____ 0 
27 _____ -... _---- ._----- --- _.. -.- ...... - ..... - .. -----'- ----_ ... 616 699 784 871 971 1,090 1,207 1,338 1,463 c::l 
28 _____ '"'------ ""------ --- ............ --_ .. _-- ------- ------- 657 744 833 924 1,031 1, 157 1,283 1;420 1,553 ~ 


k _____ "" _... - ..... 789 883 981 1,093 1,224 1,361 1,503 1,648 1-3 
29 _____ ------'" ... '"----.,. ----- .... - "'------ ... -- -- -... c::l ----- .. - ............. ~- ----- ... - _... _---, .. .. ---- ... - - ... ----- ----_ .. ,. ------- 938 1,040 1, 157 1,294 1,443 1,590 1,744 ::tI
30_ _ _. t:;j

~_ -... -~- .. - .............. -- ~ .. - --- -... - ~ .. - ... t< ... - .. _-- .. ----- ..... ., ... - .... _.. 991 1,098 1,221 1,364 1,526 1,673 1, 839 

--~-----.---...-.~-..--  '---

I Source: Table 10, Volume Tables for Pacific Northwest Trees (a compilation) (..44). Volumes are gross and exclude (1) top above 
6 irwhes d.i.b., (2) a 1.5-foot stump, and (3) a 0.3-foot trimming allowance for each 16-foot Jog. 



. ~ 

l\\IH.£ 21.-Boal'd-foot volume of young-g1'owth Douglas-fir t1'ee8 by diameter (t1l(Z total height 
(8cribne1' ?·/tlej 16-foot logs)1. 

Total height of tree in feet 
D.h.h. (inches) 

50 60 70 80 90 100 ltO 120 .130 140 150 160 170 
(":I 

"------ 0 

Bd. ft. Bd. ft. BrI. ft. Bd. jt. BrI. ft. Bd. ft. Bd. fl. Bd. ft. Bd·ft. Bd. ft. Bd·ft. Bd·ft. Bel. ft. ~ 10___________________ t'j'23 28 33 37 41 44 ..,---...,-- ------- --<--..--- ------- ------- ------- ------- :;tl,
11 ___________________ (":I' 

12___________________ 30 43 55 63 69 73 -'-'----- -... ---- .... -----_ .... ------- ------- ------- --,----- ->
13___________________ a2 50 69 87 105 124 140 155 176 196 225 ... ------ ... ------ ,t" 
14___________________ 39 61 8:3 107 130 150 170 190 212 238 270 ... ------ -_... ---- ,..;??15______________ ____ 47 74 101 129 155 175 201 --;) 252 282 318 354 ------~ ~ 

1,·------ 88 118 148 i80 207 2:l3 262 200 32·1 364 410 ... ----- ~ 16. __________________ Z
]7. _________________ ----- ... 102 186 170 205 285 265 296 330 368 410 466 ------ .... 

18. __________________ ...... -..... 115 154 Hl8 230 263 296 331 370 412 460 522 584 -Z 
c

19 ___________________ .. 
~ --_ ......... ",,--- ... -- 174 215 257 294 329 :367 410 460 510 580 640 


564 640 7JO20 ___________________ .. --"'- ....... .. -... ---- 192 2an 283 :,25 36:3 403 450 508 0 

~--.., ....... ,.. .... -.... ,.- 213 262 :311 355 a97 ,140 ·HH 558 618 694 774 

21 ___________________ e 
~ ... ..- ... _... -- - "" ......... _-- 285 838 388 438 480 5a8 608 676 754 844 C 

---~-

'J?23 ___________________ ---- -~ .. -<>--*"",,,,,, .. ...... -~- ..... 309 367 420 ·170 520 584 658 732 820 914 g
--~-----»-------~---- "" --_ .... _.. .... - .. - ..... -"'-" ........ :397 455 507 562 U30 708 788 882 986 t"
24. __________________ ~-- ... --

.. -.... ---- ...... -.... - - .... -,,--- -.. _- ... - 426 489 545 607 676 758 848 950 1,058 >'25 __________ ------ ___ cr. 
~... -.......... 

~ 

458 524 584 648 724 8tl 909 I,OL8 1, 13~ 

¥ ..... --- 

... .., -.... ---""""-- ~ 
26 ••• ________________ ;:::!, 

~ -_ .. _....... 492 562 626 692 770 866 971 1,088 1,210 
-"'-~'" "27 _____________ : _____ -..... -.. - ... -----'-

52·~ 598 666 728 821 920 1,0340 1, 158 1,28728___________________ 
___ ,,_ ... w29___________________ ~ -.......... - ... __ ......... - .. __ ... _-- ------'" 638 708 782 870 975 1,096 1,230 1,368 

30 ___________________ ... '--" -_ ... .. ... -_ ...... - .. _----- --- .... --- ..... -... -..... 674 750 828 920 I,Oa2 1,162 1,304 1,450 
-.... ---- '" -- .. -- ... .. --..o .. _.. ....... -.... ,..,.. ..... _---- 712 792 876 972 1, 088 1,228 1,379 1,536 


I , ______2_____~ _____L___________~ ______~ 

..... 
I Source: Table 11, Volume Tables for Pacific Northwest Trees (a compilation) (A4). Volumes are gross, and exclude (1) top above o

8 inches d.i.b., (2) a 2-foot stump, and (3) a 0.3-foot trim allowance for each 16-foot log. c,:I 



..... 
o 
~ 

'rAJII,}] 22.-Bo(ml-joot rolllllle 1 of ;If()Ullg-gI'OIl'th Ihmrlla.v/z'r h'/'!f'8 bJ! form cla-88. 2 diameter, and. 
"'!log /f'ngtlt (8cl'ibnel' I'u/e) 	 M 

------------.-~------=---,.----.- ~ XlIllIbc',. of I G·foot logs l?ortn elliS:; and d.h.h. (inchc:;) ~ 
t"'----.-.. 2 I 3 I·' 5 -~~ 7 8 \) 
txl------------·I--~I-.-- j- .I~---I- Cl 

Form CIl\,,~ 7G: ~12. __ • ______________________________ _ Bd·ft. Bd·fl. Bd. fi. Hd·ft. 1M. fl. Btl. /1. Bel. fl. Bd. fl. Bd·ft. t'j
14 __________ • ____ • __ •• ______________ _ 40 70 110 ~ 

GO 90 140 I!)OHi. _._ ,_._ .... ________________ • _____ . ~ 18._ ___ •. ________________________ _ 	 90 120 180 240 , 310 
20 ____ 0 ________________________ •• __ ._ 150 230 310 I :380 

I ...
J80 270 370 ' ·1 GO 5UO c.>?'l 

8:30 450 570 G80 o 
~~::~:.::::::::::::::::=:::::::::::::: 	 ----- --- ... I2G _________________________ . ________ _ 	 410 550 G90 8:30 - __ Me -0- - ____ -1
28. __________________________________ _ 490 ()20 830 	 ~1,000
30. __________________ • 780 080 1.180 --i:380' --i:57id 1,770 fJl 

010 1.140 1. :370 1, GOO 1,830 2,OGO t:IForm Class 80:10______ • ___________________________ •. t'j

12 _ .. ___ . ___________ •. _____________ _ 30 '1:j 

14._. ________________________________ _ 	 50 I 80 120 ~ 
70 100 HIO 210 2UOIG _""' __ ._ ... ___ ._. __ • __ ._" __ ._._ 	 o 

18 ____ __ • __ . ___ ._ •••• ___________ _ 100 I;~O 200 270 3·W ~~=. :C::==~-	 ~ 
20______ . _______________________ • __ . IGO 250 340 420 >22 ___________________________________ _ 200 :100 410 510 -ti20 ~ 

____ . ______ ._._. _____ . _________ _ 380 510 640 770 .... ::c 
2~ 	

030 _______2G _____ . _______ •. __ •_____________ .. 400 620 780 a 
28 •. __ .. ___ . ___________ . ____ . ____ _ 550 740 930 1,120 1, 300 1,490 1, G~O 

Cl 
30 __ . ____________________ • _______ _ 870 1,090 1,320 1,5·10 1, 760 1, 980 ~ 

J, 020 1,270 1,530 1,780 2,0·JO 2,300 Cl 
Form Class 8·1: 	 ::c10. _____ . _________ . __________________ _ 

t'j
12___________________________ • ______ _ 30 00 1'-~~~130 ._-- .. -- ... 
14_______ _ _____________________ _ 	 GO 170 

80 110 170 230 2l)0 



n 

2!l0 370HL----------.,.-------.-------------".-l 4(iO ----550- -~=:::=:=~:~::: ::~:=:::110 140 \ 22018. ____ ••..••• _______________ •• _••• _....... ____ " 180 27.() 3(iO

20. _._", ____ • _______ • ________ .,. ___ .,..,..,.. ..,..,..... 220 3·10 4(i0 570 IiOO .,. .. _. _ .,..,. .,. - .. - ..• .,. " 
22.,. • .,. _• _.,. .,. .,. . _ .,. • __ • _ • .,. • .,. .,. __ .,. .,. __ •. .,. _ _.. .,. .,. .,. .,. .. .,. "20 570 710 860 .. ----_.- ------ .. 
2-1. _________ ._. ______ • ___ ._ •• -_".__ . .,. .•• _.. 510 000 800 1,050 1,220 1,400 1,570
20. ___ . ________________ •• ___ • ___ • __ .. .--_._._ 010 820 l,OaO 1,240 1,450 1,060 1,860 
28c •. _. _____ •• _______ - ______ • ____ • __ . ----- .. - (l70 1,210 1,460 1,710 1,050 2,200 

I, laO 1,410 1,700 1,9\)0 2,270 2,56030. __ ._. ___ •• __ • __ --------------- .-.- ---.  g
.:;: 

1 Source: Tables for cstimatillg bOllrcl-foot volume of trc('l;' in 10-foot logs (.'12). Table shows gross ,-olul11cs to a top diameter .~ 
that is 50 percent of the scaling dial11eter of the butt 10-fooL log, but 110t less than 8 inches. Values for lO-illch trees have been added. .t'j 

2 Form class is percentage ratio between the diameter inside b:H"k at top of first log and diameter outside bark at breast height of =::l 
9tree. 
~ 
-,..;;TA13U'} 23.-Conlllolwne of yonng-growth Doughl8-ft)' tree-8 by diameter and total height 1 

"trl..... z 
Total h('ight of trc(' in feet '~ 

zD.b.h. (inch.:!s) c:! 

100 110 120 130 140 J50 (!30 40 50 GO 70 o 
t:t;1I-~ 90 

r:::J 
Cords Cords Cords Cor,zs Corrl.~ Cords Cords Cords Cort1.~ Cords Cords Cords Corcl$ o

O___ ___________ - ___ 0.070 "_______
~~ -, --_ .... _.. ... -_ ..... --- --_ .... - ,- ... _--- .... - cl

,~,,, ~-8____________________ O. OU ,0. oa4 0.0·12 0.051 O. 060 ----- .... - c:! 
10 __________________ .05!:.: .008 .085 .100 . ]] 9 .139 0.151 ---'--- .... , ... _-_ .. - .. .. -- ............ ------

.081 .107 .Ial .151) . 186 .212 .232 0.259 O. 286 0.310 f;
12_______________ ._ 

. I!)l .22!l .26a .300 .828 .363 .406 .4·U ---_ ....... ------ .. If
14 __________________ . .120 .150 
. J56 .205 .25\. .302 .85a . ·105 .448 .494 .588 .598 0.640 0.On6 ~ 

16 _______ . __ • ____ •• _• .263 .328 .884 .449 .51l .570 .62·1 .673 .744 .799 .876 0.948. =::l
18. __________________ .. ' .. - ... --

. ·100 .478 .551 .624 .606 .772 .826 .902 .976 1. 070 L 171 
20._. ________________ --""--_ .. ..... -,..-_ .. 

.916 .983 I. 073 1. 171 1. 280 1. 3nO
22___________________ .......... -- ... - _.. ---- ... .482 .573 .061 .740 .828 


.006 . u()O .765 .8Ua . n55 1.0.J.7 l. la3 1. 241 1. :H9 1. 458 1. 602 
24 ___________________ --"" ... ---- -- - _.... - 1. 786.756 .871 .1)75 1. 083 1. 100 1.27-1 1. a9a L 500 1. Oal -- ......... -- - .. - .......... -------


I SO\lrce: Table 26, VO/lIllle Tables for Pacific Northwest Trees (a compilatioll) (.'14). Volulllcs arc 'item volumes including bark be- ~. 
tween stun'p and 11 4-inch top d.i.b. Stump height cqual to d.b.h. Cordwood as;;ull1cd to be cut in 8-foot lengths. ,~; 01 

1,'-J 



------

106 TECHNICAL .BULLETIN 1230) U.S. DEPT. OF AGRICULTURE 

TABIJE' 'lA.-{}ubia-foot 1Jo"u;tne.~ of yMtng-gl'o'Wth DOl(,glr,l.~-fii· tl'ee8 by 
d.h.It. and stand ((.ge for .~ite claiisesll, Ill, and IV 1 

Site cln.~s II (8.1. liO feet,) 

Stand age (years) 
D.b.h. 

(iIiches) 
ao 40 50 60 70 80 90 100 

Gu.fl. G11. fl. Gu ft. Gn. jl. C'It. jt. Gu. jt. Gu.. ft. OU. JI.6 ___________ 
7 ___________ 3. !l 4.6 4. !) 5. 0 ~ .... "" ... -,. -""---_ .. .... ...... -..- ... -..-~ -~-

8___________ 6.2 7. a 7.8 8. I - ,- .... -..... " ,. -....... ." '" -.""" ...... -.. ----- ...., 

9. 2 10. 5 11. a 11. 7 ...... -.. _. -. ...... _....... - " ... -..... - .. -- ........ !l._________ . 12.5 14.4 15.4 16.0 

- ... - .. 'j> ~to___ •______ .... -- --
16.4 18.8 20.2 21.0 21.4 21. 6 ........... -.... ... -----11_________ . 20. (j 28.8 25. (j 2{l.8 27.4 27. 7 ... --- ....... ... ---.--12 __________ 
25.2 29.4 31. 5 aa.2 a4. 0 34. 7 .... ... _.... la______ • __ . ------30.2 35. 4 38. 0 40. 0 41. ·1 42. :3 ...... -...... 

~ 

.... -... 14_____ • __ 
.15._________ 35. i 42. 0 45. I 47. 3 4!).2 50. a ..... -- -

-~ 

... ~-,... -.-- -'''' 

41.6 4!l.2 52. 7 55. 0 57. a 58.8 ............... .
~16_______ ._. 48. () 56.7 60.6 Ga. 6 66. J 68. 0 68.7 -'68:8
li_________ • 54. (j li4.7 (i!). 0 72.7 75. 4 77.8 79.0 7!). (i
1"8_________ . 61. 5 72. 8 77.7 82. ;{ 85. 5 88. 4 90. 1 !) 1. 0W__________ 

68.5 80.7 8(i. 7 !l2.5 1)6.2 100.1 101.8 102. 7 20.__ • ______ 75. (i 8!l.6 !)6. I 102.8 107.4 112.0 114. () 115.02L_______ •. 82. n !l8. 4 106. 0 I la. 5 118. !) 124.1 126.2 127.7 
22__ ..... _... _....... 
 \)0.0 107.7 110.0 124.5 130.5 136.3 138.7 140. 7 
23_____ • _'" ..... -.......... 117. a 12(j. 1 135. 7 142.0 148. i 151. 1 154.0
24_____ - ____ _.- ...... -... 127.0 136.5 146.8 154.1 161.1 164. :~ 167.6_a________ •.')- 137.0 14.7.0 158.8 167.0 174.4 178.0 181. a26__________ .... ----
_t ... ---- ..... 146. 8 158. 6 171.1 180. 2 188.1 192.2 l!)5.9
<)-________ •• 170.2 184.0 11)4. 0 202. 1 207. 0 211.4 
2!1__________ ... --- ... -- ------ .... 182.4. l!)7. 4 20i. 8 21(j. 7 222.2 228. 0 

.. ------ ------ ...28_________ • 

195. 1 210.8 221. 8 231. 2 238.5 245. 0 
30_. ___ •• _•. 

, ...--- .. -... .. _.. -.. 207. 8 224. !) 236.3 246. (i 255.2 262.4~ 

•• __r . _.-..",,~"~--~ 
Site cluss 1II (8.1. 140 feet,) 

6__ ~_____ .. a.lj 4.5 4. (i 4. 77 ________ ... .. _---_. .,.------- --- ...... "" - '5. 8 7. I 7. :l 7... 7.5 ..... _8__________ . -- ., ------- 
__ o. ,_8. :l 10.1 10. 5 10. 8 11. I -. .. ... ,.n________ ... JJ.4. 1a.4 14.0 14. 4 14.8 .. _ .. -- " -

~ 

10__________ .-- ." -
15.0 17. a 18. () 18.7 1!l. 3 .-. --. r .. _ .. ~ ... ""1 L ________ • ---- - -. 
18. i 21. 7 22. 7 23. (i 24.5 ---- ....... ... _-- ... -12_._______ • 22. i 26. 4 27.8 28. I) '30.0 :u.o :H. 613__________ ------
27.1 31. I) 33.4 84.8 36. () 37.4 38. 0 14.____ - ____ ------ ...
32.2 37. I) 3!l.5 41.4 43. 2 44. 8 45.5 45. 6 15__________ 
37.6 44.1 46. 0 48.8 50. H 52.4. 5a. 3 5a. 4 1,6._______ ._ 43. 5 50.8 52. !) 55.8 58.4 60.5 61. i 61. 9 17__________ 

57.4 no. 0 63.5 66. 4 68. I) 69.8 70.218__________ (i4. 4 67.6 71.7 74. 9 77.6 78.8 79. 4-- '"--"'"-I!)____ ••.•• 
- ... ~ ... '" il.2 75.3 80. 0 83.7 87.0 88.1 88.9

20.___ • 
~ 

- .. . 78.4 8a.•5 88. 8 92. I) 1)6.7 98.4 9l), 2 
~I_- .. 

~. 

~ ....... - - \ll. I) 97.9 102.4 106.7 108. 6 10!J. 822__ ,", __ , 100.4 107.2 112.1 117.0 1 J!). a 120.7 
2:L. .. IOn. a IHi. 1 122.0 127.5 1:.~0. 2 1:32.024 __ .. __ 

,- .- J 18. ,I 125.8 la2.0 138. 1 141.2 143. 2 
25___ .._." -. 135.5 142.2 14!l.0 152.4 154.8
26___ •.. _ -. . . . 145.5 153. ] lHO.5 W4. 4. 167.227_____ ..  155.8 J(i4. 0 172. 1 L7(i.7 171).828_____ --- -.. -_.- .

- - -. - W(i. 2 175.2 183.8 18!).O Hl2. 4 
29.. •. , .• ., ... " " --- ... _.... 187.0 11)6. I 201.4 205.2" -- --" -"ao_.. ____ --_.. -... ,-"- - . -- . .. -- .. , 1!J!J.5 2()8. 6 214.7 218.2 

-
See footnote n t: ()nti of tn \)11'. 
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TABLE 24.~Ottbic-loot 'VOlttme80f young-growth /Jougla8-ji?' t1'l3e8 by 
d.b.lt. a1ulstand age fol' site ola88esll, Ill, and IT' l-Continued 

Site class IV (S.l. 110 feet) 

Stand age (years) 
D.b.h. 


(Inches) 


(1--_____.____ 

7.___ •. '. _ 
8________ ... 
!L • ___ • _. 
10.____ ._._ _ 
1.L_____ .... 
12.. _____ -.. _ .. 
13 __________ .• 

30 

a. <I 
5. <\ 
7.8 

JO. 8 
14.1 

14.____ • ___ • _._____ 
lL_____ ... __ .. __ . 
16______________ •• " 
17__ ._- ___ ., '. __ .' 
J8._________ .. _____ _______ 
lH________ .... _____ .._____ 
20__• _____________ .. _______ 

40 

3.8 
n.1 
8.8 

12. 0 
15. Ii 
w.n 
2:1.7 
28.4 
33.2 
38.1 


_•• _._ 


50 

4. () 
n.3 
H.1 

12. :3 
Hi. 1 
20.2 
24.7 
2H.6 
34.!.l 
40.4 
47.2 
54.1 
61.2 
68.1 
75.1 

2L __ .- ••••• _. _________ • __ ._••• _ 
22____ •• _____ ._____ _______ _______ 
23_______ ..... ___________ •.• _•• _. 
24__ • _______ • _____________ .• ___ ._ 
25.______ •• " ,_..... _. ___ ." ..• _._ •. 
26 ______________ • ______ ." . _____ • __ • _________ ._ 128.!)
27___________ • ___ ............ ___ • _______ •. ___________ • 

60 70 

4. J 4.2 4. a 
6.5 (j.7 n.8 
H.3 H.6 9.8 

12. n 12. !l 13. 2 
.16.4 16.8 17.2 
20.8 21.!J 21.7 
25. Ii 2n.2 2!i.6 
30.8 :31. 7 32.1 
:m.7 37.4 37.9 
42.8 43.5 4.4.1 
49.4 50.2 50.8 
56.4 "07.2 57. H 
fiS.3 65. J64.:~ 

70.2 71. 4 72.5 
77.3 78.5 79.8 
84.5 86.1 87.5 
92.0 94.0 95.8 
90.7 102.0 104.3 

107.4. 110.0 112.6 
._. • • 120.4 

90 100 

___ ••• , , _____ _ 
--10:0" ---io~i 

la. 5 la. Ij 
17.5 17.8 
22.0 22.4 
27. J 27.6 
32. n 33.3 
38.5 39. :3 
45.0 45.7 
51. Q 52.5 
59.0 59.8 
66.4 67.3 
73.9 75.0 
81.4 82.8 
8H.4 !)1.0
97.8 99.5 

106.5 108.3 
115.3 117. I 
12:3.4 125.5 
132.2 134.4 

• 144.2 
28__ .. _. _____ ._. __ . _._. __ . ______ • ____ ._. ________ • _____ • _____ • 155.·1 
2\1__ •.• _. __ .• "_."' .• '_"" ______________ • __ • _________ • _. ___ • __ ._._._ ao..... ______ . _____ • ___ .. _. ____ . ____ ._'" __ ...___ . _____________ . _______ 

I Source: .Prepared from table 5, Volu.me 'l'ablc.~ for Pacific N orlhwest 'J'rees 
(114), using appropriate d.b.h., age, and sit.e class from Height Curves for Even
alTeel Slanels of Douglas-.fir (A8). Interpolated volumes curved by d.b.h. and 
age. Volumes are stem volumes, exclusive of bark and limbs, between stump 
and 4-inch top d.i.b. Stump height equal to d.b.h. with a maximum of 24.inehes. 
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T.~bLE 25.-,-Boa§d"fopt '/)oh61neS Of 1I01lng-(rt'owth Dmtglas-fir trees by 
<ld).lL. and stand aile 101' .yite cla8ses 1I, Ill, arullV (Inte1'national

'''Tlde%~inoh kerf) ~" 

Site class II (S.1. liO feet) 

" Stand age (years) 
D.h.h. ---- I(itiches) 

30 1''''' 40 50 60 70 10080E 
~ l 

\~ 8 __________ Ed. ft. ErLfl. Ed. fl. IN. ft. Bd. ft. Bd·fl. Bd. ft. Ed·ft."" 5.039!L. ________ 	 54 56 --... ---" 	 -.------ -... _---
10. ______ ...: __ 60 77 83 86 87 88 ...... _.. _-- ------
ll._~_______ 83 103 115"I ]24 ]27 130 ------- ------
12~...:________ 110 137 	 152 163 167 170 -----_ .. -... ----
13:.._________ 140 In 	 19a 207 215 220 227

118 2.14 238 25514__________ 	 265 272 280
200 261J5______ ___ 	 286 306 :118 330 a38~ 

," 	 16._________ 244 a09 3:38 :l62 378 a!)3 a97 ;3!l!) 
17_. _______ 282 :360 :396 423 443 460 465 4U8 
JS.____ 325 411 451 490 510 535 545 549369 470 511 56019__________ 	 585 610 624 6304]2 528 57720._. _______ 	 630 659 691 700 712400 5no2"1,,.,_ ._____ • 	 647 702 740 779 7no 805 
22._____ •___ 511 (i55 	 720 780 822 867 883 900 
2:3 ________ •. 561 72:1 795 851 1)10 958 980 1,000 
2-1._________ ... ----..,- 794 870 n47 I, 000 1,057 1,080 1,104 
25___ 86a 	 950 1,oa3 1,on5 1,156 1,18n 1,211 

.. -..... -.. 940 1,035 	 ],13026__________ ------- 1,195 1,260 ], :~OO I, 320 
27~_________ ----- ... - ],019 1, 120 1,224 J,294 l,a62 1,408 1,4:34
28__________ -.. -- ... -... -----..". ... 1, lOll ],324 1, a98 1,472 1,52a 1, .557 ... __ ......... , 2!l__________ -- ... ---- 1,301 1,429 ], 505 ],590 I, (HI 1, \380 ---- ... -.... ..... -_ ... _-- 1,398 1,531 1,620 1,710:30__ •____ ~ __ 	 1,761 1,810

----""'-- ------- ],490 ], 640 1,730 1,839 1,880 1, 940 

Site clllss III (S.I. ]40 feet) 

Stalld age (years) 
D.b.h. 

(inches) 

ao 40 50 
 60 70 !l0 100~j 

Hd. It. Bel. It. Bd·ft. Bel. ft. 	 Bd. ft. Bd. Ii. Bel·fl.8____ .:.~ __ •.• 	 Bel. ft.::14- 42 46 41) 	 51 519______ ----- 50 li8 79 
-... - ... -_ ... -- ... -.... ~ ...63 fa 	 8010___ ." _____ . 	 ... -.. _--- ------

__ ... __ 4 __] 1._________ 69 90 n6 102 IOU 112 ..90 	 120 ]2912___,,_- _____ 	 I:H 143 150 141l 150
13__________ 115 ]52 162 172 ]82 1\)0 I!l4 J!l5 
14__________ 143 ]88 200 21] 226 235 240 240 
15___ .. ______ 174 226 242 258 2i3 285 289 29:3208 267 288 306j 6.________ • 	 :.320 337 341 348245 308 3:3617__________ 	 354 372 31)2 400 40n 
18___ .;. ______ ------- 350 	 385 407 428 450 460 470 
.1!L _________ -_ .... --- 397 	 4,,35 4GB 480 512 535 536 
20._________ ... -...... -... - 441 488 521 550 580 505 602 
.2L__ ------ - 491 542 585 61ll 650 6U8 680 
22__________ "' ... 1'''''~-- --- ... -- .... 	 600 650 6no 726 742 759

659 717 760 800 820 837 
l:lcil footnote at end ()( tuule. 

, 
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TAnu~ 25,-Board-foot volumes of you.ng-gl'owth DougZaIJ-ji1' t1'eell 'by 
.. d.b.h. an<istan(.l age fm' 8ite clal!8es II, Ill, cmd IV (International 

rule 114-inch kerf) 1-Continuetl 

Site class III (S.l. 140 f(!et)-Conlinucd 


Staml age (years) 
D.b.h. 

(inches) 
30 40 50 60 70 80 90 100 

Bd. p. Btl. ft.. Bd·fl. Bd. fl. Bd. ft.. Bd. fL. Bd. ft. Bd. fl.2!L__ ,______ , 717 78U 8a6 880 900 916
2,L.-___ • __ • 
25__________ ... _"' ....... ........... --- 776 860 !H2 !l(i2 !l80 1,002 


!):~2 996 I,050 1,070 1,096 
... _..., ... _ 	 I,008 1,080 1,138 1,160 1,190 

26__________ ----- ... 
27. _________ .... "'--""--- --,.. ...... -

....... ~ 	 -" ... -... - - 1,087 1,162 1,228 I, 2nO 1,283
.... ~ 	 ....28.______ • __ I,250 1,320 I, a60 1, 38;~29. _________ 1, :340 1,412 J,467 1,488::::::l'~~~..ao_____ • ___ 
",..,- .. -... - "" .. _.... _... 1, ,la5 1,510 ],570 1,595"'----	 .... 

Sile c1asg 1V (S.1. ] 10 f('ct) 

(S(;and age (years) 
D.b.h. 

(inches) 
40 50 tiO 70 80 90 100 

8d, ft. Bri. fl. Bri . .ft. Bel. fL. Bri. fL. Bri. fL. Bel. /I. BrI. ft. 
8___________ :32 a6 :38 a!J 41 42 4:3 4a 
!L____ _____ 46 5a 57 6\ 62 6:~ 64 {)5 
10 _.. _• _ _. 65 74 80 87 !JO !J I !J2 !J4 
1 L ____ ..... ____ •• !JH 105 ua 1l!J 121 122 124 
12. _______ .. ______ • 12,1 134 142 150 15:3 157 160 
liL_____ ...• _.• 154 170 180 188 ]!IO 1!J6 200 
B.___ •• • .... ... 186 204. 217 224. 228 2a5 240 
15 .. __ 220 241 257 264 270 277 281 
16_____ ...• _____ ." 280 :300 306 alO a20 32!J 
17._____ • . __ • ____ .__ :321 345 B53 360 370 380 
18___... _ ...... _ 38·l 390 400 407 4 W 4:30 
1IL__ _. . 4.08 4au 450 457 470 4.82 
20_____ . _"... . ·J54 487 4!)9 510 525 540 
2L. __ - _. _ ..•• ' ____ ._.. 538 551 566 482 598 
22_. _ • • _. _ _ ________ . 5110 605 620 640 {)52 
2:L....... . __ ..... __ • ___ 640 660 {j78 6U8 712 
2'L ___ •. __ .. _•. ___ ."._ • ___ ._ G!)2. 715 n5 760 775 
25_______ . __ •.• ". ___ •. '"' . _________ .-__ 7U7 820 8:39 
20... _ ... ___ ._. __ ••. __ . '"''' ....... _._ .. ______ 856 884 900 

~~~~:_=:-::: ::::::: .. ==: -~I~:. ~ _::::::: =~=:==: ::===== ==::=== 1, ~~~ 2!J___ • ______ •• ___ • ___ • ____ •• _________ • ______ • ______________________ _ 
30 ___________________ .---- _•• _____ • ___________________ • ____________ _ 

1 Source: Preparcd from t:tble 10, l"olnJltc 'rabies for Pad/jr. Northwest Trecs 
(/14), using heights for app1'Opriale d.b.h., age, and site clllSS fronl Height C1lrves 
for Even-Ayel/-:. Stands of DOllyioll-fir (AB). Interpolated volume.'; c\lfycdby 
d.h.h. 	lind !1gb;· Volulllcs nrc gross and exclude (1) top above (i inches d.i.b., 
(2) 	II L5"foot stump, and (a) Ii O.a-foot ~rilll allow/tnce for euch Hi-foot .log. 


u561000--60----8 
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o T~\uLE 26.-Boa;·d-foot volwlies of young-growtk Douglas-fir tl'ees oJ/ 
d.b.k. a'lidstand age /01' site classesIl, Ill, and III (SCI'ionel' rule) 1 

Sitc class II (S.1. 170 feet.) 

D.b.h. 
S{,ilnd ugc (years) 

(inches) 
30 40 50 60 70 80 00 100 

'.> 

Bd·ft. Bd·ft.12 _______ • __ 93 J23Ja______ ~ ___ 
120 13714__________ 
150 19315._________ 
181 23116__________ 213 27217__________ 248 3.1418__________ 283 35!!19__________ 320 404 

20.------ __ 359 45621__________ 
------ 508 

')?.._----...,-- .-- ------ 56223__________ ------ 6l!l2·1._________ ------ 67725__________ _... -... _-- ------26__________ 
------- ------27__________ ------- ---_ ... _28__________ ---- .. 211. _________ ---- .... 30__________ - ... ---_ ... ... --_ .. -... 

Btl. ft. 
1:J4 
160 
208 
251 
298 
345 
31)5
449 
504 
563 
624 
687 
753 
820 
892 
!168 

1, (}~7
1,130 
1,214 

Btl. ft. 
J43 
J72 
22;~ 
270 
318 
370 
425 
485 
546 
610 
680 
751 
823 
!l00 
977 

1,066 
1, 160 
1,256 
1,355 

Btl. fl. 
147 
178 
234 
282 
3a2 
388 
447 
50!) 
576 
646 
720 
71)9 
880 
966 

1,053 
1, 148 
1,246 
1,349 
1,452 

Bd·fl. 
148 
183 
240 
2!!1 
345 
402 
466 
533 
606 
680 
760 
843 
!l30 

1,021 
1, J 14 
1,212 
1,316 
1,420 
1,534 

1M. ft. 
150 
188 
24ti 
2!!8 
355 
413 
477 
546 
618 
6!)7 
778 
864 
957 

1,052 
1, 151 
1,250 
1,358 
1,469 
1,586 

Rd·fl. 
"' .. "" ..... 

.. -- ... _
---- ... 
---*--:·HiO 

418 
484 
554 
6al) 
7JO 
797 
88~ 
1)81 

1,078 
J, 178 
1,288 
1,401 
1,521 
1,642 

Sitc class III (S.T. 140 feet) 

D./J.ll.
(inche;;) 

30 40 50 

Stand age (years) 

60 70 80 !IO 100 

Btl. ft. Bel. fl. Bel. fl. Bd. fl. 12__________ 76 101 111 12013__________ 100 131 141 15014_______ ,, __ 126 16:3 174 18515__________ 
15:3 197 211 22616__ -'_______ 180 2:32 250 2731.7__________ 

... -- ... - 268 2!l0 al018____ ~ _____ :m4 :~2!l 352HL.________ 

... ----- :342 374 :31)620__________ 

..... _--- a80 4111 44621 __________ 
------~ 

467 41)822__________ 
----.-- ---""--'" 517 55a2:3__________ 
.. ""- ...... -... .. ., ...... _- ... 568 61024 ___________ 
..... ----- .. --_ ... _ 615 67025__________ -- ........ . ... -.. ..,-,,_ ... .. _---_ ... 7:3226_________ • ..... _,..-- _.. _- ......  .... -.......  80027__________ 
..... _- ... -- -----_ .. -... ---_ .. 86728__________ 
.. - ..... -.. ..... -.. ,.. ..... ..... ~ - _... 1I~~5 

~9--::::'------- "" ... - --- "'-- ... -- ~ ... -............ ... -----30_;:;.;_______ .. .. --_._ .. ..... _... -....... "'.,.-- - '.. .... -... --

Bd·fl. 
127 
160 
198 
24] 
284 
a28 
a72 
422 
477 
.')3:3
594 
!i56 
720 
787 
856 
925 

1,000 
1,078 
1,163 

Btl. ft. 
132 
168 
208 
250 
296 
:l44. 
:39:3 
446 
502 
564
628 
693 
761 
8:32 
909 
990 

1,067 
1,150 
1,234 

Btl. ft. 
134 
172 
212 
254 
21)9
:349 
401 
458 
516 
578 
640 
708 
776 
85:~ 
!}30

1,012 
1,096 
1,186 
I, 274 

Bri. fl. 
.------
~ .. ----

21a 
256 
30a 
:3M 
40ti 
46a 
52·1 
588 
652 
721. 
794 
871 
!150 

1,048 
1, 136 
1,219 
1,310 

~ee (ootnl)t~ al. end of tabh'. 
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TABLE 26.-Bom'd-foot ,volumes of young-growth Douglas-ji?' trees by 
d.h.!l. (trld .~ta'1ld age for site classes II, III, fwd IV (Scribltel' 
'rule) I-Continued 

Site class IV (S.l. 110 feet) 

Stand age (years) 
D.b.h. 
(inches) 

30 40 50 60 70 80 90 100 

Bd. ft. Bd. ft. Btl. ft. Btl. ft. Bel. ft. Rd. ft. Rel. fi. Rd. ft. 
12__________ _______ 83 88 93 98 102 105 107 
13__________ _______ 107 116 123 128 132 135 138 
14_____ -____ _______ 133 147 155 100 165 169 172 
15 ________ ._ • ____________ • 178 190 194 I!l!) 201 208 
16____________ •• _. ______ ._ 210 22:! 230 235 240 245 
17 ________________ • ___ .___ 24(i 260 267 278 280 285 
18__________ _______ _______ 281 297 304. 312 319 327 
19 _________________ .______ 319 a36 344 S5:! 361 369 
20._________ _______ _______ 354 376 386 396 403 411 
21-_________ • __ ._._ .______ _______ 416 427 438 449 460 
22____________________________ .. __ 460 471 481 4.97 508 
23.____________ • ___ • ____ ._ _______ 501 517 529 546 558 
24._-'______________ .______ _______ 545 564. 577 595 608 
25 _________ • _______________ • ___________ __ .__ 624 647 660~._"' 

26__________________ ._____ _______ _______ _______ 678 700 714 
27.______________ ._ • ______ • __________________ -'_ _______ _______ 770 
28_____________ .". __ • ______________ • __________________ •• _____ 830 
2\L_______________________ • ______________ • ___ ._ • ___________________ _ 
30___________ • ___ ._ ••__ • _______ • _______________ • ___________________ _ 

I Source: Prepllfl·d from table 11, Folllllle Tables for Pacific Northwest Trees 
(.-1.,0, using heights for IIpproprillte d.b.h., age. lllld ::Iit:e c111!lS from Height Cur.;;;s 
for Evert-aged Siamis of Douglas-}ir (AS). Intel'pol:lted volumes curved by d.b.h. 
IIlld Ilge. Volullles lire gross 1111<1 exclude (I) top above 8 illch(~s d.i.b., (2) It 2-foot 
stump, IIlId (:J) a O.:J-foot trim lI110wllllce for each Hi-fool: log. 
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'l'lA8I:"E 2i.-(.fnoic-!oot contents of DOllgZa8-ji,. tree8 between 8peoijied 
top d'iamete?'s by d.b.h. of t'ree 1 

Trees .10 and 12 inches d.b.h. (by totHI tree height) 

Top diam- Total heigh'!: in feet 

etcr limits I--~-;----.,-----o-----,---...,.,- _-..,,-______

and d.h.h. 
 I 

_~(i_n_Ch_e_s_)_1__50__I__(jO__I_~~__~~ _]~~ ___I_I~_.. _~:~_ 

Between 4
and S
inch top:.10____ ,.. 

12__ .___ 
13etWl.'en G

and S
inch top:

10___ .. __ 
12__ 

Between 4:" 
mlel6
inch	10______ top: 

.\2____ -_ 

--~... 

Clt. ft. Gu. .fl. Cu. li. GIl./t. Olt. ft. Cu·fl. Cu. ft. Cll·fl. 

4. G 5.5 G. 5 B. I !l.5 II. :l la.O 16.8 
.... _--- ~- 4. :3 4. n 5. 8 7. 5 B. 0 B.7 .\2. ·t 

3.1 iI. I) 4. (j 6. 0 7. 1 8. B !l. B 1:1. 2 
2. !l :-\. iI 4. J 5. 5 5. !) Ii. (j 10. 2 ... ~-----

1.4 1.5 1.1) 2. 2 2. 5 2.8 :t a 4.1 
---,.._ ....... J.2 1.5 I.() 2. 0 2.2 2. a 2.8 

-
Trees 14 inch<:s d.b.h. ami larger (nil heights) 

Between top diameters (inche::;) 
D.b.h. (inches) 

4-B (;-8 4-6 
---------------1------ --'---·,--1----
14_______________________________ _ Gil/de feel Cubic feet GU/Jie feet 
16 _______________________________ _
lB_______________________________ _ 
20___________ ... ____ • ____ • __ • _____ _
22_______________________________ _ 
24_______________________________ _
26 _______________________________ _ 

2B______ _.__ • _.. _. ~~ _____ • ___ .. ____ • 
3o_______ •_.. _, " _.• , _, _... _.... "', __ 

180'lIrco: Adnptcd from tables 5 Ilnd 6, 
Trees (a ("ompilatinn) (A.n. 

G.O 4. 0 2. 0 
5. 2 3. 7 1.5 
4. B 3.4. 1..4
4. (; :3. 3 I. :~ 
4.4 8. 0 1.4 
4. L 2. !J 1.2 
4. 0 
:l. B 

2.7 
2. 5 

1.iI 
I.J 

:l. (j 2. 3 1. :3 

l'olwl/(J 'l'ab/es for Pacific Norlhwest 
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TABLE 28.-Vol'tt7n~ equivalents lor a 8taclced corcl 018-foot Do'uglaB
, fi" 7JUlpwood by (t'/)/jrage bolt di(l1netel,l 

~fiddiall1eLel' of Solid Scale Board feet
lwernge bolt (Lb.) Bolt.s wood Bnrk Scribner per cubic

(iuches) rille 2 foot 

8 ______________ ._ Number C1/.. ft. C1I. jl. Bd. jt. Bd. jt.
9____________ .•.. 2S. 8 S.I 11 365 4.5 
10____________ • __ 2:3. 0 81 11 400 4. !) 
11__ •• _______ ._._ IS.5 82 10 "ao 5. :3 
12~ ____________ •• 15.5 82 10 4GO 5. 6 
18___________ • ___ 	 18.0 S2 10 4!)0 6. 0 

1 I. 2 S:~14_______ . ____ •• _ 	 10 520 6. 3
9. S 84 	 1.0 5-15 6. 5

15• .", ...,,--~ ........ 8. (l 85 10 570 6. 7
~-

HI. • __ •.' •., _• __ •__ 
I. 7 8() 10 5UO 6. 8

lL.. ... - ......... -.............. G. !l 88 II
lS_________ . _____ 	 610 7. 0
6. a so 	 11 625 7.019. __ ..• ________ •20. ______________ 5. 7 no I I (l40 7. 1 
5.2 !)1 	 12 650 7.1 

I;Source: COltlr.I/I.~ of a. Cord of EluM-Foot Pulpwood (~115). Ba~cd on 65 truck
loads ail scaled at 8 plllpmills and :l sawmills in western Washington. 

2 Gross ;;calc with no trim IIl1owanee; no scnlc for bolts under 6 inches. 
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l'ABI.E 20.-Pe1'centage inorease in 8C(I?ell 'IJOZumc when lou[1 logs m'e 
.. bttckeil ((.1u1 scaleil as .~ shm't l(Jgst 

1 hu:h in 7 feet t,aper and· I inch in 8 feet taper and 
lL log length before lL log length before 

Dial1let~r (inches) bucking of- bucking of

28 feet 32 feet 36 feet 28 feet 32 feet 36 feet 

6________________ •• _ Percent Percent Percent Percent Percent Percent 
7 _________________ .•• 73 84 JOO 64 72 82 
8_______________ •. ___ 5a 63 68 39 54 55 

·12 4.8 52 a6 41 459___________ •.. _____ • _ 
10~__________________ :H. 39 45 29 33 38 
11___________________ 28 33 37 25 28 31 
12_________________ .. 25 21) 32 21 24. 27 
13___________________ 22 25 28 H) 22 24 
14 ___________________ II) 23 25 17 J9 22 
15 ___________________ 18 20 2a ]5 18 20 

10 l!) 21 14 HI H)lO_________________ . 
17___________________ 15 18 20 13 15 17 
18 ___________________ 14 16 ]8 12 14 16 
19___________________ 13 15 17 11 13 ·]5 
20_______________ • _._ 12 14 ]() 11 12 14 
21________________ 12 13 15 10 11 13 
22___________________ 11 13 14 10 11 12 

10 12 L3 9 10 1223____________ .,. __ .. _ JO 11 13 8 10 1124_____________ ... _. n 11 J2 8 9 10 
I 

1. inch in 9 feet taper and I 	inch in 10 feet; taper and 
Il log length before a log length before 

Dlumeter (inches) bucking of- bucking of

28 feet 32 fcet 36 feet 28 feet 32 (eet 36 feet, 

Pcrcell/. Percent Percent Percent Perccnt Percent 
0______-------------- 55 60 71 45 52 04 
8____________________ 34 49 49 36 41 4\)7__.----------------  32 a4 3!) 28 31 359________________ •••• 

26 2!) 34 23 26 3010____________ • ___ . __ 
22 24 27 20 22 • 2511_______________ • _.,. .18 22 24. 16 I!) 22 
17 J9 22 15 17 19 
15 17 J9 13 15 17 
14 15 18 12 14 16 

12_________________ ._ 

15___________ • __ "". ,..i~===========:==:::::16___________________ 12 14 16 11 12 15 
17_________________ •• 11. 13 15 10 12 13 

Il 12 14 10 11 1218___________________
19___________________ 10 11 13 9 10 12 
20___________________ !) 11 12 8 10 11 

!) 10 IJ 8 9 1021 ________________ .. 
22___________________ 	 8 10 11 8 9 10 

8 9 10 7 8 9,23_________________ • _
24 ___________________ 	 8 9 10 7 8 9 

7 8 !) 6 7 8 

I Source: Table 2, Dong Logs or Short Logs With the Scribner Scale (A10). 
(I Values for 6- and 7-inch diameters have heen added. 
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T.\BLE 3O.-Board-Ioot/cubia-Ioot 'ratios 101' young-growth Doug10Jl
. Ii'l' l'Jgs 1 . 

Board teet per cubic foot "'hen log 
length iil-

Diameter (inches) 

8 fcet 16 feet 32 feet 

6 ________________________________ _ Hoard feet Board/eet Board Jut 
7____ •___ ______________________ _ 3.2 2.8 2.. 1 
8________________________________ _ 4.0 3.7 2.8

~. 

9________________________________ • 4. 7 4. 3 3.4 
10_____________________ • _________ _ 5.a 4. 8 3. 9 

5. 8 5. 2 4.:31 t ___ • _________________ • _. __ • ____ .
12___________________ •___________ _ 6. ) 5.5 4.6 
13_____________________________ • __ 6. :~ 5. 8 4.9 

6.5 (i. 0 5.214.•_________ • __ • ___ •. _. ________ ._ 6. i 6. 2 5.415__ •• ___________________ •• __ • __ •• 6. !) (i. 4 5. 616 ________ ... ___ •• _______ .. ________ _ 7.0 Ii. 6 5.8li_________ ___________ .._. ______ _~ 

18______________________ • ________ _ 7. ) n. 7 6.0 
19 _______________________________ _ i. 2 6. 8 6. 2 
20. ______________________________ _ 7. 3 6. 9 6. 3 
21 _________________________ -- ____ _ 7.4 7.0 6.4 
22_______________________________ _ 7.5 7. 1 6.. 5 
23_______________________________ _ 7.6 7.2 6...6 
24_______________________________ _ 7.7 7. :J 6.7 

7.7 7.4 6. 8 

I Assumed tnpcr rntio 1 inch in 8 fect. Logs scaled by Scribner rulc (formula). 
Cubic contcnt.s by avcraging log cnci IIrens. No lIIlow:lncc for log trim. 

TABLl" 31.-Boa'l'd-foot/cubic-foot 1'atio8 fm' Douglas-fir,. trees 1 

Board fcet per cubic foot whcn total hcight in fcet is 
D.h.h. (illcllCs) 

50 60 70 80 90 100 110 120 laO 140 150 WO l70 

Bd. Bd. Bd. Bd. Bd. Brl. Bd. Bri. Brl. Brt. Bri. Bd. Bri. 
JI. Jt. ft· JI. Jt. JI. Jt. Jt. JI. Jt. JI. JI. It.10. __________

12___________ 2. 9 :3. 2 a. a a.4. a.5 a.5 ---- ... --- ---- ---.- -..,-- --- ---
2.9 :J.7 4. a 4. 7 4. 9 5. ] .5.2 5.:3 5. 4 5. 6 5.8 

~ 

---14.____._______ --~-

16. :l. 2 :t 9 4.4 4. 8 5.0 5.1 5. 2 5.:3 5. 4 5. 6 5.8 6. 0 ---
3.9 4.4- 4. 8 5.0 5.1 5.2 5. a 5.4 5.6 5. 8 6.018. __________ -- ... - ---

___________ ... -....... 4.8 5.0 5.1 5.2 5.:3 5.4. 5. 6 5.8 6.0 6.1
20 ""--- 4. 4
22 ... _-- ---- 4. 4 4.8 5. 0 5.1 5.2 5. :3 5.4 5.6 5.8 6. 0 6.1 

-- ... - ... --- ---- 4.8 5.0 5.1 5. 2 5.3 5.4 5. 6 5. 8 6. 0 6. 124 ___________ 
26__________ • ... _-- ---- ---- _.... _- 5.0 5. 2 5. a i>.4 5.5 5. 7 5.9 6. 0 6. 2 

5. 2 5. :~ 5.4- &.6 5. 8 5.9 6.0 6. 228___________ ... -- ---- ---- ---- 5.0 
.... 

5. 4 5.5 Ii. ti 5.8 5.9 6.1 6. 230___________ --- ... ... _-- ----- -- ... - ---- 5. 2 
--- ... ... ..,-- ...--- --- .. ... -- ... 5. 2 5.4. ii. 5 5. i 5; 8 6.0 6. I 6. :3 

I Source: Adllpted from tllblcs 6 Ilnd 11, Volume Tables Jor Pcu;ific Northwest 
Trees (A4). Rlltios, wJlich hllvebeen curved, nre for that portion of the stem 
betwcen stump nod 8-illCh top. 
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TABLE 32.--':Weights of .se7ected p1'od1lCts /1'071'/, young-growth 
DOltgZW3-fir 

Weloht lltr .\f 
boardftel,

.' . Scribner 
])ecimal 

. O~el 
LogS and piling with bark, average diameter (inches): (pollnd8) 

~t=~g====:=::::::=::::::::::::::::::::::::=::::::=:::::::::: 15: r~~26-3o_------________________________________________________ 8,101 

Weillhl per }.f 
Iward feel. 

. Illmber lallv I 

Lumber: (I'OIt1l(1.) 
]lough green, clear____________________________________________ 3,500 
Hough green,ull other grades _____________ --------------------- 3, aoo 
Hough dry, clenr, 1 to 3 inches_----------_--------------------- 2, !JOO 
Hough dry, clellr, B inches and over_____________________________ 2,700 

Weight per 
, corti' 

'PuJpwoOQ, llvern.ge middiamewr of bolt (inches): (pOll lids) 

~!~~~~l~ll)l~l~))j~~j)~~~~jj~j~:jl~:jlj~~~~)~~ljl~~j~~~j) i:i 
I Source: Conversion Factors for Pacific Northwest Forest Prodllcl.~ (AS).
2SOurce: Contents 0/ a Cord 0/ Ei(/ht-fi'oot Pulpwood (kl5) . 

. . 

http:llvern.ge
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T,\I.U.E 33.-Yield pel' am'e 0/ YOltn!7-g1'O'Wth Do1tgla8-fi~' on 8ites II, 

III, and ITTl 


""---~~--

Volume 

Intc!'!1:ttionnl rille Site class Scribncr rulc 5Cubic 3 e,~-inch kcrf)~lind age Totnl 
(years) hcigh\,2 Het 

nIor- 1'101'-
Gross tnlity Nct Gross tality Net 

~ -
Sitc c1nssIT: Feel all,. fl. Bri. /I. Bel. ft. Bel.fl. Bd. /1. Bd·fl. 13{/·fl.

20_____ . 44 950 1,900 0 1,900 .. _.. -_ ...... - ... ----- ---_ ... -
:!O ______ aoo 14,500 2, GOO 0 2,6007S 3,250 H,SOO
40_.___ . 102 G,OOO :~a, .100 1, 500 ai, liOO 12,100 200 11,900 
50.__ •__ U9 8, 800 5:{, GOO :.1, SOO 49,800 2S,000 (iOO 27, ,100 
60._____ i,OOO G5, 900 4·.1,200 1,400 42,SOO1:12 10, 400 i2, 900 

57,20070..•_.. \4·1 12,150 !1l,400 10,000 SO, 500 50,SOO 2,GOfi\ 
154 la, 700 100,000 15, GOO 0;.J,400 7·1,400 4, 40(:' iO, 000so..... 

00 ••• Ilia 15,050 124,SOO 21,000 loa,soo SS, 400 i, 400 Sl, 000 
11, 400, 90, 4001.00 __ 170 Hi, .150 1::\0, (i00 27,000 112, GOO 101,SOO 

Sitccllls..,1 n: 
500 200 0 200 -- - ------ ------20 .... :37 --- - 

2, 100 7, (i00 0 7, (i00 aoo 0 aoo30._. G4 0 4,500-10 •• __ . Sol 4, :300 20, SOO 000 10,900 '1,500 
50. __ ." 9S (i, :~50 :,6, 000 2,400 :~a, (iOO 12,600 200 ]2,400 
60...___ . 100 S, 150 51,400 .1, aoo ·17, L(JO 24, 400 600 2:3,SOO 

;{(i,aoo 1, 100 a5, 20070_... _ JlI) 9, (j50 (iU, 000 (i, 600 59, '100 
so.__ I'r 10,S50 79, 200 I), :100 1l9,900 47,500 1, SOO 45, 700 
90. _____ 

w( 

no.soo 12,aOO 7S,500 57,IlOO 2,600 55, OO~)l:H II, !l00 
1·\0 12,800 101, aoo 15, 1i00 85, 700 1l(j,500 3, iOO 1l2,800100. 


Sitc clal'S I V: 

20~ ,.- 21) 200 - ....... ---- ------- ,- ... _---- ... _--_ ...... ------- ------
:l0•.• 50 1,OnO 2, 200 --'-- --- 2, 200 ------- ------- ------
40__ .. , (ill 2, a50 S, (j00 aoo S, aDo 200 0 200 

L8,200 1,000 1.7,200 :I, :300 0 3, BOO50._ •. 77 a,soo 
so 5, 200 2S, 500 2,BOO 2(j,200 8, 200 100 8, 10000._ 

70._, . !).I (i,B50 3S, 100 :3, SOO :3·1, aoo lA, aoo 300 1-1,000 
80.... 100 7, aoo 4(;,700 5,800 41,400 20, 700 IlOO 20, 100 
1)1)". 105 8,050 5·1,100 1l,900 4i, 200 27,000 1,000 21l 000 
LOO. o- lIO 8, (i50 00,900 S,300 52,000 ;)2,SOO 1, '100 31;400 

t AssclIlbl(>(1 frolll t.abl!'s 1, a, 4, and 22, The Yield of DOllylas-fir in thl' Pacific 
Northwest (A 5), nnd tabl(';; It., lei, :-lc, nnd ad, Gross YZ:cld and JlrortaUiy Tables/or 
Fully .Slocked SI(lllrl.~ 0/ DOllylas-Fir (iI.ll). 

2 A\'erag(> height of dominllnt and codominant trces. 

3 All trel'S 5.0 inches d.b.h. and larger' to It minimulll Lop diamctcr of " inches. 


Gross llnd morttllity figures ure lIO!. u\'allnblc for cubic mcasurc. " 
I All t.rel'S G.(i inches (\.b.h. and lar'gcl' 1.0 a minimum top diamctcr of 5 inches. 
6 All trces 11.1l .inchcs c\.b.h. and l:u'gcr to It minimum top diametcr of 8 inches. 
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'':' 

T"\DL}~ 34.~PC1'gent o1)e1'ru.n by log dimnetc1' f1'01n young-growth 
/)ouglas-fil' logs of sele9ted lengtlts for 3 types 0/ mill and :1 log 
i~c({le8 . 

Circular mill 
.-

S-foot logs I Hi-foot logs 2 

Log diameter (inches) 

Inter- Illt~'r-
Scribller Scrihller lIatJollal Scribncr Scribllcr lIutioJlal 
Dcc. C fOrllllllll ~-inch Dec. G forlllulu J4-inch 

kerf kerf 
~..- ~_ _ r''''~'. ~--- -"" ... -...,-.~~ -.-- -._-- ...,,,, >---"'-

___________ •__ .. Par:cl1t Pererll/' Perrent PC/'alll Pucelll Percllnt 
6~ 

._ ... -_ ... -< ...S___________ • ___ !i8 50 11 -_ ... _..... - ...... -_ ....... 
10_______________ • 50 21 ·S -10 :H 11 
12__________________ :32 0 12 12 -Ii 

H 2 "1 !) 5 -S.14,______________ - - __
16__________________ 2 -I -2 S 3 -7 
]S__________________ -1 -4 -4 7 4 -4 
20 __________________ -2 -4 -4 6 4 -3 
22__________________ -3 -4 -4 5 4 -2 
24 __________________ -5 -3 -3 3 2 -3 

-6 -3 -3 2 0 -5
1 I 

Band mill Gall~ mill 

12-fooL IOb'li 3 16-fool logs 4 

Log diameter (inchcs) 


Inter- I Illter-
Scribller Scribller lIationnl Scribller Scribner national 
Dec. G formula }~-inch Dec. C forllluhl }~-illch 

kerf kerf 

6 ___________________ Percent Percent Perce1lt Percent Percent Percent 
S ___________________ 60 78 2:~ -7 57 0 
10 __________________ 50 30 11 14 30 5 

!)12__________________ 67 22 :31 24. S 
14 __________________ 32 17 14 34 22 9 

21 1S 11 32 20 916 ___________ -- _____ 
.18 __________________ 2!) 22 18 28 1S 9 
20 __________________ 2:~ 21 16 21 17 S 
22__________________ 12 Hi 21 ... _------ -------- -------

12 12 
~24 ____ _____________ 8 ... _------ ......------ -------

-----_ ..... ... ---- .... - ... ..... - ... -_ ... ...... ------ -------- --------

I Source: Unpuhlished data (1951) in files of Olympia Research Center. Blish; 
of data: 327 logs cut excl1lsively into 2 x <j's; 19,353 board feet surfaced, f.o.h. 
railroad (lUr. 

2 Source: Worthington, Norman P. Lumber Grade Recovery and l\{illing Costs 
(A1S). Basis of data: 332 logs cut into dimension, planks, Ilnd small timbers; 
4.1.1,172 bd. ft. green chnin tall.Y. 

3 Source: Thomas, David P. Small BalidMill Plus Small Logs Equals In
creased Lumber Yield (AI!?). Basis of data: 432 logs cut largely into dimension 
and timbers; a7,H75 b(1. fl!.. grcell chain tally. 

4 Source: \Vorthingtoll, Normun P. Dumber afar/(, Ueeo/lcr!! Prom 110-Year
OftlDouglas-P'ir Thi,millgs (A14). llnsis of datil: 9S 10g1; cut into 2-inch dimen
sion; l1,aOI bd. ft. green chain tally. 
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TAI\U': 35.-G1'ade '1'ccoveJ',I1 f1'om, yo'U-:ng-gl'owth J)OltglWJ-fi1' lOir,S b~ 
peroent of green altai1/. tall!/1. . 

Lumber grade recovcry 2 

LoS dhunetgr 
(inches) 

Selcct No.1 No.2 No.3 
structural 3 

Perl:clll Percelli Percent Percent8 ___________________________ _ 
24.9 (i7,8 5. 6 1.79________________________ - __ _ 

10__________________________ _ 27. :3 (ia. a 7.7 1.7 
29. 5 59. 2 9. 5 1.811. __________________- ______ _ 
:31. a 55. 5 1I. 2 2.012 ___________________ ,___ ---. :{2.9 52. 2 12.8 :3.113 __________________________ _ 

14 __________________________ _ :34. :l 49.3 14.2 2.2 
:.{5,4 ·Hi.8 15.5 2. :315 __________________________ _ 

44.7 16. :3 2. 616 __________________________ _ :Hi, " :n 0 42.9 17.2 2. 917 ___________- ______________ _ 
:37.2 4I. 8 17.8 :3.218 __ • _______________________ _ 

)9. _________________________ _ :H.4 40. 9 18. 1 3.6 
a7,2 40. a 18.5 4.021. _________________________ _ :m 7 40.5 1.8.4 4. 421 _____ - ____________________ _ 
:{1),8 40. 8 ]8.6 4.8 

A vcrllgc _______________ _ 81. 9 5a. 8 12. I 2. 2 

I Sourcc: Lumller Gr(ldc.~ From You.ng-Growlh DOII{/las-fir (A7). 
I Chiefly dimcnsion. No.1. grade is llOW known as COIlf;truction j No.2, as 

Staudllrdj No.3, liS Utility. 
I Includcs sl'lect merchantable. 
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TABLE 3G.-Single. 'oarlc thicl(;?W8,Y at Va1'iOltS Iwights i1~ you11,g-g'l'owth
Doltgla.s-fil' tl'CCS 1 

Height above grollnd in feet
D.b.h. (inq,hcs) 

4,5 9.5 17.5 34.0 

4 ___________________________ _ fnchp.8 Jnchl!.~ fnchLS fndtes5___________________________ , (1. 16 0.15 O. ]3 0.12
21 20 17 15
27~------------- - -------------l· 	 25 21 18'._- ----.. -.-_. ,._-----.- a2 .30 25 228__________ • . ....... _... ' 
 a8 35 :30

D~ __________ ._ ...... _______ .1' 	 25
44 40 34·10.---_________ .. ,. _______ ._ . 	 28
50 ,1611.____________ _. _______ • 	 38 32
5n 51 4212.___________ ________ _ 	 35 

13 •• _______________________ _ G2 5(j 46 a8
14__________________________ _ Ij7 nl .51 41
15__________________________ _ 78 60 56 45 
16__________________________ • 71l 71 (iO 4.8
]7. _________________________ . 84 76 64. 52
18_________________________ _ no 81 68 55
19________________________ _ no 86 n 58
20. ____________________ _ 1.02 !Il 77 (;2

I. 08 H7 81 (j5 
21._ .---------------------.. I I. 02 86 6822_________________________ _ I. I:~ 
23 ________________________ _ I. HI I. 07 90 72 
24~ 	

1. 25 I. 12 .94_____________ • _______ ... _ 	 75I
25. ________________________ _ L :30 I. 17 _ 98 78 
26 __________________ • ______ • - 1.3n 1.22 1. 03 82

I. 42 1. 28 
27_~ _________________ 0. __.... 	

1.07 .85..

28__________________ - I. 4!J 1. 3:{ 1. 1] 88 
29____________ .• __ •. I. 54 I. 38 1. ]5 H2 
30~ ____________________ . 	 I. 59 1. 43 1. 20 95

L (iii 1. 48 1. 25 !)9 

I SOIlr(:e: Bark Thirbu:.~.~ III i-ieveral Jll'illht.~ -£n l'Olllla /Jollyia.8-jil' 1'rc/!.~ (A6). 
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SPECIFICATIONS FOR THE MOST COMMON FOREST 

PROl)UCTS PRODUCED FROM YOUNG-GROWTH 


DOUGLAS-FIR 

F~le71.oood 

"Wood is usually 16,24, or 48 inches long of sound, unpeeled mnJe .. 
rial. Pieees larger than 8 i11ches are Ilsually split, mill imllm size 
approximately 4, inches. Normally, fuel wood is sold by the cord, 
('onta ining 128 Cllbic feet of stnckeel volume. 
('ar 8ta1r'(,I~ 

Rounel, unpeeled, reasonably straio·ht. Length 10-12 feet, 50/2-i11ch 
minimulll to all 8-ineh maximum Illiddiameter. Used in staking flat
cnI's f~)l' trlll1Sportillg poles, piling, lumbcl', and other loose, lengthy 
matet·ml. 
F CIlC(!' 7w8ts 

Round, peeled or lIl1peelcd, stra.ight. Length 6-8 feet, ;)-G inches 
diameter, altho1lgh special lal'gel' sizes nre sometimes specified. 
Usuall,)' gi veil ])resel'va tive h'catment before using . 

.11 inc P?'OP8 

Round, peeled 01' unpeeled, l'easonnbly straight. Length 6-17 
feet, 4-() inches diameter, Illay be bought in random Jengths to be 
J'eeut lat'et·. 
8melte1' poles 

Round, unpeeled, no limitation 011 stl'nightness. Length 2:3 feet, 
minimulll H-ineh butt o.b., 110 maximUIll. Used in the smelting of 
('oppel' ore. 

('tili!:'1 poles 
Poles nl'e purchnsed under American Standards Association speci

fications. 1 Most' poles are to be given latcr preservative treatment 
and must' be peeled. Many bnyers pUI'chasc "bal'kies" (unpeelecl), 
hut IIsll!llly requil'c nUl!' _\.SA specifications be met and nmt o.b. 
dimensions be as follows: 

Lelly'" Uri'll 
J\lillilllllln lOll circl/lII

'erellce o,b, (il/clles) 
CirCI/III/erellcr 6fw 

froll! bUll 0./), (il/cke.y) 

ao 18 28 -:32 
a5 IS 2!%-a4 
40 25 :30 --15 
.15 25 41 -47 

Dimensions for cl'eosoted poles, elnss 1-7, are bngth 16 to DO feet, 
minimum diameter at gronnd line (3% to 11 feet) 6 to 18 inches, with 
minimum diameter at top (Lb.) of 5 to 8% inehes. An avernge pole 
on most operations will be class 3 01' 4, 45 feet long with a 12-inch butt 
and it 7 -inch top. Rathel' detailecl specifications on n]low:lble defects, 
ehecks, shakes, splits, grain, ]01ots, shape, and straightness are set out 
by the buyer. Full and complete specifications should be obtained 
from the purchaSe!' before poles are cut. 

1 AIlIl'l'i('HIl Stallllnl'(\ Svpeifieation14 anll Dimcn!-;iolls fOI' Douglas.. fir lloles. 
Aplll'owll AIlICl'i('Hn Standards Assoeiat-ion Mill'. H, In41. Reaffirmed May 17, 
1045. 
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Pilittg . . 
. Strn.:ight; soulld,Jive timbedt'ee from checks,shllkes, !>jllits, or rotten 

kri.'. Qts; Twist must not exceed one-hulf turn in piliug length. Pi1ill~ 
hltended for treatment may be bought peeled or un})eeled, but should 
.htn;e not less. than I-inch supwood at the butt. PIling should be so 
straight that a liile dmwn from end to end will show pile to be at 
no point over one-qUtutel' of its uverage diameter out of It stl'llight line .. 
Pieces must be cut above butt swell and show uniform taper. Ends 
should be square, lmots trimmed, and pile finished in a workmanHke 
ntanner. 

Piling should huve the following limiting dimensions: 

Diameler at butt Diameler at 101) 

Lenglh Utel) 
lI-lillimn1n .1I-farlmllm Mi7li11111m 

(inche8) (inches) (Inche.)Under 40 _________________________ _
46-50____________________________ _ 14 18 10 

14 18 9
5O-.70~·___________________________ _ 

14 18 876-90_____ ------_____ ~ ___________ _ 14 18 7Over 90__________________________ _ 
14 20 6 

As in the case of poles, complete-specifications should be obtained from 
tlle pUl'chaser before cutting. 
Saw ZOg8 
. SU,l,V logs are sold either woods run or by gl'llde as specified by the 
log sctdin~ tmd grading bureaus. The following specifications for 
No. ~ und No. 3 logs are condensed from rules of these burettus.2 

(Young growth stunds do not develop No.1 grades.) 
No. 1J 80!w1niZl shall be suitabl",jor the manufacture of construction 

grade or better lumber in amouilis not less than 65 percent of the net 
scaled cont.ents, or Band Bet.ter or equivttlent grade t.o 1m amount not 
less t.han 25 percent of the net scaled contents. Logs shull be not less 
than 12 inches in diameter, 1101' less than 12 feet in length plus trim, 
scllling at least 60 board feet.. Logs having more than a certain 
specified slope of gmin are excluded from tIns gmde. KnQts ull to 
21f2 inches in diameter a.re permissible, and larger knots if the reqmred 
amount of B and Better lumber may still be produced. 

No.3 s{l.wnLill shan be suitable for manufacture of Standard grade 
or better lumber in Itmollnts not less tha.n 50 percent of the net scaled 
contents or 33% percent of the gross scaled contents. Logs shall be 
at least 6 inches in diameter, 12 feet in length plus trim, and settle at 
least 50 board feet net. Knots up to 3 inches in diameter arepermis
sible, and huger knots only if the required lumber grades may be 
recovered. J",ogs with excessive slope of grnin or excessive number 
of visible pitch pockets, which wou1d exclude them from the No.2 
sawmill grltde, uiay be included in this grade. 

In many installces, restrictions 011 scaling content of No.3 sawmill 
logs are waived by purchasers who will accept 6-inch diameter logs to 
mmimum 12-foot lengths. Furthermore, it is common for mills cut
ting 2 .x 4's to buy logs to an 8-foot minimum length plus trim 
.allOW11I1Ce. 

• Souree: OD/aia.l Log ."]calin(1 a.1ld ara.l1illIl Illtlas (.<11). 
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Peele1' logs 
Ordinarily no No. 1 or No. 2 peeler lo:."rs can be produced from young 

growth Douglas-fir. 
No. 3 l)eele~' log8;1 shall be suitable fOr production of center core, 

cross core, and backs or better to jl\1 amount equal to the net scaled 
contents, and with not less than six annual rings to the inch. Mini
mum length sha11 be 17 feet plus tTim; minimum diameteL', 24 inches. 
KJlots and/or indication shaH be limited to well $cuHcl'pd, sound, 
tight knots, not to exceed llh inches in diameter, Miscellaneous grade 
defects such as pit-ch, pin W01'I11 holes, heart ofl'c'entel', and other 
deductible defeels are listed, LO(TS of})eeler quality under 17 feet in 
leng~h sha11 be graded PeeZe?' b7ocl~, "hey must meet the same grade 
1'c()UIl'ements as peeler 10(Ts except fOI'length . 

.81~it{(ble fol' l)celinq (§FP) grade is recognized in mlllly localities 
in westel'll'OI'egon aild 'Vashington as a commercial gmde. These 
lo~rs should have It minimum lenbrth of 17 feet plus h'itn, and a mini
ilium diametel.' of 16-18 inches, Log surface shaH be three-fourths 
slIl'face clear with knots over '% inch confined to onp quudmnt. Small 
knots up to three-folll,ths of Itninch al'e permitted, Not· less than six 
:tnnuall'ings to the inch . 

•...,'mall young-groWl h 7)ce7e1W are reCO~Tn ized ina l'estl'icted area 
:lL'oUIHl Olympia and .I~lma, 'Vash. 'l'heselogs IlI'P pUl'chased in mini
nH11II lellgHls of 131h feet plus h'im, with minilllum diameter's of 12-14 
inchps. S('atter'ed knots not: over Ph inches in diallleter are permitted. 
There are no ring specifications except that extremely coarse logs are 
110t accepted. 

Anyone contemplating production of peeler logs below the No.3 
peeler grade should first make sure of his market and specifications. 
P1tZl)Woo(l 

Pulpwood is usually bought: in unpeeled 8-foot lengths measured in 
cords (or sometimes by weight). A few mills want 50- 01' lOO-inch 
wood. :Maximnll1 diameteL's HJ'e uSl\ally 18 inches, minimum 4 inches. 
Onl" clear', sound wood is desired with 110 burned, fire-killed, 01' l'otten 
wooel accepted, except when special :l1.'l'allgements have been made priOL' 
{o delivery. All timber trllISt be tTimmed closely, 

a !:inul'(,p: OfTidtll /;Ofl Nm/ill!I till" (;/'(/r/;;lfI RI/Ir·.~ (A 1). 
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SOURCE MATERIAL FOR ApPENDIX TABLES 

(AI) ..:\XOSYMOUS. 

(A2) 

eM) 

(A5) 

(AG) 

(A7) 

(_"-8) 

(A!» 

(AIO) 

(All) 

(A12) 

(A13) 

(A14.) 

(A15) 

10;H. O....IClAL 1~00 SCAUSO A"II (mAIIISG nuu:s ..OR 1'IIE I'um~r SOlIXIl 
LOG SC,\LI"G ASIl GltAII.ISO 1I1'JtI;Al', IUtAYS 1I,\ltII(l1t .1.0G SCAT.lXO 
A~I) 01t,\IlIS0 lIum:AlI, sou'l'rums OI:~:O()S 1.00 SCAI.ISO ASII GltAII
11\0 lIU1t~:AU, AXil SOlt'l'UEnt, C,\I,IFon,,['\ LOO SC,\UXG XSIl GnAII-
ISO IlUn~:AlI. :.18 Jll'. 

GruAIIIJ, ;rAlIES 'Y., 111111 nnuc~:, DONAI.II. 
(n.d.) 1I0AlUI FOOT \'01.11.\/1; 1'AIII.ES ~'OIt HI-FOOT I.OGS, 4.4 1111., 111m;. 

Portland, On'g, 
I "S1'I1'U'm Qt' .Il'o/CI,;s'r PnollU(.''I'S 

1mm, COS\"EItSIl.lS FAw'ons Fon 1'ACIFIC NOlrl'IlWES'I' FOlmST 1'1I01l1.'(,'I'S. 
IG IlJl. /, PrOtCSSCll.] 

;rOUNSON, jo'r.QYII W. 
1!)55, YOI.lI'\l.f; 1'AIlI~ES 1'011 l'ACI~'rc SOnTII.W~:S1' 'I'IUmS (,\ CIHII'/I,A'rJON). 

Agr, lInnelh. !)2, t'.S."'orest H('IT. 1:!2 tubles all(1 111111. 
:\lCAIUII.~:, !tICHAltII I~, 

1UaO. 'fin: YU:1.Il ot' 1I011G1.AS-FIIt IN 'I'll g PAelFlC XO/rI'1I WEST. (' .S. Dept. 
Agl', '1~('('h, Hill. 201, 74 1111., illus. (Hc\'.I!)·m.) 

:\lAEZAWA, K. 
lH!iU. IIAItK 'ruICKXESS Nr S~:\"lmAI~ 1I1,lG1ITS IN YOUNO 11O{T(lr.AS-PW 

'!'UEES, t',B.C.•'()I'est Club, Res. ('0111. Brit:. Cululllhia "lIh', 
Hes. Xote1:1, 4j1p., illus, [l'I'ot'eBsed,] 

:\IA'r80X, Eo B, 
I!);;:!. 1.U'\lIl1m OUAIII,S ..ltO.\1 YOUXO·G/U)W·I'I[ 1I0nHu\S'FIIt. I'.K 1fol'('!;I· 

~el'\·. 1'a('illc XOl'thw('st FOI'('>;I: aud Hauge gxpl. HIli, UPS. 
Xotc 7!),:! IIJl. I.PI·ocesscll.] 

~IEYEU. ".,\l:n:1t F1. 
lU!.IU, J1EHlIl1' Cl'It\'"S FOil 1,,'g:;-.\(lJW STAXIIS O~' nOl'(lId\S-FIIt. t'.~. 1i'OI'

est 8('1'\'. Puc'llic XUl'thw('st 1"()I'('~t awl Hallg('I'}xJlt. HilI., HI 
Ill)., illlls. [l'I·OI·('SS('ll.) 

81'.\ElIU:U. G,,:oltm: n. 
In;:;:!. 'I'II~: FOU~I VI.A SCIUIIN~'I'r.OO Itl'I.E. ,',K li'OJ'(,st Hpn'. 1'a('ill(' 

XCII'thwpst; }'ol'est and Hangt· I·}xpt. 8ta, Ups. Xote 7S, G PII. 
ll'l'ol'essed. ] 

l!)Zia. LOXO WtlS OU SlIOIt'!' I.OOS \1'['1'11 '1'111;; SellJIIXlm 8C,\U:. 'I~he '1;illl
llel'll1nu 54 (10): UU, UF;, 70, illm;, 

1115;;, ouoss YIEI.1l AXil lIOUTAL!'I,)"" TAHI~"S FOIt FUI.I.Y STOCK~:II STAXIIS m' 
lI()l·!lI~\S-nll. e,H. Fvrest Ser\'. Pacific Xol"thw('st ~'orp;;t alltl 
Hang;e l~x[lL Sta, Hes. Pallel' 14, :!O PIl., illus. lProl'es,wd.] 

~'1I0ll,\S. DAYlJJ p, 
1054. S,\lAI.I. IUu'OlI .\111.1. I'I.VS S~IAJ.l~ J~OOS EQl'ALS IXCU~:ASEII f.lDIIIEIt 

yml.U. I liSt. 1~vl'est PI'OII. Bul. 16, 1;; JlP., illlls. Sea ttle. 
"'OIt'rnIXOTlIx, XOJt~IAS 1', 

1I)'!0. l.tDIU~:1t OItAII":IIECO\'lmy ,\~J1 ::1Ir1.r.I"O COSTS FItOlt. S":COXfl-G1tOW'!'l[ 
1I0U(l1.AS-FIIt 01' CBXTltAI. WES'I'EItN \\'ASJUXGTOX. The Timher
mllll 50 (11): (is, (jO, 62, (;4, GH, illus. 

11)55, J,UllII":It-(IIL\U"; ItECO\,lmy FIUHf ] 10-YEAIt-0I.11 1I0U(lL.\S-~'lIC 'rll IX
XINOS. e.~. 1~(lrest Sen'. Pacill(' Xorthwest ]'ul'est anti Hllngl' 
BXllt, Stu. Hes. Xote 121, G IJIl., illus. [I!I'O('l's:;l'd.] 

--- 11Jl(1 T\\'~:ItIlAI., )IEI.nx 1'. 
lO;:i(). (''ONTENTS OF ,\ COUll OJ' EWI!'I'-FOO'I' 1'l'I.I'\\'OOIl. t'.S. l"ol'est Sen', 

Pacific Xortll\\'l':;t ll'orl'st and Rnng~~ Bxpt. SI'/I. nt,s. Xote U!), 
Gl)P" ilIus, [l'nX't'i'f;P().] 

o 

http:10-YEAIt-0I.11
http:SCIUIIN~'I'r.OO
http:COS\"EItSIl.lS
http:1'AIII.ES
http:DONAI.II



