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T he dl3IJ\Ccer 0( I IJCe II brusl he>ah. 
(4.S f" above the ground on !he uphill 

SIde or !he cree) 1$ a basIC measuremem III 
fQrtl;. invetl\Ofy. This diameter. measured 
ouwde bark. is pe<haps !he ()<lly variable 
closely related .() Il"'" volume thaI can be 
quickly and iC<ur.1tely m~""'" tJO laI~e 

numbers of i1eC1 allow cost' Howevtr. 
reliable eslima~ of ru=lerinside bart or 
I.erqe bar'<; thickness.,., need«! (",wood 

volume colculacionJ. Inten";ve stooies of 
powth and yield also mquire information 
()<l bart thicknesS. mer of hut KJll""lb. 
and !he relauon bclween bark growlb and 

r";;:~:;;~::;~='~~::;:~~;:;;:l ..-ood. powlb. IndlfCCl eslJmales of ins.ide DolpI>. K. L..ooo1. 1919 /' r .r • __ fw bark diameter. batt ... i<:kness, and relauve 
,.."kt.,.. -, lAndo "., • ., ",..", ... .,.. nlCI of twk and wood groWlh can be de­
l-> _,.,.-' -'fir· c.J.p- - _i. nved (rom Ihc relllioMlup bet......., brca!;1-... 0..,.... R ... s- PSW...09._ ..... c"" 
P>coII< s-n ..... """'" .... 1<>0 •• f . p io_ helghl diameter inside ball< (dib) and 
S".-. _II ScM«, u.s. ~t 0( .... ,. blust·bt:ighl dilmeter outside ball< (dab). 
0Jl,",,,, "" Thil noce pres.nll equations for prt:dict· 

........ bot\:. di ..... " of ~_ •• ..."... ..,; r""., 
to. ....... "" r_ tM odoboa~ of imOoio _ 

d ....... " '" """'"" to. .... 01_ .. ., ..... " ...... 
1n' • .,..! ..... ioIobot\:. __ ... ~_f_ 

, ..... 0RAIy_ <If S6l tn. " ..... riholod . ...... St._ . 
.... ~ ............ r;,.r-'l'P"olCollf ..... 
Mol -.. 0..._ no.--. __ _ ............. __ ... -....ol_. 
__ . I10<00 ........ boWOlU ......... _ 

.... ioI-.o 1M ;" •• _ide boot..;......, ..... 
"""""" .. -.. .... "" ____ 0( 

"'"'" _, d_ .......... i, ....... "'~ ........ , ...... _ ..... _00 ............ .,........ 
__ ,,~<lftbcpte<i,,_-'_ 
10. o:.l<ul.lIo, ..... ".. cliom<l<n i. di __ 

ina: dib from meuurtmcnlS ofdob and for 
prediclinll dib 11$ a funclion of <lob, bosal 
.,.,., and sile incIQ for young. growth rW ror 
in Califomia and soulhcm Oregon. Procc· 
duru for lIS,n"he predicted rub, m can· 
jwK:1l()<l ... ith radial wood grow'" H mas· 
W"ed from incnm~N CIftS, 10 ~stim;ue tree 
diamelU uof some ~d3~are<k5cn"bcd. 

S,DCe California mI rlf (,4.bU.s mal"gl"" 
A.. Murr.) IIId itl commonly R:COf:niud 
botanical oar1ely Shan. mI rlf(Abiu mal' 
fli/iM var. !ha.cltlUil Lemm.) are believed 
10 bel!most \<knliea! ;., .ilvica!characlen5-
u.s,, no IIltompl was made 10 disungul$h 

R,17'''''! r .. ,"" All ... _foi('o< •. d..",.,., .., .... ' belwoen !hem d"n"Slhe $3f1lp!ing phaseof 
~"' , bot\:. __ '. r'" 4i>m<t<n, rur.,.,,;.., 0.... the ~udy. In "'is note. they ... ill be ",ferred 

C',"'-_____________ ..J lOcollccll'ely Il$ red fir. 

METHODS 

Data for lIul analysis were collected IS 

pan 0( a larJ« study 10 de""lop growth and 
so,1 fcni!ily models fQr red r" wi"'in lbe 
range of ,1$ nalural diwibulion. Thi. range 
.~Icnds from lacilud. 43'35' N. in .... 
southern CISCade5 in Oregon 10 lbe Kern 
River dramase in sou"'cm california, l.ti· 
.ucIe 3j' 40' N.' Ele,au.on rang.., from 
about 5,000 10 9,000 fen 

A I0I:l1 of 56 sampLe. silOS, mIdomly SlI­

Iec\ed frotn candlCbrl: )'OUlll!.gror.o.1h red rlf 
SURds ...... lb.n the study aru. _re uam· 

, ined dwmg!he rocld seasons 1984·1988. 
YOUnl'groWlhsuncll weredefined as those 
in ... ·hic:h .1eIlo 75 pctteIIloftheln:eS ........ 
l20yunold or yoonga III b<ea<t I'II:igtu. Al 
each s"e, 2105 (dcpendinloo .... ndoom· 
pIl$,UOI1) vwble radius subplotS "'ue eJ· 
labllsh=d for me&.<uring 1I'ee I"" .. .,h. SlaOO 
eomposilion. Md site fatlQr .ariableJ. Al 
~h plOl, from 2 10 4 randomly Selecl=d 
utes (e.~C'p1 !Ret wi'" damaged tops or 
lho:se Le.$5l113n 3.0 inches deb) w= felled 
and secuoned for colLection of stem analy· 
sis dala. In addition, one dominanl rtd r" 
~"Ie tn:e~ _ f.Ued and seclioned on....,h 
pI()t o.LI from these <k>minanl site trees 
~.ecomblned w,'" lhc dat.o rro.... thcolbc. 
domuwu. C(ldon>inanl. inlCrmodiate, and 
$\1ppre$$Cd felled l>"teS for ..... anal~1S. 

Each lice was nwted at brusc hei"', 
before felhnl. Ahu feU,ng, ae ..... =~on 
..... seul AI thebreasl·heigh, mark. DiamelCr 
OUllide bm WII$ measured II 1IIe breaSl· 
heighl mark wi'" 4 diamettt .. pe and re· 
corded to Ihe neateSl 0, 1 inch. Ave"'ge 



bark !hocbless ... as dc:lI:rmined by '~"'II· 
'iii fOOl' umfonnlyspattd measuremcntsof 
bark tlutkneu. each laken lO !he ntare51 
OOS inch. by lIIc MWIOOd,'o.~· method-' 
Di3mclI:r "",.de bark ".$ Lhcn calc uLa~ by 
!u~"ni [Wlce tho a"Cl1lgc bark !hIck. 
"C~ from !he dab mu:mro rMnt. 

Sue mdc. (101.11 heighl of oomin3nt tree! 
at SO years b",as l·height_gc) for ~.h plot 
"a! dl:termmed directly from Jll:m lUlaiysis 
of the SIte Ue= Basal ara (fl'/ac",):IIOlIIId 

.Jeh plOI tcnttr was e.stun)[ed by cou"''''g 
all I.m:S ~ quaIJfltd r.,.. ~I)'ln, WIth • 

b3salan:a flOCIOr 20 ... ·edJIC prum. Dcscrip­
II'. woulties for llIe dru.3 ~I art. prcscn I':d in 
u>bie I, 

dib. b,, " b,dob H (I) 
in " 'h",h 

dib • dWncter ilWlic bart: at bn:til 
heighl in incites 

dob. diameter 0<l15;dc: bark at bre.asl 
heillht in inches 

b, _ "'JI:Tt$S1on coeffICients . 
e _ I random UfOftomponenl WIth lUI 

expeo::ttd IIIQ<l value of zem ond 
V>Ili>n«of 0 I 

.... iii to thedala bywei",tcdleas<sq-a 
"'Jl:TtSJion. Wei",,, o f l.Wdob. l.!Ydob'. l1 
dob". ond l,O (unw.i",ted) were <ried. 
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""hkh forces lhe "'grcssion$ throu.g!t thc: 
oriIin, WliI.'l fitlO lhe dati. Fum,val's In&>. 
of f 1\ indiQIred lhe wei,," Dr I/dob p-ovided 
!he be.a iiI Df this equllDon ond showed 
coosidttable improVftMnl in fil OVCf c.q .... 
lion l. Equalioo 2 ...... Ired inrelSOl\3b1cdih 
predictions for ~ry smaU uccs. bul a plotof 
,he residuals revealed an un-=CCpUble 
trer.d (VarilUlCC nOi conSWlI). resulting 
from fort-ing !he regruJion ihroullh the 
on,lII. 

S Uta the ~_ rnocJ.l$ did not ,i ~ JaIIS­

ftclOry results, 'lIOII~near model was fn 10 
!he dilll w,th ....,igbtcd. 1l0III_ rep'tS. 

';on. The model 

(3) 
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Th~ tUI:I were anal)'Oled Wlllo lVo'I) """II 
objoCI"es in mind; (I) IOde~lopequauons 
for ptcd'CI,n~ cutUnl diamc\e. inside bark 
whon the cwrem di.1mclC. outsldo bark I. 

know n. an<l (2) to es"malC oUIslde wI; 
d iamt:lCr as of «Ome previous d3.lC wben 
cum:nt doh and the. amount 0( radIal wood 

~rowth !hat ha:! occurrul SIfICe lIIat dale iJrC 

bOIh Icno¥.n. 

1' .tdidinE Oia",elu III!;idf Bark 

A plOiof thc: data iJ>dic:lu:d ll s1IOOg lmcar 
rolatiooshJp of dib IOdob (ji" 1/. The llAcar 
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Fumi>1l1"$ IOdu. of fit.' computtd for each 
n:gn:ss>on. 5howcd tlw \he wcighl 'II LJ 
doIf' provided the: be.st r" forlloedala. Over 
tI>c ",nge of dUlOW-ters sampled (labl. 1). 
<quauon \ resulLt:d in a good fit of the. tUlII; 
iw"",vcf. 11 fcsullcd in negativc predictions 
of dib fo"e,), small U'eCI (iesslhan ]/4 Inch 
dab). ThiJ -.mcd unxccplable since llIe 
models an> $pe<:i flC&lIy r.,.. young·growth 
~. 

To avood the. nc, auve dib predictions. the 
linear model. 

used by Ritchie and Han'" for Oouj:Las·fu 
in wwcm On:gon and by Larsen and fbnn' 
f.,.. SIX ronife, "JX'C1e5 in IOlJ!hWUl On:gon 
rt5ulted in ~sonable dib predklions f(O" • 
smal l 1«<1 and eUmin,Ied Ihe undcc$;inlble 
trend in the residuals. A plOIof c.quDtion 3 
IS S4Jpeflmpos<don thc:original data(ji,. II. 

Althoulh Ritchie: and HIUI"..nd LIrsen 
and Hann' used !he wei"" of l/dob' III 
lillill,!he mode]. compuison of Fumi \1111 " 
indc~ of fi I ind£aIcd !he ""ei",t of ]/doI) re· 
1~11':d '" the best fil of \he red fu dat.:ll. The 
ll$ymplOlic esti male of the. 9S perce'" eonfi. 

(2) dence imeNa] about b, dots IIOL includd ,0. 

, 



indicating !he nonlinear trend in thc model 
i~ signifLcant. 

B=d on the assump~on ~'"t tile growtll 
"lte of a tre<: would affcct tile fell~ve rateS 
of bark gro",!h and ",·ood growtll. two aMi · 
tianal variabl<'S tIlat fcflcct Site quality ""d 
stand donsity were included. Equation 3 
was expanded to include site index (SI) as 
In indicator of site quality. and basal area 
!"r acn: (BA). which provided "" <'Stimate 
of 'tand den,ity. The expanded model. 

d ib = b,dob' .. b,S! .. b,BA " e (4) 

"'·as al, . ., fit to the data using !he weightof 1/ 
<lob. Nci!her of 111. asymptotic estimates of 
the 95 percontconfldence intervals about b, 
ot b, incl urlod O.O.llldkating .ach ,·ariable 
was significant at the 0.05 level. This indi o 
c:uion of , igoir"""ce differs from tlle find· 
ings of Mon .. rud' who found that the .. 
,. ariabl 0$ dId """igniflean!l y • IT Cl;t the dib,' 
doh ",lationships for Douglas· flr in ""nh­
em Idaho and nonh",csu.m Montalla. 

Each tree was treated as an indepondtnt 
oosuvation for"1I1e development of the 
prodictive equations. In actuality. the dus­
te" (which We fe mndom!y selected) are lI1e 
eX!"rtme"",1 units. and tr .. measurements 
'1"1; sub",mplcs wllhin theelu! t.". If all lI1e 
tr= at each cl",w, had """" measured. is_ 
noting this t""dom dus",r effect would 
result in an unMrcstim.te of the van"",e 
a .. ,,,,,iated ",·ith 1I1e regre"ion,. However, 
,ince the equations were de,-cloped (rom 

"em an al y,is data of on Iy a few trees at each 
CIUStef. tho random dusler effect was not 
conSIdered signir"lUIt in calcul.tlng the 
variance e,Um.Ie,. The standard error 
given for each equ.1Uon (rQbl~ 2) may be 
slightly underestimated. 

'q""'"'''' 
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E"imating Pas1 Diam."" 

Estim.a"'s of brea!l_heigh, diamewrs 
outside bark for 0= as of ""me rnwioos 
dale lite useful in growth and yield studies. 
Pasl diameter! of = on tempotllty plOlS 
are eompared to eurren1 diameters to de",r­
mine periodic basal area growth . l1le in ­
crease in diameler during the period is the 
res ult of incn:""" in thid:"",, of both wood 
.nd bark. and both mu51 be actounted fOf in 
convening present diameters ,-".mide bark 
to equivalent past diameter. Two measure· 
mentS at breast height are needed for each 
tree, (I) diameter ""tSide bark and (2) aver· 
age radial growth of wood for the desired 
period as measured on an incremenl core. 

A method for converting rub back to doh 

is al"" ""oded to ob!ain an estimate of past 
dob. The model 

doh _ b,dib b, • • (~) 

lOla, flued to the data by weighted regress ion 
uSinll "'eighlS of I .00dib. 1.00dib'. I.O/dib"'. 
and 1.0 (unweightod) . Fumival·s inde~ of 
fit f()r each regf.ssiO)tl ir.dica",d til. weight 
of 1.O!dib'-' provided the best fit rot the data. 
The estimation of pas, dOb is. lI1en. a four­
"ep process, 
-Measur. CurrWI dol> and radial wood 
growth for the desired period 

·Conven current dob to curre nt dib "sing 
equation 3 or 4. 
'Subuact twk. tn. rndia! wood growth 
from current dib to obtain palt dib. 

'Con'·w past dib to past doh with equation , 
When. sequence of measurements and 

estimates is used in tIlis manOOf. the propa_ 
gated error is likely to be subSUlntially 

S".d.nl Fum,.':I". ._" .~ 
, 

Ilq .. ,,,,,, -. I 0, I 0, I 0, I 0, .. "'", .. cH. I 

-.1.2M O.~" 0.<036 0.7$91 ' , 0.39291 0.411t O.17(l'! , O.I69't ,.00933 0.<01' O.l<l1l , 0!l}60 t.ow71 0.00411 -1).00041 0.1761 0.3417 , t. t1i'.1l 0.9r027 Q.4'03 0.4119 

3 

greater than that indicated by the indices of 
fi, for either equati "" . 

RF.SUL TS AND DISCUSSION 

Tab!. 2 present< tile regression rooffi­
dents and the associa",d sUtti,ucs for the 
five equations fitted with the daUl. When 
stalld density and site index information are 
available. equation 4 is recommeoded fOf 
oo<aining the most pre<:ise predictions of 
dib. The negati .. """fficiell1 for basal area 
indicates that for trees of the <ame dob. 
those grOWIng under higher densities will 
have thicker bark . The positive coefficient 
for site i nde~ causes an inc rease io pred ic ted 
dib; for trees of the same dob. those on 
higher ,it'" will have thinner bar~. In gen­
. ral. 'he ratio of bark growth to wood 
grow th will be higher on slower growing 
~. 

[f dib predictions are nOt needed for ,mall 
tn:eS (l:..s th"" about S inch:.. in diameluat 
breastn.ight), the linear relation,hip given 
byequ.tion 1 will resuit in ,uitable ptedic­
tion, ofdib for tn:es in the ra"geof ~ to 30 
inches dob. However. when more precise 
predictions are roquirod for lI1e full flInge of 
diameters from 0.0 to 3-0 inches. use of the 
nonlinear model (equation 3) ;, ,emm­
me"dod if si", inde> and Stand density in_ 
formation lite not available. 
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