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ABSTRACT 

Prediction of wind breakage and uprooting in tree stands requires 
information on weight of dry crown, branahwood, and foliage. This 
information )las not been. published. An experimental progrs.m . .started. in 
1951 has led to a number of generalized relations by which these crown 
.characteristics can be determined with good .accuracy over a wide range 
of tree diameters, apecie·s, and. speeies groups~~~' 

Crowns, their components--branchwood anQ. fo1iage-.,..a:nd stems were 
anal;rzed for 211 conifer trees representing 13 species and 4 sites from 
4 ·states.. D;ia;meters of ·stems :rang·ed front l inch to 37 inches at breast 
height., Weights of ·dey crown, dry branchwood, and .. dey fol:iag'e were to:und 
to be significantly-. related to stem diameter at base of live crown for 
each species provided .e:row length is taken .into account. 

~elation .for o:rown.weight varied with species and site but not 
with crown geometry, :position of the crown in the canopy,. or age~ Both 
branohwood and foliage relatiott...s appear ·to behave similarly. 

Cro:wn weight relations for all species were grouped ··by statisti
cal con:tiJarison. of regre.ssio:n. lines. Resulting groups were rationalized 
on the basis of similar tree characteristics in an attempt tQ e:stablish 
a. basis for rating the c:r~own. weight of' foreign species.~: or native 
species not yet analyzed.. No firm basis for ratings could be deduced. 

· At a l2··dnch stem diameter at base of crown, crowns o£ shade-tolerant 
species were not necessarily :P...eavier than those of intolerant ·trees 
although they generally had 1;3maller branch-to-foliage ratios~ In .all 
species this ratio exceeded 11'10 for trees larger than ; inches· stem 
.diameter at . base of cro'W!l. 

So that results could be applied to stands of trees, the species 
were grouped to correspond to selected American fqrest ·cover types. 
Equations for weight times length of dry crown for these 11 cover types 
are presented .. 
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INTRODUCTION 

Determination of relation between certain tree orownll &nd stem 
physical characteristics is necessary for the development of a method 
which predicts tree breakage under the influence of shook .. wave winds 
o£ the type associated with atomic weapons. Weight of dry crown and 
its components ..... dry branchwood and dry foliage--are required to esti
mate aerodynamic drag forces ac.ting on trees of all sizes and shapes. 

This study of tree crown and stem char.aoteristics is one of a.. 
number of basic studies (13,16,18,21,23 1 24):67 of physical and mechan
ical characteristics of trees conducted for the Armed Forces . Speoiai: 
Weapons Project leading to a method which p;rediota tree breakage a.n,r. 
uprooting under the influence of strong winds. Wind causes trees to · 
bend, break, and uproot through aerodynamic drag action on foliag·e, · 
'branchwood1 and to a lesser extent on main stem surfaces. Drag :force 
has been .related to weight of dry crown,. a simple indirect me·asure. of 
crown surface area, for individuals of several coniferous tree SJ>ecies 
(21). ·Breakage theory for conifers also requires knowledge or the 
ratio of weight dry branehwood to weight of dry foliage. Knowledge of 
the relations between the weight times length of tree crowns and com- .. 
ponents and their stem diameters and the variations in these relations 
due to crown geometry, crown class, site class, and age is necessary to 
allow extrapolation of drag data to trees with crowns of all sizes and 
shapes that may be found in a forest stand, Determination o:f species 
and silvical similarities would allow prediction or crown weight times 
length for an unfamiliar.species, either native or foreign. 

Knowledge of the weight times length of tree . crowns should. £.1nd · 
ready application in several other phases o£ forestry. For example; 
the foliage weight-stem d,iameter relation could be used. to supplement 
existing·knowledge .of litter production from trees and stands for use 
in soil nutrient and infiltration studies. Quantity. of foliage deter ... 

·mines the amount of precipitation and solar radiation reaohing the 
forest floor as well as penetration of light through the crowns. The 
crown canopy intercepts rain and snow and has a retard.ing influence on 
. the evaporation from the forest floor. Determinations. of· crown vetght 
would be interest in fire control and forest management to allow prior 

l/ Crown = (Branchwood + Foliage}, and does not include the 
main.stem. 

gj Underlined numbers in parentheses refer to Literatu;re Ci~ed 1 . 
page 91. 
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tstim~tion or tl+e U)Dtmt. o:f slash t:na.t wqJ.lJ.4 be 11lft .afte:r loggi!ig. 
lfll'l . VOl"Uli"f.eS U GrQ'W]lS ~f St$ndUg t:ree13 W'Ol.lld. also ~· of ut~t:~st in 
tire eontrol. · · 

~uah wq~k ht:J;s . ·.. . dqne on quanti tati~e vari~:Giow ()f foliage 
tor seyerfl:l e~n].t~:rous axuff.. br~adlea£ t;ree· spe<!ies ~. ·. var, little is 
kn()l'l!l:eQl'te~nd.~ e$tj)lati()n or total ~rowxt. or b~.anahl'(QQ.i ~~ight~ •. EQli· 
ag.e ·has btea ,sttm,i.~ll i:t1t~nsive~ by. s.rea, ... vol~~ w~igh~, .~ .... nutnber, 

. all.Q£ whfek ua el~sel1:tNel~t~~ ~V:antiti~a hart been d&te;rmine{l \Qth 
·~Y s~lillJ .~ •1 iltt~nj3ive etu..d7 o.f total fpliare •. · ilow~re;r,. a !)ace .tew 
ill~stigators : e~r~:la.te~ t}iese meas~~s ·nth tree stem ,cha.rae~et.!stic~, 
:.Littl~ Qf the walth. Qt ]!ublished :t~ateria1 was ii:ree~ly applieab ·t·Q: 
thl" ;p:r~s~:nt stu~.. il!lv~stigat~rs eoMider~d leMgth ~f ~'W:Ja!f 

!'ha:l; l~at ~tJiface a-rea· is re;Latf;!d to weight has ·betlt vt~ll estab• 
lis~td !'OJ:' h~i;h ~;m:~terS and. ~14'00~~~ · ~f'j.r~Ji {£i).·f!. W()~lru4g w.ith. . · 
$eoteh· pUft .1!1 8W~~~:r1 .fQ~:needl~ SX·$tt .aite.~t~ )'rOF>Qrtional to.,Q.ey 
w~ig;ht .. s.~ a;Ii .app;tfoxp.,at~l~. constant 15•17.5 :aqu.ar~ llete;t:'s p•;r J:d:Logr~. 
Chtm~l~ (]&)~ st-u.~lilig 'DOt.h forest and tru:lt treas, t~"tllld t~aat this 
ra.1liQ,is ll(l!at'l1 oo:ns-t~t ·.· £Qr~al\Y on¢ species •... II~ .. aonal11ded·th~t leal' 
~ea. ·a:n;d . il'"T w~ight ~t. · l~r;v~s be us~d. bt$r.~hug~·a'hlly · iJ1 flieter,lliirt· 
ing th.e ~Orr~lati~Jl )rith SC.).me . ·va:ri,able $UOh' ~~ int.ereepti~n a..tld . 
tt-uspuaticu1 •.. ft::~. i•tt~i V$ .· .·with dali!\1~ia: .blad:k c>ak atul ~· 
b'~l-~a.lt,. StU~JSot;L (.@2) found that tke :atip ()·f leaf · ·to dey weight 
Qf leffl.v~s is fairlj aQnat.ent a,t ~o:m 9 to 11 for .· . sptc!es, · alik9uP 

. both ar•a .a.tt4 Q.r;y w~iiht ch.ange as muah as ... 400 }lere~:tat fl:*o:m. s':ring to 
fal~.. · 

fii. a:p~~s that :t,i.lfts (~).·vas. the- .first .. to. r~l~tlf .weigh.t. of 
. t~Pi3· .. to ... ~~ef.(tiJie~iQ!4S•. w~rk~•g.J4ith. tr~t. trees ·h$ :r~ri~·h~gb· 
eo~:te:L&ti~IJ. betwte:tt w~igkt of or~n ..... ~nd. eitownf~remp• ~t': th~ ··. ~rWlk.~·. 
0(lrre.l~~i~~r c~etr~·ot~nt ... ·fq:r. ~~aeh an~ almo~. fUt~t(!~$l a~~··· '. The' wo~k 
ot Iittz-etig& ( .. :lP · . ·"h~·r~1n .he sup~l~~nts :tta.s ·ow work ·Q~ . 
pollld~su. :P:ln~ ., . . .. · ... · ... · .. ·. ·.· . iv~ oak w;i ~h ri~~$ ·rQr · ()iJhew sp~o1•s .r)';'~ 
a.· v~trit~:r or :p1fb:1:tsh.~ spu-rees, ~ n~la.'bl.1 Jlurg•r (2~4 "1" ),. 
]tt'Qbabl1 the -~i¢h~st' s.<;)l:tt'oa. ot. in£orl!ls:~ion.. _· ~i ttr~ t~~ .· . ·. .tht) ;-~:La~ 

.. tfo~ •li>•tW;ten. ~~«r·w$ipt·· ~d. diameter. of .lnqi'V'id.ua.l tr~t$ f~ ··10·. spee~•s 
~d .28 s~~ds x-e);'r~aent~ng a ,-a:riety- of lQ,oations*.• si~~a, ~ •. qe:a. In 
all eases t~encls ~t-~ l!.~~ar when data. w~re plqtt~d on double l"~arith
mia p~er ~d ·thus . eould; be rep:resented 'by- th\& r~gr&ssio:rl.. ~uatiC\li: 

'W-= •a(D)0 

where (W) · .. is lear weight in kilograms an~ (D) . is rti~t~ -~$-St high 
in·i~ehes~ T:b.e.r~gression aoeffieients for t:n~ data from th,e ~nite<t 
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States and for species native to the United States in Switzerland were 
tested statistically and all of them proved highly significant. In no 
cases did the data deviate significantly from linearity. He observed 
that as a whole the variations in the two constants_::..from 1.1 to 3.3 for 
slope and from -0 .. 4 to -2.2 logarithmic units for the intercept--is sur .. 
prisingly small considering that conifers,.deciduous, and broad-leaved 
evergreen species from California to Vermont and Switzerland, represent
ing a wide range of sites and areas, were included. Furthermore, he 
concluded that this relation is applicable to trees of different sizes, 
densities, crown elasses, and ages at least up to the age of culmination 
of growth and beyond that for tolerant species in all-aged stands. 

Maruyama (17), working with Japanese red pine (Pinus densiflora, 
S and Z) in Japan-;-checked the Kittredge formula for the relation between 
leaf weight and stem diameter. Maruyama used green weight; which of 
course changes only the intercept in the regression equation. 

Cummings (11), related number of leaves to branch diameter squared 
for a single silver maple tree but did not give leaf weight data. Roth
acher (19) correlated number of leaves with both branch diameter and tree 
diameter-for individual specimens of white, scarlet, and black oak using 
the relation developed by Kittredge. Average leaf weight data allowed 
conversion of leaf .numbers to weight. He concluded that there is no 
noticeable influenceamong sites I to IV on quantity of foliage, and that 
estimating equations may be applied widely throughout the area typical of 
the forest type studied. 

As breakage theory for conifers shows that drag-force estimation, 
. and thus breakage prediction are quite sensitive to dry crown weight, 
close estimation of crown weight is essential. Thus, although Kittredge 
( 14) indicates errors of forecast of only about 11 per·cent are possible 
when estimating foliage weight directly from diameter breast high for 
ponderosa pine the present experiment was designed to secure all possible 
tree measurements in an attempt to develop a more accurate relation for 
foliage as· well as branchwood and total crown weights. 

PROCEDURE 

This study is based on an analys.is of 211 conifers comprising 13 
species including pine, cedar, true fir, Douglas-fir, spruce, larch, and 
hemlock. Four different sites. and four states are represented. Individ
ual trees of species comprising several important .American cover types 
were chosen for analysis. Most of the work was done at Mt. Shasta Experi
mental Forest on the Shasta National Forest in California and at the 
Priest River Experimental Forest on the Kaniksu National Forest in Idaho. 
Table 1 lists species and gives site classes and locations from which 
sample trees were selected. 
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.... P4)nd£!ros~ .J»aet
(Firtus.po~•~sf{l.) 

~. Pqnd~:rosa :p,itte 
{~iau~ ~lt4,erpaf;!.). 

/. P,o.n4,~Gsa j;~nt 
(Pi)l~$. paacte~a) 

;eo~d~rosapi;rLe
(;Pi:t{ua po~~r9.ea:) 

· ~QD.d$~o.a. '~ 
(Pin~ .<pol!l¢l•rosa) 

Sugar ]))in~ 
(Pinus lamnerti
ana) 

Wtstern white 
pine ( P~n.us 
montieola) 

~dg~ole ·.pine 
(P.inus. e<;>ntt;)rta) 

LQdgep<;>l~ pine· 
(Pinus -aotl!borta) 

toblolqp:tn~ 
(Pinus t ~e<ila) 

. White fir 
(Abies ooneol9~) 

Tr$e! 
it;UrJib~s · Loeation 

1~12 Mt •. Shasta Exper .. , Fprest~ 
Sb.a.stfj,. Na,tl"' Forest, CaUfe~ 
:Elev, •.. 4-0QO ft •. (Westsidt) 

1:3 ~t. Sha.JSta ~t-~ < Fo~est •. 
$)l$J:rta Natl .. · Forest:~· Calif" 
l:l"',• ;QOO .tt. (Eastsld~) 

)4 .. 16 f'ri*!.t,:J.t Riv10 : .Expar-.•. Fo:t'est i 
tanikst.t. Nra.tl .• Forest? I(la..
<El•·t, .. ;iOOO tt.., . 

17:-.4,:> Oh~le$.tan Ranger :Qist., 
Ney;. Nat;lij) · Eo.:rest1 !i{fV"" 
-~~*.&JOO ·ft .. ,., 

OhG:tl~tcm ~t :Plifttt;, 
'.N:ev-* ·Matl,., ·_For~st, ·N~1f ... 
~~v!F sooo rt ~, · · · 

Mt'" Shasta Exp~r .. Forest, 
Sha:sta Na.tl ... Fe>test 1 C~lif~ 
·:r;let •. 4000 :rt •... (westsid~) 
Fr.i·$St Riv.. Exper., Forest 1 
Kaniksu :N$t.l,-,~Forest, Ida~" 

;, Elev ~ . JOQO rt .. 
,Mt • $haste. ~er" · ForE)st) 

·Shasta Natl~ Forest, Calif* 
Eley.,. 4dOO rt,~ •(Westsids) 

98""104 Prietrt Riv-,. Exper ... F'orest1 
1\aniksu Natl."' ·Forest, Ida. 
El~vo, 2500 ft .. 

105-113 Santee Ex]ier ~- Fore·st ,. Frane is 
Marion Natl~ ·Forest,.· S1o 

· 0 arolina, Elev * 300 ft .. 

114-122 Mt.. Shasta Ex-per. Forest, 
Sha$ta Natl+ Forest, c·alif~. 
Elev ... 4000 !'t ~ (Weatsid~) 

'12 

Site! Crown 
QlasEVJ oal19:PY 

IT S~~
ope,n 

l'I S$l'li• 
Q]1~11 

IV.:V Semi
·OPe:tt 

IV 

II 

II 

·II 

II 

II 

$emi
o,en 

S~lid
o:pen 

Closed. 

Semi
·op~n 

c1ose:d 

Closed 

... 



Table 1 (continued) 

Species 

Grand f'ir 
(Abies g:randis) 

Douglas-fir 
(Pseudotsuga 
taxif'olia) 

Douglas- i' ir 
(Pseudotsuga 
. taxifo.lia) 

Enge lmarm spruce 
(Picea engel~· 
.ma:rmii) 

Western hemlock 
(Tsuga l1etero
;pbylla) 

Incense cedar 
(Liboeedrus 
deeurrens) 

·western redcedar 
(Thuja plicata) 

·western larch 
(Larix occiden ... 
talis) 

Tre~ 
numbers Location 

123-125 Priest Riv~ Exper.;. Forest,. 
Ka.niksu Nat 1.. Forest~· Ida'" 
Elev <! 3500 ft .. 

126-1.31 1v1t.. Shasta Exper I> Forest 1 
Shasta Na.tl? Forest, Calif .. 
Elev .. 4000 ft ... (Westside) 

132-151 Priest Riv .. Exper .. Forest, 
Kaniksu Na.tl~ Forest, Ida • 
Elev.. 3000 ft ~ · 

152-165 Priest Rivo Expero :B"'orest, 
Kaniksu Natl\0 Forest, Idag, 
Elev .. 4000 ft .. 

166-179 Prlest Riv .. Exper .. Forest, 
Kaxd,ksu Natl .. Forest;1 Ida~ 
Elev P· .3 500 ft .. 

180-185 Mt ro Shasta Exper .. Forest, 
Shasta Nat~,~ Forest, Calif .. 
Elev., 4000 ft .. (Westside) 

186-200 Priest Riv .. Expe:ro Fore~t, 
Kaniksu Natl.. Forest, J:d:a. 
Elevi> 3000 ftq 

201..-211 Priest Riv .. Expel'" .. Forest, 
Kaniksu Natl .. ·Forest-, Ida. 
Elev .. ;3000 f't .. 

Site£ Crown 
class c(il.nopy . 

III Closed 

II Closed 

III Closed 

III Closed 

III Closed 

II . Open 

III Closed 

III Closed 

!?:physical characteristics of tx~:ees ar.~ given in table A-11 
Appe·ndi;x: A~ 

Beite~.,;eapa.city to produce forests as reflected by average heignt 
of dominant tre~s; Site I highest capacity;(! 

Cl"'iteria for individual tree selection were dominarice, fullness 
of crown, uniformity of' c:row..n1 a:n.d lack of defect visible from the ground 
(i .. e .. , fil"'re scar,, :rot, crook, and fork) 4 Diameters at breast high from 
l inch to 37 i11ches were sought; however, sui tcl.ble trees in each diameter 
class ·were sometimes not available" Trees were sel,ected fl .. Oin typical 
associations for the giv-en species.. Nearly all trees fit the crown 
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claf;ius I of Du.nni:ng ( 12) f'or young trees~ Tree and crown m&asurements oom:-
·lliOnly us~ forestry were used to utility of results~ All 
t~ste Y.~l:"~ eonduet"ti under dry soil conditions ilxe·ept for lii)blolly pin~ 
which were measured on tSoil.. All c.ro'Wn an,al;rs es maQ..e in mid- Qr 

lat~ sUQ'~er prior to leaf fall. 

All epeci~e, iiam.e·ter breast high, site class,: loeatio.n for eaeh 
s·a:mple tret \fere- recorded'"' Th.e area around each sa:mple tree then was 
el~~d. of all litter and dead. br-a.nchwood.. Height_ . eaeh -sample t~e~ -was 
det:e~ by r·ep$e:t~d Abney level observations and ehec.keii by ~actual 
·me~~-en:t. of the stem after. falling .. _ Total height is ·frQ}8 the b~gizudng 
ot the ~lllTrent ye·arls growth at the top _ . one f'oot abov:e· ;ground at the 
ba;$G·.. '[Jsmg the t:otal h~1ght ·each 20 pere:ent s-ection was ·eal~'Ulated .and 
~:k .. . oft on .t- ~:tanding stem, .0-20 pe~cent being at. ·t~ top n£ the tre;~. 
flble tr&e was the:n ]tt'ilJJlled to th~ 80 percent mat·k 11 or the closest 20 pere~nt 
t.:taeretq;_ if ·l.iTe branch"WoQd _ abo-v·e: the 80 percen.t For details 
of ~e:rown division fi~~s 1 21> 

---r-----r-----'1----- 0% 

TOTA1.. 
HEIGHT 

---r-~------~----~·0~ 

-LTRIM TO 

I• FOOT A.IOYE 80% CROWN LENGTH 

GMUND --~----~--------~ 

Figurel,.• Tree division 
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(a) (b) 

Figure 2 .--Ponderosa pine 124 feet high and J7 inches in diameter 
at breast height. (a) 60 percent crown, (b) 40 percent 
crown. (Tree No. 6, Appendix A, table A-1.) Branch 
stubs, used for climbing, were removed and weighed as 
branchwood after falling. 
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'r.h.~ lpver . 20 -perce:at pe-rc~tl"t) .. tltezl was :P~ttnt'!¢1 ·b:r$Jlahwo()d 
flush with the st•, · and trimmed w~igh~d, •. -Stl?lTJ:t weight . was nc.r~ . eon-
siiie~ed :tn . this a.Jia.~sis. :M.oistwe saxnpl~s of ~E!~dle.s and b:r~ohwood 
sapa.'t1:1teq wer$ tal:$\ ::lmnt~diately, fr9ltl eltmxps tak~:m: at r8JliQ11 .fran ... te>p 
to ~ottom of Se<!tion~ Abotrt t:td.rd or the crow. . . . vas laid aside 
to b~ .st:r~p~d tor. . , ~t.ripj:)ing . q£ ro:t,iage 
'\fa~S q!l.r:r'i~~.~ll l)y .. a ·. ·.··· .. · .. · er*:w 'FtfM3C!,.ftl~. ahtatks 
w~r~ ·o~id~~~ ·.. tol~al'f~ .. ·. .. wei~i: fU~:JJuat~~ 
ft~il(J~g ~~flipping, · ani St~le was .. taktf); .Qf ~e,eh" 

. Sm!J~~s · ~'l:j·~ ·!llaGed ·. !11. · :deterari:wJi la:t$r ·~ qv~n 
·~~ing at lOO<'>F Gr by 

. · Th•· ;n;·~~ pe;reent crqw was :ptuJted,. w~igl!e.t1-~ · .. ~~led .tor 
mo.is.ture oont~~t .. a(g befQt~~··. ·Again . tlrlr.~ ot :thij·~rown .s~oti¢n w~~ 
-.~vu far stl!'ippiq, eiglrl1lg, . sa,mplbg mt>iat~. Tht: p;rQe••s wu 
o~ntinttad \ttltil tQ tr.$~ Wa.f3 co.,lttrtel:1 stri:ppt<I. c;f c;rQWJ;,t. l.f.P•Ying 
t.h•, 'b.etr• s.~e-.. ;F\iltall,- . st$;m1 was cut ~o~,. <.;trt at the ~~e Qf· 
~~ pe.rtl~nt ~rown .s$otio:n1: a.ud d.i~eter i:ns;lde b~:rk •. ,d 
leqth·ll!tasU?~d:/6> 

·p~ioal e~'cte:ri~tiea . . a:nd st·iml ~~~ .. .. ·•~pl$ t:r~ ana ealeu:l;t\ttii i:t:q ·w,ights fQt: total O:rQW .~. it.S ~~~rrts.or .... tey-, lJ:fallG}tr-
·)TQOO.·-i.~Y, f9li~-~~~~ Jl~est~:nt$d. i:n AJl~:adi~ A., tfi,b1~ Ai~l:"' . Crpwn 
·.~e.sr~•e:•tl a.:r•.li~t-14 eUll'lW.atively. 20 .. p$;ree.nt <lr·P1ifll $~'t;iolls AAd l)y 

. othe~ 4rQlt.rl .seet;l~, a$ incilicat~eti . in ta'bl&.• 

CQJJ,b.inat~O;:n f>f V~iah:L'a 

Wh~n thEt· two ·vt'U!iabl.es.!* ~:ry erowa lf~ight in po~$ (if .) gni 
.(iiaJ«$~&r at b:t!ta,st htight in illehes ( d · ) , , ar~ JlQtt.~~ .Qll · , . .. lQga
r1t~e ~~pe:t"_ (f.irut.e .3)~. as £Sugg.esteti

0f51 Kit~r~d,;e ('!A) :rar ~7 w~ipt 
of :f\-,liage,:. the. t:t~(ts ar~ so that th~1 be · :tt~ilft1llte!\i by. t)le 
· r·tagreaai~n · ~q~tion: ·· 

wdo = a{~h)b 
This r~lat:l~n 'Wl\\S t~sted data 
cla$$ II loee.t.~\i, n~a:r »'{t ~ Shasta, V""!."'~·""'"',... 
WllS tta'Sted . stat1$tiaallf. a:t\d proved 
tional fii;at.istifla"-·t~st showed 

lin~i~y"t O$e:!'£ioi~:nt ·or 1"1rC\"1'~4 

Of e~rtim~tEf':W"~ 2( p~i!C~rtt ::n.8 11Gttn'CI:£3iJ 
'Weight .• 

deterlldn.e liiJI.IE"'hfli"~r" 

~st1matio:a velght o£ 
tor th~ s~ seven <polrw.e;r>~of~a 

(1) 
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Substitution o£ stem diameter at base of live crown in ine:h.es (4.
0

) 
. as th~ ind~p~ndent va:-r:i.able in plade or diam~'ter br$:~!ft high results in 

a,.n. .eq~.ation .(>f the form: 

b w,;3 :;= a(d ) 
~"c a 

(2) 

· This fox-m equ,ation (figu:re 4.) decreaa~.es stama:rd error o£ estuate; . .a sub
. sta"lli;ial tUI<>unt to 16 ~~rcent and inc!"eases ~<:)'effici-~nt of co:rtela tion 
to Oc~>.997:~· Aga~n the regression c.oeffiei~nt ·w-as highly sigrdfieant an~ 
t~:re w~:~ nta depat-ture f"r(}:tn lineal~ity'". +mp~ov~nt.ent in estimat~~n of 

. e:r(YWl'l weight was ubtairted even though all trees w~re of 80 p~~ct:rrt croWJ;[ 
with base <;>.f ·lf'te crown quite close to br~ast high.. With a Wider range 
:t:n. c:ro-wn length,. which is more customary in fqr~$t ... g;rown tr~ee~. th~ 
ady~tage or using b~e of ~row.n stem di~et~r would be ~'ten .lliore appa,:r ... 
~nt EXS this variabl:& corrects for variations in s-tem form,~ 

When ·. th~ weight of dry c.rovr.n is m.ul t.ipli~d by- the .lertgth of liv-e 
crown in, feet (H ) and stem 'diamet~r at ba.se pi" live et•ow is :r~taion~d. 
as the inde)endeiit va:riable the followi.ng equation reesul·t$! 

w ... .,.H = a(d.)b t;) dee ··· e .~ 

This form ~quatioll (figure 5) provides even closer estimatiotl of' 4ry crown 
w~ight With. all er~r of' e·st:i.JnJxte of ortl3f 7 perr!ent of the mean:"" Co-e!fl
eient ¢f correlation beeo:u~es 0 ~999.? The regref$sion aoef£'ic1exxt is highly 
significant al:l<i no departure from linea:rity can be damor£stratfld~~ In~lu
sion. of the crQwn length variable im;prov~s estimation o~t cro·wn weight as 
it Pt'01flde·s a:orrecti.on .for poor site, old t;r$~Sp: and for :aat~al 'f.a:t'ia .... 
tio.ns fQ:r aw giv~n. site and ageq ()lder trees, or t:re0s <ln ])oor si.'t•$-
have sh()rt~r1 b.rpad . c.ro·wn.s on . the av~l""age, .. and.· crow W'tiif€;ht! t¢:nd to be 
ov~:restima.t~d. h'om the . co.x~relatiOll of crown we.ight alone with d:iaa~ter 
at basQ .of life· e:r60W (equaticn1 (2) )-~ It was $-l~o .fom:iid. that s'light lo.as 
i:rt accuracy resu.lts from rea:r:r~ang:tng the v·al .. iables in ~q\latiott (J} into 
a n~w tcru.ati9n CO,mbining length of li 'f'~ crown With tllif inde:p·tn~ent · va.rt.-. 
abl~ (4i~t~r at 'batSe c;.f l:i:ve crown) ·rathe;r than 'W'ith the de:P~nd·ent 
ve.?ietble.~ 

b .. analysis ·s~:tla:r to tha,t ou.tline<i .abov~ .tox~ weight o£ d~:y. erol(.tl 
of . Pcsnder~~ta pi~ was ·applied to O-at a £or the twQ arolltA n~ont~t$--. .... ;d~y 
bra,ll;¢lhW®·~ .. and .. d:t'y fol.iageo Sinlilar ·re:sul"t:s we:rt abta.i.n~d.ji '!he d;is.., 
euas.io;rt · which foll.ctw~ d;~a.ls with "thtrll mor~ a.ccu:r,a.te :r~l~tion sim:i.l·ar to 

. equatio:n (:3). fo.r both iiotal crqwn and CO!flllG~nen;ts~. · 

:Fc;r t:rtis ~aly·sis all w-eight·:rs are ovell. · d;r1· !l·· Th' d:ryn~.$·s of the 
c;;ro~Pi wh~the:r C)V~n dry, · air ~i;ry J : 01' gr·e·en, · Cllallg&S Oi1J.1 th~ Vl\lu-· Of the 
e(:l:tlSt.atrt (a). in th~ equ~lti(:>n an.d clQ$1J :not al.~$'r the usetuln~ss o:C the: 
r$1l.atiq;n f,qr purpoSt$ of :~st:lmettio:n ... 
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Figure 4.--Relation between dry crown weight and base of crown stem 
diameter inside bark--ponderosa pine (California) 
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Crow Geometry 

The pr~~eeding discussion dealt with only one weight, length, and 
diameter measm~ement In a.ddi tion, crown lengths were all 

the same percent of total tree height,. and smaller diaJ»l~ters were not 
well represerrted .. : To allo11~· extrapolation of correlation between drag 
force and crown -w~eigh·t to all tre~ and shapes it is necessary 
to d·emcl:rwtrate geo:metriaal a i.mili tude . of' tree crows. That is, th~ same 
relation hetwee:ll crown weight a,n:d length stem diameter must be shown 
to hold for both the of a large tree and a full-crowned small tr~e. 
This necess~y dynBJUical similitude can be asst;tmtd"' 

For this ptu .. poae~ -data all cro-wn sections for ea.eh ponderosa 
from the Mt.. Sltasta ru."'ea California we;re plotted in .the usua.1 

form on a graph (figure 6) ~· ·Regreesioi1 equations l(~re: calculated 
an(! plotted 20, 40, 60~. 80 percent ar~w ~sections. Oonstallts 
and f.itatis·tical measures ar·e given in table 2.. Visual aQBJ.l)arison of the 
four ourves showed parallelism,~ A statistical test for the signifi-

<lifi'erenc&a both r~g:r~ssion aoe£.fi.ci$nts and interaepts 
by n~T'flc.Q.1r~T:m c:rt)Wll that ne significant difterenaee exilt1 
thus ef:teetive1y geometrical simllitude of' tJre.:e orows of all 
l-engths and sizes ponderosa 

As the fi..~cted regressions by perc.ent crown for all other 
species and locations $uperilnposed, quite w~ll.;. similitude vr~ ass:wned 
al"thougJ:t lack .of data preclud$d . the use of statistical analysis.. . Co.:nclu.-
sive p;re)of thi$ MSllm)i~tion of similitude t\Jr sp~cies o:tltel" than pon• 
derosa must await investigation. 

or a.ll sections also increased the numbex' of usable sets 
of measurements to a of four ·each .sample tree • This strength-

fu:rther analysis triplL.~ ox quadrupling the nUJllb<;lr. of . Q:egreea of 
1·r~~ea.orn available for estim.atio:n purposes .. 

This for both crown and components was tested.for 
the 12 additional s:pec:tes are from a variety of loaatio:as., sites~, and 
of several ages" The coefficierltS for all species were tested 
::rtatistically1 &nd all proved significa.n:t. In the cases 

· gref.f:test tendeney toward a ol).rvilinea:t• trend aP.peared, stati.s-
sho'w'ed line did not aeviat.e sign:ifi~a:ntly from 

The value~~ slopes, intercepts~. and stat.istical measu;res :for the 
equations of the several speciers a:nd stan.d,s for ·total crown, 
br€:trlehwood,, tollage a:t,.e SlJJnma:rized in tables 31 4, ami 5 respecti-ve:cy .. 
Nuntber of (iat:a and ra1:~gea in about the trel!td linea are given in each 
case. Gorr$sponding graphs are presented Appendix B, figures B...-1 to 
B-1'{, figures B-18 to B.,.261 and f'igur~s through B-35 respectively. 
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Table 2 4- Rel.at~C!ns~ .. and sta~istics of dr;z cro~ wei,Sht and 
len th to stem diameter at base o£ ero'W'll · 
percent crown-... onderosa :Lne California. 

Relation: 
Percent 

crown Con~ta.nts.a Statistica.lmeasm-es 

a I b 

20 0.874 4 .. 091 0.994 32 

40 1-079 3.968 Ot~996 25 

60 lil603 :3e774 0.998 16 

80 1.953 J~r688 0.999 7 

~oth constants highly significant at a 1 percent level of 
bprobability" 
;coefficient of correlation4 
·~tanda..rd error of estimate (percent). 

It is not surprising that the weights of dry crown, br•anchwood, 
and foliage times crown length proved significantly related to SjJm 
diameter!<> · Stem diameter is related .to periodic . annual increment? . of 
stem wood. and periodic increment is determined by the amount of foliage 
which carrying on photosynthesis in that period. Kittredge (14) has 
shown that amou:nt or foliag¢ is correlated with increment of stemwood .. 
From his studies ot sev$ral conifer speoies including ~te pine,;Scotch 
pi:r:1e 1 and Norwey spruee concludes that the relation betwe:en leaf 
weight and stem diameter is applicable to trees of different sizes, 
e:rown densities, crow classes, and ages at least up to th~ age of eul
mination of' growth, and beyond that age for tolerant speeies in all.;.aged 
stands .. Few of the trees measured in.the prese!lt etu~y exaeeded·80~90 
years, the age of culmination of growth for most c.o:nifer speeies and 

.. As brantlhwood serves as underpinnings for the leaves ·its weight 
should be related to both amount of foliage and stem diamtter., 

3/ The growth in volume for 8.l1Y specified period divided by the 
number of years in -the p~riod Q 



.:r&l?l¢ -3~- st.ati~~ie~ t~ r¢.~~:11 4r3; ~ "Weight and ~~h to 
· s-tu dia:JD,&t~ a.i ~- cr 4"r&lll1 

Spee::Ui!s: 
·-an:u ~

weight 

b Statistieal Constsnts-

l.QeatiCJn 

_..;.inaheB-

Ponderosa:-·pilte {Oal.it~) 1) 36 o~9-J6-.Q 

. Sugar· pine (edit~ 

WEfatern white 
pine ( Iaa:ht;J 

L9dgepol~ pine (G~if .) 

Lodgepole p~ {Ifl~h~) 

White fir {Oal.i:t.) 

~an« tir (In~) 

4 

1 

9 

9 

3 

12 j .. S...l6.G 

20 l,.J~ .• .5 

17 4.&11 .• 6 

14 0+;3-24.5 

7 l~0-18 • .3 

wdc 

2.559 :3 .. 492 

.>~542 ).2,10. 

1.su 3~461 

7,4~0 >~084 

10.1-.45 ... ~ 17-.~909 1.205 >~eJo 

4.6..-.JQ •. 6 1-.2...,18? 2ffi987 ,1.624 

lT.J-21~ 59-4-'67 9~109 3~~08 

.-0~8-98~0 O.l-1776 24-771 3.509 

>~9 ... 12e).;.O 1.0-1055 '"~ J~625 

~ ·;Ncmrenelit\.tr~, page 95.. · ·· . · · · · · · · · _ · . · · ·· · · · . · · · · 
~th ~tms lrlghly significant at a 1 per~t lf:Yl!l or probahili ty •. 
~~r~ieie~t at e~elationi- · · 

. Sst8.lldll1'1i error .·of estimate. 

0·994 :36 

0...,928 36 

0,.!;99 15 

0.939 68 

Cl•976 .4.3 

0-.975 41 

0.993 ll 

0.999 1!; 

o~-9n .15 



(Table 3 continued) 
b 

Range of data Relation.: wd ·H ·= a(d ) e e. c 
.. 'H G-1 Base crown b Statistical Species 0 0 Cro'Wll Grown Constants-

and f..f &1 
stem length weight measures 

G) Ol diameter location .~ .Q) 
Pm c d .Q) §trl d~ H w a b r- s -.. ~ e de yx Z·-i-=1 Z."d c 

-inches- ----feet--- -pounds- percent 

Douglas-fir (Calif .. ) 6 14 0 .. 6-18 .. 5 2 .. 1-87 .. 0 0 .. 3-1102 J.,J41 3 .. 515 0 .. 995 37 
,C 

Douglas-fir (Idaho} 20 29 l.,l-12 4-2-64 .. 0 1.8-334 5.,690 3>1'>221 0 .. 949 67 
I 

\ 

spruce 
l4 30 1 .. 2;..21.3 5.,6-lOloO 1.0-824 7 .. 332 J.l90 0 .. 983 51 

I\) Western hemlock (Idaho) 14 21 1.1-22 .. 3 6.1-85 .. 0 o.B-530 9,470 2ca977 0 .. 972 63 
\J'l 

Incense cedar (Calif .. ) 6 0 .. 8-15 .. 5 1 .. 8-57'10 043-479 26579 3.533 0.991 45 

Western redceda:r(Idaho) 15 22 1,6'1-12 .. 0 5.2-69 .. 0 1 .. 8--266 5.624 3.-320 0 .. 991 30 

Western larch (Idaho) 11 32 1.0-14 .. .8 4 .. 6-82 ... 0 1.6-372 8.842 2 .. 908 0.95:3 63 

ALL 211 367 0-.3-36~0 0 .. .8-120.;0 0-.l-5780 4~087 3 .. 340 Ob975 67 

Nomenela t"I.Xre 1 .·page_ 
constants highly significant at a·l percent level of probability .. 

S!Coefficient eorrelation~ 

AStandard error of estimate_. 



!'\) 
0' 

T.able 4.- Statisties for relation-dry branehw<>O<i weight .and erolfll length 
· to stem-4iameter at base:o~· crQwn · 

~ .G,.t Range -of·_data R.eLationt ·wa,e•Re -= a(de)b 
Q 0 

Species i-f fij· Base -ero"Wn Crow Branchw:ooti and 
$i In stem JQ) ~·-~ length weight loeation cv dia;meter z~~ z:·"'O 

d~ Iic wdb 

-inches• ---.teet .... ,..;._. ~pounds:----
Ponderosa pine (c·aur.) 13 J6 0.8-JO.o 2.2-·99.0 0.,1-500; 

Sugar pine (Oalif.,) 4 11 Q .. 8-12<i5 2.4-41. .. 6 Q.,l-199 

Lodgepole pine (Calif.) 4 12 3.8-16.0 9-2-45..-6 8 .• 0-680 

Lclblolly pine (s. Car.) 9 17 0.6-11.6 2.2-39 .. 9 O.J-386 

Vlhite fir (OaJi.f .) 9 10 0.3-24.5 0.8-98.0 .0.,1-1255 

~uglas-fir (Calif' .. ) 6 13 af-e-18 .. 5 2.1-87 .. 0 0.1-885 

Engelmann sprue:e (Idaho) 7 20 1.2-16.8 7-.0-81.0 0.6-595 

Ineense ced~ (Calif.) 6 13 Q.B-15.5 l .. B-57.,0 ;0 ... 1-:310 

WesteJ:f'n lareh (Idaho) 7 20 1·0-14 .. 8 4-.6-.76-J _0 .. 7'*:1!72 

.A.1L 65 152 0.3-.>0.0 o ... s-99.-o O.l-5007 
.-: 

a. 
~e Nomenclature:~ pa,ge 95 ~ . . . . _ 
-,Both constants highly significant at a 1 percent level of prqbability. 
~oefficient of.corre1~tion • 
.:Standard error of estmate. 

GonstantJl statistical 
measures 

l l b 
.e s J! 

a -r- yx 

RE:rcent 

0 .. 392 4 .. 223 0.997 26 

0.543 3.8?5 1.000 10 

0.438 4·1ll -00'977 46 

3.098 )~8 0"'994 34 

().809 3.782 0.999 l4 

1.002 _J.884 0.996 34 

.> • .520 3-392 0.991 36 

0..796 3-765 0.990 46 

4.960 .3,.213 0.981 45 
1.146 J.,782 0-.991 4:3 



1\) 
~ 

Table 5 .. - Statistics for relation dry foliage weight and crown :Length to 
stem diameter at base .of crown 

Range of data Relation: -wdc"'Hc = { .. b adcJ 
Species Base crown b Statistieal and stem Crown Foliage Constanta-
location length weight measures 

diameter 
d.!! He wdr a. b ~ syx 

c 
-•inches-- ---feet--- -pounds- Eercent 

Ponderosa pine (Calif.,) 1.3 36 0 .. 8-30 .. 0 2 ... 2-99.0 O.r.2-774 1 .. 012 3.422 0-.993 32 

Sugar pine (Calif .. ) 4 11 0~8-12.5 2.4-41.6 0 .. 3-86 1.301 3.090 0.997 17 

Lodgepole pine (Calif .. ) 4 12 3"'8-16.0 9.2-45.6 8.0-229 1.070 J.J56 Q.967 44 

----Loblolly pine (S"' Gar .. ) 9 17 0.6-11 .. 6 2.2-39.9 0.7-148 6.282 2.737 0 .. 992 30 

White fir (Calif.) 9 10 0.3-24.5 0.8-98.0 0.3-521 2.226 3.232 0.998 20 

Douglas-fir (Calif.) 6 13 Q.6-18.5 2.1-87.0 .04-217 2-.524 J.l.01 0.989 45 

En.gelma:nn spruce (Idaho) 7 20 .1 .. 2-16.8 7•0-81 .. 0 .1.0-229 6.310 2.922 0.986 38 

Incense c.edar {Calif .. ) 6 13 Off.B-15 .. 5 1..8-57 .o 0.2-1.69 2.509 3.186 0.986 48 

Western .l.a,rch (Idaho) 7 20 l.0-14.8 4.6-76.3 0~9-100 6.748 2.645 0.976 42 

ALL 65 152 O'"'J-JO,.O 0 .. 8-99~0 0~2-774 2~870 3 .. 042 0~975 59 

~ee Nomenclature, :page 95 a. 

a. 1 percent level of probabilityo -Both constants highly significant-at 
~Coefficient of correlation. 
,_;Standard error of estimate. 



Crown Class 

.As often as possible young dominant trees co:nfo:r:ming to crown 
class I of Dunning (12) vlere selected for a given stand; however, an 
adequate range in diameter classes was also a criterion for tree selec
tion... Therefore, some individuals necef3sarily were sma.ller tre·es in .a 
stand of larger trees 1 and such trees should represent higher cro·w:n 
classes ~~o· .Analysis of plotted data for stands where this condition existed 
showed. that relati.ons :were applicable to dominant and suppressed 
·trees.. Similarly, ·differences in density apparently do not cause serious 
differences in.the trendsQ The same conclusions were reached byK'ittredge 
(14) and Rothacher (19).. This bet~a.use normally dominant trees have 
large ero'W!ls and large stem diameter base of crown, whereas overtopped 
trees.have small crowns a;n.d small stem diameter"" 

Effect of Site 

The influence of site quality on the for crown ·is con-
. flicting in the available data.. Ponderosa pine on :poor site (V) Nevada 
estimates l.ower than either of the two (California, site 
and Idaho, . !II) ,, The latter two signifieantly different 
between themselves the Nevada is to Idaho but 
not California po Considering all three the b~-tter the site the 
greater the o~own weight times length for above 7 inches. (See 
figl.lr'e 7 and table :1) · On the other hand pine is exactly- the 
opposite. The equation for this on lower site (III) in Idaho 
estimates significantly higher than better site (II) in California for a.ll 
stem diameters. Dou~lae-f'ir agree·s with in that the· 
tion !or lower site (III) estirnat~s significantly than be-tter. 
(II) from California f•or diameters 5 inch.es ~ statistical 

·significance of the between regre$sion coe£fi~ients and signif-
icance of the differenee between intercepts---were used to det~rmine 
differences between equationsq 

Age should ha\fe no effect on trends exc.ept for the site 
Nevada ponderosa pines averaged about 160 of age 1> Although 
poor site Nevada tr~es are much older no tendency to stag-headedness was 
noticeable and .they follow the progressive decrease in weight with 
decrease in site exhibited by the other two ponderosa pine stands. Other 
species were below 80 old with about the same in ages for all 
stands.. Burger (8) in investigated Seotch and Norway 
spruee from different elevations but of the same age.. found that eon ... 
· stants are nearly the t·H.une o.f 1300 a:nd 6,300 feet elevation 
whj.le the slopes a.r~ distinctly a stand the intermediate 
elevation Of 3500 Elevations to site. For Norway 
sta:r1ds at lower elevations ten,d to Thus the ...,.;.· .•. .,...,.,.-!:" 
site on the relation for cro-wn a.:r.Lfi no general 
statements can be made at time~ 
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Figure 7.--Relations between dry crown weight, length, and base of 
crown stem diameter inside bark--ponderosa pine, site II, 
California; site III, Idaho; site IV-V, Nevada 
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DCI.l:U.JJ.l•-:;;u for th~ 10 species, crow.n 
speeies.remai:ns an o.-pen site for 

U~~~~~.~A~ similarities the crown 
tion or chara.cteristies ~ This m,ight 
allow . . ·. . . gl,'"oupi~.s . . woul4 se:rve as a key to weignts of e:t-ovns 

foreign spee!ies or indigenous species anal~zed ~ Abili i~ to 
crown ch.aracte:ristios any given species essential 

develop:m;ent at:ree pr~dietion of 
applieabilityq 

Visual eCllrpa.Jr.l 
given i:rl figures 
and !> The 
two 
estimates "'"'""'~i">"" .. "'·>..;.> 

However1 . 
tieallytG 
regression 
table 3) ~ 'l'hi!I."'I"'I~·PE"i."'t4-n 

g~nus 

seems most ............... ,..,EI .... ""''"" .... 

charaetf,;!tis"\;ics speci,es 
for plaeing speeies not yet 

aV1:l)eetr ne~essari11 be ijO!'· 
tabl~ 6 

in 
'"'AJfl""'<;l~""'···"' list~ 

scattered the 

California (group 2), a s..t.:Lm .... ·cr•:>wxleo. 
crown weight .LCX:L£e:PGcJ.e pine 

usually T">A"~"A-rt':!Ao 

crowned, ehould be more ... ,. ... ,._ ..... ,;y 

to lodg·t!pole pine Ida,ho ( groU]tl 
hea:yy--e:rowned DOJlo.erro!!~a 

northe:t:•n ... gro1m lo.dgepole pine ~'!'l~"'';!;lt 
is true,., hQWefve;r,. that 

regard~€l.as lighter 
or(:natea than sa:m~ s-pecies 

· :pec·ti vely and -- .. ~~--""" 
· Gro~s 7 8~ res ... 
accepted. as 

both are considered have other conifer S)eciesQ' 

Neithe~.nadle needles 
appears explain 
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LEGEND 

Ponderosa pine, Col. 
Sugar pine, Col. -- - -
Lodgepole pine,Coi.-·-·-
Loblolly pine, S.C. --------

r.: - Douqlas-fir
6

col. • • • • •• • • •• • • 
... White fir, ol. 1 1 
:II( 
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de= DIAMETER AT BASE OF CROWN (IN) 

Figure B.--Relations between dry crown weight, length, and base of 
crown stem diameter inside bark--six California conifer 
species and loblolly pine from So. Carolina 

31 



~~~~ I 
~ ~~----~~----~----r--+--r----t 

X 

ro 
d 
I 
J-
~1041-------4--~--~---+--4 
z 
w 
_J 

.2 
s: 
0 

I 
I 

I 

I , 

5to3 r------4------~·~~v~--+--r------4-------+---~--~~ 
X 

z 
3: 
0 
0:: 
0 >- 102..__. __ ~ 

0:: 
0 
LL 
0 
I
I 
~10 
w 
3: 

2 

LEGEND 
Enge1mann spruce, Idaho---
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Grand fir ----
Western hemlock --------
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Ponderosa pine >< . )< 
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de·= DIAMETER AT BASE OF CROWN ON} 

Figure 9.--Relations between dry crown weight, length, and base of 
crown stem diameter inside bark--nine Idaho conifer species 
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Group Relative 
toler- (.iJ 

No .. (J) r:J:! 
ance of ..p ro 
shading~ 

or-1 rl 
(I) ·C) needles 

1 western redcedar (Ida.,) 3 III 1/4 
Douglas-fir (Ida;;) 7 III 1 

2 
Ponderosa. (Calif ... ) 10 II 8 
Lodgepole (Calif,) II 2 

"" 
Engelmann spruce (Ida .. ) 1 III l 

;> Western white pine(Ida.,) 9 II 3 

w 4 
White fir (Calif.,,) 2 II 2-1/2 

w Incense cedar (Calif ti) 5 II ~l/8-1/2 

5 Western hemlock (Ida .. ) 4 III 5/8 
Loblolly pine (S .. Gar .. ) 8 II 7 ... 1/2 

Douglas-fir (Calif~) 6 II 1 
6 Ponderosa pine (1\iev .,) 11 IV-V 6 

Lodgepole .(Ida~) 15 2 

7 Western larch (Ida~) 13 III l-1/2 

8 ~:II 3-3/4 

233-234) fi-. 

constants highly si5nificant at a 
l percent of probability4 

.£coefficient of correlation .. 

in .. ) 

-years..;.. percent -lbox(ft .. -

3 5ol68 .3 .. .309 0 .. 971 19,200 
8 

3 1 .. 130 3 .. 911.0 .. 995 181800 
7 

3 7 ... 460 3.123 0 .. 967 17,500 .3-4 

7 700 3.-514 o .. 32 16J800. 
2-.3 

4 9 ... 762 2,997 0"984 50 700 3 

8 
.3 .~. 793 ] .. 2840.970 55 137300 
7 

2a798 Oo.95J 63 lly700 

9{}800 

inch on .the ultimate lateral branchlets 
to 1/2 inch on leading shoots .. 

· fneciduous,. 



AEJ no suitable botanJcal or silvioal basis for placing other 
e])eeies is r.e-d:tately a:pparen.t, erovn .weight times length .s.h<:n.tlci b~ 
estima.t~d ·£.rem the ce:mh:tned rtgression calculated f~cm. all data (Eree 
table <3) ~· 

The ;relatiqns tor tl~e crown CO!llPO:O.t:tr~s~ .... ~rt brellchwoQd ~. dr;r 
toliag~..;,,jwwe:t'*e. not ~na~yrzed in. .. sua.J:l detail.~ :a;oweve:r, c.10m.Jarison ... ot·.·rela·· 
· tions for eaoh speo.ies, · $.S sh¢>wn .in Ap])Eand.ix ~ . .t . figu:res 13~18 to . :a..-26 and 
1$.-.27 to ::ao;>':3; respective:~, indicates marked pa.ra.lletlis•~. and reve.als 
. ~erta:hl in~eresting; t.~~e. Gharaateristias ~ ·For. all species foliag~ eon~ 
·tribl.ttes .mar~ to total erow .weight than br~nehwoofl ·do~s ·;t;n tJ:1e 70ung tr$te: 
b~lovr thr~.e to six it3,ohes · di!Uneter .• · F.rom this si~e Q:n1 .. h~?we'f~r, bra)teh .... 

···wood .nta,k~s ·~ tb,~ . gr~ate:t- part of total crown .weight. . Exa:Minatl.o:o. o£ the 
fpl!ag.e ·W$:igkt ourv$s ~<)l:lfl speeies :t"ev.EH:l~S. that. the foliag~ Q:f.' i:neens$ 
·celar1 E;ttg~lma.rm .. sp;r'uoe,. west~rn hemlock~ .. whi·t·e fir,, and to a: .. l~s~er 
exte:a:t,: I>qugla,s ... f'ir <Jolllsisten~l1 forms a larger prqpo:rtion cd the· total 
crown ~eight than .does foliage~ This is eonsiatent with &bs~rv-atto.ns cxr 

. these shade..; tolerant spe-¢ies whi~h indicate thick clumps of needltts 
'gro1,fing well baek on l:''elatlvely thin b:tanehes ~ 

;Not only does branehwood bS:come an increasingly gt·eater contributor 
to total c;rown 11eightVith age for all species, but for certain s),pcies 
b:ranehwotJd be~omes a greater relativ$ ~ont:ributor~ Two. e·xantples are Cal~ 
·ifo:rnia J?Onderosa. pine and loblolly pine~ }3ranahes thicken at a ralatively 
early. age~ In .general~ foliage weights· indit1.ated tend to. be more inagz-ee .... 

. ment . with. accepte·d :ralikings than total crown ·weights.; however . th.is may· be 
· due to . the fa,ot that much .more work has been .done on .. this important erow 
eom])onent ~· 

P~nding more detailed.analysis~.weight of branchwoQd and foliage 
for unfamiliar. spec.ies should be estimated from the re1ations e.ombining 
all ~pecies Which are given in tables 4 and ; respectively ... 

~ver~ges . tor Selee.t~d Q·ov:er. Tues 

.Current plana envision a:pplic~tion of the results of this stuq en 
a sta11.d or cover-type basis~ However, at the . present t:Lme ,. , over 250. sepa.-.. 
rate natur~l forest .eover types are recognized in North Am~rica. .alo~ (?2), 
most Of them COlll)?~~ed. ·Of 110fe than one species~ QbViOU.Sly With the lu{ted: 
num~er of .data ·ava~lable l1rOm this study~ crown .WEP:ight ··.t.im~s .length :teltt..o 
.tiont3 for only a few of the mo:re important tnes ca:rt .be s]peeified... · C9n ... 
·stants for . the crow w~ight relations tor 11. seleeted Ame1:'i08ll eov~r tn,e,s 
are giv~n in :table 7., <R.~1ations fo.r indiv-idual species a.n&lyz~d .'but not 
ap])e-aring in this ta."ble may be obtained. f'rqm tabl~ 3 ~ · Rela~ions tor, Qther 
mul tiple..-sp$cies cover t~eel c.o:mposed o! two ,()r more of the s~~~ies ana-.. 
ly~ed might. be- fabrie~ted "by weighting b~. relatiye abu~ane:e!" ·· Sinn).,r 

·combined relations for several speci~s may 'be prepa:re·d for ·weights of e.rown 
cc>JWonents ........ dry btanekwoo(i and dry f<>liage ... -by. a simil&:r·proee(iur~. 

~ I 



Table '7 .,- Cons·tants for estimating weight of dry crown for 
gro.,31:ings ·of species and sites .corr:esponding to 
11 selected Americ.an forest cover types!! 

Relation: Wde:.-Hc = a(dc)b 

Cover type 
Species Site Equation composition class constants 

Mixed c.onifer 
(Californi.a) 

Ponderosa pine 
(California) 

Lodgepole pine 
(California) 

'Douglas-fir 
(California) 

Larch, Douglas-fir 
(northern interior) 

Ponderosa pine 
Sugar pine 
Douglas-fir 
White fir 
Incense cedar 

Nea~ .. ly pure 
ponderosa pine. 

Nearly pure 
lodgepole pine 

Nearly pure 
Douglas-fir 

Western.larcxf2 
Douglas-fir 

) 

b Ponderosa pine, Ponderosa pine-
larch, Douglas-fir Western. larch 
(northern interior) .Douglas-fi.r 

Grand fir, larch~ Gra."fl.d 
Douglas ... fir Western larch 
(northern interior) Dottgla.s-fir 

II 
II 
II 
II 
II 

II 

II 

II 

III 
III 

III 
III 
III 

III 

a 

2~~1.46 

1Ql.38 

1 .. 205 

3 .. 341 

8 .. 244 

6 .. 409 

III 6.756 
III 

Western white pine Predominantly we~-· II 
7 

.. 1+50 (northern interior) white pine-

. IJodgepole pine Predominantly .. h III ? .. 
(northern interior) lodgepole ping-

Ponderosa pine 
(Nevada) 

Loblolly pine 
(southern forest) 

(~2)e 

Nearly pure 
ponderosa pine 

Nearly pure 
loblolly pine II 9.109 

I b 

3.605 

3"923 

3 .. 515 

3 .. 010 

3 ... 123 

3\}1.37 

3.627 

3 .. 230 

3<>108 

Coef'fir .. dent 
or 

correlation 

0.994 

. 0 .. 997 

0 .. 995 

0~955 

0~961 

0 .. 939 

0 .. 975 

0~928 

0.993 

~Western redcedar, Engelmann spruce, and western hemlock usually 
.appear as minor elements in these types at all~ 
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OO:NOLUS!ONS 

1. Equations have been .developed for e,stim~ting weight of. dr·y 
er()WlJ., dry bl;'a,noh)tood.,:alft\l.flry fol!age Q£ in~ivid't;lal t:r'4i)$$ Q£ 17 il0Ut£er 
species-sites., The est:tm:a..ting equati-on .is of the fprm W•~c • $.(d,.) 
'W'h~r& (w).is.weight of dry arQ'Wn, branohwood1 or fQli~ge; (H0 ) is ~$ngth 
of c~0wn; and (d0 ), steJrl diueter at base 0f crovrn. 

~.. Tha sam• ;relation for Wi$ight o£ crow ·hOlds .f(!ir .~th .the t()p 
of ·a .l~ge .. tree •.lint(i a .l'ull ... cr~w.n$d sma1l tree, i.e., g~Jtetcy ·1$. the 
·same. 

3. Va~iation of crown class hs.a . no effect on weight of. crown 
relation • 

. 4• Contrary to pQpu.lar beli~f, for speci~s studied, high shade
. tol~ance doas not necessarily ind:lcat~ heavy crow:n.. ~·either genus, 
·needle length, nor the length <:Jf time needles ;persist f'Ul111Sh a olue 
to relative weight of arow:n.. 

·. ;. Weight or c~own for species ·:not represente~ can b~st .be 
estimated·fr-om the ~quation 

Wd.:*H = 4.09 (d0.)3.J4 
·e c 

6,. It is recommended. that weights of crown contpsne:nts for 
species not represented. can hee,t be estimat(l}d from the e.q~ations 

Wdb •H
0 

= 1.15 (d0 )3--78 for br&nch:vtood 

and Wa.r'H.c = 2.87 (d0 )3.-04 fqr f'Qliage 

7• Weight ~r crown decreases 'With d&creasi:ng ~it~ class :f:Qr 
·ppnd•:ro~a pl:n~. .Amo11g por:u1erQsa. p~e, .lod.gepole pine,- and ::00-ugla~-fir 
this crder is nst eonsi$tent. Age: do~s not appea,r to affetlt the weights. 

8• ... F()r all oo:ai~~r S~(tcies ~he b:tt:tnehwoOO, to foliag& :ratio 
exa~ds 1.0 t<fl,r ste'lfl ·«is.met~rs at base qt crown great~r than 5 inehes • 
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1 Ponderosa pine 

2 Ponderosa pine 40 

3 ·Ponderosa pine 

4 Ponderosa pine 

5 Ponderosa :pine 2.2 .. 8 56 

'6 Ponderosa 124ec0 

20 
40 
60 
80 

2.0 
40 
60 
80 

20 
40 

80 

20 
40 
60 
80 

20 
40 
60 
80 

7..,7 
·15 ... 3 
23.0 
J0..-7 

8.,2 
16 .. 5 
24~7 
33 .. D 

J.6 
7.2 

1.0.7 
14~3 

u.s 
23 .. 5 

47•0 

18.0 
36 .. 0 
54 • .0 
72.-0 

74-2 
99 .. 0 

J.5 
5 .. 0 
6 .. 5 
7·5 

2.,8 
4.-.8 
6..2 
8ecO 

1 ... 5 
2·~.a 

4-5 
7~5 

10.-0 
11.5 

6 ... 0 

14.5 
16 ... 8 

1.0.5 
l8.o 
25~5 
JO.O 

lJ.O 
40~0 
7J.,O 

117.0 

10 .. 0 
44.0 
88.0 

.. o 

1.""'2 
7-0 

15.0 
22 .. 0 

25~0 
1o8.o 

88 ... 0 
427.0 
702 .. 0 
809 .. 0 

6.n 
·21.0 
42 .. 0 
75-Q 

4 .. 0 
22 •. 0 
?2~0 
8J .. O 

0.5 
J ... 5 
8.5 

13.2 

178 .. 0 
248 .. 0 

52~0 
327.0 

,7.0 
l9.0 
31""0 
42 .. 0 

6.0 
22 .. 0 
36.0 
42.,0 

6.5 
8.8 

13.0 
48.0 
73.0 
85.0 

100 .. 0 
'152.0 
167.0 

500~0 357.0 143.0 
1824 .. 0 ~1475.0 _g347"'0 
4200.0 -3569 ... 0 ..u6Jl.O 
5781 .. 0 A5oor .o Syr4 .. 0 

. ,!For de!initian..of symbols see Nomenclature1 page; 95 .. 
B-Pereents to total height o:f tree; one third,. hal£,- etc«>,; refer to total length of ero'WD..., 
-~~ ... ~'""'~n and· f'oliage weight£l from ""~'ll" ......... tw 



Table A-1 (continued) 
Tree -species b 

wdf No .. 
Cro'Wn-

-percent-

7 Ponderosa Hal~ 5.0 48.2 25 .. 9 22 .. 3 
Full 6 .. 8 103 .. 0 62 .. 8 40.2 

8 Ponderosa pine Half 5i(O 44 .. 3 ~7 20.6 
Fi-.111 19 .. 4 89 .. 1 ... 4 33 .. 7 

9 Ponderosa pine Half 10 .. 2 3 .. 9 27 .. 4 12 .. 6 14 .. 8 
Full 14 ... 6 5 .. 4 66.1 36'01 30 .. 0 

10 Ponderosa pine Full 0 .. 8 0 .. 4 0,.1 0.3 

11 Ponderosa Full 1 .. 0 0 .. .3 0 .. 1 0.2 

12 Ponderosa Full 2.2 0 .. 9 0 .. 4 0 .• 1 0~2 

13 Ponderosa pine 20.3 92 .. 0 199 20 18 .. 4 6 .. 5 126ec0 _c97-0 Q29 .. 0 
40 .36 .. 8 10 .. 8 482 .. 0 Q395.0 .9.87 ... 0 
60 55.2 14.0 653 .. 0 ~544.0 Ql09.0 

\....) 
\.() 

14 Ponderosa pine 6.5 One third 7.9 2.1 7-2 
Two thirds 15~8 4 .. 1 31.6 

Full 23.8 5.4 42-4 
Ponderosa 20 .. 0 One third 7.2 141;<112 

Two thirds 38 .. 0 13 .. 0 382.2 
Full 57.0 15 •. 1 589.7 

16 Ponderosa pine 2.5 One third 3.4 1 .. 5 
TWo thirds 6.8 2.3 5 .. 6 

17 Ponderosa p.ine 37.5 94 86 32.8 10.0 1.53.9 

18 Ponderosa pine 63.3 195 75 47.6 10.9 115 

19 Ponderosa ·pine 35 .. 3 141 80 28.7 6.9-- 87 .. 8 
20 Ponderosa _;eine 52.8 167 59 31.6 8.8 148.8 

JP-ercents refer to total height of.tree; one third, half', etc., refer ·to to.ta1.:Length of.crown ... 
Mranch .and foliage weights from . sa.n1ples .. 



Pi"itn~~~nGi~·~· pine 

Polmt!roEu:t :pine 

Po:r:t,4e:rosra pine 

Pl'!l'ttffit"Pn~::a pine 

Poni~osa 

J?.ond~ooa 

Ponderosa 

31 pine 

Ponderosa 

Pomi.erasa 

Ponderosa 

POit.Qe:rosta pine 

POlldS.!"'£~8: p:llte 

Ponderosa 

P~nderosa 

40 Pcbiderosa 

41 

.66~5 

55,(fJ 

55<.2 

J~p\9 

=:~ 4168 

~·~ 

550'8 

58.tl 
..,~ 60ti'O 

53~0 

-d.-• 

-..-

56.t6 

50,0,8 

height of' 

-]lereent.-. 

1> 
70 
71 

176 

1.3J 
74 87 

1.51 70 

72 

1.81 

225 

139 72 
168 69 

14 

167 

160 54 
172 65 

158 73 

:3~~6 

2lt.tel. 

5~6 

7?7 
l£J1i'5 

29~2 

30~7 

37GJJ 

7!>-2 

12.,...1 

llJ"4 

4060 

2.8~7 

26~3 

147 
wl>,o 
lQ.,2 

328~4 

205~0 

72:q,6 

99~8 

lJlpcO 

83 

10.9~5 

83~2 

l34&5 

1:38o4 

113~3 

to total 

-

" . 

.~ 



~ 
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Table A~l (continued) 
Tree 
1'{-o., 

42 

4J 

44 
45 

46 

47 
.48 

49 

50 

51 

53 
54 
55 

.56 

57 
;8 
59 

60 

Species 

Ppllderosa pine 

Ponderosa .pine 

Ponderosa pine 

~onderosa .pine 

Ponderosa pine 

Ponderosa pine 

?onderosa·pine 
~ondarosa·pine 

P.Gnderosa.pine 
Pdnderosa. 

Ponde-rosa 

:Pollderusa ··pi:Qe 

Ponderos~ pine 

Ponde~osa • pine 

Pqnderosa pine 

Ponder.osa pine 

)?onderosa .pine 

PQ.ttdero$a· .. pine 
s;uga:r ·pine 

--

·fl/ljllll;t"--

........... 

11~0 

59-5 
:50 •. 1 

34.2 
ZJ.6 
35.9 

24""6 

36x,;6 

27~9 

31-<);0 

:38o-9 
38q2 

28~J 

'Jj ~1. 

36~0 

JJ.,j 

34.,'1 

45.:0 

181 

140 

70 
92 

190 

70 
97 
8J 

156 
82 

87 

100 

157 
167 

85 

1.33 

-.peraent-

81 
60 

40 

60 

80 
JO 

50 
60 

80 
.4.0 

480f;l 

29~8 

13~6 

17~4 

29.2 

7.6 
17~2 

22"'5 
24.0 

13c.O 

16.8 

16 .. 8 

21.6 

26 .. 4 

1).6 

12.-3 

f.:, 
5.2 
6.3 
, .. o 
7.1 
&.y 

5.,,9 

y 1/.G 

6.4 
5;§:6 

4--~ 

6-.9 

S.4 
-4-'8 

325.1 
72.9 
ao.o 
83.0 

:200.0 

60.0 

88'"*0 

157~0 

145""0 

44e0 

90~0 

60~0 

2J .. O 
96.~0 

62.:0 

90.:0 

170,~0 

'6.5...:0 

· 20 _ 9e~.O 3-.2 11.1 5.6 5 .. 6 
Full 15 .• 7 ;:4 JJ.~l 22.() ll~l 

40 16.8 5~5 33 .. 1 e22.0 llJ 
oo 25~·a 1«i, r5""2 -5o.,a 24-4 
80 34."8 9~0 97.4 ~8~.5 28.9 

].P~rc.ents .refer to total height of treeJ one third;: hal£1 etc.,, :refer to total length o:f erotmc> 
·SB¥an.eh ·.and foliage weights from samples. · · ··· ·. 



Q'f~,."~..... pue 

1•fzs·t::!i"it>.-,.~<n lfhi.tS 

western 
Western pb:...e 

10 -pine 

71 -~te pine 

72. white 

..,inehei:J'"" ""'fee-t.... .-y:~s~ -~cent'""' . _,.,:reet- ,.,.bt~s-

17 ,.5 10.~4 ~#.8 

•- One 

4tJ 2Q~£ 7~2 
60 10~0 
80 12~5 

Ha.lf 
M.1 

2tt4 

18i!!'3 
.36ti'6 
55~0 

5#1 
6o-4 
6<1'1 

_10,.5 
12.~5 

two .... _ ... __ _ 4;1/3 
42~tc6 
6).9 

Full .62.0 

:19.,0 

46~0 

1.-611 
147 

9'!!!'2 

8~:0 

Western white ~5.¢1 • ..,., . -- 8;t;;J 

l.Ltl 
:>.3.1 
0.4 

10.;2 

22.,2 
62~7 

1ll""6 

97~4 

1001f.5 

99~5 

9G~2 

w ·. 
dt 

5..,6 
lli!'l 

o • .; 

-

Western White pine 12 8 ""- full 64.0 9.6 '92 J 
!!Pe:re~nts re¥eP to totai.b.eight of tree; _one tlrl.rtfi" k~" .e'ta., refer to tot~ length :Or crown., 
traneh ,fOliage ~ights .· fro• SS:lllli~s • 
.....:Tree 62 .is top and integrated ~roo · ~~ 



Table A-1 (continued) 
Tree Speeies b 
B·o .. Oro~ wM 

-ineh..es- -years""' -~rcen.t ... 

75 Western white pine 13.7 F-uJ.l 66.0 ~0 ... ,3 ll5.9 

76 Western white pine 19 ... 1 Fu.ll 61.0 ll.J 10:3 .. 6 

77 Western·white pine 1J.6 Full 74-0 11~1 198.5 

78 Western· white ·pine 13.-4 Full 63.0 8.~:3 124.6 

79 '\Y.~stern 'White pine 9;3.0 Full 54.0 7 .. 0 40.0 

80 western ':Wirl te pine 160);4 Full 65..,0 12.3 145~6 

81 ·wester-n -white pine 12~0 Full 72~0 9.4 99~? 

82 Western :white pine 14,..0 Full 81o0 175-4 
8J West·ern white pine 1a~o F-ull 7~9 99~0 

84 -Mestern·white ]line ]Ull 65'l>'O 6-6 54~9 
-P-

85 Western white pine 12~4 Full 75 .. .0 7o7 79·0 'w .. """"' 
86 Western :white pine 18~2 84~0 12 .. 2 261.0 

87 Western white pine 14 ... 2 Full 74·0 10.4 ll.J .. 8 
88 Western white pine J.4.,8 ·-1:':-.:.. Full 74..;0 1161 157~ 

89 Western white pine 18,1 Full 84 .. 0 10.7 266 .. 2 

90 Western white pine 15113 F-llll 61.0 7iSJ 177~ 

91 Western white .pi me 22.,6 Fu,ll 102.0 17.-6 4.30.2 .... _ 
92 'Western wlrl,te ·pine 18.,.6 FrJl]. (1.0 ll-.6 187.2 
93 Western ·white pine 12.0 Full 55 .. 0 842 69.2 

.hFercents ref"er total height of tree; one tbird-, half, etc., refer to total length of c.rm.'ll. 



Table A.-1 (eontinued 

Species 

94 Lodgepole pine 

95 Lodgepole pin~ 17~8 52 

96 Ladgepo:te pine 

9rf Lodgepole· 

98 Lodgepole . pine 

99 Lodgepole·pine 

Lodge:pole 

--;eercent.~ 

20 
Half' 
Full 

80 

80 
Half 
FuJ.l 

Full 

One 

J4~2 
450!6 

11~9 
16.,.9 

100;.2 
20~4 

9*2 
18to5 
27~8 

~0 thirds 11 .. 4 
Full 17G2 

4.,2 

5~4 
5~.8 
9oc0 
910'2 

12 .. 1 
16j)<O 

4 .. 2 
5~4 

2~8 
5(!<6 

3~5 
4 .. 1 
5 .. 4 

101 Lodge)lole pine 10., 8 One 
"firO· 4.-.4 

16.,.0 
17.,6 
42oB 
64 .. 0 

1J4c0'0 
192~0 

244-0 
610<).€.) 
909~0 

17*6 
42.0 

184.8 
6~5 

47 .. 0 

36~0 
84 .. ·7 

120.,0 

8.o3 
24.8 
39~t-O e 
~2.1 e .. £ 
~l36.g 

260!0 
156.,_0 
444rf0 
680"'0 

r£7 
.16 .. 2 

8~3 

18 ... 0 
24.-9 
410'8 

26~0 
88~.0 

166«1'0 

8~8 
16 ... 2 

9~ 
18 .. 0 

Full 18~0- 5*1 90,6 
. .&Percents ·refer to total h~ight of tree; one third, hal£ 1 eta .. ,. :refer to total length of erown4' 
v~·,gyu'l-h and foliage- weights from .samples~ . 

· ·~ree No~.· 97 ;top ·an.d integrated into Naif, 

... 



11 .. 5 12 

111 

ll2 

8 

21 

4 
6 

1.,1 
1~4 

5 

4 



:Free 
No~· 

115 

White 

continued) 

Species 

·fir 

118 .fir 

ll9 

120 White 

White 

fir 

12.3 n..,.,.~:lc'lnrl f1r 

Grand 

39 

Half' 
Full 

Half 

16.;4 
J2.,8 
49~2 
65~6 

1~6 

.lo'9 

_Fltll 2.3 
One third 
':rYQ· tldrds 

Full 

40"0 
80 ... 0 
L?O~o 

One J~' 
Two thirds 7.-9 

7~2 
14~0 
20 .. 2 
24~5 

5 

4<f.2 
5~5 

a 

0 
Oj$.6 
(h7 

1..,6 

J7<1'4 
1.860'0 
J90oJj 
571.~0 

0~6 

()~ 

0~.6 

J 

449~7 
926~5 

1054._6 

1'?'-0 
4-3 

Grand fir 6~2 One third 2~l 6.2 
. . . . . . . . Two thirds . 22•2 . . :4w2 .... 5J.2 

2.047 

l2 ... 4 
Jl .. l 

0~2 

0 .. 1 

16.2~7 
222"'0 

... · 

l7l)<2 
JO.l 



Table: 
Tree 
NQ. 

.129 

(eontinued) 

Speeies 

130 p~las~tir 

131 l)ouglas .... ;t:tt 
<I!oug1as-.rir 

133 

Dougla.S-tir 

11.~0 91 

..,._ 

17~-8 

·,E~rcen:t-

.20 
40 
60 
80 

46 
6l} 
00 

Half 
Fu.ll 

One 
'T:wo linras 

.25~.? 
)8 ... 2 
5:t~a 

. 21.8 
-4.3~5 
6?~2 
ar~o 

17~1 

11.2 
15C>'2 

-2-;.1. 

2"'1 

5.0 
(.0 
9Q5 

10.5 
;.,a 

n.o 
16~0 
18~5 

J.,l 
4«>4 

.0-G6 

1.9 
4 . .-,0 
:4~7 

CW:e third .18~3 5.-.5 
Two. thirds 36~~6 9~0 

r.Ull 55~0 ll.c.O 

third 6«>0 
Two·_ ·thfrda ~.8 

24.0 
107-.iO. 
256.0 
355.0 
80.0 

370.0 

16.4 
44Ai6 

10-et6 
?7<:'9 

01)14 

7-8 
-43.-4 
60.5 

.1*8 
-4-·1 
7).0 

217.8 
318.8 

Full ;4.-0 11~9 334~2 

136 ~las-fir . . .. Mo.5. . . . Full 44'00 9 .. 2 1:3"<>0 47..-: 

9~0 
J5.0 v.o 
96.0 
32.0 
~9.0 

192.0 

642 
15.2 

-

--. 

~Peraents refer t_o ~~~al.height of t~~; one thi;rd1 hal£,, ete•x:re.fer to total. ~ength of e-ro'Wll.. 
~anch and .. foiiag~.'W:ei.ghts from: samples.,: · · 

'."' 



Table A-.1 { e:onti!lu.""ed) 

137 
138 

1J9 

140 
141. 
142 

143 
144 
145 

146 

147 
148 

149 
150 

151 

Species 

Dqugla.s.-.tir 

Douglas-fir 

Douglas-fir 

Dcyuglas-fir 

Douglas-:tir 

Douglas ... fir 

Uouglas-:fir 

D9uglas-flr 

Dou:glas...,fir 

Douglas-fir 

Douglas-fir 

Dt:mglas:-flr 

Douglas-fir 

Dpuglas-..fir 

DQuglas-fir 

21 .. 6 

1.4 .. 1. 

16~7 

lb.o;7 

I.8o9 

17 ~J) 
J-.5.,9 

2loc7 

17c9 

15.;3 

16-(>2 

19*6 

13~2 

-pereent

Full 

Fl1ll 

Full 

Full 

Fr£l1 

Full 

Full 

Full 

Full 

Full 

Full 

Full 

~e third. 
Two thirds 

Full 

60 .... 0 

53.,0 

53.0 
50o0 

64<~<0 

46.,0 

62""0 

-47 .. 0 

48<1<0 

44~0 

41«>0 

-48g;O 

121)<5 
25<¥0 
37 .. 6 

One thf:r'd 5 (1'6 
~vto _thirds u~2 

9~ 

10.,2 

9(;4 

10G5 

89Ji 

10"'9 

11.,.5 

1.0,.6 

10.-7 

1.0(!>0 

9o;1 

9~4 

12./~ 

4~1 
6.,6 
8¢? 
~$-4 
2v.2 

249:.t5 

190 .. 4 

185.-7 

2ll#-l 

238d3 
26,3.2 

234-8 

177 .. 4 

147*8 
167~2 

309¥2 

-47<'2 
149~4 
2201"8 

1.0 
44C8 

15:3 :E!Igelmann -spruee 664 Q:n.e third 7"7 lo8 1~2 
Two thirds 15--.;- 5~ 7 44~.,6. ~~ 

·Full 23.3 6-,i,4 104 .. 8 

154 ·lr!tamt spt'u.aa 18.,0 _ · J'ull 65.0 __ _ 15.,2 519 45 . -.... _ 
~~l'aents refer to total. :tlSight of · tree1. one thirds half 1 . etc"',. refe-r to· total length of eroTill~ 



155 spruce 233 
156 spruce 95o0 4'TO 

157 spruce 101..,0 80? ... 0 

Eng:e1.ma.J:4"'1 spruce FIJ~l .. o ll~t9 184 .. 6 

Engelmann .sprr-1ce 17<)-0 Half 1 .. 2 0 .. 6 1 .. 0 
Full .. 9 2 .. 2 .. o 4 .. ,4 5 .. 6 

160 E:ngelma.nn 12<>8 102 trard 4 .. 0 49 .. 1 22 .. 6 .. 5 
T'wo thirds 37-5 6 .. 7 138 .. 4 71 .. 8 66 .. 6 

56~.2 8as6 215 .. 7 117.5 98oc2 

161 spruce .. 9 130~0 One 2'"'{oV 7 283 .. 1 149 .. 8 lJJ.,J 
Two 54 .. 0 481.3 297 .. 6 183 .. 7 

Full 81 .. 0 16 .. 8 544 .. ·7 J48o2 196 .. 5 
.f-- E-.agelmfu"1!1 s:pru0e J6,8 2 .. 3 6 6 ... 7 
"" .3 .. 9 17..,5 15 .. 7 

5ol 37 .. 3 .. 6 

163 5 .. 8 7Q 7.u2 '1 ].~·.0 9 .;!.. l-" 

14 .. 5 3 .. 1 J.4 . .,4 6 '7' 
"'I 

21~8 4-c~~ 459'8 ~3 

.spruce 11 64cl Ox~.e ) 41 .. 4 2~'2. lCl ~ 
,.,(1;1'~ 

Two 6o0 56 .. 7 
Full 8 114 .. 7 78,8 

E:n.gelma:rill 23~5 6<1t~ 106 .. 3 
12~9 373 .. 7 

J <>"f 594~8 

166 l!P:mlock 

·refer to crown"' 



Table A-1 (oontimt~) 

Species 

168 Western hemloak 

Western· hemlock 

We:stern. hemlock 

·)[estern . .W. .... .I.l~"'"""A. 

172 Western hemlock 

173 hemlock 

Western ~~,_ ......... = 

175 Western hemloak 

176 'W'estern hemlock 

.177 hemlock 

118 Western hem.loe:k 

179 Westernhemlock 

lJ~O 

Lg..,9 

13.,9 

26~7 

25~9 

third. 24KFJ 
thirds 4846 

r:;~o 

One 
Two-~ .................... ""' 

Full 

Full 

Full 

Full 

Full 

Full 

4.3 
65<1'0 

47~0 

54 ncO 

65~0 

67t~:O 

67~0 

69.0 

85"'0 

59.0 

66.,0 

3.8 
7~4 
9ll'l 

o.B 
4.,J) 

29~0 
165!010 
273.~7 

.304.2 
13.8 4410'6 

9~4 17C.ls>9 

14lf3 :3.38.0 

232&;0 

13~3 .371<~2 

5JO.,O 

20l!tlQ 481~0 

19..,6 450 --
1n-cremm cedar lJ.,.O 5lrto0 56 20 1.0~3 2.8 l3c;,2 .4.,.2 9.0 

40 5 62~6 ~27*8 .34~9 
60 137.:2 ~1~8 65~5 
Bo 41 .. 0 IO~o 23541'o l4rJ:>--3 101j\'8 

181 Incense aedar 71 20 14 ... 2 3jj<5 .33~J 12c<5 20..,8 
40 28«5 7·8 110.8 56(£0 ?4,.,8 
60: 42.8 1111!2 292.0 ,g,174.0 117~6 
80 57 riO 15 <1'5 4 19~.0 .QJ1Q'40 l69 .,o 

liPe.:rcents :refer to total. height or tree; one thi:rcf~ half,. etcJ>c 1 . refer to total length of crown"' 
£Branch a.nd fqliage ¥eights :f:rom . samples. 



Tab1e A-,1. (eontinued) 
Tree Species 

-years- -percent

Hall 8.7 
Full 14.1 

.2..2 
:3.,6 

------polmds-..:.-----

~9.5 3.5 6.0 
24-1 9.9 14·2 

I83 Incense cedar 9~8 
16.:3 

3.6 
"6..2 

20.8 
61..3 

lJ.l 
:35.9 

184 
1.85 

.1.86 

188 

189 

191 

192 

193 

.. 194 

195 

196 
197 

Western -redeeda.r 11.,8 

Western redcedar ].8.8 

Western redcedar J.l 

Western.redcedar 

Full 

Full 

1.6 O.B 0.,3 

-2.4 0.9 0.5 

One third 18.J 3.9 25 .. 8 
Two thirds 36.6 6~9 I00.7 

Fu)l ?5 .. 0 9.1. 119-4 

One third 1.9~3 4 ... 9 64.8 
Two· thirds 38.6 8.5 -141·4 

. Full 58 .. 0 11 .. 0 265 .... 9 

One third 5.2 1.1. 1. 8 
~ thirds 10.4 2.0 5.9 

-- ,~''One third 7 .. l 2.3 7.5 
·TWO thirds 1.4 .2 .J. 9 Jl.l 

21 .. 3 5~1 55.5 

liestern.·redcedar 13.1 Full 63.0 9.2 ~6 .. 0 

Western redcedar 1.7 .. 1 Full 60.0 12.0 21.7 .3 

·Western· redcedar 12 ... 0 Full 56.0 8.8 187.6 

Western.redcedar 9.8 Full .44 .. 0 7.2 103.6 
Western redcedar .12 .. 4 Full 51 .. 0 8. 7 159.0 

Western redeedar 1.1.-:3 Full 52.0 10.6 1.82.6 

Western redeedar ll.f> Full 55.0 8~ 124.6 

Western redcedar 1.4 .4 Full 65*0 10.1 J4 7.8 

0.2 





209 Weste~n .larch 26.2 127 .. 9 One third 25~4 5:-5 6.3 ... 5 5.?.2 ll ... J 
'1\ro thirds 50.8 9.6 1~-4 lJ0.8 40.-6 

Ful1 76.3 1.4-4 JJB.H 264-7 74·1 
210 Western larch 5.7 41 ... 5 JO One third 10.4 1.8. 5.{ 2.5 J.2 

Two thirds 20.8 2.B 17 .. 6 8.8 9.0 
Full Jl.7 J .. 8 29.9 16 .. 2 13.7 

211. Western larch 11.:9 88~5 93 One 15.,5 3.0 .. 6 17.8 r.s 
Two thirds 4~7 51.-4 36.3 15~1 

Full 46 .. 5 5-7 76 .. 2 52.4 230\'8 

.refer to one 1~efe1~ ~- ....... total length of c.r0\1.T1~- · "~ IJ'.J 





APPENDIX B 

RELATIONS BETWEEN .DRY WEIGHT OF CROWN 
(AS WILL AS COMPONENTS DRY BRANCHWOOD ,ANl) DRY FOLIAGE) 1 

CltOWN LENGTH, AND STEM DIAMETER 

. Figures B·l to B-.17;r crown; figtWes B-18 to B-~;~~; .~:~~-~~~od; and 
figures B·26 toB-35, foliage. 
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NOMENCLATURE 

a .:::;: Constant in regression equations 

b =Regression coefficient in regression equations 

bh = Breast height, which is 4 .. 5 feet above ground 

Crown = Length of crown over total height of tree, pereent 

db = Stem diameter at 5 feet above ground level~ inches 

d0 =· Stem diaineter at base of crown .inside bark, inches 

dbh ·= Stem diameter outside bark at breast height, inches 

Hbh .;:; . Height of tree above .breast height 1 feet 

H
0 

= Total height of tree from the beginning of the current 
year's growth at the tip to 1 foot above ground; feet 

He = Length of crovr.n from tip of tree to base of crown, feet 

Wdc .== Weight of dry crown, pounds 

Wdb = Weight of dry branchwood, pounds 

Wdf = Weight of dry foliage, pounds 
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