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Abswact: Many studies have shown that initial diameter is closely conelated with 
subsequent m e  growth. But initial tree diameter is actually a confouned variable, 
incoqorating both connpeti~ve position (crown class) and age. A study in h a d w d  stands in 
Pennsyivania has shown that the two latter variables  we^ m m  =liable p d c t o r s  sf m e  
p w s h  than initial dinmeter. These two variables lack the confoun&ng of initial Aanreter, 
muad are biolo@cdIy more appropriate paamters for inclusion in growah simulators, 

Swogaee vteriables cdculated from typical cruise data were found to be nearly as well 
comlated with growth as the more &fFficeslt-to-measure crown class and age. Relative tree 
Aameter (the ratio between actual tree diameter and stand diameter) provided a useful 
sumgate for crown class, and effective age (calculaatxi from the average &meter of the 
major species groups present in each stand) provided a useful smogate for actud age in these 
even-agd cheray-maple forests. 

Many stu&es have shown that initial tree &meter is cbsely comlated with subsequent tree. 
gowth (Hilt 1983, FIough and Taylor 1946, Maquis 1969, 'Kiimble 1969). Often, other 
factors studied have added little to she correlation dter initid m e  diameter was fitted. As a 
result, initid tree diameter is a g d  predictor of fume growth. It is often used as one of the 
majcjr independent vaiables in me growth-g~&c~on equations milt 1983, Nines and others 
1988, Solomon and others 1987). This is probably unfmunate because it tends to mask the: 
biological reiationships involved. Initlid hee &meter is a v&able that actually expresses 
two more basic factors: canapetitive position and age" 

Large trees in even-aged stands grow faster in Iwge part because of their compe~tive 
advantage over their neighbon. In a single stand of trees of the same age, use of initial tree 
diameter to p d i c t  ~ 0 ~ 1 t h  causes no pmblems, because &lsmeter is an expression of 
compeaitive pipsi~on in this case. 
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But old trees grow slower &an young Bees of the same species and coalvetitive gosibon. 
Individuail-a-ee-&ameter p w t b  peaks at ar e d y  age, md even m s  that reads danminmt 
crown positions decline in growth as they get older md, &en=fore, lager in &ameter. 

So, initial me diameter is confounded as an indicator s f  future wee growth: large trees grow 
faster than small, trees when comparing trees within an even-aged stand because gee size is a 
measure of competitive position. But large trees grow slower thax small trees when trees of 
sinnilab species and competitive position are crampared across stands of different ages. In this 
situation, free size is a xxaeasure of age. 

To determine how important this confoun&ng might he in g a w h  pre~csions, md to test 
other parameters that express competitive position and age more direcdy, the long tern1 
growth records of a p u p  of cherry-maple stands were e x d n e d  in raor~hwestem 
Pennsylvmia; the records inctuded direct measuremnts of age and competitive posiEion 
(crown class). Because crown class and age we difficult to measure accwtely and am 
seldom included in inventory data, several sunogates of these pmrweters &at can. be 
calculated from typical i nven tq  data were tested. %his is a repon on the results of that 
investigation. 

STUDY WTHODS 

Individual-tree p w t h  records from three unrelated stu&es were used In this investigation. 
The three studies were: 

1.  Wolf Run Crop Tree H3lots--consist& of kdividud-fP~ dimeter records 
spanning 37 years, with remeasmements at approximately 5-;y irmtenvals. T m s  
in this study were open-grown trees left after an overstmy removal cut. 
Records included only d.b.h at each rsreasmment period, plus age from ring 
counts of stumps at the time s f  hanest cut. These data are from a single s m d  
on the farmer TG Forest Industries gropnty adjacent to the Allegheny Nasionad 
Forest. The stand was 44 y e m  old at the first measurement. There were 83 
black cherry, '10'1 sugar maple, and 5 red maple mes available in the 'Mbolf Run 
Plots. These data were used only for conelations of dimetw ghawth and age. 

Kane Weeding Study--consist& of sand and inavidud-see-&meter records 
spmning a 35-year pefiod with remeasmments every 5 years. Records 
included d.b.h. and crown class of each tree at each measureraaent, plus stand 
age derived from records of s m d  origin, Only &a from the csmmEi plots 
were used. Each plot was 1/2-a in six.  There were four se:pamte stands in 
this study. %t&muld ages varied from B 3 to 18 years at the start sf the study, md 
from 48 to 53 years at the last measuremem. AH four stands wem Icxat<H on 
the Kme ExpeIrlmental Forest, a pm of the ABegheny Nation$ Forest. 



Three of the seven growth pefids avdltnble lacked data on crowus class, so 
these three periods were omitted from investigations of the effect of crown 
class on c;%iameter g~wtka, and on rests of surragate measures of crown class. 
In the summaries that fallow, data from the four stands md four measuEment 
perids on each stand are presented in groups based on stand age at the start of 
the period, as follows: 10-20 yr, 30-40 y, and 40-50 yr. n e r e  were 
approximately 506) trees in this data set on which in&vidual tree- p w t f ?  
records were available, in four species: black cheny (Pr~nus  seroae'm Ehrh.), 
sugar maple (Acer saccharm Mush.), red maple (Acer rubrm L.), and 
American beech (Fagus gaadgobica Ehrh). 

AX1 seven growth periods were used for investigation of the effect of age an 
diameter growth. 

3. Fertilizer Study--consisted of stand and individual-aee dimetee mcords 
spanning a 6-yr period, with remeasusemnts each year. Records included 
cf. b.h. and crown class of each tree at each measwement, plus starad age 
derived from increment c m s  of ten dominant black cherry trees in each stand. 
There were six separate stands in this study. Stand ages ranged fmm 55 to 65 
yr at the start of the study, and data fmm these stands are presented in the 55- 
65-yr age group in the summaries that follow. Only data from the control plots 
were used. Each plot was ID-a. All six stands were located on h e  Allegheny 
National Forest. There were approximately 2 , W  trees in this data set on 
which individual growth records were available, in four species: black cherry, 
s u g ; ~  maple, red maple, and American beech. These data were used for 
co~relarions of diameter p w t h  with comptitive position, and for testing of 
surrogate tneasures of crown class and age. 

Etescniptive data on stands from the Kme Weeding Study md Fertilizer Study are presented 
in Table I. These data characterize the stands used for investigations of crown class, relative 
diameter, and tree growth and provide a summary of the dis~bution of trees into crown 
ciasses, 

The study reported in this paper was conducted in several sepmate pms, each designed to test 
or illusmite a specific point. Investigation 1 illustrates the point &at initial tree diameter 
expresses both stand age and the competitive position of individual trees within a stand, and 
&at these two factors affect subsequent tree growth in opposite &ections. Envesfigation 2 
tested the hypothesis that competitive position (crown class) and age together provide better 
growth p ~ & c ~ o n s  &an initial tree diameter done when applied to stands that span a wide 
range of ages. Inves~gadon 3 tesw relative m e  &meter as a smogate measme of crown 
elass or competitive position. And Investigation 4 tests effective age as a smogate measure 
for actud age. 
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Table 1.--@haacteris~cs of srmds used in the investigaaion s f  the effect of crown class and 
relative &meter on Bee pawe-h. 

Variabie Age class 

Basal m a  (sq fr/8CIE) 54 110 133 14'7 

Trees (no./acre) 3599 1569 1071 658 

Relative density (%) 68 76 99 99 

Medial diameter (in.) 2.7 6.3 8.8 9.5 

Quadratic diameter (in.) 1.7 3.7 4.8 5.9 

Dominants and codo~nana  

% of no. ~ e e s  29 14 22 14 

Average dimeter (in) 2.4 7.0 8.6 16.6 

Dominants, chminants, inteermecEiiaks 

% of nu. trees 92 23 30 3 1 

96 of basal area 92 70 76 8 1 

Average diameter (ill) 2.0 6.2 7.9 9.7 

The basic calculations were made as follows: diameter grow& was calculateQ for each 
individual tree for each gowth period, stmd parmeters (me&d stand &meter, quakatic 
stand diameter, relative density or stocking, basal m d a ,  numbers of Beesla.) were cdculated 
for each plot for each measurement period using the comrguter program SLVAHI. (Mmquis 
1986); then, dimeter growth averages were calculated by crown and age classes. 

In several investigations, simple and wrulfiple regressions were run ts relate individud-tree 
growth (by species) to various tree or stand parmeters involvd in the investigation. Only 
those regressions with an F-test that exceeded the 0.05 level were conside~d significaant, and 
only signicant regressions are shown in this paper. Cmfficients of detehnarion (8) for rhe 
individual regressions are shown where appropriate. In other investigations, &fferences 
mong crown class mans were tested with analysis of vsariance. Only those Ftests that 
exceeded the 0.05 level were considered significant. 

Relative diameter was calculated for each tree as a possible smogat: expression of crown 
class or coqetitive position. Relative diameter is simply the dameter of the in&vidud tree 
divided by the average stmd diameter. Thus, a 12-in tree in a stand with rn average &meter 
of 12 in would have a relative diameter of 1.0. A 6-in tree in that same stand would have a 
reliative diameter of 0.5. Using this expressim, dominant trees in this stu* had a reBadve 
diameter of over 1.0, while ssuppressd trees had a relative &anmeter of 0.5 or less. 



Cdominana and inteme&ate @ees had inteme&ate vaiues. Thus, relative dim-eter is a 
cosn&nuous variable that. can be relatd to the four discrete crown classes acridly sbswed.  
In the calcutaeion of relative &meter, both me&d diameter (&meter of a tree at the mid- 
point of the basd m a  dishbution) and the quadrrttic dimeter (tree of average basal area) 
were used as measues of smnd diameter. 

Effective age was edculated as a possible surrogate for actual age. Age for each of two 
major species m u p s  in cheq-maple stands was estimated from their medial dian~eters, using 
the average increase in medial diameter expect4 for that groeap. The two species groups we: 
a) fast-growing black cheny, white ash (Faminus americhtluk L.), yellow-poplar (Liriodenelron 
mlip$era L.), red maple, and northern red oak (Quercus rubrla L.); and b) slower growing 
sugar maple and Ameican beech. Plre average increase in medial diameter (herein cdled the 
growth factor) far these two species p u p s  was derived from approximately 120 AUegheny 
h x d w d  stands in nodwestem Pennsylvania ( M q u i s  and others 1984). The growth 
factors are: a) -20 incheslyr for fast p w i n g  species group 1, and b) .15 inchesfyr for slower 
p w i n g  species p u p  2). Thus, effective age provides an estimate of actual age based on 
the diameters of two major species groups. The equation is: 

where: 

BA = basal m a  in trees 1" dbh and larger 
MD = me&al stdnd c%ian~eter of m s  1" dbh and larger 
GF = growth Fdcttsr 
1 = species ~ o u p  I. 
2 = species group 2 

Invesfigrntion 1 -- Is inieial dbh a reliable predictor of tree grow&? 

A comnnan way to expFess the comptitive posi~on of a tree is by the use of crown class -- a 
stnbj~tive muping of trees into doaaainmt, c o d o ~ n m t ,  i r e ~ m d a t e ,  md suppressed classes. 
These crown classes xeflect h e  tree's height 111:lative to ins competing neighbops in the crown 
canopy, md they also in&cate the paopfiim of elite tree's crown &at receives h c t  sunlight 
fm tree grow&. 

Data from bath the Kaqe Wee&ng Study and the F e d B i ~ r  Study were used to cdculate the 
average &ameter POW& for trees of v ~ o u s  croFiin cliasses. Average initlal dbh was also 
calculated for these same cyown classes. 



Differences mong  crown cXasses in bo& average initial dbh md average &meter pawah Tale 

were highly significant within any of the 10-year age ranges tested (XdbEe 2). Thus, the 
d o ~ n a n t  trees are the Iwgest tress in their st~ads, and hey grcaw faster &an Bees of lower 
crown class or smaller initid dbh. Within a crown class, older @es are also lager in dbh. 

All trees in the Kane Weeddng Study that remrai~ad in the dofinant or ccQdominant crows 
class throughour. the 35-year period were selected for malysis of the effect of age on &meter 
growth rate, Average p w t h  at various ages betwwn 13 and 48 years were plortd. There 
were 124 black cherry and 41 sugar maple trees in this sample. There were too few trees of 
other species in the dominant and codominant classes ao provide i liable results. 

TabIe 2.--Average dbh and average diameter growth far mes sf different cmwm class, by age 
ranges. 

Crown class Average Average diameter 

Ages 10-20 years (Kane Wee&ng Study) 

Codotninant 2.2 0.86 

Intermediate l .5 0.55 

Suppressed 1.2 0.52 

Ages 30-40 years (Kane Weeding Study) 

Don~inant 8.4 1.02 

C d o ~ n a n t  6.3 0, $4 

Intermdate 4.4 0.36 

Suppressed 2.7 0.13 

Ages 40-50 years (Kane W e d n g  Shady) 

Dominant 10.7 0.73 

Codorninant 7.8 0.46 

Interndate 5.1 0.20 

Suppressed 3.2 0.12 

Ages 55-65 years (Fertilizer Study) 

Dominant 13.0 1.10 

Codominant 10.7 0.67 

Intermdate 

Suppressed 

Diameter p w t h  rates of dominant md cdomUnmt black cherry mes had pe&ed by age 18. 
Sugar maple growth was erratic up to aproximately age 30, but ie d&cBrin& at a steady sate 
thereafter (Figrrze 1). 



Biack cherry 

Sugar mapla 

20 30 

AGE BN YEARS 

Figure I. The effect of age on diameter gmwth (dbh) of in&vidud trees (age 13 to 48). 

Data from the Wolf Run plots provide data from slider ~rees than available in the Kane 
Weeditrg Study. 'rhese data were analyzed in the same manner as above. Diameter growth 
rate of all three species (black cherry, sugar miapie, and red maple) had peaked before the 
start of measurements (44 yr), and declined steadily thmughout the 37-yr growth period 
(Figure 2). 

These several sees of data illustrate that initid tree dbh affects individud me diameter growth 
in two conflicting ways. Within stands of similar age, initial dbh is an indicator of 
competitive position, and large trees grow faster &an smaller ones. But across a range of 
smd  ages, initial dbh is an indication of age; large trees grow slower &an small trees of the 
same crown class because the large trees are older, 'Kus, initial dbh is not a desiPable 
predictor of individual tree growth when used across a range of stand ages and crown classes. 
Initial diameter is a confouncfed expression of two other variables that affect me growth in 
eJiffe~nt directions. 

Investiga~on 2 -- Axe crown class and age better p & c t a n  than initial dbh? 

Using inclividud are@ data fmm both the Mane Weeding Study and Fertilizer Steady, regression 
quations were cdculateb to predict in&vidual me growth based either on: a) initid dbh, or 
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Figure 2. The effect of age on diameter growth (dbh) of individud trees (age 44 to 81), 

b) m w n  cbss plus age. Crown class was entered into the equa~ons as a set of dummy 
variables. Separate equations were calcula&d for black cherry axad sugar maple, 

Cmfficients of detednation showed that quations including two indepenknt v ~ a b l e s  to 
express both compefitive position and age were much better (had higher 3 values) than 
equations including only initid dbh as an independent variable (Table 3)- In fact, initid dbh 
was only poorly correlated with diameter growth across the m g e  of ages included in these 
equations, and regressions with dbh were not statisficdly signiEcmt. 

Table 3.--CmfGcients of determination (?) between in$ividud tree &meter (dbh) growth and 
either initial dbb or age plus crown class. 

Inkpenknt v~ab le ( s )  
Species Initial dbh Age c Crown Class 

Black cheny 0.0 0.41 

Sugar maple 0.08 0.62 



Invesggatioan 3 -- Relative diameter as a nlrasure of competitive positiola 

Cmwn class is a subjective measure of competitive posieon, and Bkerefote not evduared 
qually by all obse,mers. It provides estimates of compe6iGve position in discrete classes, and 
is therefore inconvenient to include in p~&cGon equations. Fmhemobe, lit is an obsesvation 
not eomonly  included in inventofies made on an operation& basis. %g.lerefo~, crown. class 
has limitations as an independent va;adable in p w t h  pm&ction equa~ons. 

It would be very desirable to find a continuous variable that pmvvides a measwe of 
compedtive position that can be objectively e s ~ m a t d  from comonly  avsbilable inventory 
data. Relative dimeter {diameter of the tree relative to the average s m d  diameter) is a 
variable that expresses the size of a tree relative to its conlpetitors in the same stand, and 
aerefofe appears promising as a measure of competitive position and a sumgate for mown 
class. 

The Kme Weeding Study and Fertilizer Study data were used to calculate ehe average 
&meter growth d d l  species stratified into fow crown classes and five relative-dimeter 
classes. Both cmwn classes and relative-diameter classes had a strong influence on diameter 
gowth, with a clear wend of best growth from trees in the better competitive positions (Table 
4). 

Table 4.--Diameter gmwth rdtes (incheslfi yrs) as affect4 by compe~tive position for stands 
of four age gmups (all species together). - 

V ~ a b l e  Age class 

Relative dim~eter class (based on medial &meter) 

1.25.t B .45 0.97 

1.W - 1.25 1.15 0.78 

0.75 - 1-00 0.92 053 
0.58 - 0 75 0.67 0.29 

0.00 - 61.50 0.43 0.811 



W e n  &meter grow& is predicted using regessions of &ameter gowth as a fi in~tim of 
relative diameter and c m p a e d  to pre&c~ons of diameter p w t k  based on crown class 
averages, the two measures perform about equally. There was a slight tendency for crown 
class to predict growth better than relative &meter, but the &fferences werrr: minor (Table 5). 
This indicates that relative diameter can be used in place of crown class as a p d i c t m  of 
diameter growth. 

Table 5.--Standmi. errors for diameter gowth estimates based on crown class averages versus 
hose based on regressions with relative diameter. 

Age range Crown class Rela~ve &meter 

30-40 years 
black cherry -32 .32 

sugar maple .I8 .18 

40-50 years 

black cherry 

sugar maple .13 .12 

black cherry 

sugar maple . I  I -08 

Data from both the Rane Weeding Study and the Fertilizer Study were then used to calcmlate 
regressions of diameter growth as a function of initial &meter and as a function of w o  
different relative diameters. Relative dimeter was calculated using both the medid ddimeter 
and the quadratic dimeter. The regressions were run within single stands (where age was 
constant), and across all stands in the data set ( w h e ~  age varied from 10 to 65 yeas). 

The coefficients of detehmination (9) for three regressions of diamter p w t h  on af.b.h., 
relative medial dianaeter, md relative cjiuadradc diameter were i d e n ~ c d  withh each starad. 
And correlations between d.b.h. and the two relative &meter measures were perfect -- 3 of 
1.00 (Table 4). This is to be expected since the two relative &mefers are quivdent to 
d.b.h. divided by a constant. Within a single stand, where dB the trees are the same age, dl 
h e  measures provide identical results as expressions of competi~ve psition. 

However, when the same regressions are cdcenlated across a group of stands of v q h g  ages, 
8 for regressions containing relative dimeter are much higher than those for regressions on 
iHlitid d.b.h. (Table 6), Hn &is siaation, the two relative diameter measms continue to 
provide an expression of the comgetitive position sf each t r ee 's  position &at is unconfournded 
with age. But initid d.b.h. is now expressing both compeGtive position and age, two factors 
that affect diameter growth in opposite ways as demonsmted earlier. Thus, relative diameter 
appeas promising as a measure ctf competirve gosition in place of crown class; mb it i s  a 
measure that is not conf~unded by age as is initid dbh, 



TaMe 6.--Coeffic$nts of determination (9) for initial &meter md relative diameter (based 
upon medid stand &meter and qua&atic stand &meter)  as affected by age r a g e  inr the 
data. 

Depenknt variables 

D,b.h. 
No. of 

Age sage  starads Indepndent 
vauiables 

Within a single stand* 

age 10-20 4 1 0.40 0.40 0.40 1.00 B .CHI 

age 30-40 7 0.5 1 0.5 9 0.51 1.m 1.00 

age 40-50 3 0.42 0.42 0.42 1 ,W t .QO 

age 55-65 6 0.54 0.54 0.54 1.08 1 .W 
Across a wide range of stand ages* 

age 10-65 22 0.00 0.22 0.23 0.53 0.49 

age 30-65 18 0.28 0.48 0.45 (9.66 0.56 

Sugar Maple 

Within a single stand* 

Across a wide range sf stand ages* 

I Dbh = diameter at breast height at the be@nning of the growth period 
* R m  = relative diameter based upon medial stmd diameter 
"QD = relative diameter based upon quadsatic stand &ainne&r 

*Values shown within a single semd are the mean of the i! values for each individud 
stmd in the age range shown. Values shown across a wide range sf stmd ages are the 
single 8 vdue from a regression using all stands in the specified age range. 
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Differences between the two rdarive diameter measures were: small. The one based on 
nndai &anmeter gave slightly better results in most cases than the me based on q u a h d c  
diameter. The exception was in vesy yourrag stmds where results were enatic {Table 6)- 

Me&d diameter has the add& advantage that it provides a much more redistie estimate of 
m e  size than quadrabc &an~ea@r in these mixd-species k n a d w d  stmds. Qhs&aeiic &me@r  
is heavily Influenced by the large number of supp~ssed trees, so it gives an estimte of stand 
&meter that dws  not adequately reflect the s i z  sf the. crop trees in the smd .  

To illustrate, the quadraric stand diameter and the medial stand diameter m ploged against 
the dthmetlic average diameter of the dominmt plus cdomhaazt trees and agdnst the 
arithmetic average &meter of the hminmt,  cdominmt, and intemdiate trees in the Kane 
Weeding Study and Fertilizer Study data sets Vigux 3). MdiaH stmd &anmetex closely 
apprc~xixnatcs the average diameter of the dominants, cdc~minmts, and inteme&a~s--the 
trees that make up the main cmwn canopy, Quabatic stmd d i m t e r  is much lower, arad 
does not adequately represent the &ameter of the imgofimt mes  in the stand. 

0 
15 20 30 45 50 60 

AGE fYWRS) 

Figure 3. A comparison. of medial stand diameter and quadratic stand &meter as 
expression of average tree dbh of v ~ o u s  mu.n class goups in cheq-maple stands. 

So, medid stand diameter clearly seems to be a better measux of stmd size class, md is 
better conelated with diameter growah than quabatic stand &meter. Its use as an expmssion 
of average stand diameter is reco~mended. 



Data from the Kane Weeding Study and Fertilizer Study were examlned to QeteEartine whether 
or not relative &meter might be used to segregate erees into crown classes when dkwt 
measures of crown class are not available, The relative diameter bre&ng points used to 
separate one crown class from another were es~rnated by regessing the relative diameter 
lirxaits from each age class over age (Figure 4). The results of sepgatisms made on this basis 
were compared with actual crown class obsekvaticms CITable 7). 

Dominants + Codominants 

I -- Dominants + Codominants + Intermediates 

0.4 
10 20 30 40 50 60 

AGE (YEARS) 

Figure 4. Relaktive diameter limits used to separate crown classes in cheq-maple stands, 
as a function of age. 

These trials suggest that it is possible to select those nees in a stend which represent any 
crown class (or p u p  of crown classes) by using relative diameter as a surrogate. The p u p  
of trees selected as repesenting a p;irticular crown class will not ctlnespond exactly to the 
actual crown classes, but will contain approximately the s m e  number of trees and have 
approximately the same g0wt.h rate and average ~ a m e t e r  as that crown class ('able 6). 
These aids also suggest that the dat ive diarareter that separates one class from mother is not 
a constant, brat varies with h& age and species. Thus, adcPieionaP study wouM be needed to 
&fine the relative diameter breaking points appropfiaiate to a wide range of stand co~npositions 
mall ages. Nevenheless, relative diameter appean to bd: a useful surrogate for crown class. 



Table 7.--Confonraiky mong ~ m w n  class, md ~lative diameter in selection d the gees in the 
upper crown canopy over four age classes -- all species. 

Con-~getitiive Age class 
position* 10-20 y 30-40 gr 48-50 55-65 T ~ H  

Number of ~eeslacre 

D B C  299 319 238 284 
crown classes 

D & C via 302 325 234 27 3 
Relative dia. 

D , C & I  48 f 4 9  294 619 
crown classes 

D, C & P via 48 1 459 287 619 
Relative &a. 

Average &atneter (dbh) 

D & C  2.4 7.18 8.6 11.6 
crown classes 

D & C via 2.3 7.2 8.7 11.8 
Relative dia. 

D , C & I  2.0 6.2 7.9 9.7 
crown classes 

D, C  & 1 via 2.0 6.4 8.1 9.8 
Relative &a. 

Diameter growth, inches/5 y r s  

D & C  0.98 0.76 0.53 0.80 
crown classes 

D & C via 0.99 0&74 0.53 8.78 
Relative &a. 

D , C & I  0.82 0.64 0,47 0.56 
crown classes 

D, C  & 1 via 0.82 O,Q3 8.49 0.56 
Relative &a. 

*I) = do~xlant crown class 
*C = cdomitamt crown dass 
*I = interndate crown class 



Ipaves~gation 4 -- Effective age as a measwe of acaal age 

Like crown class, age is dfficult to measure in the field, and is seldom available &om 
inventory data. The eff'ec~ve age calcdlatd by the Sgsni'VAH prapmr and &sc~bed earlier, 
provides a possible smogate for actual age. 

To test the value of effective age in prdction quationrs, a series of nnaul~ple rregessians that 
included relative &meter plus either actud age lor effective age was mn. Effective age had 
d values nearly as high as actual age in most xgessiows, and slightly better than actual age 
in one xgression. n u s ,  eff%&ve age appears to be a useful sunogiete for actual age that can 
ibe used in grow& p m c ~ o n  quations. The regessions d s o  show that the combination of 
relative diameter and effective age is considerably better as ;a pmdictor of d imekr  growth 
than either variable alone vable  8). 

Table 8.--Coefficients of deiemination (8) for ~ w s s i o n s  of diameter growth fdbh) and 
various combinations of relative stand diameter, age, and effective age. 

Independent Black cherry Sugar Maple 
v ~ a b l e  

Relative dian~eter 0.22 0.57 

Effective age 61.467 0.23 

Rel. &a. + Age 0.4 l 0.62 

Rel. dia. + Eff. age 0.39 0.63 

CONCLUSIONS 

These investigations show that initid tree diameter may express either a me% ccompe~~ve 
position in stands of sinzilar age, or a tree's age when viewed across stands of m n y  ages. 
Since a large initial clbh produces fast grow& in the former situarion, and slow g o w ~  in the 
latter, initial see dbh is a confounded variable that m y  provide inaccwate grswtha predictions 
when applied to w e s  of a wide range of ages md cmgetitive positions. Sepmte measure of 
age and competitive position provide more accurate growth predkiion rfim use of initial dbh 
done. 

Since neither age nor competitive posifion (crown class) are co~nmanly included in the data 
from operational inventories, easily cdculated sumgates of these variab8es are needed. 
Relative diameter provides a useful measure of competitive position, and effective age 
provides a useful measure of actual age in Allegheny hsdwrQcK% smds.  Both of these 
measures can be calcuPatecX fmm the species and &ameter y col lwtd in 
forest inventoaies. hd icgons  of growth based on these s es~mates with 
accuracy similar to those based upon mown class md stmd age. 
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Me&d diameter is a beater measure of average stand &aa~~etcr. ixm Alleghetay hadwwA $tan& 
than quahatic diameter. When used to cslcra8ate relative diameter9 it also prowides be t t e~  
conrelation with m e  8cawtf-s than relative: diameter cdculatcd from qraa&arie stand diarmer. 
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