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STAND FACTORS IiUENCING DIA1TER GRH 0F BALSAM FIR TREES IN QUEBEC 

by P.E. Vezina 

INTRODUCTION 

Balsam fir (Abies balsamea (L.) Mill.) is a widely distributed 

pulpwood and lumber species of major importance in Eastern Canada. It 

regenerates abundantly in cut-over areas and reacts well to release from 

overhead competition. Fundamental knowledge on the growth of this species 

is, however, very limited. Increasing emphasis on the manipulation of fir 

overstoreys requires that basic information be obtained on growth rates as 

affected by stand and site factors. The purpose of this study was to 

determine the role of several stand factors which influence the diameter 

growth of balsam fir. The stand factors influencing significantly the 

diameter growth of balsam fir arc identified, tieir relative importance is 

assessed, and six tree-growth equations are presented.3 

For assistance in analyzing the data irith the aid of an electronic 

computer, model IBM 1620, the author wishes to thank Nr. A.W. Douglae, 

Mathematical Statistician, of the Statistical Research Service, Canada, 

Department of Forestry, Ottawa. 

/ Department 0f Forestry, Canada, Forest Research Branch Contribution No. 

Research Officer, For. Res. Br., Dept. of Forestry, Box 3, Sillery, P.Q. 

/ Basic tree measurement data used to develop the equations have been 
tabulated and can be made available to interested persons. 
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LITERATURE REVIEW  

Recent studies of past radial growth at breast height of 

individual trees of various species as affected by stand factors have been 

conducted by a number 0f investigators. Smith, Ker and 0sizmazia (1961, 

P. 48) presented multiple regression equations for the estimation of growth 

in d.b.h. of three important western species in the University of British 

Columbia forests. The radial growth data were used to derive the maximum 

growth of the average tree as rings per inch by age and site. In a simular 

study, Apsey (1961) found that the variables d.b.h. and percent live crown 

accounted for niost of the variation in radial growth of red aider (Ainus 

rubra Bong.) for the last five years. Lemmon and Schumacher (1962) 

mathematic11y analyzed data from measurements of periodic diameter growth 

of ponderosa pine trees made in western United States. The diameter growth 

predictions developed by these writers were used to calculate theoretical 

stand and yield statistics for hypotheticaTL stands under different kinds 

of thinning management (Lemmon and Schumacher 1963) 

The technique of analysis used in the present study has been 

successfully used by the above authors and by Fritts (1960) to valuat' 

the effects of severai stand factors on periodic diameter growth. The 

regression equations developed can yield information for balsam fir which 

is not otherwjse available. 

Fritts (1960), in his study of radial growth on individual tree, 

using multiple regression techninr 	'tipL regression 

analyses most satisfactory because aTLlowance for the interaction of the 

various factors affecting growth may be given consideration. He states 

that multiple regression technion' c -: -  measure correlated variation 

and do not necessarily establish cause and affect relationships. 
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To deterraine whether or not a factor is e truTLy causal one, the investigtor 

must use hic knowledge of the physiological processes involved. 

COLLECTION 0F DATA 

The investigation was conducted on the limits of the Domtar 

Newsprint Co, Ltd., in the Laurentide Park, corne 30 miles north of Quchec 

City. The sample area consisted of young-mature, unrnanaged stands of 

balsam f ir, in mixture with white birch (Detula Eapyrifers  Marsh.) and a 

few other associated species, growing on e southwest-facing clope and 

uniformly covering an arec of about 60 ocres et an elevotion of about 

21000 feet. The stands showed no recent disturhance, and belonged to the 

Dryopteris-Oxalis and Flylocoriiurn-Oxalis site-types (Linteau 1955). The 

average site index of the sempled tces  was 51 £eet et 50 years, anc rarie 

from 42 to 65 feat (Table i) 	These st2nd conditions are eommonly en- 

countered in the Laurentide Park and adjacent arecs. 

A total of 58 normallv urowinp. heelthy dominant or codomincnL 

balsam fir trees representing a wide range of diameter, height, age, 

site index, and spacing or basal-area density, were rneasured. 

Data recorded for each tree were: :1) crown class, either 

or codominant, (2) d,b,h,, the mean of two mea surements et right angles by 

caliper to the nearest 0,1 inch, (3) total height, deterrnined to the neart 

foot by tape and hand level, (L) live crown length, ta the nearest foot by 

tape end level: (5) total age, determined to the naarest full year by 

increment boring and carra ctoc' 	: b::e-st height age by adding a fixed 

for different site index classes, (6) site index for each tree, read from 

Linteauts (1955) curves, (7) basal orea of the su'rounding stand, deterrnined 

by the relascope with factor 10 'rc:an'Dough 1952), (8) average radial 

growbh during the lest l0-ycr period, obtained from incrernent cores et 
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- 	 breast height from four aides of each measured tree, and (9) averge 

number of rings per last radial inch, also obtaincd from incremcnt cores. 

PERIODIC RADIAL GR(MTH 0F ëS.AMPLE TREES DURIG THE LAST TEN YFÂRS 

Multiple regression analyses (Snedecor 196) were used to assess 

the relative importance of the stand factors as they influence radial 

growth. The partial regression coefficients of multiple regression 

arialysis are based on the affects of any one factor edjusted for the inter- 

relationship with othcr factors. 

The step-wise regression technique was used to salve the 

equations. In this technique the contribution of a particular independent 

variable is estimated by the amount of total variation in Y accounted for 

by that variable at each step in the solution. 

It was decided upon examination of a number of graphs ta use as 

independent variables the prescrit d,b.h. of trees (D), the present height 

(H), the present total age (A), the site index (S), and the basal area of 

the surrounding stand (B). 

Two linear modela were used. In the first instance, an equation 

form adopted from Lemmon and Schumacher (1962) for Ponderosa pine in western 

United States, was expanded as f ollows: 

Log Y1 = b0  + b1 (S) + b2 (B) + b3[Log (DH) 

+ b14(l/A) + b(S/A) + b6(B/A) + b7 [Log(DH/A)] 

+ b8(l/A2) + b9(S/A2) + b10(B/A2) + b11[Log(DH/A2). 

Thc outcome of fitting this equation ta the 58 sample balsam f ir 

trees, and eliminating the effects of the independent variables in the order 

of their contribution ta the regression sum of squares, is preented in 

Table 2. 

The first variable contributas an highly significant effect, but 

none of the remaining seven is significant at the 5  per cent level (Table 2). 



While the second variable, basal-area density 0f surroundinE stand, is 

non significant, it was nevertheless rctained since prediction value 

appears to have been gaine-d by this lcngthening 0f the equation, the 

multiple correlation coefficient changing from 0.36  to  0.93  with the 

addition of B. The regression equation derived from this analysis is as 

followa: 

Log Y1 -l9.8 

+ 7.329 [Log (DH)] 

- 0.9667(B/100) 	(1) 

in which 

Y1 is 10-year periodic radial growth of sample trees in inches 
during the last ten years. 

D is the present d.b.h. of trees in inches... 

H is the present height of trece in feet. 

B is the basal area of the surrounding stand in square feet per acre. 

In an attempt to improve the correlation, another linear 

multiple regression analysis was computed combining the above five 

independent variables (D, H, A, S, B), plus the present live crown length 

(C) and ail their cross products and the squares of A, S and B, for a total 

of 24 independent variables. The dependent variable Y1 le again the 

periodic 10-year radial growth of sample trees in inches during the last 

ten years. 

The analysis of variance 2ppropriate to the regression 15 

presented in Table 3. Therein it je determined that the first variable 

la highly significant and the ninth variable is significant at the 5  per cent 

level, while none of the remaining variables is significant at the 5  per cent 

level (Table 3). However, ail the nine variables have been retained in 

order to avoid the rerun of the rogression., Upon reworking the regression 

the numerical expression is: 
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100 Y =  -40-35 
- [0.3916 

+ 0.091(B/100) 

- 2,099(H/100) 

+ 1e249(C/10O)1 B 

- [907(A/100) 

+ 118.1(n/100) 

- 6.12(s/100)] s 

+ [52032(c/loo) 

+ 336]D (2) 

providing a multiple correlation coefficient of 0.717 

Ta sirnplify the u--q-- of this equation it was dccided ta drop the 

second degree in site index, S2, and six of the non significant independent 

variables, from the regression (sec variables in Table 3) Based on the 

two interaction variables DC and BC, and upon reworking, the shorter form 

of the equation is: 

100 Y1= 22,80 

+[ 23,9(D/100) 

- 02368(B/100)1 

(3) 

The multiple correlation coefficient of this short form equation 

is 0.673. 

NUMBER 0F RINGS PER LAST RADIAL lOCH 0F DIATER IN CRE1'NT 0F SAILE TREES 

As noted by Lemmon and Schumarher (1962), an approximate relation. 

ship exists between uniform increments of radial growth expressed as number 

of rings per last radial inch and, as in Equation 2, expressed as radial growth 

in inches. Hence, the same form cf regrc-ssion equation should apply to both 

criteria for expressing diameter rowth 
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Using Y 2 
 to denote the number of rings per lest radial inch of 

diameter increment, and other notations as given in Equation 2, the ra- 

sulting regression is 

Y2 = 18.99 

+[ 0.5000(B/100) 
- 3.386(H/100) 

+ 3.138(S/100)1 A 

+[ ,997(C/100) 

- 2.791 D 	() 

The analysis of variance of this regression for Y2 is presented 

in Table 4, showing the contribution of seven original variables, two of 

which, the firat and the lest ones, turned up highly significant, and the 

second one significant et the 5 per cent level in the regression for Y2. 

The multiple correlation coefficient 0f these seven independent variables 

is 0.796. 

As for equation 2, it was decided to drop the four non significant 

independent variables and the interaction variable 0f AS. The variable D 

was also dropped, since it is considercd in the only retained independent 

variable, the interaction of DC. Upon reworking, the shorter f orm of the 

equation is: 

Y2 	27.7L1. 

- .634(DC/100) 

() 

The simple correlation coefficient of this short f orm equation is 

0.701.  

DISCUSSION 

The foregoing statistical analyses provide preliminary information 

onthe effects of soma stand 	factors on diameter growth of blsam fir trees. 
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- Since the study deals with only 58 observations, caution should be excrcised 

in the inferences drawn from the resuIts Nevertheless, a number of points 

have arisen from this work, and although additional information is needed, 

they have some application to silviculture and forest management. 

There appears to be a close relationship between the interaction 

variable of d.b.h. x live crown length and the diameter growth of dominant 

and codominant balsam fir smpIe trees The interaction of DC is a highly 

significant variable influencing the radial growth of the fir trees regard-

less of site. The relationships of the interaction of DC to the last 10-year 

radial growth and ta the number of years required to produce the last radial 

inch are shown graphically in Figures I and 2. Since crown size has been 

shown to be related to diameter growth of balsam fir (Vzina 1962), the 

figures serve to illustrate the welTL-known fact that crown size and 

development definitely determine stem growth. The latter observation has 

been advantageously used by NcLintock (1948) in the derivation of his 

classification scheme for the spruce-fir forests cf New Eng1and 

In addition to the interaction of DC, the most influencing factors 

are basal-area density of the surrounding stand and site quality, used 

singly or in combination with other stand factors. Both the d.b.h. and 

the live crown length, however, are highly affected by spacing or basal-

area density, and by site quality. The lower the basal-area density and 

the higher the site index, the greater will be the interaction of DC and, 

hence, the diameter growth. 

The coefficients of multiple correlation, R2, indicate in most 

cases that s large proportion of the obscriied variation in radial growth 

0f the sample treos was accountcd for by consideration of only 2 or 3 stand 

factors. Other factors which werc '- ot investigated in the present study, 



such as physiographic and climatic factors, arc doubtless important. They 

are considered, however, in an indirect manner through the use of site 

index. Part of the unaccountcd variation scems ta be due to experimentel 

crrors in the measurement of the variaus stand factors. For instance, the 

factor 10 used in the measurement of dcnsity with the rclascope is not 

necessarily the rnost valid choica at each point where density varied from 

95 ta 20 sq. fi. per acre (Table 1). 

The silviculturist is concerned with stand and tree characteristics 

as they affect his marking of trees to cut or retain in thinning or partial 

cutting. He is interested in the correlations which exist ai the present 

time between stem growth and the easily observable stem and crown characber-

istics. In this circumstance, the regression equations and the correlation 

coefficients presented here should be useful to the silviculturist. 

It should be emphsized that measurements were confined ta forest-

grown dominant and co-dominant balsam f ir sample tres. 'ccordingly, the 

equations and coefficients are strictTLy applicable to ebends composed 0f 

such tracs. 

Fundamental studies on growth have reccntly becn undertaken ta 

learn what parameters best define growth, and ta correlate these ta stand 

factors which may be measured. These studies Wi11 be extended in time ta 

include various site factors as a prerequisite to a forest classification 

based an thase stand and/or site factors which will prove ta have a signif-

icant effect on tree growth. 

SUIil 1ARY 

As part of a forest survc:r to assemble information an growth and 

yield 0f economicalJy important tree species in Quebec, measurcments o±' 

periodic diameter growth were made on 58 dominant and cadaminant balsam fir 
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trees, sampling a wide range of size, height, age, site index, and basal-

area density of the surrounding stands. 

The data have been analyzed mathematicafly to determine the 

relative direct and interacting influence of the measured variables upon 

diameter growth of sample trees. Five equations are prcsented by which 

predictions of periodic diameter growth can be made from measurements of 

sample trees growing for short periods under known conditions of competition 

and on sites of known quality. 

Periodic diameter growth is cxpressed in the five equations as 

Y)! last 10-year radial growth in inches, and Y2, number of rings required 

to increase the last radial inch. Up to 72 per cent of the radial growth 

variation encountered was explained by relating radial growth to 6 stand 

variables, their cross products and their squares. 0f thcse, only 9  were 

needed to explain nearly 56  per cent of the variation. Forty-nine per cent 

of the variation in radial growth was explained by one variable, the inter-

action o±' d.b.h. and live crown length. The equations presented in this 

paper and other regression equations relating growth to various stand 

factors will subsequcntly be used to develop theoretical yield statistics 

and to derive thinning schedules. 
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Table 1. Variation in the measurcd characteristics of 58 halsam fir 
in the semple stends. 

Item Unit Ave. S. D. 11m. Max. 

D.B.H. In. 6.12 0.905 4.4 9.2 

Total hcight Ft. 43.8 4.18 3 5 54  

Livc crom lcngbh A. 22.8 4.31 16 3.5 

Total age Years 39.2 3.55 33 51 

Site index A. et 50 yrs. 51.3 5.18 42 65 

Basal arec Sq. A. 163 32.8 95 250 

Radial growth In. 0.173 0.129 0.23 0.80 

Rings per inch of No. 19.8 3.27 13.5 28.8 
diameter incr. 



Table 2. Sum 0f squares and rcsidual sam of squares of Log Y-i due 
to the variebles of Cquation 1. 

Source of Degree of Sum of 	Nean 
variation freedom squares 	square 

Log (DU) 1 27 

B 1 .079 

S 1 .0o0 

B/A2 1 .0112 

Log(DH) 	(l/À) 1 .008 

Log(DE) 	(1/A2) I .0013 

s/A 1 .0002 

l/A 1 0000 

Residual 49 5512 	.0112 

Total around mean 57 .8910 



Table 3. Sum of squares and residual surn of squares of Y1 duc to 
- the variables of Equation 2. 

Source of Degrec of Sum of 	Me an 
verietion freedom squares 	square 

DC 1 .1l77 

DC 1 .0208 

AS 1 e0018 

HB 1 .0027 

B2 1 ,0099 

DS 1 028 

B 1 .,0O3 

D 1 0091 

1 .Ot57 

Residuals 48 ,4277 	p0089 

Total eround mean 57 .9673 



Table L. Sum of squares and residual sum of squares of Y2 due to 
the variables of Equation L. 

Source of 	Degree of 	Sum 0f 	Mean 

variation 	freedom 	squares 	square 

	

DC 	1 	304.4 

	

D 	1 	25.03 

	

AB 	1 	14.12 

	

C 	1 	4.025  

	

AH 	 1 	2.869 

B2 	1 	2.69 

	

AS 	1 	39.08 

Residuals 	50 	227.,3 	4.55 

Total around Yncan 	57 	619 
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