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ABSTRACT 

This paper outlines the development and use of a compatible growth and 

yield model for red pine and white pine stands under a uniform shelterwood 

silviculture] system in the Algonquin Provincial Park. The model incorpo 

rates stand age, residual (postharvest) basal area, site index, composition 

index (proportion of pine basal area), and projected age as predictor vari 

ables for estimating residual gross merchantable pine volume and for pro 

jecting basal area and gross merchantable pine volume growth over a given 

time period. The results suggest that red pine and white pine stands in the 

park experience continually increasing volume growth for up to 25 years 

following uniform shelterwood harvesting over an age range of 40 to 130 

years. The model is most suitable for making volume growth projections for 

periods of up to 25 years following uniform shelterwood harvesting. 

RESUME 

Ce document decrit dc facon succincte ['elaboration et 1'utiHsalion d'un 

modele compatible de hicroissance et du rendement de peuplements de pins 

rouges et de pins blancs soumis a un regime sylvicole par coupes 

progressives uniformes dans le pare provincial Algonquin. Le modele 

utilise I'age du peuplement. la surface terriere residuelle (postrecolte). 

1' indicc dc station, I'indice de composition (proportion de la surface terriere 

occupee par des pins) et l'age projete comme variables explicatives pour 

estimer le volume marchand brut residue! de pin et prevoir la surface terriere 

et raccroissemem du volume marchand brat de pin pendant une periode 

donnec. Les resultats permettent de supposer que les peuplements de pins 

rouges ct de pins blancs du pare, lorsqu'ils sont ages de 40 a 130 ans, 

connaissent un accroissemem continu de leur volume an cours des 25 

annees posterieures a des coupes progressives uniformes. Lc modele est 

particiilieremenl bien adapte a I'ctablissement de previsions de 

I'accroissemem du volume pour des periodesallam jusqu'a25 ans apres la 

pratique de coupes progressives uniformes. 
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WHITE PINE AND RED PINE VOLUME GROWTH UNDER UNIFORM 

SHELTERWOOD MANAGEMENT IN ALGONQUIN PROVINCIAL PARK 

INTRODUCTION 

Estimating the growth and yield of forest stands that have 

been subjected to one or more selective harvests is an 

elusive task. This is particularly problematic in white pine 

(Pimts strobus I..) and red pine (Finns resinosa Ait.) 

stands in the southern Great Lakes-Si. Lawrence Foresi 

Region, including the Algonquin Provincial Park, where 

the uniform shelterwood management system is applied. 

Yield tables and other management aids currently avail 

able for white pine and red pine have been based largely 

on old-growth, natural unmanaged stand data. These 

models do not provide reliable estimates of residual growth 

and yield beyond the initial harvest. Foresters must often 

adapt yield tables developed from unmanaged stands in 

order to predict the growth and yield of the managed forest 

(Teschctal. 1983). 

More reliable information on growth rates of pine in 

managed stands would aid in management planning and 

would assist forest managers in preparing preharvest 

silvicultural prescriptions. Information on the volume of 

red pine and while pine that could be expected in the future 

would aid foresi industry clients in planning long-term 

capita! improvements to their mills and harvest opera 

tions. The information could also help to determine long-

term employment levels at the various mills that depend 

on pine from the park and adjacent areas. 

The objective of this research is to develop volume growth 

models forwhite pine and red pine under uniform shelter-

wood management in the Algonquin Provincial Park. 

METHODOLOGY 

The Model 

Predicting future yields following a selective harvest, 

such as might be carried out using a uniform shelterwood 

silvicuitural system, requires detailed knowledge of the 

stand density (basal area) of pine and other tree species 

immediately following the harvest, some measure of site 

productivity (such as site index), and the age uf the 

dominant and codominant pine trees in the residual stand. 

It also requires knowledge of the stand development 

process thai occurs following release by harvesting. 

The modeling approach used in this research was initially 

presented by Buckman (1962) and Clutter (1963). In his 

work wiih loblolly pine (I'inus tacdu L.), Clutter (1963) 

developed a system of equations based on the concept that 

a derivative-integral relationship must exist between the 

growth function and the yield function. In essence, a 

growth function, when integrated over lime, should pro 

vide the same predicted value for yield as a yield function. 

Such a set of equations must constitute an algebraically 

consistent model for basal area and volume. 

Development of the model was refined by Sullivan and 

Clutter (1972), who addressed the difficulties of corre 

lated errors associated with repeated measurements on 

sample plots and the lack of statistical independence. 

Model development is based on simultaneously solving 

for three equations in one analysis for each species or 

species group, and requires two sets of measurements on 

each growth plot: one for residual (postharvest) condi 

tions and another for present plot conditions. Thus: 

[1] E(!nV{) • p0 « (1,5 ♦ p^t,-1 h ynBi 

[2] E(lnV2) -. p0 4 p,j * py;1 i Pj/nfij 

[3] i 
A. 

where E indicates expected value 

WVj - logarithm to the base e of cubic-meter 

volume per hectare at the Ith measurement 
S = site index in meters 

A: .ih 
= stand age in years at the i'" measurement 

«Bi = logarithm to the base e of basal area per 

hectare in square meters at the z"1 measurement 

In most yield analyses employing least squares regression 

techniques, the logarithm of yield is often used as the 

dependent variable. This transformation is done in order 

to conform to the assumptions made in linear regression 

analysis, and as a means to mathematically express the 

interaction of independent variables with yield (Avery 

and Burkhart 1993). The measure of density is often sub 

jected to logarithmic transformation, especially in models 

employing basal area (Avery and Burkhart 1993). Site 

index can sometimes be transformed using logarithmic or 

reciprocal transformation (Beck and Della-Bianca 1972). 

or it may not be transformed at all (Sullivan and Clutter 

1972, Burkhart and SprirtZ 1984). Stand age is often 

expressed as a reciprocal to allow for the "leveling off 

(asymptotic) effect of yield with increasing age (Avery 

and liurkhart 1993). 

The regression analysis involves developing a single 

model relating stand volume tu initial stand age, projected 

age. site index, and initial basal area. This model is derived 



by replacing InB-, in Equation [2] with its expected value 

from Equation [3|, lo obtain: 

[4] EQnVJ - p(( * PjS + [M^1 + pjE 

4. 
—4 

■4, 

[5i E{]Ogr> . pn p4c 

where B_, = and B^ - B«(Xj 

A more detailed description of the model formulation is 

given in Sullivan and Clutter (1972). Results from the re 

gression analysis provide three equations; one for predict 

ing volume per hectare immediately after harvest, another 

for predicting volume per hectare any time aiter the har 

vest, and a third that predicts the basal area at any time 

after the harvest. 

This approach to growth and yield modeling has been 

successfully applied to a number of different species, in 

cluding loblolly pine (Sullivan and Clutter 1972, Burkhart 

and Sprinz 1984), red pine (Buckman 1962), and yellow 

poplar(LinWem/rofim///>(/VraL.) (Beck and Della-Bianca 

1972). As presented by both Clutter (1963) and Sullivan 

and Clatter (1972), the desirable features of this yield 

mode! include the following: 

• the mathematical form of the variates implies rela 

tionships that agree with our biological concepts of 

even-aged stand development; 

• use of /« V as the dependent variable rather that V will 

generally be more compatible with the statistical 

assumptions customarily made in regression analysis 

(linearity, normality, additivity, and homogeneity of 

variance); and 

• use of InV as the dependent variate is a convenient 

way to mathematically express the interaction of the 

independent variables in their effect on V. (For ex 

ample, the change in expected volume occurring as 

a result of a change in site index from 60 to 70 would 

depend on the associated values of InB and A" .) 

In the present study, one goal is to predict the yield of only 

a single species group—pine (i.e., white pine plus red 

pine), while still using stand characteristics such as total 

basal area per hectare, which describe a mixed stand 

composed of a number of species. Thus, the model must 

include a component tliat can describe the contribution of 

the single species group to the whole stand. One approach 

used to predict the yield for one species group growing in 

a mixed stand is the incorporation of a "composition 

index" into the yield model, as first applied by MacKinncy 

and Chaiken (1939). This composition index (C) was 

measured as the ratio of basal area per hectare ol the 

preferred species group to the total stand basal area, and 

was incorporated into the yield equation in the following 

way (MacKinney and Chaiken 1939): 

Different transformations of the composition index were 

tested and a logarithmic transformation gave better esti 

mations of pine yield. In addition, reciprocal transforma 

tion of site index also provided better empirical results in 

estimating yield. 

Therefore, for this study, Clutter's (1963) model was 

modified to include a composition index in the form: 

[7] E(lnVp,) - (S,S p/."E 

A, A. A. , A, 
[8] E(hiB2) ■■ (—-)kBt * R[(l—-) * «j(l—4S"' • Bj(l—-

A, A. ' A, A: 

where InVp-, - logarithm to the hase e of gross mer-

charitable volume (nr ) per hectare 01 

pine at the f measurement 

tiiC = logarithm to the base e of composition 

index (basal area of pine divided by the 

total stand basal area per hectare at the 

its 1 measurement 

//iB| - logarithm to the base e of total basal area 

(nr) per hectare at the i measurement 

All other variables are as described before. 

The assumption was made that C remains constant over 

the projection period, which is valid for the short time 

periods for which the model is designed. 

Note also that a variable describing the time since harvest 

(i.e., [A, - A] J) was incorporated into Equation [8], This 

term was included in the projected basal area model since 

there was significant empirical evidence that lime since 

harvest, in addition to relative time since harvest (i.e., 

LI - A|/A-,]), contributed to the ability to predict future 

basal areas. 

The regression analysis involves developing a single 

model relating stand volume to initial stand age, projected 

age, site index, initial total basal area, and initial compo 

sition index. This model is derived by replacing bih-, in 

Equation [7] with their expected values from Equation [8], 

to obtain: 

[9] phs 



Equation [9] produces a yield projection model thai can 

estimatepineyicld by using V7as the dependent variable. 

The model can also be adapted to estimate the yield of all 

.species by using V2 as the dependent variable. When 

A, = A|= A, i.e., the projection period is zero years, then 

B2 - B | - B and Equation \9] reduce to a general yield 

model: 

|10] inVp = p0 * ptr' * P:lnC • Pyl1 + VJnB 

The projected basal area B, at the projected age At in the 

form of Equation [8] can be solved from Equation [9] in 

the form: 

|111 EllnS,) = t-±}InB, . 2( 
/I, P. 

P. ■ 

A: P. A2 

W^ 

By taking the first derivative of the basal area yield model, 

Equation [11], with respect to age, the equation forinstan-

taneous basal-area growth is (Beck and Dclla-Bianca 

1972): 

[12] *$. -
dA 

Similarly, the first derivative of the gross merchantable 

volume yield projection model, Equation [91, gives the 

volume growth model (Beck and DellaBianca 1972): 

dA 

The variable Vp is the gross merchantableyield predicted 
with Equation [10]. 

Data 

The data was collected from 280 growth plots within the 

white pine working group and 42 growth plots from the 

red pine working group located on the eastern portion of 

the Algonquin Provincial Park, The plots were stratified 

according to site class and the number of years since 

harvesting had been carried out. 

A minimum of two sets of measurements were derived 

from each growth plot for each working group; one 

describing the present condition of the plot, and another 

characterizing the residual (postharvest) condition. For 

those plots that were harvested more than 5 years ago, 

intermediate plot conditions at 5-year intervals starting at 

the time of harvest were also reconstructed. 

Current breast height age of dominant/codominant pine 

trees within each plot was estimated by increment cores. 

Present stand age at breast height was estimated by takiniz 

the mean breast height age of residual pine stems. Age at 

the time of harvest was estimated by subtracting the years 

since harvest from the current age. 

The diameter of all stumps found in the growth plots was 

also measured. The diameter at breast height (DBH) of 

these trees was estimated using stump diameter-DBH 

relationships developed by (he Algonquin Forestry Au 

thority.' This information was used to estimate the basal 
area of the stands prior to harvest. Accuracy of the stump 

diameter measurements was affected by the length of lime 

since harvesting was carried out, since older stumps were 

often in advanced stages of decomposition. 

All stems 9.0-cm DBH and over were measured and 

tallied to the nearest 0.1 cm. AH white pine and red pine 

trees were increment cored at breast height. Bark thick 

ness, and ring widths in 5-year intervals starting at the time 

of harvest, were measured to the nearest 1.0 mm. Past 

DBH's of white pine and red pine trees, in 5-year intervals 

starting at the time of harvest, were estimated based on 

current DBH, bark thickness, and increment data. 

For all otherspecics, individual trees showing no deformi 

ties were selected at random and increment cored at breast 

height. The total width of rings from the time of harvest to 

the present was measured to the nearest 1.0 mm. Past 

DBH's for these trees, in 5-year intervals starting ai the 

time of harvest, were estimated by interpolation between 

current DBH and estimated DBH at the time of harvest. 

For all other trees, linear regression analysis was used to 

develop an empirical model for each species that would 

predict past DBH (DBH,) as a function of current DBH 

(DBH0) and elapsed time ft) from the present back to 

harvest, in the form: 

[14] DBH, = (V 

The results were used to estimate the past DBH of indi 

vidual, noncored trees in 5-year intervals beginning at the 

fime of harvest and extending to the present. For those 

species that did not have a sufficient number of samples to 

model past DBH growth, the equation developed for 

another species of the same family was used. 

Total tree heights for all healthy, nondeformed white pine 

and red pine trees were measured to the nearest 0.1 m 

DBHpw = 2.19 + (0.819) x (stump diameter); R2 = 0.98 

DBHI>U = -0.756 + (0.912) s (slump diameter); R2 = 0.99 



using a suun to clinometer. For all other species, individual 

trees showing no deformities were selected at random for 

heiglil measurements. Several different model forms for 

estimating height-diamclcr relationships, as given in 

Arabat/.is and Burkhart (1992), were assessed. The poly 

nomial form of the function: 

1151 

provided Ihe best fit of the data for most species. For those 

species that did not have a sufficient number of samples to 

develop a height-diameter curve, the equation developed 

for another species of the same family was used. The re 

sults were used to estimate total height for Irccs not 

measured at present, and to estimate ihe heights of all trees 

at different time periods in the past. A correction factor 

was applied to pasi height estimates based on the ratio of 

measured current height to estimated current height. 

Gross merchantable volumc(GMV)of individual red pine 

and white pine trees was estimated using standard volume 

equations currently used by the Algonquin Forestry 

Authority, These use DBH and tree height as predictor 

variables. For all other species, merchantable volumes 

(slump height = 30 cm, minimum top diameter = 7 cm) 

were determined from existing equations (Honer ct al. 

1983). 

Plot summaries of gross merchantable volume and basal 

area per hectare were compiled using standard mensura-

tional techniques. If the past DBH of an individual tree 

was less then 9.0 em, thai tree was excluded from plot 

summary calculations for lhat measurement period only. 

Site index for each plot was determined using site index 

curves developed for white pine within the Algonquin 

Provincial Park by ihe Ontario Ministry of Naiural Re 

sources. These curves require breast heiglil age and total 

height as input variables. For those plots thai did not have 

sufficient information (i.e., no white pine trees in the plot, 

no age estimate due to rotten increment cores, etc.), the age 

and/or average height of the plot was obtained from Forest 

Resource Inveniory data for the sland. For plots in ihe red 

pine working group, site index al the age of 50 years was 

estimated from Plonski's yield tables (Plonski 1974). 

All regression analyses were performed using ihe S AS 

statistical computer package running on a SUN SPARC 

station. Least squares regression analysis was used for 

parameter estimation. 

RESULTS 

Table 1 lists statistics for individual trees tallied for the 

growlh plot summary data by species. The parameter 

estimates for the individual .rce, and diameter increment 

Table 1. Summary statistics of individual iree characteristics tallied for the growth plol summaries by species. 



equations developed for each species, are given in Table 2. 

Parameter estimates for ihe height-diameter curves de 

veloped for each species are given in Table 3. Table 4 

provides summary statistics for the growth plots used in 

the analysis. Tables 5 and 6 show the distribution of plots 

by pine composition, site index, and number of measure 

ments over time for ihc white pine and red pine working 

groups, respectively. 

Figures 1 and 2 display time-series information on total 

basal area per ha and gross merchantable pine volume per 

ha, respectively, over plot age for each plot. Plata were 

separated into four site index classes to simplify presenta 

tion of the data. 

The model as specified in Equation [9] was estimated 

using stepwise linear regression analysis, and by selecting 

only statistically significant (p < 0.05) variables. Results 

of this analysis indicated that ihe model fit the data very 

well. (White pine working group, pine yield R2= 0.97, 

s.e. o 0.305; all species yield R2 = 0.94, s.e. = 0.097. Red 

pine working group, pine yield R2- 0,97, s.e. = 0.083; all 

species yield R2 = 0.97, s.e. = 0.07.) Not all independent 
variables in the yield model specified in Equation [9] were 

significant at the p - 0.05 level {Table 7). A plot of re 

siduals against each independent variable showed no 

systematic distortions. 

The results were used to develop growth and yield curves 

and yield tables for the white pine (Appendices 1 and 2) 

and red pine (Appendices 3 and 4) working groups, re 

spectively. The sile classes in the appendices correspond 

to Plonski"s( 1974) site classes for white pine and red pine. 
To convert site index to site class for white pine, site index 

values of 17.8 for Site Class 1, 12.1 for Site Class 2, and 

9.0 for Site Class 3 were used. For the red pine working 

group, the three site classes had site index values of 18.6, 

15.5, and 12.1, respectively. 

Table 2. Parameter estimates for equations used to predict past tree DBH for species growing in pine stands in the 

Algonquin Provincial Park. 

Model: DBH, = p,, + p^DBH,, + p\'t + py(DBH0»t) + B 

DBH0 - diameter ill breast heighi now (cm). 

t = numbers of years in Ihe past. 

DBH, = diameter at breast heighi I years in Ihc past 

n.s. - parame&cr estimate not significantly different from 

MSE = Mean square error, 

* R" = Coefficieni of determination. 

(cm). 

zero (p = 0.05). 



Table 3. Parameter estimates for height-diameter equations for species growing in pine stands in the Algonquin 

Provincial Park. 

1 Model: H = p0 + p,*DBH + p2* DBH + py DBH2 + p^ 
H = total tree height (in). 

DBH = tree diameter at breast height (cm). 

2 n.s. = parameter estimate not significantly different from zero (p - 0.05). 

* R- -Coefficient of determination. 

** MSE = Mean square error. 

White pine Preharvest total basal area (irr/ha) 

(n = 280 plots) Residual total basal area (m /ha) 

Average age of residual pine stems (yrs) 

Composition Index (% pine basal area) 

Site Index (m at age 50 years) 

Preharvest gross mcrchuntible pine volume (m3/ha) 

Residual gross merchantible pine volume (nv/ha) 

Red pine Preharvesl total basal area (nr/ha) 

(n - 42 plots) Residual total basal area (nr/ha) 

Average age of residual pine stems (yrs) 

Composilion Index (9c pine basal area) 

Site Index (in at age 50 years) 

.Prcharvest gross merchantible pine volume (m /ha) 

Residual gross merchantible pine volume (m /ha) 

7.1 

0.2 

18.3 

0.0 

9.0 

0.0 

0.0 

14.7 

5.0 

47.9 

20.4 

11.2 

57.6 

35.2 



Table 5. Distribution of white pine working group growth plots by composition class (% pine basal arc*) site index 
(average height of pme trees, m, at the age of 50 years), and number of measurements taken from the time of harvest to 
the present on 5-year intervals. 



Table 6. Distribution of red pine working group growth plots by composition class (% pine basal area), site index 
(average height of pine trees, m, at the age of 50 years), and number of measurements taken from the time of harvest to 

the present on 5-year intervals. _^^===^=^====_= 

Number of measurements taken per plot 

5 6 7 Total 

S 

2 

Total 10 

2 

14 

1 3 1 

2 3 2 1 

1 - - " 

a 7 Q 2 5 42 



Table 7. Parameter estimates for growtb and yield regression equations predicting gross merchantiblc volume of both 

all species and of pine stems only for white pine and red pine working groups. 

where Y, - gross mercliantible volume fin /ha) of pine or all species at the 2"d measurement. 

All other variables as defined previously. 

"n.s. a parameter estimate not significantly different from zero (p - 0.05). 

*MSE = Mean square error. 

**R- - Coefficient of determination. 

Since gross merchantable volume was shown to vary with 

the proportion of pine in the residual stand, it was neces 

sary to develop several growth and yield curves and yield 

tables that reflected the range ofresidual pine composition 

spanned by the data for each combination of working 

group and site class. 

The basal area of the stands prior to harvest was estimated 

from information on slump diameters and residual basal 

area. This resulted in an estimation of the harvested basal 

area. Only stands harvested within the last 10 years were 

used to estimate this relationship. It was decided that 

diameter measurements taken on slumps from siands har 

vested more than 10 years ago might not be reliable and 

could introduce errors when estimating preharvest condi 

tions. Appendix 5A depicts the relationship between the 

preharvest basal area and the basal area harvested of a par 

ticular species. The relationship between the percentage 

of basal area of red pine and white pine and the percentage 

of total basal area occupied by those species is shown in 

Appendix 5B. 

The instantaneous growth rate (immediately after harvest) 

and the periodic annual increment (P.A.I.) for the first 

15 years after harvest were also estimated for the average 

stand on each site class. Figures 3.1a through 3,3b demon 

strate how the inslantaneous and periodic growth rates 

(volume and basal area) for pine will vary with the age of 

the residual pine at the time of harvest and the residual 

basal area. The most common conditions are represented 

by a stand having 70 percent residual pine based on basal 

area, an average age of residual pine of 90 years, and 

growing on Sile Class 2. 

DISCUSSION 

The data used in the analysis represent stand conditions at 

various time periods since shelterwood harvesting was 



9m<= SI <=12m i3m<=SI <= 14 m 

40 60 80 100 120 

Average breast height age of pine (years) 

40 60 80 100 120 

Average bceast height age cl pine (years) 

15 m<=SI <= 16 m 17 m <=SI <=20 m 

40 60 BO 100 120 

Average breast height age tit pine (years) 

40 60 50 100 120 

breast height age cf pine (yean) 

Figure 1. Bustti area per hectare related to stand age and site index for growth plots. 

IEislconducted. As no field measurements were carried out 

a: the lime of harvest, it was necessary to reconstruct the 

residual stand conditions that existed immediately after 

harvesting. Residual DBH's of most trees were calculated 

from current DBH and increment data. However, some 

trees were noL increment cored. For these cases, data from 

cored trees were used with linear regression analysis to 

develop empirical models that would predict residual 

DBH as a function of current DBH and elapsed time since 

harvesting (Equation [14]). Past DBH's estimated using 

this approach are considered lo be extremely reliable. The 

R" was always greater than 0.89 and the maximum s,e. was 

1.97(Tah]c2). 

The results of the height-diameter estimation for indi 

vidual trees (Equation [15]) suggest thai tree height can be 

reliably estimated as a function of DBH using polynomial 
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Figure 3.!. Growth rates of residua! pines following a uni 

form slwllenvood harvest growing on Site Class 1 (site 

index - 17.9 m) in the Algonquin Provincial Park. Graphs 

show the effects of average age of residua! pine and the 

amount of residual basal area fnr/ha) of all species on pine 

growth. (Projections were based on an average pine com 

position of 70 percent of the total basal area. I Growth rates 

are estimated both as (A) the instantaneous growth at 

harvest (i.e., first derivative of the yield equation) and (B) 

the projected periodic annual increment (P. A. I.)for the first 

15 years after harvest. 

Figure 3.2. Growth rates of residua! pines following a uni 

form shelterwood harvest growing on Site Class 2 (site 

index = 12.1 m) in the Algonquin Provincial Park. Graphs 

show the effects of average age of residual pine and the 

amount of residual basal area (nr/ha) of all species on pine 

growth. (Projections were based on an average pine com 

position of '70percent of the total basal area, j Growth rates 

are estimated both as (A) the instantaneous growth at 

harvest (i.e., first derivative of the yield equation) and IB) 

the projected periodic annual increment (P. A. I. j for thefirst 

15 years after harvest. 

5-year to 10-year growth periods, but cnuld increase with 

longer growth periods. Therefore the model should not be 

used to project growth for more than 25 yc;irs after uni 

form sheltcrwood cutting, or in untreated stands. This 

problem could be overcome by using data from long-term 

permanent sample plols (Awry and Burkhart 1993). 

The results of the volume growth models are consistent 

with those of Clutter (1963) and others. The results sug 

gest that the total basal area growth and volume growth of 

white pine and red pine under uniform shelterwood man 

agement are affected by site productivity as reflected in 

site index. Volume growth is also influenced by the pro 

portion of pine in the residual stand. 

With reference to Table 7 the positive sign on IS-,, the 

coefficient on the pine composition index, suggests that as 

the percentage of pine in the residual stand increases the 

GM V of pine in the stand also increases. This is consistent 

with intuitive expectations. However, ihe negative sign on 

the coefficient Bi(1 indicates that as the percentage of pine 

in the residual stand increases, the overall basal area 
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Figure 3.3. Growth rates of residua! pines following a 

uniform shdterwood harvest growing on Site Class 2 {site 

index = 9.0 m) in the Algonquin Provincial Park. Graphs 

show the effects of average age of residual pine and the 

amount of residual basal area (nr/hu) of all species on pine 

growth. (Projections were based on an average pine 

composition of 70 percent of the total basal area.) Growth 

rates are estimated both as (A) the instantaneous growth at 

haivest (i.e., first derivative of the yield equation) and (if) 

the projected periodic annual increment (P.A. I. )for the first 

15 years after harvest. 

growth of all species actually declines. One possible 

explanation for these two results is that pine may have 

slower basal area (diameter) growth, but faster volume 

(height) growth relative to other species. 

The coefficient on 6-, is also positive and significant for the 

yield of all species for the white pine working group. This 

suggests that as the percentage of pine increases, the GM V 

for all species also increases. However, this does not hold 

true for the red pine working group, where the coefficient 

11, for all species is not significant. This could be due to low 

variability in pine composition for the red pine working 

group plots, where more than 70 percent of the plots have 

80-100 percent pine composition. In the white pine work 

ing group plots the pine composition exhibits greater 

variability (see Tables 5 and 6). The composition index 

does not affect the basal area growth of pine or of all 

species in the red pine working group. 

Intuitively, volume yield per hectare would be expected 

to reach a maximum and then level off or decline after a 

certain age, depending on the species involved. For ex 

ample, according to Plonski's (1974) normal yield tables 

for unmanaged white pine, Site Class I, the species 

achieves its maximum yield after 190 years of age. This is 

well beyond llie age of most of the stands used in the 

analysis. The sample plots used for the study do not show 

any growth decline over the periods measured. This growth 

habit is reflected in the model, where results suggest that 

the white pine and red pine stands in the Algonquin 

Provincial Park experience continually increasing vol 

ume growth for up to 25 years following uniform shelter-

wood harvesting over an age range of 40 to 130 years. 

These results are also consistent with the field observa 

tions of forest managers who note that during the first 

5 years following initial release through harvesting, en 

ergy expenditure in white pine and red pine is primarily for 

crown development. After S years following release, 

energy is used for stem development and volume growth. 

The growth and yield models can be used to estimate the 

residual GMV of pine and all species in a stand at the time 

of harvest, and projected GMV over some management 

cycle (e.g., 15 to 20 years). Consider, for example, a stand 

within the white pine working group composed of 60 per 

cent pine and growing on Site Class 2 as shown in Fig 

ure 4. Yield tables for the same stand are given in Table 8. 

Assume that this stand has a breast height age for the re 

sidual pine of 90 years and has been ihinned to a residual 

basal area of 23.9 m2 per ha for all species. This stand 

closely resembles the "average" stand in the white pine 

working group. 

To graphically project gross merchantable volume yield, 

it is necessary to first project basal area. On Figure 4a, 

locate point A (at age 90 and 23.9 rrr/ha). This point lies 

on the curve of expected development for a stand having 

a 4 m; per ha basal area at the age of 40. This implies that 

our example stand (age = 90. BA = 23.9) will develop in 

approximately the same way as a stand with a basal area 

of 4 tir per ha at the age of 40. 

The residual GMV of pine is read off the left axis from Fig 

ure 4b. Enter at age 90 and go up to point B on the curve 

for a basal area of 4 nr per ha at the age of 40. Estimated 

pine GMV in the stand is approximately 135 tn3 per ha. 
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The residual GMV of all species is obtained from Fig 

ure 4c. Enter a! age 90 and go up to point C on the curve 

for basal area Of 4 Bl per ha at ihe age of 40. Estimated 

GMV of all species in Ihe stand is approximately 205 m3 

per ha. 

Assume a 15-year management cycle is anticipated. Pro 

jecting along the 4 m per ha basal area at the age 40 curve 

White pine working group 

Site class 2 (Sl=12.1m) 

60% pine 

60 80 100 

Average age of residual pine frees (years) 

figure 4. Application of the growth and yield model for an average stand 

within the while pine working group in the Algonquin Provincial Park. 

composed of 60 percent pine and growing on Site Class 2. 

for !5 years (i.e.. at age 105) in Figure 4a to point D reveals 

that the stand will have approximately a 35 nr per ha basal 

area for all species in 15 years time. Projecting along the 

4 iir per ha basal area at the age 40 curve for 15 years in 

Figure 4b to point E the GMV of pine is estimated lo be 

approximately 200 m3 per ha at the age of 105. Similarly, 
the GMV for all species is estimated to be 305 m3 per ha 

at the age of 105 (point F on Figure 4c). 

The GMV can also be read from the yield 

table (Table 8). Locate the residual stand 

age of 90 years in Table 8(a). Move across 

the row to a 23.9 m per ha residual basal 

area for all species (highlighted with ( ) 

brackets). This point falls within the col 

umn representing a residual basal area at 

the age of 40 of 4 m2 per ha. The basal area 

for all species at the age oflOS is expected 

to be 35.2 nr per ha. In Table 8(b), locate 

the column representing a residual basal 

area at the age of 40 of 4 m2 per ha and 

move down the column to the age of 90. 

The residual GMV of pine is 134.1 m3 per 

ha. The GMV of pine in the stand at the 

age of 105 is expected to be 201,0 m3 per 

ha. The residual GMV of all species is 

204.5 m3 per ha and the GMV for all 

species at the age of 105 is expected to be 

307.5 m-1 per ha (Table 8c). 

The model is estimated using data repre 

senting growth since the most recent har 

vest. As most of the plots are located in 

stands that have been harvested within the 

past 25 years, the volume projections are 

considered to be highly reliable over 

growth periods of up to 25 years. This is 

generally appropriate for purposes of 

management planning. However, there is 

considerable risk associated with using 

the results to project growth beyond 25 

years, as might be desired when estimat 

ing the long-term timber supply. 

With reference to Appendix 5A, ihe re 

sults indicate that the proportion of basal 

area of red pine and of all species har 

vested was relatively constant regardless 

of the preharvest hasal area of those spe 

cies. However, when the hasal area of 

white pine in the stand was low (< 20 nr 

per ha), then 37 percent of the basal area 

ol white pine was harvested on average; 

when the basal area of while pine was 

high, approximately 45 percent of the 

120 
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Table 8. Application of the growih and yield model for an average stand within the white pine working group in the 

Algonquin Provincial Park, composed of 60% pine and growing on Site Class 2. 

(cont'd) 
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Table 8. Application of the growth and yield model for an average stand within the while pine working group in the 

Algonquin Provincial Park, composed of 60% pine and growing on Sile Class 2. (concl.) 

while pine was harvested. This suggests thai the silvi-

cultural prescriptions favored leaving white pine in stands 

where the preharvcsl basal area of that species was low, 

and increased the proportion of white pine harvested when 

it was more prevalent in the stand. These conclusions are 

supported by Appendix 58. 

The instantaneous volume growth rate and periodic an 

nual volume increment for the first 15 years after harvest 

are observed to vary according tn site class, although con 

ditions of 70 percent residual pine by basal area and an 

average age of residual pine of90 years arc held constant 

over all three sile classes (Table 9a). Pine volume growth 

represents 70 lo 90 percent of the total volume growth de 

pending on the site class. 

When referring to Table 9b, the reader will note that the 

basal area growth rate for other species is shown as zero, 

although volume growth attributed to other species is in 

dicated in Table 9a. This is not lo suggesl that the basal 

area of other species did not increase following harvest. 

However, the data reveal that pine represents the larger 

diameter and dominant slems in ihe residual stands while 

other species tend to be suppressed with correspondingly 

smaller diameter stems. Thus pine will tend to dominate 

total basal area growth following harvest. 

CONCLUSIONS 

A model has been developed to estimate growth and yield 

in redpine and white pine stands under uniform shelterwood 

management in the Algonquin Provincial Park. The total 

basal area growth and volume growth of these trees under 

uniform shelterwood management are affected by site 

productivity and ihe proportion of pine in the residual 

stand. The results also suggest thai red pine and white pine 

stands in the park experience continually increasing vol 

ume growth following uniform shelterwood harvesting 

over an age range of 40 to 130 years. 

The model can be used to make volume growth projections 

over periods of up to 25 years. This is generally appro 

priate for purposes of management planning and for pre 

paring preharvest silvicuiiural prescriptions for stands in 

red pine and while pine working groups. However, there 

is considerable risk associated with using the results to 

project growth beyond 25 years, as mighl he desired when 

estimating the long-term timber supply. 

It should be noted that these models have been developed 

from Algonquin Provincial Park data and must lie tested 

and calibrated for other sites. 
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Table 9. Instantaneous and periodic growth in (A) gross merchantable volume and (B) basal area of the "average" while 

pine stand managed under the uniform shelterwood system in the Algonquin Provincial Park. 

Characteristics of this "average" while pine stand include: 

• 70 percent pine after cut (Pw6 Pr, OH3) 

• average age of residual pine is 90 years 

• residual basal area of all species is 20 nr/ha 

A) Gross merchantable volume 
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APPENDIX 1 

WHITE PINE WORKING GROUP YIELD CURVES 
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APPENDIX 2 

WHITE PINE WORKING GROUP YIELD TABLES 
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347.4 
392.1 
442.1 

498.2 
561.1 

631.7 

20 

25.0 

27.0 
29.3 

31.9 
35.0 
38.4 
42.3 

46.7 

51.6 
57.0 
63.1 

25 

102.0 

111.2 
121.9 

134.1 
147.9 
163.6 
181.2 

201.0 
223.2 
248.1 

276.0 



White pine working group 

Residual total basal area (m2/ha) 

Site Class 1 (Sl=17.9 m) 

Composition Index: 60% pine 

Si and age 
(years) 

40 
45 
50 

55 
60 
65 
70 

75 
SO 

85 

90 
95 
100 

105 
110 

115 
120 

125 

130 

Residual tolal nasal area at index age 40 years (nr/ha) 
4 . 6 » i* 16 20 

2.0 
2.8 

3.6 
4.7 

5.8 

7.1 

8.5 

10.1 
11.9 

13.8 
16.0 

18 j 
21.2 

24.2 

27.5 
31.2 

35.3 
39.9 

44.9 

4.0 
5.1 

6.3 

7.7 
9.2 

10.8 

12.6 
14.6 

16.8 

19.2 
21.8 

24.7 
28.0 

31.5 
35.4 

39.7 

44.5 
49.8 

55.5 

6.0 
7.3 

8.8 
10.3 

12.0 

13.9 

15.9 
18.1 
20.6 

23.2 

26.1 
29.4 

32.9 
36.8 

41.0 
45.8 

50.9 

56.6 
62.9 

Gross merchantible volume of white and red pine (m3/ha) 

Stand age 
(years) 

40 

45 
50 

55 
60 

65 
70 

75 
80 
85 

90 
95 

100 
105 

110 

115 
120 
125 
130 

0.5 

4.7 

7.1 
10.2 

13.9 

18.5 
23.9 
30.1 
37.4 

45.9 
55.5 

66.5 
79.0 

93.2 
109.2 

127.3 
147.7 

170.6 

196.4 

Residual tolal basal area ai index age 40 years (trr/ha) 
7 4 6 8 li 16 

5.8 

8.8 

12.5 

17.1 
22.4 

28.6 

35.8 

44.1 

53.5 
64.1 
76.2 

89.8 

105.1 
122.3 

141.6 

163.2 
187.3 
214.4 

244.6 

36.5 

45.2 

54.8 
65.2 

76.6 

89.1 

102.8 
117.8 

134.4 

152.7 
172.9 

195.1 

219.6 
246.8 

276.7 

309.7 

346.3 
386.6 

431.2 

49.0 
58.8 

69.4 

80.8 

93.3 
106.8 

121.7 

138.0 

155.9 

175.5 
197.2 

221.0 
247.2 

276.2 

308.1 
343.3 

382.2 

425.0 

74.4 

85.2 

96.9 
109.5 

123.2 

138.1 
154.4 

172.3 
192.0 
213.6 

237.3 
263.4 

292.1 
323.8 

358.6 

396.9 

439.2 

100.0 
110.9 

122.8 

135.8 
150.0 

165.7 

182.9 

201.8 

222.6 

245.5 

270.7 
298.4 
328.8 

362.4 

399.3 
440.0 

125.8 

136.0 
147.5 

160.4 

174.8 

190.8 

208.5 
228.1 

249.7 
273.5 

299.7 
328.6 

360.5 

395.5 
434.1 

25 

25 

158.3 

166.8 

177.2 
189.6 

203.7 

219.8 

237.8 

257.8 

280.0 

304.7 
331.9 

362.0 

395.1 
431.6 

Gross merchantible volume of all species (m3/ha) 

Stand age 
(years) 0.5 

Residual total basal area at index age 40 years (nr/ha) 
7 4 6 8 12 16 20 25 

40 

45 

50 

55 
60 
65 
70 

75 
80 

85 
90 
95 

100 
105 

110 
115 

120 

125 
130 

4.1 

6.9 

10.5 

15.0 
20.7 
27.4 

35.5 
45.0 

56.0 

68.7 
83.3 
99.9 

118.9 
140.5 

164.9 
192.5 
223.7 

258.8 

298.3 

8.5 

13.0 

18.6 

25.4 
33.4 

42.8 
53.6 

66.1 
80.3 

96.5 
114.7 
135.4 

158.7 
184.9 
214.4 

247.4 

284.5 
326.0 

372.4 

55.1 
68.3 

82.8 

98.6 

115.9 
134.9 
155.7 

178.7 
204.1 

232.0 
262.9 

297.0 
334.7 
376.4 

422.5 
473.4 

529.8 
592.2 

661.1 

74.3 

89.2 

105.2 
122.6 
141.5 
162.2 

184.8 
209.7 

237.0 

267.1 
300.3 
336.9 

377.3 
421.9 

471.1 
525.4 
585.4 

651.7 

113.4 

129.8 

147.5 

166.6 

187.5 
210.3 
235.2 

262.6 
292.7 

325.9 

362.3 
402.5 
446.7 

495.5 
549.2 

608.5 
673.9 

153.0 

169.4 

187.4 

207.2 
228.9 

252.8 
279.1 

308.1 
340.0 

375.2 
413.9 

456.6 
503.6 
555.4 

612.4 

675.3 

193.0 
208.2 

225.7 

245.3 
267.3 
291.7 

318.8 

348.8 

381.9 
418.5 

458.9 
503.5 
552.6 

606.7 
666.4 

243.4 

256.0 
271.8 

290.5 
312.0 

336.5 
364.0 
394.8 

428.9 
466.9 

508.8 
555.2 

606.4 
662.9 



White pine working group 

Residual total basal area (m2/ha) 

Site Class 1 (SI= 17.9 m) 

Composition Index: 80% pine 



White pine working group 

Residual total basal area (m2/ha) 

Site Class 1 (SI= 17.9 m) 

Composition Index: 100% pine 



White pine working group 

Residual total basal area (m2/ha) 

Site Class 2 (SI=12.1 m) 

Composition Index: 40% pine 

Sland age 
(years) 0.5 

Residual lolal biisul area at index age 40 years (m:/lia) 
2 4 6 8 12 16 20 25 

40 

45 
50 
55 
60 

65 
70 

75 
80 

85 
90 

95 

100 

105 
110 

115 
120 

125 
130 

Gross merchantible volume of white and red pine (m /ha) 

Slaml age 
(years) 0.5 

Residual lolal basal area al index age 40 years (nr/ha) 
2 4 6 8 12 16 20 25 

40 

45 
50 
55 
60 

65 
70 
75 
80 
85 
90 

95 
1O0 
105 

110 

115 
120 

125 

130 

Gross merchantible volume of all species (m3/ha) 

Sland age 
(years) 0.5 

Residual lolal basal area al index age 40 years (m;/ha) 
4 6 S 12 16 20 25 



White pine working group 

Residual total basal area (m2/ha) 

Site Class 2 (SI=12.1 m) 

Composition Index: 60% pine 

Stand age 

(years) 0.5 
Residual total basal area at index aiie 40 years (nr/lia) 

12 16 20 25 

40 
45 
50 

55 
60 
65 

70 

75 
80 
85 
90 

95 

100 
105 

110 
115 
120 

125 

130 

Gross merchantible volume of white and red pine (m3/ha) 

Stand age 
(years) 0.5 

Residual tola] basal area ai index age 40 years <m/7ha) 

2 4 6 8 12 16 20 25 

40 
45 
50 

55 
60 

65 
70 
75 
80 
85 
90 

95 
100 

105 
110 

115 
120 

125 

130 

Gross merchantible volume of all species (m3/ha) 

Stand age 

(years) 0.5 
Residual total basal area at index age 40 years (nr/ha) 

7 A f. O 11 
12 16 20 25 

40 

45 
50 

55 
60 
65 

70 
75 
80 

85 

90 
95 
100 
105 
110 

115 
120 

125 
130 



White pine working group 

Residual total basal area (m"/ha) 

Site Class 2 (SI-12.1 m) 

Composition Index: 80% pine 

Sland age 

(years) 0.5 
Residual total basal area at index age 40 years (m'/ha) 

7 4 f. on 12 16 20 25 

40 

45 
50 
55 

60 
65 

70 

75 
SO 
85 
90 

95 

100 

105 
110 

115 

120 
125 

130 

0.5 

0.8 

1.2 
1.6 
2.2 

2.9 
3.6 

4.5 
5.5 

6.7 
7.9 
9.4 

11.0 

12.8 

14.8 
17.1 

19.6 
22.4 

25.5 

1.0 

1.5 

2.0 
2.7 

3.5 

4.4 
5.4 
6.5 

7.8 
9.2 

10.8 
12.6 

14.5 

16.7 
19.1 

21.8 

24.7 

27.9 
31.5 

2.0 

2 7 

3.6 
4.5 

5.6 
6.7 

8.0 
9.5 

11.0 
12.8 

14.7 
16.S 

19.2 

21.7 

24.6 
27.7 

31.1 
34.9 

39.0 

4.0 

5.1 
6.2 
7.5 

8.8 

10.3 
11.9 
13.7 

15.6 
17.7 

20.0 

22.5 
25.3 

28.3 

31.6 
35.2 

39.2 

43.5 
48.3 

6.0 

7.3 

8.6 
10.0 

11.6 

13.2 
15.0 

17.0 
19.1 
21.4 

24.0 
26.7 

29.7 

33.0 

36.6 
40.6 

44.9 

49.6 
54.7 

8.0 

9.4 

10.8 
12.4 

14.0 

15.8 
17.7 
19.8 

22.1 
24.6 

27.2 
30.2 

33.4 

36.9 

40.7 
44.8 

49.4 

54.4 
59.8 

12.0 

13.4 

15.0 
16,6 

18.4 

20.3 
22.3 

24.6 
27.0 

29.7 
32.6 

35.8 

39.3 
43.0 

47.1 

51.6 

56.5 
61.9 

67.7 

16.0 

17.3 

18.8 

20.5 

22 2 
242 
26.3 

28.7 
31.2 

34.0 
37.1 

40.4 

44.0 

48.0 
52.3 

57.1 
62.2 

20.0 
21.1 

22.5 
24.1 

25.8 
27.H 

29.9 
32.3 

34.9 
37.8 

40.9 
44.4 

48.2 

52.3 
56.8 
61.7 

25.0 

25.8 

26.9 
28.3 

29.9 

31.8 
34.0 
36.4 

39.0 

42.0 
45.2 

48.8 

52.6 
56.9 
61.6 

Gross merchantible volume of white and red pine (m3/ha) 

Slantl agu 

(years) 0.5 
Residual total basal area at index age 40 years (nr/ha) 

2 4 6 8 12 16 20 25 

6.7 

10.1 

14.3 
19.2 

25.0 

31.7 
39.3 
48.0 

57.8 
68.8 

81.1 

94.9 
110.3 

127.5 

146.5 

167.8 
191.3 
217.5 

246.5 

42.4 

52.0 
62.3 

73.4 

85.5 
98.6 

112.8 
128.3 

145.2 

163.8 
184.0 

206.2 

230.5 

257.2 
286.4 

318.5 

353.7 

392.3 
434.6 

57.0 
67.7 
79.0 

91.1 
104.1 

118.2 

133.6 
150.2 

168.4 

188.2 
209.9 
233.6 

259.5 
287.9 

319.0 
353.0 

390.3 

431.2 
476.1 

86.6 

98.0 

110.2 

123.3 
137.5 

152.8 
169.5 

187.7 

207.5 
229.0 

252.6 
278.4 
306.fi 

337.5 

371.2 

408.1 

448.6 
492.8 

541.3 

116.4 

127.5 
139.7 

153.0 
167.5 
183.4 
200.7 

219.7 

240.5 
263.3 

288.2 

315.4 
345.2 
377.7 
413.4 

452.4 

495.1 

146.4 

156.4 
167.8 

180.7 

195.2 
211.2 

228.9 
248.4 

269.8 

293.3 
319.1 

347.4 

378.3 

412.2 

449.4 

490.0 

184.2 

191.7 

201.6 
213.6 
227.4 

243.2 
260.9 
280.7 

302.6 
326.8 

353.4 

3H2.6 
414.7 
449.9 
488.5 

Gross merchantible volume of all species (m^/ha) 

Stand age 

(years) 0.5 
Residual total basal area at index age 40 years (nr/ha) 

2 4 6 8 12 16 20 25 

15.8 
22.0 

29.2 

37.4 

46.7 
57.1 

68.8 
31.8 
96.2 

112.3 
130.1 

149.9 

171.8 
196.1 
222.9 

252.7 
285.5 

321.9 
362.0 

32.5 

41.8 

52.0 
63.2 

75.5 
89.0 

103.8 
120.1 
138.0 

157.7 

179.3 
203.1 

229 3 
258.1 

289.8 
324.8 

363.2 
405.5 
452.0 

49.6 

60.8 

72.9 
85.9 

100.0 

115.4 
132.2 

150.5 
170.5 
192.4 

216.3 
242.6 
271.5 
303.2 
337.9 
376.1 

418.1 
464.1 
514.7 

66.9 

79.3 

92.6 

106.8 
122.2 

138.8 
156.8 

176.5 
198.0 

221.5 
247.1 

275.2 
306.0 
339.8 
376.8 

417.4 
461.9 
510.8 

564.4 

102.1 

115.5 
129.K 

145.2 
161.9 

179.9 

199.6 
221.1 

244.5 
270.1 
298.1 

328.8 

362.3 
399.1 

439.3 
483.4 

531.7 
584.7 
642.7 

137.7 

150.7 

164.9 
180.5 

197.6 

216.4 
236.9 
259.4 

2H4.0 
311.0 

340.6 
373.0 
408.5 
447.3 
489.9 

536.5 
587.6 

173.7 
185.3 
198.6 

213.8 
230.7 

249.6 

270.5 
293.6 
319.0 

346.9 
377.6 
411.3 

448.2 
488.7 

533.1 
581.6 

219.2 

227.7 

239.2 
253.1 

269.4 

288.0 
308.9 
332.3 

358.3 
387.0 
418.7 

453.6 
491.9 
533.9 
580.0 



White pine working group 

Residual total basal area (m2/ha) 

Site Class 2 (SI=12.1 m) 

Composition Index: 100% pine 

Sland age 

(years) 0.5 

Residual total basal area a! Index age 40 years (m:/ha) 
2 4 6 8 12 16 20 25 

Gross merchantible volume of white and red pine (nv/ha) 

Sland age 
(years) 0.5 

Residual tolal basal area al index age 40 years ( 
2 4 6 8 12 16 20 25 

Gross merchantible volume of all species (m /ha) 

Sland age 
(years) 0.5 

Residual tolal basal area al index age 40 years (nr/ha) 
2 4 6 8 12 lfi 20 25 

40 

45 

50 
55 
60 
65 

70 
75 
80 
85 

90 
95 
100 

105 

110 
115 
120 

125 
130 



White pine working group 

Residual total basal area (m2/ha) 

Site Class 3 (SI=9.0 m) 

Composition Index: 40% pine 

Stand age 

(years) 0.5 
Residual total basal area al index age 40 yean (tttV 

2 4 6 8 12 16 20 25 

Gross merchantible volume of white and red pine (m3/ha) 

Stand age 
(years) 0.5 

Residual tola! basal area ai index age 40 years (nr/lia) 
2 4 6 8 12 16 20 25 

40 
45 

50 
55 
60 

65 
70 

75 
80 

85 
90 

95 

100 
105 
110 

115 

120 
125 

130 

1.3 
2.3 

3.7 
5.5 
7.9 

11.0 

14.8 

19.5 
25.1 
31.9 

40.1 

49.8 
61.3 

74.8 

90.8 
109.4 

131.3 

156.8 

186.5 

2.7 
4.3 

6.5 

9.3 
12.8 
17.1 

22.2 

28.5 
35.9 

44.7 
55.1 

67.2 
81.5 
98.2 

117.6 

140.2 

166.5 
197.0 

5.5 
8.1 

11.5 

15.6 

20.6 
26.4 
33.4 

41.6 
51.3 

62.5 
75.6 

90.8 

108.4 
128.8 
152.4 

179.7 

211.2 

11.1 

15.3 
20.3 
26.2 

33.1 

41.0 

50.2 
60.9 

73.2 
87.4 

103.8 

122.6 
144.2 
169.0 

197.6 

16.9 

22.2 

28.4 

35.5 
43.7 
53.0 
63.8 
76.1 

90.2 
106.4 

124.9 

146.1 
170.4 
198.1 

22.7 
28.9 

36.0 

44.0 

53.2 
63.6 
75.5 
89.1 

104.6 

122,2 
1424 

165.5 

191.8 

34.5 

41.9 

50.2 
59.6 
70.2 
82.2 

95.8 

111.3 
128.8 
148.8 

171.4 

197.2 

46.3 
54.5 

63.7 

73.9 

85.5 

98.6 
113.5 
130.3 
149.4 

171.0 

195.5 

58.3 

66.9 
76.5 
87.4 
99.7 
113.6 
129.4 

147.3 
167.5 

190.5 

73.3 
82.0 
91.9 
103.2 
116.2 

130.8 

147.5 
166.4 

1S7.9 

Gross merchantible volume of all species (m3/ha) 

Siand age 
(years) 0.5 

Residual lolal basal area al hides age 40 years <nv7ha) 
■2 4 6 8 12 16 20 25 

40 
45 
50 
55 
60 
65 
70 
75 
80 
85 

90 

95 
100 

105 

110 
115 
120 

125 
130 

2.8 
4.9 
7.9 

11.9 

17.2 
23.8 

32.2 
42.4 
54.9 
69.9 

87.9 
109.4 

135.0 

165.1 
200.7 

242.4 
291.4 

348.6 
415.4 

5.7 

9.3 
14.1 

20.1 

27.8 

37.2 
48.6 

62.3 
78.7 
98.2 

121.2 

148.3 
ISO.] 

217.4 

260.9 
311.6 

370.6 
439.1 

11.8 
17.7 

25.0 

34.0 
44.9 

57.9 

73.4 
91.5 

112.9 
137.9 
167.0 

201.0 

240.4 
286.2 

339.2 

400.5 
471.4 

24.3 

33.6 

44.6 

57.5 
72.7 

90.3 
110.8 
134.5 

161.9 
193.6 

230.2 

272.3 
320.9 
376.7 

440.9 

37.1 

48.9 

62.5 

78.2 
96.3 

117.1 

141.0 
168.5 
200.0 
236.2 
277.7 

325.3 
379.9 

442.4 

50.1 
63.8 
79.4 
97.3 

117.6 

140.R 

167.3 
197.6 
232.3 
271.9 

317.2 

369.0 
428.2 

76.4 
92.9 
111.4 

132 2 

155.8 
182.6 

213.0 
247.5 
286.9 
331.7 

382.7 
440,8 

164.0 
183.2 
205.2 
230.5 

259.3 

372.1 

420.3 



White pine working group 

Residual total basal area (m:/ha) 

Site Class 3 (SI=9.0 m) 

Composition Index: 60% pine 

Stand a 
(years) 0.5 

Residual lolal basal area ai Index age 40 years (nr/ha) 
4 6 8 12 16 20 25 

40 

45 
50 
55 

60 
65 

70 
75 

80 
85 

90 
95 

100 

105 
110 

115 

120 

125 
130 

Gross merchantible volume of white and red pine (nv/ha) 

Stand age 

(years) 0.5 

Residual total basal area al imiex age 40 years (m:/lia) 
2 4 6 8 12 16 20 25 

40 

45 

50 

55 
60 

65 
70 

75 
80 

85 
90 
95 
100 
105 

110 

115 
120 
125 

130 

Gross merchantible volume of all species (m"/ha) 

Sland age 
(years) 0.5 

Residual lolal basal area a! index age 40 years (nr/ha) 
2 4 6 8 12 16 20 25 



White pine working group 

Residual total basal area (m2/lia) 

Site Class 3 (SI=9.0 m) 

Composition Index: 80% pine 



White pine working group 

Residual total basal area (m2/ha) 

Site Class 3 (SI=9.0 m) 

Composition Index: 100% pine 

Siand age 

(years) 0.5 
Residual loial basal area al index aee 40 years (m;/ha) 

1 A. A " 0 ' it'' 12 16 20 25 

Gross merchantible volume of white and red pine (m3/ha) 

Stand age 
(years) 0.5 

Residual total basal area al index aac 40 years for/ha) 
2 4 6 8 12 16 20 25 

40 

45 
50 
55 
60 

65 

S 
80 

85 
90 

95 

100 

105 

110 

115 

120 

125 
130 

Gross merchantible volume of all species (m3/ha) 

Stand age 

(years) 0.5 
Residual total basal area at index age 40 years (nr/ha) 

2 4 6 8 12 16 20 25 

40 
45 

50 

55 
60 
65 
70 

75 
30 
85 
90 
95 

100 

105 
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RED PINE WORKING GROUP YIELD CURVES 
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APPENDIX 5 

BASAL AREA HARVESTED vs PREHARVEST BASAL AREA 
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