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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
silvicultural 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 décrit de fagon succincte I’élaboration et I'utilisation d’un
modele compatible de la croissance et du rendement de peuplements de pins
rouges et de pins blancs soumis a un régime sylvicole par coupes
progressives uniformes dans le parc provincial Algonquin. Le modele
utilise 1'age du peuplement, la surface terriere résiduelle (postrécolte),
I"indice de station, I"indice de composition (proportion de la surface terriere
occupée par des pins) et I'dge projeté comme variables explicatives pour
estimer le volume marchand brut résiduel de pin et prévoir la surface terriere
et I'accroissement du volume marchand brut de pin pendant une période
donnée. Les résultats permettent de supposer que les peuplements de pins
rouges et de pins blancs du parc, lorsqu’ils sont dgés de 40 a 130 ans,
connaissent un accroissement continu de leur volume au cours des 25
années postérieures a des coupes progressives uniformes. Le modele est
particulierement bien adapté a 1’établissement de prévisions de
I"accroissement du volume pour des périodes allant jusqu’a 25 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
(Pinus strobus L.) and red pine (Pinus resinosa Ait)
stands in the southern Great Lakes-St. Lawrence Forest
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 donot providereliable 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 growthand yield of the managed forest
(Tesch et al. 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 white pine that could be expected in the future
would aid forest industry clients in planning long-term
capital 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 rescarch is to develop volume growth
models for white 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
silvicultural 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 of the
dominant and codominant pine trees in the residual stand.
[t also requires knowledge of the stand development
process that occurs following release by harvesting.

The modeling approach used in this research was initially
presented by Buckman (1962) and Clutter (1963). In his
work with loblolly pine (Pinus taeda 1..), 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 time, 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) =B, + B,S + Bod," + BB,
[2] EUnVy) =B, + B,S + P, + BynB,

Al ¢ Al A]
[3] E(nB) = (—)nB, + a(l-—) + o,(l -—)8
A A A

. ) 2

where E indicates expected value
InV; = logarithm to the base ¢ of cubic-meter
volume per hectare at the i measurement
S = site index in meters
A, = stand age in years at the i measurement
nB. = logarithm to the base e of basal lzlilrca per

1
hectare in square meters at the i

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 Sprinz 1984). Stand age is often
expressed as a reciprocal to allow for the “leveling off”
(asymptotic) effect of yield with increasing age (Avery
and Burkhart 1993),

The regression analysis involves developing a single
model relating stand volume to initial stand age, projected
age, site index, and initial basal area. This model is derived



by replacing [nB, in Equation [2] with its expected value
from Equation [3], to obtain:

A
~)inB,

A,

(4] EUnVy = B, + B,S + BA, ' + By
AI ’11 L
+ B*“_Z) + ﬁs(l-A—:)é

where B, = B30 and B5 = B30,

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 after 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 (Liriodendron tulipiferal..) (Beck and Della-Bianca
1972). As presented by both Clutter (1963) and Sullivan
and Clutter (1972), the desirable features of this yield
model include the following:

» the mathematical form of the variates implies rela-
tionships that agree with our biological concepts of
even-aged stand development,

» useof nV 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 [nV 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
aresult of a change in site index from 60 to 70 would
depend on the associated values of /nB and Al)

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 that 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 MacKinney
and Chaiken (1939). This composition index (C) was
measured as the ratio of basal area per hectare of 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):

2

(5] E(ogY) =B, + B,S + A" + BilogSDI + B,C

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:

(6] E(nVp)) = B, + B,S™ + BinC + B,A," + BnB,
[7) EUnVp,) =Py + BS™ + PynC + Poa," + P nB,

A, A, - A
(8] E(nB,) = ()nB, + a(1-—) + e(1-—1)S " + ay(1-—H)nC
A A, - ! A,

A )

bad,-A) e, -A)S T ¢ ad,-A)InC

where [nVp, = logarithm to the base e of gross mer-

chantable volume (m3) per hectare of
pine at the i measurement

InC = logarithm to the base e of composition
index (basal area of pine divided by the
total stand basal area per hectare at the
i= | measurement

InB; = logarithm to the base e of total basal area
(mz) 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,]) was incorporated into Equation [8]. This
term was included in the projected basal area model since
there was significant empirical evidence that time since
harvest, in addition to relative time since harvest (i.e.,
(1 - 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 /nB, in
Equation [7] with their expected values from Equation [8],
to obtain:

A
[9) E(nV,) = B, + B, + BInC + B+ [54(:1—‘)1::31

AI- AI -1 AI o
+ BSU_A_,) + ﬁﬁu—r)s : D?(I-IJIN(_

v ﬁS(AZ_AI) * Bu“: _"1‘1)'5‘_I . p:[:(A:_AJ)MC



Equation [9] produces a yield projection model that can
estimate pine yield by using Vppasthedependent variable.
The model can also be adapted to estimate the yield of all
species by using V, as the dependent variable. When
A,=A=A, ie, the projection period is zero years, then
B, = B, = B and Equation [9] reduce to a general yield
model:

(10] inVp = By + B,S™" + BInC + BA™" + B,inB

The projected basal area B, at the projected age A, in the
form of Equation [8] can be solved from Equation [9] in
the form:

A A A 3 A
(11 E(nB,) = (ZyimB, + %(1 sy 4 %(1 -Zhst o B Dhe
: iz

A, o N 2 4 Az

+ %(Az—al) s %{A:—A,)s* + %’Em:-atl)mc

By taking the first derivative of the basal area yield model,
Equation [11], withrespect to age, the equation for instan-
tancous basal-area growth is (Beck and Della-Bianca
1972):

daB

s By o B Ps  Pocoy, B
12] — = B[ATN(Z2+28+2mO)+(2+ 281+ 20, C
[ ! dA [ (]34 A B, C) (p-l Py Py )]

Similarly, the first derivative of the gross merchantable
volume yield projection model, Equation [9], gives the
volume growth model (Beck and DellaBianca 1972):

dVp

dA

[13]

5 dB
= Vp'[-B,4 2+B,B 12
B__ p.) dA

The variable Vpis the gross merchantable yield 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 taking
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 the Algonquin Forestry Au-
thority.! This information was used to estimate the basal
arca of the stands prior to harvest. Accuracy of the stump
diameter measurements was affected by the lengthoftime
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. All white pine and red pine
trees were increment cored at breast height. Bark thick-
ness,and ring widthsin 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,

Forall other species, 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 at 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
(DBH)) and elapsed time (t) from the present back to
harvest, in the form:

(14] DBH, = B, + BDBH, + Pyt + B(DBH,*1) + P,¢?
+ Ps(DBH, =1?)

The results were used to estimate the past DBH of indi-
vidual, noncored trees in 5-year intervals beginning at the
time of harvest and extending to the present. For those
species thatdid 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

1 DBHpy, =2.19 +(0.819) x (stump diameter); R* = 0.98
DBHpp, =-0.756 + (0.912) x (stump diameter); R*= 0.99

el



using asuunto clinometer. For all other species, individual
trees showing no deformities were selected at random for
height measurements. Several different model forms for
estimating height—diameter relationships, as given in
Arabatzis and Burkhart (1992), were assessed. The poly-
nomial form of the function:

(15] H =P, + p,PBH + B,/DBH + B,DBH* + B,DBH’

provided the 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 trees not
measured at present, and to estimate the heights of all trees
at different time periods in the past. A correction factor

was applied to past height estimates based on the ratio of

measured current height to estimated current height.

Gross merchantable volume (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
(stump height = 30 cm, minimum top diameter = 7 cm)
were determined from existing equations (Honer et 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 cm, that tree was excluded from plot
summary calculations for that measurement period only.

Site index for each plot was determined using site index
curves developed for white pine within the Algonquin
Provincial Park by the Ontario Ministry of Natural Re-
sources. These curves require breast height age and total
height as input variables. For those plots that did not have
sufficientinformation (i.e., no white pine trees in the plot,
noage estimate due torotten increment cores, etc.), the age
and/or average height of the plot was obtained from Forest
Resource Inventory data for the stand. For plots in the red
pine working group, site index at the age of 50 years was
estimated from Plonski’s yield tables (Plonski 1974).

All regression analyses were performed using the SAs™
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
growth plot summary data by species. The parameter
estimates for the individual ree, and diameter increment

Table 1. Summary statistics of individual tree characteristics tallied for the growth plot summaries by species.

Species  Common Diameter at breast height (cm) Total tree height (m)

code name n min. mean max. n min. mean max.
1 White pine 3512 9.0 28.4 75.0 1943 5.0 21.2 38.1
2 Red pine 1243 9.0 29.1 63.0 619 5.8 20.5 314
3 Jack pine 35 13.4 25.6 349 22 9.9 19.6 25.8
12 White spruce 394 9.0 16.5 47.6 209 5 13.0 29.5
13 Black spruce 123 9.0 15.3 29.5 67 2.8 133 24.7
19 Hemlock 104 9.0 17.1 40.2 33 6.1 13.0 20.6
20  Balsam fir 586 9.0 12.9 56.0 211 6.4 12.0 23.5
22 White cedar 40 9.0 20.1 354 21 7.8 12.5 17.8
30  Sugar maple 144 9.3 18.7 45.9 61 9.0 16.4 22.6
32 Red maple 660 9.0 15.0 56.7 180 6.7 14.7 255
37 Yellow birch 18 9.4 20.8 36.7 13 7.6 14.9 19.8
38 White birch 286 9.1 19.6 43.1 106 10.5 18.1 29.8
41 Red oak 305 9.3 23.3 52.6 160 6.8 16.2 23.6
44 Beech 72 9.0 16.5 31:2 31 7.6 14.1 20.6
45 Black ash 4 9.0 13.8 214 3 11.5 14.3 16.7
51 Basswood 3 22.3 31.7 45.0 2 21.2 21.9 22.6
56 Ironwood 37 9.2 12.3 19.4 22 7.4 11.8 159
70  Largetooth aspen 254 9.2 31.0 59.0 117 12.8 228 30.7
74  Trembing aspen 111 9.2 28.4 56.4 55 11.2 220 30.3




equations developed for each species, are given in Table 2.
Parameter estimates for the 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 the white pine and red pine working
groups, respectively.

Figures 1 and 2 display time-series information on total
basal arca per ha and gross merchantable pine volume per
ha, respectively, over plot age for each plot. Plots 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 the model fit the data very

well. (White pine working group, pine yield R* = 0.97,
s.e. = 0.103; all species yield R?=0.94, s.c. = 0.097. Red
pine working group, pine yield R>=0.97,s.e.= 0.083; all
species yield R? = 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 site 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.

Species  Common Parameter estimates for past DBH equation Number
code name By B B, B, By Bs of trees MSE*  R2**
1 White pine 0.0551 1.0013  -0.1680 -0.008066 0.004252 n.s.? 1932 2.1180  0.9864
2 Redpine -0.1731 1.0064 -0.0864 -0.007137 n.s. 0.0001278 611 1.2070  0.9888
3 Jack pine -0.2871 1.0093 n.s. n.s. -0.006731 n.s. 21 0.2848  0.9942
12 White spruce 0.1514 09973  -0.2990  0.002879 n.s. n.s. 188 23115 0.9592
13 Black spruce 0.0414 1.0029  -0.2581 0.004250 n.s. n.s. 62 1.1303  0.9681
19 Hemlock 0.0418 0.9962 0.2799  -0.005222  -0.018677 n.s. 32 0.6180 0.9924
20 Balsam fir 0.1360 09932 -0.2087 -0.004135 n.s. n.s. 199 22123 0.8974
22 White cedar 0.0120 1.0032  -0.1757  -0.000951 n.s. n.s. 21 09901 0.9822
30 Sugar maple -0.1036 1.0038  -0.2363 0.002882 n.s. n.s. 60  0.6357 09918
32 Red maple -0.1204  1.0087 -0.1210 ns. -0.003666  n.s. 156  0.8966  0.9858
37 Yellow birch -0.3177 1.0152  -1.2924  ns. 0.061785  n.s. 1T 1.5080 0.9818
38 White birch -0.0295 1.0040 5. -0.002509  -0.013583 0.0004377 95 0.6408 0.9888
41 Redoak 0.1719 0.9960 -0.2414  0.008281 n.s. -0.0002448 115  0.5315  0.9910
44 Beech -0.1867 1.0115  -0.1616 n.s. -0.004302 n.s. 29 04406  0.9909
45  Black ash 0.0000 1.0000  -0.1003  -0.001805 n.s. 0.0000562 3 0.0000 1.000
51 Basswood - - - - - G 0o - -
56 lronwood 0.0515 0.9970  -0.2470  0.009288 n.s. n.s. 18 0.4753  0.9553
70  Largetoothaspen  0.2941 09939  -0.5375  0.010908 0.020483  -0.0007155 107 1.9820 09784
74 Trembling aspen  -0.3640  1.0175  -0.3692 n.s n.s 0.0001663 52 39150 0.9736

' Model: DBH, = B, + B,*DBH,, + B,*t + By*(DBH,*) + B,*t* + Bs*(DBH,*12).

=

Ed

DBH,, = diameter at breast height now (cm).
t = numbers of years in the past.
DBH, = diameter at breast height t years in the past (cm).

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

MSE = Mean square error.
M 2 . - . .
¥ R* = Coefficient of determination.



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

1

Species Common Parameter estimates for height—diameter curves Number
code name By B, B, By B, of trees R%*  MSE**
1 White pine -17.772 -0.5847  10.630 n.s.? n.s. 1943 0.7841  8.191
2 Red pine -38.525 -2.2296  21.844  0.00863717 n.s. 619 0.6998  7.546
3 Jack pine -6.077 n.s 5.160 n.s. n.s. 22 0.6303 7477
12 White spruce 1.295 0.6840 n.s. n.s. -0.00004362 209 0.8103 4585
13 Black spruce 2.386 0.7067 n.s. n.s. n.s. 67 0.7636  4.616
19 Hemlock -0.220 n.s. 3.013 n.s. n.s. 33 0.6373  4.823
20  Balsam fir -4.566 n.s. 4.615 n.s. n.s. 2K 0.5280 5.12
22 White cedar 5.458 0.3260 n.s. n.s. n.s. 21 0.7046  2.304
30  Sugar maple -19.593 -1.0532 12,932 n.s. n.s. 61 0.6916 3918
32 Red maple 1.449 n.s. 3.377 n.s. n.s. 180 0.6303  4.472
37  Yellow birch -0.411 n.s. 3.377 n.s. n.s. 13 0.6353  4.574
38  White birch -9.843 -0.6527 9.246 n.s. n.s. 106 0.6306  3.903
41  Red oak 3.894 n.s. 2.540 n.s. n.s. 160 0.3812 5,578
44  Beech -1.943 n.s. 3.959 n.s. n.s. 31 0.7747  2.733
45  Black ash - - - - - 3 -
51 Basswood - = = - - 2 - -
56 Ironwood -2.063 n.s. 3.941 n.s. n.s. 22 0.3904 3.717
70 Largetooth aspen  -10.430 -0.6094 9.480 n.s. n.s. 117 0.4306  9.596
74 Trembing aspen -7.539 -0.4067 7.741 n.s. n.s. 35 0.7654 4,593
' Model: H = B, + B,*DBH + B,* DBH + p,*DBH* + B, *DBH".
H = total tree height (m).
DBH = tree diameter at breast height (cm).
2ns. = Parameler estimate not significantly different from zero (p = 0.05).
* R= = Coefficient of determination.
## MSE = Mean square error.
Table 4. Summary statistics of growth plot characteristics used in the growth and yield modeling.
Working Summary statistics
group Growth plot characteristic Minimum Mean Maximum
White pine Preharvest total basal area (m?/ha) 7.1 28.5 58.2
(n = 280 plots) Residual total basal area (mtha) 0.2 19.5 38.3
Average age of residual pine stems (yrs) 18.3 90.1 160.3
Composition Index (% pine basal area) 0.0 69.8- 100.0
Site Index (m at age 50 years) 9.0 14.8 20.0
Preharvest gross merchantible pine volume (m3!ha) 0.0 2339 633.8
Residual gross merchantible pine volume (m*/ha) 0.0 139.8 4279
Red pine Preharvest total basal area (mzr‘ha) 14.7 30.8 525
(n =42 plots) Residual total basal area (m?/ha) 5.0 21.8 38.1
Average age of residual pine stems (yrs) 47.9 88.2 115.0
Composition Index (% pine basal area) 204 81.8 100.0
Site Index (m at age 50 years) 11.2 15.2 19.0
.Preharvest gross merchantible pine volume (m’/ha) 57.6 250.6 484.8
Residual gross merchantible pine volume (m3!ha) 35.2 165.5 345.9




Table 5. Distribution of white 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 S-year intervals.

Composition Site Number of measurements taken per plot
class (%) Index (m) 2 3 4 5 6 7 Total

0 9-11 - - -
12-14 - 2 1
15-17 - 1 =
18 -20 - - 3

10 911 - . : - - s 4
1214 x -
1517 . :
18-20 g

20 9-11 = -
12-14 - 1
15-17 - -
18 -20 - -

30 9-11 - - -
12-14 - 1 =
15-17 - - I
18 —20

40 9-11
12— 14
15-17
18 -20

50 911 - 1
12— 14 . .
1517 1 3
18 - 20 1 "

60 9-11 1 -
12-14 S 1
15-17 - 2
18 -20 1 1

70 9-11
12 - 14
15-17
18 -20

80 9-11
12— 14
15-17
18-20

90 9-11
12-14
15-17
18 -20
100 9-11
12-14
15-17
18-20

Total 47
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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.

Composition Site Number of measurements taken per plot
class (%) Index (m) 2 3 4 5 6 7 Total
0 9-11 - - - - - - 0
12-14 - - - B - -
15-17 - - - - - -
18 -20 - - - - - -

10 Giuet] ’ - 8 = : : 0
12-14 o - : : 2
1517 a s . : * :
18- 20 - , . § ; :

20 9-11 ; : . - s : 1
12-14 : : - " - .
15~ 17 ; . : I : -
18- 20 i 3 i - ’ -

30 =11 ; 2 : s . : 0
12-14 . . - - : .
15=17 : - . - : -
18-20 . . . i : :

40 9-11 2 : : " - 3 |
12-14 : : s - - -
15-17 : : s 1 :
18 - 20 : - ’ - .

50 9-11 . : g ’ . I 2
12- 14 . - : - 1 ,
15 %07 < - L - :
1820 , , - ! 2

60 9-11 . : : - 2 s
12 - 14 5 : - - - -
1517 2 , . 2 - :
18 - 20 S 5 ; 3 - >

70 911 1 ; : . . - 6
12-14 1 : I z .
15 17 . 3 : s . :
18 -20 . ; - 3 : -

80 9-11 . . - - 3 : 8
12— 14 . 1 . - - 2
547 4 “ I . - :
1820 g 2 , - -

90 9-11 3 : a - s . 8
12- 14 - ; 3 I I 1
15-17 . 2 : : : ;
1820 . - : : : :

100 911 . , - - 5 . 14
12- 14 1 ,
15=17 2 3 2 1 a
18 -20 1 . . : -

Total 10 9 7 9 2 5 42

b




Table 7. Parameter estimates for growth and yield regression equations predicting gross merchantible volume of both
all species and of pine stems only for white pine and red pine working groups.

Regression
model! White pine working group Red pine working group
parameters Pine yield only All species yield Pine yield only All species yield
[30 2.71658 2.61604 2.58220 2.62259
B, -5.97523 -5.83672 -6.80229 -7.99638
B, 1.08279 0.17833 0.92928 n.s.?
ﬁ; -3.04979 -2.20482 -15.24062 -11.40681
[34 1.02859 1.04106 1.09481 1.08796
Bs 1.97873 1.67016 4.06546 3.72634
By n.s. n.s. n.s. n.s.
B, n.s. -0.38183 n.s. n.s.
By 0.02469 0.03311 n.s. n.s.
B9 0.09142 0.08641 0.17152 0.23471
Bio -0.01675 n.s. n.s. n.s.
n 1018 1018 148 148
MSE* 0.01102 0.00941 0.00702 0.00499
R 09710 0.9478 0.9725 09738
| LT g <1 -1 A|
Note:'Model: E(InY,) =B, + BS™ + B,InC + BA," + B4(A_)IHB,

A A A
- Bs(l—A_i) + [55(1—;;‘)5 U B?[1~A_i)b1C

-

+ B4, -A) + ByA,-A)S ™ + B (A, A )InC

where Y, = gross merchantible volume (m*/ha) of pine or all species at the 2™ measurement.

All other variables as defined previously.

‘ns. = parameter estimate not significantly different from zero (p = 0.05).

*MSE = Mean square error.
4 = L f
*#*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 thatreflected the range of residual 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 stump diameters and residual basal
arca. 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 stumps from stands har-
vested more than 10 years ago might not be reliable and
could introduce errors when estimating preharvest condi-
tions. Appendix SA 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 growthrate (immediately after harvest)
and the periodic annual increment (P.A.L) 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 instantancous 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
arca, an average age of residual pine of 90 years, and
growing on Site Class 2.

DISCUSSION

The data used in the analysis represent stand conditions at
various time periods since shelterwood harvesting was
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Figure 1. Basal area per hectare related to stand age and site index for growth plots.

last conducted. As no field measurements were carried out
at the time 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 not increment cored. For these cases, data from
cored trees were used with linear regression analysis to
develop empirical models that would predict residual

10

DBH as a function of current DBH and elapsed time since
harvesting (Equation [14]). Past DBH's estimated using
this approach are considered to be extremely reliable. The
R*was always greater than 0.89 and the maximum s.e. was
1.97 (Table 2).

The results of the height—diameter estimation for indi-
vidual trees (Equation [15]) suggest that tree height can be
reliably estimated as a function of DBH using polynomial
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Figure 2. Gross merchantable volume per hectare related to stand age and site index for growth plots.

regression analysis. The R> varied from 0.38 to 0.76
depending on the species, and the s.e. varied from 1.51 to
3.09 (Table 3). Given the large number of observations
taken for most species and the statistical significance of
the height-diameter relationship, the height-diameter
model represented by Equation [15] could be used to
estimate individual tree height based on DBH for subse-
quent management decisions.

The data did not account for mortality that may have
occurred since the stands were harvested, and no estimate
of future mortality is included in the model. Therefore, the
model will tend to underestimate the residual basal area
and GMV immediately following the harvest, and may
possibly overestimate future basal arca and GMV. The
effects of mortality on basal arca and volume predictions
are expected to be minor over short-term projections of
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Figure 3.1. Growth rates of residual pines following a uni-
form shelterwood harvest growing on Site Class 1 (site
index = 17.9 m) in the Algonquin Provincial Park. Graphs
show the effects of average age of residual pine and the
amount of residual basal area (m*/ha) of all species on pine
growth. (Projections were based on an average pine com-
position of 70 percent of the total basal area. ) 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.1.) for the first
15 years after harvest.

5-year to 10-year growth periods, but could increase with
longer growth periods. Therefore the model should not be
used to project growth for more than 25 years after uni-
form shelterwood cutting, or in untreated stands. This
problem could be overcome by using data from long-term
permanent sample plots (Avery 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-
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Figure 3.2. Growth rates of residual 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 (m*/ha) of all species on pine
growth. (Projections were based on an average pine com-
position of 70 percent of the total basal area.) 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.L ) for the first
15 vears after harvest.

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 ,, the
coefficient on the pine composition index, suggests that as
the percentage of pine in the residual stand increases the
GMYV of pine in the stand also increases. This is consistent
with intuitive expectations. However, the negative sign on
the coefficient B, indicates that as the percentage of pine
in the residual stand increases, the overall basal arca
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Figure 3.3. Growth rates of residual pines following a
uniform shelterwood harvest growing on Site Class 2 (site
index = 9.0 m) in the Algonguin Provincial Park. Graphs
show the effects of average age of residual pine and the
amount of residual basal area (m*/ha) 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
harvest (i.e., first derivative of the yield equation) and (B)
the projected periodic annual increment (P.A.L ) for the first
15 vears 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 coefficienton B, 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 GMV
for all species also increases. However, this does not hold
true for the red pine working group, where the coefficient
B3, for all speciesis not significant. This could be due to low
v;u'iability 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 1, the species
achieves its maximum yield after 190 years of age. This is
well beyond the age of most of the stands used in the
analysis. The sample plots used for the study do not show
any growthdecline 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 5 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., 15t0 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 thinned to a residual
basal area of 23.9 m? 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 m*/ha). This point lies
on the curve of expected development for a stand having
a4 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 m? per ha at the age of 40.

Theresidual 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 m? per ha at the age of 40. Estimated
pine GMYV in the stand is approximately 135 m? per ha.



The residual GMV of all species is obtained from Fig-
ure 4c. Enter at age 90 and go up to point C on the curve
for basal area of 4 m? per ha at the age of 40. Estimated
GMV of all species in the stand is approximately 205 m*
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

A w

for 15 years(i.e.,atage 105)in Figure 4ato point D reveals
that the stand will have approximately a 35 m? per ha basal
area for all species in 15 years time. Projecting along the
4 m? per ha basal area at the age 40 curve for 15 years in
Figure 4b to point E the GMV of pine is estimated to be
approximately 200 m? per ha at the age of 105. Similarly,
the GMV for all species is estimated to be 305 m* per ha
at the age of 105 (point F on Figure 4c).

25 20 16
- .' e i ./

White pine working group
Site class 2 (SI=12.1m)

The GMYV can also be read from the yield
table (Table 8). Locate the residual stand
age of 90 years in Table 8(a). Move across

60% pine

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 m? per ha. The basal area
forall species at the age of 105 is expected
to be 35.2 m? per ha. In Table 8(b), locate

Total basal area (all species) (m¥ha)

Basal area at index age of 40 years (m¥ha)

the column representing a residual basal
area at the age of 40 of 4 m? per ha and

move down the column to the age of 90.
The residual GMV of pineis 134.1 m? per

ha. The GMV of pine in the stand at the
age of 105 is expected to be 201.0 m? per

ha. The residual GMV of all species is
204.5 m* per ha and the GMV for all

species at the age of 105 is expected to be
307.5 m? 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

Basal area at index age of 40 years {m:’fha]

Gross merchantible volume of pine [mﬂma]

past 25 years, the volume projections are
considered to be highly reliable over

O

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, the re-

sults indicate that the proportion of basal
area of red pine and of all species har-

Basal area at Index age of 40 years (m*/ha)

':El,

vested was relatively constant regardless
of the preharvest basal area of those spe-

Gross merchantible volume of all species (m®ha)

40 60 B0 100
Average age of residual pine trees (years)

Figure 4. Applicarion of the growth and yield model for an average stand
within the white pine working group in the Algonquin Provincial Park,

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

14

cies. However, when the basal area of
white pine in the stand was low (< 20 m?
per ha), then 37 percent of the basal area
of white pine was harvested on average;
when the basal area of white pine was
high, approximately 45 percent of the



Table 8. Application of the growth 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.

A. Residual total basal area (mzi'ha)

Stand age Residual total basal area at index age 40 years (m>/ha)

(years) 0.5 1 2 4 6 8 12 16 20 25
40 0.5 1.0 2.0 4.0 6.0 8.0 12.0 16.0 20.0 25.0
45 0.8 1.5 2.8 52 74 9.6 13.7 17.8 21.6 26.4
50 1.2 2.1 3.7 6.5 9.0 11:3 15.6 19.7 23.5 28.1
55 1.8 2.9 4.8 8.0 10.7 13.2 17.7 21.8 25.6 30.2
60 24 3.8 6.0 9.6 12.6 15.2 19.9 24.1 28.0 32.5
65 3.2 49 7.4 11.4 14.6 17.4 22.4 26.7 30.6 35.2
70 4.1 6.1 9.0 13.4 16.9 19.9 25.1 29.6 33.6 38.1
75 5.1 75 10.8 15.6 194 22.6 28.0 327 36.8 41.5
80 6.4 9.0 12.8 18.1 22.1 25.6 31.3 362 40.4 45.2
85 7.8 10.8 15.0 20.8 252 28.8 349 40.0 444 49.3
90 9.5 12.9 17.5 (23.9) 28.6 325 389 44.2 48.8 53.9
95 11.4 15.2 20.4 27:3 323 36.5 433 48.9 53.7 58.9

100 13,5 17.8 235 31.0 36.5 40.9 48.1 54.0 59.0 64.5
105 159 20.8 27.0 (35.2) 41.1 458 535 59.7 65.0

110 18.7 24.1 31.0 39.8 46.2 513 594 65.9

115 21.8 27.8 354 45.0 51.8 57.3 659

120 254 32.0 40.3 50.7 58.1 63.9

125 29.3 36.6 45.7 57.1 65.0

130 33.8 41.9 51.8 64.2

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

Stand age Residual total basal area at index age 40 years (mzf'ha)

(years) 0.5 1 2 4 6 8 12 16 20 25
40 2.4 4.9 10.0 20.5 31.1 41.8 63.4 85.2 107.2 134.9
45 4.0 7.6 14.3 26.9 39.0 50.8 73.5 95.7 117.3 143.9
50 6.2 10.9 19.3 34.2 47.8 60.5 84.5 107.1 128.7 154.6
55 9.0 15.0 252 42.4 574 71.2 965 119.6 141.4 167.0
60 12.4 19.9 32:1 51.6 68.1 83.0 109.6 1334 155.5 181.2
65 16.6 25.7 39.9 61.8 799 95.9 123.9  148.7 171.3 197.2
70 21.6 324 48.8 73.3 93.0 1101 139.8  165.5 188.7 215.2
75 27.5 40.2 58.9 86.1 107.5 1259 157.3 1842 208.2 235.3
80 34.4 49.2 70.3 100.4 1237 1434 176.6  204.8 229.7 257.6
85 42.5 59.5 83.2 116.3 1416  162.7 198.0 2276 253.5 282.5
90 51.8 71.2 97.7 (134.1) 161.5 184.2 221.7 2528 280.0 310.0
95 62.6 84.5 114.1 154.0 183.6  208.0 2479  280.8 309.2 340.6

100 74.9 99.6 132.5 176.2  208.2 2344 2769  311.7 341.7 374.5
105 89.0  116.7 153.2 (201.0) 2356  263.7 309.1  346.0 377.6
110 105.0  136.1 176.4 228.6 2660 2963 3448 3839
115 123.3 158.0 2024 2594 2999 3324 384.3
120 144.0  182.6  231.6 2938 3376 3726
125 167.5 2104 2644 332.1 3795
130 194.1 241.7  301.0 374.9
{cont'd)
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Table 8. Application of the growth 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. (concl.)

C. Gross merchantible volume of all species (m*/ha)

Stand age

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

(years) 0.5 1 2 4 6 8 12 16 20 25
40 35 7.3 15.0 30.9 47.1 63.6 97.0 1308 165.0 208.2
45 5.9 11.3 21.4 40.7 59.2 712 1124  146.7 180.3 221.7
50 9.2 16.3 29.0 51.7 72.5 92.1 129.1 164.1 197.6 238.0
55 13.3 225 38.0 64.2 872  108.4 147.4  183.3 217.0 257.0
60 18.4 29.8 48.3 78.1 103.5 1264 167.5  204.5 238.7 278.7
65 24.7 38.6 60.1 93.8 121.6  146.2 189.5 2279 262.9 303.3
70 323 48.8 73.7 1112 141.6  168.0 2139 2538 289.8 331.0
75 41.2 60.6 89.0 130.8 163.9 192.2 240.8 2825 3197 361.9
80 51.7 74.2 106.5 152.7 188.6  219.1 270.5 3142 3529 396.4
85 64.0 89.8 126.2 177.2  216.1  248.8 303.5 3494 389.8 434.8
90 78.2 107.7 148.4 (204.5) 2468 281.9 340.1 3885 430.7 477.6
95 94.5 128.1 173.5 235.1 2809 318.6 380.6  431.7 476.1 525.0
100 113.3 151.2  201.8 269.3 3189 3594 4256  479.7 526.4 577.7
105 134.8 177.5 233.6 (307.5) 3612 4048 4754 5329 582.2
110 159.4  207.2  269.4 350.2  408.3 455.3 530.8 5919
115 187.4 2409 309.6 3979  460.8 5114 592.3
120 2192 2789 3547 451.1 5193 5738
125 2554 321.8 4053 510.6  584.5
130 296.4  370.1 462.1 577.0

white pine was harvested. This suggests that the silvi-
cultural prescriptions favored leaving white pine in stands
where the preharvest 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 5B.

The instantaneous volume growth rate and periodic an-
nual volume increment for the first 15 years after harvest
are observed to vary according to site class, although con-
ditions of 70 percent residual pine by basal area and an
average age of residual pine of 90 years are held constant
over all three site classes (Table 9a). Pine volume growth
represents 70 to 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 to suggest that the basal
area of other species did not increase following harvest.
However, the data reveal that pine represents the larger
diameter and dominant stems in the 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
inred pine 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 the proportion of pine in the residual
stand. The results also suggest that 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 silvicultural prescriptions for stands in
red pine and white pine working groups. However, there
is considerable risk associated with using the results to
project growth beyond 25 years, as might be 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 be tested
and calibrated for other sites.



Table 9. Instantaneous and periodic growth in (A) gross merchantable volume and (B) basal area of the “average" white
pine stand managed under the uniform shelterwood system in the Algonquin Provincial Park.

Characteristics of this “average™ white pine stand include:
* 70 percent pine after cut (Pw, Pr; OH,)
+ average age of residual pine is 90 years
» residual basal area of all species is 20 m*/ha

A) Gross merchantable volume
Site Instantancous growth P.A.L (for 15 years after cut)
Class (m?/ha per yr) (m*/ha per yr)
Total Pine Other Total Pine Other
1 4.78 3.65 1.13 6.33 4.77 1.56
2 4,53 3.47 1.06 6.07 4,58 1.49
3 4,17 3.18 0.99 5.66 4.28 1.38
B) Basal area
Site Instantaneous growth P.A.L (for 15 years after cut)
Class (m*/ha per yr) (m%ha per yr)
Total Pine Other Total Pine Other
] 0.46 0.46 0.00 0.59 0.59 0.00
2 0.50 0.50 0.00 0.65 0.65 0.00
% 0.55 0.55 0.00 0.73 0.73 0.00
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APPENDIX 1

WHITE PINE WORKING GROUP YIELD CURVES
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APPENDIX 2

WHITE PINE WORKING GROUP YIELD TABLES



White pine working group Site Class 1 (SI=17.9 m)

Residual total basal area (m’/ha) Composition Index: 40% pine

Stand age Residual total basal area at index age 40 years (m*/ha)
(years) 0.5 1 + 6 8 12 16 20 25
40 0.5 1.0 2.0 4.0 6.0 8.0 12.0 16.0 20.0 25.0
45 0.8 1.5 2.9 5.3 7.6 9.8 14.0 18.1 22.1 27.0
50 1.3 22 3.9 6.8 9.3 11.8 16.3 20.5 24.5 293
55 1.9 3.1 5.1 8.4 11.3 13.9 18.7 23.1 27.2 31.9
60 2.6 4.1 6.5 10.3 13.5 16.4 21.5 26.0 30.2 35.0
65 3.5 3.3 8.1 12.4 16.0 19.1 24.5 29.2 33.5 384
70 4.5 6.7 10.0 14.9 18.7 22.1 27.8 32.8 373 42.3
75 5.8 8.4 12.1 17.6 21.8 254 31.6 36.8 41.4 46.7
80 7.3 10.3 14.6 20.6 253 29.2 35.7 41.3 46.1 51.6
85 9.0 12.5 17.4 24.1 29.1 334 40.4 46.2 51.3 57.0
90 11.1 15.1 20.5 28.0 335 38.0 45.6 51.8 512 63.1
95 13.5 18.0 24.2 32.3 38.4 43.3 514 58.0 63.7
100 16.2 21.4 28.2 37.3 43.8 49.2 57.8 64.9
105 19.4 252 329 42.8 50.0 557 65.1
110 23.0 29.6 38.1 49.1 56.8 63.1
115 27.2 34.6 44.1 56.1 64.6
120 320 40.3 50.8 64.0
125 375 46.8 58.4
130 43.7 54.1 66.9
. . . 3
Gross merchantible volume of white and red pine (m’/ha)
Stand age Residual total basal area at index age 40 years (m?/ha)
(years) 0.5 1 2 4 6 8 12 16 20 25
40 1.8 3.7 1.6 15.5 23.5 31.6 48.0 64.5 81.1 102.0
45 3.1 5.9 11.0 20.8 30.2 39.2 56.8 74.0 90.7 111.2
50 4.9 8.6 15.3 27.0 307 47.7 66.6 84.4 101.4 121.9
55 7.2 12.1 20.3 34.0 46.1 572 77.4 96.0 113.5 134.1
60 10.1 16.3 26.2 42,1 55.6 67.7 89.4 108.9 126.9 147.9
65 13.7 21.3 33.1 a1.3 66.3 79.5 102.8 123.3 142.0 163.6
70 18.2 273 41.1 61.7 78.3 92.7 V177 139.4 158.9 181.2
75 235 344 50.3 73.5 91.9 107.6 134.4 157.3 177.8 201.0
80 29.8 42.6 60.9 87.0 107.1 124.2 153.0 177.4 199.0 223.2
85 37.3 52.2 73.1 102.2 124.4 142.9 173.9 199.9 222.7 248.1
90 46.2 63.4 87.0 119.4 143.7 164.0 197.3 225.1 2493 276.0
93 56.5 76.2 102.9 138.9 1656  187.6 223.6 2533 279.0
100 68.4 91.0 121.1 161.0 190.3 214.2 253.0 284.8
105 82.3 108.0 141.8 186.0 218.0 244.0 286.1
110 98.4 127.6 165.3 214.2 249.3 277.6
115 117.0 149.9 192.1 246.2 284.6
120 138.3 175.4 2225 282.2
125 162.9 204.6 257.1
130 191.0 2379 296.2
. . 3
Gross merchantible volume of all species (m’/ha)
Stand age Residual total basal area at index age 40 years (m*fha)
(years) 0.5 1 4 6 8 12 16 20 25
40 39 7.9 16.3 33.6 213 69.2 105.5 142.3 179.5 2264
45 6.6 125 23.8 45.2 65.8 85.9 125.0 163.1 200.5 246.5
50 10.4 18.5 329 58.7 32.2 104.5 146.4 186.1 224.1 269.9
35 15.3 259 438 74.1 100.7 125.2 170.2 211.7 250.6 296.8
60 21.7 35.1 56.7 91.8 121.6 148.4 196.7 240.2 280.4 327.4
65 29.5 46.0 71.8 111.9 145.1 174.5 226.2 272.0 313.8 362.0
70 39.1 59.1 89.3 134.8 171.6 203.7 259.2 307.6 351.3 401.1
75 50.7 74.5 109.5 160.9 201.5 236.5 296.2 347.4 3933 445.1
80 64.6 92.6 132.8 190.5 2353 273.3 337.6 392.1 440.4 494.6
85 80.9 113.7 159.6 224.2 273.4 314.8 384.0 442.1 493.2 550.2
S0 100.2 138.1 190.4 262.3 316.5 361.5 436.1 498.2 552.4 612.5
95 122.8 166.4 225.5 305.6 365.0 414.1 494.6 561.1 618.8
100 149.2 159.1 265.7 354.6 419.9 473.3 560.3 631.7
105 179.8 236.7 311.6 410.2 481.7 540.0 634.
110 215.3 279.9 363.9 473.1 551.6 615.0
115 256.3 329.5 423.5 544.3 630.4
120 303.7 386.2 491.3 624.8
125 358.1 451.2 568.3




White pine working group Site Class 1 (SI=17.9 m)
" Composition Index: 60% pine
Residual total basal area (m“/ha)

Stand age Residual total basal area at index age 40 years (m’fha)

(years) ¢ 0.5 1 4 4 6 8 1 6 20 25
40 0.5 1.0 2.0 4.0 6.0 8.0 12.0 16.0 20.0 25.0
45 0.8 1.5 2.8 3.1 7.3 9.5 13.6 17.5 21.4 26.1
50 1.2 2.1 3.6 6.3 8.8 111 153 19.2 23.0 27.5
55 1.7 2.8 4.7 1.7 10.3 12.7 17.1 21.1 24.8 29.2
60 2.3 3.6 5.8 9.2 12.0 14.6 19.1 23.2 26.9 31.2
65 3.0 4.6 7.1 10.8 13.9 16.6 213 254 29.1 334
70 3.8 5.1 8.5 12.6 15.9 18.8 23.6 279 31.7 36.0
75 4.8 7.0 10.1 14.6 18.1 21.1 26.2 30.6 34.5 38.8
80 5.9 8.4 11.9 16.8 20.6 23.7 29.1 33.6 37.5 42.0
85 fres 10.0 13.8 19.2 23.2 26.6 32.2 36.8 40.9 45.4
90 8.7 11.8 16.0 21.8 26.1 29.7 35.6 40.4 44.6 493
95 10.3 13.8 18.5 24.7 29.4 33.1 39.3 44.4 48.7 53:5
100 12.2 16.1 21.2 28.0 329 36.9 434 48.7 53.2 58.2
105 14.3 18.6 24.2 315 36.8 41.0 47.9 534 58.2 63.3
110 16.6 21.4 27.5 354 41.0 45.6 52.8 58.6 63.6
115 19.3 24.5 31.2 39.9 45.8 50.6 58.2 64.4
120 222 28.0 353 44.5 50.9 56.1 64.2
125 25.6 31.9 39.9 49.8 56.6 62.1
130 29.3 36.3 44.9 55.5 62.9

s . . 3

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

Stand age Residual total basal area at index age 40 years (m’fha)

(years) 0.5 1 2 4 6 8 12 16 20 25
40 2.8 5.8 11.8 240 36.5 49.0 74.4 100.0 125.8 158.3
45 4.7 8.8 16.6 31.2 452 58.8 85.2 110.9 136.0 166.8
50 7.1 12.5 222 39.2 54.8 69.4 96.9 122.8 147.5 177.2
55 10.2 17.1 28.7 48.1 65.2 80.8 109.5 135.8 160.4 189.6
60 13.9 224 36.1 58.0 76.6 93.3 1232 150.0 174.8 203.7
65 18.5 28.6 444 68.9 89.1 106.8 138.1 165.7 190.8 219.8
70 23.9 35.8 53.9 81.0 102.8 121.7 154.4 182.9 208.5 237.8
75 30.1 44.1 64.5 943 117.8 138.0 172.3 201.8 228.1 257.8
80 37.4 53.5 76.4 109.1 134.4 155.9 192.0 222.6 249.7 280.0
85 459 64.1 89.7 125.5 152.7 175.5 213.6 245.5 273.5 304.7
90 55.5 76.2 104.6 143.6 1929 197.2 237.3 270.7 299.7 3319
95 66.5 89.8 121.2 163.7 195.1 221.0 263.4 298.4 328.6 362.0
100 79.0 105.1 139.8 185.9 219.6 2472 292.1 328.8 360.5 3951
105 93.2 122.3 160.4 210.5 246.8 276.2 323.8 362.4 395.5 431.6
110 109.2 141.6 183.5 237.8 276.7 308.1 358.6 399.3 434.1
115 127.3 163.2 209.1 267.9 309.7 343.3 396.9 440.0
120 147.7 187.3 237.6 301.3 346.3 382.2 439.2
125 170.6 2144 269.3 338.3 386.6 425.0
130 196.4 244.6 304. 379.3 431.2

i . 3

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

Stand age Residual total basal area at index age 40 years (m*fha)

(years) 0.5 1 2 4 6 8 12 16 20 25
40 4.1 8.5 17.6 36.1 55.1 74.3 113.4 153.0 193.0 243 .4
45 6.9 13.0 24.7 47.0 68.3 89.2 129.8 169.4 208.2 256.0
50 10.5 18.6 33.2 59.1 82.8 105.2 147.5 187.4 225.7 271.8
55 15.0 25.4 42.9 72.5 98.6 122.6 166.6 207.2 245.3 290.5
60 20.7 334 54.1 87.5 1159 141.5 187.5 228.9 267.3 312.0
65 27.4 42.8 66.7 104.0 134.9 162.2 210.3 252.8 201.7 336.5
70 35:5 53.6 81.0 122.4 155.7 184.8 235.2 2791 318.8 364.0
73 45.0 66.1 97.1 142.7 178.7 209.7 262.6 308.1 348.8 394.8
80 56.0 80.3 115.2 165.2 204.1 237.0 292.7 340.0 381.9 428.9
85 68.7 96.5 135.5 190.2 232.0 267.1 325.9 375.2 418.5 466.9
90 83.3 114.7 158.1 217.9 262.9 300.3 362.3 413.9 458.9 508.8
95 99.9 135.4 183.5 248.6 297.0 336.9 402.5 456.6 503.5 555.2
100 118.9 158.7 211.8 282.7 334.7 3773 446.7 503.6 552.6 606.4
105 140.5 184.9 243.4 320.5 376.4 421.9 495.5 555.4 606.7 662.9
110 164.9 214.4 278.7 362.4 4225 471.1 549.2 612.4 666.4
115 192.5 247.4 318.0 408.8 473.4 525.4 608.5 675.3
120 223.7 284.5 361.9 460.3 529.8 5854 673.9
125 258.8 326.0 410.7 5173 592.2 651.7
130 298.3 372.4 465.0 580.6 661.1




White pine working group Site Class 1 (SI=17.9 m)

Composition Index: 80% pine
Residual total basal area (mzlha) P P

Stand age Residual total basal area at index age 40 years (m°fha)
(ycars) 0.5 1 2 4 6 8 12 16 20 25
40 0.5 1.0 2.0 4.0 6.0 8.0 12.0 16.0 20.0 25.0
45 0.8 1.5 2.7 5.0 7.2 9.3 13.3 17.1 20.9 25.5
50 1.2 2.0 3.5 6.1 8.4 10.6 14.6 18.4 22.0 26.3
55 1.6 2.6 4.4 7.2 9.7 12.0 16.1 19.8 233 274
60 2:] 34 5.3 8.5 11.1 13.4 17.6 213 24.8 28.7
65 2.7 4.2 6.4 9.8 12.6 15.0 19.3 23.0 26.4 30.3
70 3.4 5.1 7.6 11.2 14.2 16.7 21.1 248 28.2 32.0
75 4.2 6.1 8.8 12.8 15.9 18.5 23.0 26.8 30.2 34.0
80 5.1 T2 10.3 14.5 17.8 20.5 25.1 29.0 324 36.2
85 6.1 8.5 11.8 16.3 19.8 22.6 27.4 313 34.8 38.7
90 7.3 9.9 13.5 18.3 21.% 24.9 29.8 33.9 37.4 41.3
95 8.5 11.4 15.3 20.5 243 274 32.5 36.7 40.3 44.3
100 9.9 13.1 17.3 22.8 26.8 30.1 354 39.7 434 47.5
105 11.5 14.9 19.5 25.4 29.6 33.0 38.5 43.0 46.8 51.0
110 13.2 17.0 21.9 28.1 32.6 36.2 419 46.5 50.5 54.7
115 15.1 19.2 24.5 31.1 35.8 39.6 45.6 50.4 54.5 58.9
120 17.2 21.7 27.3 34.4 39.4 43.3 49.6 54.6 58.8 63.4
125 19.5 24.4 30.4 38.0 43.2 47.4 539 59.1 63.5
130 22.1 27.3 33.8 41.8 47.4 51.8 58.6 64.1
. . . 3
Gross merchantible volume of white and red pine (m’/ha)
Stand age Residual total basal area at index age 40 years (m’fha)
(years) 0.5 1 2 4 6 8 12 16 20 25
40 39 7.9 16.1 32.8 49.8 66.9 101.6 136.6 171.8 216.1
45 6.2 11.7 22.1 41.6 60.3 78.4 113.6 147.8 181.3 222.3
50 9.2 16.4 28.9 51.2 71.4 90.5 126.4 160.1 192.4 231.2
55 13.0 21.8 36.6 61.5 83.3 103.4 140.0 173.6 205.1 242.4
60 17.5 28.1 45.2 72.8 96.1 117.1 154.6 188.3 219.4 255.7
05 22.8 353 54.8 85.0 109.8 131.8 170.3 2043 2353 271.0
70 28.9 435 65.3 98.2 124.6 147.6 187.3 221.8 252.9 288.3
75 36.0 52.6 77.0 112.6 140.6 164.6 205.6 240.8 2721 307.6
80 44.0 62.8 89.7 128.2 157.9 183.1 225.5 261.5 2933 328.9
85 53.1 74.2 103.8 145.2 176.7 203.0 247.1 284.0 316.4 352.5
50 63.3 86.9 119.2 163.7 197.0 2247 270.5 308.5 341.6 378.3
95 74.7 100.9 136.2 183.9 219.1 248.2 2959 335.1 369.1 406.6
100 87.5 116.4 154.8 205.8 243.2 273.8 3235 364.1 396.1 437.5
105 101.7 133.5 175.2 229.8 269.4 301.5 3535 395.7 431.8 471.3
110 117.6 152.4 197.5 256.0 2979 3317 386.1 4299 4674 508.0
115 135.2 173.3 222.0 284.5 328.9 364.6 421.5 467.2 506.1 548.1
120 154.7 196.3 248.9 315.7 362.8 400.4 460.1 507.8 548.2 591.7
125 176.4 221.6 278.3 349.7 399.6 439.3 502.0 551.9 593.9
130 200.3 2494 310.6 386.8 439.8 481.7 547.6 599.8

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

Stand age Residual total basal area at index age 40 years (m’/ha)

(years) 0.5 2 6 8 12 16 20 25
40 4.4 9.0 18.5 38.0 58.0 78.2 119:3 161.0 203.1 256.2
45 7.0 13.4 254 48.2 70.2 91.6 1333 174.0 213.9 263.0
50 10.5 18.7 333 59.4 83.2 105.7 148.2 188.3 226.8 273.1
55 14.8 25.0 42.3 71.4 97.1 120.7 164.1 204.1 241.6 286.1
60 20.0 323 523 84.5 112.0 136.8 181.2 2213 258.3 301.56
65 26.1 40.6 63.3 98.8 128.1 154.0 199.6 240.0 276.9 319.5
70 33.2 50.1 75.6 114.2 145.4 172.5 219.6 260.6 297.6 339.8
) 413 60.7 89.2 131.0 164.1 192.6 241.2 282.9 320.3 362.5
80 50.6 72.6 104.1 149.4 184.5 214.2 264.6 307.3 345.2 387.7
85 61.1 85.8 120.6 169.3 206.5 2378 290.0 3339 3725 415.5
90 73.0 100.6 138.6 191.1 230.5 263.3 317.6 362.9 402.3 446.!
95 86.3 117.0 158.5 214.8 256.6 291.1 3477 3944 434.9 479.6

100 101.3 135.1 180.4 240.7 285.0 321.3 3803 428.8 470.5 516.3
105 1179 155.2 204.3 269.0 3159 354.1 4159 466.2 509.3 556.4
110 136.5 177.4 230.7 299.9 349.7 389.9 454.6 506.9 551.5 600.2
115 157.1 202.0 259.6 333.6 386.4 428.8 496.7 551.2 597.6 647.9
120 180.1 229.0 291.3 370.5 426.5 471.3 5425 5994 647.7 699.9
125 205.5 258.9 326. 410.8 470.2 5175 5924 652.0 702.3

130 233.7 201. - 3643 454.9 517.9 567.9 646.7 709.1




White pine working group Site Class 1 (SI=17.9 m)

ition I : i
Residual total basal area (m’/ha) SATpOsiton. Tiles. 100% pie

Stand age Residual total basal area at index age 40 years (m*/ha)

(years) 0.5 1 2 6 8 12 20 25
40 0.5 1.0 2.0 4.0 6.0 8.0 12.0 16.0 20.0 25.0
45 0.8 1.4 2.7 4.9 7.0 9.1 13.0 16.8 20.5 25.0
50 1.1 1.9 34 5.9 8.1 10.2 14.1 17.8 21.3 254
55 1.5 2.5 42 6.9 9.2 11.4 15.3 18.8 222 26.1
60 2.0 3.2 5.0 7.9 10.4 12.6 16.5 20.0 23.2 27.0
65 2.5 3.9 59 9.1 11.7 13.9 17.8 21.3 24.4 28.0
70 3.1 4.7 6.9 10.3 13.0 15.3 19.3 22.7 25.8 293
75 3.8 5:5 8.0 11.6 14.4 16.7 20.8 242 27.3 30.7
80 4.6 6.5 9.2 12.9 15.8 18.3 224 25.9 28.9 324
85 54 1.5 10.4 14.4 17.4 20.0 242 273 30.7 34.1
90 6.3 8.6 11.7 16.0 19.1 21.7 26.0 29.6 327 36.1
95 7.4 9.9 13.2 17.7 21.0 23.7 28.1 317 34.8 38.2
100 8.5 112 14.8 19.5 22.9 25.7 30.2 339 37.1 40.5
105 9.7 12.6 16.4 214 25.0 27.9 325 36.3 39.5 43.0
110 11.0 14.2 18.3 23.5 27.2 30.2 35.0 38.9 422 45.8
115 12.5 15.9 20.2 2507 29.6 32.8 37.7 41.7 45.1 48.7
120 14.1 17.7 224 28.2 32.2 355 40.6 44.7 48.2 519
125 15.8 19.7 24.6 30.8 35.0 38.4 43.7 47.9 51.5 333
130 17.7 219 27.1 33.6 38.0 41.5 47.1 514 55.1 59.0

. . . 3

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

Stand age Residual total basal area at index age 40 years (m’/ha)

(years) 0.5 1 6 8 12 6 20 25
40 4.9 10.0 20.5 41.8 63.4 85.2 129.3 173.9 218.7 275.2
45 7.8 14.6 27.6 52.0 75.3 98.0 142.0 184.7 226.5 277.8
50 11.4 20.1 35.6 62.9 87.8 111.2 155.3 196.8 2364 284.1
53 15.7 26.4 443 74.5 100.9 125.1 169.4 210.1 248.2 2933
60 20.9 33.5 54.0 86.8 114.6 139.6 184.4 224.6 261.7 305.0
65 26.8 41.6 64.5 100.0 129.2 155.0 200.4 240.4 276.9 3189
70 33.6 50.5 75.9 114.0 144.7 171.4 217.5 257.6 293.6 3348
75 41.3 60.3 88.2 129.1 161.2 188.8 235.8 276.1 312.1 352.7
80 49.8 71.2 101.7 145.2 178.9 207.4 255.5 296.2 3323 372.7
85 59.4 83.1 116.2 162.5 197.8 227.3 276.6 318.0 354.2 394.6
90 70.0 96.1 132.0 181.2 218.1 248.7 299.4 3414 378.1 418.7
95 81.8 110.4 149.0 201.2 239.8 2719 323.8 366.8 404.0 445.0
100 94.7 125.9 167.5 222.8 263.2 296.3 350.1 394.1 432.0 473.5
105 108.9 1429 187.5 246.0 288.4 322.8 378.4 423.5 462.2 504.5
110 124.5 161.4 209.2 271.1 3155 351.3 408.9 455.3 494.9 538.0
115 141.7 181.5 232.6 298.1 344.7 382.0 441.7 489.5 530.2 574.3
120 160.4 203.5 258.1 327.3 376.1 415.1 477.0 526.4 568.3 613.5
125 180.9 2273 285.6 358.8 410.0 450.7 515.0 566.2 609.3 655.8
130 203.4 253.3 3154 392.7 446.5 489.1 556.0 609.0 653.6 701.4

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

Stand age Residual total basal area at index age 40 years (m’fha)

(yecars) 0.5 1 2 4 6 8 12 16 20 25
40 4.5 93 19.2 39.6 60.4 81.4 124.2 167.6 211.4 266.6
45 i 13.7 25.9 49.3 71.7 93.6 136.2 177.7 218.4 268.5
50 10.5 18.8 33.5 59.6 83.5 106.1 148.8 189.1 227.7 274.2
55 14.6 247 41.8 70.6 96.0 119.3 162.2 201.7 238.8 282.7
60 19.4 31.5 50.9 82.3 109.1 133.2 176.5 215.5 251.6 293.7
65 25.0 39.0 60.9 94.9 123.0 147.9 191.8 230.6 266.0 306.9
70 314 47.5 71.7 108.3 137.8 163.5 208.2 247.0 282.1 322.1
15 38.7 56.8 83.5 122.7 153.6 180.2 223.7 264.8 299.8 3393
80 46.8 67.1 96.3 138.1 170.5 198.1 244.6 284.2 319.2 358.5
85 55.8 78.4 110.1 154.7 188.7 217.2 265.0 305.1 340.3 379.6
90 65.9 90.8 1252 172.5 208.1 237.8 286.8 327.7 363.3 402.8
95 77.1 104 .4 141.5 191.8 229.1 259.8 3104 352.1 388.3 428.2

100 89.4 119.3 159.2 212.5 251.6 283.6 335.7 378.5 415.3 455.8
105 102.9 135.5 178.4 234.8 275.8 309.1 363.1 407.0 444.6 485.7
110 117.9 153.2 199.2 259.0 301.9 336.7 392.5 437.7 476.3 518.2
115 134.2 172.5 2217 285.0 330.1 366.3 4243 470.8 510.5 553.4
120 152.2 193.6 246.2 313.2 360.5 398.3 458.5 506.6 547.4 591.5
125 171.8 216.5 2729 343.6 3932 432.8 4954 545.2 587.3 632.6
130 193.4 241.4 301.5 376.4 428.6 470.0 535.2 586.8 630.3 677.0




White pine working group Site Class 2 (SI=12.1 m)

C ition Index: 40 i
Residual total basal area (m’/ha) omposition Index: 40% pine

Stand age Residual total basal area at index age 40 years (m’/ha)
(ycars) 2 4 6 8 12
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Gross merchantible volume of white and red pine (m’/ha)

Stand age Residual total basal area at index age 40 years (m’/ha)
(years) 2 4 6 8 12
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Gross merchantible volume of all species (m’/ha)

Stand age Residual total basal area at index age 40 years (m’/ha)
(years) 2 6 8 12
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White pine working group Site Class 2 (SI=12.1 m)

G ition I : i
Residual total basal area (m’/ha) orpostuo Index 60% pine

Stand age Residual total basal area at index age 40 years (m*/ha)

(years) 0.5 1 2 4 6 8 12 16 20 25
40 0.5 1.0 2.0 4.0 6.0 8.0 12.0 16.0 20.0 25.0
45 0.8 1.5 2.8 52 74 9.6 13.7 17.8 21.6 26.4
50 1.2 2.1 3.7 6.5 9.0 11.3 15.6 19.7 235 28.1
55 1.8 2.9 4.8 8.0 10.7 13.2 17.7 21.8 25.6 30.2
60 24 3.8 6.0 9.6 12.6 15.2 15.9 24.1 28.0 32.5
65 3.2 4.9 7.4 11.4 14.6 17.4 22.4 26.7 30.6 35.2
70 4.1 6.1 9.0 13.4 16.9 19.9 25.1 29.6 33.6 38.1
75 5.1 15 10.8 15.6 19.4 22.6 28.0 327 36.8 41.5
80 6.4 9.0 12.8 18.1 22.1 25.6 31.3 36.2 40.4 45.2
85 7.8 10.8 15.0 20.8 25.2 28.8 34.9 40.0 44.4 493
90 5:5 12.9 b s 23.9 28.6 325 389 442 48.8 53.9
95 11.4 15.2 204 27.3 323 36.5 433 48.9 53.7 58.9
100 13.5 17.8 235 31.0 36.5 40.9 48.1 54.0 59.0 64.5
105 15.9 20.8 27.0 35.2 41.1 45.8 3.5 59.7 65.0
110 18.7 24.1 31.0 39.8 46.2 51.3 59.4 65.9
115 21.8 27.8 354 45.0 51.8 57.3 65.9
120 25.4 32.0 40.3 50.7 58.1 63.9
125 293 36.6 45.7 57.1 65.0
130 33.8 41.9 51.8 64.2

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

Stand age Residual total basal area at index age 40 years (m*fha)

(years) 0.5 2 4 6 8 12 16 20 25
40 24 4.9 10.0 20.5 31.1 41.8 63.4 85.2 107.2 134.9
45 4.0 7.6 14.3 26.9 39.0 50.8 T35 5.7 117.3 143.9
50 6.2 10.9 19.3 34.2 47.8 60.5 84.5 107.1 128.7 154.6
55 9.0 15.0 2592 424 57.4 T1.2 96.5 119.6 141.4 167.0
60 12.4 19.9 321 51.6 68.1 83.0 109.6 133.4 155.5 181.2
65 16.6 25.7 39.9 61.8 79.9 95.9 123.9 148.7 1713 197.2
70 21.6 324 48.8 733 93.0 110.1 139.8 165.5 188.7 2152
75 27.5 40.2 58.9 86.1 107.5 125.9 157.3 184.2 208.2 2353
80 34.4 49.2 70.3 100.4 123.7 143.4 176.6 204.8 229.7 257.6
85 42.5 59.5 83.2 116.3 141.6 162.7 198.0 227.6 233:5 282.5
90 51.8 T1.2 A 134.1 161.5 184.2 221.7 252.8 280.0 310.0
95 62.6 84.5 114.1 154.0 183.6 208.0 247.9 280.8 309.2 340.6
100 74.9 99.6 132.5 176.2 208.2 234.4 276.9 3Ll 341.7 374.5
105 89.0 116.7 153.2 201.0 235.6 263.7 309.1 346.0 377.6
110 105.0 136.1 176.4 228.6 266.0 296.3 344.8 383.9
115 123.3 158.0 202.4 259.4 299.9 3324 3843
120 144.0 182.6 231.6 293.8 337.6 372.6
125 167.5 210.4 264.4 332.1 379.5
130 194.1 241.7 301.0 374.9

. . 3

Gross merchantible volume of all species (m /ha)

Stand age Residual total basal area at index age 40 years (m°/ha)

(ycars) 0.5 1 2 4 6 8 12 16 20 25
40 3.5 7.3 15.0 30.9 47.1 63.6 97.0 130.8 165.0 208.2
45 2.9 11.3 214 40.7 59.2 77.2 112.4 146.7 180.3 2217
50 9.2 16.3 29.0 51.7 725 92.1 129.1 164.1 197.6 238.0
55 13.3 22.5 38.0 64.2 87.2 108.4 147 .4 183.3 217.0 257.0
60 18.4 29.8 48.3 78.1 103.5 126.4 167.5 204.5 238.7 278.7

65 24.7 38.6 60.1 93.3 121.6 146.2 189.5 227.9 262.9 303.3
70 323 48.8 EY| 111.2 141.6 168.0 213.9 253.8 289.8 331.0
75 41.2 60.6 89.0 130.8 163.9 192.2 240.8 282.5 319.7 361.9
80 51.7 74.2 106.5 152.7 188.6 219.1 270.5 314.2 3529 396.4
85 64.0 89.8 126.2 1772 216.1 248.8 303.5 349.4 389.8 434.8
90 78.2 107.7 148.4 204.5 246.8 281.9 340.1 388.5 430.7 477.6
95 94.5 128.1 1735 235.1 280.9 318.6 380.6 431.7 476.1 325.0
100 113.3 151.2 201.8 269.3 3189 3594 425.6 479.7 5264 5717
105 134.8 177.5 233.6 307.5 361.2 404.8 475.4 532.9 5822

110 159.4 207.2 269.4 350.2 408.3 455.3 530.8 591,

115 187.4 240.9 309.6 397.9 460.8 511.4 592.3

120 219.2 278.9 354.7 451.1 519.3 573.8

125 2554 321.8 405.3 510.6 584.5

130 296.4 370.1 462.1 577.0




White pine working group Site Class 2 (SI=12.1 m)

& ition Index: 80% pi
Residual total basal area (m?*/ha) ORHEERRIL (RIS PHE

Stand age Residual total basal area at index age 40 years (m’/ha)

(years) 0.5 1 2 6 8 12 1 20 25
40 0.5 1.0 2.0 4.0 6.0 8.0 12.0 16.0 20.0 25.0
45 0.8 1.5 2.7 5.1 73 9.4 13.4 17:3 21.1 25.8
50 1.2 2.0 3.6 6.2 8.6 10.8 15.0 18.8 22.5 26.9
55 1.6 2.7 4.5 T 10.0 12.4 16.6 20.5 24.1 28.3
60 22 37 5.6 8.8 11.6 14.0 18.4 222 25.8 29.9
65 2.9 4.4 6.7 10.3 13.2 15.8 20.3 24.2 27.8 31.8
70 3.6 54 8.0 119 15.0 17.7 22.3 26.3 29.9 34.0
73 4.5 6.5 9.5 13.7 17.0 19.8 24.6 28.7 323 36.4
80 5.5 7.8 11.0 15.6 19.1 22.1 27.0 31.2 34.9 39.0
85 6.7 9.2 12.8 17.7 214 24.6 29.7 34.0 37.8 42.0
90 7.9 10.8 14.7 20.0 24.0 27.2 32,6 37.1 40.9 452
95 9.4 12.6 16.8 225 26.7 30.2 35.8 40.4 44.4 48.8
100 11.0 14.5 19.2 253 29.7 334 39.3 440 48.2 52.6
105 12.8 16.7 21.7 28.3 33.0 36.9 43.0 48.0 52.3 56.9

110 14.8 19.1 24.6 31.6 36.6 40.7 47.1 323 56.8 61.6
115 17.1 21.8 27.7 352 40.6 44.8 51.6 57.1 61.7
120 19.6 24.7 311 39.2 449 49.4 56.5 62.2
125 224 27.9 349 43.5 49.6 54.4 61.9
130 29:5 31.5 39.0 48.3 54.7 59.8 67.7
. * . 3

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

Stand age Residual total basal area at index age 40 years (m-fha)

(years) 0.5 1 2 6 8 12 16 20 25
40 3.3 6.7 137 28.0 424 57.0 86.6 116.4 146.4 184.2
45 54 10.1 19.0 359 52.0 67.7 98.0 127.5 156.4 191.7
50 8.1 14.3 25.2 44.6 62.3 79.0 110.2 139.7 167.8 201.6
55 11.4 19.2 323 54.2 73.4 9l.1 123.3 153.0 180.7 213.6
60 15.6 25.0 40.2 64.7 85.5 104.1 130.5 167.5 195.2 227.4
65 204 31.7 49.2 76.2 98.6 118.2 152.8 183.4 211.2 243.2
70 26.2 39.3 59.1 88.9 112.8 133.6 169.5 200.7 228.9 260.9
75 32.8 48.0 70.2 102.7 128.3 150.2 187.7 219.7 248.4 280.7
80 40.5 57.8 82.5 117.9 145.2 168.4 207.5 240.5 269.8 302.6
85 49.2 68.8 96.2 134.6 163.8 188.2 2290 263.3 293.3 326.8
90 59.1 81.1 111.4 152.9 184.0 209.9 252.6 288.2 319.1 3534
95 70.3 94,9 128.1 173.0 206.2 233.6 278.4 315.4 3474 382.6
100 82.9 110.3 146.7 195.1 230.5 259.5 306.6 345.2 378.3 414.7
105 97.1 127.5 167.2 2194 257.2 287.9 3375 3777 412.2 449.9
110 113.1 146.5 189.9 246.1 286.4 319.0 371.2 4134 449 4 488.5
115 130.9 167.8 215.0 275.5 318.5 353.0 408.1 452.4 490.0
120 150.9 191.3 2427 307.8 353.7 390.3 448.6 495.1
125 173.1 217.5 27132 3433 3923 431.2 492.8
130 198.0 246.5 307.0 382.3 434.6 476.1 541.3

. . 3

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

Stand age Residual total basal area at index age 40 years (m*fha)

(years) 0.5 1 4 6 8 12 16 20 25
40 37 7.7 15.8 32.5 49.6 66.9 102.1 1377 173.7 2192
45 6.1 11.6 22.0 41.8 60.8 79.3 115.5 150.7 1853 227.7
50 9.2 16.4 29.2 52.0 72.9 92.6 129.8 164.9 198.6 239.2
55 13.1 22:1 37.4 63.2 85.9 106.8 145.2 180.5 213.8 253.1
60 17.8 28.8 46.7 i it} 100.0 122.2 161.9 197.6 230.7 269.4
65 23.5 36.6 57.1 89.0 115.4 138.8 179.9 2164 249.6 288.0
70 30.1 45.5 68.8 103.8 132.2 156.8 199.6 236.9 270.5 308.9
75 37.9 55.6 81.8 120.1 150.5 176.5 221.1 2594 293.6 3323
80 46.8 67.1 96.2 138.0 170.5 198.0 2445 284.0 319.0 358.3
85 56.9 80.0 112.3 157.7 192.4 2215 270.1 311.0 346.9 387.0
90 68.5 94.4 130.1 179.3 216.3 247.1 298.1 340.6 377.6 418.7
95 81.6 110.6 149.9 203.1 242.6 275.2 328.8 373.0 411.3 453.6
100 96.5 128.7 171.8 229.3 2715 306.0 362.3 408.5 448.2 491.9
105 113.2 149.0 196.1 258.1 303.2 339.8 399.1 4473 488.7 533.9
110 131.9 171.5 2229 289.8 3379 376.8 439.3 489.9 533.1 580.0
115 152.9 196.6 252.7 324.8 376.1 417.4 483.4 536.5 581.6
120 176.5 224.5 285.5 363.2 418.1 461.9 531.7 587.6
125 202.8 255.5 321.9 405.5 464.1 510.8 584.7
130 232.2 290.0 362.0 452.0 5147 564.4 642,




White pine working group Site Class 2 (SI=12.1 m)

2 C ition Index: 100 i
Residual total basal area (m°/ha) OmMposILOn INGEX % pine

Stand age Residual total basal area at index age 40 years (m’/ha)

(years) 0.5 1 8 12 16 20 25
40 0.5 1.0 2.0 4.0 6.0 8.0 12.0 16.0 20.0 25.0
45 0.8 1.4 2.7 5.0 7.1 9.2 13.2 17.0 20.8 253
50 1.1 2.0 34 6.0 8.3 10.4 14.4 18.2 213 26.0
55 1.6 2.6 4.3 7:1 9.3 11.8 15.8 19.5 22.9 269
60 2.1 33 5.2 8.3 10.9 13.1 17.2 20.9 24.2 28.1
65 2.7 4.1 6.2 0.5 12.3 14.6 18.8 224 2.7 29.5
70 3.3 4.9 T3 10.9 13.7 16.2 20.4 24.1 27.4 31.1
73 4.1 59 8.5 12.4 15.4 17.9 22.2 25.9 29.2 32.9
80 49 7.0 9.9 13.9 17.1 19.7 24.1 279 31.2 34.8
85 b2 8.1 11.3 15.6 18.9 21.7 26.2 30.0 334 37.0
90 6.9 9.4 12.8 17.5 20.9 23.8 28.5 324 35.7 39.5
95 8.1 10.9 14.5 19.5 23.1 26.0 30.9 34.9 383 42.1

100 9.4 12.4 16.4 21.6 25.4 28.5 335 37.6 41.1 45.0
105 10.8 14.1 18.4 23.9 279 31.1 36.3 40.6 44.2 48.1
110 12.4 16.0 20.5 264 30.6 34.0 394 43.8 47.5 51.5
115 14.1 18.0 22.9 292 33.6 37.1 42.7 47.2 51.0 55.1
120 16.1 20.2 25.5 32.1 36.7 40.4 46.3 51.0 54.9 %1
125 18.1 22.7 28.3 353 40.2 44.1 50.2 55.0 59.1 63.5
130 20.4 25:3 31.3 38.8 43.9 48.0 54.4 59.4 63.6

: . ¥ 3

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

Stand age Residual total basal area at index age 40 years (m’/ha)

(ycars) 0.5 1 4 6 8 12 16 20 23
40 4.2 8.6 17.5 35.6 54.0 72.6 110.2 148.2 186.4 234.5
45 6.7 12.6 23.8 449 65.0 84.5 122.5 159.3 195.4 239.6
50 9.9 17.5 31.0 54.9 76.6 97.0 1333 171.6 206.2 247.8
i) 13.8 233 39.1 65.6 88.9 110.2 149.2 185.1 218.7 258.4
60 18.6 29.8 48.0 77.2 102.0 124.2 164.0 199.8 232.8 271.3
65 24.1 37.3 57.8 89.7 116.0 139.1 179.8 2157 248.5 286.2
70 30.4 45.7 68.7 103.2 131.0 155.1 196.9 233.1 265.8 303.0
75 37.6 55.1 80.5 117.8 147.1 172.3 215.2 252.0 284.8 3219
80 45.8 65.5 93.5 133.6 164.6 190.8 235.0 272.5 305.7 342.8
85 55.1 77.0 107.7 150.7 183.4 210.8 256.5 294.8 328.4 365.9
90 65.4 89.8 123.3 169.2 203.7 2333 279.6 318.9 353.2 391.1
95 76.9 103.9 140.2 189.3 225.9 255.6 304.7 345.1 380.1 418.7
100 89.8 119.4 158.8 211.2 249.5 280.9 331.8 T35 409.5 448.8
105 104.0 136.4 179.0 234.9 275.3 308.2 361.3 404.4 441.3 481.6
110 119.7 155.2 201.1 260.6 303.3 337.8 393.1 437.8 475.9 517.3
115 137.2 175.8 225.3 288.6 333.7 369.9 427.6 474.0 513.4 556.0
120 156.4 198.4 251.6 319:1 366.7 404.7 465.0 5133 554.1 598.1
125 177.6 223.1 280.3 3522 402.5 4424 505.6 555.8 598.2 643.8
130 201.0 250.3 a1lq 388.2 441.3 433.4 549.6 602.0 646.0

. » 3

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

Stand age Residual total basal area at index age 40 years (m’/ha)

(ycars) 0.5 1 8 12 16 20 25
40 39 8.0 16.4 33.8 51.6 69.6 106.2 143.3 180.8 228.1
45 6.2 11.8 22.5 42.7 62.1 81.0 117.9 153.9 189.2 232.6
50 92 16.4 29.3 52.2 73.1 92.9 130.3 165.6 199.4 240.1
55 12.9 21.9 37.0 62.5 84.9 105.6 143.5 178.4 211.2 250.1
60 17.4 28.1 45.5 73.5 97.4 119.0 157.6 192.5 2247 262.4
65 22.6 352 54.8 85.5 110.9 133.3 172.9 207.8 239.8 276.6
70 28.6 43.2 65.2 98.4 125.3 148.7 189.2 224.6 256.5 292.9
75 35.4 52.1 76.5 112.4 140.8 165.2 207.0 242.8 274.8 311.1
80 432 62.0 89.0 127.6 157.6 183.1 226.1 262.6 295.0 331.3
85 520 73.1 102.6 144.1 175.7 202.3 246.8 284.1 317.0 353.6
90 61.9 85.3 1 by 161.9 195.4 223.2 269.2 307.5 341.0 378.1
95 72.9 98.8 133.8 181.3 216.6 245.7 293.5 333.0 367.2 404.9
100 85.1 113.6 151.7 202.4 239.7 270.2 319.8 360.6 395.7 434.2
105 98.8 130.0 171.2 225.3 264.7 296.6 348.4 390.5 426.6 460.1
110 113.9 148.1 192.5 250.3 291.8 3254 379.4 423.0 460.3 500.9
115 130.7 167.9 215.8 2774 321.3 356.6 413.0 458.3 496.9 538.7
120 149.2 189.7 241.3 306.9 3533 3904 4494  496.6 536.6 579.8
125 169.6 2137 269.2 339.1 388.1 427.2 488.9 538.1 579.7 624.4
130 192.2 239.9 299.6 374.1 426.0 467.1 531.9 583.2 626.4




White pine working group Site Class 3 (SI=9.0 m)

2 C ition Index: 40 i
Residual total basal area (m*/ha) omposition Index: 40% pine

Stand age Residual total basal area at index age 40 years (m°/ha)

(ycars) 0.5 1 2 4 6 8 12 16 20 25
40 0.5 1.0 2.0 4.0 6.0 8.0 12.0 16.0 20.0 25.0
45 0.9 1.6 29 5.4 7.8 10.0 14.4 18.6 22:7 27.6
50 1.3 2.3 4.1 7.1 9.8 12.3 17.1 21.5 259 30.7
55 2.0 3.3 54 9.0 12.1 14.9 20.0 24.7 29.0 34.2
60 2.8 4.5 7.1 11.2 14.7 17.8 234 28.3 32.9 38.1
65 3.8 59 9.0 13.8 17.7 21.2 27.2 324 372 42.7
70 5.1 1.6 11.3 16.8 21.1 24.9 314 37.0 42.1 47.8
75 6.6 9.6 13.9 20.2 25.0 29.2 36.2 422 47.6 53.6
80 8.5 12.0 17.0 24.0 29.5 34.0 41.7 48.1 53.8 60.1
85 10.7 14.8 20.6 28.5 345 39.5 47.8 54.7 60.8
90 13.3 18.2 24.7 33.6 40.2 45.7 54.8 62.2
95 16.4 22,0 29.5 39.5 46.8 52.8 62.7
100 20.1 26.5 350 ° 46.1 54.3 60.9
105 244 31.7 413 53.8 62.8

110 293 37.7 48.6 62.5
115 35.1 44.7 56.9
120 41.9 52.8 66.5
125 49.7 62.1
130 58.8
- . 5 3

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

Stand age Residual total basal area at index age 40 years (m°/ha)

(years) 0.5 1 4 6 8 12 16 20 25
40 1.3 2.7 3.5 11.1 16.9 22.7 345 46.3 58.3 73.3
45 2.3 4.3 8.1 15.3 222 28.9 41.9 54.5 66.9 82.0
50 3.7 6.5 11.5 20.3 284 36.0 50.2 63.7 76.5 91.9
55 53 9.3 15.6 26.2 35.5 44.0 59.6 73.9 87.4 103.2
60 7.9 12.8 20.6 33.1 43.7 53.2 70.2 85.5 99.7 116.2
65 11.0 17.1 264 41.0 53.0 63.6 82.2 98.6 113.6 130.8
70 14.8 222 334 50.2 63.8 75.5 95.8 113.5 129.4 147.5
75 19.5 28.5 41.6 60.9 76.1 89.1 111.3 130.3 147.3 166.4
80 25.1 359 51.3 73.2 90.2 104.6 128.8 149.4 167.5 187.9
85 319 44,7 62.5 874 106.4 122.2 148.8 171.0 150.5
90 40.1 55.1 75.6 103.8 124.9 142.4 171.4 195.5
95 49.8 67.2 90.8 122.6 146.1 165.5 197.2
100 61.3 81.5 108.4 1442 170.4 191.8
105 74.8 98.2 128.8 169.0 198.1
110 90.8 117.6 152.4 197.6
115 109.4 140.2 179.7
120 131.3 166.5 211:2
125 156.8 197.0
130 186.5

% . 3

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

Stand age Residual total basal area at index age 40 years (m‘/ha)

(years) 0.5 6 8 12 16 20 25
40 2.8 5.7 11.8 243 37.1 50.1 76.4 103.1 130.0 164.0
45 4.9 9.3 17.7 33.6 48.9 63.8 92.9 121.2 149.0 183.2
50 7.9 14.1 25.0 44.6 62.5 79.4 111.4 141.5 170.4 205.2
55 11.9 20.1 34.0 375 78.2 97.3 132.2 164.4 194.6 230.5
60 172 27.8 44.9 72.7 96.3 117.6 155.8 190.2 222.1 259.3
65 23.8 37.2 57.9 90.3 117.1 140.8 182.6 219.5 253.3 2922
70 32.2 48.6 73.4 110.8 141.0 167.3 213.0 252.7 288.6 329.6
75 424 62.3 91.5 134.5 168.5 197.6 247.5 2904 328.7 372.1
80 54.9 78.7 112.9 161.9 200.0 2323 286.9 3332 374.3 420.3
85 69.9 98.2 137.9 193.6 236.2 271.9 331.7 381.9 426.0
90 87.9 121.2 167.0 230.2 2771 3172 3827 437.1
95 109.4 148.3 201.0 2723 325.3 369.0 440.8
100 135.0 180.1 240.4 320.9 379.9 4282
105 165.1 2174 286.2 376.7 442 4
110 200.7 260.9 339.2 440.9
115 242.4 311.6 400.5
120 291.4 370.6 471.4

439.1




White pine working group Site Class 3 (SI=9.0 m)

ks o :
Residual total basal area (m’/ha) Clompositing Todex: Az gt

Stand age Residual total basal area at index age 40 years (m’/ha)

(years) 0.5 1 6 8 12 16 20 25
40 0.5 1.0 2.0 4.0 6.0 8.0 12.0 16.0 20.0 25.0
45 0.8 1.5 2.8 5.2 7.5 9.9 13.9 18.0 21.9 26.7
50 1.3 2.2 3.8 6.7 9.2 11.6 16.0 20.2 24.1 28.8
55 1.8 3.0 5.0 8.2 1.1 13.6 18.3 22.6 26.5 31.2
60 2.5 4.0 6.3 10.0 13.1 15.9 20.8 25.2 29.3 34.0
65 3.3 5.1 7.8 12.0 15.4 18.4 23.6 28.2 32.3 37.1
70 4.3 6.5 9.6 14.2 18.0 21.2 26.7 315 35.7 40.6
75 55 8.0 11.6 16.8 20.8 24.2 30.1 35.1 39.5 44.5
80 6.9 9.8 13.8 19.6 24.0 27.7 33.9 39.1 43.7 48.9
85 8.5 11.8 16.4 22.7 27.5 31.5 38.1 43.6 48.4 53.8
90 10.4 14.2 19.3 26.2 314 35.7 42.8 48.6 53.7 59.3
95 12.6 16.8 22.6 30.2 35.8 404 48.0 54.1 59.5 65.3

100 15.1 19.9 26.2 34.6 40.7 45.7 53.7 60.3
105 17.9 23.3 304 39.6 46.2 51.5 60.1

110 21.2 203 35.1 45.1 52.3 58.1 67.3

115 24.9 31.7 403 513 59.1 65.3

120 29.1 36.7 46.3 58.3 66.7

125 34.0 424 52,9 66.1

130 39.4 48.8 60.4

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

Stand age Residual total basal area at index age 40 years (m’fha)
(years) 0.5 1 2 4 8 1 16 20 25
40 2.0 42 8.5 173 26.2 35.2 53.5 T2 90.4 113.8
45 34 6.5 12.2 23.0 33.3 43.4 62.8 81.7 100.3 122.9
50 5.3 9.5 16.7 29.6 41.3 2.3 73.1 92.6 111.2 133.7
55 7.8 13.1 22.1 37.1 50.2 62.3 84.3 104.6 123.6 146.0
60 10.9 17.6 28.3 45.5 60.1 73.2 96.7 117.8 137.3 160.0
65 14.8 229 399 55.1 71.2 85.5 110.5 1325 152.6 175.8
70 19.4 29.2 43.9 65.9 83.7 99.1 125.7 148.9 169.8 193.6
15 25.0 36.5 534 78.1 97.6 114.2 142.7 167.1 188.9 213.5
80 31.5 45.0 64.3 91.9 113.1 131.2 161.6 187.4 210.2 2357
85 39.2 54.9 76.7 107.3 130.6 150.1 182.7 210.0 233.9 260.6
90 48.2 66.2 90.9 124.8 150.2 171.3 206.2 235.1 260.4 2883
95 587 792 106.9 144 .4 172.1 194.9 2324 263.2 289.9 319.3
100 70.8 94.1 125.2 166.5 196.7 2214 261.6 294.
105 84.7 111.1 145.8 191.3 2243 251.0 294.2
110 100.7 130.5 169.2 219.2 255.2 284.1 330.7
115 119.1 152.6 195.6 250.7 289.8 3212
120 140.2 177.8 2259 286.0 328.6
125 164.2 206.3 259.2 325.6
130 191.7 238.7 297.3
. . 3
Gross merchantible volume of all species (m’/ha)
Stand age Residual total basal area at index age 40 years (m’/ha)
(years) 0.5 1 2 6 12 16 20 25
40 3.0 6.2 12.7 26.2 39.9 53.8 82.1 110.8 139.8 176.3
45 5.1 ST 18.4 34.9 50.8 66.3 96.5 125.9 154.8 190.2
50 7.9 14.2 25.2 449 63.0 80.0 112.1 142.5 171.6 206.7
59 11.7 197 33.3 56.3 76.6 95.2 129.4 160.9 190.5 225.6
60 16.4 26.5 42.8 69.3 91.8 112.1 148.5 181.3 211.7 247.2
65 22,2 345 53.8 84.0 108.9 130.9 169.7 204.1 235.4 271.6
70 29.2 44.1 66.6 100.5 128.0 151.8 193.3 229.3 261.9 299.1
75 37.6 552 81.2 119.3 149.4 175.3 219.5 257.5 291.5 330.0
80 47.6 68.2 97.9 140.4 173.4 201.4 248.8 289.0 324.6 364.
85 59.3 83.3 117.0 164.3 200.4 230.7 281.4 3240 361.5 403.2
90 73.1 100.7 138.8 191.2 2307 263.5 317.9 363.2 402.7 446.5
95 89.1 120.7 163.5 221.6 264.7 300.2 358.6 406.8 448.6 494.7
100 107.6 143.6 191.7 2558 302.8 341.4 404.2 455.6
105 129.0 169.8 223.6 294.3 345.7 387.5 455.0
110 153.7 199.8 259.8 33717 393.8 439.1 511.9
115 182.1 234.0 300.8 386.6 447.8 496.9
120 214.6 273.0 347.2 441.6 508.4
125 251.9 317.3 399.7 503.6
130 294.5 367.7 459.1




White pine working group Site Class 3 (SI=9.0 m)

Composition Index: 80% pine
Residual total basal area (m’/ha) P ¢ Re

Stand age Residual total basal area at index age 40 years (m°fha)

(years) 0.5 1 6 8 12 20 25
40 0.5 1.0 2.0 4.0 6.0 8.0 12.0 16.0 20.0 25.0
45 0.8 1.3 2.8 5.1 7.3 9.5 13.6 17.6 214 26.1
50 1.2 2.1 3.7 6.4 8.8 111 153 19.3 23.1 27.6
55 1.7 2.8 4.7 7.7 10.4 12.8 17.2 212 24.9 29.3
60 23 3 5.8 9.2 12.1 14.6 19.2 232 27.0 31.3
65 3.0 4.6 7.1 10.9 14.0 16.7 214 255 29.3 33.6
70 39 57 8.5 12.7 16.0 18.9 23.8 28.0 31.8 36.2
75 4.8 7.0 10.2 14.7 18.2 213 26.4 30.8 34.7 39.1
80 6.0 8.5 12.0 16.9 20.7 239 293 33.8 37.8 423
85 73 10.1 14.0 19.3 23.4 26.8 324 37.1 41.2 45.8
90 8.7 11.9 16.2 22.0 26.4 30.0 359 40.8 45.0 49.7
95 10.4 13.9 18.7 25.0 29.6 33.4 39.7 44.8 49.2 54.0

100 12.3 16.2 21.4 28.2 332 37.3 43.8 49.2 53.8 58.8
105 14.4 18.8 24.5 31.8 37.2 41.5 48.4 54.0 58.8 64.0
110 16.8 21.6 27.8 35.8 41.5 46.1 534 59.3 64.3
115 19.5 24.8 316 40.2 46.3 51.2 58.9 65.1
120 22.5 284 35.8 45.1 51.6 56.8 65.0
125 25.9 32.3 40.4 50.4 57.4 62.9
130 29.7 36.8 455 56.3 63.8
i . s 3

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

Stand age Residual total basal arca at index age 40 years (m/ha)

(years) 0.5 2 6 8 1 16 20 25
40 2.8 5.7 11.6 23.6 35.8 48.1 73.0 98.2 123.5 155.4
45 4.6 8.6 16.3 30.7 444 57.8 83.8 109.0 133.6 163.9
50 7.0 12.3 21.8 38.6 53.9 68.3 95.3 120.8 145.1 174.4
55 10.0 16.8 28.2 474 64.2 79.6 107.8 133.7 158.0 186.7
60 13.7 22.1 35.5 572 75.5 91.9 121.4 147.9 172.3 200.8
65 18.2 28.3 43.8 68.0 87.8 105.4 136.2 163.4 188.2 216.8
70 23.5 354 33.2 79.9 101.4 120.1 152.5 180.6 205.9 234.7
75 29.8 43.6 63.7 93.2 116.4 136.3 170.3 199.4 225.3 254.7
80 37.0 52.9 75.3 107.9 132.9 154.1 189.8 220.1 246.9 276.9
85 45.4 63.5 88.8 124.2 151.1 173.7 211.3 242.9 270.6 301.5
90 55.0 75.5 103.6 142.2 171.2 195.2 235.0 268.0 296.8 328.7
95 65.9 89.0 120.1 162.2 193.3 219.0 261.0 295.6 325.6 358.7
100 78.3 104.2 138.6 184.3 217.8 2452 289.7 326.1 357.4 391.8
105 92.5 121.3 159.2 208.9 244.8 274.1 3212 359.6 392.4 428.3
110 108.5 140.6 182.2 236.1 2747 305.9 356.0 396.5 431.0
115 126.5 162.1 207.7 266. 307.8 341.1 394.4 437.1
120 146.9 186.3 236.2 299.6 344.3 380.0 436.6
125 169. 213.3 267.9 336.6 3846 4228
130 195.5 2435 303.2 377.6 429.3

. . 3

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

Stand age Residual total basal arca at index age 40 years (m’/ha)

(years) 0.5 1 6 8 12 16 20 25
40 3.2 6.5 13.4 275 42.0 56.7 86.4 116.6 147.1 185.6
45 52 9.9 18.9 359 52.2 68.1 99.1 129.3 159.0 195.4
50 8.0 14.2 253 45.1 63.3 80.4 112.7 143.2 172.5 207.7
55 11.5 19.4 32.8 333 754 93.8 127.5 158.5 187.7 222.2
60 15.8 25.6 41.4 67.0 88.7 108.3 143.5 1753 204.6 238.9
65 21.0 32.8 51.1 79.7 103.4 124.3 161.1 193.7 223.5 237.9
70 27.2 41.1 62.1 93.8 119.4 141.7 180.4 214.1 244.5 279.2
75 34.5 50.7 74.5 109.5 137.2 160.9 201.6 236.5 267.7 303.0
80 43.0 61.7 88.5 126.9 156.8 182.1 2249 261.2 2934 329.5
85 52.8 74.1 104.1 146.2 178.4 205.4 250.5 288.4 321.7 358.9
90 64.1 88.3 121.6 167.6 202.2 231.0 278.7 318.4 353.0 391.4
95 76.9 104.2 141.3 191.4 2286 2594 309.8 351.5 387.6 427.4
100 91.6 122.3 163.2 217.8 257.8 290.7 344.1 387.9 425.7 467.1
105 108.3 142.6 187.7 247.1 290.2 325.2 382.0 428.1 467.7 511.0
110 127.2 165.4 215.0 279.5 3259 363.4 423.7 4724 514.1
115 148.6 191.0 245.5 315.6 365.5 405.6 469.7 521.3
120 172.8 219.8 279.5 3555 409.3 4522 520.5
125 200.0 252.0 317.4 3999 457.7 503.8
130 230.7 288.0 359.7 449.1 511.4




White pine working group Site Class 3 (SI=9.0 m)

2 C ition Index: 100 i
Residual total basal area (m*/ha) omposition Index % pine

Stand age Residual total basal area at index age 40 years (m’/ha)

(years) 0.5 1 2 4 6 8 1 16 20 25
40 0.5 1.0 2.0 4.0 6.0 8.0 12.0 16,0 20.0 25.0
45 0.8 1.5 2.7 5.0 12 9.3 13.4 17.2 21.0 25.6
50 1.2 2.0 3.5 6.1 8.5 10.7 14.8 18.6 22.3 20.6
55 1.6 27 4.4 7.4 9.9 12.2 16.3 20.1 23.7 279
60 2.2 34 3.5 8.7 11.3 13.7 18.0 21.8 253 294
65 2.8 4.3 6.6 10.1 12.9 15.4 19.8 23.6 27.1 31.1
70 35 53 7.8 11.6 14.6 17.2 21.7 25.6 29.1 33.1
75 4.4 6.3 9.2 13.3 16.5 19.2 23.8 27.8 31.3 353
80 53 7.5 10.7 15.1 18.5 21.3 26.1 30.2 33.7 37.7
85 6.4 8.9 12.3 17.1 20.6 23.6 28.6 3238 36.4 40.4
90 7.6 10.4 14.1 19.2 23.0 26.1 31.3 35.6 39.3 43.4
95 9.0 12.0 16.1 21.6 25.6 28.9 342 38.6 42.4 46.6
100 10.5 13.8 18.3 24.1 284 31.8 374 42.0 459 50.2
105 12.2 15.9 20.7 26.9 314 35.0 40.9 45.6 49.7 54.1
110 14.1 18.1 233 29.9 34.7 38.5 44.6 49.6 53.8 58.3
115 16.1 20.5 26.1 33.3 38.3 423 48.7 53.9 58.2 62.9
120 18.4 23.2 29.3 36.9 42.2 46.5 33.2 58.6 63.1
125 21.0 26.2 327 40.9 46.5 51.0 58.1 63.7
130 23.8 29.5 36.5 45.2 51.2 55.9 63.4

. . . 3

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

Stand age Residual total basal area at index age 40 years (m’/ha)

(years) 0.5 1 4 8 12 1 20 25
40 3.5 72 14.7 30.0 45.6 61.3 93.0 125.0 157.2 197.8
45 5.7 10.8 20.3 383 55.5 72.3 104.7 136.2 167.0 204.8
50 8.6 15.2 26.8 474 66.2 83.9 117.1 148.4 178.3 214.3
55 12.1 20.3 34.1 57.3 71.7 96.3 130.4 161.8 191.2 2259
60 16.4 26.3 424 68.2 90.0 109.6 144.8 176.4 205.5 239.5
65 214 33.2 51.6 80.0 103.4 124.0 160.3 192.3 221.5 255.1
70 27.3 41.1 61.8 92.8 117.8 139.5 177.1 209.7 239.1 272.6
75 342 50.0 73.1 106.9 133.5 156.3 195.3 228.7 2584 292.1
80 42.0 59.9 85.6 122.2 150.6 174.6 215.1 2494 279.7 313.7
85 50.8 71.1 99.4 139.0 169.2 194.4 236.6 272.0 303.0 3375
90 60.8 83.5 114.6 157.4 189.4  216.1 260.1 296.6 328.5 363.8
95 72.1 97.4 131.5 177:5 211.6  239.6 285.6 32355 356.4 392.5
100 84.8 112.8 150.0 199.5 2357 2653 313.5 3529 386.8 424.0
105 99.0 129.9 170.4 223.6 262.1 293.4 343.9 384.9 420.1 458.5
110 114.9 148.8 192.9 250.0 290.9 3240 377.0 419.9 456.4 496.1
115 132.5 169.8 217.7 278.9 3225 3574 413.2 458.0 496.1 537.3
120 @ 1523 193.1 2449 310.6 356.9 3939 452.7 499.6 539.3
125 1742 218.8 274.9 345.3 3946 4338 495.8 545.0
130 198.5 247.2 307. 3834 4359 4774 542.

7 : 3

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

Stand age Residual total basal area at index age 40 years (m’/ha)

(ycars) 0.5 ] 6 8 12 16 20 25
40 33 6.8 13.9 28.7 43.7 59.0 90.0 1214 153.1 193.1
45 5.3 10.1 19.3 36.6 53.3 69.5 101.2 132.0 162.3 199.6
50 8.0 14.3 254 45.3 63.5 80.7 113.1 143.8 173.1 208.5
55 11.4 19.2 324 54.8 74.5 92.7 126.0 156.6 185.5 219.6
60 15.4 24.9 40.3 65.2 86.4 105.5 139.8 170.7 199.3 232.7
65 20.2 315 49.1 76.6 99.3 119.4 154.8 186.1 214.7 247.7
70 25.8 39.0 58.9 89.0 113.2 134.4 171.0 202.9 231.8 264.7
T 32.3 47.5 69.8 102.5 128.4 150.6 188.7 2214 250.6 283.6
80 39.8 57.0 81.8 117.4 144.9 168.3 207.9 241.5 271.2 304.6
85 48.2 67.7 95.1 133.6 163.0 187.6 228.8 263.5 293.9 327.9
90 57.8 79.7 109.8 151.4 182.6  208.6 251.7 287.5 318.8 353.5
95 68.7 93.1 126.1 170.9 204.1 231.5 276.6 313.8 346.0 381.6
100 80.9 107.9 144.0 1922 227.6  256.6 303.8 3424 375.8 4124
105 94.5 124.5 163.8 215.7 2533 2839 3334 373.7 408.3 446.1
110 109.9 142.8 185.7 2414 2814  313.8 3659  408.0 443.9 483.0
115 127.0 163.2 209.7 269.6 312.2 346.5 401.3 4453 482.8 523.4
120 146.0 185.7 236.2 300.5 3459 3822 439.9 486.1 5253
125 167.3 210.7 265.5 3344 382.8 4213 482.2 530.7
130 190.9 238.4 297.6 371.6 423.2 464.0 5284




APPENDIX 3

RED PINE WORKING GROUP YIELD CURVES
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APPENDIX 4

RED PINE WORKING GROUP YIELD TABLES



Red pine working group Site Class 1 (SI=18.6 m)

C osition Index: 60% pine
Residual total basal area (m?/ha) Ll o pin

Stand age Residual total basal area at index age 40 years (m7/ha)
(years) 0.5 1 6 8 12 16 20 25
40 0.5 1.0 2.0 4.0 6.0 8.0 12.0 16.0 20.0 25.0
45 0.9 1.6 2.9 54 Tl 10.0 14.3 18.5 22.6 21.5
50 1.3 2.3 4.0 6.9 9.5 12.0 16.6 20.9 25.0 209
55 1.9 3:1 3:] 8.5 11.4 14.0 18.8 23.2 27.3 32.1
60 2.5 4.0 6.3 10.1 13.2 16.0 20.9 25.4 29.4 34.2
65 33 5.0 7.6 11.7 15.0 17.9 23.0 27,5 315 36.1
70 4.1 6.0 9.0 13.3 16.8 19.8 25.0 29.5 335 38.0
75 4.9 7.2 10.4 15.0 18.6 21.7 27.0 31.4 354 39.9
80 5.9 8.3 11.8 16.7 204 23.6 28.9 333 373 41.7
85 6.9 9.5 13.2 18.3 222 254 30.7 35.2 39.1 434
90 7.9 10.8 14.7 20.0 23.9 27.2 32.6 37.0 40.9 45.1
95 9.0 12.1 16.2 21.6 25.7 29.0 34.4 38.8 42.6 46.8
100 10.1 13.4 17.7 233 27.4 30.8 36.2 40.6 44 4 48.5
105 11.3 14.7 19.2 25.0 29.1 325 38.0 42.4 46.1 50.2
110 12.5 16.1 20.7 26.6 30.9 343 39.9 44.1 47.8 51.9
115 13.7 17.5 22.2 28.3 32.6 36.0 41.5 45.9 49.6 53.6
120 15.0 18.9 23.8 30.0 34.3 37.8 433 47.6 51.3 55.2
125 16.3 20.3 25.4 31.7 36.1 39.5 45.0 49.4 53.0 56.9
130 17.6 21.8 27.0 334 37.8 41.3 46.8 51.1 54.8 58.6
. L] . 3
Gross merchantible volume of red and white pine (m’/ha)
Stand age Residual total basal area at index age 40 years (ng’ha)
(ycars) 0.5 1 8 12 16 20 25
40 1.8 3.9 8.3 17.8 27.7 38.0 59.2 81.1 103.6 132.3
45 34 6.7 13.1 25.8 38.3 50.6 75.1 99.4 123.5 153.5
50 5.6 10.4 19.0 34.9 49.7 64.0 91.3 1175 142.8 173.6
55 8.6 14.9 25.8 44.8 61.9 77.9 107.5 135.2 161.5 192.9
60 12.2 20.2 335 55.5 74.6 92.0 123.7 152.6 179.6 211.4
65 16.4 26.2 41.8 66.7 87.6 106.4 139.8 169.7 197.2 229.2
70 21.3 329 50.8 78.3 100.9 120.9 155.7 186.5 2144 246.5
75 26.8 40.2 60.3 90.3 114.5 135.4 171.6 202.9 2312 263.4
80 329 48.0 70.2 102.6 128.1 150.0 187.2 219.2 2477 279.8
85 394 56.4 80.6 115.2 141.9 164.6 202.8 235.2 263.9 296.0
90 46.5 65.2 91.3 127.9 155.8 179.2 218.3 251.1 2799 312.0
95 54.0 74.3 102.3 140.9 169.8 193.9 2337 266.9 295.8 3279
100 61.9 83.9 113.7 154.0 183.9 208.6 249.1 282.6 311.6 343.6
105 70.3 93.8 125.3 167.3 198.1 2234 264.5 298.2 3273 359.2
110 79.0 104.1 1372 180.7 212.4 238.2 2799 313.9 343.0 374.9
115 88.0 114.6 149.3 194 .4 226.8 253.1 295.3 329.5 358.7 390.5
120 97.4 125.5 161.6 208.1 241.3 268.0 310.8 345.2 3745 406.2
125 107.2 136.6 174.2 222.1 256.0 283.1 326.3 360.9 390.3 422.0
130 117.2 148.1 187.0 236.2 270.8 298.3 342.0 376.8 406.2 437.9

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

Stand age Residual total basal arca at index age 40 years (m*/ha)

(years) 0.5 1 6 8 12 16 20 25
40 3.2 6.7 14.3 30.4 47.3 64.7 100.6 137.6 175.4 223.5
45 5.8 114 22.3 43.6 64.5 85.2 126.1 166.5 206.7 256.4
50 9.5 17.5 319 58.3 83.0 106.6 151.8 195.0 236.8 287.5
55 14.3 24.8 43.0 74.4 102.5 128.7 177.4 2227 265.7 317.1
60 20.2 334 55.3 91.4 122.6 151.1 202.8 249.8 293.7 3453
65 27.1 432 68.6 109.2 143.2 173.7 227.8 276.2 320.8 3724
70 35.0 53.9 82.9 127.6 164.2 196.3 252.6 302.1 347.1 398.7
75 43.8 65.5 98.0 146.5 185.4 219.0 277.1 327.5 372.7 4243
80 53.5 78.0 113.7 165.8 206.7 241.7 301.4 352.4 3979 4492
85 63.9 91.2 130.0 185.4 228.2 264.4 3254 377.0 422.6 473.8
90 75.1 105.0 146.8 205.3 249.8 287.0 349.2 401.3 447.1 498.0
95 87.0 119.5 164.1 2254 271.5 309.7 372.9 425.4 471.2 521.9

100 99.5 134.5 181.8 245.8 293.3 332.4 396.5 449.4 495.2 545.7
105 112.5 150.0 199.9 266.4 315.2 355.1 420.1 473.3 519:1 569.4
110 126.2 166.0 218.4 287.3 337.2 3717.9 443.6 497.1 543.0 593.1
115 140.4 182.4 2372 308.3 359.4 400.8 467.2 521.0 566.9 616.8
120 155.0 199.3 256.3 329.6 381.8 4238 490.9 544.9 590.8 640.6
125 170.2 216.7 275.8 351.1 404.3 446.9 514.7 568.9 614.8 664.5
130 185.9 2344 295.6 372.8 427.0 470.2 538.6 593.0 639.0 688.6




Red pine working group Site Class 1 (SI=18.6 m)

2 & ition Index: 80 i
Residual total basal area (m*f/ha) omposition Index: 80% pine

Stand age Residual total basal area at index age 40 years (m’/ha)

(years) 0.5 1 6 8 12 20 25
40 0.5 1.0 2.0 4.0 6.0 8.0 12.0 16.0 20.0 25.0
45 0.9 1.6 2.9 54 7.7 10.0 14.3 18.5 22.6 27.5
50 1.3 23 4.0 6.9 9.5 12.0 16.6 20.9 25.0 29.9
55 1.9 3.1 9.1 8.5 11.4 14.0 18.8 23.2 27.3 32.1
60 25 4.0 6.3 10.1 13.2 16.0 20.9 254 294 34.2
65 3.3 5.0 7.6 11.7 15.0 17.9 23.0 27.5 31.5 36.1
70 4.1 6.0 9.0 13.3 16.8 19.8 25.0 29.5 335 38.0
75 4.9 7.2 10.4 15.0 18.6 21.7 27.0 314 354 39.9
80 59 8.3 11.8 16.7 20.4 23.6 28.9 333 37.3 41.7
85 6.9 9.5 13.2 18.3 22.2 254 307 35.2 39.1 43.4
90 7.9 10.8 14.7 20.0 23.9 27.2 32.6 37.0 40.9 45.1
95 9.0 12.1 16.2 21.6 25.7 29.0 34.4 38.8 42.6 46.8
100 10.1 13.4 17.7 233 27.4 30.8 36.2 40.6 44 .4 48.5
105 11.3 14.7 19.2 25.0 281 325 38.0 42.4 46.1 50.2
110 12.5 16.1 20.7 26.6 309 343 39.7 44.1 47.8 519
115 13.7 17.5 222 28.3 326 36.0 41.5 45.9 49.6 53.6
120 15.0 18.9 23.8 30.0 343 37.8 43.3 47.6 51.3 55.2
125 16.3 20.3 254 31.7 36.1 395 45.0 49.4 53.0 56.9
130 17.6 21.8 27.0 334 37.8 41.3 46.8 51.1 54.8 58.6

» -] ] 3

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

Stand age Residual total basal area at index age 40 years (m’/ha)

(years) 0.5 1 2 4 6 8 12 16 20 25
40 24 5.1 10.9 232 36.2 49.6 77.4 106.0 135.4 172.8
45 4.5 8.7 17.2 337 50.0 66.1 98.1 129.9 161.4 200.5
50 7.4 13.5 24.8 45.6 65.0 83.6 119.3 153.4 186.6 226.8
55 11.2 19.4 337 58.6 80.9 101.7 140.5 176.6 211.0 252.0
60 15.9 264 43.7 72.5 97.5 120.2 161.6 199.4 2347 276.2
65 255 34.2 54.6 87.1 114.5 139.0 182.6 221.7 257.7 299.5
70 279 43.0 66.3 102.3 131.9 157.9 203.5 243.6 280.1 322.1
75 35.0 525 78.7 118.0 149.5 176.9 224.1 265.1 302.0 344.1
80 43.0 62.8 91.7 134.1 167.4 195.9 244.6 286.4 323.6 365.6
85 k5 73.7 105.3 150.5 185.4 215.0 265.0 307.3 344.8 386.8
90 60.8 85.1 119.3 167.1 203.6 2342 285.2 328.1 365.7 407.7
95 70.6 97.1 133.7 184.0 2219 253.3 3054 348.7 386.5 428.3
100 80.9 109.6 148.5 201.2 240.3 2725 3255 369.2 407.1 448.9
105 91.8 122.6 163.7 218.5 258.8 291.8 345.6 389.6 427.6 469.3
110 103.2 136.0 179.2 236.1 277.5 311.2 365.7 410.0 448.1 489.8
115 115.0 149.8 195.0 253.9 296.3 330.6 385.8 430.5 468.7 510.2
120 127.3 164.0 211.1 271.9 315.3 350.2 406.0 451.0 489.2 530.7
125 140.0 178.5 227.6 290. 3344 369. 426.4 471.6 509.9 551.4
130 153.2 193.5 2443 308.6 353.8 389.8 446.8 4923 530.7 572.1

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

Stand age Residual total basal area at index age 40 years (m*/ha)

(years) 0.5 1 4 6 8 12 16 20 25
40 3.2 6.7 14.3 304 47.3 64.7 100.6 137.6 175.4 2235
45 5.8 11.4 223 43.6 64.5 85.2 126.1 166.5 206.7 256.4
50 9.5 17.5 319 58.3 83.0 106.6 151.8 195.0 236.8 287.5
55 14.3 24.8 43.0 74.4 102.5 128.7 177.4 222.7 265.7 317.1
60 20.2 334 55.3 91.4 122.6 151.1 202.8 249.8 293.7 345.3
65 27.1 43.2 68.6 109.2 143.2 173:7 227.8 276.2 320.8 372.4
70 35.0 53.9 82.9 127.6 164.2 196.3 252.6 302.1 347.1 398.7
75 43.8 65.5 98.0 146.5 185.4 219.0 277.1 327.5 372.7 4243
80 535 78.0 113.7 165.8 206.7 241.7 301.4 3524 397.9 4492
85 63.9 91.2 130.0 185.4 228.2 264.4 3254 377.0 422.6 473.8
90 75.1 105.0 146.8 205.3 249.8 287.0 349.2 401.3 447.1 498.0
95 87.0 119.5 164.1 225.4 271.5 309.7 3729 425.4 471.2 521.9

100 99.5 134.5 181.8 245.8 2933 3324 396.5 449 4 4952 545.7
105 112.5 150.0 199.9 266.4 315.2 355.1 420.1 4733 519.1 569.4
110 126.2 166.0 218.4 287.3 337.2 377.9 443.6 497.1 543.0 593.1
Bk 140.4 182.4 237.2 308.3 359.4 400.8 467.2 521.0 566.9 616.8
120 155.0 199.3 256.3 329.6 381.8 423.8 490.9 544 .9 590.8 640.6
125 170.2 216.7 275.8 351.1 404.3 446.9 514.7 568.9 614.8 664.5
130 185.9 234.4 2095.6 372.8 427.0 470.2 538.6 593.0 639.0 688.6




Red pine working group Site Class 1 (SI=18.6 m)

Composition Index: 100% pine
Residual total basal area (m’/ha) P orp

Stand age Residual total basal area at index age 40 years (m’/ha)
(years) 0.5 1 6 8 12 16 20 25
40 0.5 1.0 20 4.0 6.0 8.0 12.0 16.0 200 25.0
45 0.9 1.6 29 5.4 77 10.0 14.3 18.5 22.6 27.5
50 1.3 23 4.0 6.9 9.5 12.0 16.6 20.9 25.0 299
55 1.9 3.1 5.1 8.5 11.4 14.0 18.8 23.2 273 32.1
60 2.5 4.0 6.3 10.1 13.2 16.0 20.9 254 29.4 342
65 33 5.0 7.6 11.7 15.0 17.9 23.0 27.5 31.5 36.1
70 4.1 6.0 9.0 13.3 16.8 19.8 25.0 29.5 33.5 38.0
75 4.9 72 10.4 15.0 18.6 21.7 27.0 314 354 399
80 59 8.3 11.8 16.7 20.4 23.6 28.9 33.3 373 41.7
85 6.9 9.5 13.2 18.3 22.2 25.4 30.7 35.2 39.1 434
90 7.9 10.8 14.7 20.0 23.9 21.2 32.6 37.0 409 45.1
95 9.0 12.1 16.2 21.6 25.7 29.0 34.4 38.8 42.6 46.8
100 10.1 13.4 17.7 233 274 30.8 36.2 40.6 44 .4 48.5
105 11.3 14.7 19.2 25.0 29.1 325 38.0 42.4 46.1 50.2
110 12.5 16.1 20.7 20.6 30.9 34.3 39.7 44.1 47.8 519
115 13.7 175 222 28.3 32.6 36.0 41.5 45.9 49.6 53.6
120 150 18.9 23.8 30.0 343 37.8 43.3 47.6 51.3 55.2
125 16.3 20.3 25.4 31.7 36.1 39.5 45.0 49.4 53.0 56.9
130 17.6 21.8 27.0 334 37.8 41.3 46.8 51.1 54.8 58.6
. &, » 3
Gross merchantible volume of red and white pine (m’/ha)
Stand age Residual total basal area al index age 40 years (m’fha)
(years) 0.5 1 6 8 12 20 25
40 29 6.3 13.4 28.6 44.6 61.1 95.2 130.4 166.5 212.6
45 5.5 10.8 21.1 41.5 61.5 81.4 120.8 159.8 198.5 246.7
50 9.1 16.6 30.6 56.1 80.0 102.9 146.8 188.8 229.6 279.1
55 13.8 23.9 41.5 72.1 99.5 125.2 172.9 217.3 259.6 310.1
60 19.6 324 53.8 89.2 119.9 147.9 198.9 245.3 288.7 339.8
65 264 42.1 67.2 107.2 140.9 171.0 224.7 272.8 317.0 368.5
70 343 52.9 81.6 125.9 162.3 194.3 250.4 299.7 344.6 396.3
75 43.1 64.6 96.9 145.2 184. 217.6 275.8 326.2 371.6 423.3
80 52.8 772 112.9 165.0 206.0  241.1 301.0 3523 398.1 449.8
85 63.4 90.6 129.5 185.1 228.1 264.6 326.0 378.1 424.2 475.9
90 74.8 104.7 146.8 205.6 250.5  288.1 351.0 403.7 450.0 501.6
95 86.8 119.5 164.5 226.4 273.0 3117 375.8 429.0 475.5 527.0
100 99.6 134.9 182.7 247.5 295.6 3353 400.5 454.3 500.9 552.3
105 113.0 150.8 201.4 268.9 3185 359.1 425.2 479.4 526.2 577.5
110 127.0 167.3 220.5 290.5 3414 3829 449.9 504.5 551.4 602.6
115 141.5 184.3 239.9 3124 364.6  406.8 474.7 529.7 576.7 627.8
120 156.6 201.7 259.8 334.6 387.9 4309 499.6 554.9 602.0 653.0
125 172.3 219.7 280.0 357.0 411.5  455.1 524.6 580.2 627.4 678.4
130 188.5 238.0 300.6 379.7 4353  479.6 549.8 605.7 653.0 704.0

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

Stand age Residual total basal area at index age 40 years (m’/ha)

(years) 0.5 1 4 6 8 12 16 20 25
40 3.2 6.7 14.3 304 47.3 64.7 100.6 137.6 175.4 223.5
45 5.8 11.4 223 43.6 64.5 85.2 126.1 166.5 206.7 256.4
50 9.5 17.5 319 58.3 83.0 106.6 151.8 195.0 236.8 287.5
55 14.3 24.8 43.0 74.4 102.5 128.7 177.4 222.7 265.7 317.1
60 20.2 334 553 91.4 122.6 151.1 202.8 249.8 293.7 3453
65 27.1 432 68.6 109.2 143.2 173.7 227.8 276.2 320.8 3724
70 35.0 53.9 82.9 127.6 164.2 196.3 252.6 302.1 347.1 398.7
75 43.8 65.5 98.0 146.5 185.4 219.0 277.1 327.5 37279 4243
80 5335 78.0 113.7 165.8 206.7 241.7 301.4 3524 397.9 4492
85 63.9 91.2 130.0 185.4 228.2 264.4 3254 377.0 422.6 473.8
90 75.1 105.0 146.8 205.3 249.8 287.0 349.2 401.3 447.1 498.0
95 87.0 119.5 164.1 225.4 271.5 309.7 3729 4254 471.2 521.9

100 99.5 134.5 181.8 245.8 2933 3324 396.5 449.4 4952 545.7
105 112.5 150.0 199.9 266.4 315.2 355.1 420.1 473.3 519.1 569.4
110 126.2 166.0 218.4 287.3 337.2 377.9 443.6 497.1 543.0 593.1
115 140.4 182.4 237.2 308.3 359.4 400.8 467.2 521.0 566.9 616.8
120 155.0 199.3 256.3 329.6 381.8 423.8 490.9 544.9 590.8 640.6
125 170.2 216.7 275.8 351.1 404.3 446.9 514.7 568.9 614.8 664.5
130 185.9 2344 . 2956 372.8 427.0 470.2 538.6 593.0 639.0 688.6




Red pine working group Site Class 2 (SI=15.5 m)

Residual total basal area (m*/ha) Gempesition Index; 60/ pibe

Stand age Residual total basal arca at index age 40 years (m’/ha)

(years) 0.5 1 6 8 12 16 20 25
40 0.5 1.0 2.0 4.0 6.0 8.0 12.0 16.0 20.0 25.0
45 0.9 1.6 29 5.4 7.8 10.1 14.5 18.7 22.8 27.8
50 1.3 2.3 4.0 7.0 9.7 12.2 16.9 213 254 304
55 1.9 32 52 8.7 11.6 14.3 19.3 23.7 27.9 32.8
60 2.6 4.1 6.5 10.4 13.6 16.5 21.6 26.1 30.3 35.2
65 34 52 7.9 12.1 15.6 18.6 23.8 28.5 32.6 374
70 4.2 6.3 9.4 13.9 7.5 20.7 26.1 30.7 349 39.6
75 52 7.5 10.9 15.7 19.5 22.8 28.3 329 37.1 41.8
80 6.2 8.8 12.4 17.6 21.5 24.8 304 35.1 39.3 43.9
85 73 10.1 14.0 19.4 23.5 26.9 32.6 373 41.4 46.0
30 8.4 11.5 15.6 21.3 25.5 29.0 34.7 394 43.5 48.1
95 9.7 12.9 17:3 23.2 275 31.0 36.8 41.5 45.6 50.1
100 10.9 14.4 19.0 25.1 29.5 33.1 38.9 43.7 47.8 522
105 12.2 15.9 20.7 27.0 315 35.2 41.0 45.8 49.9 54.3
110 13.6 17.5 225 29.0 33.6 37.3 432 47.9 52.0 56.4
115 15.0 19.1 243 30.9 35.6 39.3 453 50.1 54.1 58.5
120 16.5 20.7 26.1 329 37.7 41.5 475 52.2 56.3 60.6
125 17.9 224 28.0 34.9 39.8 43.6 49.6 54.4 58.4 62,
130 19.5 24.1 29.9 37.0 41.9 45.7 51.8 56.6 60.6

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

Stand age Residual total basal arca at index age 40 years (m’fha)

(years) 0.5 1 2 4 6 8 12 16 20 25
40 1.4 3.6 7.7 16.5 25.8 35.3 55.0 75.4 96.3 122.9
45 3.2 6.3 12:3 242 359 47.5 70.5 93.2 115.9 144.0
50 53 9.8 18.0 33.0 47.1 60.5 86.4 111.1 135.1 164.2
55 8.2 14.2 24.6 42.7 59.0 74.2 102.5 128.9 153.9 183.9
60 117 19.4 32.1 533 71.6 88.3 118.8 146.5 172.4 202.9
65 15.9 253 40.4 64.4 84.7 102.8 135.1 164.0 190.6 221.5
70 20.7 32.0 49.4 76.2 98.2 117.5 151.5 181.4 208.5 239.8
75 26.3 39.3 59.0 88.4 112.0 132.5 167.9 198.6 226.3 2577
80 324 47.3 69.1 101.0 126.2 147.7 184.4 215.8 243.8 275.5
85 39.1 55.8 79.8 114.1 140.5 163.0 200.9 233.0 261.3 293.2
90 46.3 64.9 90.9 127.4 1552 178.5 217.5 250.1 278.8 310.8
95 54.1 74.5 102.5 141.1 170.1 194.2 234.1 267.3 296.3 328.4
100 62.4 84.5 114.5 155.1 1852  210.1 250.9 284.6 313.8 346.0
105 71.2 95.0 126.9 169.4 2006 226.2 267.8 302.0 3314 363.8
110 80.4 105.9 139.6 184.0 2162 2425 284.9 319.5 349.2 381.6
115 90.1 117.3 152.7 198.9 232.1 259.0 302.2 337.2 367.1 399.7
120 100.2 129.1 166.3 214.1 248.3 275.7 319.7 355.1 385.2 417.9
125 110.8 141.3 180.1 229.6 2647 29238 337.4 373.2 403.6 436.4
130 121.8 153.9 194.4 2455 281.4 310.1 3554 391.6 4222

. . 3

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

Stand age Residual total basal area at index age 40 years (m*/ha)

(years) 0.5 1 4 6 8 12 16 20 25
40 2.9 6.2 13.1 27.9 43.4 59.4 92.3 126.2 160.9 205.1
45 5.4 10.6 20.6 404 59.7 78.9 116.8 154.2 191.4 237.5
50 8.9 16.3 29.8 54.5 77.5 99.6 141.7 182.1 221.1 268.5
55 13.5 23.4 404 70.0 96.4 121.1 166.9 209.5 250.0 298.3
60 19.2 3157 524 86.6 116.2 143.2 192.1 236.7 278.3 327.2
65 259 41.2 65.5 104.2 136.6 165.7 217.3 263.5 306.0 355.3
70 33.6 51.7 79.6 122.5 157.6 188.5 242.5 290.0 333.2 382.8
75 423 63.3 94.6 141.5 179.0 211.6 267.7 316.3 360.0 409.8
80 52.0 75.8 110.5 161.1 200.8 2349 292.8 342.4 386.6 436.5
85 62.5 89.1 127.1 181.2 223.0 2584 318.0 368.5 413.1 463.1
90 73.8 103.2 144.3 201.8 2455  282.1 343.2 394.5 439.4 489.5
95 86.0 118.1 162.2 222.8 268.3 306.1 368.6 420.5 465.7 5159
100 98.8 133.6 180.7 2443 291.4 330.3 394.1 446.6 492.2 542.3
105 112.4 149.9 199.7 266.2 3149 354.8 419.7 472.9 518.7 568.9
110 126.7 166.7 219.3 288.5 3387  379.6 445.6 499.3 5454 595.7
115 141.7 184.2 239.5 311.3 362.9 404. 471.8 526.0 572.4 622.8
120 157.4 202.3 260.1 334.5 387.5  430.1 498.2 553.0 599.6 650.2
125 173.6 221.0 281.4 358.2 412.5 455.9 525.0 580.3 627.2 677.9
130 190.6 240.4 303.1 3823 4379 482, 3522 608.1 655.2




Red pine working group Site Class 2 (SI=15.5 m)

2 & ition Index: 80% pi
Residual total basal area (m°/ha) omposition ndex ¢ pine

Stand age Residual total basal area at index age 40 years (m’fha)
(years) 0.5 2 4 6 8 12 1 20 25
40 0.5 1.0 2.0 4.0 6.0 8.0 12.0 16.0 20.0 25.0
45 0.9 1.6 29 5.4 7.8 10.1 14.5 18.7 22.8 27.8
50 1.3 2.3 4.0 7.0 9.7 12.2 16.9 21.3 254 30.4
55 1.9 32 5.2 8.7 11.6 14.3 19.3 23.7 279 32.8
60 2.6 4.1 6.5 10.4 13.6 16.5 21.6 26.1 303 352
65 34 5.2 7.9 12.1 15.6 18.6 23.8 28.5 32.6 37.4
70 4.2 6.3 9.4 13.9 17.5 20.7 26.1 30.7 34.9 39.6
75 3.2 7.5 10.9 15.7 19.5 22.8 28.3 329 37.1 41.8
80 6.2 8.8 12.4 17.6 21.5 24.8 30.4 35.1 393 43.9
85 1.3 10.1 14.0 19.4 23.5 26.9 32.6 37.3 41.4 46.0
90 8.4 11.5 15.6 21.3 25.5 29.0 347 39.4 435 48.1
95 9.7 12.9 17.3 23.2 27.5 31.0 36.8 41.5 45.6 50.1
100 10.9 14.4 19.0 25.1 29.5 33.1 389 43.7 47.8 52.2
105 12.2 15.9 20.7 27.0 31.5 35.2 41.0 45.8 49.9 54.3
110 13.6 17.5 22.5 25.0 33.6 37.3 43.2 47.9 52.0 56.4
115 15.0 19.1 243 30.9 35.6 39.3 453 50.1 54.1 58.5
120 16.5 20.7 26.1 32.9 377 41.5 47.5 52.2 56.3 60.6
125 17.9 224 28.0 349 39.8 43.6 49.6 544 58.4 62.8
130 19.5 24.1 29.9 37.0 41.9 45.7 51.8 56.6 60.6
. . . 3
Gross merchantible volume of red and white pine (m’/ha)
Stand age Residual total basal area at index age 40 years (m’/ha)
(years) 0.5 1 6 1 16 20 25
40 22 4.7 10.1 21.6 33.7 46.1 71.9 98.5 125.8 160.6
45 4.2 8.2 16.1 31.6 46.9 62.1 92.1 121.8 151.4 188.1
50 7.0 12.8 235 43.1 61.5 79.1 112.8 145.1 176.5 214.6
55 10.7 18.5 32.2 55.8 77.1 97.0 133.9 168.4 201.1 240.2
60 15.3 253 42.0 69.6 93.6 115.4 155.2 191.4 2253 265.1
65 20.7 33.1 52.8 84.2 110.7 134.3 176.5 2143 249.0 289.4
70 27.1 41.8 64.5 99.5 128.3 153.6 197.9 236.9 272.4 313.3
75 343 514 Tl 115.5 146.4 173.1 2194 259.5 295.6 336.7
80 42.3 61.8 90.3 132.0 164.8 192.9 240.9 282.0 318.6 360.0
85 51.0 72.9 104.3 149.0 183.6 213.0 262.4 304.4 3414 383.0
90 60.5 84.8 118.8 166.5 202.8 233.2 284.1 326.8 364.3 406.0
95 70.7 97.3 133.9 184.3 222.2 253.7 305.9 349.2 387.1 429.0
100 81.5 110.4 149.6 202.6 242.0 274.5 327.8 371.8 410.0 452.1
105 93.0 124.1 165.7 2213 262.1 295.5 349.9 394.5 433.0 4752
110 105.0 138.4 182.4 240.4 282.5 316.8 3722 417.4 456.2 498.6
115 117.7 153.3 199.6 259.8 303.2 338.3 394.8 440.5 479.6 522.1
120 131.0 168.7 217.2 279.7 3243 360.2 417.7 463.9 503.3 546.0
125 144.8 184.6 235.3 300.0 345.8 382.5 4409 487.6 527.3 570.1
130 159.2 201.1 253.9 320.7 367.7 405.1 464.4 511.6 551.6

Gross merchantible volume of all species (r’rl3lha)

Stand age Residual total basal area at index age 40 years (m*/ha)

(years) 0.5 | 8 12 16 20 25
40 25 6.2 13.1 27.9 43.4 59.4 92.3 126.2 160.9 205.1
45 5.4 10.6 20.6 40.4 59.7 78.9 116.8 154.2 191.4 237.5
50 8.9 16.3 29.8 54.5 113 99.6 141.7 182.1 221.1 268.5
55 13.5 234 404 70.0 96.4 121.1 166.9 209.5 250.0 298.3
60 19.2 31.7 524 86.6 116.2 143.2 192.1 236.7 278.3 327.2
635 25.9 41.2 65.5 104.2 136.6 165.7 217.3 263.5 306.0 3553
70 33.6 51.7 79.6 122.5 157.6 188.5 242.5 290.0 333.2 382.8
75 423 63.3 94.6 141.5 179.0 211.6 267.7 316.3 360.0 409.8
80 52.0 75.8 110.5 161.1 200.8 234.9 292.8 3424 386.6 436.5
85 62.5 89.1 12711 181.2 223.0 258.4 318.0 368.5 413.1 463.1
90 73.8 103.2 144.3 201.8 245.5 282.1 3432 394.5 4394 489.5
95 86.0 118.1 162.2 222.8 268.3 306.1 368.6 420.5 465.7 515.9

100 98.8 133.6 180.7 2443 291.4 330.3 394.1 446.6 492.2 542.3
105 112.4 149.9 199.7 266.2 3149 354.8 419.7 472.9 518.7 568.9
110 126.7 166.7 219.3 288.5 338.7 379.6 445.6 499.3 545.4 595.7
115 1417 184.2 239:5 311.3 362.9 404.7 471.8 526.0 572.4 622.8
120 157.4 202.3 260.1 334.5 387.5 430.1 498.2 553.0 599.6 650.2
125 173.6 221.0 281.4 358.2 412.5 455.9 525.0 580.3 627.2 677.9
130 190.6 240.4 303.1 3823 437.9 482.1 552.2 608.1 655.2




Red pine working group Site Class 2 (SI=15.5 m)

; C ition Index: 100% pi
Residual total basal area (m’/ha) Sipesiion 1haex; 100 e

Stand age Residual total basal area at index age 40 years (m*/ha)
(years) 0.5 1 6 8 12 20 25
40 0.5 1.0 2.0 4.0 6.0 8.0 12.0 16.0 20.0 25.0
45 0.9 1.6 2.9 5.4 7.8 10.1 14.5 18.7 22.8 27.8
50 1.3 23 4.0 7.0 9.7 12.2 16.9 21.3 25.4 30.4
55 1.9 3.2 5.2 8.7 11.6 14.3 19.3 23.7 27.9 32.8
60 2.6 4.1 6.5 10.4 13.6 16.5 21.6 26.1 30.3 35.2
65 34 52 7.9 124 15.6 18.6 23.8 28.5 326 374
70 4.2 6.3 9.4 13.9 17.5 20.7 26.1 30.7 34.9 39.6
75 52 1.5 10.9 157 19.5 22.8 283 32.9 37.1 41.8
80 6.2 8.8 12.4 17.6 21.5 24.8 30.4 35.1 393 43.9
85 1.3 10.1 14.0 19.4 23: 26.9 32.6 373 41.4 46.0
90 8.4 11.5 15.6 21.3 25.5 29.0 34.7 394 43.5 48.1
95 9.7 12.9 17.3 23.2 275 31.0 36.8 41.5 45.6 50.1
100 10.9 14.4 19.0 25.1 295 33.1 38.9 43.7 47.8 52.2
105 12.2 15.9 20.7 27.0 31.5 35.2 41.0 45.8 49.9 543
110 13.6 17.5 22.5 29.0 33.6 37.3 43.2 47.9 52.0 56.4
115 15.0 19.1 24.3 30.9 35.6 39.3 45.3 50.1 54.1 58.5
120 16.5 20.7 26.1 329 37.7 41.5 47.5 522 56.3 60.6
125 17.9 224 28.0 34.9 39.8 43.6 49.6 54.4 58.4 62.8
130 19.5 24.1 29.9 37.0 41.9 45.7 51.8 56.6 60.6
: . . 3
Gross merchantible volume of red and white pine (m’/ha)
Stand age Residual total basal area at index age 40 years (m°fha)
(years) 0.5 1 6 8 12 16 20 25
40 2.7 5.8 12.4 26.6 414 56.8 88.5 121.2 154.8 197.6
45 5.1 10.1 19.8 38.9 57.7 76.4 113.3 149.9 186.2 231.4
50 8.6 15.7 28.9 53.0 75.6 97.3 138.8 178.6 217.1 264.0
55 13.1 22.8 39.6 68.7 94.9 119.3 164.8 207.2 2474 295.6
60 18.8 31.1 51.6 85.6 115.1 142.0 190.9 2355 277.2 326.2
65 25.5 40.7 64.9 103.6 136.1 165.3 217.2 263.6 306.4 356.1
70 333 51.5 79.4 122.5 157.8 189.0 243.5 291.5 335.2 3854
75 422 63.3 94.8 142.1 180.1 213.0 269.9 319.3 363.7 414.3
80 52.0 76.0 111.1 162.4 202.8 2374 296.4 346.9 392.0 442.9
85 62.8 89.8 128.3 183.3 2259 2620 3229 374.5 420.1 471.3
90 74.5 104.3 146.2 204.8 2495 287.0 349.6 402.1 448.2 499.6
95 87.0 119.7 164.8 226.8 2734 3122 376.4 4297 476.3 527.9
100 100.3 135.9 184.0 249.3 297.7 337.7 403.3 457.5 504.5 556.2
105 114.4 152.7 203.9 2723 3225 363.6 430.5 485.4 532.8 584.7
110 129.2 170.3 224.4 295.8 347.6  389.7 458.0 513.6 561.3 613.5
115 144.8 188.6 245.5 319.7 373.1 416.3 485.8 542.0 590.1 642.5
120 161.1 207.5 267.3 344.2 399.1 443.2 513.9 570.8 619.3 671.8
125 178.2 227.1 289.6 369.2 4255  470.6 542.4 600.0 648.8 701.5
130 195.9 247.4 312.5 394.6 4524 4984 571.4 629.5 678.7

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

Stand age Residual total basal area at index age 40 years (m*/ha)

(years) 0.5 1 2 4 6 8 12 16 20 25
40 2.9 6.2 13.1 27.9 43.4 59.4 92.3 126.2 160.9 205.1
45 54 10.6 20.6 40.4 59.7 78.9 116.8 154.2 191.4 237.5
50 8.9 16.3 29.8 54.5 77.5 99.6 141.7 182.1 2211 268.5
35 13.5 23.4 40.4 70.0 96.4 121.1 166.9 209.5 250.0 298.3
60 19.2 o T 524 86.6 116.2 143.2 192.1 236.7 278.3 327.2
65 259 41.2 65.5 104.2 136.6 165.7 217.3 263.5 306.0 355.3
70 33.6 51.7 79.6 122.5 157.6 188.5 2425 290.0 3332 382.8
T5 423 63.3 94.6 141.5 179.0 211.6 267.7 316.3 360.0 409.8
80 52.0 75.8 110.5 161.1 200.8 2349 292.8 3424 386.6 436.5
85 62.5 89.1 127.1 181.2 223.0 258.4 318.0 368.5 413.1 463.1
90 73.8 103.2 144.3 201.8 245.5 282.1 3432 394.5 4394 489.5
95 86.0 118.1 162.2 222.8 268.3 306.1 368.6 420.5 465.7 515.9

100 98.8 133.6 180.7 2443 291.4 330.3 394.1 446.6 492.2 542.3
105 112.4 149.9 199.7 266.2 314.9 354.8 419.7 4729 518.7 568.9
110 126.7 166.7 2193 288.5 338.7 379.6 445.6 4993 5454 595.7
115 141.7 184.2 239.5 311.3 3629 404.7 471.8 526.0 572.4 622.8
120 157.4 202.3 260.1 334.5 387.5 430.1 498.2 553.0 599.6 650.2
125 173.6 221.0 281.4 358.2 412.5 455.9 525.0 580.3 627.2 677.9
130 190.6 240.4 303.1 382.3 437.9 482.1 552.2 608.1 655.2




Red pine working group Site Class 3 (SI=12.1 m)

5 Co sition Index: 60% pine
Residual total basal area (m“/ha) HPOSTHO P

Stand age Residual total basal area at index age 40 years (mfha)
(years) 0.5 1 2 6 8 12 20 25
40 0.5 1.0 2.0 4.0 6.0 8.0 12.0 16.0 20.0 25.0
45 0.9 1.6 3.0 5.5 7.9 10.2 14.7 19.0 23.1 28.2
50 1.4 24 4.1 7.2 10.0 12.5 17.4 21.8 26.1 31.2
35 2.0 33 54 9.0 12.1 14.9 20.0 24.7 29.0 34.1
60 257 4.3 6.9 10.9 14.3 17.3 22.7 275 319 37.0
65 3.6 5.5 8.4 12.9 16.5 19.7 493 30.2 34.7 39.8
70 4.5 6.8 10.0 14.9 18.8 22.2 28.0 329 374 42.5
75 5.6 8.1 11.8 17.0 21.1 24.6 30.6 357 40.2 45.2
80 6.8 9.6 13.6 19.2 23.5 27.1 332 38.4 42.9 48.0
85 8.0 11.2 15.5 21.4 259 29.7 359 41.1 45.7 50.7
90 9.4 12.8 17.4 23.7 28.4 32.2 38.6 43.9 48.4 53.5
95 10.8 14.5 19.4 26.0 30.8 34.8 41.3 46.6 51.2 56.3
100 12.4 16.3 21.5 28.4 334 37.5 44.0 49.4 54.0 59.1
105 14.0 18.2 23.7 30.8 36.0 40.1 46.8 523 56.9 61.9
110 15.6 20.1 259 333 38.6 429 49.7 55.1 59.8 64.9
115 17.4 22.1 28.2 359 41.3 45.6 52.5 58.1 62.8
120 19.2 242 30.5 38.5 44.0 48.5 55.5 61.1
12 21.2 26.4 33.0 41.1 46.8 51.4 58.5 64.1
13 23.1 28.6 355 43.9 49.7 543 61.5
. - 2 3
Gross merchantible volume of red and white pine (m’/ha)
Stand age Residual total basal area at index age 40 years (m’/ha)
(years) 0.5 1 2 6 8 12 16 20 25
40 1.5 32 6.8 14.6 22.8 31:2 48.7 66.7 85.1 108.7
45 2.9 5.6 11.1 211 322 42.6 63.3 83.7 104.0 129.2
50 4.9 8.9 16.4 30.0 42.8 55.1 78.6 101.2 123.0 149.5
55 19 13.1 22.7 394 54.4 68.4 94.5 118.9 142.0 169.6
60 10.9 18.1 30.0 49.7 66.8 82.5 110.9 136.8 160.9 189.4
65 15.0 23.9 38.1 60.8 80.0 97.1 127.5 154.8 179.9 209.1
70 19.8 30.5 47.1 72.7 93.7 112.2 144.6 173.1 199.0 228.8
15 253 37.9 56.9 853 108.0 127.8 161.9 191.6 218.2 248.6
80 1.5 46.1 67.4 98.4 122.9 143.9 179.6 210.2 237.6 268.4
85 38.4 54.9 78.5 112.2 138.3 160.4 197.6 2292 257.1 288.4
90 46.0 64.5 90.3 126.6 154.2 177.3 216.0 248.4 276.9 308.7
95 54.2 74.7 102.8 141.5 170.5 194.7 234.8 268.0 297.1 329.3
100 63.1 85.5 1159 156.9 187.4 212.6 253.9 288.0 317.6 350.2
105 72.7 97.0 129.6 173.0 204.9 231.0 273.5 308.4 338.5 371.5
110 82.8 109.2 143.9 189.6 222.8 249.8 293.6 329.2 359.8 393.3
115 93.7 122.0 158.8 206.8 241.3 269.2 314.2 350.6 381.7
120 105.1 135.4 174.4 224.6 260.4 289.2 3353 3724
125 117.3 149.5 190.6 243.0 280.0 309.7 357.0 394.9
130 130.0 164.2 2074 262.0 300.3 330.9 3793
) - 3
Gross merchantible volume of all species (m”/ha)
Stand age Residual total basal area at index age 40 years (m’/ha)
(years) 0.5 1 8 12 16 20 25
40 25 5.3 11.4 242 37.6 51.4 79.8 109.2 139.2 177.4
45 4.7 9.3 18.1 35.5 525 69.3 102.6 135.5 168.1 208.6
50 7.9 14.5 26.5 48.5 69.1 88.7 126.3 162.2 196.9 239.2
55 12.2 21.1 36.5 63.1 87.0 109.3 150.6 189.1 225.6 269.1
60 17.5 28.9 47.8 79.1 106.1 130.7 175.4 216.1 254.1 298.7
65 239 38.0 60.5 96.2 126.2 153.0 200.7 2433 282.6 328.1
70 314 48.3 743 114.4 147.1 176.0 226.4 270.7 311.0 3573
75 399 59.7 89.3 133.5 168.9 199.6 252.5 298.4 339.6 386.5
80 49.5 72.2 105.3 153.5 191.4 223.8 279.0 326.3 368.4 415.9
85 60.1 85.7 122.2 174.3 214.6 248.6 306.0 3545 3974 4455
90 TLT 100.3 140.2 196.0 238.5 274.0 333.4 383.2 426.8 475.4
95 84.3 115.8 159.0 218.5 263.1 300.1 361.4 412.3 456.6 505.8
100 97.8 132.2 178.8 241.7 288.4 326.8 389.9 441.9 487.0 536.7
105 112.3 149.6 199.4 265.8 314.4 3543 419.1 472.2 517.9 568.1
110 127.7 168.0 221.0 290.7 341.3 3824 448.9 503.0 549.5 600.2
115 144.0 187.2 2434 316.4 368.9 411.3 479.5 534.6 581.8
120 161.3 207.4 266.7 343.0 397.3 441.0 510.8 567.0
125 179.6 228.6 291.0 370.4 426.6 471.5 543.0 600.2
130 198.8 250.7 316.2 398.8 456.8 502.9 576.0




Red pine working group Site Class 3 (SI=12.1 m)

] C ” ’ ;
Residual total basal area (m°/ha) Smpasiion Idea: S0% D

Stand age Residual total basal arca at index age 40 years (m*/ha)

(years) 0.5 1 2 8 12 20 25
40 0.5 1.0 2.0 4.0 6.0 8.0 12.0 16.0 20.0 25.0
45 0.9 1.6 3.0 5.5 7.9 10.2 14.7 19.0 23.1 28.2
50 1.4 2.4 4.1 1.2 10.0 12.5 17.4 21.8 26.1 312
55 2.0 34 54 9.0 12.1 14.9 20.0 24.7 29.0 34.1
60 2.7 4.3 6.9 10.9 14.3 17.3 22.7 24.5 31.9 37.0
65 3.6 5.5 8.4 12.9 16.5 19.7 25.3 30.2 34.7 39.8
70 4.5 6.8 10.0 14.9 18.8 222 28.0 32.9 374 42.5
75 5.6 8.1 11.8 17.0 21.1 24.6 30.6 35.7 40.2 45.2
80 6.8 9.6 13.6 19.2 23.5 27.1 33.2 384 429 48.0
85 8.0 11.2 15.5 21.4 259 29.7 359 41.1 45.7 50.7
90 94 12.8 17.4 23.7 28.4 322 38.6 43.9 48.4 53.5
95 10.8 14.5 19.4 26.0 30.8 34.8 41.3 46.6 51.2 56.3
100 12.4 16.3 21.5 28.4 334 375 44.0 494 54.0 59.1
105 14.0 18.2 23.7 30.8 36.0 40.1 46.8 52.3 56.9 61.9
110 15.6 20.1 259 333 38.6 42.9 49,7 53.] 59.8 64.9
115 17.4 22:1 28.2 35.9 41.3 45.6 52.5 58.1 62.8
120 19.2 24.2 30.5 38.5 44.0 48.5 55.5 61.1
125 21.2 264 33.0 41.1 46.8 51.4 58.5 64.1
130 23.1 28.6 355 43.9 49.7 54.3 61.5

. . . 3

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

Stand age Residual total basal area at index age 40 years (m*/ha)

(years) 0.5 1 8 12 16 20 25
40 2.0 4.2 8.9 19.1 29.8 40.8 63.6 87.1 111.2 142.0
45 3.8 74 14.5 28.4 42.1 55.7 82.7 109.4 135.9 168.9
50 6.4 11.7 214 39.2 56.0 72.0 102.7 132.2 160.7 195.4
55 9.8 17.1 29.7 51.5 71.1 89.4 123.5 155.3 185.5 221.5
60 14.2 23.6 39.2 65.0 87.3 107.7 144.8 178.7 210.3 247.5
65 19.6 31.2 49.8 79.5 104.5 126.8 166.6 202.3 235.1 273.2
70 259 399 61.6 95.0 122.4 146.6 188.9 226.1 260.0 299.0
75 33.1 49.6 74.3 111.4 141.1 167.0 211.6 250.3 285.1 3248
80 41.2 60.2 88.0 128.6 160.6 187.9 234.7 274.7 310.4 350.7
85 50.2 71.8 102.6 146.6 180.7 209.5 258.2 299.4 335.9 376.8
90 60.1 84.2 118.0 165.3 201.4 231.7 282.2 324.6 361.8 403.3
95 70.9 97.6 134.3 184.8 222.8 254.4 306.7 350.2 388.1 430.2
100 82.5 111.7 151.4 205.0 2449 277.8 3317 376.3 414.9 457.5
105 94.9 126.8 169.3 226.0 267.6 301.8 3574 402.9 4422 485.3
110 108.2 142.6 188.0 247.7 291.1 3264 383.6 430.1 470.1 513.8
115 122.4 159.3 207.5 270.2 315. 351.8 410.5 458.0 498.6
120 137.4 176.9 227.8 293.4 340.2 377.8 438.1 486.6
125 153.2 195.3 249.0 3174 365.9 404.7 466.4 515.9
130 169.9 214.6 271.0 3423 3924 4323 495.6

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

Stand age Residual total basal area at index age 40 years (m’/ha)

(years) 0.5 1 2 6 8 12 16 20 25
40 2.5 5.3 11.4 24.2 37.6 514 79.8 109.2 1392 177.4
45 4.7 0.3 18.1 35.5 52.5 69.3 102.6 135.5 168.1 208.6
50 7.9 14.5 26.5 48.5 69.1 88.7 126.3 162.2 196.9 239.2
55 12.2 21.1 36.5 63.1 87.0 109.3 150.6 189.1 225.6 269.1
60 17.5 28.9 47.8 79.1 106.1 130.7 175.4 216.1 254.1 298.7
65 239 38.0 60.5 96.2 126.2 153.0 200.7 2433 282.6 328.1
70 314 48.3 74.3 114.4 147.1 176.0 226.4 270.7 311.0 3573
75 39.9 59.7 89.3 133.5 168.9 199.6 2525 298.4 339.6 386.5
80 49.5 122 105.3 15335 191.4 223.8 279.0 326.3 368.4 415.9
85 60.1 85.7 122.2 174.3 214.6 248.6 306.0 3545 397.4 445.5
90 TLT 100.3 140.2 196.0 2385 274.0 3334 383.2 426.8 4754
95 84.3 115.8 159.0 218.5 263.1 300.1 361.4 412.3 456.6 505.8

100 97.8 132.2 178.8 241.7 288.4 326.8 389.9 441.9 487.0 536.7
105 112.3 149.6 199 .4 265.8 3144 3543 419.1 472.2 517.9 568.1
110 127.7 168.0 221.0 290.7 341.3 3824 448.9 503.0 549.5 600.2
115 144.0 187.2 243.4 316.4 368.9 411.3 479.5 534.6 581.8

120 161.3 207.4 266.7 343.0 307.3 441.0 510.8 567.0

125 179.6 228.6 291.0 370.4 426.6 471.5 543.0 600.2

130 198.8 250.7 316.2 398.8 456.8 502.9 576.0




Red pine working group Site Class 3 (SI=12.1 m)

Composition Index: 100% pine
Residual total basal area (m’/ha) P o p

Stand age Residual total basal area at index age 40 years (m?/ha)

(years) 0.5 1 8 12 20 25
40 0.5 1.0 2.0 4.0 6.0 8.0 12.0 16.0 20.0 25.0
45 0.9 1.6 3.0 5.5 7.9 10.2 14.7 19.0 23.1 28.2
50 1.4 2.4 4.1 02 10.0 125 17.4 21.8 26.1 31.2
55 2.0 3.3 5.4 9.0 12.1 14.9 20.0 24.7 29.0 34.1
60 2.7 4.3 6.9 10.9 14.3 17.3 22.7 27.5 31.9 37.0
65 3.6 35 8.4 12.9 16.5 19.7 253 30.2 34.7 39.8
70 4.5 6.8 10.0 14.9 18.8 222 28.0 32.9 374 42.5
75 5.6 3.1 11.8 17.0 21.1 24.6 30.6 35.7 40.2 452
80 6.8 9.6 13.6 19.2 23.5 27.1 33.2 38.4 429 48.0
85 8.0 11.2 15.5 214 259 29.7 35.9 41.1 457 50.7
90 9.4 12.8 17.4 23.7 28.4 32.2 38.6 43.9 48.4 53.5
95 10.8 14.5 19.4 26.0 30.8 34.8 41.3 46.6 51.2 56.3

100 12.4 16.3 21.5 28.4 334 375 44.0 494 54.0 59.1
105 14.0 18.2 23.7 30.8 36.0 40.1 46.8 52.3 56.9 61.9
110 15.6 20.1 259 333 38.6 429 49.7 55.1 59.8 64.9
115 17.4 22.1 28.2 359 41.3 45.6 52.5 58.1 62.8
120 19.2 24.2 30.5 38.5 44.0 48.5 55.5 61.1
125 21.2 26.4 33.0 41.1 46.8 514 58.5 64.1
130 23.1 28.6 355 43.9 49.7 54.3 61.5

. . . 3

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

Stand age Residual total basal area at index age 40 years (m’/ha)

(ycars) 0.5 1 6 8 12 16 20 25
40 24 3.2 11.0 235 36.6 50.2 78.2 107.2 136.8 174.7
45 4.6 9.1 17.8 34.9 51.8 68.6 101.7 134.6 167.2 207.8
50 7.8 14.3 26.3 48.3 68.9 88.6 126.4 162.6 197.7 240.4
55 12.1 21.0 36.5 63.4 87.5 110.0 151.9 191.1 228.2 272.6
60 17.5 29.1 48.2 79.9 107.4 132.6 178.2 219.8 258.7 304.5
65 24.1 38.4 61.3 97.8 128.5 156.0 205.0 248.9 289.3 336.2
70 31.8 49.1 75.8 116.9 150.6 180.3 2324 278.2 319.9 367.9
75 40.7 61.0 91.4 137.1 173.7 205.4 260.3 307.9 350.8 399.6
80 50.7 74.1 108.3 158.2 197.6 2313 288.7 338.0 381.9 431.5
85 61.8 88.3 126.2 180.4 222.3 257.8 317.7 368.4 413.3 463.7
90 74.0 103.6 145.2 203.4 247.8 285.0 347.2 399.4 4452 496.3
95 87.2 120.0 165.2 2274 274.2 313.0 3774 430.9 477.6 529.3
100 101.5 137.5 186.2 2523 301.3 341.8 408.2 463.0 510.5 562.9
105 116.8 156.0 208.3 278.1 329.3 371.3 439.7 495.8 544.1 597.2
110 133:2 175.5 231.3 304.8 358.2 401.6 472. 529.3 578.4 632.2
115 150.6 196.1 255.3 3324 387.9 4328 505.1 563.6 613.5
120 169.0 217.9 280.3 361.0 418.6 464.9 539.0 598.7
125 188.5 240.3 306.4 390.6 450.2 497.9 573. 634.8
130 209.0 264.0 3335 421.2 482.8 531.9 609.8

. . 3

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

Stand age Residual total basal area at index age 40 years (m*/ha)

(years) 0.5 1 2 8 12 16 20 25
40 2.5 5.3 11.4 242 37.6 51.4 79.8 109.2 139.2 177.4
45 4,7 9.3 18.1 355 52.5 69.3 102.6 135.5 168.1 208.6
50 7.9 14.5 26.5 48.5 69.1 88.7 126.3 162.2 196.9 239.2
55 12.2 21.1 36.5 63.1 87.0 109.3 150.6 189.1 225.6 269.1
60 17.5 28.9 47.8 79.1 106.1 130.7 175.4 216.1 254.1 298.7
65 23.9 38.0 60.5 96.2 126.2 153.0 200.7 2433 282.6 328.1
70 314 48.3 74.3 114.4 147.1 176.0 226.4 270.7 311.0 357.3
75 399 59.7 89.3 133.5 168.9 199.6 252.5 298.4 339.6 386.5
30 49.5 722 105.3 153.3 191.4 2238 279.0 32603 368.4 415.9
85 60.1 85.7 122.2 174.3 214.6 248.6 306.0 3545 397.4 445.5
90 71.7 100.3 140.2 196.0 238.5 274.0 3334 383.2 426.8 4754
95 84.3 115.8 159.0 218.5 263.1 300.1 3614 4123 456.6 505.8
100 97.8 132.2 178.8 241.7 288.4 326.8 389.9 441.9 487.0 536.7
105 112.3 149.6 199.4 265.8 3144 354.3 419.1 472.2 517.9 568.1
110 127.7 168.0 221.0 290.7 341.3 3824 448.9 503.0 549.5 600.2
115 144.0 187.2 243.4 316.4 368.9 411.3 479.5 534.6 581.8
120 161.3 207.4 266.7 343.0 3973 441.0 510.8 567.0
125 179.6 228.6 291.0 370.4 426.6 471.5 543.0 600.2
130 198.8 250.7 316.2 398.8 456.8 502.9 576.0




APPENDIX 5

BASAL AREA HARVESTED vs PREHARVEST BASAL AREA
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