STAND TABLE PROJECTION MODELS FOR

NORTHWESTERN ONTARIO’S FOREST TYPES

BIJAN PAYANDEH

GREAT LAKES FOREST RESEARCH CENTRE
SAULT STE. MARIE, ONTARIO

REPORT 0-X-298

CANADIAN FORESTRY SERVICE
DEPARTMENT OF THE ENVIRONMENT
JUNE 1979

Copies of this report may be obtained
from:

Information Office,

reat Lakes Forest Research Centre,.
Canadian Forestry Service,
Department of the Enviromment,

Box 490,

Sault Ste. Marie, Ontario.

P64 5M7



ABSTRACT

Growth data from 347 permanent plots were used to develop a
system of nonlinear difference equations for estimating the main growth
components of a stand, namely: ingrowth, mortality and survivor growth
per 5 cm diameter class for northwestern Ontario's forest types. Net
5-year change in the number of trees in a diameter class was treated as
the primary dependent variable. Application of the resulting equations
to actual tree tallies from a plot or stand leads to 5-year growth pro-
jection, i.e., a projected stand table. For projection periods longer
than 5 years, the new stand table developed from the previous 5-year
projection is used as the initial condition for the next 5-year projec-
tion, etc.

To reduce the computational efforts involved in applying the
system of equations, a computer program is included which can be used to
produce detailed stand tables from sample plot (or point) data by 5-year
growth periods for any length of time. Various thinning options with
which one may evaluate the effects of different intermediate harvest
rules on the final stand structure and total growth and yield are also
included in the program.

To demonstrate the application of the results of this study,
stand table projections for the two sample stands are provided and the
effects of different harvesting rules on the stand structure are
discussed.



RESUME

. On a utilisé les données de croissance de 347 placettes d'échan-
tillonnage permanentes pour mettre au point un systéme d'équations dif-
férentielles non linéaires permettant d'é@valuer les principales com-
posantes de croissance d'un peuplement, soit la croissance dans les
classes supérieures, la mortalit& et la croissance des survivants par
classe de 5 cm de diamétre des types forestiers du nord-ouest de
1'Ontario. Le changement net du nombre d'arbres dans une classe don-
née de diamétre au cours d'une période de 5 ans fut considéré comme la
principale variable dépendante. L'application des Equations qui en
résultent aux enregistreurs d'arbres d'une placette ou d'un peuplement
méne 2 une projection de croissance de 5 ans, c.-2-d. 3 un tableau
d'inventaire projeté. Pour des périodes de projection de plus de 5 ans,
le nouveau tableau d'inventaire mis au point 2 partir de la projection
quinquennale précédente est utilisé comme condition initiale pour la
projection quinquennale suivante, et ainsi de suite.

Un programme informatisé pour diminuer les efforts de calcul
dans 1l'application du syst&me d'équations est inclus et pourra servir
a préparer des tableaux d'inventaire détaillés a partir de données
provenant de placettes (ou points) d'échantillonnage, par périodes de
croissance de 5 ans, pour n'importe quelle durée. Le programme con-
tient en plus dlverses options d'éclaircie, avec lesquelles on pourra
évaluer les effets qu'auront les réglements d'exploitation sur la
structure finale du peuplement et sur la croissance et le rendement
global.

Pour démontrer 1l'application des résultats de cette etude,
1'auteur fournit des projections de tableaux d'inventaire des deux peu-
plements &chantillonnés; il traite aussi de 1'influence dec réglements
d'exploitation sur la structure des peuplements.
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INTRODUCTION

Much of northwestern Ontario's productive forest land is
occupied by mixed pulpwood stands. Although the annual rate of
harvest from these stands is still well below the allowable ent, 4t
has been projected (Anon. 1966) that much greater demands will be
placed on this forest resource by the turn of the century. Such
demands will result from a sharp increase in wood use by Canada's
pulp and paper industry and an ever increasing demand for the recrea-
tional use of forest lands in Ontario. In addition it is speculated
that forest biomass will be used to produce up to 25% of Canada's
energy needs by the year 2000!.

For proper management of such a complex forest resource,
information is needed on its extent, composition and growth and
yield. Although several major studies have been undertaken on these
forest types over the past 30 years, no comprehensive growth and
yield information has been published to date.

In 1948, several pulp and paper companies jointly requested
that the Ontario District of the then Forestry Branch, Department of
Mines and Resources, provide growth and yield information on the
forest types of the Nipigon area (Bedell and MacLean 1952). The
companies involved agreed to collect the information while the
Forestry Branch agreed to compile and analyze it. 1In 1974 it was
agreed that, as a primary objective, Environment Canada's Forest
Management Institute would prepare separate stand development tables
for American Can of Canada Ltd. and Kimberly-Clark of Canada Ltd.

It was also agreed that, once the primary objective was satisfied,
the data could be used for further growth and yield analysis.

Evert (1975) prepared stand development curves and tables for
each company by forest type, but without stratification by site. This
useful report was well received by both companies and thus satisfied
the primary objective. Evert (1976a) later prepared variable density
yield tables for the jack pine (Pinus banksiana Lamb.) cover type for
three broad site classes. He also developed (Evert 1976b) equations
and tables indicating loss of volume due to regular mortality for
each of five cover types within the pulpwood stands.

Although Evert's (1975, 1976a, 1976b) reports provided badly
needed growth and yield information, it was felt that further analysis
of the data could provide more specific information.

The purpose of this report is to present results of further
analysis of the data wherein regression models were developed for

INotes for an address by Hon. Len Marchand, Minister of Environment
Canada, at Yale University, New Haven, Conn. April 4, 1978, (21 ms.
pages) :



predicting stand growth components by diameter class--namely ingrowth,
mortality and accretion or survivor growth. Such a system of equations
can provide a useful mechanism to predict short-term growth and structural
changes in stand size-class distribution. Two examples are given to
demonstrate the application of such models in stand growth projection,

as well as a FPRTRAN program to facilitate the computations involved.
Before describing the results, however, it is desirable to review

briefly approaches to stand growth modeling.

STAND GROWTH MODELING

Forest stand growth and yield has been the subject of extensive
research for many years in various countries (c.f. Vuokila 1966, Curtis
1972). Bella (1970) suggests that perhaps more data have been gathered
on growth, yield and stand development than on any other aspect of
forestry research. Ek and Monserud (1975) grouped stand growth modeling
approaches into five categories: 1) traditional yield table methodology,
2) differential or difference equations, 3) stochastic processes,

4) distributional methods, and 5) individual tree simulation models.
The stand table projection approach developed here falls in the second
category. Several of the major papers in this area are discussed
briefly below.

Over the past two decades, differential or difference equations
have been used to describe the rate of change of various stand compo-
nents. Buckman (1962) expressed the growth rate of even-aged stands
as a function of age, site index and stocking in a differential expres-
sion, numerical integration of which will provide yield prediction
over time. In a similar manner, Clutter (1963) developed. rate equations
which, when integrated, result in closed form expressions for yield
prediction.

Moser (1972) developed nonlinear regression models for the three
basic growth components: ingrowth, mortality and survivor growth of an
uneven-aged hardwood stand in Wisconsin. He used a simple negative
exponential decay function to describe mortality in terms of changes
in the number of trees present. The number of ingrowth trees was
estimated by using an exponential model expressed as a function of
average tree size in the stand. Survivor basal area growth was ’

- estimated on a stand basis by using the derivative form of the Richards
(1959) growth function as described by Piennar (1965).

Leary (1968) developed a system of nonlinear ordinary differen-
tial equations for predicting survivor growth of northern hardwood
stands by size class. The main assumption in his model was that
growth of a size class was affected by competition only from larger
size classes.



Ek (1974) developed nonlinear difference models for ingrowth,
mortality and survivor growth of uneven-aged hardwood stands in terms
of 2 in. (5 cm) diameter class increments. Such a system of equations
is recursive while those of Leary (1968, 1970) and Moser (1972) are
simultaneous. The main advantage of this approach is that it facili-
tates the application of mathematical programming methodology to
develop optimal tree size class distributions as demonstrated by Adams
and Ek (1974). This follows from the fact that, in a recursive system,
the distribution at any point in time is a function only of initial
conditions.

MATERIALS AND METHODS

The data set used was that previously described by Evert
(1975). Briefly, the data consisted of records on 347 permanent cir-
cular growth plots established in 1948 in northwestern Ontario and
maintained by American Can of Canada Ltd. and Kimberly-Clark of Canada
Ltd. Plot sizes varied from .04 to .08 ha in size. Each plot had
been remeasured from one to three times, usually at 5-year intervals.
Plot data consisted of cover typez, broad site classes according to
Hills' (1954) site classification, initial stand age, tree species
and diameter at breast height (DBH) of all trees >1.5 cm DBH.

An estimate of plot site index based on average stand DBH-age
relationship derived from Plonski's (1956) yield tables was obtained
and applied according to plot cover type, i.e., site index expression
for black spruce was used for black spruce cover type, that of jack
pine was used for jack pine, mixed softwood and mixedwood cover types,
and finally, the site index expression for aspen (Populus spp.) was
used for hardwood cover type. Equations expressing height as a func-
tion of DBH and site index were also developed from Plonski's tables
and used to estimate individual tree height according to cover type
as above. Individual tree volumes were then derived from Honer's
(1967) tree volume equations.

Various stand characteristics such as age, average height,
number of trees, basal area (total, i.e., all trees >1.5 cm DBH and
merchantable, i.e., all trees >10 cm DBH) and volume (total and

2Five major cover types were used as follows:

1) Black spruce 75% or more black spruce

2) Jack pine 75% or more jack pine

3) Mixed softwood 25% to 757% jack pine, the remainder spruce
4) Mixedwood 257% to 757% softwood, the remainder hardwood

5) Hardwood 75% or more hardwood.



merchantable, 7.5 cm top diameter) were calculated for each plot and
all measurement periods. Site index was calculated on the basis of

the first measurement only. A summary of various stand characteris-
tics is given in Appendix A.

Data for each plot and for all measurement periods were
grouped into 5 cm diameter classes. Such distributions consisted of
up to 12 diameter classes per plot, starting at the 10 cm diameter
class, i.e., 411 trees 7.5 cm < DBH <12.5 cm and ending with the 60+
cm dizmeter class, i.e., trees with DBH >57.5 cm. A record was also
kept of all trees <7.5 cm DBH; some of these constituted "stand in-
growth", i.e., those trees which grew into the lowest diameter class
(10 cm) considered here, from one measuement period to the next. The
entire data set produced 954 diameter class distributions for all plots
and measurement periods. A cursory examination of the data indicated
that diameter class distributions were mainly of the negative exponen-
tial type, although unimodal and bimodal shape distributions were not
UnCOommon .

The data were analyzed in & manner similar to that described
by Ek (1974). The net change in number of trees, as defined below,
was considered the main dependent variable:

An = stand ingrowth - mortality - upgrowth + ingrowth

where: Stand ingrowth (ng) is defined as trees with DBH less than
7.5 cm in a measurement period in which trees grew enough to
have DBHs between 7.5 cm and 12.5 cm in the next measurement
period, i.e., in 5 years.

Mortality (np) is defined as trees in a diameter class which
were alive during a given measurement period, but died during
the next 5 years, i.e., by the next measurement period.

Upgrowth (ny) is defined as trees measured in a diameter class
in a given period which grew to the next larger diameter class
by the next measurement, i.e., in 5 years.

Ingrowth (nj) is defined as upgrowth from next lower diameter
class measured.

In addition to the above, total number of trees, average
height, total and merchantable basal area (m?/ha) were calculated for
each diameter class and for each measurement period. A summary of the
various characteristics of each diameter class for the first growth
period and for diameter classes of 10, 30 and 50 cm is given in
Appendix B to illustrate the magnitude and relative variability of
the characteristics under consideration.

ANALYSIS AND RESULTS

Nonlinear regression analysis (cf. Draper and Smith 1966)
was employed to develop empirical models.for each growth component



under consideration. Several regression models expressing each of the
growth.components in question as a function of stand and/or diameter
class characteristics were examined. Independent variables used

were various forms of: stand density N, total basal area G, site
Index S, and number of trees/diameter class n, basal area/diameter
class g, etc. at the beginning of the growth period. The final
regression equations for each growth component were chosen on the
basis of R?, standard error, percent bias values and logical form.

Several of the initial regression analyses were conducted
on the basis of both the entire data set, i.e., diameter class
distributions for all plots and all remeasurement periods totaling
more than 4000 observations, and the reduced data set consisting
of the diameter class distribution data from the first 5-year growth
period only. Comparison of results indicated no appreciable gain by
using the entire data set rather than the reduced data set. Since
the latter provided more than 1600 observations per growth component,
this sample size was considered more than sufficient for empirical
modeling of this type; therefore, all subsequent analyses were
carried out on the reduced data set. 1In this way, difficulties
involved in using correlated observations from repeated measurements
(see Seegrist and Arner 1978) were avoided and the cost of analysis
was reduced considerably.

The final regression equations chosen for the main growth
components are summarized in Table 1 and briefly described below.
As indicated earlier, several different regression models were
examined and the final equations were chosen on the basis of RZ,
percent bias values and the biological interpretation possible from
model forms.

The first equation of Table 1 suggests that stand ingrowth is
largely a function of stand density, site index and total basal area.
More specifically, it indirates that stand ingrowth increases as stand
density and site index increase, but it decreases exponentially as
total basal area increases. Therefore, it might be interpreted that,
for a given site, a large number of small trees will produce a large
number of ingrowth trees. Ek (1974) obtained similar results for
northern hardwood stands in Wisconsin, except that his equation did
not include site index.

The mortality data set was the most difficult set to model as
evidenced by the magnitude of its variability (see Appendix B).
Nevertheless, after numerous trials a model similar to that used by
Ek (1974) was found to describe the data reasonably well. Equation 2
of Table 1 indicates a higher mortality rate for more frequently
occurring small trees in the stand. However, while inclusion of site
index in the mortality equation did not reduce the residual variation
appreciably, the R? value obtained here was considerably higher than



Table 1.

western Ontario?

Summary of regression models for various growth components for pulpwood stands of north-

Growth component Standard %
(5-year period) Regression equationb R2 error bias
Stand ingrowth n, = 0.001193 N1-31304 g-48937 (7-0002 523105 0.70 64.63 5.7
Mortality n = 0.06805 n" 9728 ((G/N)/(g/n))1"1273 0.44 32.47 -6.9
Upgrowth n. = 0012853 nt~0RRdd g 07242 0.69 31.63 -2.9
Volume v = 1.7367 g 8986 g~63172 0.76 19.31 -.03

@Based on the first 5-year growth period of 347 permanent growth plots established and maintained
by the American Can Company of Canada Ltd. and Kimberly-Clark Company of Canada Ltd. in north-
western Ontario.

bWhere:

v

=00 3

= merchantable volume/diameter class (m3/ha)
number of trees per hectare/diameter class at the beginning of the growth period
total basal area/diameter class at the beginning of the growth geriod (m?/ha)

total stand basal area at the beginning of the growth period (m”/ha)
stand density or number of trees/ha

site index (m)

ns, Dy, Ny are the main growth components of stand ingrowth, mortality and upgrowth as
defined in the text in terms of numbers of trees/ha for a 5-year growth period.



that obtained by Ek (1974). The ratio of [(G/N)/(g/n)] in the mortal-
ity equation is equivalent to the stand quadratic mean diameter over
the diameter class quadratic mean diameter. That is, as stated above,
the mortality rate for smaller-than-average trees in the stand is
much higher than that for larger-than-average trees.

Of the several models examined for upgrowth, a simple power
function of number of trees per diameter class times site index, i.e.,
equation 3, Table 1, produced the best fit to the data. Attempts to
introduce expressions of size or dominance of a class in relation to
average tree size in the model failed to improve residual variation
appreciably. Therefore, on the basis of equation 3, it may be inter-
preted that, for a given site, the number of trees growing from one
diameter class to the next larger one is a simple function of the
number of trees in that diameter class at the beginning of the growth
period. As indicated earlier, the upgrowth equation serves as a
diameter class ingrowth model also. That is, the ingrowth for a
diameter class is the same as the upgrowth for the next lower diam-
eter class.

In addition te the three main growth components, i.e., stand
ingrowth, mortality and upgrowth, an equation was developed expressing
merchantable volume per diameter class as a function of site index
and total basal area per diameter class (equation 4, Table 1). This
equation is used to estimate the initial volume per diameter class,
the sum of these making up the initial stand merchantable volume
(m3/ha). Since the future diameter of individual trees within each
diameter class cannot be predicted from equations given in Table 1,
the projected volume by diameter class is calculated by substituting
diameter class basal area g in equation 4 for the midpoint diameter
class basal area of n (.000078)d“; where: n = number of trees in a
diameter class at the end of the growth period, and d = midpoint of
the diameter class, e.g., 10 cm, 20 cm, etc. This method of projecting
future basal area and volume will result in a definite bias, especially
for long projection periods. However, for short projection periods
(e.g., 20 years or less) the magnitude of such a bias was considered
acceptable.

APPLICATION OF RESULTS

Once the various growth components have been expressed in
functional forms such as those given in Table 1, they may be used to
project future stand structure and yield from one growth period to
the next by projecting and incorporating the various growth compo-
nents. Although the equations derived here provide an estimate of
changes in various stand components on a 5-year basis, they may be
used to project stand structure and yield for any growth period.



This is accomplished by constructing a new stand table at the end of
each growth period, adding the number of ingrowth trees to the number
of survivors in that class that did not move to the next higher diam-
eter class. This new stand table then provides the initial conditions
for the next growth period and so on. Basal area and volume per ha

at the end of each growth period are then estimated as described

above and based on equation 4 of Table 1.

Note that solution of equation 1 of Table 1 will provide an
estimate of stand ingrowth as defined earlier. That is, the es-
timated number of trees for stand ingrowth should be added only to
the number of survivors in the 10 cm diameter class. As stated
earlier, diameter class ingrowth is equal to upgrowth calculated for
the next lower diameter class, e.g., upgrowth computed for the 20 cm
class will be ingrowth for the 25 cm diameter class and so on.

To facilitate the computational effort involved in applying
equations 1-4 of Table 1 for prediction, a FPRTRAN program, "STDPR@",
was written (Appendix C) to project future stand structure from
actual plot or stand data and for any growth period. In addition,
the program allows for specification of precommercial thinning and/or
intermediate harvest during the growth period, the effects of which
on stand structure and total production of the stand may be examined
easily. The amount of cut may be expressed by number of trees, basal
area or basal area percent. Trees to be cut may be selected from
among the smallest trees, the largest trees or trees of all sizes
in the stand. The input for the program may be tree tallies in
stand table form from either fixed plot or point samples. The input
and output may be expressed in either S.I. or English units.

To demonstrate the application of the results of this study
two examples are discussed here. 1In the first example tree tallies
from a .2 acre (.08 ha) circular plot from a 96-year-old stand of
jack pine cover type from northern Ontario with an estimated site
index =16 m was used to project the stand structure over a l9-year
growth period. Stand tables were projected with and without inter-
-mediate harvest cutting, using the program given in Appendix C. In
the case of intermediate harvest, approximately 50% of the trees in
the stand, regardless of size, were removed at the end of the second
growth period, i.e., at age 98.

In the second example, tree tallies were used from a point
sample plot with a 10 basal area factor prism from a 48-year-old
stand in the mixed softwood cover type with an estimated site index
=18 m. Stand tables were projected for a 1l7-year growth period with
and without intermediate harvesting, with approximately 250 trees per
ha of the largest trees in the stand to be cut at the end of the
7-year growth period.



Table 2. Summary of stand table projection for two stands in northern Ontario for grovth perlods of 19 and 17 years, respectively, vith amd vithout

Intermedlate harvesting.

Stand Description

Stand projectlon Inttial Preharvest Intermedlate Res{dual Final resldual Total
and treatments stand year 2 or 7 harvest year 2 or 1 year 17 or 19 yleld
No. of trees Volume No. of trees Volume Mo, of trees Volume No. of trees Volume Mo. ol trees Volume to. of trees Volume
(/ha) (m3/ha) (/ha) (m)/ha) (/ha) (m¥/ha) (/ta) (m¥/ha) (/ha) (m/ha) (/ha) (m¥/ha)
Example 1, 19-year 10137 Jo1.4 - - - - - - 197 4.6 797 J14.6
projection with no
Intermediate harvest
Example 1, 19-year 1037 J0l.4 1014 04,5 509 164.5 505 140.0 425 171.1 934 335.6
projectlon with harvest
at =502 of treecs/ha at
the end of year 2
Example 2, 17-year 1499 122.4 - - - - - - 1250 7.3 1250 357.3
projection with no
Intermedlate harvest
Example 2, 17-yeac 1499 322.4 1404 333.8 247 129.6 1157 204.1 1194 26.9 144 376.5

projection with harvest
at =250 of largest
trees In stand
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Detailed program output of stand table projections for the above
examples is given in Tables 1-4 of Appendix D. These results are also
summarized in Table 2 and discussed below.

Table 2 indicates that, in the case of example 1, if the
initial stand with 1037 trees per ha and a merchantable volume of
301.4 m® per ha is left to grow for a 19-year period, on the average it
will lose about 240 trees per ha from mortality, and the growth of the
residual stand will make up for the loss from mortality plus 13.2 m3
per ha net growth. On the other hand, if this stand is harvested at
the rate of about 50% of the trees per ha in year 2, its total yvield
will be 335.6 m> per ha from 934 trees. That is, the intermediate
harvesting in effect will increase the total yield by about 7%

(335.6 # 315.6 = 1.067) owing to partial salvage of mortality and
increase in growth rate of the residual stands.

Similarly, Table 2 indicates that, in the case of example 2,
the stand in question, if uncut for a l7-year period, will lose about
249 trees per ha from mortality but its total volume will increase by
about 107 (357.3 + 322.4 = 1.10). On the other hand, if 247 per ha
of the largest trees in this stand are harvested at year 7, a total
yield of 376.5 m® per ha or about 17% (376.5 + 322.4 = 1.167) increase
in total yield will result. Here again, the intermediate harvesting
results in 7% (17 - 10 = 7%) net gain in total yield owing to increased
rate of growth of the residual stand and partial salvage of mortality.
Note that in this case the number of trees increased from 1250 (no
intermediate harvest) to 1441 (with intermediate harvesting).

CONCLUSIONS

The results of this study should provide specific growth and
yield information for northwestern Ontario's forest types. In addi-
tion, the system of equations derived may be used to develop optimal
tree size class distributions for various harvesting options. This
study should provide forest managers with a valuable tool for planning
management strategies for northwestern Ontario's forest resources.
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APPENDIX A

Statistécal summary of the initial measurements of the 347 permanent growth plots from northwestern
Ontario :

Stand characteristics Minimum Max imum Mean Variance Coefficient of
variation (%)

Average diameter? (cm) 4.2 29.6 13.7 18.4 3L
Average height (m) 3.5 27 .4 12.7 14.0 26
Average ageP (year) 28 200 83 1228 42
Site index (m) 2.7 22.8 12.0 L8347 27
No. of trees (/ha) 580 12565 2988 4034333 67
Total basal area (m?/ha) 8.4 56.6 34.2 74.9 25
Merchantable basal area

(m?/ha) 0:2 55.3 29.8 117.4 36
Total volume (m3/ha) 25.1 675.3 262.0 11163 40
Merchantable volume (m3/ha) 0.8 638 .4 218.5 12293 51

%Based on data from 229 plots of American Can Company Ltd. of Canada and 118 plots of Kimberiy—Clark
Company of Canada.

b : .
Only diameter and stand age were based on actual field measurements; other stand characteristics
estimated or calculated as outlined in the text.



APPENDIX B

Sunmary of varlous characteristics for the [irst S-yecar prowth perlod and for diameter classes of 10, 30 amd 50 cm of the 347 permanent growth plots from
northwestern Ontario.

Dlnscter Stand Net Total Merchantable
Staclstle clasa fnpgrowth Mortallty Upgrowth Ingrowth change
(cm) No. of lleight Basal area Volume No. of llelght Basal area Volume
(No. of trees/ha) trees/ha (m) (m?) (m3) trees/ha (m) (m?) (md)
10 0 0 0 =531 0 0 0 0 0 ] 0 0
Mo mam 30 0 0 0 0 =74 0 0 0 0 0 0 0 0
50 0 0 1] =24 0 0 0 0 0 0 0 0
10 370 617 7106 568 681 14.42 27.24 147.14 1779 15.29 15.37 66.12
Max L 0 116 T4 59 98 98 155 28.27 26.01 270.23 355 28.27 26.01 255.62
50 12 12 37 0l 37 36.26 9.43 157.06 37 36.26 9.4] 157.06
10 59.67 82.91 74.13 -68.64 781.65 11.13 5.60 29.65 377.70 12.13 3.46 14.15
Mean 30 74.13 1.55 3.62 9.36 4,16 28.83 24.68 2.40 25.80 27.83 24.68 2.40 24,41
50 0.006 0.06 0.41 0.27 0.61 32,44 0.15 2.14 0.61 32.44 0.15 2.04
10 4664 7714 13185 21827 463383 1.86 24.33 648.06 99176 3.56 8.31 135.66
Varlance 10 131.85 43.21 82.08 279.83 283.78 2277 154.81 13.65 1653 2277 154.81 13.65 14.80
50 1.24 2.05 6,35 10.59 16.24 36.61 0.78 156.31 16.24 16.61 0.78 142.88
Coefficlent 10 114 105 155 225 a7 12 88 86 83 16 83 82
of variatfon 30 155 420 250 179 405 166 51 154 158 171 50 154 158
(%) 50 1856 2386 615 1205 661 19 589 584 661 19 589 586




APPENDIX C

A FORTRAN program for stand table projection and evaluation of various harvesting rules for the northwestern Ontario
forest types.
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rornopne &
fOOTIETR PROGRAYM SENERATES STAND TARLES NASED 0N REGRESS10YM MONELS
APEVELOPER Fnr VARINUS STANN COMPONEITSE FOR NIRTHILSTERN ONTARIO'S
AEOREST TYPRS, FOTHIRE STAND STRUCTURE AND YIELD ARE puOIECTED *
FEROM ACTUAL PLOYT OR STAHD DATA, FORANY Se0WTH PERION, THTERARD=*
*TAUE HARVEST MAY BE REAPRESSEED A NUMBER OF TUEES, "ASAL ARDA, O *
AASAL AREA PRER CENE, AND ITS EFFECTS OM STAND STRUCTURE AMND TOTAL*
AYLELD BEXAMINED,  TREES TO BE CUT MAY BE SELRECTED #nnd THE SHALLEST
FTHERS, LARGEST TEERS OR ALL TRCRS. INPUT TS TPEE TALLIES IN STAHD
FPABLE FORM FROYM RITHER FIYED PLOT OR POINT SAMPLES. INPIHT AHD .
FOUTPUT MAY 98 EXPRESSED IN EITHER MERIC OR ENGLISIH UNITS. i

.
*
L]

N EEEE] *h R

THTESER*2 VILTYPE,,PERTOD , THINT ,THIN2 , TIATHN, UITT, IDCLAT(12) /12*0/,
1: ITNOT/N/, ISTING, TNORT (1Y), TUPGTIN(LY), TINGTIH(1]),

] TNDCWRT(L2), THEWNAT, PERTHN ,PRTTHN

LOVIICAL® L DAL, EXURA,SPLLT

DATA THORT(L3) , TUP Y1) A INGTH(13)/3*n/

PEAL DCLUOT(12) 00T /0, / ,STING ,"ORT(13) , U RTH(13), THSRTH (1Y),

1 HNCHOT (12), HEWNOT, STIHOT /0 .0/, PORTN

NATA DORTILY) , 0psnen(13) , tusrra(13)/3*0.n/, ncLeor/12*0.0/

BEAL TUTLE (20) , SEA0AE,TTOAGE ST, THRAMT D80, DIAIET, BAT /D, /,

1 DZLAAT(1I2) /1240, /,NDERAT(12) ,NEW AT, DCLVOLIL )

REAL HINPES(Y2) /10, ,15,,20,,25,,30,,35.,40,,45.,50,,55.,60,,70./
PEAL CONV/L./ MAEAC/ . TESI9YE-4/ BACONY /1, / HCONYV /1, /

L N N N N Y R R R AR R ]

VARTABLE DEFINTITIONS

FITLE = AUH INEOTIFTICATION AN THFORMATINN
PLTYPFE = PLOP TYPR: 1 - FIMED APEA; 2 = POTNT SAMPLF
BIZAAF -~ PLOT S1%8 IF PLTYPF = 1; PLOT BAF IF PLTYPE = 2

UmMIT = MEASUREUERT UNITS SYSTREM: 1 - ENGLISIH; 2 - METRIC
STNASE = STAND AGE
L | - KITR IHDEX
PERION - PROJIECTION PERION
TIINL = TYPE OF THIMNING (CUTTING) CONDr:
N - NINE
1 = FrO LAYFST NIAMETER CLASSES
7 - FROM NICHEST DIAMETER CLASTES
1 = FEOY ALL DIAETER CLASSES
THINZ2 = TYUF OF AMO'HT OF TAIHNING CONE:
N - NOME
1 = % S9ATAL, ANER
7 = ACTUAT. RASAT ATER PER IMIT ABER

1 - 8§ NF TREES PEP INIT AREA
THHNIT = AMOUNT OF PHLITHG DEPENDING O THIND CONE
TIMTHN = TIME OF THINNING
hon - DIAETER
NIAHET - DIAMETER T3 METRIC UNITS
STINOT - B OF CFEERS JITH DN LESS THAYN LOSEST DIAMETER CLASS FOPR
STAUD TNSRYTH
DILMOT - F OF TREES Y DTAMETER CLASS (PER (MTT AREA)  (REATL)

aAaonoaoaono

aon

nanNnNNaanNnNanaaonaaanNNAanNAcacoanao

INCLYNT - SAHE AS AROVE (INTESHR)

NOT = TOTAL I OF THEEES (PER UMIT AREA) (REATL)

INOT = SAME AS ABOVF (TNTEGER)

NCLDAT - TOTAL BASAL AREA FOR DIAMETER CLASS (PER UNMDIT AREA)
nAT = TOTAL DASAL ARRA FOR PLOT (PER UNIT AREA)

NCLVOL - MERCHANTARLE VOLUME FOR DIANMETER CLASS (PEER HINIT AREA)
VoL = TOTAL MERCUANTABLE VOLUME FOR PLOT (PER UNIT AREA)

NDCHAOT - NEW ! OF TREES BY DIAMETER CLASS AFTER PROJECTION INTELR.
IHNDCHT = SAYMR AS ANMOVE (INTRRER)

NEWNDT - NEW TOTAL # OF TRERS AFTER PROJECTION INTERVAL (FEAT,)
INEWHT - SA"E AS AROWE (IHTESRPR)

HDCBAT = NEW TOTAL BASAL AREMA BY DIAMETER CLASS AFTER PROJECTION
HEWBAT = NEW TOTAL BASAL AREA ©F PLOT AFTEPN PROJECTION INTERVAL

STING - STAND INGROWTY FOR PROJRCTION INTERVAL (REAL)

ISTING - SAYFE AS ANMWE (INTESGER)

MORT = MORTALITY - & OF TREES DY DIAMETER CLASS AND TOTAL (REAL)
IMORT - SAME AS AROVE (INTEGNR)

INGRTH - INGROWTH -

FINZNH - SAME AS AMOVE (INTRESER)

UPGRTH - UPSROWT -
1UPSTIH - SAME AS AROJVE (INTRESER)

EXTRA = FLAS FOR IMNICATING EXTRA PARTIAL FINAL INTERVAL

PART - FLAG FOR INDICATING THINNING/CUT WITHIN INTERVAL

SPLIT = FLAG FOR 2HD PART OF SPLIT INTERVAL DUE TO THINNING/CUT
NPER - F OF 5 YEAR ITNTERVALS IN PERIOD

MEXTRA - | OF EXTRA YEARS TN FINAL PARTIAYL PERIDD
PEATHN = 5 YEAR INTERVAL IH WHICH THINNING/CUT QOCCURS

PORTN = PORTION OF GROWTH TNTERVAL TN OF USED

MINDPTS - MIND-POINTS OF DIAMETER CLASSES

[sfel 1Y) = LINCAR CONVERSTON FACTOR TO MCTRIC (INCHES TO CM)

NCONV - AREA CONVERSION FACTOR TO METRIC (ACRES TO NECTARRS)
NAFAC - FACTOR USED IN BASAL AREA CALCULATION (ENGLISIH OR METRIC

RACOAV - BASAL ARRA CONVERSION FACTOR (50. FT. TO SN, M)

LA S A R AR AR R R A R R R N R R R N N R R RN

WRITE (6 ,797)

A9 FORMAT(101,45Y, "STAND TANLE PROJISCTION, /, 10 ,45%,22( ="))

READ AN THEN PRINT RUN IOENTIFICATION

PREAN(S 00} TITILE

00 FORMATI20NA)

HRITE(A,900) TITLE
FORAAT(1M0,20%,2NA4)
WRITE(AH,901) ([,1-1n,A0,5)

271 FAORMAT(LHA, "GEOHTIE O YIRELDT, 32%, "DIAMETER CLASS(CM) ", /, In

1 TCOMPOMEHTS(/IA) T, 5¥%,92(°-"), /.10 ,20%, 11 (2%,13,2%),0¥,
2 w0+, 2%, TOTAL T, /,.00 L, 112(°=-"))

(continued)
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APPENDIX C (continued)

READ PLOT, DATA, ANN THIHNTHG (CUTTING) IHFORMATION
REAN(S,

L) PLTYPE,STZBAF,UNIT,STDAGE, ST
HEAD(S, %)

PERTOND ,THTYL, THIN? TIONAMT , TTUTIN

CHECY INPUT DNITS

IF{YHIT.ED.2) GO TD 1

SET CONMVERSION FACIORS FOR CONVERTING TO METRIC
INPUT TO YMETRIC

NCONV= . AN46046

COoNv=2_ 54

BAFAC=, 005454

NACANY=,N92903

S5T=214 3040

TF(THIN2,EQ.2) THYIAMT=TIHAMTA 2295649
TF(THIHZ BO 4] THNAMT=IFTY (THNAMT/.A04ARAG)

AND COMVERT

READ TH TPEE DATA

READ(S 80, mun=1n) N
FORMIAT(FA 2
NIAMET=DLN*CONY

CHECY FOR TRED SMALLER THAN LOYEST DIAMOCTER CLASS WIHICH TS
COMMTED SEPARATELY FOR USE TN DETERMINING STAND INGROWTH

TE(DIAMET.GT.T.5) a0 1O 100
TR(PLTYRR, O, L) STTNMT=STTHOT ]

IF(PLTYPLLED,2) STIHNAT=RTINOTH (SIZ3AF/ (DBIT*NBI*RAFAC) )
G TD 1

DETERIINE DIAMETER CLASS

ny o2 =1, 10

IF(NIAMET,ST.2.5vL%5 _AND, DIAMET.LE,7.5HL*S) 60O TO 3
CONTTHIE

L-12

COUNT TRKY AND CALCULATE AND ACCUMULATE TREFE DASAL AREA

50010 (4,5), PLUTYPE

DCLHDYT (LY =D L30T (L) +1

DCLBAT (L) =DCLAAT (L) #0ii*nnn

60 101

NTLATL) =DCLAOT (T F(STZRAS /(DR ANNRY A AP AC ) )
DCLANT (L) ="CLAAT (L) ASTAAAR

G0 ro 1

FaRr EACH DIAMETER CLASS DETERAIHE FINAL COUIT AND TOTAL AND
FINAT, BASKL AREN AUD TOFPAT,
N 11 1=1,12

non

aon0n

Ci LR

8
C

1

110

12

[F(NCLEOT(T). R, 0) <0 10 11

IF(PLITYPE. ). 1) DCLHYT () =0CLAOT(T) /31 AAR
DCLNOT () =9CLUNT (1) /Meony
NOT =HOTDCLHOYT (1)
INCLNT(T)=NCLNOT (L) +.5
INOT=INOTHINDCTLHT (1)
IF(PLTYPE.ED.1) DCLAAT (1) =NCLIAT (1) *BAFAC/ST AR
NCLAAT (1) =NCLANT (1) *VACANY /HNCSONY
AAT=HATHDCLBAT(T)

CONUTENUE

CALCULATE VOLIMES AND DUTPUT INITIAL STAND STATISTICS

CALL CALVOL(IDCLNT,DOCLEAT,ST , NCLVOL)
CALL OUTHCL (INCLUET,DCLBAT, DCLVOL, THNOT, BAT, NDCLVOL(13) , 1)

DETERMTINE FINAL (CONVERTED) ENTRA TRCE COUNT FOR STAND THGROWTH

IF(PLTYPE.ED, 1) SUINDT=STINOT/S1AWAF
STINOT=5TINOT /NCONV
AN AR AR A MR AN R R rh R RA R AR AR AR AR N R AR R AR AR R R AA R R AR R R AN AR R R R AR AN R

FIND HUMNIER OF PUOIECTION TUTERVALS

EXTPA=  FALSE.

PART =, FALSE.

SPLIT=.FALSE.

NPER=PERIOD/S

HUXTRA=PERIOND=-HPER*§

IF (HEXTRA.EN.N) 30 TO 110
EXTRA=, THUE.
NPER=NPERFL

ESTABLISH WHERE THINNING QCCURS
PERTHH=TINTINS
PRTTHH=TIMTHN=-PERTIN*S
1IF (PRTTHN.EQ.0) G0 TO 111
PERTUN-PERTHHIL

[F (PERIOD,GT.TINCHN) PART= ,TRUE,
FOR EACIH THTRERVAL IN PERIOD
no 20 1P = 1, WORR

IYRS=1P*5

PONTH=1,

CHECY FOR THINNING AND SET UP SPLIT TWIERVAL IF NERCRSSANY
IF (IP.ME.PERTUN) G0 TO 113
IF (.HOT, PART) 5D TO 113
SPLIT= . 1Tk,
PORTA=UITNN/S .
IYRS= (TP=1) *SHPRTTHI
GO To 114
SEUCOHD JALE OF TPLIT TUTERVAT,
SPLIT=,FALSE,

(continued)
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APPENDIX C (continued)

PORTWH=1 . =PORTry
IF (1P B0 NPk
IYps=qoes

SANDL BXTRA) PORTN=PORTN= (1 . =NEXTEA/5.)

SO0 114
CHECKE FOR FTIMAL PARTIAL [NTHEVAT,
LF (IV SOUPER JAMND, RXTRA) PORTO=NEXTRA/S.

FSTTUATE STAND TRGROWTH,MORTALITY AND UPGROWTH FOR INTERVAL

STING= 001 120% (NOTESTIADT /MCONVYI**1 . 3130436*ST+% _4ARITT7435+
EXP (= 0002%0AT**2 3104763)*%.9429*p0RTH

ISTIMNG=S1THAr, S

ng 12 1=1,12

IF(MCLIOM(T) . LE 0, 0) a0 TD 120

HORT(I) = 0RRNABOIENCLHNT (1) ** 07200350 ( (BAT/HOT) / (NDCLABAT (1) /

DELHOTEI) )Y * 11273127 * 1,089 FPORTY

UBRGRTU (L) = 0353544070507 (1) 240, 9499948 ** _SRA41340, 951 5% pPORTN

oo TN 121

MART(T) =0

HPSRTH(T) =0

[NART L) =v0T (1) 1,5

CIPSTI (D) =UPSRTH (1) +.9

COETINGER

FIND HEW NUNenR OF TRERS AN THGROWTI AT LND OF INTERVATL

NNCHOT (1) =NCLUOT (L) 45 TTAG=1MORT (1) =UPSRTH (1)

[HDCHT (1) =aNCOT (1) v, 5

THSRTH (1) =ST T3

TIHSTG(L) =181 T

no 13 (=2, 1

THERTU(T ) =UPSRTH(T=1)

TIHGTH(I)=TUPTIH{TI-1)

MDCHOT () =DCLAOT (1) 4T 4GR TH T ) = IRT (1) =1PSRTH (T)

THDCNT(T) =HNCHOT(T) +.5

THSETI(L2) =0PaRTH( 1)

TTHSTH (12) =105 T (1)

HNCHOT(12) =NCLNCT (12} +1LNGRTYH (1 2) MORT (12}

THRCHT (12 ) =anCRNT (12) 4.5

FINN TOTALS AND J0W TOTAT, BASGAL ARDY
HIHOT=0

T anT=n

HEWI AT =0

no 14 1-=1,12

HESNSOT= O FNDT I (1)

LHEANT= [HEITHTMDCAT (1)

AIRTALI) =0T (1 1) +ORT (L)

THORT(1L ) =T0RTC13 )+ TUORT(T)

IF(L.LT.12) npaera (L3) =upsurin(13)+unspri (1)
IF(T.LT.12) TUPSTH (I Y =TUPSTIH{1 D +TURPITH(TY
INSRTH L =19 HTH L)y IS RT (T

Ooan

nan

aoon

GG

14

un

921

92

93

29

15

1

TINGTH (L) =TTHGTH (] 3) 4T THGTI(T)
NRCHAT (T)=HDCHOT (1) * (MIDPTS (1) ** 2% 78539R1E-1)
HEWBAT=NENBATHNDCAAT (1)
OUTPUT PROJECTINN TUTEMATL, TNFORMATION
IF(IP.EO.NPER AND,
IAGE=STDAGE+ L YRS
WRITE (6,90) 1YE5,IAGH
FORMAT(1HO,35%, "vEAR "7 7 12,77
WRITE(6,91) (IMORT(I),1=1,13)
FORMAT (1HO, "MORTALITY ,11%,12(1%,15,1X),15)
WRITE(6,92) (IUPSGTH(I),1=1,113)

FORMAT (11, "UPGROWTH ™, 12%,12(14,15,1%) ,16)
WRITE(6,93) (TIHGTH(I),I-1,1})

FORMAT(LH , "INGROWTH ", 124, 12(1%,15,1%),14)
WRITE(A,94) ISTING

FORMAT (10, "STAND IHGROWEH , 1X,16)

EXTRA) TYRS=(IP=1) *SHHUEXTRA

SGROWTIN PERIOD,

CHECK FOR THINNINS OP CUTTING
TF(IP.ED.PERTHN _AMD. (LHNOT.PART.OR, (PART.,AND . SPLIT)))
CALL THHZUT(THINL,THIH2, TOHAMT, NDCI0OT, HEWNOT, 1HINCHT, INR9T,
HNIRAT, UEWNAT ,S1)

UPDATE DIAMETER CLASS INFORIATION

no 15 1=1,12

NOLHIT(L ) =N2CHOT (1)

INCLNT(I)=THNNCNT(I)

DCLOAT (1) =NICIAT(T)

UPGRITH AND TNCGROWTH AND RESET TOTALR
FOR BEGINNING NEW PERINN

REIMITIALIZY
FINAL TOTALS NF

MORTALITY,
TA153 BERINND,

NOT=NEHNOT
INOT=INEVNT
NAT=IEWAT
MORT(13)=0.
IMORT (L) =0
UPSRTH (13} =0,
TueGTI(13) =0
TRAGRTIN(L3) =0,
TINATH(13) =D
IF(RPLIT) GO
CONTIHUE

TO 112

CALCULATE FINAL VOLIIMES & OUTPOT FTHAL

CALL SALVOL (IDULAT, NOLYAT, ST ,02LVOT)
TALL, OUTDCL(INSLA T, NCLAAT  NCLVIL, [NOT, PAT ,NTLVOL (13) ,5)
sror

EHD

(continued)

STAND AGEL = ~,13)

TN

PTAMETER CLASS THFORIATION
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APPENDIX C (continued)

SUBROUTINE OUTDTL A HOT , AT, VOL, THDT, TOAT, TVOL , TYPR)

THIS SHIROUTING PRINTS OUT FOR CACH DIAMETER CLASS AMD TOTAL
THE HIEMER OF TRES, TOTAL BASAL AREA AND MTPIUANTANBLE VOLUME

INTESGRYZ HOT(12) ,THOT

INTESER TYPE

BEAL BAT(12) ,VOL(12)

REALAR 1EAD(S) /T INTTIAL ", "PRE-CUT "7, "vastcut” "7, Tcur© 77,
FIAALTT T/

HuaT = HIPER OF TRFES FOR DIAMETER CLASSES
nat - TOTAL BASAL AREA FOR DIAMETER CLASSES
v, = MERCHANTARLE VOLUME FOR DIAMETER CLASRSES
Ta0T = TAL NUImMeERr OF TREES FOR PLOT

TRAT = CTOTAL BASAL AREA FOR PLOT

TV 0L, POTAL MENCHUATTARLE VOLUME FOR PLOT

TYPL - TIME OR TYPE OF STAND DATA

1 = [HITIAL
P = NEFORE THIHNIHG OR CUTTING
J - AETINUAL AFTER THINHNING OR CUITTING
A = TNt or CUT roaTinn
5 = FIHAL
INEAD = HMEARINGS OF QUTPUT TYPES

ARTTE (6, 70) MEAD(TYPE)
FORANT (L0, ARY, "STAND TANLE 77, A0)
YHITE(R,72) NOT,THNOT

FORANT (LI, "aing 0F TRERS
WRTTE(6,93) AT, TRAT
PORMAT (LU0, “TOPAL RASAL AREA T, AX, 12(FA.1,1%) ,Fh. 1)
WRITS (A, 94) V0l TVOT,

FORAT (LN, "ERCHANTABLE VOLIPIE " 18, 12(F6.1,1¥%) ,FR.1)
RETURN

wnyn

PO, 12014, 15,1X),16)

SUBROUTTIE CALVOLTDCLYT DOLSAT , 51, DILYOL)

THIS SUARYICIHY CALCOLATRS MERCHANTAYLE VOLUMES “0OR DIAMETER
CLASSES AND TOTAL

THERGERZ TheraT(Ly)
HEAL DCLBAT (L), 51,08 IL (1)

DELBAT = TOTAL BAGAL AREAT OF DIAMETER CLASSES PER IMDT AREA
51 = 5175 [HnSL PR bPLOT
DCLVRL = HERINANTPARLYE VOLU 'ES OF DIAVIETER CLASSES TRER OUTT AREA

NCLVOL(L3) =0,
ny 1 1=1,12
NCINOL{IY=1. TARTATI*DCLAOAT (1) * * . NO859205431 4% /1171721

IF(INCLNT(L) . EQ.N) DCILYDL(T) =N.0

NCIVOLILY) =DCINOL L) vncLvor (1)
1 CoNTINE

BETHRN

EHD

SUBROUTINE TIICUT(TYPE, TOFAMT  AMOUNT, DCLNOT , THOT, TDCLNT, T'TTHOT,
1 DULBNT , UBAT,51)

THIS SUARDUTING CATCULATES BRSULTS OF THIHNTHG/CUTTING STAND
ACCORNDING TN THPHT SPECIFICATIONS: TYPE- 1 LOJEST 2 NIGHEST

3 ALL DIAIETER CLASSES: TOFAMI - 1 2 2 ADSOLUTE 3 NUNMDER OF TREES
MIDUNT, GIVEN NUMDER OF TREES FOR DIAMETER CLASSES (DCLEOT)

AND CTOTAL (THOT), TOTAL NASAL ARGA FOR DIAMETER CLASSES (DCLBAT)
AWD TOTAL (TRAT) AMD SITE INDEX (51). THE PESIDUAL STAND DTAMETER
CLASS AND TOTAL THFORGATION ARE PETURNED AT BEVISED T80T
PARAMETERS (DCLNOT, THOT ,DCLAAT, TRAT)

noanannoaon

INTEGEN*? TYPR, TOFAIT,,INCLNT12) ,1TNOT HOTCUT(LY)
REAL THNOT ,DCLAAT(12) ,TAAT,NCLVOL(13) ,BATCUT(13), VOLCUT(13]),

1 neLnoT(12)

REALAR UEADL(3) / LOWERT ™, "NIGHEsT ", "ALL "/,

1 HEADZ2( 1) /7% OF na", "TOTAL 9n ", "8 TRERS ™/
Cllil!oiiiollllilldaanIil&hﬂi('ﬁlllalll‘)ll&lllIllililllllllliar—!llalaal
C
C NOTCUT = 1 OF TREES CUT DR THIHNED BY NDIAMETER CLASS AUD TOTAL
T BATCUT - TOTAL BASAL AHEA NF CUT TREES NY DIAMETER CLASS AND TOTAL
C VOLCUT = TOTAL MEPCH VOLUNE OF CUT TREES BY DIAMUTER CLASS & TOTAL
C P - PER CENTATE OF TOTAL BASAL AREN OM 4 OF TREES TO RE CUT
(o PCAMAT = AMOUNT ASSOCIATED WITH PER CENTAGE
C NEANL = YEADING LAGRLS FOR METHOD OF THINNTHG(CUTTING)

C NEAN2 - HEADTHNG LARELS FOR TYPE OF NASIS OF THINNING (CUTTING)
{ébIlillGill&lIliﬂ‘iiQOill&!ODIil‘blllllllihlllllilllllj‘ll.llllll!l.llil
c
{ HO THIMNUING OR CUTTING ?
C
IF(TYPE.EN.N) UETIRN
CALL, CALVAOL (IDCLHT, NCLRAT, ST, NCTLVOL)
CALL, OUTHCL ( INCLHT, DCLAAT  DCLVOL, T'TNOT, TRAT, NTLVOL(13) ,2)
c
C DETERMING FRACTION AMHD ACTUAL AMOUNT OF CUT DEPEHDTNG
C ON TYPE OF THINMING/CUT
[

PC=AMNINT/LON,
PCAMNT =AMINT
GOTN (1,2,3),MOFAMT
1 PCAMNT=DCS TNAT
Lo B Ko I |
PC= AT /1 IAT
cooTn A
3 PC=ANONNT/TIOT

I

(continued)
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APPENDIX C (continued)

TNITTALIZE HOL OF TRESS AND DASAL APCA OF TEERES TO OF CUT

no 5 1=1,12
HOTCOT(T) =0
WATCUT(T) =0,
NOTCUT(L3) =N
AATCHT(13) =0,

GO TD SECTION FOR TYPE OF CUT
59 T (19,10,20) ,TYPE
CUTTING FROYM HIGHEST NR LOIEST CNLASSES

no 13 1=1,12
LOIEST CLASSES

1=

HISHEST CLASSES

LF(TYPR,E0,2) 1-12-041

IF(INDCLIT(I).62.0) 59 0 13

NETERMTHE AVERNTF NMASAL AREA DER TRER FOR NIAMETER CLASS
AVEBAT=NCLBAT(T) /IDCLAT (1)

50 TO SECTION FOR TYPE OF AMOUNT OF CUT
GO TO (11,11,17),TOFAMT

PER CENTATE DR AQSOLUTE ANDINT TYPE OF CUT

CHECE TF FULL AMOUNT WITHIN BA OF HALF A TREE MAS BEEN CUT
IF(PCAMNT=-RATCUT(LT) LT, .S*AVCHAT) GO TO 40

CHECE 1IF ALL TREES IN A DIAMETER CLASS HUAVE BREN CUT
IF(HOTCUT(T) .GR,INCLYUT(T)) 7D TO 13

COUNT AN ACTUMULATE HUMIER OF TREES CUT AMD ASSOCTATED RASAL MREA

HOTCUT(L) =HTCHIT(I) +1

WOTZUHT L) =tITCUT(13) +1
BATCUT(I)="ATCUT(T)+AVORAT
BATCUT{LII) =AATCUT (1) +AVIIAT
G TO (11, 11,12) ,TORAMT

AUMBER OF TREES TYPD OF CIT

CHEZY IF FULL Qs OF TPEES HAYE REEY COT
TF{TCIT(13).AR.PCAITY GO TO 40

CHECR IF ALL TPOES [N A NIAMETER CLAGE TJAVE BEEN COT
IF(IOTCUT(I).GE.IDTLITIIY) 7D TO 13

50 T 110

CONTINIE

G T 40

aaan nan

e

(3]

anann

00 000

0

21

22

23

4n

11

EQUAL PRIPORTION FRON ALL CLASSES TYPFR OF CUT

no 23 1-1,12

IF(NCLYIT(I) LED.D) an TO 213

FIHD AVERAGE TOTAL BASAL AREA OF A TREE TN NIAMETEP CLAGS
MGHIAT=DCLIAT(T) /INCLIT (D)

G0 TO SECTION FOR TYPE OF AMOUNT OF CUT
50 TO (21,21,22), TOFAMT
PER CENTARE OR ARSOLUTE AMYINT TYPE OF CUT

FIND APPROXTMATE TOTAL RASAL AREA CHT

BATCHT(I) =PC*NCLBAT(T)

FIND BYACT NUMUER OF TREES CUT 1IN NIAMETER CLASS AND TOTAL
NOTCUT(T)=RATSUT( 1) /AVORAT 5

HOTCUT(13) =NITCUT(13) +10TCUT(T)

FIND ASSOHCIATED TOTAL AASAL AREA CUT AND ACCUMULATE TOTATL
NATCUT (1) =NYTCUT (1) *AVER AT

TATCUT (L3 ) =UATCUT (13) +BATCUT(T)

"0 TN 23

EOQOUAL PROPORTION FROM ALL CLASSES TYPER OF CUT

onN

FIND NUMBER OF TREES CUT AND TOTAL AND ASSOCIATED TOTAL BASAL

AREA AR TOTAL
NOTCUT (1) =PC*NCLNIT(T)*.5
NOTCUT(LI) =NOTTUT(13) $99TCUT(T)
UATZUT (1) =NOTCHT(I) *AVEIAT
BATCOT(1Y) =BATCUT (13) +BATCUT(1)
COATINUE

FIND MERCH.
CALL CALVOL (NOYTCUT, BATCUT,S51,VOLCUT)

REVISE DIMETER CLASS TYFORMATION BY REMOVING CUT TREES
N0 0

TTNOr=N

no 41 1=1,12

DSIMIAIT( D) =NTLRYT (DY ="ITTOT(])
TF{I¥IN(NTLNIT(T)4.5) RO, 0) NCENOT(T) =00
TAOT=THIT+OCLHOT(T)
IOCLAT (T} =N2LNOT (1) 4.5

I TNOT=TTHOT+ INCLNT (1)

NCLAAT (1) =DTLAAT (1) =AaATCOT (1)
DETVOL(T) =NTLVOL (1) =VOLCUT(T)
TRAT=TAAT=-IATCHT(13)

NZINOL (LI =NCLYOL (13 =VOncuT (1 3)

VOLUYMES FOR CUT TREES Y DIAMETE® CLASS AND TOTAL

(continued)
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APPENDIX C (concluded)

PRIUT OUT NIMAER OF TRRRT, TOTAT BASAL AREA ANND MERCIH, YOLUIME
RESTINDUAL AND CHT PORTIONS

ny PIAMETER CLASS AMID TOTAL FOR

CALL OUTHCL {ITNCEA T, DCLWAT, DCLVOL, TTNYT , TRAT, NCLVOL (1) , )
SALL OUTHEL (NOTCUT, BATCNT, VOLCHT  HOTCUT (13 ), BATCWT(13) ,VOLCUv (13) ,

1 1)
WRITE (K, 90) HEANT(TYPE)
90 FORMAT (100, 329, “THINNING (CUTTING) OF “,A%, 7 DIAMETER CLASSES )
UPTTE (6, 91) HEADZ (TOFAAT) (AMOUNT
“WAR,T = TLRT.1)

91 FOMYAT(LHO,32%, "AMOUNT NOF THINNING BASED OH

RETHEN
END



APPENDIX D

Table 1. Stand table projection for a 96-vear-old stand (jack pine cover type) in northwestern Ontario for a l9-year
growth pericd with no intermediate harvesting.

Growth or yield Diameter class (cm)
cocoponents
per ha 10 15 20 25 30 a5 40 45 0 E0+ Total

STAND TABLE 'INITIAL'

Number of trees L9 148 395 383 62 0 0 0 0 0 1037

Total basal area 0.5 2.7 13.0 18.5 3.9 0.0 0.0 0.0 0.0 0.0 38.5

Merchantable volume 5.0 24.6 100.0 137.4 34.4 0.0 0.0 0.0 0.0 0.0 301.4
YEAR '5" GROWTH PERIOD, STAND AGE = 101

Mortality 15 21 28 18 2 0 0 a 0 0 84

Upgrowth 7 20 51 49 9 0 o 0 0 0 136

Ingrowth 2P 7 20 51 49 g 0 0 ] ] 159
YEAR '10' GROWTH PERIOD, STAND AGE = 106

Mortality 20 18 27 18 3 0 0 0 0 0 86

Upgrowth [ 16 43 47 14 1 0 0 0 0 128

Ingrovth 1% 7 16 43 L7 14 ak 0 o 0 149
YEAR '15' GROWTH PERIOD, STAND AGE = 111

Mortality 19 15 25 18 5 1 0 0 0 0 83

Upgrowth 6’ 12 37 45 18 3 0 0 0 0 121

Ingrowth 20% 6 12 a7 45 18 3 0 0 0 141
YEAR '19' GROWTH PERIOD, STAND AGE = 115

Mortality 15 10 18 15 5 1 0 0 0 0 64

Upgrowth L 7 24 33 16 4 1 0 '] 0 89

Ingrowth 15° 4 7 24 33 16 1 0 0 104

STAND TABLE 'FINAL'

Nurber of trees 33 53 197 295 164 46 8 1 0 0 797

Total basal area 0.3 0.9 6.2 14.5 11.6 4.5 1.0 0.1 0 0 3%.0

Merchantable volume 3.0 9.5 51.5 110.7 80.6 3B.4 9.6 1.4 [\] 0 314.6

@ Stand ingrowth is the same as upgrowth to 10 cz diameter class.

(continued)



AFPPENDIX D (continued)

Table 2. Stand table projection for a 96-year-old stand (jack pine cover type) in northwestern Ontaric for a l9-year
growth period with approximately 507 of the trees harvested at the »nd of 2-year growth peried.

Growth or yield

Diameter class (cm)

componentcs
per ha 10 15 20 25 30 15 4 L5 50 60+ Total
STAND TABLE 'INITIAL'
Number of trees 49 148 395 383 62 0 0 0 0 0 1037
Total basal area 0.5 2.7 13.0 18.5 3.9 0.0 0.0 0. 0.0 0.0 38.5
Merchantable voluze 5.0 24,6 100.0 137.4 6.4 0.0 0.0 0. 0.0 0.0 301.4
YEAR '2' GROWTH PZRIOD, STAND AGE = 98
Mortality ] 8 11 7 1 0 0 0 o] 0 33
Upgrowcth 3 8 20 20 3 0 0 0 o] 0 54
Ingrowth 9¢ 3 8 20 20 3 0 0 0 0 63
. STAND TABLE 'PRE-CUT'
Humber of trees 50 135 372 377 77 3 1] ] 0 0 1014
Total basal area 0.4 2.4 11.7 18.5 5.4 0.3 0.0 0. 0.0 0.0 38.7
Yerchantable volume 4.3 21.8 91.1 137.6 45.9 3.7 0.0 0. 0.0 0.0 304.5
STAND TABLE 'POSTCUT'
Nusber of trees 25 67 186 188 38 1 0 0 0 0 505
Total basal area 0.2 1.2 5.8 8.2 2.7 0.1 0.0 0. 0.0 0.0 19.2
Merchantable voluze 2.0 10.0 L2.2 63.6 21.0 1:1 0.0 0. 0.0 0.0 140.0
STAND TABLE 'CUT'
Number of crees 25 68 186 189 Je 2 0 0 0 0 509
Total basal area 0.2 1.2 5.8 9.3 2.8 0.2 8.0 0. 0.0 0.0 19.5
Merchantable volume 2.3 11.8 48.9 74.0 264.9 2.6 0.0 0. 0.0 0.0 164.5
YEAR 'S5’ GROWTH PERICD, STAND AGE = 101
Morzalicy ] 6 9 5 1 0 0 0 0 0 27
Upgrowch 2. 6 15 15 3 0 0 0 0 0 41
Ingrowth 15% 2 6 15 15 3 0 0 0 0 56
YEAR '10' GROWTH PERIOD, STAND AGE = 106
Mortalicy 13 g 14 g 2 0 0 0 0 0 47
Upgrowch 5. g 22 24 7 1 0 0 0 0 57
Ingrowth 15" 5 8 22 24 7 ;3 0 0 0 Q92
YEAR '15' GROWTE PERIOD, STAND AGE = 111
Mortality 17 8 12 g 2 0 0 0 0 0 L8
Upgrowth ﬁa 6 19 23 9 2 0 0 0 0 63
Ingrowch 24 6 6 19 21 9 2 0 0 ] 89
YEAR '"19' GROWTH PERIOD, STAND AGE = 115
Morcalicy 15 5 9 7 2 0 1] v] 0 1] 38
Upgrowch 5 4 13 17 8 2 0 0 0 0 45
Ingrowth 184 5 4 13 17 8 2 0 0 0 87
STAND TABLE 'FINAL'
Nucher of trees 39 1 98 147 82 24 4 0 0 0 425
Total basal area 0.3 0.5 3.1 7.2 5.8 2.3 0.5 0 0.0 0.0 19.8
Merchanctable voluze 3.4 5.8 27.5 55.0 L8.7 21.1 5.5 0. 0.0 0.0 171.1

? stand ingrowth is the same as upgrowcth in the

10 cz diacecter class.

(continued)



APPERDIX D (continued)

Table 3. Scand table projecticn for a 48-year-old stand (mixed softwood cover type) in northwestern Ontario for a
l7-year growth peried with no intermediate harvest cutting.

Growth or yield Diameter class (cm)
components
per ha 10 15 20 25 30 35 L0 45 50 60+ Total

STAND TABLE "INITIAL'

Wuzber of trees 523 397 273 270 36 0 0 0 o] 0 1495

Total basal area 4.6 6.9 9.2 13.8 2.3 0.0 0.0 0.0 0.0 0.0 k.7

Merchantable volume 42.8 61.7 79.9 115.0 23.0 0.0 0.0 0.0 0.0 0.0 322.4
YEAR '5' GROWTH PERIOD, STAND AGE = 53

Mortality 102 36 12 7 1 0 0 0 0 b} 158

Upgrowch n 55 39 38 6 0 0 0 0 0 209

Ingrovth 542 71 55 39 ki) 6 0 0 0 0 303
YEAR '10' GROWTH PERIOD, STAND AGE = 58

Mortalicy 105 36 14 8 1 o] 0 o 0 0 164

Upgrowth 61 52 39 37 10 1 0 0 0 0 200

Ingrowth 90% 61 52 29 37 10 1 0 ] 0 290
YEAR "15' GROWTH PZRIOD, STAND AGE = 63

Morzalicy 97 37 15 g 2 0 0 0 0 0 160

Upgrovth 51 L9 39 36 14 2 0 0 0 0 191

Ingrovth 81 51 43 EE] 36 L4 2 0 0 0 272
YEAR "17' GROWTH PERIOD, STAND AGE = 65

Morzalicy 35 15 7 s 1 0 0 0 0 0 62

Upgrowth 1?~ 18 15 14 7 2 0 ] 0 0 T3

Ingrovth 294 17 18 15 14 7 2 0 0 0 102

STAND TABLE '"FINAL'

Number of trees 278 300 287 249 12 5 5 0 0 0 1250

Total basal area 2.2 5.3 B.4 12.2 8.5 3.0 0.6 0.5 0.0 0.0 L0.2

Merchantable volume 22.0 48.7 73.6 103.1 T4.4 28.0 6.6 0.0 0.0 0.0 357.3

€ szand ingrowch is the same as upgrowth to 10 cm diameter class.

(continued)



APPENDIX D (concluded)

Table 4. Stand table projection for a 48-vear-old stand (mixed softwood cover type) in northwvestern
Ontario for a l7-year growth period with commercial thinning of approximately 250 of the
largest trees/ha at the end of the 7-year growth period.

Grovth or yield Diamecter class (co)
cozpenents
per ha 10 15 20 25 30 35 L0 60+ Total

STAND TABLE "INITIAL'

Number of trees 5213 397 273 270 36 o 0 0 1499
Total basal area 4.6 6.9 9.2 13.8 2.3 0.0 0.0 0.0 36.7
Merchantable volume 42.8 61.7 79.9 115.0 23.0 0.0 0.0 0.0 322.4
YZAR '5' GROWTH PERIOD, STAND AGE = 53
Morrality 102 36 12 7 1 0 0 0 158
Upgrowth 71 55 39 38 6 0 0 0 209
Ingrovth 942 71 55 39 38 6 0 0 303
YEAR '7' GROWTE PERIOD, STAND AGE = 55
Mortalitcy 42 14 [} 3 1 0 0 0 66
Upgrowth 24 21 16 15 4 0 0 0 EO
Ingrowth 362 24 21 16 15 4 0 0 116
STAND TABLE 'PRE-CUT'
Nuzber of trees 413 366 277 261 78 9 0 0 1404
Total basal area 3.2 6.5 8.7 12.8 5.5 0.9 0.0 c.o 37.7
Merchantable volume 31.4 58.3 76.2 107.7 50.4 9.8 0.0 0.0 333.8
STAND TA3JLE "POSTCUT' 4
Number of trees 413 166 277 101 0 0 0 0 1157
Total basal area 3.2 6.5 8.7 5.0 0.0 0.0 0.0 0.0 23.4
Merchantable volume 1.4 58.3 76.2 38.3 0.0 0.0 0.0 0.0 204.1
STAND TABLE 'cuT'
Humber of trees 0 0 o] 160 78 9 0 0 247
Total basal area 0.0 0.0 0.0 7.8 5.5 0.9 0.0 0.0 14,2
Merchantable volume 0.0 0.0 0.0 69.4 50.4 9.8 0.0 0.0 129.6
YEAR '10" GROWTHE FERIOD, STAND AGE = 58
Mortalicy L4 16 ] 1 0 0 0 0 67
Upgrowth 34 31 23 9 0 0 0 0 97
Ingrowth 8™ 34 i1 23 S 0 0 0 181
YEAR '15' GROWTH PERIOD, STAND AGE = 63
Mortalicy 78 26 11 3 0 0 0 0 118
Upgrowth 58 49 39 17 2 0 0 0 165
Ingrovwch 1A= 58 49 39 17 2 0 0 302
YEAR '17' GROWTH PERIOD, STAND AGE = 65
Mortality 33 11 5 1 0 0 0 0 50
Upgrowth 23 19 16 8 2 0 ] 0 68
Ingrowth L i 23 19 16 8 2 0 0 120
STAND TAELE "FINAL'
Number of trees 415 330 276 140 30 3 0 0 1194
Total basal area 3.3 5.8 8.7 6.8 2.1 0.3 0.0 0.0 27.0
Merchantable volume 315 53.1 75.8 61.5 215 3.5 0.0 0.0 246.9

% Stand ingrowth is the same as upgrowth to 10 ez diamecer class.,
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