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ABSTRACT 

Data Erom 347 permanent growth plots in the mixedwood stands of north 

western Ontario were used to develop yield functions and tables. The resulting 

yield functions and tables may serve as preliminary growth and yield information 
for forest management planning. 

RESUME 

A partir des donnees de 347 placettes d'echantillonnage permanentes se 
trouvant dans les peupleinents de foret mixte du nord-ouest de l'Ontario, on a 

constru.it de equations de production et des tableaux. Les tables et equations 

de production etablies peuvent fournir des informations preliminaires sur 

I1accroissement et la production pour la planification de 1'amenagement 

forestier. 
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INTRODUCTION 

About 3 million hectares of Ontario's productive forest lands are clas 

sified as mixedwood forest type. Because of the Canadian wood supply situation 
and the increased demand for both wood and recreational use of forest lands, 

greater demand will be placed on the mixedwood forest types of Ontario. 

No definitive management plan can be developed for a complex forest type 

without sufficient information on its extent, composition, growth and yield. 

Forest managers require better information on stand productivity under various 

management intensities. Although several major studies have been undertaken on 

this forest type over the last 40 years, little growth and yield information has 
been published to date. 

One of the earlier growth and yield studies on northwestern Ontario's 

mixedwood stands originated in 1948. Several pulp and paper companies jointly 

requested the Ontario District of the then Forestry Branch to provide growth and 

yield information on forest types in the Nipigon area (Bedell and MacLean 

1952). The companies agreed to assume responsibility for data collection while 

the Forestry Branch assumed responsibility for data compilation and analysis. 

In 1974 it was further agreed that the Canadian Forestry Service's 

Forest Management Institute would prepare separate inventory-oriented stand dev-

elopnent tables for American Can of Canada Ltd. and Kimberly-Clark of Canada 

Ltd. Once this primary objective was met, either the Forest Management Insti 

tute or the Great Lakes Forest Research Centre (now the Great Lakes Forestry 

Centre) would process the data to provide further growth and yield information. 

Evert (1975) published separate 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 involved and thus satisfied the prim 

ary objective of the above-mentioned agreement. Evert (1976a) further prepared 

variable density yield tables for the jack pine (PirtUS hariksiana Lamb.) cover 

type for three broad site classes. He also developed (Evert 1976b) equations 

and tables showing loss of volume as a result of regular mortality for the five 

cover types within pulpwood stands. 

Although Evert's (1975, 1976a, 1976b) reports provide needed growth and 

yield information, even more useful material may be derived from such a data 

set. The purpose of this report is to present yield functions and tables 

derived for the entire data set and all cover types combined. These tables pro 

vide generalized yield information applicable to a broader range of site condi 

tions and species composition than that indicated by Evert (1975). in addition, 

the equations will facilitate computer processing of such yield information. 
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MATERIAI£ AND METHODS 

Cata sets ware identical to those used by Evert (1975), and consisted 

of the tallies of 347 permanent growth plots (0.02 to 0.40 ha in size) main 

tained by the two companies, ftnerican Can of Canada Ltd. and Kimberly-Clark of 

Canada Ltd. Each plot had been measured from two to four times, mostly at 5-

year intervals. Plot data included: cover type (see zippendix A), broad site 

classes according to Hills' (1954) classification, initial stand age, plot 

number, number of trees, species code, and diameter of all trees > 1.5 cm DBH. 

Appendix B is a statistical summary of the initial measurement of the tiro data 

sets plus the estimated stand and individual tree characteristics as described 

below: 

A. Site index (at age 50). Since site information recorded vas not 

suitable for quantitative analysis and since no height data ware 

collected, site index vas estimated from initial average (quadratic) 

diameter-age relationship as follows: 

a) site index i-as expressed as a function of stand average dia 

meter and age for the major species in Ontario from Plonski's 

(1974) yield tables as: 

S .b, Db2 (1-e-b3T)b4 (1) 

where S = site index 

D ■ average stand diameter 

T = stand age 

e = base of natural logarithms, and 

bs = parameters of the model. 

b) The resulting expressions based on the above model (see Appen 

dix C) were used to estimate site index for each plot per cover 

type, i.e., the site index expression for black spruce vas used 

for the black spruce cover type; that of jack pine vas used for 

the jack pine, mixed softwood and mixedwocd cover types; and 

that of aspen vas used for the hardwood cover type. 

B. Stand height. Stand height per plot vas estimated from site index 

as above and in the site index expressions for major species in 

Ontario (Payandeh 1977), as: 

H = bl Sb2 O-e~b3T,b4sb5 (2) 

where: H = average stand height and other symbols are defined as 

before. 

Here again, the above expression vas used depending on plot cover type, 

i.e., the expression for black spruce was used for the black spruce cover type; 

that of jack pine vas used for the jack pine, mixed softwood and mixedwxjd cover 

types; and that of aspen vas used for the hardwood cover type. 
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C. Tree height. Tree height was estimated in a manner similar to that 

used in A above; equations expressing height as a function of dia 

meter and site index were derived from Plonski's (1974) yield tables 

and were based on the following model: 

H = 1.37 + b, Sb2 (1-e "b3 D)b4 (3) 

Individual tree heights were approximated by substituting individual 

tree diameters in the above model. Such expressions were used for different 

cover types as in A and B above (see Appendix G) . 

D. Tree volume. Total and merchantable volume (trees ^10 cm DBH, 30 

cm stump height and up to 7.5 cm top diameter) of individual trees 

were calculated according to Honer's (1967) tree volume equations 

and were based on species, DBH and estimated tree height as in C 

above. 

The above calculations were carried out for all plots and each measure 

ment period, except that site index estimation was based on the initial measure 

ment only. All final calculations were converted to metric units. 

ANALYSIS AND RESULTS 

Both linear and nonlinear (cf. Draper and Smith 1966) regression models 

were used to develop equations for various yield characteristics. In all cases 

nonlinear models produced better fit and/or more reasonable functional forms 

than linear models. For each yield characteristic several models were examined 

and the final equation was chosen on the basis of its R2, standard error and % 
bias values. 

Much effort was concentrated on modeling basal area and volume. About a 

dozen regression models ranging from the Richards growth function (Richards 

1959) to a seven-parameter model containing various forms of site index, stand 

density (i.e., number of trees/ha) and stand age as explanatory variables were 

tried. These models were examined for both data sets, i.e., for the American 

Can and Kimber ly-Clark data. They were also tested for the combined data (all 

measurements) and for the initial measurement only. 

Screening of the resulting equations indicated that inclusion of all 

measurement data did not improve the fit appreciably; therefore, the remaining 

analyses were applied to the initial measurement data only. The resulting equa 

tions for the American Can and Kimberly-Clark data were not significantly dif 

ferent; therefore, the two data sets were combined. This resulted in a signifi 

cant improvement in the regression fit owing to a more balanced data set, i.e., 

better coverage of the range of stand age, site index, stand density, etc. All 

subsequent yield analyses were carried out on the combined data set and for the 

first measurement only. 

Table 1 summarizes the final regression equations for the various yield 

characteristics, along with their respective R2f standard errors and % bias. 

Total basal area and volume were initially expressed as functions of site index, 



TfibLe 1. regression equations ^pressing various yield characterista.es ot stands in northwestern cntario"1. 

Yield characteristic 

Standard 

utrtoc bias 

Average sbdrid height {m] H - 3.571 

Number ot tEtttss/ha N ■ 16B14.2 S 

Total banal araa [ra^/ha)t' Gt=22.26S" 

Merchantable basal diri=a (ra2/l«>c Gp, = 0.964 <3tt1~« ~' 

Total volume (id3/"^)13 Vfc " 47-74 S'B48<l-« 

Merchantable volume (m3/ha)c Vm * 0.B94 V^d-e"-1 

T, 
11 ,79 

:-.74 

T) 

S-.665 

T 

■* Based on the initial wasil^oent of 347 permdnent aacnple plots a-Htabliah*d and maintained by the American Can Company of Canada Ltd. and 

Kimberly-Clark Company oE Canada Ltd. since 1948, 

n includes basal area and volant of all tEees 1.5 cm DBll in the stand. 

B Includes gross basil area or volume of trees 10 an PBH in the stand. Volume based on 30-cm stump height and up to 7.5-ca top diameter . 

H - aver age st-ind height [ml 

S = site index [m) 

T - stdnd age t/earsj 

H » number of treea/hd 

Gt = total baaa.1 area 

Gm «* merchantable 

Vt • total voliune 

Vm - merchiintable volume 

area [m2/hdl 
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stand age and density. However, to avoid the need for variable density yield 

tables, two-stage regression analysis was employed to express total basal area 

and volume as function of site index and stand age, as shown in Table 1 . A set 

of yield tables for site indices of 5, 10, 15, 20, 25 and 30 m was generated on 

the basis of the yield equations. These tables are given in Appendix D. Fig 

ure 1 shows stand development of an average site, i.e., site index = 15 m, for 

the major yield characteristics. 

SUMMARY 

Nonlinear regression equations based on data from 347 permanent growth 

plots from northwestern Ontario were developed for the main stand yield charac 

teristics. Since the data lacked a quantitative measure of site productivity or 

stand height, site index/plot was approximated on the basis of stand diameter 

growth according to Plonski's (1974) yield tables. Estimates of stand and 

individual tree heights were then derived by means of regression equations 

expressing stand-height as a function of site index and average stand diameter, 

respectively. 

Numerous regression models were considered for various yield character 

istics, but initial emphasis was placed on modeling basal area and volume. The 

final regression equations were chosen on the basis of their R2, standard error, 

% bias values and functional forms. 

The results presented here indicate the effect of site productivity on 

mean annual increment and its inverse effect on the age at which mean annual 

increment culminates. Rotation age is often chosen to coincide with the age at 

which mean annual volume increment culminates, because at this age the stand 

will yield the maximum possible volume/ha per year. Hence, the results given 

here may be used to determine both the rate of volume increment and rotation age 

for a given site. 

The equations and tables presented here should complement Evert's (1975, 

1976a, 1976b) reports by providing growth and yield information for the pulpwood 

stands of northwestern Ontario. The present results, however, should have a 

broader application since they were derived from the entire data set and are 

based on models that behave well upon extrapolation. No attempt was made to 

develop separate yield functions for different merchantability standards, mainly 

because the future trend is towards total volume and/or biomass utilization. 
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Figure 1* Plotting of the main yield components for the mixedwood stands of northwestern Ontario. Site index 

- 15 m. 
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APPENDIX A 

Main cover types and species description included in the data sets. 

1. tover types Description 

Black spruce 75% or more black spruce 

Jack pine 75% or more jack ping 

Mixed soEtwod 25% to 75% jack pine, the remainder spruce 

MixedTOod 25% to 75% softwood, the remainder hardwood 

Hardvood 75% or more hardv^od 

2. Species 

Common name Scientific name 

Black spruce Picea maciana (Mill.) B.s.Pt 

White spruce Picea glauca {mench) Voss 

Jack Pine Pinus banksiana Iamb, 

felsam fir ^i^ balsamea (L.) Mill. 

Lhite cedar Thuja occidentalis L. 

Eastern larch harix laricina (Du fci) K# 

Trembling aspen Populus tremuloides Michx. 

Balsam poplar Populus balsamifera L. 

White birch Betula papyrifera Marsh. 



APPENDIX B 

Statistical summary of the initial measurements of the two data sets (American Can and Kimberly-clark com 

panies) used in developing yield tables for pulpwood stands of northwestern Ontario. 

Stand characteristic 

Diametera (cm) 

Height Cm) 

fi.gea (year) 

Site index (m) 

Wo. of trees/ha 

Total basal area (m2/ha) 

Merchantable basal area (m2/ha) 

Total volume tm3/ha) 

Merchantable volume (m3/ha) 

Diametera (cm) 

Height (m) 

Agea (year) 

Site index (m) 

No. of trees/ha 

Total basal area (m2/ha) 

Merchantable basal area (m2/ha) 

Total volume (m^/ha) 

Merchantable volume (m3/ha) 

Minimum 

Data set #1, 229 plots (American Can of Canada Ltd.) 

Statistical Coefficient of 

Maximum mean variance variation (%) 

4.2 

3.5 

28 

2.7 

580 

8.4 

.2 

25.1 

.8 

7.B 

8.5 

34 

5.2 

630 

16.5 

9.8 

114.1 

41 .2 

26.6 

21 .9 

200 

21 .8 

12,565 

56.6 

55.3 

675.3 

638.4 

13.0 

11 .7 

83 

1 1 .5 

3297 

33.4 

2B.5 

254.3 

211 .1 

19.9 

15.4 

1429 

15.4 

5146956 

90.1 

150.5 

13700 

14852 

34,3 

33.7 

45.7 

34.2 

68.8 

28.4 

43.0 

46,0 

57.7 

Data set #2, 118 plots (Kimberly-Clark Co. of Canada Ltd.) 

29.6 

27.4 

170 

22,8 

7684 

54.4 

53.2 

593.0 

559.9 

15.1 

14.7 

82 

13.2 

23B9 

35.7 

32.3 

277.0 

232.9 

15.4 

1 1 ,4 

836 

10.3 

1866146 

45.3 

52.9 

6219 

7308 

25.9 

23.0 

35.4 

24.3 

57.2 

18,9 

22.5 

28,5 

36.7 

Only diameter and stand age were based on actual field measurements. Other stand characteristics were 

estimated or calculated as described in the text. 



APPENDIX C 

A. Equations expressing site index as a function of average stand diameter and age, derived from Plonski's 
yield tables and used here to estimate site index/plot3. 

Species Site index expression^ Cover types used for 

Black spruce g = .1337 D1 -434 M-e"'0176 T>"2'141 M , 
° ■'"' u u e ) black spruce 

Jack pine s - 1 026 D'8059 {1_e"-0326 T "1 .702 . 
a USA u u e ) -,ack pLne, mixed 

softwood and mixedwood 

S * .4433 D-9™ M-e--00936 V1 •«« hardwood 

B. Equations expressing stand height ag a function of site index and stand diameter, derived frOm 
Plonska s yxeld tables and used here to calculate individual tree heightsb. 

Sp&Cie- Height equation^ Cover types used for 

Black sprues H = 1 .37 + 19.899 S'122 d-e"'08" D)1"934 bIack spruce 

Jack pine H = 1 37 + 23 507 S*2607M p~'0243 ^ 9933 . 

softwood and mixedwood 

- 1.37 + 10 2313 S-353H ^-•077s D 1,593 
hardwood 

1 Where s - estimated site index (m), d = average stand diameter (cm) and T = stand age (years) 

> Where H = estimated stand height (mJ, s ^ site index (m) and D ^ average stand diameter {cm) 

0 Since the equations were based on yield tables rather than actual field data, regression statistics such 
as R or error mean squares are of little consequence, and therefore are omitted. 



APPENDIX D 

Table 1. Yield per hectare of mixedwood stands in northwestern Ontario. Site index 

m. 

Stand Avg Avg No. of Basal area (m2) Volume (m3) 
aqe DBHd ht trees - — l 

) (5 ] (15 ) (>10 cm) t>1 5 cm) <>10 cm) 
PAl 

(yr) (cm) 

ht tre j 

(m) (>1.5 cm] (>1.5 cm) (>10 cm) t>1 .5 cm) <>10 cm) 

20 1 .1 0.7 19949 1 .9 1.0 

3Q 2.5 1 .8 11350 5.0 4.2 

40 4.2 3.1 7892 10.8 9.0 

50 5.7 4.5 6096 15.5 13.9 

60 7.0 5.7 5014 19.3 17.9 

70 8.1 6.7 4294 22.0 20.8 

00 8.9 7.5 3779 23.7 22.6 

90 9.6 8.1 3390 24.6 23.6 

100 10.2 8.6 3083 25.1 24.1 

110 10.6 9.0 2831 25.1 24.1 

120 11.0 9.3 2618 24.8 23.9 

130 11.3 9.5 2435 24.4 23.6 

140 11.6 9.6 2273 23.9 23.1 

,50 11.8 9.7 2128 23.4 22.5 

Average stand DBH is based on the estimated total basal area and the number of 

trees/ha to inaintain full compatibility. 

(cont'd) 



APPENDIX D (cont'd) 

Table 2. Yield per hectare of mixedwood stands in northwestern Ontario. Site index 
= 10 m. 

a Average stand DBH is based on the estimated total basal area and the number of trees/ 
'ha to maintain full compatibility, 

(cont'd) 



APPENDIX D (cont'd) 

Table 3. Yield per hectare of mixedwood stands in northwestern Ontario. Site index 

- 15 m. 

a Average stand DBH is based on the estimated total basal area and the number of trees/ 

ha to maintain full compatibility. 



APPENDIX D (cont'd) 

Table 4. Yield per hectare of mixedwood stands in northwestern Ontario. Site index 
- 20 in. 

Average stand DBH is based on the estimated total basal area and the number of trees/ 
ha to maintain full compatibility. 



APPENDIX D (concl.) 

Table 5. Yield per hectare of mixedwood stands in northwestern Ontario. Site index 

= 25 m. 

a Average stand DBH is based on the estimated total basal area and the number of trees/ 

ha to maintain full compatibility. 
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