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SUMMARY 
 

Tree and log characteristics, wood properties, visually graded lumber yields, and machine-stress-
rated (MSR) lumber yields were determined for 95 year-old lodgepole pine (Pinus contorta Dougl. 
var. latifolia Engelm.) trees on good sites in southeastern British Columbia. A total of 220 trees were 
selected stratified by diameter-at-breast height (d.b.h.). Based on measurements of stand density 
made for plots around each sample tree, three samples were obtained which represented end-
of-rotation stand densities of 700, 1100 and 1900 live stems/hectare (s/ha). Logs were sawn to 
maximize the yield of wide dimension lumber. Lumber recovery factor increased with increasing tree 
d.b.h. class, but due to greater stem taper, it was generally lowest for a given d.b.h. class in the 700 
s/ha stand density class. Due to decreasing knot size, yields of Select Structural lumber increased as 
stand density increased (45.6, 62.5 and 65.4 % for the 700, 1100 and 1900 s/ha samples respectively) 
but knots were small enough that a high proportion of lumber (> 90 %) was visually graded No.2 & 
Btr. in all three stand density classes. Wood basic relative density was significantly inversely related 
to d.b.h., but was not significantly related to crown persistence or stand density. Lumber 
modulus-of-rupture (MOR) and modulus-of-elasticity (MOE) decreased as tree d.b.h. increased. 
Wide dimension lumber from open-grown trees generally failed to meet in-grade specifications for 
MOR and MOE. Lower MOR and MOE values were reflected in reductions in MSR yields. The 
juvenile wood proportion of tree stems, defined either as 15 or 30 annual rings from the pith, was 
only weakly related to lumber MOR and MOE. Kiln drying degrade increased with stand density 
class and ranged from 3 % of pieces in the 700 s/ha sample to 7 % of pieces in the 1900 s/ha sample. 
Drying degrade was essentially unrelated to proportions of juvenile wood. Application of study 
results to theoretical tree size and volume distributions generated by a stand growth and yield model 
(TASS) produced stand yields which in terms of lumber recovery, and premium structural and 
appearance grades, would rank stand densities in the following descending order: 1100, 700 and 
1900 s/ha. Study results indicate that, for lodgepole pine grown on good sites, stand managers will 
achieve the optimal combination of lumber yield and grade by targeting a medium final stand 
density. Further research is underway to determine if the inverse relationship between average basic 
wood density and large diameter trees recorded in this regional study persists in other biogeoclimatic 
zones. It is important to note that, because the tree samples were stratified by d.b.h. and stand density 
classes, the lumber strength and stiffness results obtained in this study are not representative of the 
current lodgepole pine resource in general. 
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LODGEPOLE PINE PRODUCT YIELDS RELATED TO 
DIFFERENCES IN STAND DENSITY 

1.0 INTRODUCTION 

Lodgepole pine (Pinus contorta Dougl. var. latifolia Engelm.) has a history of natural establishment as 
the result of fire. Natural stands, which comprise the current resource throughout its range in Canada, 
are often typified by very high initial stand densities and small tree diameters. Reduced rotation ages 
and larger piece sizes, which promise potentially lower extraction costs and higher lumber recovery, 
encourage silviculturalists to consider lowering initial stand densities to increase tree growth on good 
sites in the B.C. interior. Weighing against a decision to grow larger trees in shorter rotations is the 
potential for producing low quality wood characterized by large knots and a higher proportion of 
“juvenile wood” which reduces average basic relative wood density. Research is required to determine 
to what extent any changes in wood characteristics resulting from more rapid tree growth will diminish 
the benefits expected from producing larger timber in shorter rotations. 

The primary goal of this study was to provide timely empirical estimates of the product potential of 95 
year-old timber obtained from alternative final stand densities. This information was urgently needed 
to guide rapidly increasing silvicultural expenditures. Another goal was to continue an ongoing 
program of providing empirical data needed to further develop and validate stand management 
decision-support models such as TASS, a distance dependent independent tree simulator (Mitchell, 
1980). To this end, detailed information on knot sizes and juvenile wood content was obtained for 
trees from a low density stand and related to lumber grade yields, lumber drying defects and lumber 
strength and stiffness. Open-grown trees on good sites represent a silvicultural option that departs 
furthest from the natural growing conditions of lodgepole pine, and are most likely to produce wood 
with characteristics that differ from those of wood obtained from the current resource. 

The study was completed in two phases over two years. In Phase I a tree sample approximating,1 in 
terms of final live tree stand density, 700 stems per hectare (s/ha), was chosen from a relatively low 
stand density lodgepole pine site for a detailed tree-by-tree evaluation of log quality and product yield. 
Following consideration of Phase I results, Phase II proceeded with comparative evaluations of trees 
selected from two other sites to represent stand densities of approximately 1100 and 1900 s/ha. In 
order to provide reasonably precise estimates of yields for the range of tree size represented in each 
stand density, sampling was stratified by diameter-at-breast height (d.b.h.) classes. Consequently, the 
frequency and volume distributions of trees by size class do not reflect those of the stands from which 
the samples were obtained, nor are the stand densities indicative of the larger sampling area. 

In total, 220 trees were selected and converted to lumber for which lumber recovery factors, visual 
grade yields (structural and appearance), and machine-stress-rated (MSR) grades (for both 2x4’s and 
2x6’s) were determined and compared. 

                                                           

1 Trees were selected on the basis of being within a limited range of stand density as measured by stem counts 
in 1/200 ha plots around each sample tree. 
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2.0 OBJECTIVE 
 

To evaluate, for 95 year-old lodgepole pine, the effect of differences in final stand density on wood 
characteristics and on lumber yield and grade. 

3.0 BACKGROUND 

3.1  Research Need 

In 1987 the Canadian Council of Forest Ministers published a national forest sector strategy (Canadian 
Council of Forest Ministers, 1987) which recognized a gap between research findings and their 
practical application, and suggested there should be a special research focus on the relationship 
between forest management and wood product potential. Included in the strategy were the following 
recommendations: 

“It is recommended that more intensive levels of silviculture be practiced to sustain the level of 
benefits now expected from the forest. 

It is recommended that forest knowledge and techniques continue to be developed to ensure 
that silviculture treatments are ecologically sound, cost-effective, and efficient”. 

Thus, the 1987 national forest sector strategy established support for wood characterization research 
that would link stand management decisions to product potential. This support, expressed at a senior 
level of the federal and provincial governments, was reaffirmed by the Canadian Council of Forest 
Ministers in 1991 (Forestry Research Advisory Council of Canada, 1992) which ranked “decision 
support for management, silviculture and land use” as number 3 in a priority listing of 12 research 
topics. 

3.2  Stand Density Decisions 

Teeter and Caulfield (1991) observed that “one of the most complex decisions faced by forest 
managers involves determining optimal stand densities at given points in time”. They noted that one 
goal of forest management is to manipulate stand density in such a way as to maximize stand value, 
but pointed out that a simple understanding of biological processes was not enough since per-tree 
values change as trees grow and become capable of yielding higher valued products. 

Briggs and Fight (1992) noted that research on the effects of silvicultural activities on wood proper-
ties, product values, and processing and harvesting costs has lagged behind research on growth and 
yield, stocking control and fertilization. Stand density decisions are made more difficult because 
foresters still lack basic information linking tree growth to product value. 
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3.3  Wide Spacing and Large Diameter Trees 

Mooney and Rotherham (1988) described the following three schools of thought on forests and wood 
processing of the future: 

• Grow short rotation field crops of trees or other fibre producing plants to furnish mills 
which will process this fibre into pulp, paper or composite wood products. 

•  Grow dense stands of medium sized trees (3-6 ft3) on short rotations (10-20 yrs.) to feed an 
industry somewhat like we have today, but with much more emphasis on composite solid 
wood products. 

•  Grow larger trees (10-15 ft3) in wide spaced stands at relatively short rotations (30-50 
years) to supply the industry of the future with raw materials that permit the use of any 
process technology. 

They concluded that foresters should grow larger rather than smaller trees because tree size is far and 
away the most important factor to both the logger and the sawmill. They suggested that regardless of 
equipment type, total harvesting costs fall rapidly with an increase in tree size, that product price is the 
most important variable for any sawmill, and the value of larger dimension lumber is an important 
factor which depends on log quality and size. They added that the lumber recovery factor (LRF) is the 
second most important variable to the sawmill, and that LRF increases as the diameter of the log mix 
increases. Based on a comparison of two stud mills they demonstrated that for the same production 
time, a shift in average log diameter from 19.1 to 23.9 cm produced an 18% increase in log volume 
processed, increased LRF by 6% and resulted in an increase in lumber output of 28% . They observed 
that small dimension material will continue to be more economically produced by traditional sawing, 
rather than by composite technology. 

McClain et al (1994) provided further support for lower stand densities. They examined the effect of 
three different establishment spacings (1.8, 2.7 and 3.6 m) on the stem growth and crown characteris-
tics of 37 year-old black spruce, white spruce and red pine plantations in Ontario, and observed that 
with wider spacing d.b.h., crown length, and crown width increased for all three species while height 
had a decreasing trend as spacing increased. They found that the closest spacing resulted in the largest 
volume per ha for all three species although individual stem volumes were substantially smaller. Based 
on a sawlog minimum diameter requirement of 22 cm they noted that only 6% of white spruce and 
18% of red pine stems grown at 1.8 m spacing would make sawlogs, but when established at 3.6 m 
spacing 50% of white spruce and 97% of red pine qualified as sawlogs. They calculated estimated 
costs and anticipated revenues for each of the plantations and determined that as initial spacing 
increased, volume production, total costs and revenues decreased for all three species, but wider 
spaced plantations provided the best economic return due to a shift to a higher-value product (saw-
logs). The sawlog values they used exceeded pulpwood values by 10% per m3. It was suggested that 
increased crown length and width associated with wider spacings implied more and larger knots, but 
no assessment was made of the possible effect of reduced log quality on product value. 
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3.4 Wood Quality Concerns 

Warrack (1948) introduced an early note of pessimism about the future forests in B.C. by suggesting 
that serious consideration should be given to thinning and pruning natural stands because second 
growth Douglas-fir will not produce high quality lumber within 100 years without silvicultural 
treatment. In the United States, Paul (1957) noted that the stand management objective of rapid tree 
growth conflicted with wood quality objectives of small branches and low proportions of juvenile 
wood, and suggested too little attention was given to remedial and management practices that could 
compensate for these limitations. Benson (1960) echoed this concern and suggested restricting core 
wood development would be necessary if trees were to be produced that were suitable for other and 
more valuable uses than fibre products. He felt this was all a matter of forest management. 

Jozsa and Kellogg (1986) undertook an exploratory study to characterize the properties of fast-grown 
coniferous woods in B.C. focussing on the properties and extent of juvenile wood in Douglas-fir, 
western hemlock, lodgepole pine, interior spruce and western red cedar. Interior lodgepole pine 
showed little density variation pith-to-bark and the least variation in density as a function of tree 
height. Within-tree average ring density variation was found to range from 10 percent (lodgepole pine 
and interior wet-belt Douglas-fir) to 40 percent (coastal western hemlock and Douglas-fir). 

Kellogg et al (1989) reported the results of a comprehensive study which characterized the quality of 
rapidly-grown 60 year-old B.C. coastal Douglas-fir trees in terms of their basic wood properties and 
product potential. They concluded that, largely due to a high proportion of juvenile wood, second-
growth coastal Douglas-fir harvested in 50 to 70 years will have physical, mechanical and chemical 
properties substantially different from the old-growth resource harvested today. Measures of knot size 
and proportions of juvenile wood were determined and their negative effects on yields of Select 
Structural lumber, and on lumber strength and stiffness, respectively, were quantified. Lumber drying 
degrade was found to increase, and strength and stiffness properties decrease, as proportions of 
juvenile wood increased. 

Maguire et al (1991) examined the effects of thinning on both knot size and crown wood percentages 
in Douglas-fir. Thinning precommercially to 121 trees/ac produced branches where the mean diameter 
of the four largest branches per log was equal to 2.5 in. compared to 1.5 in. for an unthinned site (484 
trees/ac.). Crown wood in 40 foot butt logs was approximately 55% of volume/ac. as opposed to 30% 
for the unthinned site. 

Zhou and Smith (1991) examined the effect of kiln schedules on lumber strength and stiffness of white 
spruce obtained from the University of New Brunswick research forest, and reported that MOE and 
MOR decreased as schedules went from slow-mild to more severe. They also determined that “largely 
due to the high proportion of juvenile wood, plantation fast grown white spruce harvested in 50-60 
years will have low RD (relative density), wide annual rings, and low strength properties”. They 
concluded that plantation fast-grown wood will produce more low value material than current forests. 

3.5 Characterization of Lodgepole Pine 

Koch (1987) noted that an exhaustive review of world literature on lodgepole pine uncovered some 
4,000 publications, but only 3 percent of the literature dealt directly with utilization. He reported also 
that there were essentially no integrated overviews of the anatomical, physical, chemical and mechani-
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cal properties of the species related to latitude, elevational zone, diameter class, and longitudinal zone 
spanning the range of lodgepole pine in North America. 

Koch (1987) reported the initial output of a decade long (1983-93) research program to describe the 
gross characteristics of lodgepole pine. Information is available describing tree characteristics, 
dimensions, volumes, moisture content of tree components, stem taper, specific gravities and weights 
of tree components and the distribution, moisture content, weight and specific gravity of heartwood 
and sapwood. This information was gathered for three d.b.h. classes (76 mm with s.d. 1.96 mm, 152 
mm with s.d. 2.49 mm, and 228 mm with s.d. 2.97 mm) sampled at low, medium and high elevations 
from nine equally spaced north latitudinal zones (40 to 60 degrees) across 10 degrees of longitude. 
Koch noted that in both Canada and the United States lodgepole pine trees are typically small in 
diameter with slightly more than one-third of the volume of the resource to be found in trees less than 
17.5 cm d.b.h. 

In terms of silviculture decisions, the practical application of the very detailed information resulting 
from the above research is somewhat limited because the sampling plan did not permit evaluation of 
site quality, age or stand density – three parameters known to significantly affect many or most of the 
characteristics studied (Koch, 1987). Moreover, only the largest d.b.h. class examined exceeded the 
diameter (17.5 cm) that might be considered the lower limit for lumber manufacture (Koch, 1987). 
Nonetheless, the information provided by this research helps to place the results of the current study in 
perspective. More importantly, it provides some indication of how relevant these results may be to 
other areas within the lodgepole pine range. Latitudinal and elevational effects on tree characteristics, 
for example, were described as pronounced. The fact that stemwood specific gravity was found to 
decrease with increasing d.b.h. and increase with increasing latitude was described as the most 
important finding of this research (Koch, 1987). 

Johnstone (1970) examined variations in moisture content and specific gravity for eighty-five 100 
year-old forest-grown lodgepole pine trees in southwestern Alberta. He found that weighted-average 
tree-specific gravity was most strongly correlated (negatively) with tree d.b.h., and within the tree most 
closely related (negatively) to tree height (position). Johnstone noted that several investigators had 
reported that specific gravity generally decreased from the base of the tree to the tip, but also noted 
that there was conflicting evidence regarding the influence of the live crown on specific gravity. 

Ballard and Long (1988) studied the relationships between end-of-rotation lodgepole pine stand 
density and butt log (the first 4.7 m log from 30 cm stump to 5 m stem height) stem taper, wood 
density, branch frequency and size and basal area proportion of sapwood. Thirty-five plots (0.1 to 0.01 
ha) were established to serve as surrogates of various end-of-rotation stand densities. Numbers of trees 
in each plot ranged from 12 in a large low density plot (120/ha) to 64 in a small high density plot 
(6400/ha). A minimum of 6 trees was selected from each plot to estimate first log (5m) quality. They 
found a strong relationship (R2 = .90) between the average diameter of the five largest branches living 
or dead per tree (measured only in the first 5m log) and stand density. Wood density was determined 
for one of two increment cores taken at right angles to each other at breast height. Average wood 
density was not significantly related to stand density (R2 = 0.01). They noted that the relationship 
between wood density and stand density is not straightforward and there is a wide discrepancy 
between studies. Several studies of spruce suggest there is a strong relationship between wood density 
and stand density while others indicate the relationship is weak in pines. They concluded from their 
study that only branch size was strongly influenced by stand density. 
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Johnstone and Pollack (1990) studied the effects of four different planting espacements on the growth 
and development of lodgepole pine 20 years after planting. Intertree distances were 1.83, 2.44, 3.05 
and 3.66 m corresponding with plantation densities of 2990, 1682, 1076 and 747 stems/ha. They found 
that despite larger and faster growing trees, basal area, total volume and total volume growth per 
hectare were substantially lower at the widest spacings compared with the closest spacing. Trees at the 
wider spacings were significantly shorter than trees at the closest spacing. They suggested this 
indicated that wide espacements will increase bole taper and may reduce volume and sawmill recovery 
by diameter class. They noted that trees at wide spacings had larger crowns and were slower to 
self-prune and could be less valuable because of larger branch and knot sizes. Branch size for each tree 
was taken as the largest branch measured 2 cm from the stem in the whorl nearest breast height. Mean 
branch diameters were 1.25, 1.55, 1.98 and 2.25 cm for the four plantations above ranked in descend-
ing order of stand density. 

Taylor, Wang and Micko (1982) studied wood specific gravity and tracheid length of lodgepole pine in 
Alberta. They found that mature wood specific gravity did not differ significantly between forests but 
there were significant differences in mature wood specific gravity from stand to stand within forests, 
and large differences in specific gravity between trees within stands. Sampling trees from south of 
Calgary (Bow-Crow forest) to north of Edmonton (Grande Prairie forest), they concluded that specific 
gravity did not vary from north to south in Alberta. 

Jozsa and Sen (1992) sampled small, medium and large lodgepole pine trees from 11 different stands 
located in both B.C. and Alberta. They determined that fast-growing large-diameter trees had a lower 
relative density than slow-growing trees, and concluded that this lower wood density was related to 
crown persistence. The greatest difference between juvenile wood and mature wood density was found 
to be at the base of the stem furthest from the influence of the live crown, whereas wood density at 
60% and 80% of tree height was virtually identical in all three tree size classes regardless of stand 
density. They found that even at low stand densities (500-800 stems/ha) medium and small diameter 
trees produced high density wood in the lower half of the bole. The age at which transition between 
juvenile wood and mature wood occurred was found to vary by tree size and was estimated to be 30, 
23 and 15 years for large, medium, and small diameter trees respectively. 

Other lodgepole pine utilization research offers comparative information on the effects of log and tree 
characteristics on product yields. Dobie and Middleton (1980) assessed lumber yields associated with 
sweep in lodgepole pine and derived a rule of thumb that for each 0.1 increase in sweep: diameter ratio 
(maximum deviation: top diameter), yield was reduced by 7 percent compared to straight logs. 
Middleton and Munro (1992) reported on the regional potential for joinery yield from lodgepole pine 
in the B.C. interior, and found that the potential was greatest in large diameter trees. Gonzalez, Lum 
and Munro (1993) described machine-stress-rated (MSR) lumber yields related to average stemwood 
density of lodgepole pine, and suggested that assessment of wood density at d.b.h. could be useful in 
predicting MSR yields. 
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4.0 METHODS 

4.1  Site Selection 

In the absence of mature lodgepole pine plantations in western Canada, studies of the wood quality 
effects of various stand establishment decisions (initial stand density) depend on locating natural 
stands capable of providing tree samples representative of the various final stand densities expected to 
result from these decisions. A preliminary survey made in British Columbia and Alberta, identified six 
sampling sites with rapid tree growth deemed representative of expectations for plantations established 
with low final stand density as the management objective. Following on-site inspections, a site 
(Sulphur Springs, located near Elkford, British Columbia) was chosen to provide a tree sample 
representing a moderately low final stand density of approximately 700 live stems per hectare. Some 
“clumping” and more open-spacing of trees on the site, which produced a wide range of tree diame-
ters, was considered typical of natural mortality that occurs in plantations. 

Two other sites in the same region, and adjacent to each other, were chosen to provide samples with 
final stand densities of approximately 1100 and 1900 s/ha. In selecting these sites, considerable time 
was taken to find stands which were stable at their respective stand densities (those without a large 
number of recently downed trees). A site initially chosen for selection of a medium stand density 
sample was rejected, for example, because a large number of stems lay criss-crossed on the ground 
indicating a much higher stand density in the recent past. The three selection sites are illustrated in 
Plates I, II and III. 

4.2 Tree Sample Selection 

4.2.1  Tree D.b.h. Classes 

In Phase I, 100 trees, approximately 95 years old, were selected stratified by d.b.h. to cover the range 
of size available. The target was a minimum of 20 trees in each of a predetermined number of 5 cm 
d.b.h. classes. Severely deformed “wolf” trees were excluded on the premise that these would be 
culled from future managed stands. (Any tree with multiple forks or severe crooks in the lower two 
thirds of the merchantable stem, for example, was considered severely deformed. Few of these were 
encountered.) Sampling was random with respect to all other tree characteristics. The sampling plan 
for Phase II was modified, because fewer d.b.h. classes were represented, to select only 60 trees 
(approximately 95 years old) for each of the 1100 and 1900 s/ha samples. 

Sampling was restricted in some d.b.h. classes by a lack of trees which met the sampling objectives. In 
selecting a nominal 700 s/ha sample, for example, targets could not be achieved in the 20 cm diameter 
class nor in the 40 cm class. In selecting the nominal 1100 and 1900 s/ha samples, stand density 
limited the availability of trees in the 30 cm and 25 cm d.b.h. classes respectively. Sample sizes were 
increased in better represented d.b.h. classes to obtain sufficient lumber for subsequent strength and 
stiffness tests. 

All sample trees were assigned unique identification numbers. 
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4.2.2  Stand Density 

Trees in the immediate area of each sample tree were measured to establish stand density for each tree 
sample. Sample trees were used as plot centres, and the d.b.h. of all stems (including other sample 
trees) within a fixed plot radius (1/200 ha) was measured and recorded. Because trees were excluded if 
the stand density in their immediate vicinity exceeded subjectively established ranges, the stand 
densities referred to throughout this report are those of the tree samples, and though similar, they do 
not represent the stands in general. 

4.2.3  Quality Cruise 

A quality cruise was made of each sample tree. This included measuring, in accordance with BCMOF 
timber cruising procedures (BCMOF, 1980a), the following tree quality characteristics: 

• diameter-at-breast height (outside bark) 
• total tree height 
• height to the live crown and first dead stub 
• lean and sweep 
• number of knot free quarters in the 1st and 2nd 5m logs 
• spiral grain 
• crown dominance2 
 
and locating by tree thirds, the following pathological indicators if present: 

• conk 
• blind conk 
• fork 
• crook 
• scar 
• frost crack 
• dead top 
• broken top 
• mistletoe 
• large rotten branches 

                                                           

2 Crown dominance refers to the tree position within the crown canopy and was recorded as follows (BCMOF, 
1980a): 

Dominant  -  Trees with crowns extending above the general level of the crown canopy. Crowns are 
somewhat larger than average. 

Codominant  -  Trees with crowns forming the general level of the crown canopy. Crowns are 
generally smaller than those of dominant trees. 

Intermediate  -  Trees with crowns below, but still extending into the general level of the canopy. 

Overtopped  -  Trees with crowns entirely below the level of the canopy. 
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4.2.4  Increment Cores 

A 5 mm increment core was taken (bark-to-bark through the pith) at breast height on each sample tree 
to establish breast height wood density for reference in subsequent lumber strength tests, and to 
provide accurate annual ring counts for determining tree ages. 

4.2.5  Biogeoclimatic Classification 

Data required for biogeoclimatic classification were collected at each site. This included information 
with respect to indicator flora and edaphic conditions, elevation, longitude and latitude, slope and 
aspect. 

4.3  Logging and Log Measurements 

4.3.1  Tree Felling 

Sample trees were felled manually and bucked to close utilization standards (10 cm top diameter) and 
predetermined long-log lengths (multiples of 16 ft3 plus trim allowance). Each merchantable log stem 
produced was painted to identify both sampling site and d.b.h. class. Stems obtained from the 700 s/ha 
site were individually tagged to retain a record of tree number and, where more than one long log was 
produced, stem position. On all sites a tally was made of log lengths and of stem breakage. A perma-
nent identity tag was fixed to each stump to mark the location of each sample tree for any subsequent 
on-site review. 

4.3.2  Log Scaling and Bucking 

Logs were transported to a cooperating sawmill where they were spread on skids and scaled prior to 
bucking. Scaling was performed by qualified scalers provided by the B.C. Ministry of Forests, and in 
accordance with the B.C. Firmwood Scale (BCMOF, 1980b) which specifies the following measure-
ments: 

• Log top and butt end radii inside bark to the nearest cm; 
• Log length to the nearest 0.2 m. 
• Deduction of decay and voids. 
 
Log volumes were calculated using Smalian’s4 formula. 

Long logs obtained from the 700 s/ha sample were hand bucked to mill-run lengths. These lengths 
were determined by reference to sawmill bucking practice where 16 foot lengths were predominant. 
Logs from the other two samples were bucked at the sawmill cutoff saws. 
                                                           

3 Metric (SI) units are standard for all measures in Canada including forestry. Sometimes confusing to readers 
unfamiliar with the Canadian forest industry, is the need to continue the use of Imperial units for products 
destined to U.S. markets. 
4 V = (tr2 + br2) x L x 1.570796x10-4 

where: V = log volume (m3); tr = log top end radius (cm); br = log butt end radius (cm); L = log length (m) 
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4.4  Log Quality 

Log quality attributes (primarily knots) were measured in detail for logs obtained from the 100 trees 
selected to approximate 700 s/ha. This log diagramming was discontinued after a preliminary analysis 
indicated knots would be much less important as grade determining factors in the other two stand 
density samples. 

4.4.1  Log Diagramming 

Each log was diagrammed, a process by which the log surface is divided into four quadrants around its 
circumference and the size and location of all knots, knot indicators, scars, spiral grain and other 
quality indicators present on the log surface are measured and recorded (Figure 1). Knots were 
measured inside bark to the nearest 0.5 cm. Also, the ends of each log were diagrammed to record 
shake, checks, splits, voids, decay, incipient decay and mechanical damage. Log ends were measured 
to the nearest millimetre to permit accurate classification by top diameter. 

4.4.2  Juvenile Wood Identification 

Two zones were marked on the ends of each short log. These were demarcated by counting the first 15 
and 30 tree rings from the pith. The area contained by the first 15 years was painted, and the 

 

Figure 1. Log diagram sheet 
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30th ring was marked with a felt pen. This provided a means of identifying, and retaining for subse-
quent strength tests, two tentative measures of the proportion of inner core wood (juvenile wood) 
present in each piece of lumber (Plate IV). Two measures of the juvenile wood zone were considered 
necessary because of the variability in the mature wood/ juvenile wood transition age reported by 
Jozsa and Sen (1992). 

4.5  Sawmill Conversion 

Figure 2 shows a diagram of the sawmill used for the conversion study. The sawmill consisted of a log 
bucking station feeding logs to either a small log side or a large log side with lumber converging at a 
trim saw station before exiting to automatic lumber stackers. Depicted on the diagram are the various 
machine centres. The mill was equipped with modern log scanning and lumber optimizing technology. 

Study logs were sawn at a pace which allowed the accurate identification of all lumber produced (Plate 
V). To prevent production delays this was accomplished by processing the logs on a weekend when 
the mill was normally shut down for maintenance. 

Logs from the 700 s/ha sample (100 trees) were processed individually through the mill and each piece 
of lumber was hand-numbered to match it with its log and tree of origin. Lumber produced during this 
sawmill run was left untrimmed during milling in order to retain the paint which was applied to the log 
ends to subsequently indicate the proportion of juvenile wood in each lumber piece. 

Tree stems from the other two samples (120 trees) were first sorted into d.b.h. classes prior to 
sawmilling (Plate VI). These were batch processed through the sawmill using normal trimming 
practices, and lumber was identified according to sample and d.b.h. class. Logs from these samples 
were small enough in diameter to be entirely processed through the small-log side of the mill. 

 

Figure 2. Sawmill layout 
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4.6  Kiln Drying 

Green lumber produced from each mill study was wrapped and strapped for protection, and trans-
ported to Forintek’s Vancouver Laboratory where it was sorted, hand-piled, and carefully stickered. It 
was then kiln dried in a 12,000 board foot (fbm) experimental kiln (Plate VII). 

4.6.1  Drying Schedule 

Lodgepole pine is typically kiln dried as part of a spruce-pine-fir (S-P-F) market mix. Because 
lodgepole pine dries slower than spruce but considerably faster than subalpine fir, a kiln drying 
schedule was chosen that was somewhat faster5 than that normally used for white spruce (See White 
Spruce, Sitka Spruce Schedule 7. Mackay and Oliveira, 1990). The same schedule was used to dry 
both Phase I and Phase II lumber. 

Lumber was dried to below 19 percent moisture content (M.C.) with a wet bulb setting of 160°F and a 
dry bulb setting of 180°F from start to end. Determined on the basis of moisture content measurements 
taken near the end of the drying schedules, the time required to achieve 19 percent M.C. was 46 hours 
in Phase I and 52 hours in Phase II. A longer drying time for Phase II lumber is consistent with 
published data that indicates moisture content in lodgepole pine is inversely correlated with d.b.h. 
(Koch, 1987). 

Lumber from Phase I required 3 drying runs. One run was comprised entirely of 2x4’s and the other 
two were comprised of mixed wider widths. Phase II lumber was dried in two charges, one comprised 
of 2x4’s and 2x6’s and the other of 2x6’s and 2x8’s. 

4.6.2  Drying Degrade 

Each piece of lumber was inspected prior to drying and existing end-checks were marked with lumber 
crayon. Following removal from the kiln, each piece of lumber was once again inspected and all 
drying defects were recorded prior to planing. 

4.7  Lumber Grading 

The test lumber was graded according to rules for Dimension Lumber, Boards (NLGA, 1991) and 
Joinery guidelines (COFI, 1992). Grade determining defects were recorded. To isolate the effect that 
branch size and frequency had on lumber grade, a separate grade was determined based only on knot 
specifications. For consistency, grading was performed by the same grader each year. 

In determining structural grades, lumber trim was estimated (pencil trimmed and edged) to maximize 
the yield of No.2 and Btr. grade. In determining joinery grades, lumber was pencil trimmed to achieve 
maximum grade potential. Lumber from the 700 s/ha sample which was left untrimmed during 
sawmilling was entirely pencil trimmed by the grader. The extent of pencil trim was tallied as grades 

                                                           

5 The spruce schedule used as a reference calls for a wet bulb setting of 160°F throughout, but an initial dry 
bulb setting of 175°F to be maintained for the first 24 hours, followed by a setting of 180°F for 24 hours and a 
final setting of 190°F for 8 hours. 
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were recorded. For practical reasons related to maintaining lumber identity and recording proportions 
of juvenile wood, lumber tallying and grading took place after kiln drying and prior to planing. 

4.8 Planing 

The dimension lumber was custom planed to CLS sizes. Boards, not being subject to further tests, 
were left unplaned. Dry finished sizes specified for each of the nominal dimensions produced are 
given in Table 1. 

Table 1. CLS lumber sizes 

 Nominal  Finished 

Thickness 

 
Widths 

   2”       1.50” 

 
   4”      3.50” 

   6”      5.50” 

   8”      7.25” 

 10”      9.25” 

 12”    11.25” 

   (NLGA, 1991) 

4.9 Juvenile Wood Proportions 

The zones of wood 15 and 30 rings from the pith that were painted on the ends of logs from the 700 
s/ha sample were evident on the ends of each piece of lumber sawn from the inner portion of logs. 
These painted areas on the lumber ends were traced onto transparencies (Plate VIII). With the aid of a 
planimeter, the tracings were used to calculate proportions of 15 and 30 year growth zones present on 
the ends of each piece of lumber. Subsequently, these were used to calculate two separate potential 
measures of juvenile wood content. 

4.10  Wood Density 

Wood density6 was determined for the inner and outer half of each breast-height increment core taken 
on each of the 220 sample trees. Pith-to-bark distance was determined for each core, and half this 
distance was measured starting from the cambial end. Density was determined for each half of each 
unextracted core by the maximum-moisture content method (Smith 1954). 

                                                           

6 Here and throughout the text wood density refers to basic relative density calculated on an oven dry weight 
and green volume basis. 
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Wood density was also determined for each piece of dimension lumber included in strength tests. 
These density determinations were made using blocks of wood which were sawn from each piece of 
lumber immediately after each bending test, and were calculated on an oven-dry weight/oven-dry 
volume basis. These values were converted to an oven-dry/green volume basis for ease of comparison 
with tree breast-height basic wood relative density values. 

4.11  Strength and Stiffness Tests 

Virtually every piece of dimension lumber (2x4, 2x6, 2x8 and 2x10) obtained from each of the three 
tree sampling sites was tested to destruction in bending (Plate IX), and all measurements or adjust-
ments were made in accordance with standard procedures (ASTM, 1993). Exceptions were pieces 
which were too short or had too much wane to provide the required test span length equal to 17 times 
the beam depth. (A few 2x12’s obtained from the 700 stem/ha site were symmetrically edged and 
tested as 2x10’s.) All test pieces were centred in the bending apparatus. There, each specimen was 
carefully graded over the test span. 
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5.0  RESULTS AND DISCUSSION 

5.1  Tree Samples 

It is important to note, again, that the results provided and discussed below were obtained from a 
systematic sampling of trees by d.b.h. and stand density class. D.b.h. classes are represented by the 
class mid-point, for example, the 20 cm class represents trees of 17.5 cm to 22.4 cm measured 
outside bark. A minimum tree size of 17.5 cm d.b.h. was chosen because trees below that size have 
limited sawlog potential. The 700, 1100 and 1900 s/ha stand density classes refer to the target 
average stand densities for standing live trees that were within a 1/200 ha plot around each sample 
tree. Statistics descriptive of the three tree samples are provided in Table 2. 

Table 2. Tree sample statistics 

 

5.1.1  Biogeoclimatic Classification And Comparison Of Sample Sites 

The three tree sampling sites were located in Crestbrook Forest Industries Ltd. Managed Forest 27 
near Elkford, B.C. The 700 s/ha site was on moderately sloped land with a south west aspect, and at 



16 

an average elevation of 1450 m above sea level. The 1100 and 1900 s/ha sample sites were adjacent 
to each other on flat land, and at an average elevation of 1290 m. 

Timber inventory on the 700 s/ha sample site was 90 percent lodgepole pine and 10 percent Doug-
las-fir. The 1100 and 1900 s/ha sample sites had a common inventory of 100 percent lodgepole pine 
(a few larch trees were present in our sample plots). Based on the understorey vegetation all sites 
were classified as site series7 04 -Oregon grape, pinegrass. Soil moisture regimes were identified as 
mesic, and to a lesser extent submesic, on the 700 s/ha sample site, and as subxeric-submesic on the 
1100 and 1900 s/ha sample sites. Soil nutrient regimes were medium. 

All three sample sites were classified as Dry Cool Montane Spruce (MSdk), one of five subzones in 
the Montane Spruce (MS)8 zone. The MSdk subzone occurs in the southeast of British Columbia on 
the midslopes of the Rocky Mountain Trench and in valley bottoms and lower valley slopes of the 
Purcell and Rocky mountains (BCMOF, 1991). 

5.1.2  D.b.h. and Stand Density Class Frequency Distributions  

Distributions of sample trees obtained by d.b.h. and average stand density class are shown in Table 2. 
Sampling was constrained by what could be reasonably accomplished by selectively logging a small 
area without creating large openings or undue damage to the remaining timber. Fewer than 20 trees 
in a d.b.h. class reflects the limited availability of those tree sizes in the sampling area. This was a 
function of the surrounding stand density. Sample sizes were increased in other d.b.h. classes to 
ensure sufficient volumes of lumber for strength and stiffness tests. 

5.1.3  Tree D.b.h. and Tree Height Statistics 

As a result of a limited (upper) range of tree size available in some d.b.h. classes sampled, mean 
diameters for identical d.b.h. classes differed between stand density classes. Tree d.b.h. statistics 
provided in Table 2 show the extent to which mean d.b.h. values deviated from cell medians. In the 
25 cm class the mean d.b.h. for the 1900 s/ha sample was significantly9 lower than that of the 1100 
and 700 s/ha samples. In the 30 cm class the mean for the 1100 s/ha stand density class was signifi-

                                                           

7 Site series is often the operational unit on which silvicultural and other management decisions are based 
(BCMOF, 1991) 
8 The MS biogeoclimatic zone occurs in B.C. at middle elevations between 53° and 49° N latitude. Eleva-
tions range from 1100 to 1500 m in wetter parts of the zone, and from 1250 to 1700 m in drier areas. Mean 
annual temperature is 0.5-4.7°C and the average is below 0° for five months of the year and above 10° for 2-4 
months. Mean annual precipitation ranges from 380 to 900 mm and the growing season is described as 
sufficiently warm and dry that moisture deficits can occur. Extensive, young and maturing seral stands of 
lodgepole pine that have formed following wildfire are described as one of the most distinctive features of 
the MS landscape (BCMOF, 1991). 
9 Based on t-tests for the differences between sample means. (p = .05 – Unless otherwise noted this is the 
level of significance used throughout the report). 
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cantly lower than that of the 700 s/ha class. D.b.h. distributions obtained for each stand density class 
are illustrated by box plots10 provided in Figure 3. 

 

Figure 3.  Tree d.b.h. by stand density and tree d.b.h. class 

Table 2 provides a statistical summary of tree height distributions obtained in the three tree samples. 
Considered across stand density classes, tree heights generally did not differ statistically within each 
d.b.h. class. An exception was the 20 cm d.b.h. class where the mean height of trees in the 1100 s/ha 
stand density class exceeded that of the other two stand density classes by approximately 1.5 metres. 
Figure 4 provides box plots illustrating the distribution of tree height by d.b.h. class for each stand 
density class. 

Tree d.b.h and height relations for the three stand density classes are illustrated in Figure 5. 

                                                           

10 Box plots provide a schematic representation of sample distributions. The bottom and top edges of the 
boxes indicate 25th and 75th percentiles respectively. The horizontal line within the box represents the sample 
median, and the “+” sign indicates the sample mean. Vertical lines extending from the box represent the full 
range of the data to a maximum of 1.5 times the box height (interquartile range). Outliers are depicted as 
separate points. 



18 

 

Figure 4. Tree height by stand density and tree d.b.h. class 

 

Figure 5. Distribution of sample trees by height and d.b.h. 
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5.1.4 Tree Taper and Tree Volume 

Lodgepole pine is noted for minimal taper (Koch, 1987). Tree taper11 statistics are provided in Table 
2. Considered within d.b.h. classes, there were statistically significant differences in taper between 
some stand density classes, but these differences were inconsistent. In the 20 cm d.b.h. class, for 
example, tree taper in the 1900 s/ha stand density class was significantly higher than that of the 1100 
s/ha stand density class, but not significantly different from that of the 700 s/ha stand density class. 
In the 25 and 30 cm d.b.h. classes tree taper in the 700 s/ha class was significantly higher than in 
both other stand density classes. In the 700 s/ha class, which had the greatest range in d.b.h., tree 
taper increased progressively and significantly by d.b.h. class. This is consistent with published data 
which also indicates that taper below the live crown is considerably less than that within the crown 
(Koch, 1987). 

Initially considered inconsequential, these differences in taper were found to have an effect on 
lumber recovery. The effect is considered under a discussion of lumber recovery factors. 

Utilizable tree volumes (30 cm high stump to 10 cm top diameter) were calculated inside bark using 
the taper equation employed by the BCMOF in cruise calculations (Demaerschalk and Kozak, 1977). 
Tree volume statistics for stand density and d.b.h. classes are provided in Table 2. The mean 
volumes reflect the limited tree size within some d.b.h. distributions as described above. 

5.1.5  Crown Height and Crown Persistence 

Studies (Jozsa and Sen, 1992) have suggested that wood basic relative density of lodgepole pine is 
influenced by the position of the living crown. Table 2 provides a statistical summary of height to the 
live crown, and of crown persistence or live-crown ratio (the percentage of length of stem having 
live branches). Height to the live crown was directly related to stand density class. Crown persistence 
was generally inversely related to stand density class. In the most open grown trees (700 s/ha sample) 
the live crown represented on average close to 45 percent of tree height, except in the 20 cm d.b.h. 
class where the average dropped to 38 percent. Crown percentages were less than 40 percent in the 
other two stand density classes as illustrated in Figure 6. 

5.1.6 Wood Basic Relative Density at Breast Height 

Weighted12 average basic wood density values, calculated from wood density determined for inner 
and outer halves of breast-height increment cores on each study tree, are provided in Table 2. Wood 
density generally declined or was not significantly different as d.b.h. increased within the 700 s/ha 
stand density class. No consistent trend in mean wood density was evident within d.b.h. classes as 
stand density increased. Wood density values obtained for d.b.h classes are shown for each stand 
density class in Figure 7. The species average basic wood density for lodgepole pine is .41 (Jessome, 
1977). 

                                                           

11 Calculated as tree d.b.h.(cm)/tree height(m). 
12 Average calculated by weighting inner and outer core wood densities by their stem cross-sectional area. 
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Figure 6. Crown persistence by stand density and tree d.b.h. class 

 

Figure 7. Breast height relative density by stand density and tree d.b.h. class 
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Regression analyses revealed that average wood density measured at breast height was only weakly 
related to measurable tree variables. The best of the weak indicators (R2 = .15) was diameter of wood 
measured over the first 15 growth rings from the pith at breast height. D.b.h. proved to be a signifi-
cant, but even weaker predictor (R2 = .12) as did growth rate measured as age/d.b.h. (R2 = .11). 
When added to tree d.b.h, tree variables including age, taper, crown percentage and tree height 
proved insignificant. Also not significant were measures of stand density and site. 

5.1.7  Tree Age and Site Index 

Statistics comparing tree ages obtained in the three samples are provided in Table 2. Tree age, 
measured at d.b.h. and corrected to the germination point, averaged approximately 95 years and did 
not differ significantly by stand density class except within the 20 cm d.b.h. class where mean age 
was 87.9, 91.0 and 93.9 years for the 700, 1100 and 1900 stand density classes respectively. 
Compared by tree d.b.h. class within stand density classes, age was uniform in the 1900 s/ha class, 
but in both the 1100 and 700 s/ha classes, age generally increased as d.b.h. increased. When averaged 
and compared by stand density class only, however, tree age was not significantly different as shown 
by statistics provided in Table 3. Tree age distributions are illustrated in Figure 8. 

 

Figure 8. Tree age by stand density and tree d.b.h. class 

Site index was calculated (Hegyi et al, 1979) for each tree sample based on the heights and ages of 
codominant sample trees. Site index at 100 years was 24.9, 24.3 and 21.5 for the 700, 1100 and 1900 
s/ha stand density samples. Site index determined at 50 years was 19.9, 19.4 and 17.2 respectively. 
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Because the latter two selection sites were essentially in the same larger stand area, the lower site 
index obtained for the 1900 s/ha tree sample may be the result of the increased competition. 

Table 3. Tree age statistics summarized by stand density class 

 

 
5.1.8  Tree Pathological and Quality Indicators 

As noted under methods, trees exhibiting severe deformities were not selected. Trees with forks or 
crooks, for example, were selected only if these defects were in the upper-most part of the stem 
where they would have the least impact on lumber yield. Table 4 shows the extent to which patho-
logical and quality indicators were recorded in each stand density class. Where differences exist 
between the classes (for example the incidence of scars on the 700 and 1900 s/ha trees compared to 
the 1100 s/ha sample) they were not found to be significant in terms of any noticeable effect on 
lumber yields and grades. The incidence of sweep and lean was nearly identical in the three tree 
samples. 

Table 4. Occurrence of pathological and quality indicators 
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5.2  Lumber Recovery Factors 

Rough “green” lumber recovery factors (LRF)13 obtained by tree d.b.h. class are shown separately in 
Table 5 for Phase I and Phase II of the study. Also shown under Phase I in Table 5 are additional 
estimated LRFs. These are provided to rationalize an unexpected substantial difference in lumber 
recovery that occurred year-to-year. It was considered unlikely that the considerably lower recovery 
factors obtained in the first year (Phase I) could be entirely the result of differences in tree character-
istics . 

Table 5. Lumber recovery factors 

 

An investigation of Phase I recovery factors revealed that the lower values could be attributed in part 
to an increase in tree taper related to more open growing conditions. However, lower recovery 
factors obtained in Phase I where tree taper was less than that of Phase II indicated that some of the 
reduction must have resulted from differences in sawmill processing. While the same sawmill was 
used for both Phase I and Phase II of the study to minimize processing differences, some differences 
did occur year-to-year. Manual log bucking and zero lumber trimming necessary in Phase I intro-
duced a “study effect” which was not present in Phase II. In addition, two processing lines were used 
in Phase I while all logs in Phase II were sufficiently small to be processed through a single small-log 
line. 

The extent to which lower LRF was related to increased tree taper was determined. This relationship 
was then used to reduce the recovery factors obtained in Phase II (taken as indicative of the nominal 
sawmill performance) to provide the estimated LRFs shown for Phase I in Table 5. The adjustments 
made to Phase I LRFs differ by d.b.h. class, but essentially attribute 4 to 5 percent of the lower 
recovery to the effect of taper. An additional 4 to 6 percent reduction is attributed to year-to-year 
                                                           

13 Lumber recovery factor is calculated as lumber volume in board foot measure (fbm) divided by log volume 
in m3. These lumber recovery factors should be taken as equivalent to a measure of rough green lumber yield. 
While the lumber was tallied following kiln drying, any drying defects were initially ignored so their further 
effect on grade could be separately determined later. 
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sawing differences and ignored. Thus, the estimated LRFs reflect as well as possible the negative 
impact of the higher taper in the 700 s/ha trees while ignoring the confounding effect of processing 
differences. They do not reflect the extent to which other differences in tree characteristics may have 
contributed to the lower LRF actually obtained in Phase I. A comparison of other tree quality 
indicators by stand density class, however, gave no indication that they would contribute signifi-
cantly to differences in LRF. 

A more detailed discussion of the taper effect, and further consideration of the effects of other tree 
characteristics is provided in Appendix I. 

5.3 Lumber Dimension Yields 

A complete comparison of lumber dimensions obtained by stand density and tree d.b.h. class is 
provided in Appendix II. Considered within the same d.b.h. classes, greater proportions of wide 
lumber were obtained in Phase II (either in the 1100 or 1900 s/ha sample) than in Phase I. These 
differences were attributed in part to the greater taper in Phase I trees, and in part to a year-to-year 
improvement in sawmill efficiency. It was considered unlikely that the substantial differences in 
proportions of wide lumber widths obtained from the same tree size classes could be entirely 
attributed to differences in tree form. 

Stand yields were of interest, and because they could not be obtained directly from the stratified tree 
samples, they had to be derived on the basis of yields determined by d.b.h. class. Thus, a simplifying 
assumption was needed with respect to the lumber dimension potential of each tree d.b.h. class. 

Table 6 provides lumber width distributions estimated for tree d.b.h. classes. These estimates were 
arrived at by selecting, from each tree d.b.h. and stand density class, the lumber dimension distribu-
tions with the highest proportion of the widest lumber (see shaded values in Appendix II). Because 
these estimates represent the widest lumber sawn from each tree d.b.h. class, they provide a basis for 
comparing stand yield that is least influenced by changes in sawing decisions or changes in sawing 
efficiency. 

Table 6. Lumber width distribution by tree d.b.h. class 
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Where the highest proportion of wide lumber occurred in Phase II d.b.h. classes, the estimates in 
Table 6 do not reflect any effect of the greater taper present in Phase I trees. Percentages of wide 
lumber shown in Table 6 for Phase I in the 20 to 30 cm d.b.h. classes are, therefore, somewhat 
overestimated. They are somewhat underestimated in the 35 and 40 cm tree d.b.h. classes since 
proportions of 10 and 12 inch wide lumber were obtained only from Phase I trees and consequently 
reflect reductions caused both by higher taper and differences in sawmill processing methods. Minor 
volumes of one-inch lumber, included in lumber recovery factors, were not included in the estimated 
lumber dimension distributions. (Illustrations provided as part of a discussion of LRF in Appendix I 
show how lumber width distributions differed by stand density class within the same tree d.b.h. 
class.) 

5.4  Lumber Grade Yields 

NLGA lumber grade yields are provided in Table 7. Differences in grade yields were generally 
consistent across all of the tree size classes. This is illustrated in Figure 9. In the 700 s/ha class, 
Select Structural (SS) yields were between 42 and 48 percent, with a peak of 51 percent in the 25 cm 
class. SS yields in the 1100 s/ha class were consistent at just over 60 percent, and in the 1900 s/ha 
class SS yield increased from 64 percent in the 20 cm class to 72 percent in the 25 cm class. 

Table 7. NLGA lumber grade distributions 

 

Joinery yields are shown in Table 8, and illustrated in Figure 10. In the 700 s/ha class, 5th & Btr. 
joinery yields fell consistently as d.b.h. increased, dropping from 63 percent in the 20 cm class to 46 
percent in the 40 cm class. Lumber rejected (lower than 61) remained constant at about 20 percent in 
all d.b.h. classes in the 700 s/ha sample. In a study of joinery yields from mature lodgepole pine 
(Middleton and Munro, 1992) 5th & Btr. yields increased as tree d.b.h. increased. This suggests that 
tree age is an important factor in determining joinery potential from small diameter trees. 
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Reasonable consistency in grade yields by tree d.b.h. class allowed a summary by stand density 
classes. Summaries of NLGA and Joinery lumber grade yields14 by stand density class are shown in 
Tables 9 and 10 respectively. These tables show that the 700 s/ha sample trees produced less of both 
Select Structural and 5th & Btr. Joinery grades when compared to the 1100 and 1900 s/ha samples. 
Grade yields for the 1100 s/ha sample were comparable to those of the 1900 s/ha sample. Compared 
on the basis of the most common current marketing grade, No.2 & Btr., there was little difference 
between the three stand density samples (94, 98 and 99 percent). Lumber grade yields summarized 
by stand density class are illustrated in Figures 11 and 12. 

Table 8. Joinery lumber grade distributions 

 

Table 9. NLGA lumber grade distributions summarized by stand density class 

                                                           

14 Note that lumber drying defects were ignored at this stage of lumber grading so that the effect of drying 
degrade alone could be assessed later. 
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Figure 9. NLGA grade distribution by stand density class 
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Figure 10. Joinery grade distribution by stand density class 
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Figure 11. NLGA grade distribution by stand density class and tree d.b.h. class 
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Figure 12. Joinery grade distribution by stand density and tree d.b.h. class 
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Table 10. Joinery lumber grade distributions summarized by stand density class 

 

 
5.4.1 Lumber Grade-Limiting Defects 

Excluding knot-free (clear) lumber, which was not obtained in this study, the highest obtainable 
NLGA lumber grade was Select Structural, and the highest obtainable Joinery grade was 4th. Any 
lower grade assigned was the result of a grade-limiting defect. Defects which limited the NLGA and 
Joinery grades assigned during lumber grading are summarized in Tables 11 and 12, and illustrated 
in Figures 13 and 14. (Seasoning defects were ignored in determining lumber grades to this point. 
Their independent effect on lumber grade was determined separately for consideration in relation to 
proportion of juvenile wood for the 700 s/ha class, and to allow comparisons of drying defects by 
stand density class.) 

Table 11. Distribution of lumber by NLGA grade-limiting defect 
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Figure 13. NLGA grade limiting defects by stand density class 
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Figure 14. Joinery grade limiting defects by stand density class 
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Table 12. Distribution of lumber by joinery grade-limiting defect 

 

Most notable in the summary of reasons for NLGA grade limitations is the 5 times higher proportion 
of lumber limited in grade for knots in the 700 s/ha sample compared to the 1100 and 1900 samples. 
This limitation was the primary reason that lumber which was graded as No. 1 failed to make the SS 
grade. 

In the summary of joinery grade-limiting defects, knot frequency is not separately indicated in either 
the sound or tight knot category, but in the 1100 and 1900 s/ha classes it was more of a grade-
limiting factor than knot size. Knot size was a factor, however, in the lower joinery grades obtained 
in the 700 s/ha class. 

5.4.2  Knots As A Grade-Limiting Factor 

In order to assess the impact on lumber grade of the larger knot sizes known to be associated with 
more open grown stands, each piece of lumber was graded additionally on the basis of knot size and 
frequency only. The results are summarized by stand density class in Tables 13 and 14. 

The tables show, that in the 700 s/ha class, knots alone limited the yield of SS grade lumber to 66 
percent, and the yield of 5th & Btr. grade joinery to 76 percent of total lumber volume. Knots, 
however, had virtually the same, and very little, impact on NLGA and Joinery grade yields in the 
1100 and 1900 s/ha classes. Clearly, knot size ceased to be a factor in limiting lumber grade yields as 
stand density class reached 1100 s/ha. Again, clear lumber was not a consideration in this study. 

Knots were less important when considered in terms of current market practices, in which the 
majority of lodgepole pine lumber is sold as No.2 & Btr. Based on grading for knots only, grade 
yields exceeded 95 percent No.2 & Btr. in all three stand density classes. Where lumber failed to 
make SS grade, most made No.1, as was evident in Tables 13 and 14. 
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Table 13. NLGA lumber grade distribution graded for knots only 

 

Table 14. Joinery lumber grade distribution graded for knots only 

 

 
5.4.3 Knot Size Related To Tree D.b.h. 

The effect of larger knot size on lumber grade yield is mitigated by the fact that larger knots are 
generally associated with larger tree size. This permits the production of wider lumber widths for 
which, as Figure 15 illustrates, larger knots are permitted for a given lumber grade. The effect of this 
increase in allowable knot size on grade yield is demonstrated in Figure 16. Lumber from the 700 
s/ha stand density class is shown sorted according to log classes determined on the basis of the 
average size of the 4 largest knots measured on each log. While SS lumber grade yield in 4 and 6 in. 
widths is lower and declines as knot size increases, SS grade yield for 2x8 lumber remains reasona-
bly constant. 
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Figure 15. Maximum knot sizes allowed on edge and on centre-line of 2x4, 2x8 and 2x12 
lumber 
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Figure 16.  Effect of knot size on yield of Select Structural lumber - 700 s/ha stand density class 

Figure 17 compares regressions of knot size on tree d.b.h. obtained for the 700 s/ha stand density 
sample with similar regressions obtained for lodgepole pine tree samples selected in a 1992 study of 
joinery potential (Middleton and Munro, 1992). These regressions are of the mean knot diameter of 
all knots measured in the merchantable tree stem on tree d.b.h. (R2 ranged from .40 to .60). As tree 
size increased, the rate-of-increase (slope) in average knot size was more rapid in the current 700 
s/ha sample than it was in four of the five joinery study samples. It was essentially equivalent to that 
shown for trees selected from Site 3, an open stand (780 s/ha) with a Poor site index class. This 
comparison indicates that as d.b.h. increases, knot size increases more rapidly in trees from open 
stands than in trees from higher density stands. Figure 17 also indicates that knots tend to be larger 
for a given tree diameter when an open stand is on a poor site (Site 3). 

Cruise information descriptive of the lodgepole pine sites sampled in the 1992 joinery study is 
provided in Table 15. As in the current study, tree sampling was stratified by d.b.h., but no effort was 
made to achieve a predetermined average stand density. 
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Figure 17. Comparative knot size vs d.b.h. relationships 

Table 15. Cruise information for 1992 joinery study sites 
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5.4.4  Select Structural Lumber Yields Related To Knot Size And Log Top Diameter 

A measure of the combined effect of knot size and log size on visually determined lumber grade 
yields was obtained by regression analysis. Percent Select Structural lumber yield (SS%) was related 
as a dependent variable to log top diameter (TD) and to various measures of knot size, recognizing 
that strictly speaking log top diameter and knot size are not independent (Warren, 1971). Average 
knot size15 (AK) provided the best measure of the extent to which variation in SS% lumber yields 
was related to knots visible on log surfaces. While the relationship obtained “explained” only one-
third of the variation it was considerably stronger than that obtained for a similar study of second-
growth Douglas-fir (Middleton and Munro, 1989). The predictive equation determined for percent 
Select Structural lumber yield is provided below: 

 SS% = 15.3 + 3.42 TD - 18.5 AK  (R2 = .36) 

5.5  Lumber Strength and Stiffness 

Most of the lodgepole pine lumber produced in Canada is sold for structural uses. Thus, its suitability 
for that use is a good measure of its current and probable future value. Lumber strength and stiffness 
tests were carried out on all of the dimension lumber produced in this study. All of the lumber was 
tested because selection of subsamples from batch studies (Phase II) introduces an uncontrolled 
measure of bias into results with respect to lumber position (pith-to-bark) within logs, and log 
position within trees (butt-to-top). The visual grades referred to in comparisons and summaries of 
strength and stiffness results were those assigned to each piece over the beam span being tested. 

Statistics comparing lumber bending strength (MOR) and stiffness (MOE) values16 for all lumber 
sorted by stand density and tree d.b.h class are provided in Table 16. MOR and MOE results are 
illustrated graphically in Figures 18 and 19, respectively, and the following two general trends are 
evident: 

1.  MOR and MOE decreased as tree size increased in each stand density class. 

2.  Within d.b.h. classes, mean MOR and mean MOE decreased as stand density decreased. 

                                                           

15 Other measures of knot size tested included:  
 - average of the largest knot in each log quadrant  
 - largest knot per log  
 - average of the largest four knots per log 
16 Unless otherwise noted values of MOR and MOE described throughout the text are adjusted to 15 percent 
moisture content. 
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Figure 18. MOR by stand density and d.b.h. class 

 

Figure 19. MOE by stand density and tree d.b.h. class 
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There were some exceptions to the general trend within d.b.h. classes. In the 20 cm d.b.h. class, for 
example, the mean MOR value obtained for the 700 s/ha stand density class exceeded that of the 
1100 s/ha class, and based on t-tests, was not significantly lower than that of the 1900 s/ha class. 
(Note that the mean values for MOR illustrated for this d.b.h. class demonstrate the same trend 
observed for basic wood density previously illustrated in Figure 8.) T-tests further demonstrated that 
the mean MOR values recorded for the two stand density classes (700 and 1100 s/ha) within the 30 
cm d.b.h. class were not significantly different from each other at the 0.05 level. Also not signifi-
cantly different were mean MOE values for the 700 and 1100 s/ha classes within the 20 cm tree 
d.b.h. class. All other differences in mean MOR and mean MOE values between stand density 
classes were significantly different within d.b.h. classes. 

While structural engineers are interested in the mean MOE, it is the 5th percentile of MOR that is of 
primary importance (CSA-086.1 - M89, 1989). Mean MOE and 5 th percentile MOR values and 
associated confidence limits were determined (Cook, 1986) by stand density and tree d.b.h. classes. 
These statistics, provided in Appendix III, confirm the general trends noted above. When distributed 
by both stand density class and tree d.b.h. classes, lumber sample sizes per class were not always 
large enough to provide 95 percent confidence intervals for 5 th percentile MOR values. (The 95 
percent confidence interval cannot always be obtained because this non-parametric test requires 
minimum sample sizes for choosing lower and upper confidence limits as ranked pairs of observa-
tions for which the interval comes closest to the desired level of confidence.) 

Table 16. Comparison of lumber strength and stiffness 

 

In order to have some appreciation of 5th percentile MOR values for the three stand density classes in 
a format most familiar to engineers, lumber was aggregated by grade and dimension within each 
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stand density class and bending strength results were compared to S-P-F code values. This ignores 
the implications of the stratified selection of trees by d.b.h. class, but this becomes less of an issue 
for large lumber (2x8’s and 2x10’s) can only be produced from large diameter trees found in open 
stands. Thus, Appendix III includes tables which summarize both MOE and MOR results by stand 
density class. 

The stand density class summary of 5 th percentile MOR values provided in Appendix III revealed 
that, with the exception of 2x6’s which were borderline (code value is included in the confidence 
interval), 5 th percentile bending strength values for Select Structural lumber obtained from the 700 
s/ha stand density class failed to meet S-P-F code values (upper limits of the confidence intervals fall 
below the code values). Further examination revealed that 5 th percentile values for other lumber 
grades in the 700 s/ha lumber categories were borderline and in general fell below those of lumber 
grades in the other two stand density classes. Exceptions were No. 1 2x6’s and No. 3 2x4’s and 
2x6’s which definitely meet their respective code values (lower limit of the confidence interval is 
above the code value). For all of the lumber obtained from the 1100 s/ha stand density trees, the 5 th  
percentile MOR values were borderline as defined above. For Select Structural lumber obtained from 
the 1900 s/ha trees the 5 th percentile MOR values exceeded code values although the result for 2x4’s 
was not definitive. 

The stand density class summary of mean MOE values showed a similar pattern as that described for 
MOR results, but mean MOE values were definitely above code values for virtually all lumber 
obtained from 1100 and 1900 s/ha trees. It would appear from both MOE and MOR results, however, 
that lumber from open-grown large diameter 95 year-old lodgepole pine will not have the same 
strength as lumber from the current lodgepole pine resource. 

In assigning code values to species, or as with lodgepole pine, to species groups (S-P-F) the “pack-
age” of lumber tested is obtained by random selection of lumber from many sources such that the 
tests are considered representative of the full population. Trees selected for this study were chosen to 
represent the outcome of future stand management practices, and are not typical of the current 
lodgepole pine resource. Thus, the results of the engineering tests described above do not apply to 
lodgepole pine in general. They do suggest that the future character of the resource could change as a 
result of stand management decisions.  

Mean MOE and 5 th percentile MOR values and their confidence limits obtained for Select Structural 
lumber summarized by dimension for each stand density class are illustrated in comparison with S-P-
F code values in Appendix III.  

5.5.1  MOR and MOE Values Related to Log Position in Tree 

Table 17 provides mean MOR and MOE lumber values obtained by log position in the 700 s/ha class 
trees by d.b.h. class. These are mean values for combined lumber grades and dimensions.  

There was a consistent trend in MOR and MOE in the 20 and 25 cm d.b.h. classes where mean MOR 
and MOE declined from the butt log position (1) to the top log position (4). Mean MOE values in 
positions 1 and 2 in the 30 cm d.b.h. class were higher, but not significantly so, than mean MOE 
values obtained in the other tree positions. Mean MOR values in the 35 and 40 cm tree d.b.h. classes 
differed, but showed no consistent trend by tree position. Mean MOE values in the 35 and 40 cm 
d.b.h class were low (less than 1.39 x 106 p.s.i.) in all tree positions. 
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These results imply that sorting logs by tree position offers an opportunity to identify premium 
lumber grade yields from smaller diameter trees. This option is not available in larger trees, however, 
because the generally lower wood strength persists throughout the stem, and where there are 
differences in strength these do not occur in predictable locations. These results are consistent with 
wood density trends previously reported for large diameter, relatively open-grown trees (Jozsa and 
Sen, 1992). 

Table 17. Effect of log position on lumber strength and stiffness1 

 

 
5.5.2  MOE Related to Wood Basic Relative Density 

Basic wood density was determined for each piece of lumber tested for strength and stiffness. Figure 
20 illustrates for 2x4’s how MOE and relative density relationships compared by stand density class. 
Figures 21, 22 and 23 further illustrate these relationships for each stand density class. The coeffi-
cients of determination (R2) for the linear regression equations provided in each figure are a measure 
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of the extent to which wood density “explains” variation in MOE. R2 increases as stand density class 
increases, with wood density accounting for just over a third of the variation in MOE in the 700 s/ha 
class and nearly two-thirds of the variation in the 1900 s/ha class. However, this increase in the 
extent to which wood density determines lumber MOE may be as much a reflection of coincidental 
changes in other variables (average knot size, for example, decreases as stand density increases) as it 
is a result of the higher basic wood density. 

The trend in mean MOE values obtained in the lower boles of the 20 to 30 cm tree d.b.h. classes 
evident in Table 17 is consistent with observations about wood relative density. Even at low stand 
densities, medium and small diameter trees are reported to produce high density wood in the lower 
half of the bole (Jozsa and Sen, 1992). 

 

 

Figure 20.  Comparison of MOE vs relative density regression lines for 2x4’s by stand density 
class 
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Figure 21. MOE vs relative density for 2x4’s - 700 s/ha stand density class 

 

Figure 22. MOE vs relative density for 2x4’s - 1100 s/ha stand density class 
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Figure 23.  MOE vs relative density for 2x4’s - 1900 s/ha stand density class 

5.5.3 Machine-Stress-Rated (MSR) Lumber Yields 

“MSR lumber is distinguished from visually stress-rated lumber in that each piece of lumber is non-
destructively tested and marked to indicate the Modulus of Elasticity.”17 

MSR yields provide a measure of the practical implication of differences in MOE associated with 
differences in stand density. Yields of MSR grades commonly produced were determined for the 2x4 
and 2x6 lumber obtained from each stand density class in accordance with the NLGA standard for 
MSR lumber - SPS2 (NLGA, 1992). Boundary values were determined on the basis of maximizing 
recovery of the highest grade (2400f-2.0E). Figures 24, 25 and 26 illustrate, for 2x4’s, the boundary 
values determined for MSR grades for each of the three stand density classes. 

Table 18 shows the frequency distribution of 2x4 lumber obtained by MSR grade for tree d.b.h. and 
stand density classes. MSR yields generally decreased with increasing tree d.b.h. and increased with 
increasing stand density class. Note that in the 20 cm d.b.h class the frequency of lumber assigned to 
MSR grade in the 700 s/ha class is relatively comparable to the frequencies in the 1100 and 1900 
s/ha classes. This is a reflection of the trends in wood relative density by tree size and stem position 
that were discussed above. Differences in the potential for MSR lumber production by stand density 
and tree d.b.h. class are most evident in the frequency of lumber that failed to make the 1600f-1.5E 
MSR grade (reject). 
                                                           

17 See Product Specifications in National Lumber Grades Authority. Revised 1992. SPS2 - NLGA Special 
Products Standard For Machine Stress Rated Lumber. 
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Figure 24. MSR grade boundaries for 2x4 lumber - 700 s/ha stand density class 

 

Figure 25. MSR grade boundaries for 2x4 lumber - 1100 s/ha stand density class 
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Figure 26. MSR grade boundaries for 2x4 lumber - 1900 s/ha stand density class 

Table 18. MSR yields for 2x4 lumber 
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MSR grade distributions of 2x4’s are summarized by stand density class in Table 19 and illustrated 
in Figure 27. Again, because tree selection in this study was stratified by diameter class, this 
summary provides only an approximation of the extent to which MSR yields would differ between 
stand density classes. To the extent that smaller diameter trees were under-represented in the higher 
stand density classes, the differences in overall MSR yields evident in Table 18 are somewhat 
underestimated. Corresponding MSR grade distributions for 2x6’s are summarized by stand density 
class in Table 20 and Table 21 and are illustrated in Figure 28. The trends are much the same as 
observed for 2x4 lumber. 

Table 19. MSR yields for 2x4 lumber summarized by stand density class 

 

 

Figure 27.  Distribution of MSR grades for 2x4’s by stand density class 
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Table 20. MSR yields for 2x6 lumber 

 

Table 21. MSR yields for 2x6 lumber summarized by stand density class 
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Figure 28.  Distribution of MSR grades for 2x6’s by stand density class 

5.5.4 MOR and MOE Related to Juvenile Wood 

Table 22 summarizes, by d.b.h. and stand density classes, statistics for proportions of 15 year wood 
as measured from the pith on d.b.h. increment cores obtained from each sample tree. Table 23 
provides corresponding statistics for proportions of 30 year wood. It is apparent from these tables 
that trees in the 1100 s/ha sample had the highest proportion of 15 and 30 year wood in all d.b.h. 
classes. Mean diameters at 15 and 30 years shown in Table 24 indicate that this higher proportion 
was a result of a faster growth rate for at least the first 30 years. 

The relationship between lumber strength and stiffness properties and juvenile wood (wood formed 
during the first 15 and 30 years) was investigated. Proportions of 15 and 30 year wood were 
determined for a sub-sample of lumber tested from the 700 s/ha site. Analysis of covariance was 
used to relate MOR and MOE to percentage of 15 year wood, percentage of 30 year wood, lumber 
width and lumber grade. As measured by R2, lumber width and visual grade combined to account for 
24 and 21 percent of variation in MOR and MOE respectively. The addition of percent 15 year wood 
and percent 30 year wood as covariates added less than 5 percent to explained variation. 
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Table 22. Statistical summary of proportion of 15-year wood at breast height 

 

Table 23. Statistical summary of proportion of 30-year wood at breast height 
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Table 24. Comparisons of breast-height diameter at 15 and 30 years and final d.b.h.  

 

Because previous studies suggest that proportions of 15 and 30 year wood are better measures of 
juvenility in small and large trees respectively (Jozsa and Sen, 1992), equations were determined for 
MOE and MOR related to percentages of 15 and 30 year wood in trees less than 25 cm d.b.h. and 
trees greater than 30 cm d.b.h. In the smaller trees neither 15 nor 30 year wood proportions were 
significant in predicting MOE or MOR. In trees 30 cm and larger both 15 and 30 year wood percent-
ages proved significant, but the predictive relationships were extremely weak (R2 = .07 and .08 for 
MOE; .06 and .10 for MOR). 

The lack of significant relationships between measures of “juvenile wood” and MOR and MOE is 
consistent with the finding that lodgepole pine has juvenile wood which is less distinguished from 
mature wood than that of coastal Douglas-fir and western hemlock (Jozsa and Kellogg, 1986). 

5.5.5  Predicting Mean MOE and Mean MOR in Standing Timber 

For the 700 s/ha sample, lumber tested for strength and stiffness was matched to individual trees. An 
equation was derived for predicting mean MOE based on d.b.h. and breast-height relative density. 
The equation was as follows: 

MOEmean(x106 psi) = 0.7852 + 2.549 * DENSBH - 0.01269 * DBH        R2 = .63 

Partial R2 

DENSBH.427 
DBH     .207 
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Also for the 700 s/ha sample, a similar equation was developed for mean18 MOR as follows: 

MORmean = 5663 + 11981 * DENSBH - 146.8 * DBH     R2 = .64 

Partial R2 

DBH      .571 
DENSBH .070 

The partial R2 values show the relative importance of the two “independent” variables in each of the 
prediction equations. D.b.h. alone contributes substantially to “explained” variation, particularly in 
predicting MOR while breast-height density is more important in predictions of MOE. Although the 
coefficients of determination are weak in general terms, they are reasonably good for relationships of 
this nature. Based as they are on two very fundamental measurements, the equations are robust and 
can be used with considerable confidence to predict the strength implications of various combina-
tions of basic wood density and d.b.h. for 95 year-old lodgepole pine on good sites in the MS 
biogeoclimatic zone. Greater confidence in the more general consideration of these results in stand 
management decisions should come from confirmation that low average basic wood density is a 
consistent attribute of rapidly-grown, large-diameter 95 year-old lodgepole pine trees in other stands 
and in other regions. 

Various measures of knot size (knot indices), when added to the above equations increased R2 by 
less than 2 % for MOR, and were not significant in terms of improving predicted MOE. (This 
suggests that the effect of increasing knot size is implicit in increased d.b.h.) When added to the 
equations, age and rate-of-growth (age/d.b.h. or rings per cm) were not significant. Nor were crown 
height and crown persistence. 

Table 25 provides predicted mean MOE for given values of wood density and d.b.h. From the table it 
is clear that high density small diameter trees are desirable for producing premium structural grades, 
and low density large diameter trees less so. 

                                                           

18 An estimating equation for 5th percentile MOR could not be derived due to insufficient lumber piece 
counts in individual trees. 
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Table 25. Predicted mean MOE (x106 psi) for 700 s/ha trees 
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5.6 Kiln Drying 

Kiln drying degrade is reported in Table 26. Lumber degrade was primarily a result of warp and was 
minor for all three stand density classes, reducing grade in 3.4, 5.4 and 7.2 percent of lumber pieces 
for the 700, 1100 and 1900 s/ha samples respectively. The increase in percent of pieces degraded 
associated with an increase in stand density was a function of the original lumber grade distribution 
as well as the degree of warp. (Higher proportions of Select Structural lumber, which allows the least 
warp, were obtained as stand density increased.) The impact of warp measured in terms of reduced 
lumber grade was most severe in the 1100 s/ha density class where 84.7 percent of the degrade was 
by more than one grade. This was followed by the 1900 s/ha sample (77.9 percent) and the 700 s/ha 
sample (48.1 percent). The actual severity of warp in degraded pieces was highest in the 1900 s/ha 
sample. Over 90 percent of degrade from warp was due to twist, or twist in combination with crook. 
(Warp was somewhat overestimated on all lumber since it was measured and recorded prior to 
planing which could be expected to reduce its severity.) 

Surface checking was negligible. It was noticeable on only 9 pieces, and sufficient to reduce grade in 
only 2 pieces, both from the 700 s/ha sample. 

End checking was negligible with 0.3, 0.05 and 0.1 percent of pieces requiring trim in the 700, 1100 
and 1900 s/ha samples respectively. Only one piece of lumber required more than 2 ft. of trim to 
remove the split. 

Regression analysis was used to determine if juvenile wood (proportions of 15 and 30 year wood in 
the lumber piece) affected the amount and severity of warp in lumber from the 700 s/ha tree sample. 
Essentially no meaningful relationship was found. (For all lumber widths combined, R2 = .03 for 
warp related to percent 15 year wood, and R2 = .01 for warp related to percent 30 year wood. 
Considering 2x4’s only, R2 values were .09 and .04 for 15 and 30 year percent wood respectively.) 
This lack of relationship between juvenile wood content and warp in lumber from open-grown 95 
year-old lodgepole pine is a further indication that the distinction between juvenile wood and mature 
wood in lodgepole pine is not yet well defined or is less pronounced than in second-growth Doug-
las-fir in which higher proportions of juvenile wood were related to increased warp (Mackay, 1989). 
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Table 26. Kiln-drying degrade 

 

5.7 Theoretical Stand Yields 

Table 27 provides log volumes, lumber recovery factors, lumber volumes, and lumber volume 
distributions by dimensions determined on the basis of theoretical stand volumes. Log volume 
distributions by tree d.b.h. class shown in the table were generated19 by TASS and are illustrated in 
Figure 29. TASS generated the lowest log volume (314.2 m3) for the 1900 s/ha stand. The volume 
generated for the 700 s/ha stand was 13.2 percent higher (355.6 m3), but the greatest volume (399.0 
m3) was generated for the 1100 s/ha stand. It exceeded the log volumes on the 1900 and 700 s/ha 
stands by 27.0 and 12.2 percent respectively. Shaded areas in the table indicate tree size classes that 
were not included in the actual study samples. 

                                                           

19 The TASS run was provided by the BCMOF Research Branch. TASS uses site index at 50 years which is 
calculated on the basis of top height defined as the height of the 100 largest d.b.h. trees/ha (Goudie, 1984). 
Here, site indices at 50 years were roughly estimated by assuming top height was equivalent to the average 
height of dominant and codominant trees. Note that the mortality algorithm in TASS does not allow as high a 
stand density as 1900 s/ha, but provides a stand density sufficiently high for the purpose of comparison. 
Assumptions used to approximate target final stand densities at 95 years were as follows: 

TASS INPUT  TASS RESULT 

Target Density 
s/ha 

Initial Density 
s/ha 

Site Index 
@ 50 years 

 Final Density 
s/ha 

700 1,000 18.8  699 

1100 4,000 18.2  1,204 

1900 32,000 15.8  1,728 
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Table 27. Lumber yields based on TASS derived log volume distributions 
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Figure 29. Tree volume distributions generated by TASS 
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The effect of stand density on lumber recovery depends on the extent to which stand density 
determines tree size distributions, tree form and total stand volumes. Overall lumber recovery factors 
for the three theoretical stands generated by TASS averaged 296, 291 and 281 fbm/m3 for the 700, 
1100 and 1900 s/ha stands respectively, and demonstrate the beneficial effect of a shift toward larger 
tree sizes. (Since the smallest tree size class processed in the study was 20 cm d.b.h., the LRF for 15 
cm d.b.h. trees was estimated from small log LRFs.) 

Theoretical yields generated by combining the results of this study with tree volume distributions by 
d.b.h. class determined by growth models such as TASS, can be used to calculate comparative stand 
values. Value has the advantage of combining in a single measure the effect of opposite trends that 
occur in lumber volume and lumber grade yields. Comparisons of stand values, for example, would 
combine the detrimental effect of lower lumber recovery resulting from higher stand densities with 
the positive effect of the higher MSR yields which were summarized in Tables 19 and 21. However, 
comparing final stand density options on the basis of value will require accepting that historical 
trends in product prices are indicative of future product values. 

6.0 CONCLUSIONS 
 

Wood characteristics of 95 year-old lodgepole pine trees obtained from good sites were found to 
differ for final stand densities that varied from low (700 s/ha), to medium (1100 s/ha) and to higher 
density (1900 s/ha). Key characteristics that differed by stand density class were stem diameter, stem 
form, knot size and wood density. These differences in wood characteristics were of sufficient 
magnitude to be reflected in lumber recovery, lumber dimension yields, visually determined 
structural and appearance lumber grades, lumber strength and stiffness values, MSR yields and 
lumber drying degrade. 

6.1  Lumber Recovery Factors 

The more rapid growth rate associated with low stand density produced larger stem diameters over 
the same growing period. This resulted in higher overall lumber recovery factors which generally 
increased as tree d.b.h. increased, but the expected benefit of larger tree size in the 700 s/ha sample 
was largely negated as a result of increased tree taper. Thus, for the theoretical stands generated by 
TASS, overall LRF for the 700 s/ha stand was only 2 percent higher than that of the 1100 s/ha stand, 
and 5 percent higher than that of the 1900 s/ha stand. Expectations that larger trees resulting from 
open growing conditions will produce considerably higher LRFs have to be tempered by allowances 
for the negative effect of an increase in tree taper. Moreover, total theoretical stand volumes were 
lower for a 700 s/ha stand than for a 1100 s/ha stand. 

6.2  Piece Size Effect 

Achieving larger average piece size (sawlog diameters) in shorter rotations is considered one of the 
advantages of targeting more open final stand densities. Expected advantages are higher productivity 
rates in logging and sawmilling, higher lumber recovery factors, as discussed above, and higher 
values for wide vs. narrow dimension lumber. Historically, wide lumber dimensions have garnered 



61 

higher market prices with 2x10’s worth consistently more per thousand board foot than 2x4’s. 
However, the intermediate widths (2x6’s and 2x8’s) are not consistently much more valuable than 
2x4’s as evidenced by the fact that 2x8’s are often ripped into two 2x4’s. Thus, the lumber value 
advantage of growing large diameter trees in more open stands depends considerably upon the trees 
being large enough to produce 2x10’s in some volume. In this study, no appreciable volume of 2x10 
lumber was obtained until tree size reached the 40 cm d.b.h. class, in which 2x10’s and 2x12’s 
combined, only amounted to approximately 16 percent of lumber volume. 

6.3 Knots 

Concern is often expressed that larger knot size associated with open-grown trees will reduce future 
product values. In this study, because of the mitigating effect of larger lumber dimensions on 
allowable knot sizes, even in the most open stand knot size did not significantly limit visually 
assigned structural lumber grades below the commonly marketed grade of No. 2 & Btr. Compared to 
the 1100 and 1900 s/ha samples in which Select Structural lumber yields were nearly equal, knots 
did substantially reduce yields of Select Structural lumber in the 700 s/ha sample. Similar results 
were obtained for joinery grades and indicate that lumber that does not meet specifications for high 
grade structural use, will not meet specifications for high grade appearance products. 

Detailed knot measurements made in Phase I of the study made it possible to derive an estimating 
equation for the combined effect of knot size and log size on the yield of Select Structural lumber. 
The relationship, though weak in absolute terms, is stronger (R2 = .36) than was obtained from 
similar work on second-growth Douglas-fir (R2 = .20) (Middleton and Munro, 1989). It can be used 
equally well in stand management decision-support models such as TASS. 

6.4  Wood Density 

Lower average wood density was found to be associated with large-diameter open grown trees and 
proved to be their most detrimental characteristic. A measure of average wood density taken at breast 
height, and considered in combination with d.b.h., provided reasonable estimates of how tree size 
and wood density impact on the mean MOE and MOR of lumber. While it has been reported that 
low density juvenile wood is related to age of formation rather than to growth rate, the fact remains 
that for a given age, large diameter (greater than 35 cm d.b.h.) lodgepole pine trees in this study had 
lower average wood density than smaller diameter trees. Importantly, as evidenced by MOE and 
MOR results, this lower density persisted throughout the larger stems. Efforts to relate wood density 
to tree growth characteristics such as crown persistence were inconclusive.  

6.5 Lumber Strength and Stiffness and MSR Yields 

Results of lumber strength and stiffness tests demonstrated that lumber produced from large diameter 
(greater than 30 cm d.b.h.) open-grown (700 s/ha) trees was lower in strength than that produced 
from trees in less open stands. Visually graded Select Structural lumber from 700 s/ha trees generally 
did not meet in-grade MOE and MOR code specifications for the S-P-F species group. This was 
particularly true of the wide dimension lumber, and further undermines expectations that higher tree 
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values will result from larger trees. Reduced yields of MSR lumber associated with lower final stand 
density were a further significant negative result of lower average wood density. 

6.6  Juvenile Wood 

Two measures of juvenile wood (proportions of 15 year and 30 year growth from the pith) were 
recorded on the study lumber obtained from the 700 s/ha trees. Neither one of the two measures 
proved to be a significant determinant of MOE or MOR. Unlike previous findings for second-growth 
Douglas-fir (Kellogg et al, 1989), the influence of juvenile wood on lumber grade yield from 
lodgepole pine remains difficult to define in terms of a juvenile core. 

6.7  Kiln Drying 

Minimal lumber degrade was caused by kiln drying. Overall, the amount of warp increased as stand 
density increased. Degrade, primarily twist and crook, was more prevalent in 2x4’s than in wider 
lumber dimensions, and was only very weakly related to the measures of “juvenile wood”. Lumber 
from the 700 s/ha stand density class had the least drying degrade, but this was due at least in part to 
a lower proportion of premium lumber grades (with more stringent degrade rules) and lower 
proportions of 2x4’s. 

7.0  IMPLICATIONS 
 

This study of 95 year-old lodgepole pine trees in the south eastern region of B.C. revealed that a final 
stand density of 700 s/ha was associated with reductions in wood density, premium visual and 
machine-stress rated grades, and lumber strength and stiffness. Maximum premium lodgepole pine 
product yields will apparently result from targeting a moderately open final stand density and 
medium diameter trees, rather than more open stand densities aimed at large log production. 

It is important to keep in mind that these study results do not apply to the overall lodgepole pine 
population. Tree selection was limited with respect to site and stand density, and the growth rates 
were not typical of lodgepole pine in general. Since open-grown, large diameter lodgepole pine is 
presently a very small fraction of the existing timber supply these results have no implications for 
existing grade specifications. If, however, large areas were to be converted to open-grown managed 
stands or plantations, they could represent a problem some 50 to 60 years hence, assuming structural 
lumber remains a primary product. 
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8.0  RECOMMENDATIONS 
 

Average wood density at breast height and tree d.b.h. are such fundamental measures that reasonable 
confidence can be placed on the relationships derived for their effect on MOE and MOR. It should be 
demonstrated, however, that large-diameter, rapidly-grown lodgepole pine trees consistently have 
lower than average wood density. Until this relationship can be confirmed in other regions, these 
study results must be viewed with some caution. Wood density, for example, has been reported to 
increase at more northerly latitudes, while other research suggests geography has no influence on 
wood density. 

Although knot size proved to be less important than wood density in this study, further investigation 
of the relationship of knot size and tree size is warranted, particularly for plantation trees for which 
information on stand establishment is available. Further research on knot size and wood density in 
relation to tree d.b.h. on open-grown sites in other biogeoclimatic zones is recommended. 
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APPENDIX I 

Factors Influencing Lumber Recovery 
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1.0 LUMBER RECOVERY FACTORS 
 

Lumber recovery factors (LRFs) for Phase I of the study were substantially lower than those achieved 
a year later in Phase II. Because differences in LRF that are unrelated to tree quality would confound 
stand density class comparisons, this review was undertaken to identify reasons for the differences. 

Lumber recovery factors obtained for mill run logs in Phase I of the study are shown in Figure I-1. 
Phase I logs were hand bucked to predominately 16 ft lengths and processed through the mill 
individually. Short log LRFs were not obtained for Phase II trees which were processed as tree length 
stems in separate batches by d.b.h. and stand density classes. All Phase II trees were processed 
through the small log side of the mill. LRFs for the 1100 and 1900 s/ha d.b.h. classes were not 
significantly different except in the 25 cm d.b.h. class where, because the full range of tree size could 
not be obtained, the 1900 s/ha LRF was lower. It was considered reasonable to assign the average 
Phase II LRF to d.b.h. classes for both stand density samples.  

Phase I and Phase II LRFs are compared in Figure I-2. Because LRFs were not obtained for individ-
ual trees in Phase II, the variation in LRF used to construct the confidence interval shown in the 
figure was estimated from that observed in Phase I. The confidence intervals shown for the LRFs in 
Figure I-2 demonstrate that a significant year-to-year shift in LRF occurred across comparative tree 
d.b.h. classes, with Phase I LRFs being considerably lower than those of Phase II. 

The differences in LRF were initially attributed to changes in sawmill efficiency and study practices. 
This was to some extent confirmed by a review of log bucking and sawing patterns, and lumber 
trimming results. The difference in LRF was attributed in part to the following processing differ-
ences: 

1.  Sawing decisions were improved in Phase II which resulted in an increase in wider width 
lumber from the same tree d.b.h. class when compared to Phase I (Figures I-3, I-4, I-5). 

2.  Log bucking decisions made at the sawmill in Phase II were more efficient compared to hand 
bucking done to mark juvenile wood in Phase I (Figure I-6).  

3.  Lumber trim loss was lower in Phase II. (Phase I lumber was entirely pencil trimmed during 
grading (10.4% total trim). Phase II lumber was trimmed in the mill, and then further pencil 
trimmed during grading (8.1 % total trim).  

An initial review was also made of the incidence and severity of sweep and taper in Phase I and II 
trees. These two log and tree variables are known to affect LRF. 
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2.0 SWEEP 
 

The incidence of sweep as reported in the text was marginally greater in Phase II trees than in Phase I 
(6.7 vs 6.0 percent of trees). A review of log scanner information available from the sawmill showed 
that severity of sweep in small logs for Phase I was less than that of small logs of Phase II. Sweep for 
logs which were processed through the headrig side in Phase I was somewhat more severe than the 
average sweep for Phase II (.57 in. vs. .52 in.), but average log size was considerably greater (logs 
from 35 and 40 cm d.b.h. class trees vs. maximum of 30 cm class). Since the effect of sweep is a 
function of both sweep deviation and log size we concluded that sweep was not a factor in the lower 
LRFs obtained in Phase I. 

3.0 TAPER 
 

A comparison of short log taper was made based on manual short log measurements for the 700 s/ha 
sample, and log scanner information for the 1100 and 1900 s/ha logs for which manual measure-
ments were not available. (The scanner assigned logs to taper classes. For the purpose of this 
comparison, the Phase II logs were assigned a taper value equal to the midpoint of the taper class in 
which they fell.) 

Table I-1 shows the results of the comparison. Within d.b.h. classes, differences in short log taper 
were not significant. The differences did prove significantly different when combined by stand 
density classes as shown in Table I-2. However, the use of taper class midpoints for Phase II logs 
made these results questionable. Therefore log scanner information was ignored and a comparison of 
tree stem taper was made on the basis of manual long log measurements. The analysis showed that 
taper was essentially equal in the 20 cm d.b.h. class, but above that diameter taper was greatest for 
trees in the 700 s/ha sample as illustrated in Figure I-7. 

Regression equations were developed relating LRF to long log taper for each d.b.h. class in Phase I 
as illustrated in Figure I-8. These equations were used to adjust and extrapolate Phase II LRFs for the 
differences in taper between Phase I and II. These adjusted LRFs were assigned to Phase I and 
represent a reduction in LRF that can be confidently attributed to differences in tree form associated 
with the lower stand density. The measured and adjusted LRFs for Phase I tree d.b.h. classes are 
provided in Table I-3. 
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Table I-1. Comparison of short log taper 

 

Table I-2. Short log taper summarized by stand density class 

 

Table I-3. Measured and adjusted LRF’s for Phase I 
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Figure I-1. Phase I sawlog lumber recovery factors 

 

Figure I-2. Lumber recover factors by tree d.b.h. class 
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Figure I-3. Lumber size comparison for 20 cm d.b.h. class 
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Figure I-4. Lumber size comparison for 25 cm d.b.h. class 
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Figure I-5. Lumber size comparison for 30 cm d.b.h. class 
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Figure I-6. Comparison of sawlog lengths 
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Figure I-7. Long log taper by tree d.b.h. and stand density class 

 
 

Figure I-8. LRF vs long log taper by tree d.b.h. class for 700 s/ha stand density class 
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APPENDIX II 

Distributions of Lumber Widths by Tree D.b.h. Class 
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Table II-1. Comparison of lumber sizes by stand density and tree d.bh. classes 

 

Shaded columns indicate the stand density class with the highest proportion of wide lumber
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Table II-1.  (cont’d)  Comparison of lumber sizes by stand density and tree d.b.h. classes 
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APPENDIX III 

MOE and MOR Values 
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Table III-1. Mean MOE values for tree d.b.h. and stand density classes 
 



Appendix-16 

Table III-1.  (cont’d)  Mean MOE values for tree d.b.h. and stand density classes 
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Table III-1.  (cont’d)  Mean MOE values for tree d.b.h. and stand density classes 
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Table III-1.  (cont’d)  Mean MOE values for tree d.b.h. and stand density classes 
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Table III-1.  (cont’d)  Mean MOE values for tree d.b.h. and stand density classes 
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Table III-2. Mean MOE values summarized by stand density class 
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Table III-3. 5th percentile MOR values for tree d.b.h. and stand density classes 
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Table III-3.  (cont’d)  5th percentile MOR values for tree d.b.h. and stand density classes 
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Table III-3.  (cont’d)  5th percentile MOR values for tree d.b.h. and stand density classes 
 



Appendix-24 

Table III-3.  (cont’d)  5th percentile MOR values for tree d.b.h. and stand density classes 
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Table III-3.  (cont’d)  5th percentile MOR values for tree d.b.h. and stand density classes 
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Table III-4. 5th percentile MOR values summarized by stand density class 
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Figure III-1. Mean MOE and 95% confidence intervals for SS lumber 

 

Figure III-2. 5th percentile MOR and 95% confidence intervals for SS lumber 


