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1. Introduction 

During the 20th century, the Pacific Northwest (western Oregon and 
Washington, coastal British Columbia, and southeastern Alaska) produced 
some of the highest quality timber in North America. Forests were old and 
trees were large; wood products from this region were easily distinguished 
from those made from timber produced in other regions in North America. In 
some cases, the timber had unique visual characteristics; its slow growth pro
duced clear wood and tight grain patterns and its superior mechanical proper
ties were prized. The sheer size of the trees made it possible to manufacture 
extremely large pieces. Early in the century, Douglas-fir trees (Pseudotsuga 
menziesii (Mirb.) Franco) (at the time also known as Oregon pine) that were 
tall and cylindrical possessed a stiffness that made them valuable as ships’ 
masts (Allin 1995). Later, these same characteristics made this species impor
tant as electric power transmission poles. Long spans, made possible by the 
high strength and stiffness of Douglas-fir, allowed architects to create distinc
tive open interior spaces. Several mills specialized in beams up to 185 feet (57 
meters (m)) long and several feet deep. The fine grain and infrequent knots in 
large old trees permitted manufacture of clear, straight-grained moulding and 
millwork that was valued around the world in door and window 
manufacturing. The high strength-to-weight ratio of Sitka spruce (Picea 
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sitchensis (Bong.) Carr.) was attractive to early airplane manufacturers and to 
musical instrument craftsmen who valued the tonal quality derived from its 
straight, even grain (Burns and Honkala 1990). The decay resistance and 
dimensional stability of western redcedar (Thuja plicata Donn ex D. Don) 
made it ideal for siding, roof shingles and shakes, and other exterior uses 
where both durability and appearance were important (DeBell et al. 1999). 
Early timber operations in the Pacific Northwest were limited to areas near 

the waterways that provided for transport of large raw logs and finished 
lumber. Because felling was done by hand, these harvests also focused on the 
highest value trees. Harvest of the region’s forests was more like a mining 
operation where the resource was seen as endless. In the late 1880s, railroads 
made much more timberland accessible. The 1930s brought both the chain saw 
and widespread use of trucks for hauling logs. This further expanded timber 
harvest because logging roads were easier and cheaper to build than railroad 
spurs. Once log transportation systems became established, clearcuts with 
natural regeneration became the dominant harvesting system. Only limited 
resources were devoted to investigating other silvicultural systems (Curtis 
1998). About this same time, researchers produced the first yield tables for the 
region (McArdle and Meyer 1930), demonstrating the productive potential of 
the region and further stimulating research on topics such as regenerating 
stands after harvest and controlling wildfire. By the 1950s, however, the 
forests of the Pacific Northwest were no longer seen as an endless resource. 
By the late 1970s, large, old trees were gone from most private timberland 

and much of the easily accessible public land base, but the wood from second-
growth stands that replaced old-growth stands still had highly desirable prop
erties. Stands 70 to more than 100 years old were widespread, and trees were 
large in comparison to those grown in other timber producing regions. 
Manufacture of wide and long pieces with mechanical properties as good or 
better than those available elsewhere was common. These trees even contained 
enough clear wood to make production of high-value appearance grades of 
lumber or veneer possible. 
Technological changes during this time began to erode markets for long, 

wide, solid wood products. For example, the development of the softwood ply
wood industry following World War II contributed to a change in the product 
mix produced at sawmills as softwood plywood was substituted for sheathing 
lumber in residential construction. The development of synthetic adhesives in 
the 1950s and 1960s greatly improved performance, particularly durability and 
moisture resistance of laminated products. Later, glulam beams replaced large 
solid sawn beams. In the 1970s and 1980s, wood I-beams and engineered 
trusses eliminated much of the need for even, moderately wide (greater than 8 
inches (20 centimeter (cm))) or long (greater than 20 feet (6 m)) solid sawn 
lumber. Development of laminated veneer lumber (LVL) and parallel strand 
lumber (PSL) further reduced the need for large pieces (McKeever 2002). 
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Today it is possible to manufacture engineered wood products that can substi
tute for all types of structural solid wood and panel products. Some of these 
products also have appearance characteristics that make them desirable for 
architectural applications. 
Land ownership and forest management patterns in the Pacific Northwest 

are also unique among U.S. timber producing regions (Table 1 Chapter 10). 
More than half of Pacific Northwest forestland is managed by public agencies 
(federal and state) and much of the private timberland is held in large tracts. 
This general pattern is prevalent throughout the West. Outside of the Pacific 
Northwest, nonindustrial private forests are the dominant form of private land 
ownership. 
Through the 1970s, timber production was the primary objective in manag

ing most forestland. Forest management began to shift from a reliance on nat
ural regeneration and the harvest of second-growth stands to intensively 
managing plantations. This was an important decision in terms of wood quality 
because it meant that by the end of the 20th century a shift would occur from 
harvesting and processing managed natural young growth to plantation-grown 
wood. Research helped develop effective methods for establishing plantations 
of Douglas-fir and maintaining their rapid growth. Emphasis was placed on 
developing better methods of weed control, stocking control, and fertilization 
along with programs in genetic manipulation to increase volume growth. 
Clearcutting remained the most popular system for harvesting and regenerating 
stands because it was economically efficient and promoted the reestablishment 
of Douglas-fir, which grows rapidly in full sunlight. This resulted in a forest 
landscape where young even-aged, Douglas-fir plantations were the primary 
forest type. Given the relatively high returns, many landowners have practiced 
intensive forest management, which leads to younger, smaller, more quickly 
grown trees (Table 3 Chapter 10) managed for increased wood volume produc
tion. Federal forest management policies beginning in the 1990s placed more 
emphasis on protection and enhancement of biological diversity than on timber 
production (Haynes et al. 2003b). State land managers are also seeing increased 
pressure to consider more than just timber yields as criteria for management. 
The use of extended rotations and thinnings are seen as one way to achieve 
these goals on public lands. These changes in public timber management policy 
have contributed to the acceleration toward the production of younger, more 
intensely managed timber on private land. The longer term impacts of these 
management changes are still unknown. With a move toward management of 
broader scale ecosystems on federal and state lands and more intense manage
ment on private lands, we can anticipate further changes in the characteristics 
of logs produced from forestlands in the Pacific Northwest. The consequence, 
in terms of these management trends on wood quality, will be explored in this 
chapter by using currently available tree growth and wood quality models, as 
well as information from empirical wood product recovery studies. 
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2. Key Wood Quality Attributes 

Wood quality is generally defined as a measure of the characteristics of 
wood that influence the properties of the products manufactured from it 
(Haygreen and Bowyer 1996). These wood properties (Megraw 1986) can be 
divided into two groups: microscopic and macroscopic. Microsocopic proper
ties include, but are not limited to, chemical composition, fiber size (length 
and diameter), cell type, cell wall structure (e.g., cell wall thickness, micro-
fibril angle), permeability to treating chemicals, and dimensional stability. 
Macroscopic properties include the types of characteristics that are generally 
considered in lumber or veneer grading systems or are important in determin
ing volume recovery. Some examples are: knot size, frequency, and distribu
tion; grain orientation; grain pattern; stem form; stem straightness; reaction 
wood (wood produced in response to stimulus, usually a bending or leaning of 
the tree); color and texture. Links to growing conditions and life history have 
been established or postulated for most of these properties but the relation 
between wood properties and silviculture is much easier to demonstrate for 
macroscopic than for microscopic properties. 

2.1. Microscopic Properties 

Within the wood cell wall, there are several characteristics that influence 
wood quality. Each cell has a primary and secondary wall, and the secondary 
wall is composed of three layers. The middle, or S2, layer is generally the 
thickest and within this layer are cellulose strands (Panshin and DeZeeuw 
1980). The orientation of these strands in respect to the long axis of the cell 
(microfibril angle) plays an important role in the strength and shrinkage prop
erties of wood. Increasing microfibril angle and a thicker S2 layer cause 
greater longitudinal shrinkage. When longitudinal shrinkage varies across the 
width or thickness of a board, warp can occur when the board is dried (Lamb 
and Wengert 1987). 
Cells differ within an annual ring. Each annual ring is made up of early 

(spring) wood and late (summer) wood with a transition zone in between. The 
earlywood typically has large-diameter cells, thinner cell walls, and a lower 
specific gravity (dry wood mass per unit volume) while the latewood has 
smaller diameter cells, thicker cell walls, and higher specific gravity. The pro
portion of latewood within an annual ring is not necessarily the same for rings 
of equal width. This is important for softwoods as there is a relation between 
the proportion of latewood and specific gravity. Specific gravity is important 
in wood products as a measure of physical and mechanical properties 
(Haygreen and Bowyer 1996). As a general rule, the wood with a higher spe
cific gravity is used in applications where strength is important. Within a tree, 
there are patterns in specific gravity variations that can relate to both growth 
rate and age (Jozsa et al. 1989, Cave and Walker 1994). 
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The trend to growing trees faster with emphasis on volume production has 
led to concerns about juvenile wood. Juvenile wood consists of those rings 
closest to the pith that were produced under strong influence from the apical 
meristem and vigorous crown branches (Megraw 1986). Both microscopic and 
macroscopic properties in juvenile wood create differences between wood 
formed under the influence of the actively growing crown and wood formed 
in the part of the stem below the live crown (mature wood). There is long-
standing theory that wood properties change at the base of the live crown 
(Larson 1969, DiLucca 1989). 
Several theories have been proposed to explain why wood formed within 

the vigorously growing crown is different from wood formed lower in the 
stem. Two of the most widely accepted theories are that physical changes in 
the vascular cambium are (1) due to repeated cellular division, which causes 
changes in the characteristics of the cambial initials that translate into chang
ing wood properties (Bannan, 1956, 1962, 1964, 1966, 1970) and (2) response 
to hormonal influence based on distance from, and vigor of, the live crown 
(Larson 1962, 1963, 1969). 
The best documented example of the first theory is the development of 

spiral grain in conifers. Bannan (1966) developed retrospective histological 
techniques to demonstrate how the increase in girth of the vascular cambium 
through anticlinal division of cambial initials and the subsequent apical intru
sive growth alters the vertical orientation of the initials. This gradual slanting 
of the vascular cambium with respect to the long axis of the stem results in the 
formation of spiral grain. Bannan explains this transition as mainly a physical 
phenomenon. 
Larson (1962, 1963, 1969), on the other hand, explains the differences in 

properties between juvenile wood and mature wood in terms of physiological 
processes that change in response to hormone and nutrient availability at var
ious locations along the stem. Larson makes a compelling case that portions of 
the vascular cambium located within the live crown are exposed to higher levels 
of growth hormones than those lower in the stem. Subsequently, the vascular 
cambium closest to the actively growing branch tips, where these compounds 
arise, produces xylem with different characteristics than what is produced 
lower in the stem. Larson used experimental methods to establish a link 
between cell size and hormone production by meristematic tissue. He also 
showed that cell wall thickness was related to the quantity of nutrients pro
duced by foliage. These two findings lead to the logical conclusion that prox
imity to vigorously growing branches is important in determining the 
microscopic properties of xylem cells that form the stem wood. In addition, 
because the crown is where the live branches are, and the heartwood has not 
yet formed in this youngest part of the stem, many of the macroscopic proper
ties are also different higher in the stem than below the live crown. 
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The group of characteristics composing juvenile wood varies from species 
to species, but most softwood species display a radial gradient in physical 
properties (Sanio 1872, Trendelenburg 1936). The concern with juvenile wood 
is that when compared to mature wood, the mechanical properties differ and it 
can be less dimensionally stable because of radial gradients in longitudinal 
shrinkage (Senft et al. 1985, Forest Products Research Society 1986, 1987). It 
is generally believed that wood properties change as each growth ring is added 
until a point that is roughly correlated with the recession of the live crown at 
any given height. After crown recession, wood properties become relatively 
constant as subsequent growth rings are added. The point at which the transi
tion from juvenile wood to mature wood formation occurs, and whether 
mature wood properties are in fact constant, are discussed in the wood science 
literature (Saucier 1990, Sauter et al. 1999, Koubaa et al. 2000, Gartner et al. 
2002, Yang 2002). There is, however, widespread agreement that the wood 
formed within the vigorously growing crown is different than that formed 
below the crown base (Megraw 1985, 1986; Johnson 1986; Forest Products 
Research Society 1986; Jozsa et al. 1989; Cave and Walker 1994). 
Juvenile wood content is expressed as a percentage of the total volume 

(Bendtsen and Senft 1986, Briggs and Smith 1986) based on the transition 
point between juvenile and mature wood production. Wood technologists have 
attempted for years to find a consistent age where the transition from juvenile 
wood to mature wood production occurs, and they have generally failed. It is 
usually possible to say where the demarcation is for a particular property for a 
given height in any tree, but it is difficult to generalize among trees. DiLucca 
(1989) was one of the first to explore this problem for Douglas-fir. He used 
segmented regression modeling to try to identify the transition age. He found 
that for a subsample of the trees used by Kellogg (1989) for Forintek’s 
Douglas-Fir Task Force study, the transition age was about 20 rings from the 
pith at breast height. Coincidentally, this age also corresponded to the age at 
which crown recession occurred in these trees. Later Fahey et al. (1991), fol
lowing the methods of Kellogg (1989) in a similar study for young, fast-grow
ing Douglas-fir from western Oregon and Washington, also used the “20 ring 
from the pith” rule to define the transition from juvenile wood to mature wood. 
This number was incorporated into the ORGANON (ORegon Growth 
ANalysis and projectiON) model (Maguire et al. 1991, Hann et al. 1997) wood 
quality module along with an alternative provision to use the base of the live 
crown as the transition point from juvenile wood to mature wood. Given the 
available data, it is not really possible to say which method provides a more 
accurate estimate of the amount of juvenile wood. However, the two methods 
provide very different results. We do not resolve the question of whether a 
fixed number of rings or a physiological event, such as crown lift, is a better 
indicator of the end of the juvenile period although the idea of a physiological 
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trigger is more consistent with the theory that growth conditions influence 
wood quality. 
As the crown lifts, there is a gradual change in microscopic properties 

whereas below the base of the live crown, microscopic properties are generally 
assumed to become relatively constant as the tree ages. This could take a 
decade or more but the trend is toward more uniform properties over time. 

2.2. Macroscopic Properties 

Changes in macroscopic properties affect characteristics that influence the 
suitability of a tree for the manufacturing of specific wood products. 
Ring width is often used in the log and lumber grading rules as a measure 

of quality. Ring width alone has little meaning as an indicator of properties 
(Jozsa and Middleton 1994). In softwoods, the proportion of latewood is the 
more important factor. Slow-growing trees have narrow rings whereas wide 
rings are associated with faster growth. Rate of growth is influenced by several 
factors including site quality (moisture, nutrients) and competition (stand den
sity). Trees with wide annual rings may create machining and finishing prob
lems for products manufactured from them (Fahey and Willits 1995). 
Grain can refer to either the direction of the fibers in the finished product 

(e.g., vertical, flat, or cross) or the size of the wood fibers and corresponding 
growth rate (coarse, medium, or fine). Rapid growth rates produce coarse 
grain. Rapid growth may also result in increased longitudinal shrinkage and 
subsequent warping when products are dried. Fine-grain material (slow 
grown) is often prized for its appearance. 
Compression wood is found in softwoods and is related to tree vigor and 

angle of tree lean (Timmel 1986, Jozsa and Middleton 1994). Eccentric stem 
shape and offset pith are visual clues to the presence of compression wood. Its 
importance from a solid wood quality perspective is that it has reduced 
strength, can fail unexpectedly, and is not dimensionally stable. Furthermore 
the shrinkage can be 10 to 20 times greater than normal wood. Compression 
wood fibers also have high lignin contents and do not refine well, making them 
undesirable for pulp and paper manufacture. 
Heartwood formation occurs primarily below the live crown. The heart

wood of trees is made up of non-functioning, dead cells. In contrast, the sap
wood in trees conducts water, nutrients, and photosynthates and usually has a 
higher moisture content than the heartwood. The parenchyma cells of the sap
wood, both in rays and longitudinal orientation, are physiologically active. 
Extractives (various organic substances) produced upon the death of 
parenchyma, will often darken heartwood and make it more difficult to dry or 
treat with preservatives. In some species, the resulting changes in color and 
permeability are important in determining wood product potential. These 
same extractives can also make the heartwood more durable. 
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Knots are a major factor in determining wood quality, both from a visual 
and a structural standpoint. The most important macroscopic change is the 
death and shedding of branches that result first in dead (black or loose) knots 
and later in the formation of clear or knot-free wood. Following death of a 
branch, the influence of the branch on mechanical properties changes and the 
branch begins to deteriorate. The change in the contribution to mechanical 
properties happens because the connection between the branch and the stem’s 
vascular cambium is broken. The dead branch no longer lays down new xylem 
tissue and as a result, a new grain pattern develops around the branch. Instead 
of being integrated with the branch, the grain of the stem begins to “flow” 
around the now dead branch. The branch essentially becomes a plugged hole 
in the stem. Initially the branch is held tightly in the stem wood but as it dete
riorates it loosens. Eventually, when the branch is shed, it becomes a hole. 
Finally, the end of the branch is overgrown or occluded. Each of these stages 
is recognized in the grading rules for lumber (WWPA 1998) and veneer. The 
zone of the stem between the base of the live crown and the point where 
branch stubs begin to occlude is an area of declining quality. This is an impor
tant but rarely recognized factor in describing the link between silviculture and 
wood quality. Quality declines because in most lumber grading rules a live 
knot (red or tight) is considered higher quality than a dead knot (black or 
loose), which is considered higher quality than a knothole. 
Once the branch stub becomes occluded, clear wood is produced. If there 

is sufficient clear wood to recover as products, this material has exceptionally 
high economic value. Typically clear lumber or veneer has three to five times 
the value of good-quality wood that contains knots or defects such as pitch 
pockets or stain. As a general rule, the lowest quality wood is produced near 
the pith and the highest quality wood is produced near the bark. 

3. Silviculture Affects Wood Quality Attributes 

Whereas wood quality characteristics are inherent to a species, silvicultural 
treatments can alter wood characteristics (see Table 1) and thus affect wood 
product potential. Ultimately, most silvicultural treatments that are designed to 
enhance growth manipulate crown size or vigor and thus form the link to wood 
characteristics. As a result, practices that change stand structural conditions 
and tree growth are believed to alter wood properties and may unintentionally 
affect wood quality. For example, practices that alter crown length and the 
amount of the juvenile core, the area of branch occlusion below the live crown, 
and the size and rate of growth of the mature wood zone may influence the 
suitability of the wood for manufacturing certain products. 
Managing stand density (usually expressed in terms of numbers of trees or 

amount of basal area per unit area) is a common practice of forest managers 
because it is the major factor influencing the development of individual trees 
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Table 1. Effects that various cultural practices may have on wood characteristics (adapted from 
Briggs and Smith 1986). 

Wood Wider Precommercial Commercial 
characteristic spacing thinning thinning Pruning Fertilization 

Knots Larger, sound Larger, sound Larger, sound Removed Larger, sound  
Rings Wide, Wide, abrupt Wide, abrupt Narrowed Wide, abrupt 

uniform change change change 
Juvenile wood Enlarged all Enlarged most Enlarged upper Reduced Enlarged 

logs logs logs 
Compression Increase Increase Increase Unknown Increase 
wood 
Taper Increase Increase Increase Decrease Increase or 

unchanged 
Spiral grain Increase Increase Increase Unknown Increase 
Crookedness More Reduced Reduced No effect No effect? 

prevalent (snow, ice) 
Specific gravity Little change + 5 to 10% Increase Decrease 5 to 

in young 15% 
trees, (except 
since age severely 
effect deficient 
dominates sites) 
(may be 
an effect 
with 
extreme 
treatment) 

Fibril angle Same as Same as Increase Decrease Increase 
above above 

Cell 
dimensions: 
Length Same as Same as Small Small Small 

above above decrease increase decrease 
Diameter Same as Same as Increase Decrease Increase 

above above 
Wall thickness Same as Same as Decrease Increase Decrease 

above above 

and stands (Marshall and Curtis 2002, Hummel 2003). For young Douglas-fir, 
low densities can reduce the amount of total stand growth because trees do not 
fully occupy the site throughout the rotation. There is less growing stock (i.e., 
fewer trees) to produce new wood per unit area. However, lower densities also 
mean less competition for individual trees and, therefore, can cause greater 
individual tree growth, especially in diameter. Stand density can be managed 
through initial planting spacing and subsequent thinning. The level and devel
opment of stand thinning can significantly impact live crown length and width, 
the timing of crown closure, the amount of stem taper, the size of branches, 
and the diameter of the juvenile core. Lower stand densities can delay crown 
closure, and therefore, alter branch size and increase juvenile wood content. 
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The timing of thinning can determine crown length and influence the distribu
tion of dead knots and juvenile wood along the stem. 
Available information suggests that a potential decline in the mechanical 

properties of young-growth Douglas-fir as compared to old-growth or unman-
aged second-growth is a concern (Barret and Kellogg 1989, Stevens and 
Barbour 2000). The problem will probably be more important for western 
hemlock (Tsuga heterophylla (Raf.) Sarg.) (Middleton and Munro 2001). The 
limited information on warp in lumber from young trees of these two species 
also suggests that dimensional stability will be more of a problem for young 
hemlock than for young Douglas-fir. 
Pruning live branches will accelerate live crown recession and hasten the 

production of clear wood that should reduce the period of juvenile wood pro
duction. Kotok (1951) found the natural rate of pruning to a stem height of 17 
ft (5 m) on a Douglas-fir tree was 77 years. Management regimes that empha
size growth (wider growth rings) also produce large branches and subse
quently large knots (Briggs and Smith 1986). Pruning is a way to limit the 
quality-reducing effect of wide spacing (Fight et al. 1995). Many other con
siderations are tied in with pruning and some of these (e.g., environmental and 
policy concerns, wood supply and projections for clear wood, economics and 
management) are covered in Hanley et al. (1995). 
Fertilizer is used to improve growth by adding limiting nutrients to increase 

productivity. This increase in growth can also improve crown vigor, which in 
turn increases branch size and changes the properties of juvenile wood. 
Decreases in wood density (specific gravity) have been observed (Erickson 
and Lambert 1958, Siddiqui et al. 1972, Parker et al. 1976) with fertilization. 
The effects of fertilization last from 3 to 5 years (Briggs and Smith 1986, Jozsa 
and Brix 1989), and there is less effect on the juvenile wood than on the 
mature wood. Although the idea that stand fertilization will change the prop
erties of juvenile wood and pruning will reduce its duration is attractive, no 
conclusive evidence has been offered. 
Genetic manipulation of planting stock can also alter wood properties. The 

major thrust of early research was on increased volume growth (Silen 1966, 
Wahlgren and Schumann 1975, Silen and Wheat 1979, Kellogg 1982, Adams 
and Howe 1984). Breeding programs have been developed to increase or 
maintain specific gravity, improve stem straightness, reduce knot size, and 
reduce reaction wood content. Tree breeding programs in the Pacific 
Northwest select for growth rate and wood density. Growth rate is under low 
to moderate genetic control; 10 to 30% of the within-stand variation is 
controlled by genetics (Stonecypher et al. 1996, Johnson et al. 1997, King et 
al. 1988). Wood density is controlled even more; over 50% of the variation in 
a stand is a function of the genetics of the trees (Bastien et al. 1985; King et 
al. 1988; Loo-Dinkins and Gonazlez 1991; Vargas-Hernandez and Adams 
1991, 1992; St.Clair 1994). Both traits need to be examined in a breeding 
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program because there can be a negative adverse genetic correlation between 
the two traits (Bastien et al. 1985, King et al. 1988, Vargus-Hernadez and 
Adams 1991, St.Clair 1994). There has been little compelling evidence that 
genetic manipulation, by itself, adversely affects wood properties in the major 
softwood species grown in the Pacific Northwest to the degree that they can 
no longer compete in structural wood product markets. 
Management practices (e.g., wide spacings) that promote long-lived vigor

ous branches almost always detract from wood product value. Vigorous 
branches lead to knots that detract from functionality and therefore, value in 
both solid sawn lumber and structural veneer. In widely spaced Douglas-fir, a 
phenomenon known as multiple flushing can cause trees to develop numerous 
relatively small branches whose quantity, rather than size, are of concern 
(Figure 1a). These trees also tend to have large branches at steep angles 
(Figure 1b) that will ultimately result in large solitary knots. In fast growing 
Douglas-fir from New Zealand, nodal swelling associated with branch whorls 
was recognized as a source of cross grain sufficient to cause a substantial 
downgrade in solid sawn lumber (Whiteside 1978). The problem was associ
ated with every branch whorl and therefore, could not be trimmed out of lum
ber. Knots also cause problems in fiber-based products and paper; they are 
difficult to digest and refine because their mechanical and chemical properties 
differ compared to stem wood. An abundance of knots in young trees is a qual
ity issue that technology has not yet overcome in structural uses of solid wood. 
There has been enough interest in wood quality issues that several regional 

symposia have been held on the topic. These include Douglas-fir: Stand 
Management for the Future (Oliver et al. 1986), Juvenile Wood: What Does it 
Mean to Forest Management and Forest Products? (Forest Products Research 
Society 1986), and Forest Pruning and Wood Quality (Hanley et al. 1995). 
Silviculture and wood quality was considered at the High Quality Forestry 
Workshop: The Idea of Long Rotations (Weigand et al. 1994). There also have 
been reports that detail resource characteristics. For example, Kellogg (1989) 
addressed the management and product value of second-growth Douglas-fir 
and Middleton and Munro (2001) analyzed the relation of stand density man
agement in second-growth western hemlock to product yields and attributes. 
In addition, the University of Washington, Seattle, offered workshops on the 
relation between forest management and wood quality in the 1990s. 

4. Expected Effects of Management Trends on Wood Quality 

The changes in management practices brought about by the Northwest 
Forest Plan on federal lands (Haynes and Perez 2001) and shifting regulations 
for state and private lands altered silvicultural practices substantially during 
the 1990s. Management on federal land has become less active and focused on 
structural and compositional diversity (Hummel 2003). Management on private 
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a 

Figure 1. Tree exhibiting multiple flushing (a) and ramicorn branching (b). 
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timberlands, however, continues to emphasize timber production and increas
ing attention is given to protecting riparian and any upland areas that might 
provide habitat for species of concern. Management practices on state timber
land falls somewhere between federal and private practices. In general, the 
question of how to manage all forested lands remains unsettled but changing 
regulations arising from public concerns for maintenance of aquatic and ter
restrial biological diversity and aesthetics are likely to continue to force 
changes in silvicultural practices for some time. 
In the Pacific Northwest, the general trend for timber supply is toward 

a future where most timber produced in the region will come from private 
timberland and will be much younger than it has been in the past (Haynes et 
al. 2003a). Younger timber is likely for several reasons. It is economically 
expedient to use short rotations and much of the timberland is owned by a 
forest industry with an interest in maximizing economic return. Harvest of 
younger (e.g., 40 to 50 years) stands is perceived as less risky because they are 
less frequently used by threatened or endangered species. Publicly traded com
panies that maintain large areas of “mature” timberland face the possibility of 
corporate takeovers by groups who will liquidate their older timber to finance 
the takeover. Finally, there is the risk that the wood processing infrastructure 
will no longer be capable of handling large logs from older stands (Barbour et 
al. 2002). This latter possibility might force both large and small nonindustrial 
landowners to favor younger stands with smaller trees. 
The move toward younger stands affects wood quality three ways: (1) 

reduction in tree size, (2) reduction in clear wood without pruning because of 
insufficient time for branch shedding, and (3) reduction in physical properties 
(particularly strength, stiffness, and dimensional stability). The suitability of 
such wood for certain uses is affected because younger, longer crowned trees 
have a higher proportion of juvenile wood. The wood from these younger trees 
are increasingly used for structural products, fiber-based products, or engi
neered products designed to compensate for changing raw material properties. 
Smaller trees eliminate the possibility of manufacturing the large timbers 

for which the Pacific Northwest region was once renowned, although techno
logical changes have already eliminated a large part of this market. There are 
still specialty uses for the large, stiff timbers and very long or wide pieces, but 
in most commodity markets, engineered wood products, and in some cases 
alternative materials, have been substituted for these products (Eastin et al. 
1996). As a result, the changes in quality associated with tree size have, for the 
most part, become irrelevant once trees are larger than about 10 to 12 inches 
(25-30 cm) diameter at breast height (dbh). In the Pacific Northwest, lack of 
processing capability for large trees actually results in a discount for logs larger 
than about 24 inches (60 cm) diameter on the large end. 
Silvicultural practices that establish stands at relatively wide spacings and 

use thinning to keep them growing quickly also promote a long, live crown. 
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This virtually eliminates the possibility of recovering clear lumber and veneer. 
By the early 1990s, products like these were no longer manufactured in coastal 
Washington and Oregon (Table 9 in Warren 2002) because of insufficient raw 
material. In timber producing regions like New Zealand and parts of South 
America, pruning has been used to remove branches so that clear wood can be 
recovered from young trees. This wood is visually quite different from the 
high value Select and Shop lumber (WWPA 1988) that was once produced 
from old-growth Douglas-fir and hemlock in the Pacific Northwest. It has 
much faster growth rates and generally coarser texture than old growth. 
In a recent survey of manufacturers who use clear wood, growth rate was 

not identified as a quality concern (Eastin et al. 1998). New technologies that 
use veneer, photographic, or other faux surface treatments to overlay composite 
or fast-grown clear wood foundations have largely filled the niche for clear 
finished or stained appearance uses where grain pattern is important. 
Alternative species (such as poplars (Populus spp.)), edge-glued and finger 
jointed panels, extruded wood plastic composites, and even pure plastics have 
largely replaced painted uses for clear wood. 

5. Relating Wood Quality to Products 

Wood product recovery studies designed to trace the processing of wood prod
ucts (lumber and veneer) from the forest to the final product on a tree-by-tree 
basis have been conducted by the Ecologically Sustainable Production of 
Forest Resources (ESP) team and its predecessors at the Pacific Northwest 
Research Station since the early 1960s. Data for nearly 125 empirical wood 
product recovery studies are maintained in an electronic database (Stevens and 
Barbour 2000). In this section, we use these data to illustrate how product 
quality has varied by tree age and species. 
Lumber grade distributions for visually graded lumber from Douglas-fir 

(data for Douglas-fir come from two studies, Fahey et al. 1991, and an unpub
lished study archived in the ESP Wood Quality Database (Stevens and Barbour 
2000)) and hemlock trees for two age groups; less than 40 years old and from 
40 to about 60 years old (Figures 2a and 2b). There are substantial differences 
in the distributions both between the two species and within each species. In 
both species, the proportion of lumber in the Select Structural (SS) and 
Number 1 (No. 1) grades is much higher in the older trees. In Douglas-fir 
(Figure 2a), most of the difference between the older and younger trees is 
caused by a shift from lumber graded as No. 2 into the two higher grades. In 
hemlock (Figure 2b), the largest shift in grade proportion is from the two low
est grades (Utility and Economy) into the No. 2 and Better grades. Although 
the quality of both species improves with age, the quality of Douglas-fir is 
better than hemlock in both age classes. 
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Figure 2. (a) Visual grade lumber yield from young Douglas-fir trees less than 40 years old and 
from trees 40 to 60 years old. (b) Visual grade lumber yield for young western hemlock trees 
less than 40 years old and from trees 40 to 60 years old. 

In a practical sense the grade shift in hemlock is more important than that 
in Douglas-fir because only rarely does No. 1 lumber command a premium 
over No. 2 lumber, but No. 2 always commands a substantial premium over 
Utility and Economy grade lumber. Most structural lumber is currently sold in 
grade groups of Standard and Better or No. 2 and Better depending on whether 
it is graded under Light Framing or Structural Light Framing and Joists and 
Planks rules (WWPA 2002). In the example given here, the total amount of 
No. 2 and Better is probably more important than the distribution of grades 
within the grade group. The proportion of Number 2 and Better lumber is 
greater for the older trees in both species; the difference is greater in Douglas
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fir and is lower for hemlock. Young Douglas-fir had a better grade distribution 
than older hemlock. 
A rule of thumb for sawmills in the western United States is that an effi

cient mill with a good-quality resource should produce 90% or more No. 2 and 
Better lumber. The average for the two Douglas-fir studies represented in 
Figure 2a suggest that this would easily be possible for the 40- to 60-year-old 
trees, and would be almost possible for trees younger than 40 years. However, 
the result for hemlock is much different. Only 44% of the lumber volume from 
the younger trees and 77% of the lumber volume from the older trees was 
graded as No. 2 and Better. The corresponding results for Douglas-fir were 
86% and 96%. 
When the same lumber used to construct Figure 2 was tested for machine 

stress rating, the material from the younger trees of both species performed 
poorly (Figure 3 a,b). Only 44% of the younger Douglas-fir and less than 2% 
of the younger hemlock was assigned stress ratings for 1450 fb (extreme fiber 
stress in bending) or higher. This is important because 1450 fb is essentially 
the same stress rating that is assigned to No. 2 visually graded lumber for 
many North American species, although Douglas-fir and southern pine have 
higher stress ratings (WWPA 1988, National Lumber Grades Authority 2003). 
Because the distributions for visually and machine graded lumber came from 
the same sample trees, this result suggests that a large amount of the lumber 
graded as No. 2 and Better under the visual rules did not actually have 
mechanical properties required by those grades. This was more important in 
hemlock, where almost none of the lumber met the required minimum stress 
limits. Even in Douglas-fir, less than half of the lumber met the minimums. 
The situation was no better with the older hemlock. It did improve somewhat 
with older Douglas-fir where almost 78% of the lumber was rated as greater 
than 1450 fb. Even in this case, the amount of lumber that was rated in the 
higher stress classes was fairly low. 
The data used to construct Figures 2 and 3 came from trees that were selected 

for rapid growth. Little or no information on stand history was available. It is 
reasonable to draw the general inference that the quality of younger trees, as 
expressed by visual lumber grade or lumber bending properties, is likely to be 
lower than for older trees, and that one or two decades of extra growth can 
make considerable differences in quality. The results for mechanically rated 
lumber suggest that the influence of juvenile wood is still strongly felt in 40
year-old Douglas-fir trees and even to some extent in 60-year-old trees. 
For Douglas-fir, it is possible to explore the relations between stand man

agement and quality more fully by using simulation because a reasonably reli
able simulation model is available for this species (Hann et al. 1997). The 
wood quality module of ORGANON uses various submodels for branching 
and juvenile wood that were developed from large empirical data sets 
(Maguire et al. 1991). There are no similar simulation tools for hemlock at this 
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Figure 3. (a) Machine-stress-rated lumber grade yield for young Douglas-fir trees less than 40
 
years old and from trees 40 to 60 years old. (b) Machine-stress-rated lumber grade yield for
 
young western hemlock trees less than 40 years old and from trees 40-60 years old.
 
Note: fb = extreme fiber stress in bending.
 

time, although more research is being devoted to this species and the develop
ment of wood quality models (Stevens and Barbour 2000; Middleton and 
Munro 2001; Singleton et al., in press). 

6. Possible Future Management Strategies 

Although timber production and clearcutting once dominated the region, 
society is demanding a greater range of commodity and noncommodity prod
ucts and outcomes from a decreasing forestland base. Contemporary forest 
management in the Pacific Northwest falls into three broad strategies: (1) 



316 BARBOUR ET AL. 

Figure 4. Simulated stand for the Timber Production regime at rotation 
age 45 years from the Stand Visualization System (McGaughy 1997). 

Figure 5. Simulated stand for the Extended Rotation regime at rotation 
age 70 years from the Stand Visualization System (McGaughy 1997). 

timber and fiber production, (2) extended rotations for production of wood and 
other values, and (3) management for biodiversity objectives. Timber is the 
primary objective of the first, but demonstrating of the contribution of other 
nontimber outputs is becoming increasingly important in terms of public good 
will toward forestry (Curtis et al. 1998). The second balances timber and non
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Figure 6. Simulated stand for the Biodiversity regime at rotation age 135 
years from the Stand Visualization System (McGaughy 1997). 

timber outputs, whereas under the third strategy, timber production is possible 
as a byproduct of managing for other values. The lines between these three 
strategies are, of course, blurred in actual practice, and they continue to evolve 
as the political climate and economic conditions change. 
The rest of this section discusses inferences for wood quality associated 

with these three general management strategies that are defined below. They 
were simulated by using the Stand Management Cooperative version of the 
ORGANON (Hann et al. 1997, Monserud 2003) growth model for western 
Oregon and Washington (Figures 4, 5, 6). These inferences are developed from 
simulations based on available data and they illustrate differences in wood 
characteristics that may result from different types of management. 

(1) Timber and Fiber Production. The primary objective on these timberlands 
is to produce an economically efficient crop while meeting forest practices 
rules regulating harvesting, planting, and other forest management activi
ties. Oregon, Washington, Alaska, and British Columbia all have forest 
practices rules that require protecting riparian areas during harvesting and 
management activities, prompting regeneration, and leaving some residual 
standing trees and down wood (Alaska Division of Forestry, Department of 
Natural Resources 2000, Oregon Department of Forestry 2001, 
Washington Department of Natural Resources 2002, British Columbia 
Ministry of Forests 2003). Silvicultural regimes on land primarily man
aged for timber production typically begin with planting about 400 trees 
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per acre (1000 trees per hectare (ha)) after a clearcut harvest. To insure tree 
survival and encourage rapid stand establishment and tree growth, the 
young plantation may be treated to reduce competing vegetation. Early 
stand density may be controlled with a precommercial thinning, especially 
if natural regeneration is abundant, which can reduce growth or survival of 
the planted crop trees. As the trees begin to reach merchantable size, a 
commercial thinning may be applied to reduce competition and to salvage 
anticipated mortality. Fertilization is sometimes used to increase growth. 
Stands are typically harvested by clearcutting by age 50, but shorter rota
tions of 40 years are becoming more common. Rotation ages will likely 
decrease over time as long as a target tree size of 14 to 20 inches (35-50 
cm) at breast height can be achieved. The silvicultural methods for effec
tive establishment and rapid growth of Douglas-fir are well developed 
(Curtis et al.1998) and are represented in the management of millions of 
acres of industrial land in western Oregon and Washington (see Table 1 
Chapter 10). The ORGANON simulation used in the timber and fiber strat
egy was a 45-year rotation with a precommerical thinning at age 15 to 330 
trees per acre (800 trees per ha). 

(2) Extended Rotations for Production of Wood and Other Values. Given that 
Douglas-fir stands can maintain high growth rates in volume and value for 
extended periods (in excess of 100 years), several researchers have pro
posed extended rotations (Kuehne 1994, Curtis 1995) based on the premise 
that frequent thinnings and a final harvest of high-value trees will provide 
both financial benefits for landowners and improved habitat opportunities. 
The basis for this approach is a set of studies that show repeated commer
cial thinning can prolong the period of high productivity (Curtis and 
Marshall 1993, Curtis 1995). Such a management strategy provides 
income during the rotation while producing aesthetically desirable large 
trees. Furthermore, extended rotations reduce the area of land in the highly 
visible (and considered by some to be unattractive) regeneration stage. 
Repeated commercial thinning is also expected to produce an understory 
of shade-tolerant species (e.g., western hemlock), which add to the struc
tural and species diversity of stands (see Curtis and Carey 1996, Curtis 
1997 for discussion of these and other potential benefits to extended rota
tions). Typical rotation ages will range from 70 to 120 years, with regen
eration initiated by clearcutting, shelterwood, or patch cuts. These regimes 
will produce large and potentially high-value trees in both domestic and 
export markets. However, with the recent collapse of the log export market 
and growing concern about lack of processing facilities for converting larger 
logs (greater than 20 to 24 inches (50-60 cm) on the large end), perceptions 
are changing about the value of large logs (Barbour et al. 2002). These 
changing perceptions could cause private landowners to rethink the 
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viability of extended rotations. The Extended Rotation simulated regime is 
a 70-year rotation with a precommerical thinning at age 15 to 400 trees per 
acre (1000 trees per ha) and two commercial thinnings: one at age 30 to a 
stand density index (SDI) of 200 and a second at age 45 to SDI of 230. 

(3) Management for Biodiversity. Owing to past management practices, the 
late seral-stages (Appendix 1, Chapter 1) of forest development occupy 
much less area than they did when Europeans settled the region. 
Consequently, the status of organisms and processes associated with late-
seral-stage forests is currently a concern. On much of the region’s federal 
lands, the primary management goal has become restoration or mainte
nance of the ecological integrity of forest ecosystems and resilience of 
social and economic systems that depend on the forest (Haynes et al. 
1996). Current forest management policies are intended to (1) maintain 
viable populations of native species, (2) support evolutionary processes 
and adaptation to changing biotic and abiotic conditions within robust eco
logical communities, (3) account for the multiple spatial and temporal con
texts within which ecosystems function, (4) recognize the human sense of 
“place” or the spiritual value of the forest, and (5) manage to enhance the 
social and economic resiliency of human communities associated with 
forests. Although still under development, many aspects of the manage
ment systems designed to achieve these policy goals will be applied at the 
landscape scale and alter existing age class and species distributions and 
spatial patterns (Crow and Gustafson 1997). At the stand level, manage
ment objectives are designed to provide mid- to late-seral characteristics as 
related to tree size, crown closure, and stand structure (Appendix 1, 
Chapter 1). Some management regimes include thinning at early ages to 
low densities to stimulate tree growth and understory development and 
using rotations of 100 or more years (Barbour et al. 1997). Through legacy 
retention and intentional management activities, stands can be moved more 
rapidly toward increased diversity as compared to a no-management or 
reserve strategy (Carey and Curtis 1996). Most past silvicultural practices 
were aimed at enhancing the quantity or quality of wood produced. 
However, Curtis et al. (1998) state that many of these same techniques can 
be modified to maintain, produce, or restore wildlife habitat, diverse stand 
structures (including those usually associated with old forests), and visual 
aesthetics. The biodiversity regime outlined by Carey and Curtis (1996) 
minimizes or eliminates the competitive exclusion stage through heavier 
reductions in initial densities with heavier precommercial thinnings, which 
promotes initiation and retention of an understory. With repeated heavy 
commercial thinnings, stands are maintained in a more open condition, 
greater understory diversity develops, and new trees are established by 
natural regeneration. Keeping a legacy of large trees and down wood from 
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Table 2. Initial stand conditions for all simulations. Initial stand density index was 88, height of 
40 largest trees was 27.4 feet (8.4 meters), crown ratio was 0.74, and the site index was 128 feet 
(39 m) at 50 years. 

Species Trees Basal area 
Quadratic 

mean diameter 

Douglas-fir 
Western hemlock 

Number/acre 

450 
100 

Number/hectare 

1110 
250 

Square feet 
/acre 
26.9 
3.5 

Square 
meter/hectare 

6.2 
0.8 

Inches 

3.3 
2.5 

Centimeters 

8.4 
6.3 

Total 550 1350 30.4 7.0 3.2 8.1 

the previous stand creates snags and coarse wood on the forest floor. By 
extending the rotation, a fully functional stage of ecosystem development 
can be achieved. Carey et al. (1999) simulated this biodiversity strategy 
and compared it to a similar timber and fiber production regime and a no-
management preservation regime. They concluded that practicing biodi
versity regimes on portions of the landscape (including shorter rotations 
than used here) could produce economically valuable forest products, 
achieve ecological benefits, and support 100% of the species occurring in 
western Washington forests (Carey and Curtis 1996, Carey 2003). This 
Biodiversity regime simulated a 135-year rotation with a precommerical 
thinning at age 15 to 295 trees per acre (725 trees per ha) and commercial 
thinnings at age 30 to SDI of 160, at age 45 to SDI of 175, and at age 65 
to SDI of 210, with ingrowth added through the rotation. 

7. Simulated Management Results 

We simulated these three management strategies to illustrate (Figures 4, 5, 
6) how the conditions under which trees develop will influence wood charac
teristics and ultimately general categories of wood product potential (Barbour 
and Parry 2001; Barbour et al. 2002; Barbour et al., in press). All simulations 
were conducted by using ORGANON and the same initial stand conditions 
(Table 2). By starting with a single set of stand conditions, comparisons can be 
made among regimes. The outputs of these simulations are in terms of char
acteristics such as knot size and frequency, tree and log size, and log grade. 
These characteristics can be translated into wood product yields, specifically 
lumber and veneer yields (see Kellogg 1989, Fahey et al. 1991). The limited 
tree age ranges used to develop the underlying models introduces uncertainty 
when they are used to analyze the wide age and tree size range expected in 
these management strategies. Instead, we display the results in terms of poten
tial log grade coupled with a direct summary of results from empirical lumber 
recovery data. We believe this provides a more precise picture of the likely 
wood product recoveries from the three management strategies. 
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These three broad scenarios allow managers to exercise wide latitude in 
designing specific management options. They can potentially result in large 
differences in ecosystem development such as those shown in Table 3. While 
all three of the scenarios go through an initial stage of ecosystem initiation 
(stage 1, Appendix 1, Chapter 1), managing for timber production by using 
either short or extended rotations has extended the time of competitive exclu
sion where trees fully occupy the site and there is high stand volume growth, 
a primary objective of these regimes. Franklin et al. (2002) proposed a mod
ified classification scheme of stand development stages that call this the 
biomass accumulation/competitive exclusion stage (Appendix 1, Chapter 
1), which is the objective in timber production. For the shorter rotation 
regime, higher densities are maintained to maximize wood production with 
only limited understory development. By extending the rotation and reduc
ing densities by using multiple thinnings, some understory initiation and 
development is encouraged and biodiversity is increased. Figures 4, 5, and 
6 illustrate the simulated regimes at various “rotation” ages by using the 
Stand Visualization System (McGaughey 1997). 
Results show substantial differences in wood characteristics among the 

three regimes used to illustrate likely management pathways for different 
landowners in the Pacific Northwest. A summary of the stand characteristics 
and volume yields are given in Table 4. As expected, the size of the trees pro
duced under the various regimes increases with total regime age. The average 
annual volume production is, however, lowest for the Biodiversity regime, 
which also produces the oldest trees. This occurs because frequent thinning 
keeps the stand from being fully occupied over much of the rotation. 
Yield by tree size on a merchantable volume basis is displayed for the three 

regimes in Tables 5, 6, and 7. These tables document the shift from smaller 
trees, generally in the 10 to 16 inch (25-40 cm) dbh range for the Timber 
Production regime to trees in the 24 to 32 inch (60-80 cm) dbh range for the 
final harvest from the Biodiversity regime. In this latter simulation, about 25% 
of the volume is from the thinning at stand age 90 years, and 40% of the 
volume from the final harvest comes from trees greater than 24 inches (60 cm) 
dbh. The butt logs (at base of stem) and perhaps the second logs from these 
trees are larger than those typically processed by sawmills in the region 
(Barbour et al. 2002); currently their prices are discounted by 15 to 20% as 
compared to smaller logs. These trees could contain wood with characteristics 
(e.g., slower growth rates, tight rings, and no or few knots) that would make 
them desirable for high-value uses (Barbour and Parry 2001). 
The three simulated regimes also influence the percentage of volume of 

juvenile wood in the tree. The two methods for defining juvenile wood (base 
of live crown and number of rings) and percentage of total volume (includes 
all thinnings and the final harvest) are illustrated in Figure 7a. The difference 
between the two methods declines as older trees are brought into the mix. 
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Table 5. Percentage of merchantable volume cut in each entry by 
diameter class and species for the Commercial Timber regime. 

Percentage of merchantable volume 
in final harvest 

Diameter class Douglas-fir Western hemlock 

Inches Centimeters 

8–10 
10-12 
12–14 
14-16 
16–18 
18–20 

20–25 
25–30 
30–35 
35–40 
40–45 
45–50 

15.7 
25.5 
33.9 
5.5 
-
-

-
-
-
6.0 
13.4 
-

Table 6. Percentage of total volume cut in each entry by diameter class and species 
for the Extended Rotation regime. 

Percentage of merchantable volume for Extended Rotation 

30 years 45 years 70 years 

Douglas- Western Douglas- Western Douglas- Western 
Diameter class fir hemlock fir hemlock fir hemlock 

Inches Centimeters 
2-4 5-10 - - - - - -
4-6 10-15 - - - - - -
6-8 15-20 16.0 - - - - -
8–10 20-25 54.0 9.0 15.0 - - -
10-12 25-30 6.0 15.0 27.0 - 9.7 -
12-14 30-35 - - 27.0 - 12.5 -
14-16 35-40 - - 7.0 10.0 18.1 -
16-18 40-45 - - - 14.0 19.4 -
18-20 45-50 - - - - 13.2 -
20–22 50-55 - - - - 1.8 19.1 
22–24 55-60 - - - - - 6.1 
24–26 60-65 - - - - - -

Plotting the results for the two methods for the Extended Rotation and 
Biodiversity regimes (Figures 7b and 7c) illustrate the large differences 
between the two methods for young trees and how the two estimates converge 
for older trees. 
Another interesting aspect of the Biodiversity regime is an expected ten

dency to favor regeneration of western hemlock over Douglas-fir. This is 
expected to occur because shade-tolerant hemlock regenerates more success
fully in partially cut stands than Douglas-fir. On a volume basis, western 
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Figure 7. Percentage of total volume in juvenile or mature wood for (a) all thinnings and final 
harvest (b) Extended Rotation regime and (c) Biodiversity regime. Juvenile wood is determined 
by age (20 rings from pith) or crown (base of live crown). 
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Table 8. Criteria used to estimate log grades1 (from Barbour and Parry 2001). 

Log grade 

Grading criteria Special Mill No. 2 Sawmill No. 3 Sawmill No.4 Sawmill 

Minimum rings per inch 
outer portion 6 None None None 
Minimum scaling diameter (inches) 16 12 6 5 
Maximum branch diameter (inches) 1.5 2.5 3 None 
Minimum length (feet) 17 12 12 12 

1 These criteria follow the Northwest Log Rules Advisory Group (1998) rules except for the branch frequency requirements 
for Special Mill and net scale requirements for all grades. Failure to include the net scale requirement is most important 
for No. 4 Sawmill logs because in practice, larger logs with high defect levels are placed in this grade. In this analysis, only 
small logs or those with large branches were graded as No. 4 Sawmill. 

hemlock represents about 20% of the harvest from the timber production 
regime and 25% of the volume from each of the entries and the final harvest 
for the Extended Rotation. Under the Biodiversity regime the proportion of 
hemlock increases from about 20% after the first two commercial thinnings, to 
25% after the third thinning, and 45% after the final harvest. In current mar
kets, Douglas-fir receives a 21% premium over hemlock so the increased yield 
of hemlock in both the Extended Rotation and Biodiversity regimes may present 
a further disincentive to private landowners who choose to manage their land 
for older stands. Neither of these potential disincentives to longer rotations, or 
size and species shift consider the quality of the trees. We are unable to simulate 
wood quality for hemlock because there is no branch model for this species as 
there is for Douglas-fir (Maguire et al. 1991). 
Log grade yield is a practical indicator of wood quality. It is easily derived 

for Douglas-fir from simulations using ORGANON (Christensen 1997, 
Barbour and Parry 2001). The criteria we used to assign log grades are given 
in Table 8. The existing log grading rules (Northwest Log Rules Advisory 
Group 1998) consider additional criteria but they generally apply to older trees 
that contain defects not commonly found in healthy, undamaged, young (less 
than 200 years old) trees such as those considered here. The current log mix 
harvested from private land typically consists of No. 2 Sawmill and No. 3 
Sawmill logs. Marked deviations from those grades in the simulations would 
indicate a change in quality. Log grade yields for Douglas-fir from the three 
simulated regimes are given in Table 9. About a third of the logs recovered 
under the Bodiversity regime are Special Mill grade (which may be a little 
conservative because this regime is an extrapolation of the branch models used 
and more clear wood might be expected at this age than predicted by the 
models), but otherwise all of the logs from all three regimes were graded either 
No. 2 Sawmill or No. 3 Sawmill. Based solely on external characteristics, the 
quality of the logs recovered from the Timber Production and Extended 
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Table 9. Percentage of total harvested merchantable volume 
(thinnings plus final harvest) by wood quality characteristic. 

Regime 

Wood quality 
characteristic Timber Extended Biodiversity 

Log grade: 
#3 peeler 
Special Mill 
#2 sawlog 
#3 sawlog 

0 
0 
34 
66 

Percent 
0 
0 
28 
72 

1 
24 
35 
40 

Avg. largest knot: 
Inches Centimeters 
0–0.5 0-1.25 
0.6–1.0 1.5-2.5 
1.1–1.5 2.8-3.8 
1.6–2.0 4.1-5.1 
2.1–2.5 5.3-6.3 

0 
59 
41 
0 
0 

0 
56 
43 
2 
0 

30 
57 
13 
1 

Number of whorls: 
< 16 
16 
17 
18 
19 
> 19 

94 
6 
1 

79 
15 
5 
1 

77 
8 
4 
1 
1 
10 

Rotations regimes may be similar to those harvested today; especially those 
harvested from private land. 
The logs from the Biodiversity regime would be expected to have higher 

quality than those typically available on the market today because of a 
combination of diameter (at least 16 inches (40 cm) on the small end), knot 
size, and growth rate (Table 9). Barbour and Parry (2001) found that logs from 
trees grown under regimes similar to the Extended Rotation and Biodiversity 
regimes were placed in the Special Mill grade. Some logs, though, will be 
assigned to lower log grades for various reasons, including the persistence of 
branches and the number of growth rings per inch. In theory, the Special Mill 
logs contain at least 65% of their net scale (the portion of the log recoverable 
as lumber or veneer) in appearance grades of lumber and veneer (Northwest 
Log Rules Advisory Group 1998). However, it is uncertain if the industry in 
the coastal Pacific Northwest would take advantage of the potential to manu
facture higher value products because of the almost exclusive focus on struc
tural products (Table 9 in Warren 2002). 
On the other hand, if ORGANON accurately projects the number and size 

(Table 9) of branches in Douglas-fir trees managed under the Extended 
Rotations, then the lumber or veneer grade yields from these regimes should 
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be good regardless of the assigned log grade. Even the No. 2 and No. 3 
Sawmill logs would contain relatively few knots, with none of the knots par
ticularly large. Under the Biodiversity regime less than 20% of the log volume 
has more than 16 branch whorls. This suggests that structural lumber manu
factured from these trees could have relatively high yields of higher value 
structural grades (such as Select Structural). Furthermore, they could have 
reasonable yields of higher stress level lumber if machine stress rating is used 
to select the pieces that are best suited for engineered wood products. 

8. Discussion 

The context for discussing wood quality is set by the relentless interaction 
among markets for forest products, resource conditions, and wood character
istics. In the Pacific Northwest, these discussions are influenced by a transi
tion (see Haynes et al. 2003a) in the products manufactured from the available 
resources. In addition to technical and resource changes, changes in consumer 
preferences, including declining use of appearance grades is influencing 
notions of wood quality. These changes are focusing the discussion of wood 
quality on the production of commodity grade structural lumber products, 
specialty panels (for the domestic and export markets), and a declining propor
tion of log and cant exports. All but the last of these products can be produced 
from common log mixes. 
Proponents of producing high-quality material are left with declining (but 

highly valuable) niche markets that utilize unique wood characteristics. There 
have been several discussions on whether the costs of producing high-quality 
logs justify the results (Johnson 1986, Fight et al. 1995). These concerns 
prompt discussions about whether the logging, manufacturing, and product 
distribution infrastructure will be in place if and when larger trees with higher 
quality wood are harvested (Barbour et al. 2002). 
Uncertain opportunities for profitable conversion raises questions about the 

emphasis of silvicultural treatments and whether the quantity of wood avail
able for a targeted market may be sufficient to sustain processing facilities. 
There is also the consideration of removing the material from the woods. 
Accessibility is a key point, both from the logging standpoint (e.g., roads, 
topography, and geographic location) and from the market viewpoint (e.g., 
price and demand). 
At the same time, shifting forest management objectives influence the 

resource available for wood products. Each regime potentially influences 
wood quality (e.g., species mix, juvenile wood proportion, and knot size), 
which in turn affects value and feasibility of use. Within current management 
discussions, overcoming the economic challenges of growing trees more slowly 
(longer rotations) is a greater problem than developing new technologies to 
use younger wood. Technology has enabled us to develop substitute wood 
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products from the resource as it now exists by focusing on performance-based 
standards to develop engineered wood products. We now find ourselves con
sidering the question of what can be done with larger and relatively higher 
quality trees. Given that the forest products industry is currently using a much 
different raw material, when will a market (that pays a premium) for trees with 
old-growth characteristics reappear? 
There are still some people, however, who value the aesthetics of solid 

wood products produced from trees with old-growth characteristics. The pres
ence of various niche markets for old-growth-like products will lead to the 
development of management regimes that produce trees of the size and quality 
associated with these old-growth characteristics. These markets will have to be 
large enough to overcome the long-term investment costs of producing larger 
and older trees. Finally, the loss of export markets in the mid to late 1990s also 
has helped shift utilization efforts toward niche markets where producers take 
advantage of the unique quality characteristics in the wood. 
Finally, given its diverse land tenure, the Pacific Northwest will continue to 

be a region where a variety of management strategies are used to meet socie
tal demands for goods and services from the forest. Some of these strategies, 
however, will produce trees with limited markets, reducing the financial incen
tives for their implementation. At the same time, the diversity of management 
regimes will lead to a variety of tree sizes and other quality attributes that will 
create opportunities for the intrepid entrepreneur looking for an opportunity in 
the forest products industry. 
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