
Enhancing Forest Value
Productivity through Fiber Quality

David Briggs

Developing markets for carbon storage and bioenergy, shifting of the pulp and paper industry to
biorefineries, and the potential of new technologies present the forest sector with exciting transfor-
mative opportunities and challenges. One of these challenges will be to understand the implications for
fiber (wood) quality. This article provides a definitional context for fiber quality; examines traditional
visual qualitative assessment methods and changes that are producing a shift toward methods to
quantitatively measure properties; and briefly reviews the effects of age, silviculture, genetics, soil,
climate, and location. With this background, the following four fiber quality research gap areas are
identified: (1) poor understanding of the relationships between the properties of wood across various
scales and their effect on product performance; (2) lack of understanding of how physiological
processes, genetics, silviculture treatments, and growing environment conditions affect properties of
wood at different scales; (3) the weak scientific infrastructure to address gaps 1 and 2; and (4) the
lack of models that integrate fiber quality into decision support systems that can be used to improve
planning of investment, silviculture, harvest, and marketing activities. To address these gaps, it is
suggested that a lead organization be formed to define and set priorities, establish funding, and
organize and oversee the research program.
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S ustainable forest management has
many definitions such as “the capac-
ity of forests, ranging from stands to

eco-regions, to maintain their health, pro-
ductivity, diversity, and overall integrity, in
the long run, in the context of human activ-
ity and use” (Helms 1998). However stated,
all seem to agree that management will be
conducted in such a way as to produce a
combination of ecological, social, and eco-
nomic benefits indefinitely (Barbour 2007).
Sustainable forest management may be rela-
tively easy to accomplish on public lands
where statutes can ensure that forested areas

are “zoned” for a specific dominant use such
as parks, wildlife refuges, municipal water-
sheds, to name a few, or require integrated or
bundled services, such as generation of in-
come for public trust funds for schools and
infrastructure, providing recreation ameni-
ties, water, habitat, and protection services
(Partridge and MacGregor 2007). However,
the majority of forestland is owned by a di-
versity of private owners whose “working
forests” provide timber and wood products,
jobs, and environmental services but face
competition for conversion to agriculture,
urban and suburban development, and in-

frastructure. To survive, working forests
must generate sufficient revenue to cover
costs of management and ownership and
provide adequate return as an incentive for
the landowner to not sell for conversion.

Because many costs, such as meeting le-
gal mandates to provide habitat and other
services, are largely beyond a landowner’s
control, the main option to be profitable and
remain competitive with alternative land
uses is to increase revenue. One opportunity
to increase revenue is to sell forest services,
such as recreation fees and licenses, and to
engage in emerging markets for carbon cred-
its and bioenergy. A second opportunity is to
create additional timber volume by increas-
ing productivity through genetic improve-
ment and intensive silviculture. Recognizing
that timber value reflects fiber quality as well
as growth, yield, and tree size, a third oppor-
tunity is to improve quality to increase yields
of higher value products. Enhancing value
through fiber quality or wood quality, terms
considered synonymous, is the focus of this
article.

Fiber Quality Definition and
Measurement

Before developing a research gap analy-
sis of fiber quality, a framework within
which it is defined, methods for assessing it
are reviewed, and changes and future chal-
lenges are identified. Given this context, it
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will be easier to identify fiber quality re-
search gaps and their linkage to the issue of
enhancing forest productivity.

Defining Fiber Quality
Quality is generally defined as “suitabil-

ity for a use” (Briggs and Smith 1986). Fur-
ther precision requires statement of a specific
product and the key performance require-
ments of that product in service. Given these
product performance requirements, the
physical, mechanical, and chemical proper-
ties of wood that contribute to the require-
ments can be identified (Gartner 2005).
These wood properties, which arise from the
biology of tree growth, have a hierarchical
structure ranging in scale from meters to
nanometers (Figure 1; Moon 2008). At the
“macroscale” are knots, growth rings, juve-
nile wood (JW), and mature wood (MW)
[1] etc., and at the “microscale” are fibers
and chemical structures. Given the product,
performance requirements, and linkage to
the governing properties at the appropriate
scale, one can assess how silvicultural prac-
tices may alter wood properties and subse-
quent product performance. Table 1 consol-
idates information, adapted from Gartner’s
(2005) approach, with respect to the perfor-
mance requirements of a floor joist. For each
performance requirement, Table 1 lists gov-
erning wood properties and indicates how
intensive silviculture that reduces rotation
age, with corresponding increases in JW and
sapwood content, may change the wood
properties with subsequent changes in joist
performance.

In practice, logs can be converted into a
spectrum of “wood elements” (Figure 2) re-
flecting points along the hierarchical scale of
Figure 1. Wood elements can be tested and
sorted and combined with adhesives and
other materials in the design and manufac-
ture of engineered wood products (EWP)
that meet specific performance requirements
with low variability between items. Depend-
ing on the wood element chosen for design-
ing an EWP, the point along the hierarchical
structure and the scale both change. For ex-
ample, if a log is converted into fiber for
paper or fiberboard, macroscale organiza-
tional patterns such as growth rings, sap/
heart and JW/MW zones, knots, and so on,
are largely destroyed and comingled so they
contribute relatively little to product vari-
ability, which then is mainly governed by
the microscale aspects such as specific fiber
types, fiber geometric structure, and chem-
istry. If a log is sawn into a lumber, many

aspects of the macroscale remain and con-
tribute to variability between the pieces.
Wood properties are a result of the structure
interactions within and between these scales.
Consequently, to fully understand the re-
sponse of a bulk wood product to a load or
environment situation, the properties and
response characteristics must be understood
across all scales (Moon et al. 2006).

Measuring Fiber Quality
Forestry has well-developed sampling

procedures, widely used technology for mea-
suring trees, and software models for esti-
mating stem volume and projecting growth,
size, and yield. Development of counter-
parts for fiber quality has lagged far behind.
Consequently, there has been little progress
in developing fiber quality models. With the
shift to intensive planning of growth and
yield and marketing, a more diverse mix of
products from forests, the need for technol-
ogy to measure and monitor fiber quality, is
becoming more important. Inability to mea-
sure, monitor, and predict quality has costly
ramifications. First, it is very expensive for a
manufacturer to purchase and process tim-
ber with low yields of products with the per-

formance requirements expected by custom-
ers. Value is also lost when timber with
potential to yield high value products is mis-
allocated to a lower use. Second, wood vari-
ability increases the risk of product failure in
service with subsequent replacement and
possible litigation costs. Conservative design
can reduce risk of failure but is inefficient
and costly in terms of wood use. Alterna-
tively, frustrated users may decide to choose
a nonwood product instead. Third, inability
to routinely monitor fiber quality character-
istics and integrate it into forest planning
may lead to choices of cultural practices that
fail to maintain or improve quality or meet
future needs.

Fiber Quality Assessment

Visual Fiber Quality Assessment
Visual grading relies on the human eye

or imaging observation of external quality
characteristics on the surfaces and ends of
trees, logs, and products. For trees, the num-
ber, diameter and pattern of branches or
branch indicators, evidence of decay, to
name a few, observed on the bark surface are
common quality indicators. These observa-

Figure 1. Hierarchical structure and scales of wood. (Moon 2008)
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tions may be combined with tree diameter
and age to estimate growth rate. Similar
clues are used on logs but bark may be re-
moved and exposure of log ends allows
growth rate and latewood, sapwood, and
JW/MW content to be taken into account.
For products such as lumber and veneer, the
specific placement of knots and other defects
exposed by processing can also be consid-
ered. Visual grading presents a number of
issues. First, to keep visual approaches man-
ageable for the human eye and brain, only a
small number of broad grades occur for
trees, logs, and products. Second, although
visual grades partition the overall variability
into more homogeneous groups, much vari-
ability remains within a grade. Third, be-
cause of the difficulty and expense of train-
ing and certifying graders, grade definitions
tend to be inflexible with respect to chang-
ing customer needs. Fourth, there are issues
with misclassification due to human error

and the poor correlation between visually as-
sessed external characteristics and actual in-
ternal properties. Consequently, visual
methods do not provide precise, accurate es-
timates of properties. For example, the peel-
er-sawlog log grading system used in the Pa-
cific Northwest for Douglas-fir places 85%
of logs in two grades: grade 2 and grade 3
sawlog (H & W Saunders, Ltd., 2001).
These two log grades respectively allow knot
diameters up to 2.5 or 3.0 in., have mini-
mum small end diameter limits of 12 and 6
in., and have no growth rate restriction. Logs
of vastly different quality occur in each of
these grades and studies commonly show no
relationship between recovered product
quality and these grades (e.g., Fahey et al.
1991) and in one case the relationship was
inverted (Sonne et al. 2004). Similar issues
occur for visual grading of lumber and ve-
neer (MacPeak et al. 1990, Biblis et al.
1993). Madsen (1992) noted for visual grad-

ing of dimension lumber that “we do have a
lot of strong material in the sawmill produc-
tion but that our present grading system
does not enable us to economically identify
the strong pieces.” A number of factors are
challenging traditional visual grading rules
as a reasonable method for assessing quality
and matching the resource to product per-
formance requirements.

Domination by Construction. Con-
struction of buildings and their repair and
remodel activities constitute the primary use
of wood in the United States. Much of the
construction wood is lumber that must be
long, deep, and straight as well as stiff and
strong. As the timber resource shifted from
large old-growth to second growth and then
to intensively managed plantations (IMP),
the “small-diameter tree” and the “short-ro-
tation tree” problems emerged.

Small Diameter. The small-diameter
tree arises from various situations. First,

Table 1. Floor joist—Performance requirements, influencing biological and chemical wood properties, and effects of shorter rotation.

Performance property Influencing biochemical wood properties

Effect of shorter rotation

On juvenile wooda On sapwoodb Net effect on performance

Stiffness and strength Knots Increase ? Lower stiffness and strength
Density Decrease ?
Microfibril angle Increase ?
Slope of grain Increase ?

Dimensional stability (warp) Slope of grain Increase ? Poorer stability and more warp
Microfibril angle Increasec ?
Extractives content ? Decrease

Treatability Sapwood percent ? Increase Easier to treat

a Juvenile wood refers to the growth rings at the center of a cross-section.
b Sapwood refers to the growth rings just under the bark that are actively conducting water and nutrients from the soil to the crown.
c Depends on the pattern of growth rate
?, Effect uncertain.

Figure 2. Wood element progression of scales from large-scale solid wood to chemical components.
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there was the shift from the legacy of large-
diameter old-growth to relatively unman-
aged “second growth that was harvested
when trees were younger and smaller. Sec-
ond, second growth has been replaced by
IMPs that commonly produce small, but
harvestable, trees in less time; these trees also
have the short-rotation problem discussed
later in this article. Third, a large acreage of
old, small-diameter timber occurs in the in-
terior west. Small-diameter trees produce
small logs from which it is difficult to obtain
products with the required length and cross-
section dimensions.

Short Rotation. IMPs can produce
fast-growing trees that reach harvestable size
at a younger age. In addition to relatively
small size, short-rotation trees have a high
proportion of low stiffness/strength JW
compared with MW that would accumulate
over longer rotations. Fast-growing trees
produce large knots, further reducing prod-
uct strength and stiffness. Quality of IMP
trees contrasts with that of older similar-size
trees from the Interior West. The contrast-
ing quality of such extreme versions of small-
diameter trees challenges the ability of visual
grading systems to reliably segregate prod-
ucts into categories with accurate, precise,
and consistent properties.

Emergence of EWPs. To overcome the
small-diameter tree and variable quality is-
sues, there has been a trend to meet product
performance requirements through EWPs.
EWPs can be considered as falling into two
broad classes. In one class that includes glu-
lam beams, laminated veneer lumber, and
I-beams and joists, wood elements for use in
product design and manufacturing are com-
monly stress rated and sorted. In the other
class that includes oriented strandboard, ori-
ented strand lumber, wood–plastic compos-
ites, to name a few, wood elements are gen-
erally not stress rated before sorting. These
latter EWPs rely on mixing specific size
wood elements with other materials and
densification during manufacturing to
achieve targeted product properties. Advan-
tages of EWPs are that large-size products
can be manufactured from small elements,
overcoming tree size and low yield limita-
tions; nondestructive testing (NDT) tech-
nology can be used to measure properties of
individual wood elements so they can be
sorted and used intelligently in product de-
sign; and the wood elements can be com-
bined with other materials to enhance per-
formance.

Quantitative Fiber Quality Assessment
Visual grading may be useful for assess-

ing aesthetic features of products but does
not provide accurate, precise quantitative
measurements of properties. NDT is “the
science of identifying the physical and me-
chanical properties of a piece of material
without altering its end use capabilities and
then using this information to make deci-
sions regarding appropriate applications”
(Pellerin and Ross 2002). The evolution of
the theory and practice of NDT is well doc-
umented in a series of international sympo-
sia that began in 1963 with the most recent
in 2007 (Ross et al. 2008). NDT provides
either direct or indirect quantitative mea-
sures of properties. For example, lumber
stiffness can be measured by mechanically
measuring deflection due to a load or by
measuring the speed of sound through the
piece. NDT provides accurate, precise esti-
mates of a property and the ability to adapt
equipment settings to respond to changing
requirements, thus overcoming the inflexi-
bility of traditional grades. NDT grades can
have much higher resolution and lower vari-
ability improving manufacturers’ ability to
source and sort raw material and design and
manufacture products that more accurately
and precisely meet performance require-
ments. Table 2 lists examples of NDT used
at various scales, some of which are discussed
in the remainder of this section.

Macroscale (Meter to Centimeter)
Technologies

Perhaps the first commercial applica-
tion of NDT was the 1963 introduction of
machine stress rating (MSR) to measure
lumber stiffness and sort pieces into stress
grades (Galligan and Kerns 2002). MSR ini-
tially involved mechanical devices comple-
mented by a visual assessment. Acoustic
technologies also began to emerge in the
1960s (Brashaw 2002). Initially developed
for stress rating of veneer and lumber and to
assess integrity of building structures, acous-
tic technologies advanced with the rapid
growth of EWPs (Divos et al. 2008, Ross
2008). The success of NDT for lumber and
veneer stimulated development of acoustic
tools to assess logs for their potential yield of
stress-rated lumber or veneer (Ridoutt et al.
1999; Ross et al. 1997, 1999; Wang et al.
2007a, b). The success of the log tools led to
more recent development of tools to assess
standing trees, thereby connecting predic-
tions of modulus of elasticity (MOE) along
the tree-to-product chain (Dickson et al.

2004; Knowles et al. 2004; Carter et al.
2005; Wang et al. 2007a, b). Tree tools en-
able preharvest assessments for harvest plan-
ning, can be used to monitor the stiffness in
developing forest stands, (Briggs et al. 2005)
and to evaluate the opportunities for genetic
improvement of stiffness (Cherry et al.
2008). There are related acoustic tomogra-
phy techniques for detecting and mapping
internal decay and other features through
tree cross-sections (Gocke et al. 2008).

Microscale (Millimeter to Nanometer Scale)
Technologies

X-ray densitometry, using the transmis-
sion through and absorbance of X-rays by a
material, has been used for approximately 50
years to obtain the width and density of
whole rings and their earlywood and late-
wood components. Silviscan was developed
within the past 20 years by Australia’s Com-
monwealth Scientific and Industrial Re-
search Organization (Evans 1994, 1999).
Silviscan integrates (1) image analysis that
measures radial and tangential fiber width,
ring orientation, and ray orientation; (2) X-
ray densitometry that gathers the ring width
and density data; and (3) X-ray diffraction
that measures microfibril angle, fiber orien-
tation, and crystallite data. These direct
measurements permit estimation of other fi-
ber (wall thickness, coarseness, and specific
surface area) and wood (stiffness, wood
shrinkage, and reaction wood) properties.
Advantages include simultaneous measure-
ment of many more properties from a sam-
ple and obtaining data 100–1,000 times
faster than was previously possible. Pres-
ently, only three Silviscan systems exist
(Australia, Canada, and Sweden). Near-in-
frared spectroscopy (NIRS) uses the near-
infrared region of the electromagnetic spec-
trum (from about 800 to 2500 nm) to probe
bulk material and measure various proper-
ties. NIRS has been used to predict physical
(density, microfibril angle, and tracheid
length), mechanical (MOE and modulus of
rupture), and chemical content (glucose, lig-
nin, and extractives) wood properties (Kia et
al. 2003, Kludt 2003, Kelley et al. 2004,
Jones et al. 2005, Schimleck et al. 2005).
NIRS advantages are relatively lower cost in-
strumentation, need for relatively little sam-
ple preparation, and rapid spectra collection
(So et al. 2004).

Data from these technologies has been
used to develop estimates of the transition
from JW to MW, to test for effects of silvi-
cultural treatments (thinning, fertilization,
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and pruning), as a screening tool for genetic
selection, and to develop models that predict
growth ring properties as a function of age
and growing condition variables. In the
United States, the most intensive efforts for
measuring and modeling patterns of wood
properties have been focused on loblolly
pine (Clark et al. 2004, 2006; Jones et al.
2005; Jordan et al. 2005, 2008; Schimleck et
al. 2005, Mora et al. 2007; Isik et al. 2008).
The formation of the Wood Quality Con-
sortium at the University of Georgia in 1999
has provided much of the impetus for this
work. Others have used these technologies
to measure chemical content (cellulose, lig-
nin, pentosans, extractives, to name a few) of
pulp and pulp yield (Wright et al. 1990,
Mitchell 1995, Terdwongworakul et al.
2005). Use of NIRS to measure wood den-
sity has been investigated for potential incor-
poration into harvesting machines to im-
prove bucking stems into logs (Acuna and
Murphy 2006).

In the future, nanotechnology, the sci-
ence of understanding and control of matter
at dimensions of approximately 1–100 nm
(10�9 m), may become a key new technol-

ogy. The nanoscale is the scale of atoms and
molecules, the fundamental building blocks
of materials. At this level scientists can mea-
sure and directly affect physical, chemical,
and biological properties of wood products.
Possibilities include making wood products
harder or softer, stronger and stiffer, more
durable, different in color, and changing the
fundamental structure of the chemical com-
ponents of wood, leading to new forms of
wood products (Moon et al. 2006, Moon
2008). As nanotechnology develops, the for-
estry sector must understand the creative op-
portunities that it offers in enhancing exist-
ing or developing new products and the
subsequent implications for wood properties
that will be needed from genetic selection
and tree-growing processes in the future.

Effect of Silviculture, Genetics,
and Location and Climate on
Fiber Quality

Many studies have been conducted on
the effects of stand age and silvicultural
treatments on the direction and magnitude
of change of wood properties, the delinea-

tion of JW from MW, and impacts on prod-
uct properties (e.g., Briggs and Smith 1986;
Megraw 1985, 1986; Larson et al. 2001;
Gartner 2005, Bowyer et al. 2007). The
most commonly studied species in the
United States have been conifers, mainly
Douglas-fir and loblolly pine, with a growth
habit that produces an abrupt transition
from earlywood to latewood. Information
on conifers with a gradual earlywood to late-
wood growth habit and hardwoods is lim-
ited. Although past research has contributed
greatly to understanding basic principles
governing the direction and magnitude of
effects, quantitative models that have the po-
tential for integration with growth and yield
models have only recently emerged (Clark et
al. 2004, 2006; Jones et al. 2005; Jordan et
al. 2005, 2008; Mora et al. 2007; Kantav-
ichai et al. 2010).

Surveys in the West (US Forest Service
1965a, Maeglin and Wahlgren 1971) and
South (US Forest Service 1965b, Jordan et
al. 2008) indicate wide geographic variation
of wood density. Because wood density is
correlated with many other wood properties,
similar variation in these other properties

Table 2. Examples of NDT technologies for macro- and microscale wood property evaluation.

Technology Property Method Scale

Acoustic: Stress wave MOE Impale two transducers into piece, propagate sound
with hammer blow, measure transit time
between transducers

Macro

Acoustic: Ultrasonic MOE Propagate sound with short duration, high-voltage
pulse rather than hammer blow

Macro

Acoustic: Longitudinal vibration MOE Propagate sound with hammer blow to end of
piece, measure resonant frequency between ends

Macro

Acoustic tomography Map decay and other features Impale multiple transducers into piece, propagate
sound with hammer blows, measure transit time
between transducers

Macro

Transverse vibration MOE Generate an oscillation in a piece suspended
between two supports, measure resonant
frequency

Macro

X-ray tomography Knots, decay, rings, and so on X-rays through cross-section create virtual images
of internal structure

Macro

Synchotron tomography Cellular structure Synchrotron radiation through wood section
creates virtual images of cellular organization and
cell wall structure

Micro

X-ray densitometry Wood density X-rays through cross-section strip create pith to
bark patterns of within and between ring width
and ring density

Micro

Resistograph Wood density, decay Use resistance to drilling through a cross-section to
create pith to bark patterns of ring width and
ring density

Micro

Silviscan Physicala and mechanicalb properties Combines X-ray densitometry, X-ray diffraction,
and image analysis

Micro

NIRS Physical,a mechanical,b and chemicalc properties Approximately 800–2500 nm of the
electromagnetic spectrum, principle of
electromagnetic radiation interacting with matter
and transferring energy

Macro, Micro

a Physical properties include wood density, microfibril angle, and cell dimensions.
b Mechanical properties include MOE and modulus of rupture (MOR).
c Chemical properties include cellulose, lignin, extractives, and so on.
Macro, meter to centimeter scale; Micro, millimeter to nanometer scale.
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can also be expected. Such spatial informa-
tion would permit geographic information
system (GIS) integration of wood density
with other forest inventory information and
could be updated as stands age, respond to
treatments, and are replaced with new
stands. Managers could use this information
for planning silviculture, harvest, and mar-
ket activities in the context of how fiber
quality influences value of traditional prod-
ucts, carbon, and bioenergy. Future map-
ping of density may be improved by supple-
menting or replacing static location variables
(latitude, longitude, and elevation) with cli-
mate (typically defined as the mean of the
last 30 years) and weather (short term, often
available at a monthly resolution) and soil
data. Recent studies of Douglas-fir used lo-
cal weather and soil data to calculate soil
moisture deficit that was found to be an
important predictor of wood density on
droughty sites (Bower et al. 2005, Kanta-
vichai et al. 2010). Historically, forest
growth and yield models have not included
climate and weather effects but Stage et al.
(1999) hold that the assumption of stable
weather over time is no longer tenable and a
number of researchers (Wensel and Turn-
blom 1998, Hill 2008) have incorporated
climate and weather into growth models to
reduce bias. Because an objective of future
models will be to integrate fiber quality and
growth and yield models, coordination of
these efforts will be critical.

Information on the role of genetics in
controlling and improving fiber quality is
more limited. Although many have esti-
mated heritability of various properties, very
little is known about how genetics may be
used to alter the within-tree patterns of
wood properties, how genetically improved
trees respond to silvicultural treatments, or
how they respond across a range of site con-
ditions. Isik et al. (2008) developed a model
for the pattern of microfibril angle for 14
loblolly pine families, a rare step in this di-
rection.

Fiber Quality Research Gaps
Developing markets for carbon storage

and bioenergy, shifting of the pulp and pa-
per industry to biorefineries, and the poten-
tial of new technologies, such as nanotech-
nology, present the forest sector with
exciting transformative opportunities and
challenges and integrating these changes
with traditional products can increase value
along the forest to end-use chain of custody.
Research using life-cycle analysis has shown

the environmental benefits of wood prod-
ucts and substituting them for nonwood
materials that consume more energy and
produce more greenhouse gases and other
pollutants (Perez-Garcia et al. 2005). The
forest sector already produces significant
bioenergy and can readily expand to capital-
ize on the new market opportunities and en-
vironmental benefits of using forest biomass.
However, although technical issues related
to conversion of biomass into energy and
new products are important, success in the
conversion arena will be meaningless if con-
cerns about sustaining the economic, social,
and environmental values provided by forest
ecosystems are ignored. Evaluating the im-
pacts of biomass production and use in-
cludes assessment of (1) biomass growth and
inventory; (2) landowner supply capability;
(3) biomass harvest and transport alterna-
tives; (4) effects of biomass removal on en-
vironmental values including nutrient de-
pletion, long-term productivity, forest
health, carbon storage, pest and fire risk re-
duction, habitats, and water; and (5) effects
of forest biomass products on the economy,
formation of green jobs, global warming,
and social and cultural values. An integrated,
science-based systems approach to inform
society and policymakers on these five areas
is urgently needed and will require long-
term interdisciplinary investigation with
substantial financial commitment.

Although fiber quality is not explicit in
the preceding paragraph, the issue of what
fiber quality will be needed to meet require-
ments across a more diversified set of mar-
kets is an important question. Those who
grow and those who use forest biomass prod-
ucts will need improved understanding and
communication to ensure that biomass
quality matches customer needs. Without
this understanding and communication
value will be lost and investments may be
misdirected. Although single-purpose plan-
tations for a specific biomass product, such
as energy, can be created by conversion of
agricultural lands or by conversion of exist-
ing forests, integrated production of tradi-
tional and new biomass products from exist-
ing forests is likely to produce synergies,
more value opportunities, and redefine how
fiber quality is considered. Collectively,
these changes and challenges lead to the fol-
lowing fiber quality research gaps:

1. The first gap is the poor understanding of
the relationships between the properties
of wood across various scales depicted in

Figures 1 and 2 and their effect on prod-
uct performance. Higher-scale quality
properties of trees and logs, such as wood
density, knots, and JW content, are often
identified as critical components of prod-
uct performance and many empirical
studies (e.g., Fahey et al. 1991) have re-
lated these properties to the yield and
value of recovered product grades. Al-
though these studies provide some link-
age, their utility is constrained by the
product line obtained during the study
and by use of traditional grades. A more
useful approach would be to conduct re-
search to understand the governing prin-
ciples and relationships among proper-
ties of wood elements across different
scales. This research would form the basis
for models of fundamental processes and
principles to predict the behavior and
performance of wood products com-
posed of elements from various scales.

2. The second gap is the lack of understand-
ing of how physiological processes, ge-
netics, silviculture treatments, and grow-
ing environment conditions affect
properties at different scales as exhibited
within trees, logs, and products. Past re-
search has provided a good conceptual
understanding of the general direction
and magnitude of these effects but quan-
titative prediction models that are on par
with and could be integrated with
growth and yield models are lacking.
Crown models are used in some growth
models to predict knot size and distribu-
tion along stems (e.g., Maguire et al.
1999) and the log knot index, a predictor
of product recovery and grade yield (Fa-
hey et al. 1991), has been linked to a
standing tree knot measure (Briggs et al.
2005, 2007). Others have developed
models for the patterns of wood density
(Mora et al. 2007) and microfibril angle
(Jordan et al. 2005) with age. However,
current models are largely descriptive
rather than process driven and are dis-
connected across various species, genet-
ics, treatments, and growing environ-
ments. Consequently, a model for
multiple fiber quality properties of a spe-
cies is lacking. Knowledge of, and the
ability to predict, wood properties of a
species across space and time would pro-
vide the opportunity to create and up-
date GIS layers of fiber quality to en-
hance planning activities. Modeling of
fiber quality in stands across landscapes
must avoid bias by including appropriate
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growing environment variables. A num-
ber of recent studies (e.g., Larson et al.
2001, Wilhelmsson et al. 2002, Jordan et
al. 2008, Kantavichai et al. 2010) have
found important effects of latitude, lon-
gitude, elevation, precipitation, temper-
ature, and water balance on wood
properties.

3. The third gap is the weak scientific infra-
structure to address gaps 1 and 2. Wood
science education; research infrastruc-
ture; and R & D investments at uni-
versities, in industry, and in federal la-
boratories have become smaller or
disappeared and much of what remains
lacks adequate equipment and funding.
In contrast, technologies to measure and
model fiber quality are advancing else-
where. Why, e.g., does the United States,
the world’s largest wood producer and
consumer, not have a Silviscan system? A
further infrastructure issue is the need to
refine wood quality measurement tech-
nologies to make them more robust and
affordable for use in operational field set-
tings rather than in specialized laborato-
ries. Enabling more individuals along the
chain of custody with the capability to
routinely measure and monitor wood
properties will further enhance under-
standing and permit the use of more flex-
ible, customized sorting systems that can
add value.

4. Gap 4 is the lack of models that integrate
fiber quality into decision support sys-
tems that can be used to improve plan-
ning of investment, silviculture, harvest,
and marketing activities. Because the
value of a timber stand and products de-
rived from it depends on fiber quality as
well as tree size and volume per acre,
planning models that incorporate only
growth and yield projections from
growth models may produce informa-
tion leading to biased analyses and infe-
rior decisions. Filling gap 4 can be viewed
as having two main components. The
first is to integrate fiber quality model
outputs of gaps 1–2 with growth and
yield models and enable mapping of fiber
quality attributes of stands across land-
scapes. The second component is to in-
corporate this capability into a decision
support system that can be used to im-
prove investment, silvicultural, opera-
tional, and market and harvest planning.
The decision support system should be
designed to incorporate other forest ser-
vices and values (carbon, water, habitat,

to name a few) providing analysts and
decisionmakers with the opportunity to
assess tradeoffs. Integration in a decision
support framework combines knowledge
and establishes the linkages across the di-
mensional scales and across the technol-
ogies providing improved understanding
as well as identification of important gaps
requiring additional research in the
future.

Looking at the potential opportunities
for the forest sector and the fiber quality re-
search gaps identified in this article, the
question of how to successfully move for-
ward must be addressed. Because the oppor-
tunities and issues involve all components of
the forest sector, from landowners to manu-
facturers, this is a complex topic that tran-
scends regions and organizations. It will re-
quire formation of some group to define and
set priorities, establish funding, and organize
and oversee the research program. Models
for conducting such large-scale, complex en-
deavors, such as AGENDA 2020 and Con-
sortium of Research for Renewable Indus-
trial Materials (CORRIM) have been and
continue to be successful. Some organiza-
tion will need to be formed to be the catalyst
for addressing the fiber quality research gaps.

Endnote
[1] Properties of wood formed in young growth

rings at the center of a tree cross-section are
often changing rapidly compared to subse-
quent older rings where properties are more
stable. “Juvenile” wood is often used to de-
scribe the period of rapid change, when
many properties are often considered to be
inferior, and “mature” wood is often used to
describe the subsequent more stable period
when properties are often considered to be
more desirable.
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