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Abstract
Structural and nonstructural panels have been the fastest grow-
ing sector among wood products for the past two decades. The
recent spate of plant construction and drop in product prices
indicate slower growth and consolidation in the next 2 years.
Growth in demand is unlikely to catch up with projected capaci-
ties until the next century, unless attrition of some existing
capacity reduces industry growth. Among structural panels,
costs of production are lowest for oriented strandboard, but
there is a wide range among plants. Plywood costs are lowest in
the U.S. South and highest in the West. Thus, the contraction of
western plywood is likely to continue. Overcapacity also looms
for nonstructural panels (particleboard and medium density
fiberboard), but engineered structural wood products show
opportunities for growth.

Keywords: Oriented strandboard, plywood, prefabricated
I-joists, laminated veneer lumber, particleboard, medium-density
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English conversion factors

To convert to multiply by

centimeters (cm) inches (in.) 0.394

cubic meters (m3) 1,000 ft2 (3/8 in.) 1.130

cubic meters (m3) cords 0.415

kilograms (kg) pounds (lb) 2.204

meters (m) inches (in.) 39.4

meters (m) feet (ft) 3.281

metric tons (tonne) pounds (lb) 2,204

$/m $/ft 0.305

$/m3 $/1,000 ft2 (3/8-in.) 0.885

$/m3 $/ft3 0.028
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Introduction
In this decade, the defining issue for the forest products
industry has been the curtailment of public timber supply.
The greatest reductions have occurred in National Forest
timber harvests, which are currently less than one-third the
peak levels of the 1980s. This shortfall, combined with the
economy’s unabated demands for wood, has led to signifi-
cant and sustained increases in the cost of timber (Fig. 1).
However, a reduction in supply of a commodity is inevitably
followed by a search for a replacement, and the forest prod-
ucts industry has been no exception. Many trends within the
past decade are an outgrowth of changes in the timber sup-
ply; a unifying theme of this report is the restructuring of the
wood products industry as it continues to make the transi-
tion from traditional raw materials to more abundant, lower
cost alternatives. It is in that context that we review the

evolution of  the wood-based panels sector in the United
States and Canada, focusing on capacity growth, manufactur-
ing costs, markets, and trade for the veneered and nonve-
neered panel segments and their offshoots in engineered wood
products.

Oriented Strandboard
Oriented strandboard (OSB) has been one of the ways by
which the forest products industry has responded to curtailed
timber supplies. Because the OSB process is not dependent
on large diameter, old-growth timber, the industry has been
able to tap into the previously underutilized, low-cost hard-
woods, which are located primarily in the eastern half of the
continent. Possible future extensions of that resource include
fast-growth hybrid poplars and other hardwoods grown
agriculturally on short rotations.

Capacity
The primary output of OSB plants is sheathing, but there are
specialty grades made for the Japanese market, for seismic or
high wind areas (Structural-1), for overlaid panel siding, and
for I-joist webstock. At the end of 1996, OSB capacity was
more than 15 million m3 and a total of almost 13 million m3

of boards was being produced at 65 plants (Fig. 2). During
the year, 11 new plants were opened, adding approximately
2.8 million m3 of capacity (Adair 1997); expansion of several
plants and the attainment of full operating potential by others
that had opened in 1995, added a further 1.5 million m3 of
capacity. By autumn of 1996, market prices for OSB began
to weaken under the weight of the increased supply. The
subsequent descent of prices to levels below operating costs
led to the permanent closure of three plants, with a capacity
of around 0.3 million m3. In addition, as many as 25 plants
were temporarily idled for varying amounts of time between
December 1996 and April 1997. The deterioration in
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Figure 1—Douglas-fir (DF) and Southern Pine (SP)
sawtimber prices. Sources: Timber Mart South (1997)
and Log Lines (1997).
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profitability also led some to reappraise their expansion
plans. The opening of two plants, originally scheduled for
1997, was postponed until 1998, and at least one retrofit of
an existing mill was put off as well. Currently operating and
planned sites are listed in Appendix A, Table A1.

Costs and Prices
As prices began to slide during 1996, the cost structure of
the industry became a point of interest. The outlines of that
structure began to come into focus with initial announce-
ments of  plant closures when prices fell below $150/m3 (US
North Central basis). Prices bottomed at approximately
$115/m3 as curtailments spread and the spring building
season started.

Wood costs for OSB manufacturing vary according to plant
location, wood species, and plant (wood use) efficiency.
There is considerable variability in pulpwood prices across
regions, with fiber in some areas costing up to 30% less than
the highest price (Table 1). A common thread through all
regions has been a substantial escalation in pulpwood costs
over the past decade (Fig. 3). In terms of species, hardwoods
have generally been less expensive than pine (Fig. 3), but
many plants in the South use pine as their primary furnish
nevertheless because of its greater availability. In the North,
the availability of aspen has made this species the fiber of
choice. Finally, wood use efficiency is influenced by such
variables as wood species, log temperature, speed of cutting,
board compaction, and other process variables. On average,
wood use per cubic meter of board is estimated to be 1.8 m3.
Based on these prices and recoveries, average industry wood
costs in 1996 were estimated at $53/m3 of board, with a
range from the mid-$40s to high $60s.
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Figure 2—North American OSB capacity and
production, 1980–1998.

Table 1—Delivered 1996 pulpwood costs in various
regions (US$/m3)

Region Softwoods Hardwoods

Alabama, north 29 25

Arkansas, south 25 26

Florida, north 30 23

Georgia, north 28 23

Georgia, south 31 26

Louisiana, north 28 25

Louisiana, south 27 26

Maine — 23

Michigan — 27

Minnesota — 25

Mississippi, north 26 22

North Carolina, east 22 22

Ontario — 26

Quebec 29 —

North Carolina, east 22 22

South Carolina, east 27 26

South Carolina, west 23 22

Texas, north 25 23

Texas, south 26 23

Virginia, east 26 24

Virginia, west 24 —

Wisconsin — 26

Sources: Timber Mart South (1997) and State
(Provincial) Departments of Natural Resources.
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Next to wood, adhesives and wax are the most expensive
items in the manufacture of OSB (Table 2). For the industry
as a whole, the estimated cost of glue and wax, including
isocyanates used by some plants, was $25/m3 in 1996. Most
plants use some form of phenol formaldehyde, which rose in
price as a result of a rise in the cost of phenol ($0.05/kg)
resulting from limited production capacity. Since no new
phenol plants are expected until 1998, the phenol market is
likely to remain tight. However, this situation should change
by the end of the decade. At least two large plants (Shell and
Phenolchemie, 0.25 billion kg each), and possibly as many
as four, may be constructed by the year 2000. (In this report,
billion is used to denote 109.) The two plants alone would
boost U.S. capacity by nearly a quarter.

Another large cost factor is labor, which is strongly influ-
enced by plant size. Because of the efficiencies enjoyed by the
bigger, newer plants, labor costs at some sites were esti-
mated to be as low as $13/m3 in 1996, but averaged $21/m3

across the industry (Table 2).

Energy costs have been boosted in the last few years by
requirements to control emissions of volatile organic com-
pounds. Many older plants and all new ones in the United
States have installed such equipment, which have high
energy requirements. As a result, energy costs for 1996 were
estimated at $15/m3, a significant rise compared to energy
costs in the early 1990s (Table 2). Other manufacturing costs
consist of operating materials and supplies, which were
estimated at $26/m3. Costs for the industry show about a
30% increase since 1980, chiefly as a result of rising wood
costs. Product prices increased sharply in the early 1990s,
reversed course in 1995, dropped significantly in 1996, and,
based on prices already seen, are going to fall again in 1997.

Softwood Plywood

Capacity
The softwood plywood sector in the U.S. South weathered
the 1996 market downturn relatively well and all pine plants
operated through the year’s end. However, a number of
plants have been idled or curtailed in 1997, ostensibly the
result of log procurement difficulties; one plant was perma-
nently closed in May. Pine capacity nevertheless remains at
around 12.5 million m3 (Fig. 4). In the West, however, the
attrition of mills continued during 1996 with the closure or
conversion of four plants; total capacity currently stands at
approximately 6 million m3. Data on past and projected
capacity of softwood plywood manufacturing industries are
listed in Appendix A, Tables A2 to A6.

Costs and Prices
As for OSB, wood has constituted the largest share of the
cost of manufacturing plywood. In 1996, the delivered cost

Table 2—Oriented strandboard (OSB) manufacturing
costs and prices (US$/m3)

Year

Power
&

fuel

Labor
&

mgmt.

Glue
&

wax
Other
costs Wood

Variable
costs Price

1976 5 14 23 16 24 83 122
1977 6 15 20 16 26 83 131

1978 7 17 15 16 27 81 139

1979 8 18 22 18 28 94 145

1980 9 20 27 21 30 107 123

1981 11 22 28 22 32 115 136

1982 13 26 28 23 31 121 144

1983 12 25 28 24 34 123 158

1984 12 25 28 24 35 124 140

1985 12 24 29 25 36 125 153

1986 11 24 24 23 35 117 146

1987 11 23 27 24 36 121 141

1988 11 23 28 25 37 124 123

1989 11 23 30 27 39 130 166

1990 11 23 23 26 40 123 124

1991 11 23 18 25 41 119 144

1992 11 23 18 26 43 121 208

1993 12 23 20 28 46 128 227

1994 14 23 22 28 47 130 252

1995 15 22 24 28 52 141 242

1996 15 21 25 26 53 141 184

Source: Forest Products Laboratory estimates.

0

5

10

15

Year

Q
ua

nt
ity

 (
m

ill
io

n 
m

3 )

64 68 72 76 80 84 88 92 96

Capacity
Production

Figure 4—Southern plywood capacity and production.



4

for sawtimber-grade logs in the U.S. South was approxi-
mately $73/m3; the cost rose to about $80/m3 in the first
quarter of 1997. By contrast, in coastal Oregon and Wash-
ington, the equivalent value for one grade of logs (Douglas-fir
No. 2 sawlogs) was reported to be about $150/m3. After
accounting for process losses (estimated average wood recov-
ery factor >50%) and gains from residue sales, net wood
costs in the South were estimated to be $117/m3 of product
in 1996. Costs were similar for the inland West and Canada,
but about 40% higher for the coastal West (Table 3).

Like wood, adhesives were a source of cost inflation in 1996,
for the reasons cited for OSB. Costs of adhesives were based
on three-ply construction for the South and four-ply for other
regions. Manufacturing costs are summarized in Table 3 for
all regions and in Table 4 for the U.S. South alone. In 1996,
the total manufacturing cost for plywood in the South was
estimated to be $206/m3 compared with a selling price of
$231/m3. Profitability during 1996 fell from previous levels
in the early part of the decade.

Structural Panels
Demand in New Residential
Construction
In 1995, an estimated 11.0 million m3 of structural panels
were used to build new single-family and multifamily houses
in the United States (Adair 1996). Given the total U.S.
structural panel production of 24.2 million m3 (Adair 1997),
consumption for new residential construction was equivalent
to more than 45% of total domestic production. Planned
increases in structural panel capacity, specifically OSB, have
caused concern regarding possible markets. New residential
construction, although already a large market for structural
panels, could potentially absorb large additional volumes.
To estimate the possible volume, we examined published
trends in market shares since 1968 for major applications

Table 3—Plywood manufacturing costs by region, 1996
(US$/m3)

Region

Power
&

fuel

Labor
&

mgmt. Gluea
Sup-
plies

Net
wood Tariff

Vari-
able

costs

South 11 44 14 20 117 0 206

Inland
  West

8 51 16 19 119 0 214

Canada 10 64 16 21 113 4 228

West
  Coast

8 53 16 21 165 0 265

aGlue costs are based on three-ply construction for the
 South, four-ply for other areas.

Table 4—U.S. South plywood manufacturing costs
and prices (US$/m3)

Year

Power
&

fuel

Labor
&

mgmt. Glue
Sup-
plies

Net
wood

Vari-
able

costs Price

1964 4 16 3 4 18 46 61
1965 4 17 3 4 18 47 59

1966 4 17 3 5 20 49 62

1967 4 18 3 5 21 51 55

1968 4 19 3 5 23 54 74

1969 4 20 3 5 27 60 76

1970 4 21 3 6 26 60 62

1971 4 22 3 6 31 67 74

1972 4 23 4 6 36 73 103

1973 4 25 4 7 45 85 106

1974 5 27 7 7 48 95 95

1975 6 27 9 8 42 92 98

1976 7 29 8 8 52 104 131

1977 8 29 8 9 61 114 168

1978 8 30 6 9 76 130 184

1979 9 33 8 10 96 157 174

1980 11 35 10 11 85 152 179

1981 13 37 10 12 79 151 161

1982 15 40 10 13 63 140 160

1983 16 40 10 13 69 148 180

1984 15 41 10 14 66 146 169

1985 15 43 10 15 51 134 164

1986 14 45 9 16 49 132 168

1987 13 46 10 16 62 147 168

1988 13 46 11 17 63 150 159

1989 13 47 12 17 65 154 184

1990 13 47 10 18 69 157 168

1991 13 47 8 18 73 159 175

1992 13 48 8 18 85 172 226

1993 13 49 9 19 97 187 257

1994 13 49 10 20 116 207 274

1995 12 49 11 20 123 216 267

1996 11 44 14 20 117 206 231

Source: Forest Products Laboratory estimates based on
industry contacts and price reports.
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(Adair 1996, Anderson and McKeever 1991, APA 1996,
Carney 1973, 1977, Felch 1970) (Tables 5 and 6).

Floor Systems

In 1995, structural panels captured 55% of the single-family
and 54% of the multifamily floor sheathing market (Tables 5
and 6). Shares in both markets have been fairly constant
since the late 1960s. The largest competitor to structural
panel floor sheathing is the concrete slab, which is both a
foundation and first-story floor system. Typically little, if
any, wood is used in conjunction with a concrete slab. The
annual percentage of concrete slab floor area varies, but it is
generally around one-third of total floor area for both single-
family and multifamily construction.

Oriented strandboard has steadily eroded softwood
plywood’s share in floor sheathing. The OSB market share
rose from zero in 1976 to 24% in single-family houses and
30% in multifamily houses in 1995. However, these
increases represented the lowest inroads among the main
categories of sheathing. The accumulation of water from rain
and melting snow on flooring during construction can cause
edge swelling in all wood-based panels in general, but OSB
in particular. Rather than risk later problems, many builders
continue to use plywood even though its initial cost is
greater. Nevertheless, OSB is likely to make additional
inroads as a result of the widening cost differential.

Market potential for structural panels in floor systems in new
single-family and multifamily dwellings was estimated to be
nearly 2.1 million m3 in 1995, with the most potential
(79%) for new single-family construction (Tables 5 and 6).
Market potential is defined here to be the sum of lumber and
nonstructural panels being used, converted to the equivalent
amount of structural panels, plus the amount that would be
required to displace all nonwood building products.
Displacement of the concrete slab by a traditionally framed
and sheathed wood floor system, or a “hybrid” wood-
sheathed or wood-slab floor system, would constitute the
largest share (1.9 million m3).

Exterior Wall Systems

In 1995, structural panels captured 52% of the single-family
and 43% of the multifamily exterior wall sheathing markets
(Tables 5 and 6). These percentages are substantially higher
than those of previous years. During the 1970s, structural
panels averaged about 16% of each market. Since 1976,
markets have grown rapidly for OSB but also for foamed
plastic sheathing, the single largest wall sheathing
competitor for structural panels. The market share for
softwood plywood increased during the 1980s but fell by
1995. Foamed plastic had captured about 30% of the market
in 1995.

Trends in using OSB compared to softwood plywood for
exterior wall sheathing closely parallel those for floor
sheathing, with the exception of the rapid increase in the use
of OSB and softwood plywood in 1988. We expect that
OSB will continue to erode the market for softwood plywood
wall sheathing, but foamed plastic sheathing will maintain
its hefty share as a result of code-mandated levels of wall
insulation.

Overall market potential for structural panels in wall
sheathing was estimated to be nearly 2.2 million m3 in
1995, with single-family wall sheathing accounting for 79%
(Tables 5 and 6).

Roof Systems

Structural panels are the roof sheathing product of choice in
the United States. Small amounts of lumber sheathing are
used, primarily under tile or metal roofs, as are small
amounts of other sheathing products. In 1995, structural
panels accounted for 98% of single-family and 94% of
multifamily roof sheathing (Tables 5 and 6).

The use of OSB roof sheathing has grown rapidly in recent
years, primarily at the expense of softwood plywood. In
1976, softwood plywood accounted for about 84% and OSB
only 1% of the single-family roof sheathing market and 87%
and 1%, respectively, of the multifamily market. By 1995,
softwood plywood’s share fell to 37% for single-family and
19% for multifamily dwellings. Meanwhile, OSB rose to
61% and 75% of these markets, respectively. As the OSB
market share approaches saturation, additional increases are
likely to be smaller in comparison with past figures.

Structural panels have little more to gain in roof sheathing.
Displacing lumber and other sheathing materials would
result in a net gain of slightly less than 0.1 million m3.

Exterior Siding

Structural panels play a small role in the residential exterior
siding market. In 1995, structural panels were used for siding
for just 9% of single-family and 4% of multifamily dwellings
(Tables 5 and 6). During the 1970s and 1980s, structural
panels maintained about one-fifth of the siding market for
single-family construction. During this same period, the
market share for multifamily construction declined steadily,
from 38% to 15%. In general, the demand for all wood
siding products has declined since the 1980s, in favor of
metal, vinyl, and masonry siding. In 1995, nonwood siding
materials accounted for more than 75% of all siding used for
single-family construction and nearly 90% of that used for
multifamily construction.
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Table 5—Use of wood products and market potential of structural panels in new single-family
residential construction in the United States

1995

Incidence of use (%) Struct. panel 
Volume potential 

Application and wood product 1968 1972 1976 1988 1995 (1,000 m3) (1,000 m3)

Floor sheathinga

Lumber 9 2 1 5 (b) 30.2 14.7
Structural panels 56 51 51 56 55 2,414.3 —

Softwood plywood 56 51 51 48 31 1,380.8 —
OSB 0 0 0 9 24 1,033.5 —

Nonstructural panels 14 11 12 9 9 95.5 95.5
Lightweight concrete 0 0 0 0 0 — —
Concrete slab 21 36 36 30 35 — 1,540.3

Total 100 100 100 100 100 — 1,650.5

Exterior wall sheathing
Lumber (b) (b) (b) 2 (b) 2.2 1.4
Structural panels 15 16 16 33 52 1,914.3 —

Softwood plywood 15 16 16 26 19 810.1 —
OSB 0 0 0 7 33 1,104.1 —

Fiberboard 58 42 34 13 6 180.6 180.6
Foamed plastic 0 (b) 7 22 29 — 1,067.6
Foil-faced kraft 0 0 (b) 17 3 — 110.4
Gypsum, other 12 7 18 8 2 — 73.6
None 15 35 25 5 8 — 294.5

Total 100 100 100 100 100 — 1,728.1

Roof sheathing
Lumber 24 9 14 6 1 69.4 57.6
Structural panels 76 91 85 91 98 4,329.2 —

Softwood plywood 76 91 84 70 37 1,751.8 —
OSB 0 0 1 21 61 2,577.5 —

Other 0 0 1 3 0 — 2.1
Total 100 100 100 100 100 — 59.7

Exterior siding
Lumber 15 11 10 12 7 433.7 206.3
Structural panels 13 21 22 23 9 362.5 —

Softwood plywood 13 21 22 23 4 189.7 —
OSB 0 0 0 (b) 5 172.8 —

Hardboard 12 17 16 16 6 223.5 223.5
Nonwood 60 51 52 49 77 — 3,069.4

Vinyl, metal 9 13 14 15 29 — 1,157.2
Masonry, stucco 51 38 38 34 48 — 1,912.2

Other 0 0 0 0 1 — 28.3
Total 100 100 100 100 100 — 3,527.5

Total — — — — — — 6,966.0

aIncludes subfloor and underlayment.
 bTrace amount (<0.5%).
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Table 6—Use of wood products and market potential for structural panels in new multi-family
residential construction in the United States

1995

Incidence of use (%)
Volume

Struct.
panel

potential

Application and wood  product 1968 1972 1976 1988 1995 (1,000 m3) (1,000 m3)

Floor sheathinga

Lumber 2 1 2 6 (b) 6.4 3.3
Structural panels 49 47 51 52 54 602.2 —

Softwood plywood 49 47 51 46 24 274.9 —
OSB 0 0 0 7 30 327.4 —

Nonstructural panels 4 7 10 9 7 23.2 23.2
Lightweight concrete (c) 11 5 7 3 — 8.6
Concrete slab 45 34 32 26 36 — 403.5

Total 100 100 100 100 100 — 438.6

Exterior wall sheathing

Lumber (b) (b) (b) (b) (b) 1.1 0.7
Structural panels 4 15 17 40 43 346.2 —

Softwood plywood 4 15 17 28 10 101.2 —
OSB 0 0 0 12 33 245.1 —

Fiberboard 33 42 32 11 5 39.1 39.1
Foamed plastic 0 (b) 2 18 34 — 273.1
Foil-faced kraft 0 0 0 13 1 — 8.1
Gypsum, other 35 8 18 13 8 — 64.4
None 28 35 31 5 9 — 72.5

Total 100 100 100 100 100 — 458.4

Roof sheathing

Lumber 15 3 11 2 1 10.3 5.3
Structural panels 85 95 87 94 94 626.2 —

Softwood plywood 85 95 87 78 19 137.0 —
OSB 0 0 1 16 75 489.2 —

Other 0 2 2 4 5 — 26.6
Total 100 100 100 100 100 — 31.9

Exterior siding

Lumber 31 4 9 16 2 27.1 14.4
Structural panels 5 38 32 15 4 32.6 —

Softwood plywood 5 38 32 15 2 22.5 —
OSB 0 0 0 (b) 2 10.1 —

Hardboard 0 9 7 11 5 38.0 38.0
Nonwood 59 43 49 58 89 — 724.6

Vinyl, metal 4 2 12 14 41 — 333.8
Masonry, stucco 55 41 37 44 48 — 390.8

Other 5 6 3 (b) (b) — 0
Total 100 100 100 100 100 — 777.0

Total — — — — — — 1,706.0
aIncludes subfloor and underlayment.
 bTrace amount (<0.5%).
cIncluded with concrete slab.
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Nearly the same amount of softwood plywood and OSB was
used for siding for single-family (4% and 5%, respectively)
and multifamily (2% each) construction in 1995. Little
change is expected in the mix and amount of structural
panels used for exterior siding.

Since structural panels had such a small market share in
1995, the potential market is large. Capturing the lumber
and hardboard markets would result in a gain of
0.5 million m3, while capturing the nonwood siding market
would result in a gain of 3.8 million m3 (Tables 5 and 6).

Overall Market Potential

The estimated maximum theoretical market potential for
structural panel sheathing and siding in new residential
construction was estimated to be 8.7 million m3 in 1995.
Overall, exterior siding accounted for nearly half of this
potential; floors and exterior walls each accounted for about a
quarter of the market potential. Additionally, the potential for
roofs was negligible (Fig. 5). The potential for wood fascia,
soffits, and I-joist markets is growing. In terms of construc-
tion type, new single-family construction accounts for 80% of
the total market potential. Of course, it is unlikely that all
the potential will be realized, and achieving even a part will
not happen spontaneously. Concerted promotional efforts,
research into improved products and performance, and com-
petitive pricing are necessary to capture additional market
share.

Demand and Supply
To place the demand and supply for structural panels in
perspective, we charted the combined evolution of plywood
and OSB (including waferboard) consumption from 1970 to
1996 (Fig. 6). Over this period, the annual rate of growth
averaged 3%. We projected future demand by extending the
1996 base by this growth factor through 2001. We then
superimposed the capacity of currently operating and an-
nounced plants, assuming no attrition of existing mills or
cancellation of planned projects. The results showed that, at
the historical growth rate of demand, the 1995 capacity
utilization rate of 95% would not be reached again until the
year 2001. This implies that the structural panel markets
would be oversupplied for about 4 years. Such an extended
period of weakness would test the endurance of many firms,
and it is likely that the demand/supply imbalance will be
corrected by some attrition in both the plywood and OSB
sectors.

Prefabricated I-Joists
Although wood I-joists have been manufactured for the better
part of 30 years, until recently the I-joist market was largely
the domain of one company (Leichti and others 1990).
Within the past 5 years, several other firms have entered the
market on a large scale, buying out independent operations

or setting up their own plants. I-joists have become very
visible in the field of light-frame construction and are being
sold in building material centers alongside conventional
wood joists. The emergence of reconstituted joists raises the
possibility that wide dimension lumber will be the next
established wood product to be displaced by an engineered
wood substitute made in part from small-diameter trees.

I-joists consist of two wide flanges connected by a thinner
wood web. Depth ranges from 15 to 72 cm, but most com-
monly falls between 23 and 46 cm. Length reaches 24 m.
I-joists can be placed into two principal groups based on the
type of flange: lumber or laminated veneer lumber (LVL).
Most lumber-flange I-joists are made from machine stress
rated (MSR) grades, but visually graded No. 2 and Better
lumber is also employed, depending on the market being
targeted. For the web,  a specialty grade of OSB is the pre-
dominant material. Initially, plywood was the main web
material, but plywood is now relegated to a small share,
principally in those markets where regulations mandate its
use.

Floors 24.1%Walls 25.2%

Roofs 1.0%

Siding 49.7%

Figure 5—Breakdown of structural panel market
potential in new U.S. residential construction in 1995.
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Markets
I-joists are used predominantly for floor framing and secon-
darily for roofs. The markets for I-joists can be roughly
divided into two categories according to complexity of use:
(1) industrial, commercial, and large residential construction
and (2) low-rise residential construction.

Industrial, commercial, and large residential projects consti-
tute the smaller but more challenging end-use segment for
I-joists—spans are longer, loads are heavier, and overall
framing complexity is greater. Engineering analysis and
support is often needed to ensure safe and successful product
application.

Low-rise residential construction generally involves simpler
designs and offers a greater potential for large volume sales of
a standardized commodity. With this in mind, some fabrica-
tors are producing lumber flange I-joists for the residential
market, often using lower cost visual grades and shorter
lengths (≤7.3 m) than those generally used for I-joists. These
special I-joists are intended as one-for-one replacements for
lumber. Their engineering design properties are lower than
those of I-joists made with LVL or MSR flanges, but they
maintain the general attributes of dimensional stability,
straightness, light weight, and uniformity. Moreover, lum-
ber-flange I-joists are less expensive. At the opposite end of
the spectrum, LVL flange I-joists have the highest design
properties, but they are costly. LVL flange I-joists are most
economical when their design attributes are taken advantage
of to widen spacing or extend spans. Presently, most I-joists
are produced with LVL or MSR lumber.

Savings in Wood
From the resource perspective, one desirable feature of engi-
neered wood I-joists is that they economize on the use of
fiber. Even when I-joists are used as a one-for-one substitute
for lumber, the fiber savings can be significant because thin
material is used for the web, there is less scrappage, and joist
ends do not need to overlap. Wood contents for various
configurations of I-joists are listed in Table 7. Some key
assumptions in the calculations were as follows. For  49-cm
on-center (o.c.) spacing, wood volume in I-joists was re-
duced by 17% to reflect lower material use per unit area of
floor, and the same subfloor thickness as that for 41-cm
spacing was assumed. Solid lumber volume was increased
by 17% to reflect joist lapping. Fiber volume in the OSB
webs was increased by 80% to  reflect fiber losses and panel
densification.

The amount of fiber savings depends on joist type and spac-
ing. In about two-thirds of U.S. residential construction,
framing members are spaced 41 cm apart. At that spacing,
fiber savings are greatest when LVL or nominal 2 by 2

lumber flanges are employed.1 Although members can be
spaced 61 cm apart (as they are in about 12% of floors), this
spacing is not used extensively because of the perception that
such floors are too bouncy. Thicker subfloor requirements
also limit overall fiber savings. As a compromise, 49-cm
spacing is often employed (in about 14% of floors). (As with
other spacings, the 49-cm spacing divides into even 244-cm
modules.) If the same sheathing thickness is used, I-joists
can result in fiber savings of almost 50%.

Monetary Savings
I-joists are sold on the basis of greater utility to builders
because of labor savings, reduced waste, and fewer callbacks.
However, differences in performance confound comparisons
between solid wood and I-joist systems. Floor joists are
designed as simply supported, single-span beams. Of the two
main design criteria of strength and stiffness, stiffness is often
the limiting factor and the full strength of the joist is not
utilized. However, one way in which stiffness can be in-
creased is by making members over adjacent spans continu-
ous (Soltis 1985). This accounts in part for the higher stiff-
ness of floors made with I-joists, which, because they are
available in longer lengths, are able to continuously span the
entire distance between foundation walls. To give compara-
ble lumber performance, either larger (deeper) joists have to
be employed, spacing has to be reduced, or continuity of I-
joists must be imitated by lapping and nailing adjacent
pieces over the center girder. Current framing practices call
for a minimal 0.1-m overlap. This overlap has a negligible
effect on stiffness because the potential benefit (the moment
connection) is a function of the length of the overlap at the
bearing point. In this comparison, we based our calculations
on lumber and I-joists with equal depths but assumed a
lumber overlap of 1.2 m instead of the nominal 0.1 m, ob-
tained by using the next length increment.

                                                
1 Nominal 2 by 2 lumber = standard 38 by 38 mm. Hereafter
referred to as 2 by 2.

Table 7—Equivalent wood volumes of various joist types
(m3/m)

Joist Solid

Lumber-flange
 I-joistb

LVL-flange
I-joistb

spacing
(cm o.c.)

lumbera,b

(2 by 10)
2 by 2
flanges

2 by 3
flanges

1.75 by 1.5
flanges

41 0.0104 0.0067 0.0086 0.0067

49 — — — 0.0056

aNominal 2 by 10 in. = standard 38 by 235 mm.
bVolumes based on actual (not nominal) measurements.
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In terms of labor, the Means construction estimating manual
assigns equal requirements per unit of length for both solid
wood and I-joist systems (R.S. Means 1997). This method
may understate I-joist costs because their cross-sectional
shape mandates the use of specialized hardware. Blocking
and web stiffeners under bearing points and concentrated
loads may also be necessary. However, the I-joist system has
the advantages of lighter weight and easy access for wiring
through the webs.

In terms of waste, a common concern for builders is losses
resulting from the inconsistent quality of lumber, but these
concerns have not been determined systematically. As noted
previously, solid wood joists are overlapped with adjacent
in-line joists by at least 10 cm. Since lumber is sold in 0.6-
m increments, this can lead to more overlap than required,
although this is often unnecessary because the sheathing and
header joists push the joists far enough from the wall edge to
achieve the 10-cm overlap at the center. I-joists can be used
more efficiently than solid lumber because they are sold in
longer lengths and can be used to span greater distances
continuously. The material savings potential of this feature is
compounded by the possibility of wider spacing.

In terms of callbacks, the advantage of I-joists is based on the
perceived decline in sawn lumber quality as expressed in
greater incidence of wane, cupping, twisting, bowing, knots,
splits, and warp, and the dimensional changes that solid-
sawn joists undergo in service as they dry (which lead to
shrinkage gaps, loosening of nails, and squeaky floors).

Taken together, the estimated in-place costs for various floor
framing alternatives are shown in Table 8. At recent prices
for 2 by 10 lumber,2 these data show that costs for floor

                                                
2Nominal 2 by 10 lumber = standard 38 by 235 mm.
Hereafter referred to as 2 by 10.

I-joists are roughly on par with costs for 2 by 10 construc-
tion, even when I-joists are substituted one-for-one for solid-
sawn joists. However, when more expensive I-joists with
LVL flanges are used, wider spacing becomes necessary to
stay competitive with lumber. The savings from potentially
fewer callbacks are unknown, but this could add to cost
advantages for I-joists. Figure 7 illustrates the cost sensitiv-
ity of I-joist systems to variations in lumber prices. The
chart is predicated on the simplifying assumptions that prices
of various lumber sizes move in tandem and that LVL prices
are independent of changes in lumber markets. At a delivered
price below $3.45/m, the lumber system is the least costly;
above $3.65/m, lumber is the most costly.

Profitability
Wood I-joists have been traditionally marketed at substantial
premiums over sawn joists. Those premiums began to
shrink as dimension lumber prices escalated in the 1990s and
I-joist markets became more competitive (Fig. 8). In the
spring of 1997, a spot check of dealers revealed that 24-cm-
deep I-joists ranged in price from $5.90/m for brand-name
products to $4.55/m for similar joists on special sale. A
moderate quote was $5.25/m, with unspecified discounts for
volume orders. At the lower end of the range, I-joists with
narrow lumber flanges could be bought for $3.95/m.

Manufacturing costs of 24-cm-deep I-joists vary according to
type and grade of flange material. The main cost compo-
nents, based on lumber and OSB prices as of March 1997,
are listed in Table 9. It is noteworthy that flange and web
costs constitute from two-thirds to four-fifths of direct manu-
facturing costs, while labor costs account for only a small
fraction. Overall, at current selling prices, all manufacturing
options meet a target profit margin of 25% and leave a cush-
ion to buffer cost fluctuations.

Table 8—Equivalent in-place cost estimates for various joist layouts

Total volume Cost ($/m)

Joist type and spacing (lineal meters) Material Labor Equipment Total

2 by 10 lumber, 41 cm 265 3.41 1.51 0.07 1,320

I-joist

Lumber flange, 41 cm 227 3.94 1.85 0.22 1,365

LVL flange, 49 cm 190 4.92 1.85 0.22 1,330

Source: R.S. Means (1997). I-joist labor and equipment costs include cost of two joist hangers
per beam. Calculations were based on 12 by 7 m platform.
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Capacity
Capacity estimates for many I-joist sites are tentative because
not all producers reveal their plant capacities. Also, there is
no prevailing standard operating rate for the industry, such as
in OSB manufacturing, where plants are run virtually around
the clock. In many cases, the capacities cited here are based
on one shift/day and could be doubled by the simple expedi-
ent of adding an extra shift. Large plants have line speeds in
excess of 90 m/min, which translates to an effective annual
capacity of 10.7 million m per shift (Walters 1996). Some
smaller plants operate at ≤15 m/min, in which case the
capacity on a one-shift/day basis is only 1.8 million m.

Many entrepreneurs have entered the industry over the years,
but many have also left, through closure or merger.

Both large and small lines currently coexist because the
economies achievable by large-scale production are relatively
small compared to the costs of the underlying material.
Small lines have lower staffing requirements and carry a
lighter capital burden, thus providing a low-cost means of
entry into the industry, but on a per unit basis both of these
costs are higher than those for big plants. A number of small
lines that had been taken over by competitors were eventu-
ally closed, which suggests that as the sector matures,
throughput and unit cost considerations will become more
important in determining the size and scope of the industry.
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Figure 8—Builder purchase prices for I-joists and
2 by 10 Spruce–Pine–Fir joists (R.S. Means 1997).

Table 9—Estimated costs for various types of wood
I-joists

Costs for 24-cm wood I-joists ($/m)a

Item

2 by 2 Std
&

Btr flanges

2 by 3
MSR

flanges

1.75 by 1.5
LVL

flanges

Flange, fob price 0.82 (0.25) 1.61 (.49) 2.00 (0.60)

Flange, shipping 0.16 (0.05) 0.23 (.07)   —    —

Fingerjointing   —    — 0.06 (.02)   —    —

Adhesive, flange
   & web

0.13 (0.04) 0.13 (.04) 0.13 (0.04)

OSB, fob price 0.26 (0.08) 0.26 (.08) 0.26 (0.08)

OSB, shipping 0.06 (0.02) 0.06 (.02) 0.06 (0.02)

Labor 0.20 (0.06) 0.06 (.02) 0.06 (0.02)

Engineering staff 0.10 (0.03) 0.06 (0.02) 0.06 (0.02)

Supplies 0.13 (0.04) 0.13 (0.04) 0.13 (0.04)

Overhead 0.16 (0.05) 0.13 (0.04) 0.13 (0.04)

Subtotal 2.02 (0.62) 2.73 (0.84) 2.83 (0.86)

Profit margin
   (25%)

0.51 (0.16) 0.68 (0.21) 0.71 (0.22)

Shipping to
   dealer

0.26 (0.08) 0.29 (0.09) 0.26 (0.08)

Dealer markup 0.69 (0.21) 0.80 (0.24) 0.85 (0.26)

Total 3.48 (1.06) 4.50 (1.37) 4.65 (1.42)

Selling price 3.94 (1.20) 4.92 (1.50) 4.92–5.90
(1.50–1.80)

Cost cushion 0.46 (0.14) 0.43 (0.13) 0.27–0.85
(0.08–0.38)

aValues in parentheses are cost per lineal foot. Data
 in first column are based on six manufacturing employees,
 three engineering support staff, and annual output of
 1.2 million m. Other data are based on 14 manufacturing
 employees, 16 engineering support staff, and annual
 output of 9.8 million m.
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For the time being, however, customer service and engineer-
ing support appear to be as important as low costs in the
success of an I-joist enterprise. Estimated capacity and pro-
duction for various I-joist plants are listed in Appendix A,
Table A7.

The I-joist industry is rapidly expanding (Fig. 9), much as
OSB expanded a decade ago or particleboard and plywood in
the 1960s and 1970s. I-joists are estimated to have captured
only one-seventh of the floor framing market (Wood Truss
Council 1997), suggesting considerable room for growth.
Currently, the industry leader is engaged in a $45 million
expansion program that will add capacity in the future. An-
other source of activity stems from franchised miniplants
geared to serve regional markets.

Laminated Veneer Lumber
The growth of the laminated veneer lumber (LVL) industry
has paralleled the growth of I-joists since about half of LVL
production is used to fabricate I-joists. LVL beams are also
used independently as girders, for long spans, and for heavy
loads. LVL is an all-veneer structural wood product com-
posed of thin veneers oriented in the same direction. The
veneers are C or D visual grades that are acoustically re-
graded to segregate the strongest sheets for the outer plies
where they maximize overall beam strength and stiffness
(Vlosky and others 1994).

The current LVL industry consists of nine firms that operate
17 plants (Appendix A, Table A8). Estimated industry
capacity in 1997 was 1.5 million m3, of which TrusJoist–
McMillan accounted for almost half. Boise Cascade, Sunpine
(slated to start in September 1997), Louisiana–Pacific,
Tecton (now an L–P subsidiary), Georgia–Pacific, and Wil-
lamette make up the bulk of the remainder. Union Camp

is slated to enter the field in 1998 with a large plant in Ala-
bama. Estimated capacity and production are shown in
Figure 10. Manufacturing costs of a 160,000-m3 plant using
West Coast log prices are listed in Table 10. The table
shows total operating costs of  $465/m3. This figure con-
trasts with the current listed dealer-selling price (fob mill
price plus shipping plus dealer markup) of around $900/m3

and recent fob mill price of $550/m3. On a lineal basis, LVL
costs to builders have been recently quoted at $10/m for
2 by 10 beams. At such prices, LVL beams are considerably
more expensive than solid-sawn beams of similar dimen-
sions, although builder discounts probably reduce that cost
somewhat.
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Figure 9—I-joist capacity and production in North
America.
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Figure 10—LVL capacity and production in North
America.

Table 10—Operating inputs and costs for 160,000-m3

LVL planta

Item Amount
Cost

($/unit)
Total cost
(million $)

Logs (1,000 m3) 328 150 49.2

Resin solids (million kg) 3.68 0.88 3.25

Fillers (million kg) 1.42 0.33 0.47

Soda ash (million kg) 0.23 0.29 0.07

Staffing 147 6.0

Energy & fuel — — 2.0

Materials & supplies — — 3.5

Overhead — — 1.0

Depreciation — — 8.0

Total output (m3) 158,000 465 73.5

aSource: Forest Products Laboratory estimates based on
Durand Raute (1995).
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Particleboard
Capacity
The manufacturing of particleboard in the United States
began on a large scale after World War II as a low-cost re-
placement for lumber and plywood. In industrial markets, the
primary use of particleboard is core material for doors, furni-
ture, and cabinets. In housing construction, particleboard is
used for floor underlayment, floor decking in mobile homes,
and stair treads. After initial rapid growth in the 1960s, the
particleboard industry settled down to slower but steadier
expansion in the 1970s and 1980s (Fig. 11). The industry
has continued to grow moderately. In 1996, one new plant
was constructed, but another facility closed in Virginia at the
end of  the year. One new plant is due to start in 1997. Total
U.S. capacity will then consist of 46 plants with the ability
to produce almost 9 million m3.

The Canadian particleboard industry has shared in this
growth even in the midst of some plant attrition. There are
currently eight plants with approximately 2.5 million m3 of
capacity. Past and projected capacities of Canadian and U.S.
plants are listed in Appendix A, Table A9. This listing does
not include several small plants that utilize agricultural
residues as the fiber furnish. At least two such facilities are
operational, in North Dakota and Texas. Two additional
plants have been announced, one a large 250-thousand-m3

plant in Manitoba and another of unspecified capacity in
Minnesota.

Costs and Prices
Costs of particleboard manufacturing are listed in Table 11.
Unlike plywood and OSB, particleboard is made primarily
from lumber and plywood residues. Approximately
0.8 tonnes of fiber are required to make an average cubic

meter of product, or 1.2 tonne of fiber per tonne of board.
The cost of that fiber has increased to approximately
$36/tonne ($31/m3 of product) from less than $11/tonne
($9/m3 of product) in the 1960s (Fig. 12). In 1996, total
manufacturing costs, excluding depreciation and overhead,
were estimated at $128/m3 as compared to an average selling
price of  $165.

Medium Density Fiberboard

Capacity
The first North American medium density fiberboard (MDF)
plant was started in 1966 in New York. The number of
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Figure 11—U.S. particleboard capacity and production.

Table 11—U.S. particleboard industry costs and
prices ($/m3)

Year

Power
&

fuel

Labor
&

mgmt.

Glue
&

w ax 
Other
costs Wood

Vari-
able

costs Price

1972 2 17 9 8 8 44 54

1973 3 19 13 9 9 52 64

1974 3 19 18 11 10 61 66

1975 4 19 22 11 10 66 61

1976 5 19 18 10 11 64 65

1977 6 20 15 10 12 63 77

1978 6 23 16 11 14 71 124

1979 7 23 19 13 18 80 96

1980 9 24 22 14 20 89 102

1981 11 26 22 15 23 98 106

1982 13 28 22 16 25 104 111

1983 13 28 23 16 23 103 114

1984 13 28 23 16 25 106 123

1985 13 28 23 16 21 101 115

1986 11 28 22 15 22 98 120

1987 11 28 21 15 23 98 127

1988 11 29 24 15 22 101 127

1989 11 29 23 16 23 103 129

1990 11 30 23 16 24 104 122

1991 11 30 23 16 26 107 120

1992 11 32 21 16 28 108 129

1993 11 32 24 17 29 114 152

1994 10 33 25 18 31 117 171

1995 10 34 25 18 31 119 173

1996 11 35 32 19 31 128 165
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plants increased to 18 by 1994, representing a capacity of
more than 2.5 million m3. Subsequently, many new plants
were announced—two became operational in 1995—raising
capacity to 3 million m3. In 1996, six plants were started
and one was closed, increasing industry capacity by 1 mil-
lion m3. Two new plants are scheduled for 1997 and two for
1998, when capacity will exceed 5 million m3 (Fig. 13).

Two features of the new plants stand out. First, continuous
presses have become the standard, replacing batch presses in
older plants. Second, as in other panel sectors, size norms for
plants have increased. The trend to higher productivity
mirrors that in OSB and suggests the same economy-of-scale
considerations. As a means of  market diversification, some
plants are making moisture-resistant boards for exterior
applications using more costly phenol–formaldehyde resins.
Plants for manufacturing MDF are listed in Appendix A,
Tables A10 and A11.

Costs and Prices
Although the production processes are similar to those used
for particleboard, the costs of making MDF are higher. Cen-
sus figures show that average labor productivity for MDF is
lower and energy consumption for fiber preparation is higher.
Resin and wax consumption are also somewhat higher. MDF
boards have been priced at substantial premiums over prices
for particleboard, but that premium began to narrow in the
fall of 1996 as expanding MDF capacity began to affect the
panel markets (Fig. 14). These trends have put the two
products into increased competition and suggest upcoming
pressure on MDF profitability.

Trade in Wood-Based Panels
With the large expansion in U.S. and Canadian wood-based
panel capacity, one area viewed as having the potential to
absorb some of this new production is the overseas market.
The fast growth of some foreign economies, particularly
those in Far East Asia, certainly raises questions about how
great a potential overseas markets represent. Recent export
promotion activities have focused on securing footholds in
these markets and realizing some of the potential.

In 1996, U.S. exports of structural panels, particleboard, and
MDF amounted to a total of 1.7 million m3, representing
about 5% of U.S production. Close to 30% of U.S. exports
were shipped to Canada, while the major portion (1.3 mil-
lion m3) was shipped to other foreign markets. (See Appen-
dix B, Table B1, for details on trade in relationship to pro-
duction and consumption of wood-based panels.)

The situation is different in Canada, where exports of wood-
based panels reached 6.0 million m3 in 1996. Compared to
the United States, Canadian exports represented a much

0

10

20

30

40

Year

C
os

t (
$/

 to
nn

e)

62 66 70 74 78 82 86 90 94

Figure 12—Cost of  wood fiber for particleboard,
U.S. average.

0

2

4

6

Year

Q
ua

nt
ity

 (
m

ill
io

n 
m

3 )

74 78 82 86 90 94 98

Capacity
Production

Figure 13—Medium density fiberboard (MDF) capacity
and production in North America.

140

160

180

200

220

240

Month

P
ric

e 
($

/m
3 )

Sep Oct Nov Dec Jan Feb Mar Apr

MDF, West
Particleboard, West

Figure 14—Particleboard and MDF market prices,
1996–1997.



15

greater share of production—almost two-thirds. Most of these
exports (85%) were shipped to the United States.

With respect to imports of wood-based panels, the situation
in the United States and Canada is similar. In both coun-
tries, imports satisfy close to 15% of supply for domestic
consumption, and almost all imports (close to 95%) are
shipped across the U.S.–Canada border.

The United States also imports softwood plywood from
Mexico, Indonesia, and Brazil (USDA FAS 1997) and parti-
cleboard from Mexico, Brazil, and Europe (U.S. Department
of Commerce 1997). Canada imports small quantities of
softwood plywood from Brazil, particleboard from Europe,
and MDF from Far East countries and Brazil (Statistics
Canada 1997b).

Trends in Exports
Recent trends in exports have been markedly different in the
United States and Canada, especially after subtracting trade
between the two markets (Figs. 15 and 16). One similarity,
however, is the recent increase in exports to Far East mar-
kets, such as Japan, South Korea, Taiwan and Hong Kong.

South Korea and Taiwan are fast-growing economies with
potentially strong construction activity. The use of wood
products for construction in these markets depends in part on
changing cultural traditions that favor nonwood products
such as cement, training construction labor in the use of
wood products, and changing building codes, especially to
allow wood use in multi-story buildings (USDA FAS
1996b).

U.S. and Canadian marketing efforts in Japan have made
much progress, resulting in acceptance of a broader range of
wood construction material from North America, such as
softwood plywood and OSB (USDA FAS 1996b,c). As a
result of ongoing trade negotiations, Japan has been moving
toward greater use of performance-based product standards for
construction materials. In addition, its process for writing
standards has become more transparent. These actions have
facilitated exports to Japan (Hicks 1997).

As Figure 15 shows, U.S. exports of softwood plywood have
been slowly decreasing in recent years. This trend reflects a
decrease in exports to the European Union (EU), which has
traditionally been the largest U.S. export market, and a sharp
decrease in exports to Mexico, following the currency
devaluation in 1994. Not reflected in the general trend, how-
ever, are steady increases in exports to the Caribbean and a
small but steady presence in Japan. (See Appendix B,
Table B2, for sources of data and trends by major export
market.)

U.S. exports of OSB (including waferboard) to offshore
markets, though a very small fraction of total exports, have
increased slightly, reflecting recent shipments to Japan, but
exports to the EU have almost disappeared. On the other
hand, U.S. exports of particleboard and MDF have been
slowly decreasing, similar to the trend for softwood ply-
wood. This decline reflects declining exports of particleboard
to South Korea, Taiwan, and Japan, and MDF to the EU,
South Korea, Taiwan, and Hong Kong.

In Canada, OSB exports predominate when exports to the
United States are included. However, when exports to the
United States are excluded, softwood plywood exports pre-
dominate (Fig. 16), as in the United States, though at a
lower volume. Moreover, in contrast to the decreasing trend
in the United States, Canadian exports of softwood plywood
have been  increasing dramatically in recent years. This
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reflects an increase in shipments to Japan (Appendix B,
Table B2). Canadian exports of OSB and particleboard to
offshore markets have been increasing as well, reflecting a
slow increase in exports to South Korea, Taiwan, and Japan.

As in the United States,  Canadian exports of MDF have
decreased (Appendix B, Table B3). This trend may reflect
recent increases in capacity worldwide; a 125% increase is
expected between 1993 and 1997 (Wood Markets Quarterly
1997).

Softwood Plywood
Exports

As has been described, U.S. softwood plywood exports have
predominated historically among wood-based panels and
they still do, although OSB is slowly making inroads into
this structural panel market. In 1996, 1.1 million m3 of
softwood plywood (60% of total wood panel exports) was
exported to all foreign markets, including Canada. Excluding
shipments to Canada, softwood plywood exports were
slightly lower (1.0 million m3), representing 76% of total
panel exports.

In 1996, softwood plywood exports (0.6 million m3) repre-
sented only 13% of total Canadian panel exports. However,
when exports to the United States are excluded, softwood
plywood exports constituted almost 70% of total panel
exports.

In response to the relatively large U.S. domestic market, the
U.S. softwood plywood industry is more domestically ori-
ented than the Canadian industry. In 1996, U.S. exports of
1.1 million m3 of softwood plywood represented only 7% of
total production; the relatively constant production share
during the 1990s was preceded by even lower shares of pro-
duction in the 1980s. In Canada, on the other hand, exports
represented 36% of production in 1996—a marked increase
over previous years (Appendix B, Table B1).

The largest foreign market for U.S. softwood plywood has
been the EU. However, recent trends have shown steadily
decreasing exports there (Appendix B, Table B2). This
decline may be due to the increasing self-sufficiency of the
EU, as capacity and production among its members in-
creases, and to imports from other sources, such as Brazil.
Finland, which joined the EU in 1995 along with Austria
and Sweden, added new softwood plywood capacity in 1995
and increased its production by 25%; an additional 10%
increase had been expected in 1996. Most of Finland’s
production is targeted for export, primarily to the rest of the
EU (USDA FAS 1996b).

Other significant foreign markets for U.S. exports include the
Caribbean, where U.S. imports have increased, and Mexico,

where U.S. imports may rebound as the country recovers
from an economic crisis (Appendix B, Table B2).

For Canada, exports to the EU have been stagnant for the
most part, whereas exports to Japan have been booming in
recent years. In 1996, Japan emerged as Canada’s biggest
export market for softwood plywood (and the second biggest
market for OSB, after the United States). Exports of plywood
to Japan increased sharply in 1995, following the Kobe
earthquake. In addition, Canadian market access was greatly
enhanced when Japan’s agricultural standards (JAS) were
expanded to accept a wider range of Canadian plywood prod-
ucts into the building code (USDA FAS 1996b).

EU Tariff Quota

The tariff-free quota on softwood plywood imports into the
EU is a factor that limits exports to the EU. It is currently
set at 650 thousand m3/year. Imports from non-European
countries are admitted duty-free as long as the cumulative
imports from all sources are below the quota. Once the quota
is met, additional imports are subject to the existing tariff
(Hicks 1997, USDA FAS 1996b).

One effect of the EU tariff quota is seasonal cycles in exports
of softwood plywood to the EU. The quota on duty-free
imports is exhausted early in the year, by March or April.
This means that exporters try to schedule overseas shipments
to the EU late in the year, in November or December, for
arrival in January or February (Hicks 1997). Traffic is there-
fore especially heavy during these months and may affect
short-term wood prices and transport costs.

In addition to increasing the quota to 650 thousand m3, in
December 1995 the EU agreed to accelerate the schedule for
reducing tariffs on softwood plywood. As a result, the tariff
rate in 1996 was reduced from 9.4% to 8.2%, instead of
8.8%. The EU-bound duty on softwood plywood and other
wood-based panels, negotiated under the Uruguay Round, is
7%, to be reached by 1999 (Hicks 1997, USDA FAS
1996b).

OSB and Waferboard
Compared to plywood, the U.S. and Canadian OSB indus-
tries (including waferboard) have been relatively self-
contained within North America. Exports of OSB, in both
Canada and the United States, have been cross-border for the
most part. In 1996, almost all U.S. and Canadian production
was shipped to U.S. domestic markets—84% of Canadian
production and 98% of U.S. production (Appendix B, Table
B1). This action was in response to the large construction
market in the United States.

In 1996, U.S. exports totaled 139 thousand m3. Of this,
close to 60% was shipped to Canada and most of the
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remainder was shipped to Japan. Canadian exports in 1996
totaled 4,127 thousand m3; of this, 95% was shipped to the
United States (Appendix B, Table B2). However, Canadian
exports to other than U.S. markets have increased signifi-
cantly in recent years (Fig. 16). These exports have gone
mostly to Japan, South Korea, and Taiwan (Appendix B,
Table B2).

Particleboard
As with OSB, most U.S.-produced particleboard, and a large
share of Canadian production, is shipped to U.S. markets. In
1996, only 4% of U.S. production was shipped to foreign
markets. In Canada, about half of total production was ex-
ported, almost all to the U.S. market. Most of Canada’s
remaining exports were shipped to Pacific markets, princi-
pally South Korea (Appendix B, Tables B1 and B3).

Export markets for the United States are more diversified
than those for Canada. About half of total production is
shipped to Canada and the remainder to Mexico and Pacific
markets. Exports to South Korea, Taiwan, and Japan have
been decreasing in recent years, while exports to Hong Kong
have been slowly increasing (Appendix B, Table B3).

To the extent that particleboard can be used in building
construction, it faces similar use constraints as do wood-
based construction panels in such markets as Mexico, South
Korea, and Taiwan. These constraints relate to unfamiliarity
with using wood in home construction in places where
homes have traditionally been built with concrete or other
nonwood materials.

Medium Density Fiberboard
As with other panel products, trade in MDF has taken a
larger share of production and consumption in Canada than
in the United States. In recent years, U.S. exports of MDF
have been 9% to 12% of total production, although they were
only 5% of production in 1996. In Canada, exports have
been 45% to 60% of total production in recent years; that
share dropped to 33% in 1996 (Appendix B, Table B1.)

Trade in MDF between the U.S. and Canada has been in-
creasing, while exports to offshore markets have been decreas-
ing. The fraction of U.S. exports to Canada has increased
steadily in the past decade; >50% of MDF was exported to
Canada in 1996. Conversely, the fraction shipped to EU and
Pacific markets has decreased, from 90% in 1990 to <50% in
1996. Similarly, the fraction of the Canadian market shipped
to the U.S. market has increased to >80% of total exports,
and the fraction shipped to EU and Pacific markets has de-
creased, from 73% in 1990 to <20% in 1996 (Appendix B,
Tables B1 and B3).

There have been large increases in MDF capacity worldwide
since 1993, and more are expected in the near term, espe-
cially in the United States and Canada. The consequent
higher potential for production in major world markets
means that competition will center on cost and quality of
product and service (Wood Markets Quarterly 1997).

Major Trade Agreements
NAFTA

A major aspect of U.S. and Canadian trade of wood-based
panels, as with other wood products, is the interdependence
of the two trade markets. This interdependence was implic-
itly recognized by the enactment of the U.S.–Canada Free
Trade Agreement (CFTA) in 1989, which was broadened in
1994 to include Mexico and became the North American
Free Trade Agreement (NAFTA). The goal was to promote
trade among the three partners by eliminating tariff and non-
tariff barriers over a 10-year period.

In accordance with CFTA, the United States and Canada
enacted an agreement in 1993 by which they adopted com-
mon plywood standards for construction. The new standards
were incorporated into the National Building Code of Can-
ada, providing access for U.S. plywood into Canadian con-
struction markets. The agreement also cut Canada’s tariff on
U.S. plywood in half, to 7.5% in 1993. The tariff has been
steadily reduced since then, and it is to be eliminated by
1998 (USDA FAS 1994).

There are few remaining tariffs on wood products between the
U.S. and Canada. In 1996, these included a Canadian tariff of
1.2% on U.S. MDF and tariffs of 0 to 4.5% on U.S. ply-
wood; there were no tariffs on particleboard and OSB in 1996
(USDA FAS 1996b). The situation was similar for U.S.
imports from Canada. Any remaining tariffs are to be elimi-
nated by the end of 1997.

Uruguay Round Agreement

Tariff barriers have been declining worldwide for many years,
especially in developed countries. This has been principally
a result of continuing GATT negotiations, especially since
the conclusion of the Tokyo Round in 1979 (Barbier 1996).

Major progress to reduce tariff and nontariff barriers even
further has been achieved with the Uruguay Round Agree-
ment. Completed in 1994 after 8 years of negotiations, the
agreement involves more than 120 countries. The agreement
took effect on January 1, 1995, and the World Trade Organi-
zation (WTO) was established.

The Uruguay Round Agreement has been especially impor-
tant with respect to wood-based panels, which have been
subject to much higher tariff rates worldwide than have other
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wood products, including paper and related products. Before
1995, the (trade-weighted) average tariff rate on wood-based
panels in developed countries was 9.4%—the highest average
rate among all wood and paper product categories. Under the
Uruguay Round Agreement, most developed countries agreed
to reduce tariff rates for wood-based panels by an (weighted)
average of 31% over 5 years, to a rate of 6.5% (Barbier 1996,
Hicks 1996).

Canada–Chile Free Trade Agreement

Canada and Chile signed a bilateral trade agreement in No-
vember 1996, to be enacted in June 1997. The agreement is
patterned after NAFTA and is viewed as a step toward inte-
grating Chile into NAFTA. The agreement will eliminate
Canadian tariffs on wood products and most of Chile’s tariffs.
Tariffs on some panel products will be phased out over a 6-
year period (USDA FAS 1996c).

Currently, Chile has an across-the-board tariff of 11% on all
imports, which could potentially be increased to its bound
rate of 25%. In addition, an 18% value-added-tax (VAT) is
levied on goods sold in the domestic market (USDA FAS
1996b). The Canada–Chile Free Trade Agreement will
significantly reduce tariff barriers to wood products trade.
Canada currently exports small amounts of OSB to Chile,
but there may be potential for increased exports.

Strong economic growth in Chile has stimulated the con-
struction sector. Although domestic production of wood
products is generally sufficient to meet overall demand, there
is potential for imports, especially into the northern region.
Chile’s timber supply and wood products sector is largely
centered in the south, and shipments to the far north are
constrained by distance and transport costs.

General Observations on Trade
Recent trends in U.S. and Canadian trade in wood-based
panels indicate that a large share of trade occurs between the
two markets, especially in meeting domestic demand for
imports. Most Canadian trade in OSB, particleboard, and
MDF—both exports and imports—is closely tied to the
U.S. market. However, Canadian efforts to diversify ship-
ments, especially to markets in the Far East are resulting in
steadily increasing exports to those markets. Canadian ex-
ports of OSB to Japan have been growing especially fast.

U.S. production of wood-based panels has been aimed
mostly at the domestic market. A very small share of produc-
tion is shipped to foreign markets, and a large part of these
shipments, except for plywood, has been directed to Canada.
Recent trends for the remaining exports to offshore markets
have been slowly decreasing. With respect to U.S. exports

of construction panels, especially plywood, this reflects
decreasing exports to traditional European markets. However,
exports to Mexico and the Caribbean have risen. There is
also potential for U.S. exports to the Far East, although
Canada is currently dominating trade to those markets.

U.S. and Canadian marketing efforts have been directed
toward changing standards and building codes, particularly
in Japan, to allow broader use of wood products from North
America. Similar changes are being sought in other Far East
markets, such as South Korea, with regard to permitting
wood use in multi-story buildings. Efforts are also being
directed toward orientation and training in the use of wood
products in construction applications, where alternative
materials have traditionally been used.   

Conclusions
Our study of the status of and prospect for the structural and
nonstructural panel industries leads to the following
observations and conclusions:

• Panel manufacturers are increasingly leaning toward the
use of wider and longer presses, which translates to in-
creased volumes and economies of scale among newer
plants, placing older plants at a disadvantage.

 
• Almost all medium density fiberboard (MDF) plants

being built today involve continuous presses. Continu-
ous presses are being developed  for OSB plants as well,
which, when perfected, will introduce a new element
into OSB economics.

 
• The success and high profitability of OSB in the 1990s

contained within it the sources of its current downturn.
A two-tiered structure has emerged that consists of
newer, larger, low-cost plants at one end and older,
smaller, high-cost plants at the other. The prospects for
the second tier could be enhanced by creative solutions
that redirect output from oversupplied commodity
sheathing to specialty items. Changes could include
conversion to the production of beams or oriented strand
lumber, or lamination of panels to match lumber thick-
nesses and cutting the billets to standard lumber widths.
In either case, research and development is needed to en-
sure a satisfactory product.

• The production and use of engineered lumber products
are accelerating. Unlike OSB, engineered wood products
are in the early phase of their life cycle with considerable
potential for growth. At current prices, I-joists appear to
be competitive with lumber for floor framing.
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• Among all panel sectors, the tendency has been toward
increasing the size and scale of manufacturing plants.
Companies that have survived over the long run
typically have upgraded their facilities to keep pace with
cost-reducing technologies. Economy-of-scale considera-
tions have been less pronounced in the I-joist industry,
but they may become more so as that sector grows and
matures.

In conclusion, we note that the wood products industry has
been rapidly adapting to the realities of constrained public
timber supply. In the short term, the ability to utilize
smaller trees, especially underused hardwoods in the eastern
United States and small-diameter coniferous trees in eastern
Canada, has allowed demands for products to be met by the
redeployment of  investments to the eastern half of the conti-
nent. But as the demands for wood products increase and the
costs of these sources of fiber rise, other options may need to
be considered. Of increasing interest to industry is the use of
short-rotation hardwood woody crops (SRWCs), the fastest
growing of which are the poplars and their various hybrid
cultivars. Research results indicate that such plantations can
yield 6 to7 times as much fiber as trees grown in natural
forests.
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Appendix A—Panel Manufacturing Industries
The following tables show past and projected capacity of various wood-based panel industries.
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7DEOH $�¥:HVWHUQ :DVKLQJWRQ SO\ZRRG FDSDFLW\� E\ \HDU RI SODQW FORVXUH ����� PÖ�

<HDU FORVHG

<HDU RU SURGXF�

/RFDWLRQ &RPSDQ\ )RUPHU QDPH RSHQHG WLRQ FHDVHG ���� ���� ���� ���� ����

(YHUHWW 7LGHZDWHU 3O\ZRRG ,QF� ���� ���� ��

'DUULQJWRQ 7KUHH 5LYHUV 3O\ZG 	 7LPEHU &R � ���� ���� ��

(YHUHWW /RZHOO 3O\ZRRG &R� :DOWRQ 3O\ZRRG &R� ���� ���� ��

2O\PSLD *HRUJLD�3DFLILF &RUS� &DSLWRO 3O\ZRRG ���� ���� ��

2O\PSLD 6LPSVRQ 7LPEHU &R� :DVKLQJWRQ 9HQ� &R� 1R� � ���� ���� ��

2O\PSLD 6W� 5HJLV 3DSHU &R� ���� ���� ���

$EHUGHHQ (YDQV 3URG� $3&2 'LY� $EHUGHHQ 3O\ZRRG &R� ���� ���� ��

$EHUGHHQ 2O\PSLF 3O\ZRRG ,QF� :HVW &RDVW 3O\ZRRG &R� ���� ���� ���

7DFRPD 6W� 5HJLV 3DSHU &R� 1RUWKZHVW 'RRU &R� ���� ���� ��

7DFRPD 6FDQGLD 3O\ )RUHVW /DPLQDWHV ���� ���� ��

7DFRPD /\OH 3O\ZRRG &R� ���� ���� �� �

7DFRPD )DUZHVW 3O\ZRRG ,QF� 5DLQLHU 3O\ZRRG &R� ���� ���� �� ��

7DFRPD ,QGXVWULDO /XPEHU 3URGXFWV ���� ����

(YHUHWW (YHUHWW 3O\ZRRG &URS� ���� ���� ��� �� ��

7DFRPD %XIIHOHQ :RRGZRUNLQJ &R� ���� ���� �� � ��

&HQWUDOLD &HQWUDOLD 3O\ZRRG 	 9HQ� 6\OYDQ 3URGXFWV ���� ���� �� �� ��

&KHODWFKLH ,QWHUQDWLRQDO 3DSHU &R� ���� ���� �� �� ��

.DODPD 3RSH 	 7DOERW ,QF� &ROXPELD 9HQHHU &R� ���� ���� �� �� ��

/RQJYLHZ :H\HUKDXVHU &R� ���� ���� ��� ��� ��� ��

6HDWWOH &KDPSLRQ ,QWHUQDWLRQDO 8� 6� 3O\ZRRG ���� ���� �� �� �� �� ��

0F&OHDU\ 6LPSVRQ 7LPEHU &R� ���� ���� �� ��� ��� ��� ��

$EHUGHHQ (YDQV 3URG� +DUERU 'LY� +DUERU 3O\ZRRG &R� ���� ���� �� �� �� �� ��

7DFRPD 1RUWK 3DFLILF 3O\ZRRG ,QF� ���� ���� �� �� �� �� ��

/DFH\ /DFH\ 3O\ZRRG &R�� ,QF� ���� ���� �� �� �� �� ��

6QRTXDOPLH :H\HUKDXVHU &R� ���� ���� �� �� �� �� ��

6WHYHQVRQ 6WHYHQVRQ &R�3O\ ,QF� 6WHYHQVRQ 3O\ZRRG &RUS� ���� ���� �� �� �� ��� ��

7DFRPD 3XJHQW 6RXQG 3O\ZRRG ,QF� ���� ���� ��� ��� ��� �� ��

$QDFRUWHV &XVWRP 3O\ZRRG &RUS� $QDFRUWHV 9HQHHU ,QF� ���� ���� ��� ��� ��� ��� ���

(OPD 5+' (OPD� ,QF� (OPD 3O\ZRRG &RUS� ���� ���� �� �� �� �� ��

:DVKRXJDO 7H[WXUHG )RUHVW 3URGXFWV (OOLVRQ
V ,QG� ���� ���� �� �� ��

2O\PSLD +DUGHO 0XWXDO 3O\ZRRG &RUS� ���� ���� �� �� �� ��� ���

9DQFRXYHU )RUW 9DQFRXYHU 3O\ZRRG &R� 9DQFRXYHU 3O\ZRRG &R� ���� ���� ��� ��� ��� ��� ���

&KHKDOLV +DUGHO 0XWXDO 3O\ZRRG ,QF� ����

%HOOLQJKDP 0W� %DNHU 3O\ZRRG &R� ���� �� �� �� �� ��

+RTXLDP +RTXLDP 3O\ZRRG &R� :RRGODZQ 3O\ZRRG &R� ���� �� �� �� �� ��

3W $QJHOHV .�3O\ ,QF� 3HQLQVXOD 3O\ZRRG &RUS� ���� �� �� �� �� ��

6KHOWRQ 6LPSVRQ 7LPEHU &R� ���� �� �� �� �� ��

7RWDO ����� PÖ� ���� ���� ���� ���� ����

&KDQJH ����� PÖ� ���� ��� ���� ����

1XPEHU RI PLOOV �� �� �� �� ��

$YHUDJH PLOO FDSDFLW\ ����� PÖ� �� �� �� �� ��

3URGXFWLRQ ����� PÖ� ���� ���� ���� ��� ����

&DSDFLW\ XWLOL]DWLRQ ��� �� �� �� �� ��

1RWH� 3URGXFWLRQ HVWLPDWHV FRXUWHV\ RI $3$¥7KH (QJLQHHUHG :RRG $VVRFLDWLRQ�
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7DEOH $�¥:HVWHUQ 2UHJRQ SO\ZRRG FDSDFLW\� E\ \HDU RI SODQW FORVXUH ����� PÖ�

<HDU FORVHG

<HDU RU SURGXF�

/RFDWLRQ &RPSDQ\ )RUPHU QDPH RSHQHG WLRQ FHDVHG ���� ���� ���� ����

6SULQJILHOG *HRUJLD 3DFLILF &RUS�� 1R� � 6SULQJILHOG 3O\ZRRG &RUS� ���� ���� �� ��

(XJHQH &KDPSLRQ ,QWHUQDWLRQDO (XJHQH 3O\ZRRG &R� ���� ���� �� ��

0HUOLQ 0HUOLQ )RUHVW 3URGXFWV &R� ���� ���� �� ��

:KLWH &LW\ 6HO�3O\ 3URGXFWV ���� ���� ��

0RKDZN *HRUJLD 3DFLILF &RUS� 0F.HQ]LH 5LYHU 3O\ZRRG ���� ���� �� ��

:KLWH &LW\ )LU�3O\ ,QF� 1R� � 2UHJRQ 9HHQHU &R� ���� ���� �� ��

*HULEDOGL 2UHJRQ :DVK 3O\ZG ,QF� 1LFRODL 3O\ZRRG &R� ���� ���� �� ��

3RUW 2UIRUG :HVW� 6WDWHV 3O\ZG &R�2S ���� ���� �� ��

&RTXLOOH 5RVHEXUJ �� 'RXJODV )LU 3O\ZRRG &R� ���� ���� ��� ���

0HGIRUG 7LPEHU 3URGXFWV &R� 9HQHHU 3URGXFWV &R� ���� ���� �� �� ��

0DSOHWRQ &KDPSLRQ ,QWHUQDWLRQDO 8�6� 3O\ZRRG ���� ���� �� �� ���

*ROG %HDFK 3DFLILF 7HROOLVXV� ,QF� ���� ���� ��

3RUWODQG 3XEOLVKHUV 3DSHU &R� 'Z\HU /XPEHU &R� ���� ���� �� �� ���

(XJHQH 7UHSOH[ ,QF� 1R� � *LXVWLQD %UR� /XPE 	 3O\ZG &R� ���� ���� �� �� ��

:KLWH &LW\ 6RXWKZHVW )RUHVW ,QG 1R� � )LU 3O\ ,QF� 1R� � ���� ���� �� �� ���

&RRV %D\ *HRUJLD 3DFLILF &RUS� ���� ���� ��� ��� ���

&RUYDOOLV %UDQG�6 &RUS %HQWRQ 'LY &RUYDOOLV 3O\ZRRG ���� ���� �� �� ��

,QGHSHQGDQFH %RLVH &DVFDGH &RUS� ,QSO\ &RUS� ���� ���� ��� ��� ���

/\RQV 0W� -HIIHUVRQ /XPEHU &R� ���� ���� �� ��

*DUGLQHU ,QWHUQDWLRQDO 3DSHU &R� ���� ���� �� �� ��

&RUYDOOLV %RLVH &DVFDGH &RUS� 3O\ZRRG 3URGXFWV &RUS� ���� ���� ��� ��� ���

0F0LQQYLOOH &RDVW 5DQJH 3O\ZRRG ,QF� <DPKLOO 3O\ZRRG &R� ���� ���� �� �� ��

7LOODPRRN /RXLVLDQD�3DFLILF &RUS� 7LOODPRRN 9HQHHU &R� ���� ���� �� �� ��

9DOVHW] %RLVH &DVFDGH &RUS� 9DOVHW] /XPEHU &R� ���� ���� �� �� ��

-XQFWLRQ &LW\ %RKHPLD ,QF� +XOW /XPEHU &R� ���� ���� �� �� ��

3RUWODQG $OSLQH 9HQHHUV ,QF� ���� ���� �� ��

&RWWDJH *URYH :H\HUKDXVHU &R� :� $� :RRGZDUG /XPEHU &R� ���� ���� �� �� �� ��

%URZQVYLOOH 2UHJRQ 6WUDQG %RDUG 3O\ERDUG &RUS� ���� ���� ��

:KLWH &LW\ 6RXWKZHVW )RUHVW ,QG 1R� � (PSLUH 3O\ZRRG ���� ���� �� ��� ��� ���

:HVWILU 3UHPLHU 3O\ZRRG &RUS� (GZDUG +LQHV /XPEHU &R� ���� ���� �� �� �� ��

7ROHGR *HRUJLD 3DFLILF &�'� -RKQVRQ /XPEHU &R� ���� ���� �� ��� ��� ���

6SULQJILHOG 7KH 0XUSK\ &R� 1DWURQ .LOQV ,QF� ���� ���� �� �� �� ��

/HEDQRQ :LOODPHWWH ,QGXVWULHV ,QF� :HVW 9HQHHU 	 3O\ZG &R� ���� ���� �� �� �� ��

6SULQJILHOG :H\HUKDXVHU &R� ���� ���� �� �� �� ���

*UDQWV 3DVV 6RXWKZHVW )RUHVW ,QG 1R� � &XVWRP 3O\ZRRG 1R� � ���� ���� �� �� ��� ���

&RRV %D\ 0RQWPRUH 7LPEHU 3URG� ,QF� &RRV +HDG 7LPEHU &R� ���� ���� �� �� �� ��

*UDQWV 3DVV 6RXWKHUQ 2UHJRQ 3O\ZG &R� ���� ���� �� �� �� ��

$OEDQ\ %RLVH &DVFDGH &RUS� &RTXLOOH 9DOOH\ 3O\ZG ���� ���� �� �� ��

:LOODPLQD &RQLIHU 3O\ZRRG &R� 3DFLILF 3O\ZRRG &RUS� ���� ���� �� �� ���

$OEDQ\ 6LPSVRQ 7LPEHU &R� ���� ���� �� �� �� ��

(XJHQH )DOFRQ 0DQXIDFWXULQJ &RUS� (XJHQH 3O\ZRRG &R� ���� ���� �� �� ���

*ROG %HDFK *ROG %HDFK 3O\ZRRG� ,QF� 8� 6� 3O\ZRRG ���� ���� ��� ��� ��� ���

&UHVVZHOO &UHVV 3O\ ,QF� &RPPHUFLDO 3O\ZRRG ���� ���� �� ��

&RTXLOOH *HRUJLD 3DFLILF &RUS� 6PLWK :RRG 3URGXFWV &R� ���� ���� ��� ��� ��� ���

/HEDQRQ :KLWH 3O\ZRRG &R� &DVFDGH 3O\ZRRG &RUS� ���� ���� ��� ��� ��� ���

0LOZDXNLH 0XUSK\ 3O\ZRRG :HVW 'RRU 	 3O\ZG &RUS� ���� ���� ��� �� ��

&XOS &UHHN %RKHPLD ,QF� ���� ���� �� �� �� ��

1RUWK %HQG 6XQ 3O\ZRRG ,QF� :H\HUKDXVHU &R� ���� ���� �� ��� ��� ���

$VWRULD $VWRULD 3O\ZRRG &RUS� ���� ���� �� �� �� ��

'UDLQ %RKHPLD ,QF� 'UDLQ 3O\ZRRG &R� ���� ���� �� �� �� ��

/HEDQRQ :LOODPHWWH ,QGXVWULHV ,QF� 6DQWLDP /XPEHU ���� ���� �� �� �� ��

0HGIRUG .RJDS 0IJ� &R� ���� ���� ��� ���

5RVHEXUJ 6HQHFD 6DZPLOO 8� 6� 3O\ZRRG ���� ���� ��� ��� ��� ���

0HUOLQ 0LOOHU 5HGZRRG &R� %DWH /XPEHU &R� ���� ���� �� �� �� ��

9DXJKQ :LOODPHWWH ,QGXVWULHV ,QF� ,QWHUQDWLRQDO 3DSHU &R� ���� ���� �� �� ��

0HGIRUG 0HGIRUG &RUS� ���� ���� �� ��� ��� ���

6W� +HOHQV 3DF :HVWHUQ )RUHVW ,QG ,QF� &URZQ =HOOHUEDFK &RUS� ���� ���� �� �� ��� ���

$OEDQ\ 6WRQH )RUHVW ,QGXVWULHV� ,QF� +XE &LW\ 3O\ZRRG &RUS� ���� ���� ��� ��� ��� ���

6ZHHW +RPH /LQQ )RUHVW 3URGXFWV 0LG�3O\ZRRG ,QF� ���� ���� �� �� �� ��

6ZHHW +RPH :LOODPHWWH ,QGXVWULHV ,QF� 6DQWLDP /XPEHU ,QF� ���� ���� �� �� �� ���

3KLORPDWK %UDQG�6 &RUS /HDGLQJ 'LY /HDGLQJ 3O\ZRRG &R� ���� ���� �� �� �� ��

*UDQWV 3DVV 7LPEHU 3URGXFWV &R� *UDQWV 3DVV 3O\ZRRG ���� ���� �� �� �� ��

*UHHQ 5RVHEXUJ �� 8PSTXD 3O\ZRRG ���� �� �� �� ��

(XJHQH /DQH 3O\ZRRG ,QF� :LOODPHWWH 3O\ZRRG ,QF� ���� ��� ��� ��� ���

%URRNLQJV 6RXWK &RDVW /XPEHU &R� %URRNLQJV 3O\ZRRG &RUS� ���� �� �� �� ��

:KLWH &LW\ 0HG�3O\ 0HGIRUG 9HQHHU 	 3O\ZG &S ���� �� �� �� ��

'LOODUG 5RVHEXUJ �� ���� �� �� ��� ���

&RTXLOOH 5RVHEXUJ �� &RTXLOOH 3O\ZRRG� ,QF� ���� �� �� �� ���

3RUWODQG /LQQWRQ 3O\ZRRG $VVQ� ���� �� �� �� ���

(XJHQH (PHUDOG )RUHVW 3URGXFWV 6QHOOVWURP /XPEHU &R� ���� �� �� �� ���

6XWKHUOLQ 0XUSK\ &R� 6XWKHUOLQ 3O\ZRRG &RUS� ���� �� ��� ��� ���

'DOODV :LOODPHWWH ,QGXVWULHV ,QF� :LOODPHWWH 9DOOH\ /XPEHU &R� ���� ��� ��� ��� ���

'LOODUG 5RVHEXUJ �� ���� ��� ��� ��� ���

:KLWH &LW\ 7,PEHU 3URGXFWV &R� :KLWH &LW\ 3O\ZRRG &R� 1R� � ���� �� �� �� ��

)RVWHU :LOODPHWWH ,QGXVWULHV ,QF� :LOODPHWWH 1DWLRQDO /XP &R� ���� ��� ��� ��� ���

6SULQJILHOG 6SULQJILHOG )RU 3URG ,QF� *�3� 1R� � ���� ��� ��� ��� ���

6SULQJILHOG 5RVERUR /XPEHU &R� ���� �� �� �� ���

*UDQWV 3DVV )RXUSO\ ,QF� 9HQHHU 3URGXFWV &R� ���� �� �� �� ��

:KLWH &LW\ %RLVH &DVFDGH &RUS� ���� �� �� �� ��

*UDQWV 3DVV 86 )RUHVW ,QGXVWULHV 6WRQH )RUHVW ,QGXVWULHV� ,QF� ���� ��� ��� ��� ���

*OHQGDOH 6XSHULRU 3O\ZRRG &R� *OHQGDOH 3O\ZRRG &R� ���� �� �� ��� ���

0LOO &LW\ 1RUWK 6DQWLDP 3O\ZRRG ,QF� ���� ��� ��� ��� ���

0HGIRUG %RLVH &DVFDGH &RUS� (ON /XPEHU &R� ���� �� ��� ��� ���

6SULQJILHOG :LOODPHWWH ,QGXVWULHV ,QF� 0RKDZN 9HQHHU ���� �� �� ��

5LGGOH 5RVHEXUJ �� ���� ��� ��� ���

+DUULVEXUJ (DJOH 9HQHHU ,QF ���� � � �

7RWDO ����� PÖ� ������ ������ ������ ������

&KDQJH ����� PÖ� ��� ��� �����

1XPEHU RI PLOOV �� �� �� ��

$YHUDJH PLOO FDSDFLW\ ����� PÖ� �� �� ��� ���

3URGXFWLRQ ����� PÖ� ������ ������ ������ ������

&DSDFLW\ XWLOL]DWLRQ ��� �� �� �� ��

1RWH� 3URGXFWLRQ HVWLPDWHV FRXUWHV\ RI $3$¥7KH (QJLQHHUHG :RRG $VVRFLDWLRQ� ���� ���� ���� ����
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7DEOH $�¥,QODQG 8�6� :HVW SO\ZRRG FDSDFLW\� E\ \HDU RI SODQW FORVXUH ����� P
�
�

<HDU

<HDU

FORVHG RU

VRIWZRRG

SURGXFWLRQ

6WDWH &RXQW\ 7RZQ &XUUHQW PLOO QDPH 2ULJLQDO PLOO QDPH RSHQHG FHDVHG ���� ���� ���� ���� ����

07 0LVVRXOD %RQQHU 6WLPVRQ /XPEHU &R� &KDPS ,QW &RUS� ���� ��� ��� ���

25 .ODPDWK .ODPDWK )DOOV &ROOLQV 3LQH :H\HUKDHXVHU ���� �� �� ��

,' 3D\HWWH (PPHWW %RLVH &DVFDGH &RUS� ���� �� ��� ���

:$ 2NDQRJDQ 2PDN 2PDN :RRG 3URGXFWV %LFR�.LQ]XD ���� ��� ��� ��� ���

:$ 6WHYHQV .HWWOH )DOOV %RLVH &DVFDGH &RUS� ���� �� �� ��� ���

,' &OHDUZDWHU 3LHUFH 3RWODFK &RUS� ���� ��� ��� ��� ���

25 'HVFKXWHV 5HGPRQG &URZQ 3DFLILF %URRNV�:LOODPHWWH ���� ��� ��� ��� ��� ���

07 )ODWKHDG &ROXPELD )DOOV 3OXP &UHHN 3OXP &UHHN /XPEHU ���� �� �� �� �� ���

,' %HQHZDK 6W� 0DULHV 3RWODFK &RUS� 6W� 0DULHV 3O\ZRRG &R� ���� �� ��� ��� ��� ���

25 8QLRQ (OJLQ %RLVH &DVFDGH &RUS� ���� �� ��� ��� �� ���

07 /LQFROQ /LEE\ 6WLPVRQ /XPEHU &R� -� 1HLOV /XPEHU &R� ���� �� �� �� �� ��

:$ <DNLPD <DNLPD %RLVH &DVFDGH &RUS� ���� �� ��� ��� ��� ���

07 )ODWKHDG .DOLVSHOO 3OXP &UHHN & 	 & 3O\ZRRG &RUS� ���� �� �� �� �� ���

:$ .OLFNLWDW %LQJHQ 6�'�6 /XPEHU &R� %LQJHQ 3O\ZG 	 9HQ &R� ���� �� �� �� ��� ��

25 +DUQH\ :DUP 6SULQJV :DUP 6SUV� )RU 3URG -HIIHUVRQ 3O\ZRRG &R� ���� ���� �� �� �� �� ��

&$ 7HKDPD 5HG %OXII 5RVHEXUJ ,QWHUVWDWH &RQWDLQHU &RUS� ���� ���� �� �� �� �� ��

,' /HZLV /HZLVWRQ 3RWODWFK &RUS� ���� ���� �� ��� ��� ��� ���

&$ &DODYHUDV 6WDQGDUG )LEUHERDUG &RUS� 3LFNHULQJ /XPEHU &R� ���� ���� �� �� �� �� ��

&$ &DODYHUDV 0DUWHOO $PHULFDQ )RU 3URG &R� :LQWRQ /XPEHU ���� ���� �� �� �� ��

,' .RRWHQDL 3RVW )DOOV ,GDKR 9HQHHU &R� ���� ���� � � � ��

&$ 6KDVWD 6KDVWD &KDPS ,QW 6KDVWD 3O\ZRRG ,QF� ���� ���� �� �� �� ���

25 +DUQH\ +LQHV +LQHV /XPEHU &R� ���� ���� �� �� �� ��

&$ +XPEROGW 6FRWLD 3DFLILF /XPEHU &R� ���� ���� �� �� ��

&$ +XPEROGW (XUHND 6LPSVRQ 7LPEHU &R� 0XWXDO 3O\ZRRG &RUS� ���� ���� �� �� ��

07 0LVVRXOD 0LVVRXOD (YDQV 3URGXFWV &R� 9DQ�(YDQ &R� ���� ���� ��� ��� ���

&$ +XPEROGW $UFDWD 6LPSVRQ 7LPEHU &R� +XPEROGW 3O\ZRRG ���� ���� �� ��� ���

&$ 6RQRPD &ORYHUGDOH &ORYHUGDOH 3URGXFWV &R� &ORYHUGDOH 3O\ZG &R� ���� ���� �� �� ��

:$ 6SRNDQH 6SRNDQH %RLVH &DVFDGH &RUS� 6XQWH[ 3O\ZRRG ���� ���� �� ��

25 :KHHOHU .LQ]XD .LQ]XD &RUS� ���� ���� ���

&$ 0HQGLFLQR )W� %UDJJ /RXVLDQD�3DFLILF &RUS� %RLVH &DVFDGH &RUS� ���� ���� �� ��� ���

25 %DNHU %DNHU (OOLQJVRQ %URV 7LPEU &R� ���� ���� �� �� ��

&$ 'HO 1RUWH &UHVFHQW &LW\ 6WDQGDUG 3O\ZRRG &R� 6WG 9HQHHU 	 7LPEHU &R� ���� ���� �� �� ��

&$ +XPEROGW )RUWXQD )RUWXQD 9HQHHU &R� ���� ���� ��� ��� ���

&$ 6LVNL\RX :HHG ,QWHUQDWLRQDO 3DSHU &R� ���� ���� �� �� ��

&$ +XPEROGW $UFDWD 2UOHDQV 9HQ 	 3O\ZG &R� 'XUDEOH 3O\ZRRG &R� ���� ���� �� ��

25 .ODPDWK .ODPDWK )DOOV &ROXPELD 3O\ZG &RUS� .DOSLQH 3O\ZRRG ���� ���� �� ��

07 /DNH 3ROVRQ 3DFN 5LYHU 3O\ZG &R� ���� ���� ��

07 )ODWKHDG :KLWHILVK 0RQWDQD 3O\ZRRG ,QF� ���� ���� �� ��

&$ +XPEROGW (XUHND 6LPSVRQ 7LPEHU &R� ���� ���� ��

&$ 'HO 1RUWH &UHVFHQW &LW\ 1 &DOLIRUQLD 3O\ZRRG ,QF� 3DUDJRQ 3O\ZRRG ,QF� ���� ���� ��

&$ +XPEROGW $UFDWD $UFDWD 3O\ZRRG &RUS� ���� ���� ��

07 /DNH 3ROVRQ &KDPS ,QW 3ROVRQ 3O\ZRRG ���� ���� ��

&$ 6DQWD &ODUD 6DQWD &ODUD 7UL 6WDWH 3O\ZRRG &R� ���� ���� ��

&$ 6RQRPD &ORYHUGDOH /LQGURWK 7LPEHU 3URGXFWV .99 &DOLIRUQLD 0LOOV ���� ���� ��

&$ 7ULQLW\ 6DO\HU &DUROLQD�&DOLIRUQLD 3O\ZG ���� ���� ��

&$ +XPEROGW 5HGFUHVW 3DFLILF /XPEHU &R� +DPSWRQ 3O\ZRRG &R� ���� ���� ��

&$ /RV $QJHOHV 7RUUDQFH 3O\ZRRG 0IJ� RI &DOLI� :HVWHUQ 3DFLILF 3O\ZG ���� ���� ��

&$ 6KDVWD %XUQH\ /RUHQ] /XPEHU &R� ���� ���� ��

7RWDO ����� P
�
� ���� ���� ���� ���� ����

&KDQJH ����� P
�
� ��� ��� ���� ����

1XPEHU RI PLOOV �� �� �� �� ��

$YHUDJH PLOO FDSDFLW\ ����� P
�
� �� �� �� ��� ���

3URGXFWLRQ ����� P
�
� ���� ���� ���� ���� ����

&DSDFLW\ XWLOL]DWLRQ ��� ��� ��� ��� ��� ���

1RWH� 3URGXFWLRQ HVWLPDWHV FRXUWHV\ RI $3$¥7KH (QJLQHHUHG :RRG $VVRFLDWLRQ�
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7DEOH $�¥&DQDGLDQ SO\ZRRG FDSDFLW\� E\ \HDU RI SODQW FORVXUH ����� P
�
�

<HDU FORVHG

<HDU RU SURGXF�

3URY� /RFDWLRQ &RPSDQ\ RSHQHG WLRQ FHDVHG ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

%& 9LFWRULD %& )RUHVW 3URG ���� ��� ���

%& 1HOVRQ .RRWHQD\ ���� �� ��

1% 0F$GDP 6W� &URL[ ���� ���� ��

21 &RFKUDQH 1RUPLFN ���� �� ��

%& 1HOVRQ %& 7LPEHU ���� ���� �� ��

%& 1HZ :HVWPLQVWHU &URZQ )RUHVW ,QG ���� ��� �� �� ��

%& 6XUUH\ :HOGZRRG ���� �� ��� ��� ��

$% *UDQGH 3UDLULH 1RUWK &DQDGLDQ )RU ,QG ���� �� �� �� �� ��

$% )RUW 0DF/HRG &UHVWEURRN ���� �� �� �� �� �� �� ��

%& 3RUW $OEHUQL 0DF0LOODQ %ORHGHO ���� ��� ��� ��� ��� ��� ��� ���

%& 9DQFRXYHU 0DF0LOODQ %ORHGHO ���� ��� ��� ��� �� ��� ��� ���

%& 1HZ :HVWPLQVWHU )OHWFKHUV &KDOOHQJH ���� �� �� �� ��� �� �� ��� ���

%& 9DQFRXYHU (YDQV )RUHVW 3URG� ���� ���� ��� ��� ���

%& 9LFWRULD 9LFWRULD 3O\ZRRG ���� �� �� �� �� �� �� �� ��

%& 9DQFRXYHU :HVW &RDVW 3O\ZRRG ���� ��� ��� ��� ��� ��� ��� ��� ��� ���

%& *ROGHQ (YDQV )RUHVW 3URG� ���� ���� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

$% (GPRQWRQ =HLGOHU )RUHVW ,QG� ���� �� ��� ��� ��� �� �� ��� ��� ��� ��� ��� ��� ��� ��� ���

%& :LOOLDPV /DNH :HOGZRRG ���� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
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21 1LSLJRQ 0DF0LOODQ %ORHGHO �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
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1XPEHU RI PLOOV �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

$YHUDJH PLOO FDSDFLW\ ����� PÖ� �� �� �� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

3URGXFWLRQ ����� PÖ� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

&DSDFLW\ XWLOL]DWLRQ ��� �� �� �� �� �� �� �� �� �� ��

1RWH� 3URGXFWLRQ HVWLPDWHV FRXUWHV\ RI $3$¥7KH (QJLQHHUHG :RRG $VVRFLDWLRQ�
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7DEOH $�¥/9/ LQGXVWU\ FDSDFLW\� E\ \HDU RI SODQW FRQVWUXFWLRQ �PLOOLRQ PÖ�

&RPSDQ\

6WDWH� �IRUPHU

3URY� /RFDWLRQ QDPH� <HDU ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

25 (XJHQH 7-¤0F0LOODQ �� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

25 -XQFWLRQ &LW\ 7-¤0F0LOODQ �� ����� ����� ����� ����� �����

1& :LOPLQJWRQ /3 �0LWHN� ��

/$ 1DWFKLWRFKHV 7-¤0F0LOODQ ��

1& 5R[ERUR *3 �$UURZG� ��

25 +LQHV /3 �7HFWRQ� ��

*$ 9DOGRVWD 7-¤0F0LOODQ ��

25 6WD\WRQ 7-¤0F0LOODQ ��

25 :LQVWRQ :LOODPHWWH ��

25 :KLWH &LW\ %RLVH¤&DVF ��

48 9LOOH 0DULH 7HPEHF ��

19 )HUQOH\ /3 ��

25 %URRNLQJV 6 &RDVW / ��

:9 %XFNKDQQRQ 7-¤0F0LOODQ ��

/$ /HQD %RLVH¤&DVF ��

25 $OEDQ\ :LOODPHWWH ��

$7 5 0WQ +VH 6XQSLQH ��
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$/ 7KRUVE\ 8QLRQ &DPS ��

/$ 6LPPVERUR :LOODPHWWH ��

$. .HWFKLNDQ /3 ��

7RWDO ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

3URGXFWLRQ �PLOOLRQ PÖ� ����� ����� �����

&DSDFLW\ XWLOL]DWLRQ ��� �� �� ��

1XPEHU RI SODQWV � � � � � � � � � � � � �

1RWH� 3URGXFWLRQ HVWLPDWHV FRXUWHV\ RI $3$¥7KH (QJLQHHUHG :RRG $VVRFLDWLRQ�
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Appendix B—Trade of Wood-Based Panel Products
Table B1provides data on production and consumption of wood-based panels in terms of exports and imports within the United
States and Canada. Data on major foreign markets for various Canadian and U.S. panel products are shown in Tables B2 and
Table B3.
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