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Abstract
The construction of houses, apartment buildings,
mobile homes, and manufactured housing is the single largest market for solid wood products in the
United States, followed closely by residential repair
and remodeling. Studies to quantify wood products
consumption for new residential construction have
been conducted over the years by the USDA Forest
Service and others to provide information needed by
government and industry to effectively manage the
nation’s timber resource and provide needed wood
products. This study evaluates consumption estimates made by the Forest Service in 1959, 1962, 1968,
and 1988; develops estimates of lumber and wood
panel consumption for single-family residential construction from 1950 through 1992; and compares
these estimates with those reported in the most recent
detailed Forest Service timber assessment research
report. Results indicate that overall wood products
consumption for new residential construction in the
1970s and 1980s was greater than previously calculated.

Residential construction, which includes singlefamily, multifamily, and manufactured housing, is an
important market for timber products. More than 33
percent of the lumber and structural wood panels and
more than 25 percent of the nonstructural wood
panels consumed annually in the United States are
used in building housing units. More than 75 percent
of wood products used for all residential construction
were used in single-family houses (14). Structural
wood panels (referred to as structural panels throughout this report) include softwood plywood, oriented
strandboard (OSB), and waferboard. Nonstructural
wood panels (referred to as nonstructural panels
throughout this report) include hardboard, particleboard (including medium density fiberboard (MDF)),
insulating board, and hardwood plywood. Timely,
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reliable information on the types and quantities of
wood products used in new residential construction,
and particularly in new single-family construction, is
important to both forest resource planners and the
timber products industry. This information will help
ensure adequate supplies of wood products in this
important market.
The use of wood in new single-family houses has
changed markedly during the past 40 years. Changes
have resulted from complex interactions between the
number and size of houses built and the use of wood
products per unit of house size. Changes in structural
and architectural characteristics and the types of
wood products used for various house components
and applications have also affected the use of wood in
new single-family houses.
To quantify wood products used for new singlefamily house construction, the USDA Forest Service
conducted studies of houses built in 1959, 1962,
1968, and 1988 (4,6). These studies collected detailed
information on the use of wood products, by type of
product, for specific building components and applications. Results of the first three studies (5) formed
the basis of estimating wood products use for new
single-family houses in numerous Forest Service timber assessment research reports through the 1970s
and 1980s (9-14). New information (3) indicates that
wood-use estimates made during the previous 20
years, particularly for the late 1980s, were low.
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Comprehensive studies of wood products used in
new single-family housing for specific years have been
done infrequently. As mentioned, the Forest Service
conducted studies of houses built in 1959, 1962,
1968, and 1988. Other non-Forest Service studies
have been conducted, but they have limited coverage,
lack the detailed wood use information needed to
estimate total wood products consumption, or are
proprietary studies of limited availability.

This report compares wood-use estimates by type
of wood product and building application from Phelps
(5) and McKeever and Anderson (3). It also compares
the effect of increased wood use reported by McKeever
and Anderson to the estimates reported in the most
recent Forest Service timber assessment research
paper (12). Annual estimates of lumber and structural
and nonstructural panel consumption from 1950
through 1992 were developed from these reports and
the U.S. Department of Commerce, Bureau of the
Census, on the number of new single-family housing
units started and average size and characteristics of
houses completed.
Throughout this report, unless otherwise indicated, lumber is measured in board feet (BF) and
structural and nonstructural panels in square feet,
3/8-inch basis (ft.2). The following conversion factors
for these and other units of measure are used in this
report (4]:

Information sources
Total wood products consumption for new singlefamily houses in a specific year is determined largely
by the number of houses built, the average size of these
houses, and the average amount of wood used per unit
of house size. Information on the number of housing
units started and the average size of housing units
completed annually since the mid-1960s is available
from the Bureau of the Census (16, 17). Information
prior to the early 1960s for both starts and average
size is limited.
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Studies of the size and magnitude required to
collect reliable, new information on wood products
consumption for specific end uses, such as new
single-family house construction, are expensive and
time consuming to conduct. The Forest Service
recognized that important changes were taking
place in both the construction characteristics of new
single-family houses and in the types and quantities
of wood products being used during the 1970s and
1980s. However, budgetary and other constraints
and an emphasis in other end-use markets during
this period precluded new residential construction
studies. In 1988, the need for new data and cooperation with the Wood Products Promotion Council
(WPPC) resulted in the re-examination of the new
residential construction market. The WPPC is a
consortium of forest products associations that promotes the use of wood products in major end- use
markets. Members of WPPC are: the American Plywood Association, the American Wood Council of the
American Forest Products Association (formerly the
National Forest Products Association), the Southern
Forest Products Association, and the Western Wood
Products Association.
Specific sources and availability of data on new
single-family housing starts, average single-family
house size, and wood products use for new single-family house construction follow.
Housing starts
Single-family housing units, as defined by the
Bureau of the Census, are conventionally built, prefabricated, panelized, componentized, sectional or
modular units and are fully detached, semidetached,
rowhouses, or townhouses. Each unit, if semi- or fully
attached, must be separated from the adjacent unit
by a ground-to-roof wall and must not share heating
and cooling systems or public utilities. Farm and
second or vacation home starts are included; mobile
homes are excluded. Single-family units are designed
for occupancy by a family, a group of unrelated
persons living together, or by a person living alone.
Reliable, consistent information on the number of
such units started annually has been collected since
1959 (15,17).
Prior to 1959, the U.S. Department of Labor, Bureau of Labor Statistics, was responsible for reporting
statistics on housing starts (19). These estimates
included privately and publicly owned housing units
but excluded farm and second or vacation homes. In
the mid- 1960s, the Bureau of the Census revised
these estimates to include farm house starts. Al67

though it is unclear from the data, it is believed that
the Bureau of the Census revision also included
second or vacation home starts (7).
Based on this information, annual housing starts,
by type of unit, were developed by Phelps for 1920
through 1992 (6). New single-family starts for 1950
through 1992 are shown in Figure 1. Detailed information on the estimation procedures is in the Phelps
report.
Average house size
The Bureau of the Census has collected information on the average size of new houses completed
annually since 1962. Average size is expressed in
square feet of finished floor area and includes space
in basements and attics with finished walls, floors, and
ceilings. Excluded are unfinished basements, attics,
and garages.
The U.S. Department of Housing and Urban
Development collected data annually from 1950
through 1971 on the size of single-family houses
built and financed under its jurisdiction (18). However, these houses tended to be smaller than average
because of the limitations on total costs that could
be financed. Limited information was also collected
by other public and private organizations.
Based on this and additional information, annual
estimates of the average size of housing units built
from 1920 through 1992, by type of unit, were
developed by Phelps (6). New single-family average
house size from 1950 through 1992 is shown in
Figure 1.
Wood products use
The Forest Service is the principal source of
publicly available information on the use of wood
products in new single-family house construction.
Forest Service studies conducted in 1959, 1962,
1968, and 1988 provided detailed information on
the use of wood products, by type of product, for
specific building components and applications. The
first three studies examined the use of wood in
houses inspected by the Federal Housing Administration (FHA). These studies formed the basis for
estimating wood products consumption for new
single-family house construction in Forest Service
timber assessment research reports conducted in
the 1970s and 1980s. The 1988 study examined all
single-family houses built.
Use in 1959, 1962, and 1968. — Lumber use per
square foot of finished floor area in FHA-inspected
houses decreased from 9.23 to 7.38 BF between
1959 and 1968. During the same period, plywood
(combined softwood and hardwood) use increased
from 1.60 ft. 2 (3/8-in. basis) to 2.99 ft. 2 ; hardboard
increased from 0.34 ft. 2 (1/8-in. basis) to 0.76 ft. 2 ;
and particleboard use increased from 0.04 ft. 2 (3/4in. basis) to 0.12 ft. 2 Insulating board use per square
foot of floor area remained constant at 0.53 ft 2 (1/2in. basis). No OSB/waferboard use was reported.
Many factors contributed to the loss in lumber use
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per square foot of floor area between 1959 and 1968.
These factors include architectural changes, structural building changes, product substitution, and
increased house size. Architectural changes, such as
the increased popularity of houses built with concrete
slab foundations rather than conventional basement
or crawl space foundations, greatly reduced the usage
rate of lumber in new single-family houses. The concrete slab foundation eliminated the need for woodframed floor systems on the first floor of two-story
houses and completely eliminated the need in onestory houses. Structural building changes, such as
the increased use of wider stud spacing, increased use
of roof trusses, and omission of wall corner bracing
also contributed to the decrease of lumber used. A
large-scale substitution of plywood for lumber in roof
sheathing and subflooring and particleboard and
hardboard for lumber in millwork occurred during this
period, further reducing the use of lumber. And finally,
the amount of lumber required to frame the exterior
walls of a house increased proportionally slower than
did the increase in total floor area. Thus, other factors
being equal, increases in house size resulted in less
lumber used per square foot of floor area for wall
framing.
As noted, much of the increase in plywood and
other wood panel use came at the expense of lumber.
The use of carpeting in lieu of hardwood flooring
greatly increased and necessitated the use of paneltype underpayment over the subfloor for both strength
and smoothness. Also, hardboard and softwood plywood for exterior siding and particleboard for shelving,
countertops, and cabinets increased.
Use in 1988. — Results from the McKeever and
Anderson study (3) show that 7.92 BF of lumber, 4.22
ft. 2 of structural panels, and 1.49 ft. 2 of nonstructural
panels were used per square foot of finished floor area
in 1988. These statistics are averages for all singlefamily houses built, not just FHA-inspected houses as
in 1959, 1962, and 1969.
Consumption estimates for
the 1970s and 1980s
Data from Phelps (5) for 1959, 1962, and 1969 were
based on houses inspected by the FHA. To represent
all single-family units built, these data were modified
to account for known differences between FHA-inspected houses and other types of single-family
houses. For example, over the period examined, FHAinspected houses, on average, were smaller, less expensive, had fewer and smaller garages, were more likely to
be one-story construction, and were more likely to use
wood for exterior siding. Also, a much larger percentage
of these units were built on slab foundations. These
differences were quantiled and use factors were adjusted to account for these differences.
In making estimates for 1970 and subsequent
years for the various Forest. Service timber assessment
reports (9-12, 14), recognized trends that impacted
wood products use per square foot of floor area in the
1960s were used to modify use per square foot of floor
NOVEMBER/DECEMBER 1994

area through the 1970s and 1980s. The combined
impact on the use of wood products was assumed to
become less important over time as full product use
or adoption of a particular construction practice was
1
approached. Additional information from various
sources (1) was used to modify, usually on a judgmental basis, general trends in calculated wood product consumption.
Using this procedure, average lumber use per
square foot of finished floor area was estimated to be
7.51 BF in 1970, with a slow decline to 7.28 BF in
1976, and 7.11 BF in 1986 (14). Average structural
panel use per square foot of floor area was estimated
to be 3.09 ft. 2 in 1970, 3.27 ft. 2 in 1976, and 3.71 ft. 2
1

This is a phenomenon commonly encountered in the introduction
of new products or technology, characterized by a slow initial rate
of growth or adaptation, followed by more rapid growth, and
subsequent slowing as a maximum product or technology, adoption, or saturation is approached. This can be illustrated by a
family of S-shaped curves, including, for example, the Gompertz,
double-exponential, slow-exponential, and logistic curves. The
major differences between these various curves are in the rapidity
of growth in the middle phase or period (2,8).
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in 1986. Nonstructural use was 1.71 ft. 2 in 1970, 1.68
ft. 2 in 1976, and 1.51 ft. 2 in 1986.
To compare results from the McKeever and Anderson study (3) with those from the 1989 Timber Analysis, 1988 wood products consumption for new singlefamily housing was estimated using the data and
trends noted. Results of the comparison show that the
use of lumber, structural panels, and nonstructural
panels per square foot of finished floor area was

actually greater in 1988 than was previously esti69

mated (Table 1). Lumber use per square foot of floor
area from McKeever and Anderson was 12 percent
greater than that derived from the Timber Analysis.
Structural panel use was 11 percent greater, and
nonstructural panel use was less than 1 percent
greater.
Revised consumption estimates
Simple trending between estimates from Phelps (5)
for 1968 and McKeever and Anderson (3) for 1988
would lead to an assumed continuous increase in both
lumber and structural panel use per square foot of
finished floor area between the late 1960s and late
1980s. Data from the “Characteristics of New Housing”
reports published in 1962 and subsequent years (16)
and from other sources, make this assumption unlikely. For example, the Bureau of the Census data
indicate that the percentage of houses with basement
or crawl space foundations increased between 1962 and
1968, generally decreased through 1982, and then
increased again after 1983 (Table 2, Fig. 2). The percentage of houses with garages or carports fluctuated until
the mid-1970s, leveled off and decreased until 1982, and
increased thereafter. The percentage of multistory
houses generally increased during 1962 to 1992, and
the instance of wood-sided houses increased until the
early 1980s and subsequently decreased.
An increase in the percentage of houses with most
of these characteristics would tend to increase average
wood products use per square foot of floor area, other
factors being equal. For example, unpublished data
from the Phelps 1970 (5) study show that lumber use
per square foot of floor area in houses with basements
or crawl spaces was much greater than that in slab
houses. This was largely due to the elimination of most
of the flooring system in slab houses, but was also
partially due to less use in nearly all other major house
systems and millwork items, such as stairs and trim
normally associated with basements. In contrast,
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multistory houses, primarily because of a smaller
roof-to-floor area ratio, used about 2 percent less
lumber per square foot of floor area than did those with
one story. According to McKeever and Anderson (3),
an average of 1.04 BF of lumber per square foot of
finished floor area (2,079 BF per house) was used in
garages, carports, porches, and decks in 1988, somewhat larger than was used in garages in 1968. Lumber
use for porches and decks in 1968 was not specifically
identified, so direct comparisons between 1968 and
1988 are not possible. However, porches and decks
grew rapidly in number during the 1980s, resulting in
increased lumber use per house and per square foot
of finished floor area. Changes in house characteristics were also reflected in changes in plywood and
nonstructural panel usage rates.
Revised estimates of wood products use per square
foot of finished floor area for the late 1960s, 1970s,
and 1980s were made to incorporate changes in use
reported by McKeever and Anderson (3). A three-step
estimation procedure was used. First, a simple trend
between 1968 and 1988 was developed using estimates of use per square foot of floor area from Phelps
(5) and McKeever and Anderson (3). Estimated use for
each year was then adjusted to reflect overall characteristics of the houses built, as reported by the Bureau
of the Census (16). These adjustments were based on
relative differences in wood products use attributable
to specific house characteristics. For example, if the
number of multistory houses increased relative to the
number of one-story houses, average wood products
use per square foot of floor area for all houses was
reduced to reflect the increase in the proportion of
multistory houses built. An annual series of lumber,
structural panel, and nonstructural panel use per
square foot of floor area was calculated. Next, these
estimates were benchmarked to wood products use
per square foot of floor area for the years studied (1959,
NOVEMBER/DECEMBER 1994

1962, 1968, and 1988) to ensure consistency with
reported data. Finally, the new estimates were
smoothed using a 3-year moving average to remove
random variation in the series. Wood products use per
house was then calculated by multiplying the use per
square foot of floor area by the average floor area per
house. Total wood products consumption for new
single-family residential construction was calculated
by multiplying use per house by total number of
single-family housing starts. Use per square foot of
floor area of softwood and hardwood lumber and
structural and nonstructural panels by panel type was
estimated based on trends exhibited from 1976
through 1988.
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Table 3 shows the average lumber use per square
foot of floor area, per house, and total use for new
single-family house construction from 1950 through
1992, by species group. Tables 4 and 5 present similar
information for structural and nonstructural panels,
respectively. Figure 3 compares use per square foot of
floor area from the 1989 Timber Analysis and revised
estimates from this report.
Comparison of 1989 Timber
Analysis and revised estimates
In the 1989 Timber Analysis, lumber use per
square foot of finished floor area was estimated to be
7.14 BF in 1986, structural panel consumption 3.71
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ft. 2, and nonstructural panel consumption 1.51 ft. 2 As
previously mentioned, these estimates were partially
based on trends reported by Phelps (5) for the years
1959, 1962, and 1968 and changing new house characteristics reported by the Bureau of the Census (16).
Based on new information for 1988 (3), lumber use per
square foot of finished floor area was revised upward
to 7.88 BF, structural panel use upward to 4.05 ft. 2 ,
and nonstructural panel use downward to 1.50 ft. 2
These revisions resulted in estimated increases of
1,590 million BF of lumber and 740 million ft. 2 of
structural panels more than the 1989 Timber Analysis
estimates. Total nonstructural panel consumption
estimates decreased 21 million ft. 2 Overall, an estimated 16,953 million BF of lumber, 8,723 million ft. 2
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of structural panels, and 3,232 million ft. 2 of nonstructural panels were consumed in 1986 to build
single-family houses.
Wood products consumption in 1992
In 1992, an estimated 17,455 million BF of lumber,
9,958 million ft. 2 of structural panels, and 3,295
million ft. 2 of nonstructural panels were consumed for
the construction of single-family houses in the United
States (Tables 3,4,5). Although less than levels recorded in the late 1970s, lumber consumption in 1992
exceeded mid-1980s consumption. Structural panel
consumption in 1992 was at an all-time high, exceeding previous highs in the mid-1970s and 1980s.
Nonstructural panel consumption increased slightly
from levels in the 1980s and appeared to have stabi-
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lized at about 3,200 million ft. 2 These revised estimates for single-family housing do not affect the total
wood products consumption data reported in the 1989
Timber Analysis, because the reported totals were
based on published production and trade information.
However, revised estimates do indicate that singlefamily housing is an even more important wood products market than previously believed.
Compared to U.S. consumption of wood products
for all uses, lumber consumption for new single-family
houses was about 32 percent of total consumption,
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structural panel consumption about 38 percent, and
nonstructural panel consumption about 20 percent.
In 1992, 95 percent of all lumber consumed for new
single-family houses was from softwood species. The
remaining 5 percent was hardwood, primarily in millwork, finished flooring, and other similar products
(Fig. 4). Softwood plywood accounted for 74 percent of
all structural panels consumed in 1992 and
OSB/waferboard for the remaining 26 percent. More
insulating board was consumed in 1992 than any
nonstructural panel type: 42 percent of all nonstructural panels were insulating board, 28 percent parti-
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cleboard, 19 percent hardboard, and 11 percent hardwood plywood.
Conclusions
Estimates of lumber, structural panel, and nonstructural panel consumption for new single-family
house construction used by the Forest Service during
the 1970s and 1980s were based on information from
three studies of timber products used for new singlefamily house construction (5). These studies were
conducted in 1959, 1962, and 1969. Information from
a residential construction study conducted in 1988
showed that estimated wood products use per square
foot of finished floor area used during these 20 years
was low, by as much as 12 percent. Data from the 1988
study were used in conjunction with data from the
previous three studies, the U.S. Department of Commerce, Bureau of the Census, and various sources to
develop new annual estimates of consumption from
1950 through 1992. Estimated were use per square
foot of floor area, use per house, and total wood
products use. Estimates were made by wood product
type and species group/panel type.
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