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The 1993 RPA Timber Assessment Update

Richard W. Haynes, Darius M. Adams, and John R. Mills

CHAPTER 1. MANAGEMENT IMPLICATIONS

The Forest and Rangeland Renewable Resources
Planning Act (RPA) of 1974, as amended by the
National Forest Management Act of 1976, directs the
Secretary of Agriculture to prepare a Renewable
Resource Assessment each decade and a Renewable
Resource Program every 5 years. This Update reports
changes in the timber resource situation first de-
scribed in the 1989 RPA Timber Assessment (Haynes
1990).! More specifically, the purposes of this Update
are two-fold.

1. Analyze the timber resource situation to pro-
vide projections of the future cost and avail-
ability of timber products to meet the Nation's
demands. The Update focuses on prospective
trends in demands for, and supplies of tim-
ber, and the factors that affect these trends,
including changes in the land and timber
resource base.

2. Identify changing resource conditions that
may warrant policy changes, or that may
represent opportunities for private or public
investment. This Update interprets market
and resource trends as a basis for determin-
ing how to manage and use the resource base
to better meet private and public sector goals.

STUDY FINDINGS

The base projection represents an outlook in which
the major economic determinants of timber demand
and forest products supply evolve according to a

I Analysis of the demand/supply situation for timber has a
history dating back to 1876. This history is described in Appendix
C of the 1989 RPA Timber Assessment. The structure, methodol-
ogy. and much of the historicai base developed in earlier asse -
ments, and particulorly those immediately preceding. have been
carried forward with modifications and refinements.

specific set of assumptions (as described in chap-
ter 2), but the policy environment—policies regulat-
ing both public and private forests and their manage-
ment—is fixed. The base case provides an initial
view of future prospects and a datum against which
to measure the impacts of alternative assumptions
on economic and policy developments. Because poli-
cies are assumed to be fixed, the base case should
not be interpreted as a “best guess” or “most prob-
able” forecast.

In broad terms, the base projection shows a future
in which rising trends in the consumption of forest
products are juxtaposed with a much more cyclical
outlook for timber growth and inventories. Over the
period 1990 to 2040, softwood harvests from U.S.
forests rise by 35%, while hardwood harvest rises by
more than 51%. Obtaining these increments in con-
sumption requires annual sawtimber stumpage real
price growth on the order of 1-2%. Softwood sawtim-
ber markets are in a state of adjustment during the
first two decades of the projection, rebalancing wood
demands with a reduced stumpage supply. Inven-
tory and harvest expansion on forest industry lands
eventually force prices to stabilize and ultimately to
decline. This is aided by reduced demand for soft-
wood pulpwood in the South. At the same time,
growing pulpwood demand for hardwoods pro-
ducesadeclinein hardwood inventories, lower hard-
wood lumber output, and rising hardwood sawtim-
ber and pulpwood stumpage prices.

Earlier assessments (USDA Forest Service 1974,
1982) consistently projected a future with rising con-
sumption, less rapid growth in timber inventories,
and increasing real prices for stumpage and prod-
ucts. The present base analysis yields a similar view
until about 2010, when declining growth in rates of
consumptionand increasing timber inventories about
stabilize prices.



1. Over the next five decades, the consumption
of paper and paperboard will grow more
rapidly thanany other category of forest prod-
ucts (about 1.2% per year). Consumption of
roundwood in the manufacture of these prod-
ucts will rise at about 0.7% per year). Uncer-
tainties in the outlook related to this sector,
such as rates of wastepaper recycling and
use, are particularly critical to the round-
wood use projection.

. Real prices of softwood sawtimber and soft-
wood lumber rise steadily from currentlevels
until 2010-2015, then st4bilize or fall in subse-
quent periods. This reflects:

a. In the near-term:

(i) Reduction in public harvests in all re-
gions, but particularly in the West.

(i) Limited ability of private timber owners
in the West to sustain increased harvest
because of limited merchantable inven-
tories.

(iii) Lumber demand recovers to near 1987
peak levels by 1995 and does not fall
below that level for the remainder of the
projection.

b. In the long-term:

(i) Maturation of young-growth forests on
industrial timberlands in the Douglas-
fir subregion and both industrial and
nonindustrial lands in the South leads to
increases in softwood cut.

(i) Growing utilization of recycled waste-
paper in the production of paper and
paperboard reduces growth in demand
for softwood pulpwood, particularly in
the South, allowing expanded harvest
for solidwood products as pulpwood
stands increase to sawtimber size.

. The national impacts of public timber harvest

reductions in the West will be lessened by
significant interregional substitution, includ-
ing increased lumber imports from Canada.
Over the projection period,western regions
will continue to lose market share (in all
products) to eastern regions because of rising
relative wood costs. This trend will accelerate
if public harvest decreases further, if waste-
paper recycling rates increase, or if major
publictree planting programs are undertaken
on nonindustrial lands.

. Price increases in solidwood products and

sawtimber until 2010 appear to be nearly
inevitable, unless there is some major imme-
diate reduction in timber demand, as might
be possible with major shifts toward substi-
tutes for solidwood products or higher levels
of recycling. Pulp and paper prices, in con-
trast, exhibit either little or no price changes.

. The South will be the major source of any

expansion in softwood timber supply for the
next 50 years. If high planting rates in the
South continue into the 1990s, as assumed in
the base case, product and timber prices will
stabilize, and in some cases decline, after
2020.

. Structural panel prices will be stable because

of competition between plywood and ori-
ented strandboard and waferboard, and
nearly constant fiber costs for board prod-
ucts. Oriented strandboard and waferboard
absorb essentially all of the growth for this
class of product.

. Rising real prices for hardwood lumber are

caused by declining inventory trends which,
in turn, result from land conversion to soft-
woods, limited intensity of hardwood silvi-
culture, and large increases in demands for
pulpwood.



8.

Demands for softwood lumber and plywood
are higher after 2000 than in the 1989 Assess-
ment because of revised projections of con-
sumption in the construction, residential up-
keep and improvement, and shipping end-
uses.

. Softwood pulp product outputs grow less

rapidly in this projection than the 1989 As-
sessment, while hardwood demand for pulp
products grows much faster. Nonetheless, by
2040, pulpwood demand for softwoods rises
to twice that for hardwoods in the base pro-
jection.

10.While there is considerable regional varia-

11.

tion, total U.S. private softwood timber in-
ventories will decline until 2000 on forest
industry lands, then rise steadily through
2040; nonindustrial private inventories will
rise steadily through the full projection pe-
riod. Private hardwood inventories in 2040
are about 3% smaller than the 1991 levels on
both industrial and nonindustrial ownerships.

Hardwoods will increase in importance rela-
tive to softwoods in total U.S. harvest as a
result of increased use in lumber, fiber prod-
ucts, and fuelwood. In this expansion, the
North has the potential to match the South in
contributions to incremental fiber output.
Hardwood area and inventory will drop,
however, if past trends in softwood planta-
tion establishment and limited hardwood
management in the South continue.

12.Inventories on public forests will increase as

harvest levels decrease in the early 1990s, and
will remain at these reduced levels through-
out the projection.

13.By 2040, U.S. forestland will comprise two

distinct components: private inventories with
relatively stable total volume, rapid growth,
harvested close to minimum merchantable
ages, and employing increasingly intensive
silvicultural methods to grow softwoods; and
public lands with rising inventories of older
stands using much less intensive silviculture.

14.By 2040, the U.S. will remain a net forest

products importer, but the gap between im-
ports and exports on a volume basis will
decline.

The alternative futures projections in chapter 4
augment these findings in several ways.

1. More intensive forest management and more

planting do not limit short-term price in-
creases or harvest shortfalls, although their
long-term impacts can be substantial.

. Demand for roundwood is quite sensitive to

pulpwood price in the manufacture of paper
and paperboard, but is fairly insensitive to
sawtimber price in the production of lumber.
Restrictions on roundwood supply thatact to
raise prices of pulpwood cause paper and
board producers to shift rapidly to alterna-
tive fiber sources (including waste paper).
This lessens, or potentially even reverses, the
impact of the restriction on sawtimber users
as unharvested pulpwood grows to sawtim-
ber sizes. Increments in supply have the op-
posite effects.

. Restrictions on Canadian timber harvest could

have major impacts on U.S. markets for prod-
ucts and stumpage, raising prices, domestic
output and lowering consumption.




CHAPTER 2. MAJOR DEMAND AND SUPPLY ASSUMPTIONS

Projections are consequences of assumptions used
in the projection process. This chapter provides a
summary of the changes in key assumptions since
the 1989 Assessment, especially those that are impor-
tant determinants of the supply and the demand for
various forest products. These assumptions are re-
quired as inputs to the model of the forest sector?
used to develop projections for this Assessment. This
model (the Timber Assessment Market Model—
TAMM?) was originally developed for the 1979 RPA
Assessment. It is based on systems analysis and
quantitative techniques, and has been extensively
revised for this Update.4

BASIC ASSUMPTIONS

In the future, trends in the demand for forest
products will continue to be largely determined by
growth in U.S. population, income, and economic
activity. Projections of future levels for these key
demand determinants, many of which were derived
from “U.S. Long-Term Economic Outlook” (Wharton
Econometric Forecasting Associates 1991), are summa-
rized in table 1. For the most part, these projections are
little changed from the 1989 Assessment, except for
revisions in the population series to reflect the 1990
Census and associated population projections.

Economic Activity and Demographics

The projections in table 1 indicate:

1. U.S. population growth that slows because of
reduced fertility rates but does not achieve a
zero rate during the projection period, be-
cause of net immigration.

24 forest sector model, in general, combines activities related
to the use of wood.: forest growth and harvest; the manufacture
of pulp. paper, and solid wood products; and international trade
and intermediate and final consumption of these products (Kallio
et al. 1987).

3The original model is described in Adams and Haynes (1980)
and Haynes and Adams (1985).

4some of these revisions include a new model for the hard-
wood section; the division of the Rockies into two regions—the
Northern Rockies and the Southern Rockies; a complete model of
the National Forest sales process including bid prices and uncut
volume under contract; and reestimation of all of the various
relationships in TAMM with updated data sefs.

2. Growth in aggregate economic activity (as
measured by the gross national product
[GNPY]) is expected to range between 2% and
3% over the next 50 years, in contrast to the
average of 3-4% characteristic of the 1960-
1990 period. Paralleling expansion in GNP,
total disposable personal income increases
more than three times (table 1) and some 2.5
times on a per capita basis. Although antici-
pated economic growth is slower than in the
past, this projection still portrays a strong and
resilient future economy, with a larger and
increasingly affluent population.

Energy Costs

The long-term outlook for energy costs has moder-
ated in the past 5 years. The 1989 Assessment as-
sumed that there would be a resumption of growthin
energy prices despite sharp price drops in the 1980s.
Recent projections by the Department of Energy
provide a rough view of trends through 2040.% These
projections show world crude oil prices (prices are in
1982 dollars, net of inflation or deflation) increasing
from $13.35 in 1990 to $37.85 per barrel in 2040. These
projections are substantially lower than those used
in the 1989 Assessment and result from increased
substitution of methanol produced from natural gas
and liquid fuels produced from other sources.

TIMBER DEMAND ASSUMPTIONS

Projections of demand for lumber, structural pan-
els, and nonstructural panels were based on the end-
use approach used in previous Assessments. In this
approach, future consumption of a particular prod-
uct (such as lumber) in a specific end-use market
(such as housing) is estimated by multiplying the
projected consumption per unit of activity in the end-
use market (termed end-use factors) times the pro-
jected level of end-use activity. This requires as-
sumptions about the levels of activity in each end-
use category and the consumption of various forest
products per unit of end-use activity (the end-use
factors).

Spersonal Communication. 1992. Ken Skog, FPL, Madison, W,



Table 1.—Population, gross national product, and disposable personal income in the
United States, selected years, 1929-1990, with projections to 2040.

Gross national

Disposable Per capita disposable

Year Population product personal income personal income
Annual Billion Annual Billion Annual Annual
rate of 1982 rate of 1982 rate of 1982 rate of

Millions change dollars change dollars change dollars change

1929 121.8 — 709.6 — 498.6 - 4,0 —

1933 125.7 0.8 498.5 -8.4 370.8 7.3 2,950 -7.8

1940 132.1 0.8 7729 7.9 530.7 6.2 4,017 5.4

1945 139.9 11 1,354.8 -1.9 7395 -1.3 5,285 2.4

1950 151.7 1.7 1.203.7 8.5 791.8 7.1 5,220 6.2

1955 165.3 1.8 1.494.9 5.6 Q44.5 5.6 5,714 3.8

1960 180.8 2.1 1.665.3 2.2 1,091.1 22 6,036 0.1

1965 194.3 1.3 2,087.6 5.8 1,365.7 58 7.027 4.5

1970 205.1 1.2 2,416.2 -0.3 1.668.1 43 8,134 3.1

1975 216.0 1.0 2,865.0 -1.3 1.931.7 1.9 8,944 0.9

1976 218.0 0.9 2,826.7 5.3 2,001.0 3.6 9.175 2.6

1977 220.3 1.0 2.958.6 4.7 2,066.6 3.3 9.381 2.2

1978 222.6 1.1 3.115.2 5.3 21671 49 9.735 3.8

1979 2251 1.1 3.192.4 25 2,202.6 2.1 9.829 1.0

1980 227.7 1.2 3.187.1 -0.2 22143 0.1 9.723 1.1

1981 230.1 10 3.248.8 1.9 2,248.6 1.5 9.773 05

1982 2324 1.0 3.166.0 -25 2,261.5 0.6 9,732 -04

1983 234.8 1.0 3.279.1 3.6 2.331.9 3.1 9.930 20

1984 237.1 0.9 3.501.4 6.8 2,469.8 5.9 10,419 4.9

1985 239.3 1.0 3.607.5 3.0 25422 29 10.622 1.9

1986 241.6 1.0 3.713.3 2.9 2,645.1 40 10.947 3.1

1987 243.9 1.0 3,863.5 4.0 2,691.2 1.7 11,034 0.8

1988 246.3 1.0 4,015.5 3.9 2,785.1 3.5 11.308 2.5

1989 248.8 1.0 4,116.1 2.5 2,839.9 20 11.414 0.9

1990 25156 1.1 4,157.0 1.0 2,894.7 1.9 11,510 0.8

1991 252.7 05 4121.5 o1 2,983.8 31 11,808 2.6

1992 255.5 1.1 42225 2.4 3.071.3 29 12,021 1.8

Projections

2000 272.0 0.8 5.383 2.6 3.680.7 2.1 13,164 1.4

2010 291.0 0.7 7,031 2.7 4,503.0 2.3 15.474 1.6

2020 307.0 0.5 9.166 2.7 5,697.7 2.4 18,559 1.8

2030 318.0 0.4 11,957 2.7 7.259.5 2.5 22,829 2.1

2040 327.0 0.3 15,627 2.7 ©.313.3 25 28,481 2.2

Sources: Historical Data—Council of Economic Advisors 1992. Projections—The WEFA
Group Speciai Report to the Forest Service 1987, WEFA 1991.

Determinants of End-Use Activity

Projections of end-use activity are derived from
the population, economic activity, income, and en-
ergy cost assumptions. Key end-use activity con-
cepts include the number of housing starts and house
size, levels of expenditures on residential upkeep
and improvement, levels of expenditures for non-
residential construction, the index of manufacturing
production, and measures of activity in shipping and
transportation. Projection methodologies vary but

generally involve estimated relationships (based on
historical data) between the selected determinant
and various population or macroeconomic variables.

Housing

Few revisions were made in the projections of
housing starts. Residential construction continues to
be the dominant market for most timber products.
Given levels of the key factors that determine de-
mand for new housing units (household formations,



Table 2.—Projectlions of number (in millions) of househoids,
housing starts, and replacement assumptions.

Number of Total Single
Year households starts family Multiple Mobile
1960 52.8 1.400 1.009 0.287 0.104
1970 63.4 1.870 0.815 0.654 0.401
1980 80.8 1.535 0.852 0.461 0.222
1981 82.4 1.34) 0.705 0.395 0.241
1982 83.5 1.312 0.663 0.409 0.240
1983 83.9 2.009 1.068 0.645 0.296
1984 85.4 2.051 1.084 0.672 0.295
1985 86.8 2.026 1.072 0.670 0.284
1986 88.5 2.049 1.179 0.626 0.244
1987 89.5 1.853 1.146 0.474 0.233
1988 1.1 1.706 1.081 0.407 0.218
1989 92.8 1.574 1.003 0.373 0.198
1990 93.3 1.381 0.895 0.298 0.188
1991 94.3 1.184 0.840 0173 0171
1992 95.7 1.410 1.030 0.170 0.210
2000 108.0 1.690 1.086 0.328 0.306
2010 124.0 1.684 1.007 0.379 0.298
2020 139.0 1.849 1.139 0.410 0.300
2030 151.0 1.692 1.024 0.368 0.300
2040 1610 1.552 0.921 0.331 0.300

replacement of units lost from the housing stock, and
maintenance of an inventory of vacant units) levels
of demand continued high in the late 1980s, resulting
in an average of nearly 2.0 million units for the
second half of the decade. Housing demand fell in
the early 1990s to about 1.4 million annual starts, and
is expected to remain at that level in the second half
of the decade. Starts are subsequently projected to
increase to about 1.7 million annually by 2010, then
decline to 1.5 million by 2040 (table 2). After 2010, a
larger fraction of new housing starts are for houses
- that replace older existing houses.

In addition to the numbers of new units demanded,
their size is also an important determinant of the
amount of timber products used in housing. The
average size of single-family housing units, though
showing some fluctuation, has grown fairly steadily
over the past 40 years, rising from nearly 1,150 square
feet in the early 1950s to about 2,080 square feet in
1990. This increase in floor area has more than offset
adeclining trend in wood use per square foot of floor
area, resulting in increased average lumber use per
single-family unit. Unit size in multifamily struc-
tures also has increased; however, the rise has been
somewhat smaller and more erratic than in single
family structures. For example, the size of average
new multifamily units in 1990 was about 1,000 square

feet, 26% above the average in the early 1950s, but at
about the same level as the mid-1970s. Average floor
area in new mobile homes, which more than doubled
between 1950 and the mid-1970s, has continued to
rise because of the increasing share of double-wide
and expandable units.

In the 1989 Assessment, single family house size
was expected to rise slowly to 2,010 square feet by
2040. This level was exceeded by 1990, however,
necessitating a major revision in the house size pro-
jections in the Update. Future house size will reflect
upward pressures from rising incomes and wealth
and consumer preferences for more space, while
rising land costs and decreasing household size (with
an aging and less fecund population) will act to slow
the rate of growth. We now expect that house size
will change little during the remainder of the 1990s,
then increase after 2000 to about 2,275 square feet by
2040. This increase will lead to growth of 13% in
lumber consumption per unit by 2040.

Residential Upkeep and Repair

In addition to the timber products consumed in
the production of new housing units, substantial and
growing volumes—about 20% of lumber and struc-
tural panel products and 15% of nonstructural panel
products—are used each year for the upkeep and.
improvement of existing units. Expenditures for resi-
dential upkeep and repair in the last several years
averaged nearly $900 (1982 dollars) per household.
This is almost three times the level observed in the
early 1970s and a third higher than assumed in the
1989 Assessment.

Update projections of expenditures for residential
upkeep and repair are shown in table 3. These projec-
tions assume a fixed level of expenditures per house-
hold (expressed in 1982 dollars) derived from the
data for the 1980s. Assuming a stable vacancy rate,
this projection is equivalent to a constant upkeep and
repair expenditure per housing unit.

New Nonresidential Construction

In recent years, about 10% of lumber, plywood,
and other structural and nonstructural panel prod-
ucts has been used in the construction of offices,
stores, churches, and a wide variety of other nonresi-
dential buildings, and in other types of construction,



Table 3.—Projections of major determinants of solid wood
products demand.

Residental repair  Value of

and remodeling nonresidental Index of

Year expendilures construction manufacturing Pallets
Billion 1982 doliars 1977=100 Millions
1960 — 126.0 48.0 62
1970 42.1 172.2 77.0 126
1980 521 165.9 108.2 258
1981 47.7 164.1 110.5 252
1982 45.3 160.3 102.2 228
1983 48.0 150.4 110.2 258
1984 65.6 162.8 123.4 261
1985 74.0 177.4 126.4 275
1986 82.0 175.4 129.1 295
1987 82.7 176.3 134.7 314
1988 89.2 209.4 142.7 340
1989 69.9 2128 148.2 354
1990 72.0 217.6 96.3 359
1991 65.6 204.1 94.2 362
1992 68.7 205.8 93.7 NA
2000 96.5 2231 193.0 550
2010 110.7 245.3 2521 630
2020 124.2 270.4 328.6 675
2030 134.7 297.7 428.7 695
2040 1440 328.4 560.3 700

such as roads, dams, and water and sewer systems.
Although expenditures for the various classes of
construction have fluctuated widely in response to
changing economic conditions, the long-run trend
for all types combined has been upward.

Projections based on the close historical relation-
ship between changes in gross national product and
changes in expenditures for nonresidential building
and nonbuilding construction indicate additional
expenditures (table 3) butata declining rate of growth
over the next five decades, except for farm nonresi-
dential buildings (which has been falling for the past
four decades).

Manufacturing

Since the mid-1970s, about 10% of the lumber, 5%
of the structural panel products, and nearly 25% of
the nonstructural panel products have been used to
manufacture a widerange of products, such as house-
hold furniture, sports equipment, games and toys,
and commercial and industrial equipment. Of these
- products, furniture manufacturing is the largest user

of sawtimber. As in the case of nonresidential con-
struction, the projected rates of increase in the value
of shipments for all groups of products, including
household furniture, drop significantly over the pro-
jection period.

Shipping

Inrecent years, nearly 18% of all lumber and about
3% of the structural and nonstructural panel prod-
ucts consumed have been used in the production of
wooden pallets, containers, and for dunnage, block-
ing, and bracing of goods for shipping. Pallets ac-
count for about three-fourths of the lumber and
nearly two-thirds of the panel products consumed in
shipping.

During the past three decades, pallet production
rose rapidly with the introduction of new methods of
materials handling, the construction of facilities
geared to the use of pallets, and increases in the
volumes of manufactured and agricultural goods
shipped. The rate of increase in the post-1982 reces-
sion period has been especially rapid. Projections of
pallet output (table 3) are based on the relationship
of pallet use to the value of manufacturing shipments
and the assumed growth in shipments as the gross
national product rises. They are about 10% higher
than projections in the 1989 Assessment. As in the
past, the rate of growth in pallet demand is expected
to drop rapidly over time. This reflects competition
from alternate systems and materials, and means
that growth in pallet demand for use in new materi-
als-handling systems gradually ends.

Trends in End-Use Factors

Projected demand also depends on changes in
productend-use factors—the volume of timber prod-
ucts used per square foot of housing unit floor area,
per dollar of construction expenditure, per pallet, or
other unit of measure of end-use market activity.
Derivation of assumptions regarding the trends in
end-use factors varies by category of product.

For nonstructural products, projections of end-use
factors for the major markets have been based on
current trends, modified to be consistent with ex-
pected future movements of relative prices and asso-
ciated changes in the various non-price factors. In
general, this procedure has resulted in a continua-



tion of recent trends in the various end-use factors.
For example, additional decreases in the factor for
particleboard use in housing and other light building
construction are projected because of the likely pen-
etration of oriented strandboard and waferboard
products in these uses caused by price and environ-
menta] factors. After 2000, the projected rates of
increase or decrease for the various product end-use
factors were reduced, recognizing that continued
change becomes more difficult as markets are satu-
rated or as market share approaches zero. This phe-
nomenon of declining rates of substitution as limits
of market share (0 or 1) are approached may reflect
sharply declining importance of the product in total
cost or other factors. An example in the forest prod-
ucts sector is the case of insulation board used in
residential construction, where there has been exten-
sive displacement by other products, but reduction
in market share has slowed sharply short of zero.

For lumber and structural panels, projected use
factors were based on two calculations. First, upper
and lower limits for each factor were calculated. The
upper limit estimates the potential maximum level
that a product’s end-use factor might reach if its
substitutes are consistently more costly to use. Simi-
larly, the lower limit is the minimum potential level
to which its use factors might fall if the product is
consistently more costly than its substitutes. This
latter level need not be zero. Non-zero lower limits
imply some characteristics of an end-use where there
are no technically or economically feasible substi-
tutes foreseen over the projection. These limits de-
fine the range of possible use factor variation over
time.

Second, the projected paths of the end-use factors
within these limits were based on the relative in-
place costs of key competing products or systems. In-
place cost projections are based on calculations in-
volving the amount of inputs used in competing
production systems and the prices of these inputs.
For example, in one aspect of residential construc-
tion, we compare the relative costs of a concrete block
versus treated wood foundations. These two systems
use different amounts of labor, wood, and concrete,
and they compete as alternative methods of founda-
tion construction in single family homes.

The change in wood end-use factors over time
depends on which system’s position is favored by
the in-place cost comparison. If the system that uses
more wood is less expensive, then the end-use factor

for wood in that application rises. When the wood-
intensive system is more expensive, then wood’s
end-use factor falls. The amount of change is partly
determined by functional relationships derived from
numerical analysis of past end-use factor trends
(Spelter 1984, 1985), and varies with the product and
proximity of the end-use factor to its limits. Finally,
these estimated relationships along with assump-
tions regarding costs of non-wood inputs and end-
use activities are used to make the projections of
demand contained in this Update.

Demand for Pulpwood

The demand for pulpwood is derived from the
demand for paper and board, modified in the near
term by increases in the use of recycled fiber. Revi-
sions to paper and board demand estimates for the
1993 Update indicate a somewhat slower growth in
paper and board consumption than projected in the
1989 Assessment. In the base case, paper and board
consumption in the United States is projected to
reach nearly 100 million tons by the year 2000, and
nearly 150 million tons by the year 2040. Although
these projections indicate slower growth than paper
and board consumption than in the 1989 Assess-
ment, the base projections still indicate increasing
aggregate demand for fiber products (paper and
board). In the base projection, the United States
would maintain per capita consumption levels (cur-
rently about 700 pounds per capita) for paper and
board that are much higher than in other industrial
countries (Ince 1994). Fundamental determinants of
demand for paper and board are gross domestic
product (GDP) and population, with downward
adjustments in relationships of demand to GDP re-
flecting some anticipated substitution of paper and
board products by electronic media, plastics, etc.
Demand for pulpwood is determined by regional
production capacities and production volumes by
process for paper and board commodities. Produc-
tion capacities by process are projected to change
over time, in response to demand growth and market
conditions, with growth by process determined by
relative profitability and costs of each process. Pro-
cesses encompass recycled and virgin fiber technolo-
gies.

Animportant change in the Update was linkage of
the model of the pulp and paper sector (the North



American Pulp and Paper or NAPAP Model)® and
TAMM/ATLAS in an iterative solution process to
arrive at a set of fiber requirements that balance
prices, timber removals and timber inventories in
both models. This solution method approximates
how the solid wood and fiber sectors interact through
the market for pulpwood.

Assumptions regarding future trends in recycling
also have been substantially revised from the 1989
Assessment. These are described in detail in the
report by Ince (1994). Projections of the increased use
of wastepaper as raw material for domestic produc-
tion of paper and paperboard were modified to re-
flect recent and ongoing changes. In the 1989 Assess-
ment, wastepaper use was assumed to rise slowly
from 21% of fiber used in the manufacture of paper
and board in 1986 to 33% by 2040. In the Update,
wastepaper used is expected to reach approximately
40% of fiber used in the manufacture of paper and
board by the early part of the next century, rising to
45% by the year 2040.

Fiber demands under these higher levels of waste-
paper use are shown in table 4. In general, wood use
drops by 15% by 2040 from the 1989 Assessment
because of the higher levels of wastepaper use in-
cluded in the Update (fig. 1). This decrease is almost
entirely in softwood fiber, as technical innovations
lead to increases in the use of hardwoods.

Wood Fuel

Efficiency of home wood burning increased sub-
stantially between 1970 and 1986 with expanded use
of airtight stoves and fireplace inserts. Efficiency has
increased further since 1986 with new national wood

6The NAPAP model is a recent modeling development de-
signed to project the evolution of markets and technology of the
pulp and paper sector in the United States and Canada. The
model incorporates advancements in economics modeling of
trade and environmental impacts within the pulp and paper
sector. Itis a regional market model, with five supply and produc-
tion regions (Canada East and West. U.S. North, South, and Waest),
U.S. and Canada demand regions, and additional trading re-
gions representing Pacific, Aflantic, and Latin American markets.
Regional markets and trade are modeled for all categories of
paper, paperboard, and market pulp., and all categories of
pulpwood and recycled paper. The mode! combines information
on supply and demand, manufacturing technology, and trans-
portation costs to compute regional market equilibria year to
year, using a price-endogenous linear programming system. The
model allocates annual growth in production capacity to pro-
cesses and regions as a function of profitability and market
conditions. See Ince (1994) for details of model consfruction and
application.
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Figure 1.—U.S. pulpwood supply quantities by category.

stove performance standards set by the U.S. Environ-
mental Protection Agency. With a greater proportion
of certified stoves relative to non-certified stoves and
fireplaces, the overall efficiency (percent of BTUs
converted to useful heat) of wood stoves, furnaces
and fireplaces is projected to increase from 42% in
1986 to 56% in 2010 and 67% in 2040. Wood burning
efficiency is assumed to increase relative to efficiency
of non-wood burning system — quite rapidly in the
near future, then more slowly in later decades. Effi-
ciency of industrial wood burning is assumed to
improve at the same rate as for non-wood systems.
The rate of increase is projected to be 1.3% per year
between 1986 and 2010, and 0.5% per year between
2010 and 2030.

Fuelwood

Total fuelwood consumption derived from round-
wood in 1986 was an estimated 3.10 billion cubic feet.
Of this total, 26% or 0.8 billion cubic feet came from
growing stock. The remainder came from non-mer-
chantable portions of growing stock trees, non-grow-
ing stock trees on timberland, from trees on other
(less productive) forest land, and from urban areas.
About 74% of the growing stock volume was from
hardwoods. The sharp decrease in deflated world oil
prices after 1985 (41% between 1985 and 1989) led to
reductions in residential fuelwood use and slower
growth in industrial fuelwood use.

Wood energy sources include wood directly from
trees ona wide range of land types, from mill residue,
from discarded products and construction demoli-
tion waste, and from pulp mill black liquor. The



Table 4.—Pulpwood consumption (in million cubic feet) by the woodpulp industry in the United
States, by species group, roundwood and residue, and region, 1990, with projections to 2040.

Projections

Region and species group 1990! 2000 2010 2020 2030 2040
Northeast 728 866 925 999 1.068 1,159
Softwood 380 434 453 493 519 555
Roundwood 317 358 366 404 435 472
Residue 63 76 87 89 84 83
Hardwood 348 432 472 506 549 605
Roundwood 300 393 440 481 530 592
Residue 48 39 32 25 19 13
North Central? 589 689 719 750 784 831
Softwood 160 164 152 148 138 131
Roundwood 140 143 133 132 127 123
Residue 21 21 19 16 1 8
Hardwood 428 525 567 602 645 700
Roundwood 349 444 482 511 546 590
Residue 79 81 85 92 100 110
Southeast 2,164 2,559 2,494 2,542 2,586 2,658
Softwood 1,588 1,788 1,673 1,796 1,995 2,183
Roundwood 1,088 1,208 1,108 1,266 1,491 1,769
Residue 500 579 566 530 505 414
Hardwood 576 771 821 746 591 475
Roundwood 308 581 641 586 461 376
Residue 178 190 180 160 129 99
South Central 2,480 3.319 3,671 4,094 4,467 4,903
Softwood 1,681 1,947 2,004 2,342 2.817 3.280
Roundwood 1,086 1,278 1.241 1,502 1,875 2,359
Residue 495 669 763 839 Q42 921
Hardwood 899 1,373 1,667 1,753 1,650 1,623
Roundwood 668 1.116 1,382 1.442 1.329 1,277
Residue 231 257 285 n 321 346
Rocky Mountains3 191 134 133 150 170 193
Softwood 177 117 112 124 140 159
Roundwood 49 45 53 66 81 98
Residue 128 73 59 58 59 60
Pacific Southwest? 156 1M1 110 126 145 169
Softwood 145 98 95 109 126 149
Roundwood 24 22 29 63 64 56
Residue 121 76 66 46 63 92
Hardwood 1 13 15 17 19 20
Roundwood 5 6 7 8 10 12
Residue 6 7 8 9 9 9
Pacific Northwest-West 820 536 482 503 527 563
Softwood 763 477 420 438 465 503
Roundwood 184 131 115 11 106 100
Residue 579 347 305 327 360 403
Hardwood 57 59 61 64 62 60
Roundwood 33 33 34 34 34 31
Residue 24 26 27 30 29 29
Pacific Northwest-East 56 39 37 43 49 58
Softwood 56 39 37 43 50 58
Roundwood 13 10 10 10 11 12
Residue 43 29 28 32 38 46
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Table 4.—(continued).

Projections

Region and species group  1990! 2000 2010 2020 2030 2040
United States® 7.184 8.252 8,571 2,208 9.797 10.535
Softwood 4,851 5,064 4,947 5,493 6.250 7.017
Roundwood 2902 3.195 3.054 3.656 4,188 4,990
Residue 1.950 1.869 1,893 1,937 2,062 2,028
Hardwood 2319 3.172 3.603 3.689 3516 3.483
Roundwood 1.7583 2,572 2,986 3,063 2910 2.877
Residue 566 600 616 627 607 606

Note: Data may not add to totals because of rounding.

IData for 1991 is not summarized.

2Includes North Dakota, South Dakota, Nebraska. and Kansas.
3Exciudes North Dakota, South Dakota, Nebraska, and Kansas.

4Exciudes Hawaii.

STotal includes small amounts of hardwood in Rocky Mountains and Pacific North-

west-Eqst,

model used to project wood energy consumption
considers all these sources, because for some end
uses they are partially interchangeable. The projec-
tions given'in table 5, however, include only wood
from trees (from all land sources), with one excep-
tion. Logging residue used for fuel, while explicitly
considered in this model, is not included in table 5,
because it is accounted for elsewhere in this report.

Fuelwood Demand Projections

The National Wood Energy Model (NAWEM)
projects wood energy use for three regions - North,
South, and West.” This use is further subdivided
among subregions based on continuation of histori-
cal trends in the shares of fuelwood use. As a result
of projected cost increases for fossil fuels relative to
wood fuels in all regions, and increases in residential
and industrial/commercial/utility total energy
needs, fuelwood use from roundwood (excluding
logging residue) is projected to increase from 3.1
billion cubic feet in 1986 to 4.8 billion cubic feet in
2040. Some three-fifths of this 55% increase occurs in
the first 25 years of the 54-year projection period

7Skog. Kenneth E. 1993. Projected wood energy Impact on
U.S. Forest Wood Resources. In: Proceedings of the First Biomass
Conference of the Americas, August 30- September 2, 1993,
Burlinton, V1. USDOE National Renewable Energy Laboratory,
Golden, CO. p 18-32.
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(1986 to 2040). The amount of fuelwood from grow-
ing stock volume is projected to increase from 0.8
billion cubic feet in 1986 to 1.1 billion cubic feet in
2040. This is a smaller increase, compared to total
fuelwood use, and results from a decline in the
proportion of fuelwood from growing stock volume
from 26% in 1986 to 22% in 2040. The growing stock
proportion declines for two reasons. First, residential
use currently accounts for most roundwood use, and
growing stock makes up 20-25% of the total. As
residential use increases, it is projected that
nongrowing stock sources will be less expensiveand,
therefore, increasingly favored over growing stock.
Second, asindustrial/commercial /utility useincreases,
it will use more roundwood relative to mill residue.
Most of this roundwood will be in the form of whole
tree chips. Chipping operations will increasingly take
both fuel chips and pulp chips from stands, with fuel
chips coming largely from non-growing stock.

Industrial / commercial/ utility fuelwood use is pro-
jected to grow more rapidly than residential use —
105% growth versus 30% growth between 1986 and
2020 — as mill residue supplies are fully used for
fuel, and roundwood is used more heavily. Between
2020 and 2030, residential and industrial/commer-
cial/utility fuelwood use increase at slower rates,
34% and 16%, respectively.

Softwood use increased from 17% of fuelwood in
1986 to 19% in 1992 and is expected to remain at that



