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Abstract
This report examines economic implications for sustainable 
forest management of globalization and related structural 
changes in the forest sector of the United States. Global-
ization has accelerated structural change in the U.S. forest 
sector, favored survival of larger and more capital-intensive 
enterprises, and altered historical patterns of resource use.
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Executive Summary
This report examines economic implications for sustainable 
forest management of globalization and related structural 
changes in the forest sector of the United States. The report 
covers a broad range of topics, but this summary focuses on 
three hypotheses.

One hypothesis is that economic globalization accelerated 
structural (largely irreversible) change in the overall econo-
my and in forest product markets since the early 1990s, with 
exposure to import competition on a wider scale. Evidence 
for this hypothesis includes the following points.

Since the early 1990s, rapid expansion of goods imports 
and competition in export markets contributed to a recent 
downturn in U.S. industrial production (from 2000 to 2002). 
Import competition and loss of growth in exports quelled 

during that period. In that context, U.S. manufacturers were 

more aggressively through structural changes, including 
productivity-enhancing technological changes, consolida-
tion, outsourcing, and restrained capacity growth. 

Acceleration of structural change was evidenced by nearly a 
tripling in the ongoing rate of labor displacement or produc-
tivity gains in U.S. manufacturing since the early 1990s, as 

Structural change was evidenced also by the loss of histori-
cal correlation between U.S. industrial output and gross 
domestic product (GDP) growth over the past decade. After 
increasing for much of the previous century, U.S. output of 
forest products such as wood pulp and wood furniture also 
peaked in the past decade and then declined. Imports were 
the fastest growing component of softwood lumber and 
structural wood panel supply to U.S. markets. 

By 2002, total U.S. timber harvest was estimated to be 
nearly 10% less than it was a decade earlier. With limited 
capacity growth, forest product markets exhibited cyclical 
volatility, but productivity gains and imports offset long-run 

-
tively subdued in recent years with fairly adequate supplies 
and slower growth in demand. Current projections of future 
timber demand and prices are much lower than a decade ago 
(before the recent era of economic globalization and struc-
tural change in the forest sector).

A second hypothesis is that globalization and import com-
petition favored survival of forest product enterprises in the 
United States that are more capital-intensive, less labor-
intensive, and generally larger, more productive, and glob-
ally connected. Evidence for this hypothesis includes the 
following points. 

The import share of U.S. consumption rose across the entire 
forest product sector in the past decade, but domestically 
produced shares of consumption remained higher for more 

capital-intensive and globally robust industries such as pulp 
and paper or structural wood panels, while falling to lower 
levels for less capital-intensive or more labor-intensive in-
dustries such as sawmills and furniture plants. 

A commonly referenced business strategy was to develop 
customized products or to seek niche markets as a refuge 
from volatile global commodity markets, but average output 
capacities of lumber mills, pulp mills, and paper mills all 
increased and the number of mills declined, as smaller, less 

computing, electronic communication, and product distri-
bution accelerated the design, production, and delivery of 

exploit customized or niche market opportunities. Mean-

in other countries also obtained the means to quickly and 

markets, as evidenced by expanded outsourcing of custom 
wood furniture production and expansion of U.S. wood fur-
niture imports. 

An implication of these trends is that markets for the pri-
mary product of forestry and forest management activities 
on private lands, namely timber, will be driven by future 
development (or lack of development) in larger scale forest- 
product enterprises that serve increasingly global markets. 
There is little evidence for the notion that globalization and 
structural change will lead to expansion of smaller scale 
forest enterprises. Instead, the focus on niche markets or 
customized products should be understood as a commercial 
strategy that is being pursued aggressively by larger globally 
oriented enterprises to develop branding, product identity, 
and product value in increasingly competitive global 
markets.

The last hypothesis is that economic globalization and ongo-
ing structural changes altered familiar patterns of resource 
use, economic pathways, and opportunities to advance sus-
tainable forest management in the United States. Evidence 
for this hypothesis includes the following points. 

Structural changes stemming from economic globalization 
over the past decade included consolidation and realignment 
of production capacity in the interest of competitive cost 
savings in forest product manufacturing. Such changes have 
contributed recently to a notable decline in the real eco-
nomic value of forestry outputs such as timber, as well as 
other measures such as forest sector employment, economic 
feasibility of forest management, and gross output of for-
estry (the contribution of forestry to U.S. GDP). Economic 

housing construction increasingly dependent on foreign pur-

social, and environmental context of forest management in 
the United States, suggesting that more in-depth strategic 



monitoring and analysis of economic globalization is war-
ranted in planning sustainable forest management policies 
for the future, with careful consideration given to ways to 
cope with the challenges of globalization and structural 
change. For example, careful consideration needs to be 
given to what strategic approaches should concern forest 
managers and policy makers in this context, how those ap-
proaches will improve the opportunity for sustaining forests, 
and how structural changes will alter future management 

approaches will depend on their success in sustaining the 
global competitiveness of the U.S. forest sector.

Eight different categories of strategic approaches are identi-
-

tiveness of the U.S. forest sector, including (1) considering 

subsidies; (2) promoting U.S. environmental and labor stan-
-

productivity; (6) developing global enterprise; (7) promot-
-

ing the resource and technology infrastructure as well as 
training and skills needed for future sustainable forest sector 
development. All of these strategic approaches have limita-
tions or drawbacks. Without more detailed analysis, there 
is little basis for speculation about the effects of the strate-
gies on the competitiveness of the U.S. forest sector, and it 
would be misleading to suggest that any particular approach 
is recommended. However, a mix of these approaches is 
already being pursued to some extent; thus, understanding 
consequences of globalization and structural change for 
sustainable forest management will require monitoring and 
evaluating a spectrum of behavioral responses and forest 
management options that will unfold in the evolving context 
of forest sector globalization, consolidation, and structural 
change.

Following is a summary of important points about economic 
globalization and structural change that were derived from 
this report and that appeared also in the Interim Update of 
the Resources Planning Act (RPA) Assessment (USDA For-
est Service 2007).

There is a long history of structural change in the U.S. forest 
products industries as timber harvesting moved around the 
country and as technology and consumer demands evolved. 
At times, these market forces led to consolidation of capac-
ity. Structural change is generally thought to result in eco-
nomic gains over the long run, but possible negative conse-
quences can include local job losses, economic instability, 

for resources. Globalization can accelerate or alter the na-
ture of structural change. 

Globalization, consolidation, and structural change during 
the past decade contributed to a recent downturn in domestic 

consumption of certain forest products and corresponding 
loss of industrial capacity and related jobs, increased im-
ports, decreased exports, and lower stumpage prices. Glo-
balization and structural change contributed to the 
following:

Domestic consumption of paper and paperboard declined by 
7% from a peak of 103 million tons in 1999 to 96 million 

consumption still remained below the 1999 peak level.

According to the Forest Resources Association (2003), by 
2002 annual volumes of pulpwood receipts at U.S. pulp 

Domestic hardwood lumber consumption in furniture 
declined from 3.3 billion board feet in 2000 to about 
1.7 billion board feet in 2003; for pallets, the decline was 
from about 5 billion board feet to 3 billion board feet.

of growth in U.S. timber harvest because some processing 
capacity was lost to competitors in other countries.

About one out of six U.S. paper and paperboard mills have 
closed since the mid-1990s.

One out of every three jobs at U.S. pulp and paper mills 
have been eliminated since the early 1990s because of con-
solidation, cost-cutting, and productivity improvements.

since 2001.

The number of major softwood sawmills in the United 

37% increase in average capacity as older mills were re-
placed with larger ones.

In a decade, the percentage of U.S. sales of wood household 
furniture imports, primarily from China, increased from 
20% to more than 50% and continues to expand.

Since 1990, imports of softwood lumber increased from 
27.1% (12.1 billion board feet) of consumption to 38% 
(25 billion board feet).

Imports of oriented strandboard (OSB) increased from 
1.3 billion ft2 (19% of consumption) in 1990 to 8.5 billion 
ft2 (39% of consumption) in 2002.

Southern Pine pulpwood stumpage prices peaked about 
1997, declined to half that level by 2002, and have not re-
covered to previous peak levels.

Globalization and structural change have contributed to de-
clines in exports of timber products from the United States. 
New suppliers have emerged in world markets, and the na-
ture of demand has changed for some countries. For exam-
ple, softwood log export volume from the four West Coast 
states declined from 3.7 billion board feet in 1990 to less 



than one billion board feet in 2003. Much of the decline was 
due to reduced shipments to China, Japan, and South Korea. 
Exports of softwood lumber, plywood, and wood chips from 
the United States have also declined.

Structural change and economic globalization have many 
implications for evaluation of the status and trends of re-
newable resources. For example, imports of timber products 
decrease domestic harvest and thereby affect commonly 
used measures of resource condition such as the growth 
removal ratio for roundwood. Structural change and global-
ization should also be key considerations in evaluation of 
future returns from forest management because they affect 
stumpage prices and costs of forest management.

Implications of economic globalization and structural 
change summarized in the Interim Update of the RPA As-
sessment (USDA Forest Service 2007) included the fol-
lowing. Expansion of free trade policies has affected U.S. 
competitiveness in forest products and mineral and energy 
resources, and accelerated restructuring and consolidation 
of the U.S. forest products industries. The United States is 
expected to continue to be a net importer of timber products, 
as well as numerous mineral and energy products. High lev-
els of goods imports and continued high rates of paper recy-
cling resulted in U.S. timber harvest increasing at a slower 
rate than in the last half of the 20th century. Imports and 
loss of domestic processing capacity reduce domestic timber 
harvest, which affects the age–class distribution of domestic 
forests, which in turn affects habitat for plants and animals, 
biodiversity, and other measures of forest resource condi-
tion. A slowing in the growth of stumpage prices caused by 
imports reduces expectations for long-term returns for forest 
management, raising questions about incentives for sustain-
able forest management. Globalization has been associated 
with the loss of domestic capacity in forest industry and sev-
eral mineral industries. The historic comparative advantage 
of some U.S. industries is now challenged by rising imports 
and structural changes in manufacturing. Related effects are 
loss of jobs and income, which is particularly problematic 
for natural-resource-dependent communities with few other 
economic development options. 





Preface
-

nical document supporting the Interim Update of the RPA 
Assessment (USDA Forest Service 2007). It was circulated 

-
rated into the Interim RPA Assessment Update. This report 
contains many charts and makes reference to a wide variety 
of data trends across the U.S. forest sector. Most of the 

the RPA context, some of the effects of economic globaliza-
tion and effects of the recent downturn in U.S. industrial 
production (2000 to 2002) were recognized and incorpo-
rated into the RPA resource outlook as early as the 2001 
RPA timber assessment (particularly effects on the pulp and 
paper sector). 

From the vantage point of 2006, overall U.S. industrial pro-
duction has largely recovered from the downturn in the early 
part of the decade, with positive implications for growth 
in sectors such as pulp and paper. The recovery from the 
downturn was actually anticipated and projected in the 2001 
RPA timber assessment, but (as projected) the growth rates 
in industries such as pulp and paper remain much lower 
than in the decades prior to the recent downturn, as does the 
projected growth rate for overall U.S. timber harvest. The 
housing sector along with lumber and wood panel demands 
experienced a continued boom through 2005, which only 
began to wane in 2006, but imports of lumber and wood 
panels remained at historically high levels while exports 
have declined. 

From a positive perspective, the U.S. forest sector remains 
a large and important economic sector in the United States, 
but this report serves as a reminder that future growth can-
not be taken for granted and will depend on a spirit that 
is competitive, innovative, and forward-looking, as it has 
always in the past. However, as recognized in this report 
and related RPA studies, the future of the U.S. forest prod-
uct industry and similarly the future of forestry and forest 
management in the United States are increasingly dependent 
on sustaining the global competitiveness of the U.S. forest 
sector.

The purpose of this report is to review important structural 
changes that have occurred in the U.S. forest sector under 

decade and to interpret some of the implications of global-
ization and structural change in terms of sustaining forestry 
and forest management activities in the United States. 
This report is not intended to review effects of economic 
globalization around the world or to compare effects of glo-
balization in other economic sectors but is focused instead 

purpose by providing discussion of a series of interrelated 
topics as listed in the contents.





are now closely integrated and businesses increasingly 
serve customers across the world . . . On the matter of 
the importance of trade, here are some cold hard facts: 

trade leads to increased global prosperity, trade raises 
global standards of living, and trade creates jobs.1

The competitive response of businesses to economic global-

of economic optimization through reallocation of capital. 
Many years ago the noted economist Joseph Schumpeter 
described this general process as “creative destruction”—the 
continuous liquidation and reinvestment of capital into more 

or more modern equipment or shifting production from one 
-

duction capacity will typically push out the older and less 

capital stock has continuously undergone renewal through 

another depending on comparative advantage. For example, 
-

tory development in New England in the early 19th century 

cheaper labor, and then eventually lost ground in more re-
-

Northwest to the South in the 1980s and 1990s, associated 
with reduced access to timber supply from public forest-
lands in the Northwest, with more readily available timber 
resources and newer production facilities in the South.

major U.S. industrial sectors such as textiles and forest 

capacity growth, and business consolidation. Competition 

1Prepared remarks by U.S. Treasury Secretary John Snow; 
delivered to the U.S. Chamber of Commerce; Wednesday, 

Introduction
Economic Globalization
Globalization refers to the ongoing expansion of global 
interconnectedness in society and culture (Held and oth-
ers 1999), and economic globalization refers to expansion 
of global interconnectedness in commerce, business, and 
capital investments. Economic globalization was advanced 
in recent years by free trade policies and rules of commerce 
that helped expand global trade and global competition. One 
key hypothesis is that economic globalization accelerated 
business responses to competition. As markets were exposed 
to more global competition, businesses were compelled to 

be in a strictly local or regional context. The following ob-
servations appear, for example, in a recent U.S. Department 
of Commerce report on manufacturing in America:

Barriers to trade have fallen rapidly over the past 
decade. Innovations in communications, computing, 
and distribution have accelerated the design, product-
ion, and delivery of goods. Improved production pro-
cesses have spread rapidly throughout the world. 

across national borders as investors seek the highest 
rates of return. All these factors equate to unpreced-
ented global competition for capital and markets. Be-
cause manufactured goods make up the bulk of inter-
national trade, the competition is especially strong. 
Taken together, the effects of technology and global-
ization accelerate the competitive pressures to lower 
costs and increase productivity (U.S. Department of 

Globalization and free trade have also a strong economic 

they tend to yield economic prosperity worldwide. Former 
U.S. Treasury Secretary John Snow made the following 
statement recently: 

The world economy is more connected than ever 
before, as a result of the dramatic expansion of trade 
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Over the past two decades, three separate, powerful 
trends have reshaped the manufacturing sector globally. 

under way for two decades, raising productivity in 
manufacturing and reducing costs worldwide. The 

particularly with respect to trade in manufactured 
goods. The third is the end to political divisions that 
have segmented markets for more than 70 years and 
the corresponding emergence of Russia, China, and 
other countries in the world trading system . . . The 
practical effect on U.S. manufacturers of the three tre-
nds described above has been to increase the avail-
ability of new sources of low-cost labor and manu-
facturing capacity. Indeed, the trends have not only 
made it available, they have also made it an important 
competitive issue. In a global economy in which both 
goods and capital are mobile, but labor is not, manu-
facturers’ tapping of lower cost labor by importing it 
in the form of lower cost parts, components, and—in-

trying to stay competitive in a global economy. 
Hence, the trend toward sourcing parts and comp-
onents globally is driven by powerful competitive 
forces and is here to stay. Manufacturers now have 
the ability to manage global supply chains effectively, 
which allows them to source from the lowest cost 
supplier globally and, as a competitive matter, forces 
hem to do so in order to remain competitive them-

Job losses and job instability are among obvious social con-
sequences of structural change in manufacturing. Federal 
Reserve Chairman Alan Greenspan recognized, for example, 
that elevated rates of return offered by newer technologies 
during the 1990s were largely because of reduced labor in-
puts and costs per unit of output.2 Investment returns for the 
same technologies were lower in Europe and Japan because 
businesses there faced higher costs of displacing workers 
than in the United States, where displacement was more 
readily countenanced both by law and by culture. Because 
costs of dismissing workers were lower, costs of hiring and 
risks associated with expanding employment were also low-

and rehiring practices was lower structural unemployment 
in the United States, compared to Europe, for example 

was also a secular (long-run) displacement of labor in U.S. 

secular productivity gains in manufacturing). Displacement 
of workers in manufacturing was an ongoing structural 

over decades, but that change became accelerated since the 
early 1990s as industry responded to import competition 

2Alan Greenspan, Structural change in the new economy,
presentation by Federal Reserve Chairman before National 
Governors’ Association, 92nd Annual Meeting, State Col-
lege, Pennsylvania, July 11, 2000.

consolidate, to more rapidly reduce labor inputs and produc-
tion costs, to outsource supplies of materials or goods to 
other countries, or move production capacity abroad. Wood 
household furniture production, for example, declined in the 
United States, as it was offset by a surge in wood furniture 
imports. Throughout, manufacturing costs commonly were 
reduced through consolidation or adoption of technologies 

computerized controls in manufacturing. Many older or less 

changes deeply affected employment, capacity growth, re-
source use, and local opportunities for sustainable resource 
development. Meanwhile, a U.S. housing boom was stimu-

for softwood lumber and structural wood panels in housing 
construction with limited capacity expansion contributed to 

and rising imports. Shifts in foreign investment, higher 
interest rates, and limited growth in payroll employment 
might contribute to an eventual decline in housing construc-
tion, among other potential future legacies of economic 
globalization.

Structural Change
Largely irreversible changes in economic relationships can 
arise from the process of “creative destruction,” the com-

-
tion facilities are built, the changes become largely irrevers-
ible because it stands against the logic of economic behavior 

an economy is called structural change (as opposed to more 
transitory cyclical change). Structural change can have last-
ing social, economic, or environmental consequences. Struc-
tural change or “creative destruction” is generally thought 
to result in economic gain over the long run, but other 
negative consequences can stem from structural change, at 
least in the short run, including local job losses, economic 

demands for resources.

The initial hypothesis in this report is that structural change 
was accelerated by economic globalization since the early 
1990s, as import competition compelled U.S. manufacturers 
to pursue more rapid cost reduction through consolidation, 
productivity gains, reshaping of production capacity, and 
outsourcing of labor or material supply, with related shifts 
in historical patterns of resource demands. The genesis of 
recent trends in globalization and structural change in manu-
facturing is highlighted in the following excerpt:
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-
wide payroll employment and real employee compensation.

In recent years, economic globalization also accelerated an-
other aspect of structural change or “creative destruction”— 
outsourcing of manufacturing from the United States to 
other countries where lower wages, less stringent safety or 
health regulations, different tax structures, or low real dol-
lar exchange rates afforded real production cost advantages. 
Around 3 million U.S. manufacturing jobs were lost from 

compelled by increased global competition, and several 
hundred thousand of those jobs were lost reportedly because 
of direct outsourcing of production, mainly to low-income 

-
cation and training to prepare and adapt fewer U.S. workers 
to effectively run new technologies and achieve higher pro-
ductivity, economic globalization added new pressures on 
businesses and workers to compete with global enterprises 
expanding in other countries that have lower wages and 
lower standards of living. 

As growth in industrial output subsided in the United States 
in recent years, it led to declining capital investment and 
engineering activity, while capital investment and capacity 
growth expanded overseas in countries like China. Some 

jobs to skilled workers in low-income countries. Further-
more, the skills and technological infrastructure of manufac-
turing have begun to move abroad along with manufactur-
ing capacity and jobs, leaving a legacy of limited capacity 
growth in the United States. With limited U.S. capacity 
growth, any rapid upturn in demand for U.S. industrial 

particularly if the exchange value of the dollar continued de-

is held in check by imports of low-cost foreign goods.

primarily by downsizing labor inputs with rapid productivity 
gains and outsourcing.

Historical data on U.S. industrial production and manufac-
turing employment show that ongoing structural change 

when economic globalization began to exert a much stron-

10-fold, and shortly after 1991 the ongoing rate of labor 
displacement (or productivity gain) in U.S. manufacturing 
began to accelerate rapidly. As shown in Figure 1(A), the 
raw index of U.S. industrial production generally increased 
since 1970, while employment in U.S. manufacturing gener-
ally declined with ongoing or secular productivity gains. In 
addition, as shown in Figure 1(B), a secular adjustment in 
the industrial production index of – 0.13 every month can 
account for all divergence between the output index and em-
ployment trend from 1970 to around 1992, but after 
1992 the two trends still diverge despite the constant adjust-
ment. As shown in Figure 1(C), the secular adjustment re-

per month, which is three times the secular adjustment need-
ed to merge the trends up to 1992. Thus, data show clearly 

displacement in U.S. manufacturing during the period when 

expansion and U.S. imports of goods more than tripled since 
1991. The shift in the ongoing rate of labor displacement 
shows that structural change in manufacturing became ac-
celerated as the United States gained much wider exposure 
to import competition since the early 1990s. Downsizing of 
labor input was facilitated by ongoing technological trends 
in manufacturing, with computerization favoring increased 
automation. This shift in manufacturing employment was 

Figure 1—U.S. manufacturing employment (green line, BLS 2006a, b) and index of industrial production (blue line, 
Federal Reserve (2006b)), 1970–2004 (A), and the same data with secular adjustment of industrial production at – 0.13 
index value per month for entire period (B), and – 0.13 per month from 1970 to 1992, and – 0.39 per month from 1993 
to 2004 (C).
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Beyond the consequences for employment and develop-
ment, globalization and structural change left also a legacy 
of structural shifts in raw material use in certain sectors, 
such as the forest sector. The shift of manufacturing over-
seas, for example, led to a decline in U.S. demand for paper-
board in packaging (such as corrugated boxes), contributing 

inputs. Likewise, shifts in advertising toward global elec-
tronic media (compared with local print media) contributed 
to structural change in paper demand, with declining U.S. 
newsprint demand and declining print advertising expen-
ditures. Declining U.S. wood furniture production with 
increased imports and outsourcing of furniture production to 
low-income countries resulted in shifts in local demands for 
hardwood timber and veneer. In general, globalization and 
structural change introduced new pressures and uncertain-
ties in the forest sector, a sector previously accustomed to 
growth in demand but recently facing declining domestic 
demands and a more limited economic contribution to 
U.S. gross domestic product (GDP). 

Escalation in the exchange value of the U.S. dollar from 
1996 to 2002 (with declining real dollar exchange rates) 

dollar attracted imports of goods while making U.S. manu-
factured goods more expensive and therefore less competi-
tive abroad. Since 2002, the real exchange value of the 
dollar receded, a trend that restored some competitiveness 
for U.S. manufacturers and was leading toward recovery for 
pulp and paper demand. However, reduced output capacity 
and closures of many pulp and paper mills in recent years 
are structural changes that imply gradual recovery and also 

commodities. Thus, the legacy of globalization is likely to 

Economic globalization and structural change imply a need 
for investment in human capital and technology, focusing 
on globally competitive enterprises. However, the numbers 
of U.S. workers employed in manufacturing have dwindled 
in recent years, with prodigious gains in labor productivity. 
Productivity gains and outsourcing led to an 18% drop in 
overall U.S. manufacturing employment in the period from 
1997 to 2003. Manufacturing employment reached 
17.3 million in 1997 and remained near that level up to 
the year 2000; however, it declined by several million, fall-

same time, new U.S. immigrants accounted for over half of 
the growth in the U.S. labor force from 2000 to 2003, and 
new immigrants gained more than 300,000 jobs in U.S. 
manufacturing during that period (Sum and others 2003). 
Furthermore, research shows that import competition from 
low-income countries favors more capital-intensive U.S. 
business enterprises versus labor-intensive enterprises 
(Bernard and others 2002). 

Increased global cost competition, particularly in mass com-
modity markets (such as steel, textiles, and also forest prod-
uct commodities) has led to increased interest in specialized 
niche markets or customized products that may provide bet-
ter revenue or some relief from the volatility and cost/price 
competition that is characteristic of commodity markets. 
The interest in niche markets might suggest that smaller 
scale enterprises could prosper in the context of economic 
globalization, but there is little evidence for this notion. 
Instead, the development of niche markets or specialized 
products has been accompanied by a continuation of trends 
toward larger scale and more globally oriented enterprises, 
which are generally seeking to gain market advantages via 
product branding, product identity, or product value in in-
creasingly competitive global markets.

Although there are certainly exceptions, recent trends in the 
U.S. forest product industry indicate likewise that generally 
larger and more capital-intensive enterprises are more likely 
to survive global competition than smaller less capital-in-
tensive or more labor-intensive enterprises. Meanwhile, 
competing countries are focusing public resources on global 
opportunities, with the Canadian government, for example, 

-
ada Wood” program to develop markets for Canadian export 

Globalization and the U.S. 
Forest Sector
A Brief Overview
Economic globalization has been an important contributor 
to structural change in recent years. It has had a growing 

With liberalized trade policies and a strong U.S. economy in 
the 1990s, the real exchange value of the U.S. dollar soared 

its strong dollar, the United States was a global engine of 
economic growth, tripling the value of goods imports (from 

-
try in history (783 billion dollars by 2005, a 10-fold expan-

and often less expensive foreign goods reduced output and 

also in the U.S. forest sector).

Overall U.S. industrial production (measured by the Federal 

crisis of 1997, then peaked in the year 2000 and dropped 
precipitously in 2001, along with rollbacks in capital invest-
ment expenditures and business growth. The 2001 recession 
(measured by consecutive quarterly declines in U.S. GDP 
in that year) was thus largely a business-led recession, re-
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manufacturing and business in general. Economic stimuli of 
lower interest rates and tax reductions helped restore eco-
nomic growth and contributed to a housing boom from 2002 
to 2005, but U.S. industrial output only began to show a sus-

The forest sector broadly subtends a spectrum of enterprises 
and activities ranging from forestry and forest management 
to forest product industries and other forest-dependent busi-
ness enterprises, including recreational enterprises, non-
wood products, and a range of other ecosystem services. 
In the United States, the forest sector encompasses both 
public and privately owned forestlands, from which wood 
raw materials are harvested to produce forest products. This 
report focuses on primary forest product industries, such as 
pulp, paper, and paperboard, and the so-called solid-wood 
industries, including lumber, particleboard, plywood, and 
other wood products. A number of large secondary indus-
tries or other economic sectors depend heavily on primary 
forest products, such as the shipping and warehousing sec-
tor—dependent on corrugated boxes, shipping containers, 
and wooden pallets; the publication and print advertising 
sector—dependent on newsprint and printing paper; the 
housing and construction sector—dependent on soft- and 
hardwood lumber, particleboard, and plywood; and the fur-
niture sector—dependent on hardwood lumber, veneer, and 
particleboard. In general, economic globalization affected 
all of these industries in recent years, and thus in turn eco-
nomic globalization has affected the broader forest sector in 
general.

The U.S. pulp and paper industry, for example, was deeply 
affected by economic globalization and structural changes 
since the mid-1990s. Domestic purchases of paper and 
paperboard generally declined since 1999, from a peak of 
103 million tons to 96 million tons in 2003, as expansion of 
goods imports led to decline in overall manufacturing 
and corresponding declines in domestic demands for 
paper and paperboard in packaging and print advertising 
(AF&PA 2003). Commodity products account for the bulk 
of product volume in the pulp and paper sector, such as 
newsprint, market pulp, linerboard, or corrugating medium 
used for corrugated boxes or other standard grades of paper 
or paperboard. Commodity products can be readily substi-
tuted in many cases by imports. Thus, when the U.S. dollar 
gained in value from 1996 to 2002, cost competitiveness of 
U.S. producers waned, and U.S. exports of pulp, paper, and 

for pulp, paper, and paperboard products widened from 
1 million tons to 9 million tons (AF&PA 2003). More sig-

production capacity since the mid-1990s contributed to a 
downward spiral in U.S. pulp and paper revenues and prof-

of many U.S. pulp and paper mills, approximately one out 
of every six mills since the mid-1990s (many with smaller 
than average capacity). Declining industry employment 
witnessed the elimination of approximately one out of every 
three jobs at U.S. pulp and paper mills since the mid-1990s. 

From a U.S. perspective, it might appear that pulp and 
paper is a mature or perhaps declining sector, but the pulp 
and paper sector is a growth industry globally. One of the 
lessons of economic globalization is that structural change 
has disparate effects on different regions. This fact is il-
lustrated well in Figure 2, which shows annual global paper 
and paperboard production, along with annual production 

-
nual U.S. paper and paperboard production leveled out and 
declined for a period during that decade, annual paper and 
paperboard production rose by 91 million metric tons glob-

decade exceeded current annual U.S. production.

Furthermore, after steady growth in U.S. wood pulp pro-
duction through the 20th century, the decline in U.S. wood 
pulp production that occurred since the mid-1990s came as 
an abrupt shock. Annual U.S. consumption of pulpwood at 
wood pulp mills had dropped by about 15% by 2003, off by 

Globalization and consolidation in pulp, paper, and overall 
manufacturing thus deeply affected pulpwood markets as 

Figure 2—Annual paper and 
paperboard production, 1994 to 
2004, showing total global output 
and U.S. output alone (Paper-
loop 2004). Globally, paper and 
paperboard output was up by 91 
million metric tons (+ 34%) from 
1994 to 2004, but there was little 
net increase in U.S. output over 
that decade. Essentially, global 
consumers went outside the 
United States to meet growing 
demands of lower cost competi-
tors in Asia, Latin America, and 
Europe.
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well as economic growth and development in the pulp and 
paper sector (these trends are discussed in more detail in 
subsequent sections).

Although smaller in scale than pulp and paper, the U.S. 
wood furniture sector experienced proportionately greater 
inroads through globalization and consolidation since the 
early 1990s. A decade ago, imports accounted for just 20% 
of product value sold in the U.S. household wood furniture 
market, but imports have soared to more than 50% of the 
market value and continue to expand. The largest share of 
expansion in wood furniture imports is from China, now the 
leading source of U.S. wood furniture imports, and also a 
major source of wood furniture components. Expansion of 
wood furniture and component imports from China over the 
past decade is a classical story of competitive displacement 
of U.S. manufacturing capacity and employment by much 
cheaper overseas labor (the story is discussed in greater 
detail in subsequent sections of this report). In brief, wood 
furniture production and wood furniture component manu-
facture are fairly labor intensive, and typically wage rates in 
Chinese furniture factories are less than 10% of those in the 

import raw wood into China, produce furniture or furniture 
components there, and ship the product to market in the 
United States (or elsewhere) than to produce it in the United 
States. Moreover, entrepreneurs from China, the United 
States, and elsewhere have facilitated expansion of produc-
tion capacity in China, while rapidly developing expertise 
and technology to produce quality furniture products in 
China. Consequently, domestic use of hardwood lumber in 
furniture production in the United States has declined in re-
cent years, particularly higher quality hardwood lumber.

In both the pulp and paper and furniture sectors, economic 
globalization and import competition led to structural 
changes. The sifting and winnowing of production capac-
ity with closure of less competitive facilities has led to the 

-
-

quirements and more productive processes. In the furniture 

by adopting the strategy of importing wood furniture parts 

adopting more laborsaving technological improvements. 
Logically, the surviving industry may thus be better suited 
than before to meet global competition, and if the dollar 
continues to weaken, as it has since 2002, the U.S. indus-
try will be better positioned to take advantage of global 
markets. However, other complexities cloud that outlook; 
capital investment in the U.S. pulp and paper industry has 
subsided over the past decade, whereas overseas capacity 

has continued (in Europe and China, for example). In many 
cases, foreign producers retain competitive cost advantages 
relative to U.S. producers, although costs vary among 

the furniture sector, U.S. producers still retain some leads 
in automation and productivity, but it becomes increasingly 

year to year while overseas technology continues to be 
modernized and average wages in places like China remain 
very low. Generally, lower wages abroad also provide much 
lower capital investment costs (because of lower plant con-
struction costs with cheaper labor).

For those forest product industries such as softwood lumber 
that serve primarily the housing sector, along with particle-
board and plywood, the relatively robust housing boom of 
recent years afforded some shelter from economic globaliza-

-
cant international trade in housing construction or remodel-
ing services, the U.S. housing sector itself is somewhat insu-
lated from direct global competition. However, even in the 
housing sector, globalization and consolidation have begun 
to have some effects. One example is development and ex-
pansion of steel-frame housing, which substitutes for wood-
frame housing (and partially eliminates the need for soft-
wood lumber framing material). The steel industry has been 
subject to intense competition from imported steel products, 
particularly in commodity steel products produced and sold 
on the global market. The U.S. steel industry has sought 
new avenues for product development over the past decade, 
particularly expansion of domestic markets for fabricated 
steel products that might be less exposed to trade competi-
tion. This launched an array of new steel framing products 
and market initiatives that have begun to have some effect 
on material use in housing construction. 

In addition, although domestic housing demands are still 
-

cant inroads were made by imported wood products in U.S. 
markets since the early 1990s, while export markets were 

Imports thus accounted for much of the growth in U.S. 
softwood lumber and structural panel consumption. For 
example, in 1990 U.S. softwood lumber imports were 27.1% 
of consumption or 12.1 billion board feet, almost entirely 
from Canada, while U.S. consumption of softwood lumber 

consumption (56.1 billion board feet), while 19.1 billion 

the dominant structural panel product used in housing, ori-
ented strandboard (OSB), trends were much the same. 
In 1990, the United States imported 1.31 billion ft2
representing 18.9% of U.S. consumption, 6.95 billion ft2.

2 represent-
ing 38.7% of U.S. consumption. Softwood plywood im-
ports also increased, despite declining demand. In 1990, 
the United States was essentially self-reliant in plywood, 
importing a mere 0.2% of consumption from abroad, with 
consumption at 20.7 billion ft2. By 2002, the United States 
was dependent on imports for 0.91 billion ft2, 5.8% of total 
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consumption, 15.7 billion ft2. Thus, shifts in trade resulted 
in substitution of imports for domestic production, while at 
the same time there was a notable loss of growth in exports; 
for both lumber and wood panels, generally contributing to 
structural shifts in consumption of wood raw material in the 
United States.

Structural changes that unfolded in the era of rapid global-
ization and consolidation since the early 1990s changed 
also the outlook for U.S. timber demand. The recent 2001 
RPA timber assessment recognized, for example, that U.S. 
pulpwood demand peaked in the mid-1990s. Gradual re-
covery in pulpwood demand was projected in the decades 
ahead, and thus annual U.S. timber harvest was projected 
to increase gradually from around 17 billion ft3 currently 
to 22 billion ft3
the 1990s, pulpwood demand was increasing more rapidly, 
and thus it was reasonable then to project that overall U.S. 
timber harvest could reach 27 billion ft3 -
jected in the 1989 RPA timber assessment (Haynes 1990). 
The 5 billion ft3 adjustment in projected U.S. annual timber 
harvest is mainly attributable to the recent downturn in pulp-
wood demand (a consequence of industry globalization and 
consolidation, as well as increased paper recycling). Other 
adjustments were also relevant, such as reduced growth in 
fuelwood demand and reduced log and chip exports. The 
nationwide timber demand outlook clearly changed, and is 
now much lower than previously projected, largely because 
of the effects of globalization, consolidation, and structural 
change.

The reduction in projected timber demand also changed 
the outlook for forest resource conditions nationwide. For 
example, the 1989 RPA timber assessment (RPA 1989) had 
projected that U.S. timber growing stock volume would no 
longer increase because expanding harvests would match 
forest growth in the years ahead. By contrast, the recent 

increase in timber growing stock volume over the next 50 
years, which happens to match the percentage increase of 
the past 50 years. Hardwood harvest was still projected to 
increase (about one-third by 2050). However, softwood har-
vest on non-plantation forestland was projected to decline 

Southern Pine plantations) was projected to expand to 
almost 55% of softwood timber supply by 2050. Thus, ac-
cording to recent U.S. timber assessments, the outlook for 
decades ahead (over the next 50 years) is for very little in-

million acres (over 90%) of commercially available U.S. 
timberland that is projected to remain in natural forest cover 
(apart from managed plantations), with hardwood harvest 
increasing and softwood harvest decreasing on those lands. 
Tens of millions of acres of additional forestland will also 
remain preserved in parks, wilderness, and other reserves. 
Forest age structure will thus become increasingly mature, 
particularly for softwood timber in the U.S. West, where 

public forestlands predominate. Forest management will in-
creasingly face conditions of accumulating timber invento-
ries and limited growth in demand. These conditions include 
accumulating volumes of timber in need of thinning to re-

addition, future markets will likely afford less robust growth 
in forestry revenues and thus a more limited contribution of 
forestry to overall GDP growth. The forest sector contribu-
tion to U.S. GDP has in fact declined since the mid-1990s 
(U.S. Department of Commerce 2002). Future policies and 
programs related to forestry and sustainable forest manage-
ment thus need to be shaped in an evolving context of eco-
nomic globalization and structural change, a topic discussed 
further in this report.

Relevance to Sustaining Forest Management
The evolving trends of economic globalization and struc-
tural change occur in the broader context of human develop-

-
ment in economic, social, and environmental dimensions. 
Those three dimensions are also recognized internationally 
as core concerns of sustainable development (UN 2006). 
Hence, some scholars have questioned whether economic 
globalization and sustainable development are competing 
paradigms of human development, although throughout the 
world most governments generally support both free trade 
and sustainable development (Speth 2003). 

Linking economic globalization to sustainable forest man-
agement is a complex issue, one discussed here only in the 
context of the U.S. forest sector. For example, over the past 
decade globalization and consolidation in forest products led 

mills on average, but fewer mills remain in operation. With 
growth in U.S. timber demand offset by imports, millions 
of acres of U.S. industrial forestland were sold in recent 

reduce debt, or obtain favorable tax advantages (Fosgate 
2002). Fourteen million acres of industrial timberland were 
sold nationwide in a recent 5-year period amid mergers and 
consolidations in the U.S. forest product industry according 
to research at Warnell School of Forest Resources, Univer-
sity of Georgia (Fosgate 2002). Thus, globalization has re-

attributable to timber management are also less prominent 

forestry to U.S. GDP since the mid-1990s). Globalization 
has thus shifted the outlook for forestry and forest manage-
ment options, and may have altered the political and eco-
nomic base of support for sustainable forest management in 
the United States (at least in the private sector).

According to economic theory, globalization and free trade 
should enhance economic prosperity on a global scale, as 
capital moves more freely to the most productive uses and 
locations. Thus, free trade enhances creation of wealth or 
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private capital, but the form or allocation of capital is 
usually not constrained by trade policy. Free trade policy 
generally avoids intrinsic constraints on the form of capital 
or how accumulated private capital is to be managed, and 
indeed placing constraints on the investment or liquidation 
of capital is generally antithetical to capitalist free enter-
prise. Thus, although globalization and free trade offer ben-

follow that global prosperity will contribute positively to 
sustainable forest management in the United States or to-
ward purposes such as monitoring and protection of biologi-
cal diversity in forest ecosystems. Nor does it necessarily 
follow that global prosperity will—in the longer run—sup-
port sustainable forest management in the United States. 
The policy of free trade supports global free enterprise and 
capitalism, and it may or may not support activities such as 
environmental protection or ecosystem management. Logi-
cally, the policy of free trade will support those activities 
only if they are positively connected to global enterprise 
development or capitalism.

Thus, a direct policy course toward sustaining capital in-
vestment in the U.S. forest sector would be to focus public 
programs and infrastructure on helping to sustain the global 
competitiveness of the U.S. forest sector. To be effective, 
such programs and policies would need to discern which 
elements of the U.S. forest sector have a realistic potential 
for becoming more globally competitive and then support 
the most relevant research and development (R&D), educa-
tion, and infrastructure development programs. A recently 
published national report on sustainable forest management 

derive from forest products, recreational and cultural experi-
ences, ecosystem services, and community development. It 
states that economic development is a factor in maintaining 

-
es in levels of investment in forest management, industry, 
and R&D that would support continued economic develop-
ment. The report does not —and was not intended to—sug-
gest which types of R&D investments are most important to 

may include those focused on forest product industry com-
petitiveness or other forest-related enterprises such as eco-
tourism, or perhaps even enterprises that provide ecological 
services such as carbon sequestration. 

If U.S. forest policy were to focus on sustaining competi-
tiveness of U.S. forest product enterprises, it could entail 
efforts to develop more competitive technologies, but such 
technologies could also be adopted by global competitors. 
The cost-competitiveness of forest product technology gen-
erally increases with scale of production, increased automa-
tion, computerization, and capital intensity. As explained 
subsequently in this report, economic globalization and 
import competition have resulted in downsizing in employ-
ment and structural changes throughout the forest sector, 
but those changes have favored survival of larger scale and 

more capital-intensive forest product enterprises, while 
more labor-intensive or smaller scale and less capital-
intensive enterprises have experienced proportionately 
greater decline.

Broad Perspectives on Economic 
Globalization
Expansion of the U.S. economy was associated in recent de-
cades with increased trade and increased exposure to trade 
with countries that have much lower income per capita. 
Up to the mid-1970s, U.S. trade in goods was roughly bal-
anced (with imports usually matched by exports), but since 

low-income countries gained much greater access to U.S. 
markets. In the period from the early 1970s to late 1990s, 
imports of goods from low-income countries were the fast-
est growing component of U.S. trade, increasing far more 
rapidly than total imports (Bernard and others 2002). 
Ubiquitous labels on many retail goods such as “Made 
in China” or “Made in Mexico” have displaced “Made 
in USA” or “Made in Japan.” Imports increased far more 
rapidly than exports, and the U.S. trade balance in goods 
fell from a surplus of $8.9 billion in 1975 to a record goods 

-

the United States was importing an average of about $1.3 
trillion of goods each year, more than double the annual 
level of goods imports a decade earlier, and goods imports 
reached $1.68 trillion in 2005.

Thus, in the span of just one generation, the United States 
went through a profound transition from a net goods ex-
porter (as recently as 1975) to by far the world’s largest net 
importer of goods, and compounding this shift was competi-
tion from low-income countries, which became a powerful 
force for reallocation of capital within and across U.S. in-
dustries. For example, in the period from the early 1970s to 
late 1990s, the reallocation of U.S. manufacturing involved 
shifting toward more capital- and skill-intensive industries 
in response to low-wage import competition. Research has 
shown that this was accomplished through the processes 
of plant closure (with more plant closures and less growth 
among less capital- and skill-intensive plants), by plant 
expansion (with higher growth among the more capital- or 
skill-intensive plants), and by product changes (with plants 
switching to products or sectors that were more capital- or 
skill-intensive than industries they left behind) (Bernard and 
others 2002). Plant closures, plant expansion, and changes 
in product mix are structural changes that resulted not only 
in shifts in employment opportunity but also in shifts of raw 
material demands. 

In economics, production is understood to be the process by 
which inputs of labor, capital, energy, and raw materials are 
combined to produce output, and there is usually an ability 
to substitute one category of inputs for another. It would be 
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expected therefore that the shift in manufacturing toward 
more capital- or skill-intensive enterprises would have ef-
fects on other inputs, such as offsetting inputs of labor or 

by more profound economic developments that unfolded 
in the U.S. economy and in U.S. manufacturing since the 
mid-1990s. In particular, from 1996 to 2002 a surge in the 
real trade-weighted exchange value of the U.S. dollar con-

manufacturing during 2000 through 2001.

The Flood of Imports and Downturn 
in U.S. Industrial Production 
In the 1990s, the United States emerged as the dominant 
global superpower and was the engine of global economic 

-
cit also climbed to record levels. The United States support-
ed free trade, but trade strongly favored imports of goods to 
the United States, particularly as the U.S. dollar increased in 

generally followed gains in the broad nominal dollar value 
index (lagging by 2 to 3 years). As the U.S. dollar gained in 
value, foreign goods became relatively less expensive, fa-
voring imports, while reducing domestic and export market 
competitiveness of U.S. manufacturers.

Since the early 1990s, U.S. goods imports and U.S. trade 

$77 billion in 1991 to $783 billion in 2005 (Fig. 3). Over-
all goods imports more than tripled over the same period, 

imports, particularly goods from low-income countries, had 

-
ject to import competition.

As goods imports soared, U.S. industrial output began to 
weaken in the late 1990s, and then declined, not recovering 

output diverged from capacity growth, leading to overcapac-
ity, weak pricing, and a multiyear slowdown in industrial 

The downturn in U.S. industrial production and rising tide 
of imported goods led to a decline in U.S. business invest-
ment due to overcapacity, market volatility, and reduced 

downturn starting in 2000 came on the heels of expanded 
capital investment in the late 1990s, and thus the downturn 
led to substantial overcapacity as shown by the divergence 
between Federal Reserve indexes of industrial production 

to the ratio of production volume to capacity, also known 
as capacity utilization. This is because capacity utilization 

is the principal determinant of short-run marginal supply 
in product markets, and thus it determines pricing leverage 

falls substantially below existing production capacity, a con-
dition of excess supply or overcapacity arises, so generally 

-
sion of overseas production capacity, economic globaliza-
tion, and rising imports exacerbated conditions of excess 

Overcapacity, declining output, rising goods imports, and 

manufacturers. Thus, the downturn in U.S. industrial output 
spawned a rare business-led recession in 2001, with declin-

Figure 4—U.S. industrial production and production ca-
pacity indexes (Federal Reserve 2006a) showing diver-
gence indicating overcapacity and slowdown in capacity 
growth.

Figure 3—U.S. trade-weighted nominal broad dollar 
index (Federal Reserve 2006a) and annual U.S. trade 
deficit in goods (Census Bureau 2006a). Trade-weighted 
dollar index not available prior to 1973.
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inputs, gains in productivity, outsourcing, and other cost-

However, a declining dollar depreciated somewhat the value 

of restructuring and realignment in U.S. manufacturing 
(Fig. 5).

Figure 6 illustrates recent year-over-year growth in U.S. 
industrial production (annual growth rate month to month), 
along with industrial capacity utilization as reported by 
the Federal Reserve (2006a). Following the downturn of 
U.S. industrial output in 2000 and 2001, growth was slow 
and uneven. By 2006, growth in U.S. industrial output had 
still not yet returned to peak growth rates of the late 1990s. 
Growth in industrial output faded during the 1997–1998 
Asian Crisis (when export markets to Asia eroded with 
devaluation of some Asian currencies), and then growth col-
lapsed in the broad manufacturing downturn and business 
recession of 2000 and 2001. Growth was barely positive in 
2002, stalled in early 2003, and then growth resumed later 

dollar declined. Capacity utilization (which historically 
averaged around 82%) remained depressed at levels below 

-
zation in 2001–2003, pricing leverage for manufacturers 
remained weak. Manufactured commodity prices began to 

weakened.

The downturn and gradual recovery of U.S. industrial output 

economy, particularly a decline in manufacturing relative 
to growth in the service sector, housing construction, and 
imports. Elements of structural change include the decline in 
manufacturing employment and a substantial shift in the rate 
of secular productivity gain (or labor displacement) in U.S. 

manufacturing over the past decade (Fig. 1). Other elements 
of structural change include global shifts in production ca-
pacity and outsourcing, with growth of industrial production 
shifting to regions such as Asia, as well as corresponding 
structural shifts in global capacity growth and raw mate-
rial use. One way to discuss implications of the structural 
change in U.S. manufacturing is to discuss the recent dis-
connect in data correlation between U.S. industrial produc-
tion and U.S. GDP.

United States Industrial Output and Gross 
Domestic Product
Correlation between U.S. industrial output and GDP growth 
has important social and environmental relevance. For one 
thing, the national identity has long been connected to in-
dustrial accomplishments, and that identity has shaped how 
U.S. citizens anticipate and approach national problems 
such as social or environmental problems. As outlined in 
a speech by U.S. Department of Commerce Secretary Don 
Evans to the Detroit Economic Club, September 15, 2003, 
U.S. industry and manufacturing have meant far more to 
U.S. citizens than just economic enterprise. As Mr. Evans 
pointed out, industry and manufacturing are part of the na-
tional identity.

Americans are pioneers and inventors and visionaries. 
We built railroads and the telegraph to connect cities. 
We built automobiles and airplanes to give our citizens 
mobility. We built Liberty Ships to defeat tyranny. We 
built Apollo to reach the Moon. And in countless other 
variations spanning every sphere of life, American 
products help people around the world lead safer, 
healthier, and more satisfying lives. Americans work-
ing in the spirit of Franklin, Bell, Deere, Edison, Ford, 
Dell, and Gates have transformed the world and raised 
global living standards. 

Thus, when Americans have designed solutions to social 
or environmental challenges, such as improving the educa-
tion of children or improving the environment, they have 

Figure 5—After-tax profits of U.S. manufacturers—billions of dollars per quarter, seasonally adjusted, and cents per 
dollar of sales quarterly, 2000 through 2004 (U.S. Department of Commerce 2005).
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resorted to technological solutions. For example, in primary 
and secondary education, classroom use of computers, tele-
visions, recording devices, visual aids, and other modern 
technologies have become synonymous with improving the 
education process. Likewise, use of automotive emission 

-
come synonymous with reduced air pollution and resource 
conservation. In general, Americans have invoked industrial 
or technological solutions to sustainable development prob-
lems, and until recently that approach was reinforced by 
positive correlation between two key economic indicators, 
GDP and industrial output. Industry and technology were 
part of the national identity essentially because industrial 
output was correlated to broader economic growth and 
prosperity, but in recent years that correlation was offset 
by structural changes in the overall economy. Measures of 
sustainable forest management such as the Montréal Process 
Criteria and Indicators (discussed later), however, assert that 
many environmental and social elements of well being are 
not fully accounted for in the GDP model (but require vari-
ous additional bio-physical measures).

Figure 7 shows quarterly trends over recent years in U.S. 

index (Federal Reserve 2006a). Historically, U.S. industrial 
output and GDP were positively correlated and only slowly 
diverging (as the service sector expanded historically). 

proportions and as manufacturing output peaked in the year 
2000 and then declined. Whereas historically there was a 
strong positive correlation between quarterly U.S. industrial 

p = + 0.98 from 1975 to 1999), that positive correlation 
disappeared for a period, replaced by a negative correlation 
(p = – 0.32 from 2000 through 2003). After 2003, positive 
correlation reemerged, but the two indicators continued to 
diverge from one another (Fig. 7).

Similarly, U.S. timber harvest has diverged from broader 
GDP growth, and evidence indicates that an ongoing decline 
in timber harvest relative to GDP was accelerated along 
with globalization and consolidation since the early 1990s. 
United States timber harvest was gradually diverging from 
GDP growth for most of the last century, but since 1991 
U.S. timber harvest declined at a much more rapid pace rela-
tive to GDP. Figure 8 illustrates the trend from 1975 to 2002 
in U.S. timber harvest relative to GDP. United States timber 
harvest per million dollars of real GDP declined by 11% in 
the period from 1975 to 1991, but then from 1991 to 2002 
it declined by 38%, as economic globalization affected the 
forest sector. The accelerated decline in timber harvest per 
million dollars of GDP since the early 1990s coincides with 
noted shifts in various indicators of economic globalization, 

(Fig. 3), structural displacement of labor in manufacturing 
(Fig. 1), and a broader disconnect between overall U.S. in-
dustrial output and GDP growth (Fig. 7). 

Recent history suggests also that alternative approaches to 
sustainable forest management can gain ascendancy over 
economic or technological approaches if connections be-
tween forest industry development and broader economic 
prosperity become diminished. For example, until the 1980s 
much of the timberland in the National Forest System was 
available for scheduled timber harvest under the manage-
ment discretion of the USDA Forest Service, applying the 

timber supplies (Fedkiw 1997). National forests of the U.S. 

sources of timber in the mid-20th century, up until the late 
1980s. However, the late 1980s to early 1990s was a period 
of transition in national forest management, as political con-
cerns arose in the PNW region about protecting old-growth 

Figure 6—Growth in U.S. industrial production on 
a monthly basis (year-over-year), and monthly U.S. 
industrial capacity utilization (Federal Reserve 2006a). Figure 7—Real U.S. gross domestic product (billions, 

2000 U.S. dollars) and quarterly U.S. industrial produc-
tion index, 1993–2005 (BEA 2004; Federal Reserve 
2006a). 1975–1999, p = 0.98; 2000–2004, p = – 0.38.
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species such as the northern spotted owl. By the 1980s, eco-
nomic development and job growth in the PNW region had 
also shifted from the forest sector to other economic sectors, 
although many local forest product mills remained depen-
dent on timber from the national forests. The Forest Service 
estimated that during the period of transition approximately 
31,000 jobs were lost in the forest sector in Washington and 
Oregon as national forest timber harvest was reduced, but 
866,000 jobs were created in other economic sectors within 

suggest a practical reason why economic or technologi-
cal approaches did not come to play a central role in local 
resolution of sustainable forest policy issues at that time: 
the public identity with the forest sector as a source of jobs, 
prosperity, and developing technology had become subordi-
nated in the context of broader economic development and 
other technological sources of economic prosperity. Other 
forest management approaches gained ascendancy, replacing 
forest management approaches that were based previously 
on economic considerations or technological needs of the 
forest product industry. 

role at the national level in coping with declining timber 
supply from public forests in the West, with development of 
OSB production in the U.S. East replacing plywood produc-
tion in the West, expansion in the area and productivity of 
Southern Pine plantations in the U.S. South, a shift to South-
ern Pine lumber production, and increased paper recycling. 
In addition, imports of softwood lumber and OSB from 
Canada increased, and softwood log exports from the West 
Coast declined. Those developments offset the negative ef-

species in the PNW region. 

However, at the local level within the PNW region, a set of 
judicial and regulatory solutions played a primary role in 
resolving public forest management issues within the region, 
rather than economic or technological solutions per se. This 
is not to say that technological or economic solutions would 
have worked better or worse than judicial or regulatory solu-
tions. Rather, the point is simply that the local resolution of 
public policy issues could largely bypass technological and 
economic issues because the relative importance of the for-
est industry in the regional economy was rapidly diminish-
ing. Public identity with forestry and resource management 
was diminishing because of structural changes in the local 
economy—through expansion of economic activity, tech-
nology, and employment in other sectors of the economy. 
Whereas many people were attracted to the PNW region by 
forest amenity values, which they wanted to preserve, their 
economic welfare was not directly connected to forest tech-
nology or resource management.

Likewise, ongoing structural changes in industrial produc-
tion and forest sector growth in the current era of economic 
globalization may further shape the American identity and 

-
tainable forest management in the future. History suggests 
that if the relative economic importance of forest industry, 
forestry technology, or forest product manufacturing contin-
ues to become diminished locally relative to other economic 
enterprises, then technological or industrial solutions to sus-
tainable forest management may tend to give way to politi-
cal, judicial, or regulatory solutions, as in the PNW region 
in the late 1980s. 

In other parts of the world where forest industry retains a 
stronger connection to economic prosperity and national 
identity, most notably in Scandinavia, technological solu-
tions seem to play a more central role in resolving sustain-
able forest management issues (such as with recent Scandi-
navian development of more modern timber harvest technol-
ogy and harvest systems that leave a much lighter environ-
mental footprint in forest ecosystems). In general, a further 
disconnect between U.S. GDP growth and industrial output, 
or between GDP growth and forest sector growth will likely 
shift the future pathway of sustainable development farther 
away from technological solutions toward other political, 
regulatory, or judicial solutions, which may not be favorable 
toward U.S. forest industry or its global competitiveness.

Effects of Economic Globalization on 
Society and the Environment
In addition to effects of economic globalization on local 
development opportunities, some empirical evidence sup-
ports a view that structural change and shifts in wealth aris-
ing from free trade and economic globalization have broad 
effects on society and the environment. In the literature on 
trade liberalization and the environment, those effects have 
been subdivided into three main categories, including tech-
nique effect, scale effect, and composition effect, described 
as follows (Nimon and others 2002):

Figure 8—United States timber harvest volume (ft3) per 
million dollars of real gross domestic product (2000 U.S. 
dollars), 1975–2002.
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Technique Effect. Trade liberalization results in shifts 
in technology, and thus may have a “technique effect” 
on society or the environment as producers adopt either 
dirtier or cleaner production technologies, whichever 

favored as per capita wealth increases.

Scale Effect. Empirical evidence links trade liberaliza-
tion to economic growth and expansion in scale of pro-
duction. Increased output and scale of production 
resulting from trade liberalization may, however, gen-
erate additional pollution emissions or accelerate 
depletion of natural resources.

Composition Effect. Trade liberalization may affect 
composition of product output, such that resources 

more capital- or skill-intensive means of production 
in the United States).

These observed effects support the environmental Kuznets 
curve idea, an inverted-U shaped relationship between 
environmental degradation and income, which suggests 

with increasing per capita income (as scale effects of dirtier 
technologies increase environmental burdens but eventually 
positive technique and composition effects reduce environ-
mental burdens) (World Bank 1999). The environmental 
Kuznets curve is an extension of the classical Kuznets curve 
hypothesis regarding income inequality, advanced in 1955 
by the economist Simon Kuznets. According to that hypoth-

economic development (as a result of structural change in 
the economy). Although some empirical evidence exists 
for Kuznets curves, it is statistically weak or has been chal-
lenged by other studies that reject the Kuznets hypotheses, 
particularly the Kuznets income-inequality curve (Ravallion 
and Chen 1997). 

The Kuznets curve hypotheses are controversial, and in 
some cases contradicted by data, but nevertheless the envi-
ronmental effects of income or prosperity are relevant top-
ics to consider in relation to economic globalization, along 
with technique, scale, and composition effects. In the U.S. 
forest sector, for example, the scale effect may actually be 
reversed in regard to wood resource utilization, as the larger 
scale and more capital-intensive pulp and paper mills tend 

-
per recycling). In general, globalization and trade liberaliza-
tion appear to affect the environment in a variety of ways, 
some positive and some negative (Nimon and others 2002). 
Also, the Kuznets curve suggests that promoting global 
acceptance of U.S. standards for worker safety, health, 
minimum wages, and environmental protection could be a 
strategic remedy to many of the challenges of economic glo-
balization. However, before discussing strategic remedies in 
more detail, a more in-depth review of structural change is 

needed to interpret more precisely the effects of economic 
globalization in the U.S. forest sector.

Structural Change in Forest Product 
Markets
The following sections provide a more in-depth overview 
of how economic globalization has contributed to structural 
change and shifts in raw material markets in the U.S. forest 
product sector, considering developments in pulp and paper, 
furniture and hardwood lumber, softwood lumber and hous-
ing, and the wood panels sector.

Pulp and Paper
Economic globalization and structural change appear to 
have deeply affected the pattern of growth in the U.S. pulp 
and paper sector in recent years. The United States is still by 
far the leading global producer of pulp, paper, and 
paperboard products. However, U.S. output of paper and 
paperboard peaked in the year 1999 and subsequently de-
clined through the year 2003. United States wood pulp out-
put peaked earlier, in the mid-1990s and also subsequently 
declined. The recent declines in U.S. pulp, paper, and paper-
board output are the largest and most prolonged declines in 
the history of U.S. pulping and papermaking, going all the 
way back to the 1800s. This section discusses several topics 
related to the recent declines in U.S. pulp, paper, and paper-

trends of the pulp and paper sector in recent years; (2) How 

the direct implications are for forest management and forest 
resource conditions.

Economic globalization and record levels of goods imports 
contributed to a leveling out and decline of U.S. industrial 
production from 2000 to 2003 (Figs. 1–5), and that decline 
also deeply affected pulp, paper, and paperboard demand. 
Paper and paperboard products serve many markets, 
but there are three principal end uses: packaging, com-
munication, and sanitary products. The largest end use is 
packaging, where paper and paperboard are used for retail 
packaging and for shipping containers (such as corrugated 
boxes). The next largest end use is the use of paper for com-
munication in print media, advertising, publishing, business, 
and education. The packaging and communication end uses 
are both closely tied to the overall level of business and 
manufacturing activity in the U.S. economy, via packaging 
and shipping of most goods in commerce and via the use 
of paper for print advertising and business applications. In 
print media such as newspapers and magazines, the bulk of 
revenues are generated by business and product advertising 
expenditures. Thus, the recent downturn in U.S. industrial 

in domestic paper and paperboard demand, particularly in 
packaging and print advertising. Demand for tissue and 
sanitary paper products remained relatively steady, but 
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demand for tissue and sanitary paper is small relative to 
packaging and communication grades of paper and paper-
board (just 8% of U.S. production in 2003). Figure 9 
illustrates that monthly U.S. paper and paperboard produc-
tion has tracked fairly closely the recent downturn of growth 
in overall U.S. industrial output (measured by the year-over-
year change in the Federal Reserve monthly index of U.S. 
industrial production).

United States paper and paperboard domestic purchases 
also peaked in 1999 and then declined along with declin-
ing growth in overall industrial production, as demands for 
paper and paperboard in packaging and print advertising 
receded. Thus, U.S. paper and paperboard demand along 
with overall manufacturing output were deeply affected 
by economic globalization. Industrial output has increased 
since 2001, and a bumpy upturn has been under way also for 
paper and paperboard output (Fig. 9), but the recent 
downturn was quite severe, and full recovery to previous 

peak levels will likely take some time. By 2006, paper and 
paperboard output still remained about 5% below peak lev-
els of the late 1990s.

Furthermore, with a surge in the real exchange value of the 

by pulp and paper imports from Europe and Canada, as 
well as from Asia and Latin America, and also U.S. exports 

paperboard products soared from less than 1 million tons of 
net imports in 1996 to around 9 million tons of net imports 

Figure 10 shows the recent historical trend in annual U.S. 
exports and imports of pulp, paper, and paperboard prod-
ucts (AF&PA 2006), along with the trend in the real trade-
weighted dollar index (Federal Reserve 2006). The trade-
weighted exchange value of the dollar declined from 2003 
to 2005, and subsequently net imports of pulp, paper, and 
paperboard receded from 9 million tons to 7 million tons by 
2005, and exports began to show signs of recovery (Fig. 10).

The recent decade-long divergence between U.S. exports 
and imports of pulp, paper, and paperboard began in 
1997–1998 (Fig. 10), prior to the more recent decline in 
industrial production in 2000. This is partly attributable to 

crisis in the late 1990s. As currencies among some Asian 
countries were devalued, U.S. exports began to decline, and 

including imports from Europe as well as Asia.

Thus, since the mid-1990s, economic globalization had a 
two-fold effect on the pulp and paper sector, including (1) a 
downward effect on U.S. domestic demands for paper and 
paperboard in packaging and print advertising correlated 
with a downturn in U.S. industrial production stemming 
from record goods imports and structural changes in manu-
facturing and (2) a direct effect on pulp, paper, and paper-

expansion of imports. Both effects were driven in part by 
the recent surge in the U.S. dollar value from 1996 to 2002, 
but other factors also contributed to competitive displace-
ment of market share by imports and the loss of growth in 
U.S. exports. Those factors included wage rates, with rapid 
expansion of pulp and paper production capacity in lower 
income countries such as in Asia and Latin America, and 
wood cost, as pulp and paper producers in some parts of 

-
cies such as eucalyptus or acacia. 

Primary pulp, paper, or paperboard products, such as kraft 
market pulp, newsprint, linerboard, and various grades of 
printing and writing paper are sold as commodity products 
in the global market. This facilitates trade but also tends to 
limit opportunities for product differentiation. In addition, 
the differential between local and global shipping cost 
is relatively small (5% to 10% of product value). 

Figure 9—United States paper and paperboard 
production (6-month moving average, AF&PA 2006) and 
growth in overall U.S. industrial production (Federal 
Reserve 2006a).

Figure 10—The green line (dollar index) indicates trends 
in total annual U.S. exports and imports of pulp, paper, 
and paperboard products, and real broad trade-weighted 
dollar index, 1996–2005. Data include paper and 
paperboard products and wood pulp shipment (AF&PA 
2006; Federal Reserve 2006).
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Consequently, competitiveness and global allocation of 
capacity growth are determined largely by production cost, 

currency exchange rates. Other factors also play a role, such 
as availability of capital for mill investments, energy costs, 
corporate tax rates, regulatory compliance, timeliness of 
product delivery, and so forth.

In the 1990s, growth in pulp output shifted from Europe and 
North America to Asia and Latin America, a trend favored 

growing plantations. Figure 11 shows shifts in pulp pro-
duction and consumption among global regions during the 
decade of the 1990s, along with 2002 costs and capacities 
for hardwood market pulp (hardwood kraft) among global 
regions. Throughout the 1990s Asia and Latin America had 
far more growth in pulp production than all other regions, 
mostly hardwood pulp, with mill investments lured to those 
regions by low production costs. By 2002, pulp producers in 
Latin America and Asia had a big advantage in production 

mills. A weaker U.S. dollar since 2002 has narrowed but has 
not eliminated the cost advantage.

Although global pulp production trends in the 1990s pointed 
to other regions as the locus of growth in pulp and paper 
output, the decline in U.S. paper and paperboard output 
since 1999 was nevertheless an abrupt departure from 
historical trends. Through the 1990s, U.S. paper and pa-
perboard output continued to increase fairly steadily, even 
though exports began to recede in 1997 and U.S. wood pulp 
output peaked in the mid-1990s. Thus, as late as 1998 eco-
nomic projections of U.S. paper and paperboard production 
showed continued expansion of output into the 21st century, 

Agriculture Organization (FAO) of the United Nations 
(FAO 1998). Shortly after the 1998 FAO projections were 
made, U.S. paper and paperboard output peaked and sub-
sequently declined, as shown in Figure 12. Also shown in 
Figure 12 are projections of U.S. paper and paperboard 
production made in 2001 for the Forest Service RPA timber 
assessment (Haynes 2003).

Figure 11—Global shifts in pulp production, 1990–2000, and 2002 global cost-capacity curve for hardwood market 
pulp producers. Left chart: PPI (2002). Right chart: NLK (2002). ADMT, air-dry metric ton.

Figure 12—United States annual production of paper 
and paperboard, 1975–2005, along with 1998 FAO and 
Forest Service 2001 RPA projections (FAO 2001; 
Haynes 2003).
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The RPA projections indicated that growth would return 
to U.S. paper and paperboard output, but there was a large 
gap between the 2001 RPA projections and FAO projections 
made three years earlier, with FAO projections for 2010 not 
being reached until 2025 according to RPA. Thus, the recent 
downturn in U.S. paper and paperboard output pointed to a 

-

paper and allied products industry generally declined after 
peaking in the mid-1990s, in a downturn that dwarfed the 

during rapid global capacity expansion in the early 1990s, 
during the Asian crisis of the late 1990s (with loss of growth 
in U.S. exports), and during the recent U.S. manufacturing 

downward from 1995 to 2002, more than 90 U.S. pulp, 
paper, or paperboard mills were shut down (mostly older 

-
sures. Industry capacity expansion ground to a halt, and cap-
ital investment declined sharply. Total production capacity 
of U.S. paper and paperboard mills receded in the year 2001 

recede in 2002 to 2006, with very little capacity growth an-
ticipated in the next couple of years (AF&PA 2002). 

Annual capital expenditures at U.S. pulp and paper mills 
dropped by more than one-third between 1996 and 2002, 
falling below annual depreciation levels (Census Bureau 
2002a). The decline in capital spending reduced optimism 

mill managers in 2002 believed that their company was 

competitiveness (Paperloop 2002). The vital role of capital 
investment in maintaining industry competitiveness is 

Figure 13—After-tax profits of U.S. paper and allied products industry, real annual basis 1925–2004 (1982 dollars), 
and quarterly nominal basis, as reported (U.S. Department of Commerce 2006; U.S. Department of the Treasury 2006; 
AF&PA 2006).
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-
creased modestly in 2003 to 2005 as markets improved with 
the upturn in industrial production, but capital spending 
still remained well below historical peak levels of previous 
decades.

With consolidation, downsizing, and a push toward lower 
-

corded in the pulp and paper sector, particularly at pulp, pa-
per, and paperboard mills. Total employments at U.S. pulp, 
paper, and paperboard mills dropped by around 80,000 from 
1997 to 2005 (BLS 2006), a loss of about one out of every 
three jobs at mills since January 1997. Figure 15 shows 
the decline in U.S. pulp, paper, and paperboard mill 
employment from 1997 through 2005, which was associ-
ated over that period with the peaking and downturn in U.S. 
paper and paperboard production. Although production 

dropped by just less than 10% from its peak in 1999 to its 
low point in 2002, mill employment dropped by over 30% 
from 1997 to 2005, as many smaller and more labor-inten-
sive operations were shut down. 

Economic globalization and structural change in paper and 
paperboard markets contributed to an historic shift in U.S. 
wood pulp output and pulpwood demand since the mid-
1990s. Throughout most of the 20th century, U.S. wood 
pulp output climbed steadily with paper and paperboard 
output, becoming the leading end use of wood and wood 

-
dues and roundwood pulpwood). The growth of U.S. wood 
pulp output up to the mid-1990s was remarkable because of 
its consistent upward trend, which was generally much less 
variable than other major end uses for wood such as hard-
wood or softwood lumber, for example. Figure 16 illustrates 
growth over the past century in annual U.S. wood pulp 
production along with trends in production of hardwood and 
softwood lumber. Although the recent decline in wood pulp 
output is proportionately smaller than historical declines 
in lumber production, nevertheless the drop in wood pulp 
output since the mid-1990s is by far the biggest downturn 
for wood pulp of the past century—bigger than any other 
decline in the history of wood pulp production (more than 
declines in the Great Depression of the 1930s or in the ener-
gy crisis of the 1970s). Increased paper recycling in the late 
1980s and early 1990s played a role in leveling out growth 
of U.S. wood pulp output, as the recovered paper utiliza-

since then (reaching just 38% in 2002) AF&PA (2003). Most 
of the decline in wood pulp output occurred more recently 

Figure 14—Decline in capacity growth for U.S. paper and 
paperboard mils, with little projected growth (AF&PA 
2006).

Figure 15—Decline in U.S. pulp, paper, and paperboard 
mill employment associated with recent downturn in 
U.S. paper and paperboard production, 1997–2005. 
Employment, BLS (2006); production, AF&PA (2006).

Figure 16—United States annual production of lumber 
and wood pulp, 1900–2005. Wood pulp includes 
estimates of dissolving pulp and wood pulp for 
construction paper and board (FS 2003, AF&PA 2006, 
Hardwood Review 2004).
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when paper and paperboard output peaked in 1999 and then 
declined (Fig. 12), along with industry consolidation and the 
recent downturn of growth in overall U.S. manufacturing 
(Fig. 6).

The downturn in U.S. pulp and paper output was recognized 
and taken into account in the previous Forest Service RPA 
timber assessment (Haynes 2003). The analysis of the pulp 
and paper sector for the timber assessment was done in 
2001, and the analysis projected that the downturn in wood 
pulp output would be prolonged well into the current de-
cade, reaching a low point around mid-decade and then re-
covering in the years ahead along with an anticipated upturn 
in paper and paperboard demand (Fig. 12). The 2001 RPA 
analysis still appears reasonably accurate in light of more re-
cent trends, with an upturn for paper and paperboard output 

-

departure since the early 1990s from its historical trend 

from historical trends in nationwide pulpwood demand.

Figure 17 illustrates historical trends and the 2001 RPA pro-
jections for U.S. wood pulp output and pulpwood receipts 
at wood pulp mills. After declining from peak levels of the 
mid-1990s to a projected low point in the current decade, 
the RPA projections show a gradual recovery for wood pulp 
production and pulpwood receipts at wood pulp mills, but 
nevertheless full recovery is projected to take decades. Thus 
the recent downturn and projected trends indicate an enor-
mous displacement of growth in pulpwood demands relative 
to the growth trends of the 1960s to early 1990s. 

-
tural change in the overall U.S. timber demand situation, 
particularly in regions where continued growth in pulpwood 
demand had been anticipated or where forest management 

-
wood and residues), U.S. pulpwood receipts at wood pulp 
mills declined by just over 15% to 222 million green tons in 
2002 (FRA 2003). 

Over that period, pulpwood receipts at wood pulp mills in 
the U.S. South also declined by just over 15% from a peak 

(FRA 2003). Ironically, the South is the largest pulpwood 
producing region of the country (with the largest share of 
capacity for pulp, paper, and paperboard) and the South was 
a region that had anticipated expansion in pulpwood demand 
up to the mid-1990s with expansion in the area and intensity 
of pine plantations, but nevertheless the decline in pulpwood 
receipts in the South matches (in percentage terms) the na-
tionwide decline. 

in the West, with pulpwood receipts dropping by 28% from 
their peak of 32 million green tons in 1995 to 23 million in 
2002 (FRA 2003). The decline in the West is problematic 
given needs to increase thinning and removal of small-

13 million in 2002, with closure of a number of older mills 
in that region. In the North Central (Lake States) region, 

and then declined, but the net decline in that region between 

2002 (FRA 2003).
Implications for Forest Management and 
Resource Conditions
Globalization, recycling, and the downturn in pulpwood 
demand contributed to fundamentally changing the RPA 
outlook for timber harvest and forest resource conditions 
in the United States (e.g., projected timber growing stock 
volumes). Until the early 1990s, the trend in wood pulp 
output pointed unambiguously toward increasing pulpwood 
demand (Fig. 17). Economic advantages of paper recycling 
and potential effects of shifts in trade were recognized by 
the late 1980s, but the baseline RPA outlook of that time 
conformed to the historical trend in wood pulp output. Many 
doubted then that recycling or shifts in trade could cause 
a real departure from the historical trend. However, after 
taking into account recent structural changes in pulpwood 
markets, including higher rates of recycling and effects of 
economic globalization, projected pulpwood receipts at 
wood pulp mills were roughly 50 million cords per year 
lower in the 2001 RPA than in the 1989 RPA timber assess-
ment, as shown in Figure 18. Furthermore, supplies of wood 
residues for pulpwood were expected to level out or decline, 

from wood products that generate wood chip residues, such 
as plywood, to products that do not generate wood chip 

Figure 17—United States annual pulpwood receipts at 
wood pulp mills and wood pulp production, 1960–2005, 
with RPA projections to 2050. Projections, Forest 
Service RPA (Haynes 2003); historical pulpwood, 
(FRA 2003); historical wood pulp (AF&PA 2006).
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residues, such as OSB. Therefore, most of the downward 
adjustment in pulpwood demand translated directly into re-
duced projections of roundwood pulpwood harvest.

As shown in Figure 18, projected annual U.S. timber harvest 
was 5 to 6 billion ft3 lower in the 2001 RPA than in the 1989 
RPA, and most of that adjustment in projected timber har-
vest was the result of the downward adjustment in projected 

3 per 
year. The remainder of the harvest adjustment is attributable 
to a downward revision in projected fuel wood demand, 
while projections of wood use in lumber and wood panels 
were changed very little.

As shown in Figure 18, the 2001 RPA projections for pulp-
wood receipts are fairly close to the historical trend for 
pulpwood receipts, but recent data on total timber harvest 
now appear slightly lower than the RPA projections of total 
timber harvest, perhaps because of additional unanticipated 
negative effects of globalization in other forest product sec-
tors, notably in furniture and the hardwood lumber sector as 
discussed subsequently in this report. Nevertheless, the large 
adjustments that were made to projected pulpwood demand 
in the 2001 RPA timber assessment (along with other 

the overall forest resource outlook, including the outlook for 

the overall condition and sustainability of timber growing 
stock volumes in the United States. 

Historically, U.S. timber growing stock volume has in-
creased, and future timber growing stock volume was 
projected in the 2001 RPA to continue increasing, largely 
because of relatively modest projected increases in timber 
harvest along with higher growth rates on managed timber 
plantations. Timber growing stock volume on all U.S. tim-

the 20th century (1952 to 2002), and growing stock volume 
was projected in the 200l RPA timber assessment to con-

century (Fig. 19). A principal reason on the demand side 
for the robust U.S. timber inventory outlook is the recent 
decline in pulpwood demand, a direct result of the recent 
downturn in paper and paperboard output (linked to eco-
nomic globalization), and also a result of increased paper 
recycling in the 1990s. In addition, the 2001 timber outlook 

of timber growth and inventories on public forestlands be-
tween the 1989 and 2001 assessments.

Although slower growth in pulpwood demand was antici-
pated as early as the mid-1990s, the area and management 
intensity of Southern Pine plantations in the U.S. South 

Figure 18—Trends in U.S. pulpwood receipts and total U.S. timber harvest—historical and comparison of 2001 
and 1989 RPA equilibrium projections. Historical trend in harvest based on estimated roundwood equivalents of 
production (Howard 2003a, b).
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continued to increase through the 1990s. For example, while 
taking into account increased paper recycling, the 1993 RPA 
timber assessment update projected a trend for pulpwood 
receipts that was lower than the 1989 RPA, or roughly mid-
way between projections of the 1989 and 2001 RPA 
(Fig. 18). Nevertheless, establishment of Southern Pine 
plantations actually accelerated from the 1980s to 1990s, 
with an estimated 32 million acres of Southern Pine planted 
in the South from 1985 to 2002 (including replanting and 
new plantation areas). The expansion of pine plantations 
contributed to excess pine pulpwood supply by the late 
1990s as demand for pulpwood receded in the South while 
softwood timber inventories expanded.

In the U.S. South, softwood pulpwood receipts (mostly 
Southern Pine) peaked at 127 million green tons per 
year in the early 1990s, but then receded by 12% to 

112 million green tons in 2002 (FRA 2003). By contrast, the 
average annual growth increment of Southern Pine planta-
tions was estimated to have increased by 69 million green 

of timber supply in modern U.S. history (Siry and Bailey 
2003). Thus, growth in supply outpaced growth in demand, 
a market condition that was described in recent years as a 
glut in pine pulpwood supply (Minor 2002).

According to the South-wide average reported by Timber 
Mart-South (University of Georgia), Southern Pine pulp-
wood stumpage prices on average peaked around 1997 and 
declined to roughly half of their peak levels by 2002. Pine 
stumpage prices leveled out and turned upward slightly 
in 2003, but remained well below peak levels, and in real 
price terms near to historical lows. Nationwide, delivered 
pulpwood prices dropped on average by more than one-third 

recorded by the Bureau of Labor Statistics producer price 
index for pulpwood. Figure 20 illustrates historical trends 
since the early 1980s in U.S. real price indexes for paper, 
paperboard, and pulpwood. In real price terms, U.S. pulp-
wood prices have been falling with expanding timber sup-
ply, but there was a record collapse in real pulpwood prices 
from 1997 to 2002. During that period, real price indexes 
for paper and paperboard also receded but did not collapse 
partly because of mill closures. 

In summary, since the mid-1990s economic globalization 
and a downturn in U.S. industrial production contributed 
to a downturn in U.S. paper and paperboard demand, while 
a strong dollar contributed to loss of growth in U.S. pulp, 

in the pulp and paper sector, including consolidation, mill 
closures, reduced capital investment, reduced employment, 
and loss of growth in U.S. capacity. United States wood 
pulp production leveled out in the mid-1990s along with 
increased paper recycling and then declined along with 

Figure 19—Total U.S. timber growing stock volume on 
all U.S. timberland—historical and comparison of RPA 
projections.

Figure 20—Real (inflation-adjusted) price indexes for 
paper, paperboard, and pulpwood (delivered to mill), 
1982–2006 (BLS 2006, deflated using producer price 
index).

Figure 21—Gross output of forestry in the United States, 
in billions of current dollars, 1987–2001. Note 29% 
decline after U.S. pulpwood receipts peaked in 1994.
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declining paper and paperboard output. Concurrently, pulp-
wood receipts at U.S. wood pulp mills peaked in the mid-
1990s and subsequently declined, with an historic decline in 
real pulpwood prices. As projected in the 2001 RPA timber 
assessment, the recent downturn in pulpwood demand was 

-

outlook for projected timber-growing stock volume in the 
United States.

Finally, gross economic output of forestry in the United 
-

ceipts peaked, and then subsequently declined, as pulpwood 
receipts and pulpwood prices declined. The gross output of 
forestry is an element of U.S. GDP (part of the forestry and 
agriculture component of the National Income and Product 

2001, an economic trend that has only made it more chal-
lenging to gain support for forestry and forestry programs in 
the United States.

Furniture and Hardwood Lumber
In recent years, economic globalization also deeply affected 
the U.S. furniture industry, a major user of hardwood lumber 
and particleboard. United States imports of wood household 

furniture went from around $2 billion in 1990 to nearly 

share of U.S. wood furniture shipments went from under 
20% before 1995 to over 50% by 2005. The value of ship-
ments climbed 15% to more than $20 billion per year from 

demand for wood furniture was not declining in recent 
years, but rather the domestically produced market share 
and value of U.S. output declined in the face of rapidly ex-
panding imports.

In recent years, Mainland China became the leading source 
of U.S. wood furniture imports, moving ahead of Canada. 
The United States and Canada reached a tariff reduction 
agreement in 1989, followed by signature of the North 
American Free Trade Agreement (NAFTA) in 1992. Ca-
nadian furniture producers made extensive investments to 
upgrade their plants, and thus gained competitive advan-
tages in the 1990s. However, China’s entry into the World 
Trade Organization (WTO) and its low wages gave China 
greater competitive advantages, and the Chinese furniture 
sector attracted large-scale foreign investment (FAS 2003). 

China and other low-income countries that accounted for 
most of the recent expansion in U.S. furniture imports. More 
than 50,000 furniture mills in China reportedly had output 

Figure 22—United States wood furniture imports escalated since the early 1990s as imports gained market share, 
showing the effects of globalization, NAFTA, WTO, and a strong dollar. Left graph shows wood nonupholstered 
household furniture: production data, (ASM 2006); import and export data, (ITA 2006). Right graph, (ITA 2006).
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of $19.8 billion in 2002, 18% higher than in 2001, and an-
nual growth of 12% to 15% was expected in the years ahead 
(FAS 2003). 

The phenomenon of overseas capacity expansion and ex-
panding imports is spreading to other furniture products, 

market share for various products in Figure 23. Most coun-
tries exporting furniture to the United States are low-wage 
countries, such as China, Malaysia, Indonesia, Mexico, and 
Vietnam, with Canada and Western European countries 
being exceptions. Another hardwood-based industry fac-

material is coming also from China. On a smaller scale, U.S. 
molding and millwork industries (both hardwood and soft-
wood) have faced downsizing as a result of import competi-
tion, and many in the kitchen cabinet industry expect im-
ports to make future inroads in wood cabinet markets also. 

A social effect of these trends is a sharp drop in U.S. fur-

industry employment trend for the state of North Carolina, 

furniture plants were closed from 2001 to 2003, and the 

negative furniture industry employment trends gained the 
-

mittee formed that examined job loss in the forest industry. 
The loss of furniture markets and jobs to imports in recent 
years is noteworthy because it happened during the stron-
gest housing market in U.S. history (in terms of square 

construction). Market conditions and housing trends created 
strong demands for new household furniture and kitchen 
cabinets, and by historical standards the employment and 
output of the furniture industry should have been increas-
ing. Instead U.S. wood furniture industry declined in value 
of output and employment as market shares were lost to 
imports.

Important questions include the following: (1) Why have 
wood furniture and related U.S. hardwood industries de-
clined with precipitous increases in imports? (2) What are 
implications for the “supply chain” of wood raw material to 

-
wood lumber, particleboard, MDF (medium density 

related industries such as the pallet industry. (3) Are any ef-
fective solutions to these phenomena likely? If so, what are 
likely implications for sustainable forestry in general? 

Figure 23—Wood household furniture imports and other furniture imports gaining market shares with growing 
imports from low-income countries, notably China. These market shares are conservative because some imported 
components and finished furniture are included in the domestic shipments. Consumption = shipments + imports 
– exports. Import share = imports/consumption (ASM 2006; Census Bureau 2006; ITA 2006).
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One forestry ideal shared among many U.S. wood product 
-

est resource needs of both current and future generations 
by coordinating management of forest ecosystems with 
economic and social needs in a sustainable manner. Implicit 
to this ideal of sustainable forestry is the tenet that sustained 
management of forest resources requires sustained revenues, 
and in the private sector such revenues come primarily 
from the segments of the forest product industry that utilize 
outputs of forest ecosystems (primarily timber). This tenet 
of sustainable forestry is epitomized by a familiar forestry 
slogan, “healthy forests depend on a healthy forest product 
industry” (and vice versa). To those who are familiar with 
forestry in the largely private hardwood forest sector of the 
United States, it would appear that the one is predicated on 
the other. If the domestic hardwood industries—primary or 
secondary—lose their global competitiveness, what then are 
the sustainability implications for U.S. hardwood forests, 
land tenure, forest management, forest ecosystems, and so 
forth?

Why have wood furniture and related U.S. hardwood in-
dustries declined with precipitous increases in imports? The 
answer is neither simple nor straightforward, but the cost 

capital investment in furniture production. Even with 
ambiguities in the data, it appears that wage rates and labor 
costs are key factors in how far the U.S. trade balance has 
shifted for furniture and related wood products. The data on 
household furniture imports, for example, do not include 
imports of wood furniture components, but those “hidden” 
furniture imports only add to displacement of wood raw 
material demands in furniture manufacture. Not only has 

domestic furniture production been displaced by imports 

manufacturers have turned to imports of wooden furniture 
components, reportedly because of the lower costs. This 
is particularly true for the more labor-intensive wood fur-
niture components such as carved furniture parts or other 
handcrafted items. Indeed, a business strategy commonly 
employed by U.S. furniture manufacturers to cope with 
competition from low-cost furniture imports is to reduce 
production costs by outsourcing components and increasing 
automation. Thus, the reported trade imbalance for wood 
furniture is conservative because it does not include all the 
imported wood furniture components coming into the Unit-
ed States. Moreover, despite the ambiguities in trade data, 

of both wood furniture and wood furniture components 
for U.S. markets, with a shift away from domestic produc-
tion toward imports, driven by absolute cost advantages of 
countries with wage rates far below U.S. minimum wage 
standards.

Because wood furniture production is typically fairly 
labor-intensive, the advantage of production in low-wage 
countries can be quite substantial despite shipping costs 
and the possibility that workers in those countries are less 
productive than American workers. Wage rates at furniture 
plants in Mainland China, for example, were reportedly 
less than 5% of U.S. wage rates, with average earnings of 
$1,073 per year in 2002 (Banister 2005). Even though U.S. 
productivity per worker is typically higher, plants in China 
enjoy substantial competitive advantage in labor costs. For 
example, in the United States labor costs in the manufacture 
of wood household furniture may be typically around 35% 
of delivered cost (varying by type of furniture and manufac-
turer), while the cost of labor for similar furniture made in 
China may be only about 5% of the same delivered cost. In 
addition, energy costs tend to be slightly lower for manufac-
turers in China. This means that even though shipping costs 
from China are higher (amounting to about 15% of the cost), 
wood furniture made in China may enter U.S. markets with 

-
cause of very low wage rates in China. Such cost advantage 
is a primary reason why China has attracted capital invest-
ment in furniture production. 

Furthermore, demographic data indicate the U.S. population 
and work force is maturing, with a smaller share of work-
ers in younger age cohorts. Figure 25 shows demographic 
trends for workers in the United States, with a declining 

rising share of older workers. Aging of the work force with 
higher wage scales favors automation, “lean manufactur-
ing,” and outsourcing. Figure 25 shows also the trends in 
average manufacturing wages for the United States, where 
wages have increased, and for various other countries. In 
Mainland China, as happened in the United States a century 
ago, millions of new workers are entering the industrial 

Figure 24—Furniture industry employment has fallen, 
gaining the attention of Congress.
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labor force from the agricultural sector. Wage data for Main-
land China are not readily available, but recent manufactur-
ing wages in northern China were reportedly around 60¢ per 
hour, much lower than in Mexico (Chinafacturing 2006). 
Furthermore, at current levels of wages and wage apprecia-
tion in China, it will take many decades for Chinese wages 
to approach U.S. wage rates (Banister 2005). One drawback 
to production in such countries is that there is relatively 
less to gain from productivity-enhancing technological im-
provements when wages or are so low. For example, a labor 
productivity gain of 50% in China would likely provide less 

gain of just 10% in the United States. Thus, cheap labor af-
fords less economic incentive for technological innovation. 
Nevertheless, many new plants in China are operating with 
modern equipment.

Other reasons besides labor costs are cited for displacement 
of growth in domestic wood furniture production by im-
ports, such as the following: (1) trade liberalization, which 
has generally removed previous trade barriers and thereby 
exposed “vulnerable industries;” (2) readily available global 

capital (often with local government support) to combine 
the best technology with cheap labor to make them “glob-
ally competitive,” often in a very short period of time; 

labor regulations in the United States are considered more 
strict, and such regulations may be lacking in competitor 

favorable, or they are controlled. China, for example, 
pegged the dollar exchange value of its currency for 

(8.277 yuan per dollar), even though the real value of the 

exchange rate, as indicated by purchasing power parity 
(CIA 2006). Other factors are often cited, including the cor-
porate tax structure of the United States, the burden of U.S. 

various factors, extreme discrepancies between wage rates 
in the United States and competing low-income countries 
along with imbalances in currency exchange rates stand out 
in particular as leading elements.

An appropriate question, discussed further below is, What 
strategic approaches or government policies or programs 
could really help ameliorate the situation for U.S. furniture 
producers? In that regard, policies seeking free currency 

offsetting competitive advantages of low wage rates. In ad-
dition, the world is constantly changing, and manufacturing 
industries must continuously invest to remain competitive. 

Figure 25—United States demographic trends and manufacturing wage rates in the United States and various 
other countries: U.S. wages outstrip competitors, a structural phenomenon. Left graph, (Census Bureau 2006b; 
Economagic 2006); right graph, (Department of Labor 2006).
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The U.S. furniture industry appears to be lagging other in-
dustries in this regard. As shown in Table 1, industries that 
spend more on capital expenditures (CAPEX) relative to 
shipments (CAPEX/shipments) generally have had more 
favorable trade balances than the furniture industry or other 
wood products. Any strategy or policy aimed at restoring 
competitiveness to the U.S. furniture and related industries 
can be viewed as successful only to the extent that it restores 
real attractiveness to capital investment in those industries 
in the United States. 

The need for continuous capital investment in the U.S. fur-
niture industry is attenuated by labor productivity improve-
ments in the industry since the early 1990s. Figure 26 illus-
trates labor productivity improvement in terms of the value 
of shipments per worker in various segments of the U.S. 
furniture industry. Output per employee was gradually 
increasing as the industry entered the recent period of 

response to import competition has been automation 
and labor downsizing to achieve more rapid gains in 

productivity. Increased productivity no doubt contributed to 
survival of those U.S. enterprises that became more produc-
tive. Productivity gains for furniture producers have begun 
to rival the productivity gains for other more capital-inten-
sive wood product sectors, such as the pulp and paper sector 
(where average annual output of paper and paperboard in 
tons of output per mill employee increased by nearly 70% 
from 1992 to 2003).

What are the implications for the “supply chain” of wood 
raw material? Disruptive effects of globalization in furniture 
and related industries extend far down along raw material 
supply chains, particularly the supply chain for hardwood 
lumber. For example, hardwood lumber and veneer pro-
duced for furniture have been complementary to hardwood 
lumber produced for wood pallets, and thus the decline in 
furniture output affected raw material supply for pallets. 
The U.S. furniture and veneer industry uses higher grade 
hardwood logs and lumber while the pallet industry uses 
lower grade logs and lumber. The higher and lower grades 
are complementary forest outputs, because logging opera-
tions and sawmills produce a mix of higher and lower grade 
material, as determined primarily by the natural grade dis-
tribution of wood in trees harvested from the forest. Thus, 
as demand for higher grade material waned with declining 
furniture output, sawmills produced less low-grade material 
such as pallet stock lumber (a less economical byproduct). 
Exacerbating the phenomenon of reduced supply for the pal-
let industry was increased demand for lower grade lumber 

industry (because of higher product margins). 

Figure 27 shows the long-term history of U.S. hardwood 
lumber production since the late 1800s, along with some 
recent data on hardwood lumber consumption in the United 
States during the recent peak production year of 2000 and 
during a more recent year, 2003. Production history shows 
an increase in production in recent decades, from around 
1980 to the early 1990s, with production peaking in 2000, 
followed by a decline in production through 2003, mainly 
associated with the decline in the furniture industry and also 
wood pallets.

Prior to the big decline in production since 2000, the period 
from the 1980s to 1990s was an era of “heavy cutting” 
(Fig. 27), and some might argue that the decline in cutting 
has a “silver lining,” a “good news, bad news story” for 
forests, inasmuch as the pressure of increasing hardwood 
timber harvest was reduced. During the 1980s to 1990s 
period of peak hardwood lumber output, hardwood for-
ests in the eastern United States were often “high-graded” 
(logged primarily for higher grade hardwood lumber, for 
export and for domestic furniture production). The effect 

Table 1—CAPEX/shipment ratios and trade balances 
by industry (2000 basis) 

Industry 
  CAPEX/ 

  shipments (%) 
Trade balance

(billion $) 
Wood household furniture       2.1% – 7 
Solid wood products   <1.0% – 10 
Synthetic rubber       6.5% + 0.3 
Plastics and resins       6.5% + 6.2 
Automotive parts       5.0% + 1 

Telephone equipment       3.3% + 3 
Aircraft parts       5.2% + 10 

Figure 26—Productivity gains are indicated by trends in 
shipments per employee in various segments of the U.S. 
furniture sector (ASM 2006; Census Bureau 2002a).
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Figure 28—United States hardwood exports, logs and lumber. Competitors buy U.S. logs and lumber to make 
furniture and export the furniture back to the United States (FAO 2006).
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Figure 27—United States annual hardwood lumber production since the 1800s and consumption by end 
use in 2000 and 2003. Left graph, (Luppold 2006); right graph, (Census Bureau 2002b).



27

was to leave lower grade standing timber in the forest. 
High grading tends also to have subtle deleterious effects 
on stand quality, such as increasing epicormic branching 
on low-vigor residual trees leading to pin knots (which ap-
pear as defects in lumber), or potential genetic regression by 
leaving inferior stems. Supply chain effects of reduced U.S. 
demand for hardwood lumber in furniture involved shifts in 
the grade distribution and value distribution of hardwood 
lumber and timber output in the United States. 

As the value of U.S. furniture industry output declined in 
recent years, demand for higher grade hardwood logs de-
clined, making the harvest of lower grade hardwood logs 
less economical. Output declined for lower grades of tim-
ber (lower grade logs) that were traditionally co-products 
in high grading logging operations. An end result was that 
prices for lower grade hardwood logs and lumber were 
pushed up because of supply chain disruptions, reducing 
the use of wood in products made from lower grade lumber 
such as wooden pallets (Fig. 27). Fortunately, the U.S. pal-
let industry was able to increase the recycling and re-use of 
wood pallets, which has to some extent offset the disruptive 
supply chain effects of globalization in the furniture sector.

The issues of the pallet sector might seem to be minor in 
the scope of the overall U.S. economy, but wood pallets 
are used to ship many manufactured commodities in global 
markets, and standards for wood pallets in international 
commerce have changed. European standards related to pal-
lets were recently adopted, for example, which complicated 
shipment to Europe of U.S. goods on pallets that are re-
cycled or re-used (due to contamination issues). Alternatives 
for the pallet industry besides recycling or re-use include 
use of more expensive plastic shipping materials or use of 
softwood lumber instead of low-grade hardwood, thus af-
fecting U.S. export costs more broadly.

As furniture production increased abroad, U.S. hardwood 
log exports increased—particularly log exports to Canada, 
as shown in Figure 28. Some of the hardwood log exports 
were converted into furniture and exported back to the Unit-
ed States. However, export demand was limited for higher 
grade hardwood lumber in recent years, as global lumber 
supply competition increased and U.S. hardwood lumber ex-
ports shifted toward lower grade lumber, with lower value. 
As shown in Figure 28, hardwood lumber exports decreased 
to Western Europe, the region that traditionally purchased 
higher grade and higher value hardwood lumber stock, 
while at the same time exports expanded to countries like 
Canada, China, and Mexico, which imported a lower grade 
mix of hardwood lumber (with lower value). Hardwood 
lumber trade with Canada is complex, and U.S.–Canada 
trade volumes are large, but the volume of hardwood lumber 
exported from Canada to the United States also increased 
in recent years. The United States remains a net exporter of 
hardwood logs and lumber to Canada, but some of the logs 
exported to Canada are processed into lumber and some are 

shipped back to the United States, while some are also ex-
ported elsewhere from Canada or used to produce furniture 
or pallets in Canada.

Furthermore, other competing global sources of hardwood 
lumber exist, so the United States faces competition in ex-
porting hardwood lumber to global markets. In 2000, for 
example, the world as a whole imported approximately 
10 million m3 of hardwood lumber, 7 million of which came 

Europe, Southeast Asia, South America, and Russia. Thus, 
even if the U.S. furniture industry continues to recede and 
capacity growth moves abroad as it has in recent years, it 
is by no means certain that the demand for U.S. hardwood 
logs and lumber in the furniture industry will be replaced by 
log or lumber export demand. China has emerged in recent 
years as the leading global hardwood lumber importer, fol-
lowed by Italy, as shown in the chart of imports for the top 

of hardwood lumber are also among the top exporters of fur-
niture to the United States, but only a small fraction of their 
imports of hardwood lumber come from the United States. 

In summary, the balance between demand for lower and 
higher grade hardwood lumber has shifted with reduced de-
mand for higher grade lumber in the furniture industry and 
for export. This shift in demand has had a distinct effect on 
the supply chain for other hardwood products such as pal-
lets. Since furniture and wood pallets are by far the largest 
markets for hardwood lumber (Fig. 27), they largely drive 
the U.S. hardwood lumber market. In particular, economic 
returns in hardwood forest management are driven by trends 
in the furniture industry, as it represents the largest demand 
for higher grade lumber and higher grade logs. The shift in 
value of hardwood log and lumber output has affected rev-
enues to hardwood sawmills, logging contractors, and the 
forestry sector in general, particularly managers of largely 
private eastern hardwood forests. Historically, higher grade 
logs provided the bulk of timber revenues for hardwood 
forest landowners and paid most of the bills for loggers of 

hardwood timber, they may be more inclined sell their 

Figure 29—Hardwood lumber imports of top five global 
hardwood importers (Taylor 2002).
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land for other higher value purposes such as housing 
development.

Finally, declining furniture output affects raw material sup-
ply chains other than hardwood lumber, including particle-
board, MDF, and veneer industries. Figure 30 illustrates 
“domino effects” of declining furniture output in terms of 
declining purchases of hardwood lumber by furniture manu-
facturers and losses of particleboard and MDF demand due 
to furniture imports. Meanwhile China became the world’s 
leading producer of MDF in 2003, after experiencing a 
20-fold increase in capacity over the preceding decade, and 
continued growth of MDF in China is expected along with 
expanding furniture output (RISI 2003).

Are effective policy responses to these phenomena likely? 
And, if so, what are likely implications for sustainable 
forestry? There are as many potential responses to these 
phenomena as there are recognized causes, but not every 
response may be implemented or effective. Among the 
recognized causes are trade liberalization, global access to 

rates between furniture producers in the United States and 
low-wage competing countries like China, differentials 
between the United States and other countries in environ-
mental standards and labor regulations or compliance, regu-

the U.S. dollar/Chinese yuan exchange rate in recent years, 

differentials in the structure of corporate tax rates, and dif-
ferentials in capital investment, technological development, 

strategies of the U.S. furniture industry or hardwood lumber 
sector alone will be effective responses, because the causes 
extend beyond the hardwood sector or may be otherwise 
intractable.

For example, given the demographic distribution of the ag-
ing U.S. labor force (Fig. 25) and relatively high standards 
of living in the United States, it is fairly impractical to 
envision that furniture industry competitiveness could be 
restored by drastically reducing wage rates or health and 

particularly unlikely to result from an internal government 
policy or industrial strategy. Indeed, wage rates in the U.S. 
manufacturing sector have increased in recent years 
(Fig. 25), partly because increased automation and other 
technological advances required an increasingly skilled 
workforce. Although downsizing, outsourcing, and “off 
shoring” of furniture production have been rampant in re-
cent years, there has been no movement toward drastically 
reducing wages at U.S. furniture plants as a means of restor-
ing competitiveness. Thus, employment in U.S. 

Figure 30—Supply chain effects: the “domino effects” of declining furniture output on hardwood lumber, 
particleboard, and medium density fiberboard (MDF). Sources: left graph, hardwood lumber purchased by U.S. 
furniture manufacturers in decline (Hardwood Market Report 2005), right graph, loss of North American MDF and 
particleboard demand due to furniture imports (RISI 2003).
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non-upholstered wood household furniture production 

hourly earnings of production workers within that sector 
increased by about 15% in the same period (BLS 2005). 

Similarly, wholesale abandonment of free trade, labor regu-
lations, or environmental policies or sweeping changes in 
corporate tax structure are neither likely, nor can they be 
expected to result immediately from U.S. government poli-
cies or industrial strategies. In the long run, however, poli-
cies might shift to some extent in recognition of the need 
to support competitiveness of U.S. industry. That leaves 

rates, capital investment, and development of technology 
and infrastructure as open avenues for government policy or 
industrial strategy in seeking to overcome current competi-
tiveness challenges faced by the U.S. furniture industry.

-
cially low currency exchange rates in low income countries 

furniture manufacturers. As indicated previously, furniture 
producers in Mainland China are estimated to have roughly 
a 30% cost advantage over producers in the United States, 
owing primarily to extremely low wage rates in China. 
China is also the leading exporter of wood household fur-
niture to the United States, and China for years pegged its 

(12.1¢ per yuan) a value well below the real purchasing 
power parity of the currency in China. This circumstance 
offset the leading economic rationale for free trade, by keep-
ing dollar-denominated wages so low in China that Chinese 
workers could not purchase U.S. goods in exchange for their 
labor. Nevertheless, China attracted investment in manufac-
turing of goods for shipment to the United States. Estimates 
by economists have suggested that a free currency exchange 
could result in the dollar exchange rate in China rising by 
15% to 25% (Lardy 2003). According to Nicholas R. Lardy, 
Senior Fellow, Institute for International Economics, Wash-
ington, D.C., in testimony before the House of Representa-
tives Committee on International Relations, October 21, 

but a range from 15% to 25% appears most likely. This 
would logically result in a similar increase in the cost of fur-
niture made in China and sold in the United States, reducing 
the cost advantage of furniture production in China. Many 
countries besides China engage in currency intervention of 
one sort or the other, and U.S. furniture producers would 

accepted free exchange of currencies in the global market. 
Achieving that outcome would entail working diplomati-
cally with other countries and also through the currency 
exchange policies of the International Monetary Fund 
(IMF), which govern the latitude for currency intervention 
by individual countries.

Beyond seeking free currency exchange, strategic ap-
proaches that may help restore U.S. furniture industry com-
petitiveness include those that promote capital investment, 
technological development, or infrastructure development 
in the furniture sector, including investment in forestry to 
provide hardwood timber resources for furniture and related 

-

hardwood forest products in the United States and abroad, 
with an increasing but still modest success in expanding the 

managed under sustainable guidelines. Most hardwood logs 
and lumber produced in the United States are harvested 
from naturally regenerated forests that are usually man-
aged on a sustainable basis, so it may be possible for U.S. 
manufacturers of hardwood furniture and related products to 

a marketing strategy. 

Another strategic approach gaining recognition in the hard-
wood processing industry is a shift in the business paradigm 
focused on restructuring, domestically and internationally. 
Automation, lean manufacturing, and global enterprise 
development are part of this approach, including expanded 
use of imported components, subassemblies, along with 
“just in time” manufacturing methods and improved supply 
chain management. The end result may be a larger and more 
global secondary processing industry (with expanded global 
trade in wood furniture components), and perhaps a smaller 
primary industry in the United States (lumber and dimen-
sion stock). With the advance of the Internet or electronic 
commerce, this business paradigm shift will encompass the 
way that furniture is designed, customized, marketed, and 
distributed in the future.

In general, what are the likely implications for sustain-
able forest management of alternative policies or industrial 
strategies aimed at coping with globalization, consolidation, 
and structural change in the furniture sector? As suggested 
above, international currency policies that effectively re-

-
tages in furniture production in some low-income countries 

growth to the U.S. industry, and by extension help recover 
some of the recently lost value and output of the U.S. hard-
wood lumber and related sectors. A similar but somewhat 
less certain outcome might be obtained by wider adoption of 

industry. However, thus far U.S. wood product customers 
appear to show limited recognition or differentiation of 
value in forest products produced under sustainable forest 
management guidelines. At least many customers do not 
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appear generally willing to pay large price premiums for 

shop instead for design and functionality at a bargain price 
regardless of where the product or wood raw materials may 
have originated).

Finally, the strategies of automation, restructuring, and lean 
manufacturing, with implicit requirements for more capital-
intensive enterprise development, will no doubt continue to 

hardwood component, and hardwood lumber industries. 
However, it is dubious whether increasing scale of produc-
tion or productivity through automation or lean manufactur-
ing can alone compensate for cost advantages of producers 
in low-wage countries because of huge wage differentials 
plus global access to advanced technology. Skilled and 
productive American workers have demonstrated an ability 
to keep many steps ahead of workers in other countries in 
terms of productivity, but still U.S. labor costs in furniture 
production are much higher than in low-wage countries, 

-
ity alone could outpace the enormous differentials in wage 
rates. This is particularly true for furniture, given the labor-
intensive nature of furniture production and that workers 
in competing countries also increasingly have access to 
advanced production facilities and technology. This is not, 
however, to suggest that strategies of automation, lean man-
ufacturing, and capital-intensive enterprise development are 
inappropriate to the furniture industry. Indeed, the general 
response of U.S. industry to import competition has been 
to shift toward more capital- and skill-intensive enterprises. 
We simply suggest that those strategies may need to be aug-
mented by other strategies. Improved productivity will be 

One thing that appears fairly clear is that successful U.S. 
furniture manufacturers are becoming increasingly nimble, 
more globally connected, and better able to respond quickly 
to global opportunities. Today’s furniture consumers want 
product uniqueness at a competitive price, and as with 
kitchen cabinet customers, they want good quality furniture 
that is different than their neighbor’s furniture. Thus, ef-

to competitiveness in the furniture sector, rather than just 
“mass production.” Traditionally, proximity to the custom-
ers afforded local producers an ability to know better the 

furniture products for those needs. Today, however, global 
communication networks and global enterprise development 
allow instantaneous communication of information such as 

the U.S. furniture industry, global enterprise development 
is taking place, with U.S. furniture producers shifting their 
production or component procurement operations from the 
local or regional scale to the international scale, facilitated 
by global communication networks, and often achieving 

-

As in the past, the hardwood product industries will con-
tinue to produce and sell products valued and differentiated 
by consumers largely on the basis of appearance and func-
tionality. These will include furniture, millwork, cabinetry, 

products of veneer mills that supply material to those indus-
tries, along with the logging industries that supply logs to 
mills. There are at the extreme two broad business strategies 
that producers of end products in this sector can choose: 
(1) competition based on cost and price leadership, with 
mass production and economies of scale yielding economic 
value or (2) market differentiation with customer service 
and product value yielding economic value. The reality 
is that successful furniture producers, either in the United 
States or abroad, pursue an optimal combination of these 
strategies, using the best of both. 

Producers of furniture and furniture components in coun-
tries like China are emerging with a fairly clear advantage 
on the basis of cost and price leadership, primarily due to 

exchange rates, but they are also learning how to compete 
on the basis of product quality, appearance, and design. 
United States manufacturers may seem to have an advantage 
in product differentiation because of proximity to the large 
U.S. market and better understanding of the U.S. consumer, 

-
ness connections actually give foreign business partners 
rapid access to information about U.S. customer needs and 

with economic globalization is the emergence of global en-
terprise development, with enhanced capability for global 
interconnectedness in product design, production, and mar-
keting technology. Modern computer systems and informa-
tion technologies facilitate increasingly swift and nimble 
business transactions across international borders, allowing 

-

global market environment. As shown by the capability of 
foreign furniture producers to penetrate deeply into U.S. 
wood furniture markets in recent years, global enterprises 

both in the United States and abroad. 

Will these structural changes mean increased or decreased 
demand for U.S. hardwood lumber? Thus far, the evidence 
suggests reduced domestic demand for hardwood lumber 
and reduced demand for export, with some increase in 
demand for hardwood log export but not enough to 
compensate for reduced lumber demand. It also appears to 
be resulting in a shift toward reduced demand for higher 
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grade (and higher value) hardwood lumber, with resulting 
implications for hardwood forest management—perhaps 
less high grading in general, but also less revenues for log-
gers and forestry operations with less higher grade or higher 

U.S. furniture industry may continue to shrink, with conse-
quences for the entire hardwood lumber and related indus-
tries. Unless the decline of the U.S. furniture industry can be 
reversed, implications for forest management include much 
less certainty about maintaining or enhancing the multiple 

-
tainable management of hardwood timber resources in the 
United States.

Softwood Lumber and Housing
Softwood Sawmills
“Softwood” refers to coniferous species of trees, such as 

larger quantity of wood than U.S. softwood sawmills, if 
wood residues are included, but softwood sawmills consume 
a larger quantity of roundwood timber. Softwood sawmills 
produce softwood lumber, the largest consumer of indus-
trial roundwood and largest single category of solid wood 
products produced in the United States. Structural change 
in the U.S. softwood lumber industry is a long-run histori-
cal process, operating under competitive pressures to reduce 
production costs and timber costs. Globalization widened 
the scope of that process. Until the mid-20th century, the 

U.S. history, production was centered in the Northeast 
where many small sawmills operated on a localized basis. 
With the advent of railroads and decreasing transportation 
costs in the mid 1800s, the softwood lumber industry shifted 
into the Great Lake States. Sawmills also became much 
larger and were able to serve wider markets. Around 1900, 
as the Great Lake States resource began to wane, softwood 
lumber production moved to the West and South, reaching 
an apex in the West around the mid 1950s but continuing to 
expand in the South. 

Since timber costs are the largest share of softwood lumber 
production costs, timber availability and expense was a pri-
mary historical driver of regional shifts in the softwood lum-
ber industry. Thus, as the softwood timber resource was de-
pleted in one region, the industry gravitated to other regions 

in North American softwood lumber production occurred 
with the easing of tariff barriers following World War II, en-
abling low-cost Canadian lumber producers to gain greater 
access to U.S. markets. As a result, the pendulum swung 
away from the U.S. West in favor primarily of Canada, and 
secondarily the U.S. South (Fig. 31).

Import quotas on softwood lumber from Canada in the 
1990s and more recent U.S. countervailing and antidumping 
duties of up to 29% limited the growth of Canada’s market 

share over the past decade. Remarkably, however, Canadian 
lumber producers still maintained one-third share in the U.S. 
softwood lumber market by 2005. The ability of Canadian 
lumber producers to maintain a strong market share despite 
import duties may be attributable to a strategy of closing 

-
ported that conversion costs for the Canadian lumber corpo-

Earlier in the year, Canfor completed a $26 million (Ca-
nadian dollars) upgrade to its Houston, British Columbia, 
dimension lumber mill, reportedly reducing unit costs there 

mill, with an output capacity of 600 million board feet per 

mill is roughly 10 times greater than the average output 
capacity of U.S. softwood sawmills. Meanwhile, as shown 
in Figure 32, the average output capacity of U.S. mills has 
increased and number of mills has declined, as smaller and 

Additionally, global trade liberalization and further reduc-
tions in transportation costs provided opportunities for 
new suppliers from other areas of the globe. Though small 
individually, softwood lumber suppliers in Chile, New 
Zealand, Brazil, Mexico, and Europe collectively achieved 

non-Canadian sources expanded with reduced barriers to 
cross-border trade, as imports from Canada were hampered 
by quotas and tariffs. From the mid-1990s onward, a strong 
U.S. dollar encouraged higher imports in general, including 
imports from non-Canadian sources. In 2003 higher ocean 

increased again with a higher Canadian dollar since 2003. 
By 2005, softwood lumber imports from non-Canadian 

Figure 31—Evolution of U.S. softwood lumber 
market shares by source, 1955–2005 (WWPA 2004; 
U.S. Department of Commerce 2005).
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sources reached levels more than 10 times higher than in the 
early 1990s.

lumber markets that is not apparent from the percentage of 
total consumption alone. The structural change has involved 
displacement of U.S. market share in the highest grades and 
more expensive categories of softwood lumber. Softwood 
lumber is sold in a variety of standard grades, and imports 
actually displaced a much higher proportion of U.S. market 
share for wood molding and the so-called “clear” grades 
(knot-free or low-defect grades) used for millwork, such as 
“shop and better” grade. 

As recently as 1990, U.S. producers accounted for nearly 
90% of U.S. consumption of shop and better grade softwood 
lumber, with total consumption at around 3 billion board 

-
ally produced in the United States primarily from larger 

or old-growth ponderosa pine trees and other western U.S. 
tree species, but U.S. supplies of such timber have been 
declining since the late 1980s. By 2003, consumption of 
shop and better grade lumber had dropped to about half of 

-
board and other materials increasingly displaced lumber in 
molding and millwork. Meanwhile, U.S. imports of wood 
for shop and better grade lumber more than tripled during 
that period. By 2003 imported wood accounted for more 
than 60% of shop and better grade lumber consumption in 

imports consisted of wood from plantation-grown pine trees 

clear lumber, in countries such as Chile, Brazil, and New 

overseas plantations contributed to the decline of clear lum-
ber produced from domestic timber, the output of which had 
dropped by 2003 to only about one-quarter of its 1990 level. 

United States imports of wood molding products also in-
creased substantially, with roughly a four-fold increase in 
the period from 1990 to 2003 (FAS 2003). United States 
solid-wood molding products accounted for roughly three-
fourths of U.S. consumption in 1990, but that market share 
was steadily eroded since then. United States solid-wood 
molding producers had only about a one-third share of the 
U.S. molding market by 2003, displaced largely by imported 

also by molding material made from MDF (Wood Markets 

Thus, since 1990 economic globalization contributed to 
structural changes in the sourcing of clear grade softwood 
lumber and molding, as domestic species (e.g., ponderosa 
pine) were largely replaced in the market by imports and 
other materials. Structural changes included declining avail-
ability of ponderosa pine, expanded output of clear wood 
from highly productive overseas plantations, and expanded 
use of lower cost MDF in place of solid-wood material. Col-
lectively, these changes deeply affected the U.S. market for 
higher valued softwood lumber products. The net effect in 
terms of forestry revenues was a notable decline in output 
of higher grade logs and higher value timber that were once 
used in much larger volumes to produce clear lumber grades 
and solid-wood molding products. There was also a notable 
loss in revenues for softwood lumber producers because of 
the decline in output of clear grades of softwood lumber and 
solid-wood molding. 

The intensity of international competition in softwood lum-
ber and building materials contributed to gradual attrition 
of U.S. softwood sawmills, as growing demand created a 

among survivors. As shown in Figure 32, the number of 
major U.S. softwood sawmills dropped by 23% from 

average capacity of U.S. softwood sawmills. Consolidation, 

Figure 33—Evolution of non-Canadian market share 
in U.S. softwood lumber market, 1955–2005 (U.S. 
Department of Commerce 2005).
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sawmills and average output capacity per mill, 
1995–2005 (Spelter and Alderman 2003).



cost-saving technology, and larger scale were the principal 
means within control of the industry to stay globally com-
petitive. Another policy lever, but on a national scale beyond 
industry control, is policies related to currency exchange 
rates, the movement of which can offset or reinforce cost 
control measures or technological improvement autono-
mously undertaken by suppliers.

Dynamics of global trade and increased foreign and domes-
tic competition also spurred corporate consolidation, al-
though the U.S. softwood lumber industry remains a highly 

accounted for only about 55% of total industry output in 
2003 (Table 2).

Striving for competitive economies of scale and produc-

universal drivers of economic globalization, yet certain 
niche opportunities for small-scale sawmills may continue 
to exist in some cases. One such case may be found in the 
U.S. West, where reduced and variable supplies of timber 
originate from public lands. In that region, small-scale (al-
most portable) sawmills are emerging, geared to processing 
timber from forest thinning operations on public lands. In 
some cases small-scale operators produce rough-sawn lum-

mills,” sometimes operating on a part-time or intermittent 
basis, represent a response to the uncertainties and variabil-
ity inherent in public timber supply, which is often subject 
to legal challenges or harvest constraints. 

By keeping the size of operation small, capital investment 

scale can also afford intermittent operation, swinging into 
production when wood supply is available and lumber 
prices are favorable, but shutting down when not. The 
semi-portability feature also adds assurance that if timber 
supply in one region is cut off, equipment is transportable 
to another site where timber is available. Also, a small-scale 
operation may have less likelihood of public objections to 
forest thinning operations on public lands (mainly aimed at 

-
ford a niche opportunity for small sawmills, but such mills 
still face real challenges competing on the basis of costs, 

more automated mills elsewhere. Small-scale micromills 
account for only a small fraction of softwood lumber output 
nationwide (perhaps 2% or less). Furthermore, the demand 

small-log mills (taking advantage of low wood input costs 
with cheaper small logs), and such mills can shift demand 
from larger logs to smaller logs. In some local areas, larger 

Housing
Housing construction in the United States was also affected 
by economic globalization but in a more roundabout way. 
Unlike manufacturing, home building is a very localized in-

outsourcing, or displacement by competitors in low-income 

resident aliens or recent immigrants). Thus, the construction 
industry as a whole did not experience as much direct ef-
fect from globalization as manufacturing. Instead, effects of 
economic globalization on U.S. housing construction came 

construction.

In general, expansion of global trade allowed entry for more 
of the world’s population into the global economic arena. 
Global enterprises have found new masses of workers in 
low-income countries willing to perform fungible manufac-
turing tasks at considerably lower wages than in developed 
countries. This has led to a transfer of jobs to low-income 
countries, leaving voids of employment within some manu-
facturing sectors in the developed economies, such as the 
steel and textile industries of the United States, for example. 
Rigidities inherent in the displacement of large numbers of 
workers and the displacement of production capacity have 
made developed economies less responsive to traditional 

stimuli.

Table 2—Top 20 U.S. softwood lumber producers  
in 2003a

Company No. mills Production Cumulative

Stimson Lumber 10 1,039 12,703 
Temple Inland 7 865 13,568 

Potlatch 5 807 15,215 
RSG Lumber 6 687 15,902 
Louisiana Pacific 6 600 16,502 
Gilman Building 6 573 17,075 

New South 3 375 18,293 
Pacific Lumber Company 3 365 18,658 

Seneca Sawmills 3 317 19,331 
West Fraser Timber 2 299 19,630 
Crown Pacific 3 292 19,922 
a
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Thus, to achieve a given response in economic activity, gov-

years to be stronger than in previous “pre-globalization” 

leading to barely positive interest rates, consequently pro-
vided a disproportionate boost to interest-sensitive sectors, 
the most important of which is home building. Moreover, 
newly integrated economic regions have striven to maintain 
favorable terms of trade and have been recycling increasing 
amounts of their dollar earnings (from trade surpluses) back 
into the U.S. economy to keep exchange rates competitive. 

bonds of U.S. government-sponsored agencies, foremost 
among which are the various mortgage-lending entities that 

supply the bulk of the mortgage funds for U.S. home buy-
ing. These purchases have enabled the level of interest rates 
for home mortgages to stay lower for longer than would 
have been possible without the infusion of foreign capital.

The expanding scale of foreign intervention is evident in 

of corporate bonds exceeded similar purchases of treasury 
bonds, while purchases of agency bonds were not far be-
hind. Purchases of treasury bonds and notes amounted to 
$339 billion while corporate bond purchases were 
$372 billion, purchases of equities were $80 billion, and 
agency bond purchases amounted to $220 billion. Together 
these amounted to just over $1 trillion, not far above the 

infusion of foreign funds has contributed to exceptionally 
-

ing activity in the United States. Foreign purchases of U.S. 
agency bonds alone (used primarily to fund home mortgage 
loans) represented a direct infusion of funds to housing 
amounting to over $100,000 per each new housing unit built 

-
ment dollars through the boost given to home construction 

Given that U.S. home mortgages have come to rely on glob-

parallel trends in monthly U.S. housing starts (at an annual 

dollars sent overseas returned in record foreign purchases 

Thus, U.S. housing starts have climbed in parallel with the 

Figure 34—Net foreign purchases of U.S. financial 
assets, 1980–2005 (U.S. Treasury 2005).

Figure 35—Monthly U.S. housing starts (annual basis) and U.S. trade deficit in goods, 1995–2005, along with 
trends in average 30-year mortgage and Federal Funds rates (BEA 2004; Federal Reserve 2006b, Freddie Mac 
2006). SAAR, seasonally adjusted annual rate.
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out for a period (1999–2000) when the Federal Reserve 
raised short-term interest rates, causing mortgage rates to 

assets continued to expand and helped push mortgage rates 
back down. Expanding liquidity from foreign purchases of 

-

the continued housing boom from 2001 to 2005, when hous-
ing starts increased by about 30%. Notably, the most recent 
housing boom (2001–2005) began at a time when overall 
U.S. payroll employment was receding (particularly in man-
ufacturing) with slower growth in real employee compensa-
tion, and thus the housing boom was driven more by cheap 

consumed in housing construction also increased in recent 
years. However, in 2006 rising interest rates and decreasing 
affordability due to elevated home prices had negative con-
sequences for U.S. housing construction activity.

Wood Panel Sector (OSB, Plywood, 
Other Wood Panels)
This section discusses several questions related to the wood 
panel sector: (1) How did the U.S. wood panel sector come 

primary determinants of competitive position in wood pan-
els, and how has the U.S. industry responded? (3) What else 
can be done, if anything, to improve the situation? 

parts of the U.S. wood panel sector in recent years, such 
as the particleboard and MDF industries that experienced 
weaker product demands for furniture manufacture because 
of expanded wood furniture imports. For structural wood 

globalization evolved circuitously from earlier develop-
ments in the domestic wood panel industry. Until the early 
1980s, softwood plywood was the only commercially 

America, and up until around 1960 all softwood plywood in 

Subsequently, however, growth in structural wood panel 
output shifted to other regions, other products, and other 
countries.

In the 1980s, resolution of environmental issues concerning 

the PNW region began to have notable effects on availabil-
-

wood industry in the PNW region tried to increase product 
recovery in response to increased wood costs, while shifting 
to the use of lower grade logs for much of their veneer. In 

that context, competitive pressures from plywood producers 
in the U.S. South had big effects on the western plywood 
industry, as did the later adoption of OSB as a substitute for 
plywood. Most U.S. softwood plywood was still made in the 
PNW region up until the 1980s. Softwood plywood based 
on Southern Pine began to be produced in the early 1960s. 

public lands in the PNW region declined dramatically with 
shifts in timber management policy, and thus the supply of 

peeler logs used for plywood. Peeler log prices increased 
because of reduced supply and so did plywood manufactur-

-
ally in the South as softwood plywood production capacity 
moved from the PNW region to the South and demand for 
larger logs increased in that region. 

The upward shift in plywood production costs favored de-
velopment of a substitute wood panel product, OSB, made 
from lower value pulpwood raw material rather than the 
higher value softwood peeler logs or veneer logs required 
for softwood plywood. Figure 36 shows the historical de-
cline in timber harvest that occurred in the PNW region dur-
ing the late 1980s and early 1990s in the leading softwood 
plywood producing states of Washington and Oregon. 
Figure 36 shows also corresponding trends in estimated 
average variable costs of production for softwood plywood 
in the PNW region and for plywood and OSB in the U.S. 
South.

Because it costs less than plywood, OSB has clear com-
petitive advantages, particularly for standard commodity 
grades of sheathing used in housing construction where cost 

of North American OSB demand was being used in hous-
ing construction and remodeling, with the remainder used 
in industrial uses and non-residential construction (APA 
2006c). Thus, OSB production expanded rapidly since the 
early 1980s, and OSB captured a dominant share of the 
large North American market for structural wood panels in 
housing construction. Production costs rose for both OSB 
and plywood from 2002 to 2005, because of higher costs for 
energy, adhesives, and wood, but a housing boom during 
that period ensured continued demand, despite higher prices. 

The structural wood panel market was previously dominated 
by softwood plywood, but as shown in Figure 37, the mar-
ket share generally expanded for OSB compared with soft-
wood plywood in North America since OSB was introduced 
commercially around 1980. Furthermore, softwood plywood 
was made primarily in the United States, but OSB was made 
increasingly in Canada as well as in the United States. Es-
sentially, OSB technology was both more economical than 
softwood plywood (Fig. 36) and also more in tune with the 
evolving wood resource supply situation, capable of using 
relatively abundant supplies of pulpwood and a more 
diverse array of hardwood and softwood species, thus 
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avoiding the higher cost and relative scarcity of softwood 
peeler logs required by the plywood industry. 

OSB capacity expanded in the United States since its 
2, 3/8-in. basis 

(billion ft2) of capacity in 2003, but OSB capacity also 

expanded in other countries with pulpwood resources suit-
able for OSB production, primarily Canada (10.8 billion ft2),
Europe (3.5 billion ft2), and Latin America (0.5 billion ft2)
(APA 2003; RISI 2003; Wood Based Panels International 
2005). Although the United States still has the largest share 
of softwood plywood capacity (16 billion ft2, down from a 

2 around 1990), Latin American soft-
wood plywood capacity doubled since 1990 (to around 

2 in 2003), and Canadian capacity also in-
creased slightly in recent years (to around 2.3 billion ft2).

Softwood plywood was not only displaced from the North 
American structural wood panel market by OSB, but U.S. 
softwood plywood also lost its former global leadership 
position in offshore wood panel markets. As structural wood 
panel production shifted from softwood plywood to OSB, 
and both OSB and plywood capacity expanded internation-
ally, U.S. softwood plywood exports dropped precipitously, 
particularly in the 1990s. With displacement of the formerly 
dominant position of U.S. softwood plywood in structural 
panel markets over the course of just two decades since the 

-
cient and the leading global exporter of wood panel products 
to being the world’s leading importer. By 2005, it was ap-
parent that the continued downturn entailed the loss of most 
U.S. export markets for structural wood panels and a struc-
tural shift toward increased reliance on imports as depicted 

Figure 36—Timber harvest trend for public and private timberland in Washington and Oregon (PNW), and 
effect on variable costs of production for structural wood panels. Left graph, (Warren 2005); right graph, 
(RISI 2004a).

Figure 37—Shifts in North American structural panel 
market share following resolution of the 1980s spotted 
owl issue in the Pacific Northwest (PNW) region, with 
projections to 2009 (APA 2006c).
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Figure 38—Trends in U.S. structural wood panel exports—oriented strandboard (OSB) and plywood (APA 2006a).

Figure 39—Trends in U.S. structural wood panel imports, climbing to 30% of U.S. structural panel needs—mostly from 
Canadian oriented strandboard (OSB) but also from elsewhere (plywood) (APA 2006b).
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Competitive Position and Response
The competitive position of structural wood panel produc-
ers is determined primarily by wood raw material costs, and 
secondarily by capital costs, labor costs, and exogenous 
factors such as currency exchange rates. For U.S. producers 

-
duction costs, and for softwood plywood 50% of production 
costs (RISI 2003a). That is not as high as for lumber (where 
wood is estimated to be 66% of production costs), but wood 
is nevertheless the biggest element of production costs for 
structural wood panels (OSB and softwood plywood). This 
means that the competitive position of each producer is 

inputs, and the United States no longer has the clear com-

production. In 2003, the delivered price of logs suitable for 
structural softwood plywood was reportedly around 20% 
lower in New Zealand and Eastern Canada than in the U.S. 
South or PNW region, and less than half as expensive in 
Brazil, while the delivered price of pulpwood suitable for 
OSB was lower in New Zealand, Indonesia, and Brazil than 

Nonstructural wood panel products, such as interior-grade 
particleboard, MDF, and hardboard are made mostly from 
wood residues (primarily byproducts of sawmills such as 
wood chips, slabs, sawdust, and other residues). Wood resi-
dues tend to be cheaper than roundwood and are relatively 
abundant in the U.S. forest product sector and also in other 
leading lumber producing regions of the world. Thus, wood 

raw material costs are relatively less important in nonstruc-
tural wood panel products than labor or capital costs. Note 
that OSB plants are also generally more capital-intensive 
and have lower wood raw material costs than plywood 
mills, but the United States also lacks distinct competitive 
advantage in labor or capital costs.

Thus, the North American wood panel industry has pursued 

primarily via economies of scale and increased capital inten-

net results of these strategies in terms of historical increases 
in average production capacities of wood panel plants in 
North America, including OSB, MDF, and particleboard 
plants, with a notable decrease in the number of wood panel 
mills in operation. 

Paradoxical effects of increased scale, capital intensity, and 
higher productivity include fewer mills, fewer jobs at mills, 
and a tendency toward lower commodity prices when excess 
capacity is available, as economies of scale reduce marginal 
costs of production. Extended periods of low prices and 
excess capacity typically lead to limited capacity growth 
and rollbacks in production, which make the market prone 
to greater price volatility whenever demand shifts upward 

composite price exhibited a generally declining tendency 
through a period of excess capacity from 1999 until early 

Figure 40—Trends in U.S. import market shares of consumption for wood panels—roughly 25% of the overall wood 
panel market and growing APA (2006b). Right graph, RISI (2004a).
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2003, and then a dramatic price spike occurred as demand 
surged in the context of limited capacity growth in 

surging housing demand and increased government pur-
chases of wood panels (related to construction in the Middle 
East) met limited capacity growth, which caused a quick 
evaporation of excess capacity and led to a sellers’ market, 
testing buyers’ marginal willingness to pay. Although OSB 

-
dencies with limited capacity growth since 1999, the real 
price of pulpwood (the primary raw material for OSB) ex-
perienced a general decline along with real prices for paper 
and paperboard (Fig. 20). 

and more automated production facilities was pursued not 
only in the United States but also in other countries such as 
Canada and more recently in countries such as Brazil. When 
panel prices spike upward, as they did in 2003, leading 

-
ties. However, the market also tends to experience extended 
periods of excess capacity, with prices lower than average 
for those periods. Although prices have spiked well above 
the average on at least two occasions in the past 7 years, the 
average price is nevertheless much closer to the lower end 

2006 has resulted in excess capacity again, with wood panel 
prices dropping back toward marginal costs of production, 
as they did following the previous price spike in 1999. 

What else can be done? Developing new markets and ap-
plications for wood panel products is one strategic adjunct 

view is that new products and new building systems are 
needed to expand markets for U.S. wood panel producers, 
but the essential issue will remain whether U.S. producers 
will be competitive, either in new or existing markets. Glo-
balization, technology change, and consolidation have made 
wood panel markets more competitive, eroding the once 
dominant position of U.S. plywood producers in global mar-
kets. Export markets were lost for most commodity grades 
of structural and nonstructural panels. In addition, some key 

Figure 41—Trend in average plant capacity for oriented strandboard (OSB), medium density fiberboard (MDF), and 
particleboard mills in North America (U.S. and Canada), and number and capacity of wood structural panel mills 
(RISI 2004a).

Figure 42—Trend in U.S. wood panel composite 
price index, 1999–2004 (Random Lengths 2006).
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building material markets are now at a “mature stage” of 
their product life cycle, and thus more susceptible to substi-
tution and loss of markets both domestic and offshore. 

In general, wood panels and traditional building materi-
als such as lumber are losing their traditional shares of the 
housing material market to newer products—engineered 
wood products and components (such as wood I-joists, lami-
nated veneer lumber, and trusses) and non-wood products. 
Engineered wood products are made from the same type 
of material as lumber and wood panels (OSB, lumber, and 
laminated veneer), but generally the utilization of wood is 

2 of 
housing). Builders are adopting newer technologies to deal 
with issues such as skilled labor shortages, site waste, and 

-
ments in housing construction include expanded use of 
prefabricated components such as trusses and prefabricated 

has also been losing a small but growing share of the U.S. 
housing construction market to newer concrete- and steel-
framing systems. 

From a forest resource perspective, expansion of OSB led to 
increased use of small trees in wood panel mills and a more 
diverse range of species use in the eastern United States and 
Canada (regions where most OSB capacity was built), but 
similar enhancement of resource use did not occur in the 
U.S. West. In the West, a few small OSB plants were operat-
ing in the early 1990s, but those plants (along with many 
plywood plants) were shut down in the face of competition 
from larger OSB plants elsewhere. Meanwhile, dense stands 
of small-diameter timber still crowd public timberlands in 

removal of small trees. Harvest and transport costs for such 
trees in the West, however, are higher than roundwood pro-
curement costs in other regions. 

With chronic labor shortages in Japan, many builders there 
have been compelled to shift from traditional post-and-

products. Thus, U.S. log exports to Japan have declined 
over the past decade while output of wood panels in Japan 
has increased. However, OSB export from the U.S. West to 
Japan is nonexistent, and it is uncertain whether large-scale 
globally competitive OSB plants could ever be located in 
the U.S. West, given the large capital requirements and need 
to ensure stable, low-cost wood supply for such large facili-
ties. In general, maintaining healthy well-managed forests 
depends on having a healthy and diverse forest product in-
dustry, but globalization raises challenging issues in regions 
such as the U.S. West.

Globalization and Forest Enterprise 
Development
Forest management opportunities are evolving along 
with forest enterprise development and economic 

globalization, and therefore this section of the report consid-
ers how globalization, consolidation, and structural change 
in the forest sector have broadly shaped forest enterprise 
development. Previous sections focused on the proposition 
that economic globalization hastened the process of consoli-
dation and structural change in the overall economy and in 
forest product markets in particular. Evidence indicated that 
competitive processes were accelerated by globalization as 
increased imports of goods stimulated capacity expansion 

cost competition, and consolidation in manufacturing and 
in forest products. As import competition increased, par-
ticularly from low-income countries, observable structural 
changes included declining U.S. industrial output, shifts 
in production capacity to low-income countries, cost cut-

manufacturing labor input. After increasing for much of the 
previous century, U.S. output of products such as wood pulp 
and wood furniture peaked in the mid to late 1990s, and 
then declined in recent years along with overall U.S. indus-
trial output.

A key hypothesis examined in this section is that economic 
globalization and import competition also favored survival 
of U.S. forest product enterprises that are more capital- and 
skill-intensive, and generally more automated and techno-

era of rising import competition from low-wage countries. 

for leading forest product sectors discussed in previous 
sections, including pulp and paper, wood panels, softwood 
lumber, and furniture. These sectors subtend a spectrum of 
enterprises that range from the more capital-intensive (pulp 

Figure 43—Gross sales of prefabricated wall panels, 
floor trusses, and roof trusses (WTCA 2002).
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and paper mills and wood panel mills) to less capital-
intensive or more labor-intensive enterprises (sawmills and 
furniture plants). The hypothesis is tested by examining 
what happened to the domestically produced market shares 
of consumption for those products (versus the import market 
shares) during the recent period of increased import compe-
tition, examining whether the more capital-intensive enter-
prises retained higher market shares. 

The hypothesis is suggested by past research into broader 
effects on U.S. manufacturing of import competition from 
low-income countries. The past research showed rather 
clearly that in the period from the early 1970s to late 1990s, 
imports of goods from low-income countries were the fast-
est growing component of overall U.S. trade, increasing 
far more rapidly than total imports, and that this import 
competition resulted in reallocation of capital among U.S. 
manufacturing enterprises in general (Bernard and others 
2002). The broad reallocation involved shifting toward more 
capital- and skill-intensive industries in response to low-
wage import competition. The research showed that this was 
accomplished through the processes of plant closure (with 
more plant closures and less growth among less capital-in-
tensive and less skill-intensive plants), by plant expansion 
(with higher growth among the more capital-intensive or 
skill-intensive plants), and by product changes (with plants 
switching to products or sectors that were more capital-
intensive or skill-intensive than industries they left behind).

As explained in preceding sections of this report, the recent 
period since the early 1990s witnessed profound structural 

economic globalization, including an historic downturn in 
wood pulp production and pulpwood consumption, emer-
gence of a large trade imbalance in the wood panel sector, 

of market share to imports for U.S. household furniture 
manufacturers. Thus, it is appropriate in this context to 
consider relative shifts that occurred in the domestically 
produced shares of consumption for each of those sectors 
over the period since 1990, as indicators of how well manu-
facturers in those sectors withstood effects of globalization, 

for 1990 and 2002 on domestically produced shares of U.S. 
consumption for (1) paper and paperboard, (2) OSB and 

shares of U.S. consumption declined across all four sectors 
between 1990 and 2002, as import shares of consumption 
generally increased in all sectors, but the more capital-
intensive industries such as pulp and paper and structural 
wood panels retained generally higher shares of the U.S. 
market. Meanwhile market shares fell to lower levels for 
the less capital-intensive or more labor-intensive industries 
such as sawmills and furniture plants. The OSB and ply-

but that was mainly associated with loss of market share by 
softwood plywood, which is itself less capital-intensive than 
OSB.

The trend in enterprise development, favoring survival of 

pursued strategies of consolidation, automation, and global 
enterprise development, while seeking also product differ-
entiation, customization, or niche markets as a refuge from 
volatile global commodity markets. These are parallel strate-
gies, since increased automation and computerization can 

can enable better product differentiation and customer ser-

levels of success in controlling costs, such as labor costs or 
wood costs. For example, the U.S. pulp and paper industry 
faced increased global competition in recent years but was 

were controlled by process automation and productivity 

to imports, such as wood furniture, surviving plants were 
generally more automated and less labor intensive. 

-
pacity of wood pulp mills in the United States back to the 
early 20th century (Smith and others 2003). The average 
capacity of U.S. pulp mills has consistently increased, with 
well-established economies of scale in terms of capital 
input. Concepts such as the paper “mini mill” and develop-
ment of niche markets were popularized in recent years; 
nevertheless, the population of smaller mills has continued 
to decline, especially in recent years. By 2003, the average 
capacity of pulp mills in the United States was approaching 
a thousand tons per day. With lumber and wood panel mill 

Figure 44—Domestically produced shares of U.S. 
consumption in four leading forest product sectors, 
1990 and 2002.
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-
clusion is that globalization has favored the continued shift 
toward larger and more capital-intensive enterprises across 
the entire forest product sector, generally in the direction of 

-
tive enterprises. Larger mills can represent investments of 
hundreds of millions of dollars, which further adds incentive 

-
eration. The trends are consistent with research observations 
showing a general shift toward higher capital intensity for 
overall U.S. manufacturing in the face of import competi-
tion (Bernard and others 2002).

automated or computerized control of manufacturing pro-
cesses generally favor larger scale or more capital-intensive 

design, production, and delivery of goods. Research shows 
clearly that large- and medium-sized U.S. wood product 
companies outrun small companies in technology leader-
ship, particularly in process innovation (Wagner and Hanson 

enterprises to compete successfully in most forest product 
markets, even in the area of customized products or niche 
markets. Development of customized products and niche 
markets is a fairly common business strategy even for larger 

-
prises have continued to decline in recent years. At present, 
small-scale enterprises account for only a very small 
fraction of industrial wood use in the United States. 
Table 3 provides estimates of U.S. forest product produc-
tion, roundwood use, and shares of production in small-
scale enterprises (including household, farm, ranch, or 
hobby-scale enterprises and small-scale businesses with less 
than three employees). As indicated in the table, small-scale 
enterprises accounted for an estimated 9% of total wood use 
in 2002, but most of that was fuel wood. Small-scale wood 
product enterprises accounted for only about 1% of indus-
trial wood use.

In hardwood lumber production, for example, small-scale 

of production (perhaps as much as 15% of production as 
recently as 1970), but U.S. hardwood sawmills have drifted 
over time toward larger scale and more capital-intensive 
enterprises. Market demand for better quality hardwood 
lumber favors improved quality control and investment in 
advanced computer-controlled equipment. The more auto-
mated equipment yields greater product value, but it is more 
expensive, pushing hardwood sawmills in the direction of 
more capital-intensive and larger scale enterprises. Other 
factors pushing the trend toward larger scale hardwood saw-
mills in recent decades included more robust transportation 
systems with larger capacity log trucks, and also more abun-
dant volumes of hardwood timber in U.S. forests.

Over the past decade, wood furniture suppliers in the United 
States found it economical to outsource to low-wage coun-
tries the production of more labor-intensive wood furniture 
components, such as carved wooden components. More 
recently, it became common to outsource the entire furniture 
production and assembly process, as production plants were 
built in low-wage countries. Increased imports of wood 
furniture provide evidence that innovations in communica-

design, production, and delivery of goods from foreign 
producers. In that context, global electronic communication 
networks, computerized design, and modern distribution 
systems have accelerated design, production, and delivery of 

-
tries often have the means to produce custom-ordered prod-

as local producers. Local small-scale enterprise develop-

production, which has relatively low market value, and to 
some niche opportunities in small-scale sawmills or post 
and pole manufacturing. For the most part, it appears that 
larger scale global markets and global enterprise develop-

than smaller scale local or regional market developments. 

Trends suggest that future enterprise development in the 
U.S. forest sector will continue in the direction of larger or 

automation, generally favoring globally robust and capital-
intensive enterprises. At the same time, consolidation in 
recent years resulted also in a general abatement of growth 
in timber demand across the entire U.S. forest product sec-
tor. The ongoing shift toward global enterprise development 
along with abatement of growth in U.S. timber demand, 
even if transitory, has implications for forest stewardship 
and forest management in the United States.

The abatement of growth in U.S. timber demand and shift 
toward global enterprise development contributed to an ex-
cess of timber growth over removals, at present and in the 
foreseeable future, with projected expansion of U.S. timber 

Figure 45—Historical trend in average output capacity of 
U.S. wood pulp mills.
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growing stock inventories for decades to come (according to 
the 2001 RPA timber assessment (RPA 2001), Fig. 19). The 
excess of U.S. timber growth over timber harvest adds to a 
broader phenomenon across the entire northern hemisphere, 
since timber growth exceeds harvest volume by even wider 
margins in Europe and in Russia. In Russia, timber growth 
exceeds harvest by a factor of about 5 to 1 (FAO 2001). This 
suggests, if anything, that timber supplies will be adequate 
to meet projected demands for decades to come, particularly 
given the trend toward global enterprise development.

These observations are not intended to downplay the impor-
tance of carefully considering forest stewardship and forest 
management priorities in securing well-managed forests for 
future generations, but rather to suggest that economic glo-
balization and market development are factors that must be 
considered in developing support for local forest 
management activities and in some cases may necessitate 
re-evaluation of local forest management priorities. The 
challenge of limited support for forestry activities implies 
also a need to more carefully allocate limited forest manage-
ment resources.

Even though survival of more capital-intensive and glob-
ally robust enterprises was favored in recent years, the 
past decade or so was also a period when many large U.S. 

-

timberland values subsided (NCREIF 2006). Concurrently, 
the numbers of U.S. forestry students enrolled at leading 
universities and membership in professional forestry asso-
ciations peaked in the 1990s and then declined, coinciding 
with nationwide declines in timber output such as declining 
pulpwood receipts at wood pulp mills since the mid-1990s 
(Fig. 17). Along with notable declines in forest industry 
employment and gross economic output of forestry in the 
United States (Fig. 21), these trends suggest that forestry 
employment and sustainable forest management are 
suffering from some degree of subordination in the broader 
context of economic globalization. Priorities of sustainable 
forest management may be only partially complementary to 
the drivers of global enterprise development, such as higher 

Table 3—United States forest product production, corresponding roundwood use, and 
estimated shares of production in small-scale enterprises, including household, farm, 
ranch, hobby-scale, or small-scale businesses with less than three employeesa

Forest product category 

Total U.S. 
production, 2002 

(million short tons, 
air dry) 

Roundwood use 
in production 
(million ft3)

Production
shares (%) 

Lumber industry 

     Hardwood lumberb

Wood panel and veneer industry 
     Plywood and LVL  10.7 1,067 0 

     Particleboard, MDF  8.5 290 0
     Insulating board and hardboard  1.8 
Pulp, paper, and paperboard industryc d 0
Other wood product industriese

Fuel wood 26.6 1,520 >80
Raw wood exports 
Logs 6.0 388 0
Wood chips 3.5 189 0

Totals:

wood)
aLVL, laminated veneer lumber, MDF, medium density fiberboard; OSB, Oriented strandboard. Production and    
 roundwood use     
 data from Howard 2003b. Small enterprise shares of production are best-guess estimates.
bHardwood lumber includes lumber made from roundwood at pallet mills. 
cPulp, paper, and paperboard includes total U.S. production of paper and paperboard, plus U.S. market pulp  
 production for export. 
d overed (recycled) paper and 1,887 million ft3 of wood residues were consumed in       
 pulp, paper, and board. 
eOther industrial wood products include poles, posts, shingle bolts, cooperage, round timbers, chemical wood, and  
 miscellaneous products. 

Globalization and Structural Change in the U.S. Forest Sector: An Evolving Context for Sustainable Forest Management

43



relevance of forestry will increase, and it will become all the 
more important to study and understand evolving resource 

-
velopment support in forestry to actual economic and social 
needs.

Opportunities Evolving with Global 
Supply, Demand, and Trade
Forest resource management and sustainable development 
opportunities are evolving along with globalization of for-
est resource supply, forest product demand, and trade. This 

broad opportunities in forest management and forest sector 
development, including the opportunity to restore native or 

-
tions, the opportunity to expand export of wood chips, the 
opportunity to expand recovery of paper for recycling, and 
the opportunity for continued development of the U.S. pulp 
and paper sector. 

One evolving opportunity is to continue shifting future 
expansion of timber harvest from vast areas of native or 
natural forests to more highly concentrated and productive 
timber plantations that occupy smaller land areas. According 
to the recent United Nations FAO Forest Resource Assess-
ment (FAO 2001), the world’s total area of land with forest 
or tree cover is 3.9 billion hectares, or 30% of the world’s 
land surface area, somewhat less than one hectare of land 

According to FRA 2003, by far the vast majority of that 
area is native forest of natural origin, but a small fraction of 
land area with tree cover consists of tree plantations, where 
native or exotic trees have been planted on forestland or on 
previously non-forested areas. 

According to FRA 2003, plantations accounted for 5% 
of global land area with tree cover, but only a fraction of 
tree plantations are industrial wood plantations (most tree 
plantations serve other purposes such as soil conservation, 
or cultivation of crops such as fruits, nuts, or extractives, 
such as rubber tree plantations). According to more recent 
estimates based partly on FRA 2003, fast-growing indus-
trial wood plantations occupy just 2% of forested land area 
worldwide, yet they supply one quarter of all industrial 
roundwood (Siry and others 2003). Furthermore, plantations 
are projected to supply half of global wood resource needs 
within two decades (Poyry 1999). In addition, the 2001 RPA 
timber assessment projected that softwood timber supply 
from managed plantations in the United States (primarily 
Southern Pine plantations) will climb to more than half of 
total softwood timber supply; yet managed plantations were 
projected to increase from only 6% of U.S. timberland area 
to about 9% by the year 2050 (Haynes 2003). Most of the 
projected increase in U.S. timber supply is accounted for by 
plantations, and not by natural forests. 

Environmentalists have criticized industrial wood planta-
tions, which they view as monocultures that lack species 
diversity. Also, plantations may occupy sites formerly 
occupied by more biologically diverse native forest cover 
(Mattoon 1998). However, in many forested areas, such as 
in the U.S. South for example, plantations of varying age are 
interspersed with native forest stands, resulting in a mosaic 
of varied forest cover types and somewhat diverse habitat 
for wildlife species. Also, pine plantations were historically 
established on marginal agricultural land. In any case, in-
dustrial plantations occupy only a small fraction of forested 
land area nationwide (6%) or worldwide (2%).

Although industrial wood plantations tend not to be favored 
by environmentalists, some advocates of industrial ecology 
have noted that wood output from highly productive planta-
tions may reduce or offset timber harvest on the broader 
expanses of native or natural forest areas. The term “Great 
Restoration” has been applied to the general idea that rela-
tively small areas of managed plantations coupled with 
other conservation measures permit continued restoration 
of native forests over large areas (Victor and Ausubel 2000; 
Victor 2003). Restoration of forests has been ongoing in 
the United States for decades, as evidenced by expansion 

wood use, recycling, and increased wood product imports. 
Furthermore, pressures of increased timber harvest on U.S. 
timberlands have leveled off in recent years mainly because 
of globalization, consolidation, and abatement of growth in 
various U.S. forest product sectors (discussed earlier). 

Whereas harvest on timber plantations may offset timber 
harvest on other forest lands, economic globalization also 
affects incentives for development of plantations. Timber 
demand is a primary incentive for technological develop-
ment in forestry, such as tree cultivation and genetic selec-
tion, and for investment in commercial tree plantations. As 
noted earlier, economic globalization contributed to 
declining U.S. pulpwood demand and pulpwood prices 

recent years. Given those trends, it becomes questionable 

be available in the future. In recent years there is evidence 
of reductions in the rate of pine plantation establishment in 
the U.S. South, with reduced orders for pine seedlings at 
tree nurseries. In the long run, productivity gains of timber 
plantations may be hampered by declines in tree planting 
or plantation management, particularly in the U.S. South. 
However, because growth in U.S. timber harvest in recent 

in U.S. native or natural forests has declined. This decline 
has been partly a result of increased harvest on established 
plantations as well as economic globalization. 
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Meanwhile, regions of Asia and Latin America continue to 

hardwoods such as eucalyptus and acacia). Overseas ex-
pansion of plantations has displaced U.S. exports of wood 
chips, particularly exports of hardwood chips from the U.S. 
South. Some buyers of pulp and paper products have also 
begun to demand products that do not use wood chips from 

forest products, trends that favor sourcing of wood chips 

chips. Japan was historically the leading export destination 
for U.S. wood chips, but exports to Japan fell dramatically 
since the mid-1990s, as Japan increased imports of wood 
chips from other countries and the exchange value of the 
dollar increased from 1996 to 2002. United States wood 
chip exports also dropped in the mid-1980s as the exchange 
value of the dollar peaked previously during that decade. 
Although the dollar weakened in 2003, U.S. wood chip ex-
ports did not increase. Opportunities to export chips were 
offset in recent years by increasingly abundant supplies of 

Latin America and Asia, and by expansion in global output 
-

tations). A further decline in the exchange value of the dollar 
may restore some opportunity for increased U.S. wood chip 

-
tions tend to diminish that opportunity. 

Expansion of paper and paperboard production capacity in 

material, and many new mills in China have been designed 

the United States to export recovered paper for recycling to 
China, and in recent years China became the leading desti-
nation for U.S. exports of recovered paper. China also has 
become also the leading global importer of recovered paper 

-
ments of all bulk commodities such as recovered paper were 
affected by a dramatic increase in ocean freight shipping 

paper recovered for recycling in the United States (domestic 
use and export) and the trends in U.S. exports of recovered 
paper by export destination.

Although domestic use of recovered paper for recycling 
peaked in 1999 along with U.S. paper and paperboard pro-
duction, U.S. recovery of paper for recycling and exports of 
recovered paper continued to expand, particularly exports to 
China. Whereas recycling at domestic paper and paperboard 
mills once in 1970 accounted for 97% of paper recovered 
for recycling, nearly one-quarter of all paper recovered for 
recycling was exported in 2002. China alone accounted for 

Expansion of the capital intensity and scale of production 
at forest product facilities in countries like China is another 
aspect of rapid structural change facilitated by economic 
globalization. Prior to the 1990s, the vast majority of paper 

Figure 46—Historical trends in U.S. exports of wood chips by export destination, 1970–2003, and by species 
group, 1990–2003. Left and right graph, U.S. Department of Commerce data in U.S. International Trade Commission 
database (2004).
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and paperboard mills in China were very small facilities (by 

as 1995 only about one-third of the newsprint, printing and 
writing paper, containerboard, and boxboard capacity in 
China was in mills with capacity greater than 50,000 metric 
tons per year, but by 2003 nearly 60% of the capacity was 
in such mills. Large mill projects in China are facilitated by 

-
tise into China. Pulp and paper engineering and construction 

and elsewhere in Asia and Latin America were built in re-

from Europe, who introduced the latest expertise, automa-
tion, and equipment. Large-scale mills now account for the 
bulk of Chinese production capacity in paper and paper-
board, and some of the largest mills in the world have been 
built in China in recent years. 

In the context of economic globalization and global expan-
sion of pulp, paper, and paperboard capacity as well as 

paperboard leveled out and declined over the past decade, 

paperboard products went from less than 1 million tons in 

by the strong U.S. dollar (Fig. 10).

Nevertheless, the United States remains by far the world’s 
leading producer of pulp, paper, and paperboard products 
(followed by China) and also remains one of the world’s 
leading exporters of those products. Furthermore, although 
U.S. exports have dropped over the past decade, they have 

The dominant global position of the United States in pulp, 
paper, and paperboard production coupled with continued 

may yet be future opportunities for expansion and growth in 
the U.S. pulp and paper sector, particularly if the exchange 
value of the U.S. dollar were to decline further or growth in 
U.S. industrial output were to recover. The 2001 RPA timber 
assessment projected a gradual recovery for U.S. pulp and 
paper output in the years ahead (Figs. 12 and 17). In addi-
tion, opportunities for future growth in pulp and paper (as 
well as other wood product sectors) will likely be affected 
by lingering effects of globalization and consolidation and 
by continued expansion of foreign production capacity. 
Limited U.S. capacity growth of recent years might, for ex-

and paper demand in the short run, but capacity growth in 

Globalization and Sustainable 
Forest Management
The last hypothesis examined in this report is that globaliza-
tion and related structural changes altered economic 

Figure 47—Historical trends in disposition of paper recovered for recycling in the United States and exports of 
recovered paper by destination (AF&PA 2006).
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opportunities and pathways for sustainable forest manage-
ment in the United States. As discussed previously, econom-
ic globalization contributed to accelerated structural changes 
within the forest sector of the United States since the early 

economic value of forestry outputs, forest sector employ-
ment, and the contribution of forestry to GDP. Changes were 

feasibility of forest management in the United States. The 
following sections discuss effects of economic globalization 
on sustainable forest management from a broad philosophi-
cal perspective and also discuss various strategic remedies, 
which in many cases would extend well beyond the forest 
sector itself.

The information presented in preceding sections indicated 
also an evolving relation between economic globalization 
and the ability to maintain or enhance socioeconomic ben-

Some view economic globalization and sustainable devel-
opment as competing paradigms, while still others would 
view them as complementary. Forest policies will be better 
guided in any case by understanding how economic global-
ization and sustainable forest management are related, both 
positively and negatively. This can be facilitated by under-
standing how economic globalization contributes to struc-
tural change in the forest sector, and in turn how structural 
change in the forest sector affects opportunities for sustain-
able forest management. In expanding that understanding, 

it helps to begin with a simple recognition that economic 
globalization and sustainable development are generally 
viewed as separate and distinct philosophical concepts.

Whether or not one accepts or rejects the idea that economic 
globalization and sustainable development are competing 
paradigms, the two concepts should at least be viewed as 

The focus of economic globalization is commerce, within 
the context of international rules of commerce (such as free 
trade policy), global markets, and capitalism. Economic glo-

with very limited focus on rules of governance pertaining to 
the broader dimensions of society or the environment. On 
the other hand, sustainable development is focused more di-
rectly on issues of intergenerational equity and governance, 
mostly pertaining to social values and the environment, 

of commerce. Popularization of the sustainable develop-
ment concept is widely attributed to the World Commission 
on Environment and Development, which offered in 1987 a 

the needs of the present without compromising the ability of 
future generations to meet their own needs” (World Com-
mission 1987). The idea of sustainable development arose in 
the context of concerns for the environment and social wel-
fare, motivated by an understanding that the environment 
and society are affected by commercial economic develop-

core focus and separate contexts for both of these distinct 
concepts.

Figure 48—Historical trends in U.S. exports and imports of paper and paperboard (left) and wood pulp (right), 
1970–2003 (AF&PA 2006). Paper and board include converted products.
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One view of economic globalization (and universal push 

change) is that important but seemingly less productive 
objectives of sustainable development (such as environmen-
tal or social objectives) may be subordinated by economic 
globalization, simply because those objectives may not be 

-
merce and trends in international commerce and trade have 
reportedly subordinated the environmental objective of 
maintaining large populations of forest-dependent species 

-

has marginalized expensive restoration of wild salmon 
populations (Lackey 2003). In general, objectives such as 
conservation of biological diversity by preserving wildlife 
habitat or the promotion of social welfare by providing 
steady local employment opportunity may become subordi-
nated by the drivers of economic globalization. Subordina-
tion of environmental objectives by the forces of economic 

cost reduction) is a subtle variation on a much more general 
-

ogy are driving forces for environmental degradation. The 
latter paradigm is known as the IPAT model (Impact on 

-
-

nology can alternatively be viewed as a means of avoiding 
environmental degradation (by affording to obtain more 

other structural changes will compensate in the long run for 

particular, there is the economic hypothesis that free trade 

and prosperity, such that society will eventually afford to 

spend more on those activities that are viewed as environ-
mentally or socially important, such as wildlife conserva-
tion and community development. Some limited empirical 
evidence for the “environmental Kuznets curve” discussed 
previously supports this view.

Therein is the crux of the debate about economic globaliza-
tion and sustainable development. Will the drivers of glo-

development? Or will those drivers contribute in the long 
run toward greater overall wealth and prosperity such that 
society will better afford to appreciate and pay the expense 
of achieving the full set of sustainable development objec-
tives? In the case of the U.S. forest sector at least, it would 
appear that economic globalization and consolidation of the 
forest product industry in recent years resulted in structural 
changes, including reduced employment and reduced timber 
harvest levels, reduced domestic demands for forest resourc-
es, and therefore reduced economic returns associated with 
sustainable management of forest resources.

International criteria and indicators of sustainable forest 
management help to facilitate more detailed discussion of 

criteria and indicators developed in the Montréal Process 
stemming from the 1992 Earth Summit. Some of the criteria 
and indicators of sustainable forest management are indeed 
noneconomic or largely unrelated to market development or 

that management objectives related to those indicators might 
become subordinated by the drivers of globalization and 
consolidation. However, as explained below, many of the 
criteria and indicators can be viewed as at least indirectly 
linked to the ongoing process of economic globalization.

The 1992 Earth Summit in Brazil, or United Nations Con-
ference on Environment and Development (UNCED), 

Figure 49—Focus and context of globalization and sustainable 
development concepts.
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called upon all nations to ensure sustainable development, 
including sustainable development in the management of all 
types of forests. The summit produced a Statement of For-
est Principles; conventions on biodiversity, climate change, 

called Agenda 21, all of which had implications for forest 
management (Earth Summit 1992). 

Following UNCED, Canada convened the International 
Seminar of Experts on Sustainable Development of Boreal 
and Temperate Forests. This seminar, which was held in 
Montréal in 1993 and sponsored by the Conference on Se-

a broad set of criteria and indicators and how they can help 
-

ment of forests at a national level. The Montréal Process 
Working Group agreed on a framework of criteria and 
indicators that provided member countries with a common 

temperate and boreal forests (Montréal Process 1998–2005). 
-

gives a summary of the Montréal Process Criteria. Further-
more, these efforts gave rise to a generalized concept of sus-
tainable forest management, which generally extends ideals 
of sustainable development to forest management, although 
technically sustainable forest management encompasses 

It becomes readily apparent that the implicit objectives of 
some of the criteria of sustainable forest management 
(such as 1, 3, and 5) are only remotely connected to core 
drivers of economic globalization. Activities related to crite-
ria such as conservation of biological diversity, maintenance 
of ecosystem health, or maintenance of forest contribution 
to global carbon cycling, could therefore become subordi-
nated by business decisions and broader government poli-
cies focused on the core drivers of globalization and consol-

-

to drivers of globalization and consolidation, inasmuch as 
regional productive capacity of forests or the condition of 

-
nomic development, and vice-versa. The remaining criteria 
(6 and 7) are more or less directly connected to economic 
globalization and are likely to evolve in direct response to 
the consequences or priorities of globalization and business 
consolidation. Nevertheless, effects of globalization and 
consolidation cut across all Montréal Process Criteria be-

Crosscutting implications of globalization and consolidation 
for sustainable forest management will be discussed further, 

a philosophical dichotomy between economic globalization 
and the concept of sustainable development. Some scholars 
have expressed a view that sustainability is simply not an 
appropriate topic to be discussed by economists, although 
two entire issues of the journal Forest Policy and Econom-
ics were devoted recently to “economics of sustainable for-

contain 16 papers on the topic. One key observation is that 
not only the focus and context of both concepts differ 

among those who subscribe to the concept. For example, 
Kates wrote in 2003 that the “genius” of the sustainable 
development concept lies in its essential ambiguity, the 
oxymoronic juxtaposition of the concepts of sustainability 

between the present and the future.” Furthermore, Speth 
(2003) also wrote that “most analysts now agree that from 
an environmental perspective, sustainable development 
requires living off nature’s income rather than consuming 
natural capital.” 

The two preceding interpretations of sustainable develop-

much bigger difference in how people may view the reality 

economic development is viewed as incompatible with 

Table 4—Montréal Process criteria

Montréal Process criteria 
Number  

of indicators
1. Conservation of biological diversity 9
2. Maintenance of productive capacity of forest ecosystems 5
3. Maintenance of forest ecosystem health 3 

of soil and water resources 8
5. Maintenance of forest contribution to global carbon cycles 3
6. Maintenance and enhancement of long-term multiple socioeconomic benefits to meet 

the needs of society 19

7. Legal, institutional and economic framework for forest conservation and sustainable 
management 20
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environmental and social sustainability, at best a mix of oxy-
moronic concepts, ultimately and mutually exclusive. In the 
second interpretation, sustainable development is connected 
philosophically to an economic concept easily recognized 

the concept of preservation of capital. However, Speth 
(2003) goes on to say that “In the terminology of the econo-
mists, it implies non-declining natural assets at a minimum.”

Thus, both preceding interpretations of sustainable devel-
opment can be contrasted sharply with conventional eco-

economic optimization is the paradigm of modern business 
behavior (including economic globalization and business 
consolidation in the forest sector). For example, even if 
preservation of natural capital was assumed as a primary 
objective (by imposing the constraint of “living off nature’s 
income” only) there would still be economic options in 
management of natural capital; thus, economic behavior 
implies somewhat more than just “non-declining natural as-
sets.” In the short run, economic behavior will imply maxi-
mization of return on assets, and in the long run it may also 

preservation but also expansion of capital. Furthermore, op-
timization admits the possibility that there are many options 
in the course of economic development, some more eco-
nomical than others. Thus, even if economic behavior and 
sustainability are viewed as mutually exclusive, the reality 
of human economic behavior is that it tends to seek the most 
economical option, which may or may not be more socially 
or environmentally sustainable than other options.

For example, in forestry it has been understood for a long 
time that there can be many fully sustainable forest manage-
ment or silvicultural regimes, but some are more economi-

by the famous German forester, Martin Faustmann, who 
outlined in that year the modern concept of forest capital 
valuation, which led also to economic optimization through 
choice of forest management regime. In his case study, 
Faustmann assumed that there were many alternative forest 
management regimes (with varying rotation periods) that 
could be sustained in perpetuity. In all cases it was assumed 
that the form of natural capital could be preserved for future 

management regime was economically optimal. Even when 
a forest is managed in an idealized sustainable manner for 
perpetuity, some management regimes are simply more eco-

and costs.

Faustmann’s concept of economic optimization is still rel-
evant in modern forestry (Chang 1998), although  some 
would prefer to focus on preservation of natural capital in its 
native form, rather than focus on how to manage those as-
sets most economically. On the other hand, business 

behavior and economic globalization are all about how to 

the original form of the capital is preserved, enhanced, or 
liquidated may be a subordinate concern. Thus, interpreta-

-
ence views of behavioral imperatives. Foresters such as 
Faustmann may have assumed that forests would be man-

the form and productivity of natural forest capital), but 
global economic behavior and global businesses tend to fo-

and wealth. 

The philosophical divergence in viewpoints about objectives 
of managing natural capital (preservation versus wealth 
maximization) is one notable reason for divergent opinions 
about sustainable development and economic globalization. 
Sustainable development and global free enterprise both 
seek to “preserve” or nurture capital in some sense, but their 
objectives differ. Many advocates of sustainable develop-
ment seek to preserve natural capital, but also to preserve 
the native form, traditional uses, and physical integrity of 
natural capital. Many capitalists seek to “preserve” capital 
but also to expand wealth, and in so doing they engage often 
in the process of “creative destruction,” the liquidation of 
capital in one form and the reinvestment of capital into other 
more productive forms. Indeed, a prevailing view of free en-
terprise (and free trade policy) is that capital should be free 

and from one country to another, which may contradict the 
objective of preserving natural capital.

global prosperity, then perhaps some accumulated wealth or 
surplus private capital may be invested in sustainable forest 
management, in conservation of natural biological diversity, 
or in helping to extend or preserve natural capital, such as 
through philanthropic or conservancy foundations, for ex-
ample. Opportunities for such investments were explored 
in considerable detail in a recent report for the MacArthur 
Foundation (Best and Jenkins 1999). Evolving forms of 

(non-timber products, recreation and eco-tourism, watershed 
services, and carbon sequestration credits) may offer a vari-
ety of new forest investment opportunities. However, timber 
revenue remains the primary revenue source for forestry in 
general, while preservation-oriented forestry may reduce 
timber revenues and require more capital to be tied up in 
forestland investments (particularly if it implies larger trees 
with longer rotations). By contrast, free trade and globaliza-
tion impose few constraints on liquidity of private capital, 
and without constraints accumulated wealth or capital may 
be used for any purpose. In particular, accumulated wealth 
may be used for consumptive purposes, such buying new 
automobiles or new homes, rather than paying for wildlife 
sanctuaries, forest preserves, or sustainable forest 
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management, while timber capital may be liquidated and 

development, for example.

In the United States, government and forest industry have 
collaborated in sustainable forest management, but the in-

U.S. Secretary of Interior Gale Norton and International Pa-
per Corporation signed the Aquatic Resources Conservation 
and Management Partnership Agreement, covering
5.5 million acres of International Paper forestlands in nine 

U.S. Fish and Wildlife Service biologists provided techni-
cal assistance as International Paper conducted ecological 
surveys and conservation projects to help in recovery and 
re-introduction of aquatic species and restoration of habitat. 
The agreement also called for promoting public awareness 
of the needs for restoring imperiled species. However, in 
April 2006, International Paper announced the sale of most 
of its U.S. timberland holdings, 5.1 million acres of timber-
land for total proceeds of $6.1 billion.

The Montréal Process adopted the idea that free trade is 
itself an indicator of sustainable development. Montréal 

outlined principles of free trade. Indicator 58 called for “in-
vestment and taxation policies and a regulatory environment 

sector in response to market signals . . . in order to meet 
long-term demands for forest products and services,” while 
Indicator 59 called for “nondiscriminatory trade policies for 
forest products.” There is still a need, however, to explain 
how globalization and free trade affect sustainability and 
social welfare; for example, what happens to forests or for-

forest sector.

Issues of governance that are at the core of sustainable de-
velopment may devolve ultimately to issues of governance 
pertaining to allocation of private capital, but rules of gov-
ernance pertaining to allocation of private capital are not 
well established in free trade policy nor in conventions such 
as the Montréal Process Criteria and Indicators. Economic 
globalization may enhance private wealth and prosperity, 
but if prosperity does not translate into socially and environ-
mentally sustainable development, then some scholars sug-
gest that globalization may become subject to new political 
rules designed to ensure sustainable development. Just as 
new rules of governance were introduced in America in the 
late 19th and early 20th centuries to channel expansion of 
free enterprise and interstate commerce in a more socially 
responsible manner during America’s industrialization and 
railroading era, some have speculated that new rules of gov-
ernance may be needed to “civilize” the forces of economic 
globalization by channeling capital more in the direction of 
socially and environmentally sustainable development 
(Kates 2003). 

In general, rules of governance concerning allocation of 
private capital are antithetical to ideals of free enterprise and 
free trade and are probably too complex as a matter of equi-
ty to arise as an adjunct to trade policies (which are usually 
focused on international rules of commerce, not governance 
of social or environmental equity). In the absence of rules of 
governance pertaining to sustainable development, the focus 
shifts to explaining how the forces of globalization, con-
solidation, and structural change are operating in the forest 
sector, creating a new and evolving context for sustainable 
forest management. 

Globalization and Socioeconomic 
Benefits of Forest Management
This section discusses mainly effects on Montréal Process 
Criterion 6, which is the “maintenance and enhancement 

needs of society.” Criterion 6 is concerned with sustainabil-
ity from an economic and social perspective, and in recent 
years economic globalization and structural change have 
affected economic and social sustainability in the U.S. forest 
sector.

Economic globalization and consolidation in the U.S. forest 

traditionally from forest management in the United States. 
Declining output of furniture negatively affected the output 
of higher grade hardwood lumber, while output of higher 
grades of softwood lumber and millwork were also dis-
placed by imports. Along with declines in wood pulp output 
and pulpwood harvest, real pulpwood prices fell by about 
one-third from 1997 to 2002 (Fig. 20). The gross output of 
forestry in the United States likewise fell by 29% from 1995 

revenues and receipts (Fig. 21). The contribution of forestry 
to U.S. GDP declined along with the value and volume of 
domestic wood product output. Those declines largely re-

-
es in the forest sector. 

Timberland investment appreciation also declined. For the 
first time in many years, the NCRIEF timberland index 
showed a decline in timberland value in 2000 and 2001, co-
incident with downturns in U.S. industrial output, declines 
in pulpwood demand and pulpwood prices, declines in out-
put of higher grade hardwood lumber for furniture, declin-
ing wood panel exports, and declining output of softwood 
molding and millwork (NCRIEF 2006). The forest product 
industry divested millions of acres of timberland in recent 
years, partly because of tax and accounting rules, but also 
because of reduced raw material needs, higher imports, and 
the leveling out of timberland value appreciation. 

Similarly, the opportunity for extension and use of new tech-
nology in forestry was eroded. Development of more pro-
ductive silviculture systems, such as hybrid poplar planta-
tions, was slowed or reversed as pulpwood demand receded. 
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The number of registered forestry professionals (members 
of SAF) declined over the past decade (by 15%), a decline 

timber receipts.

Forest product industry direct mill employment and earnings 
suffered substantial losses in recent years, both as a result of 
reductions in mill output and also as a result of more intense 
competition in secondary industries such as the furniture 
sector, with cost-cutting, downsizing, and automation. With 
the loss of higher wage forest industry jobs, local forest 
community economic viability and adaptability to change 
have also suffered.

The import share of forest product consumption increased 
-

clined. Import shares of the market in all major forest prod-
uct sectors increased, including imports of wood panels, 
lumber, furniture, pulp and paper. With the loss of growth 
in U.S. manufacturing and industrial output, there was also 
a displacement of domestic demands for products such as 
corrugated containerboard used for packaging and shipping 
containers, or printing paper used for print advertising. The 
process of economic globalization and structural change en-
tailed shifts in foreign versus local production, consumption, 
and supply of wood and wood products.

-
ber resource supply and demand was to offset growth in 
resource demand and reduce pressure on resource supply, 
leading to continued expansion in the nationwide volume of 
timber growing stock inventory and a relative abundance of 
timber supply (in the near term at least). In the long run, it 
remains to be seen whether the relative abundance of timber 
supply will persist. Rational expectations would suggest that 
managers of timberland may reduce management intensity 
(and in the long run timber output) in response to excess 
supply.

There are also various regional implications for forest 
management under economic circumstances where timber 
demand does not expand as rapidly as anticipated in the 
past, with the U.S. forest product industry exposed to more 
intense global competition. The regional implications can 
be understood by focusing on long-term effects on stump-
age prices, land values, and returns to forest management in 

In the South, past forest management focused on develop-
ment of pine plantations and management of Southern Pine 

Southern forest industries. The recent glut in pine pulpwood 
prices resulted in diminished returns for silviculture activi-
ties such as management and thinning of pine plantations, 
while also reducing the rate of appreciation in timberland 

and delivered prices of pine pulpwood were lower in 2003 
than hardwood pulpwood prices in the South. Softwood 

saw timber demand remained relatively strong and balanced 
with supply, but maturing pine plantations will substantially 
increase supply of smaller saw logs within the next decade 
or two. Meanwhile, for hardwood saw timber and hardwood 
forests, erosion of demand for higher grade hardwood lum-
ber and saw logs in the furniture sector has resulted in di-
minished revenues for landowners and logging contractors.

In the North, some contrast can be drawn between the ef-
fects of globalization in the Northeast and North Central 
(Lake States) regions. The Northeast has experienced higher 
than average declines in pulpwood demand, with closures of 
many smaller mills, while pulpwood demand has remained 
remarkably more even in the North Central region. How-
ever, with lackluster growth in pulp and paper and recent 
declines in furniture, little if any growth in timber demand is 
anticipated in the North.

In the West, particularly in interior regions, declining re-
gional pulpwood demand, loss of OSB capacity, and loss of 
market share to imports for higher grades of clear softwood 
lumber (in molding and millwork) have left much of the 
interior with expanding timber inventories and few market 
incentives for tree thinning (small diameter timber removal) 
or timber stand improvement. Ironically, market incentives 
for thinning declined at the same time that needs increased 

on millions of acres of public and private forestland in the 
interior West. Economic returns to forest management and 
economic feasibility of forest health restoration are thus 
challenged by limited markets for timber in the interior 
West.

Philosophical Implications for 
“Sustainability”
Observations in preceding sections of this report indicate 
that managing forests according to a “sustainability” para-
digm (as in “sustainable forest management”) will neces-
sitate continuous adjustment to the economic, social, and 
ecological context of forest resource management, because 
that context continuously evolves and changes over time. 
In that sense, the philosophical concept of “sustainability” 
(economic, social, or ecological sustainability) is not unlike 
the concept of “economic feasibility”—both are concepts 
that evolve and change over time, with subjective evalua-
tions that depend on context and circumstance. That which 
may appear to be sustainable (or economically feasible) at 
one point in time or in one context may not appear sustain-
able (or feasible) at a different point in time or another con-
text, although there may be some consistency in measures 
by which outcomes are judged to be more or less 
sustainable.

In essence, the evolving economic, social, and ecologi-
cal context of sustainable forest management reveals that 
sustainability can be approached philosophically only in a 
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temporal sense through ordinal measures in the economic, 
social, and ecological dimensions. Like the concept of eco-
nomic feasibility, measures that pertain to the concept of 
sustainability have a temporal aspect, evolving over time. 
Sustainability may be subject to ordinal ranking—measur-
able at points of time on an ordinal scale ranging from more 
to less—but there is never likely to be a cardinal measure-

time (the same being certainly true for the concept of eco-
nomic feasibility). 

The Montréal Process indicates that it is possible to obtain 
general agreement on ordinal measures or directional indi-
cators of sustainability, just as there are generally accepted 
ordinal measures of economic feasibility (such as rate of re-
turn on investment, or net present value). Ordinal indicators 
may reveal, for example, whether different forest manage-
ment approaches appear to be more or less sustainable, but 
developing a cardinal measure of sustainability in itself is as 
implausible as a cardinal measure of economic feasibility. It 
is unlikely therefore that absolute rules or cardinal measures 
will be developed by which to gauge performance in the 
realm of sustainability, although there are likely to be tem-
poral measures on ordinal scales. The best that one can hope 
to do in measuring sustainability (as in the case of economic 
feasibility) is to continually study how the economic, social, 
and ecological context of sustainable forest management is 
evolving and changing over time. 

This report provided some examples of that kind of study, 
-

kets for forest products and timber in the United States. 
However, future development of sustainable forest manage-
ment practices and strategies will require continuous future 
development of knowledge about the broader economic, 
social, and ecological context of sustainable forest manage-
ment. As explained in the following section, intelligent dis-
cussion of potential responses to globalization and structural 
change goes far beyond conventional criteria and indicators 
of sustainable forest management (such as the Montréal Pro-
cess Criteria and Indicators).

Potential Strategic Responses
This section discusses potential strategic responses that may 
be directed at relieving or coping with economic effects of 
globalization and structural change, by aiming to improve or 
maintain the competitiveness or competitive position of the 
U.S. forest sector. The following approaches were 

concise discussion of relative merits and shortcomings:

or subsidies

• Promotion of U.S. environmental and labor standards 
globally

• Trade liberalization

• Free currency exchange

-
ductivity

• Global enterprise development

• Advancing infrastructure, skills, and training

Import Duties, Wage or Benefit Constraints, 
Tax Incentives, or Subsidies
Historically tariffs, import duties, or other trade barriers 
were imposed in response to foreign competition. We can 
see a long history of negative experiences with protective 
trade barriers in general, such as the protraction of the Great 
Depression in the 1930s associated historically with the 
erection of protective trade barriers under the Smoot–Haw-
ley Tariff Act of 1930. Consequently, although import duties 
and trade barriers still exist, free trade is favored institution-
ally (e.g., WTO) and by government policy. Special circum-
stances in some cases, such as evidence of foreign subsidies 
or dumping of products in select markets, may permit impo-
sition of punitive tariffs in response to claims of injury from 
unfair import competition. The United States imposed in 
recent years countervailing and antidumping duties on soft-

States imposed preliminary antidumping duties on wood 
furniture imports from China. However, tariffs and trade 
barriers in general are subject to review by the WTO and are 
limited under trade agreements such as NAFTA. Other un-
desirable ways to boost U.S. industry competitiveness might 

compromising of natural resource conservation efforts, re-
ductions in worker safety or health protection, exemption of 
industry from environmental protection standards, or target-
ed government subsidies or tax exemptions. However, such 
approaches are unlikely to gain broad political support for 
obvious reasons, or may be counterproductive in the long 
run. For example, Canadian softwood lumber producers 
invested in larger and more competitive sawmills to coun-
terbalance import duties, and overall U.S. softwood lumber 
imports increased in the period when import duties were 
imposed. Subsidies or tax incentives for domestic industry 
can also lead to countervailing duties on U.S. exports.

Promotion of U.S. Environmental and 
Labor Standards Globally
In general, U.S. industry operates under the constraints of 
U.S. standards for worker health and safety, minimum wag-
es, and environmental protection, which tend to be relatively 
higher and more costly than in some other regions of the 

-
lution abatement, litigation costs, and added corporate tax 
burdens were estimated recently to provide an average for-
eign cost advantage of 18% relative to U.S. manufacturing 
costs, based on trade-weighted cost estimates for the nine 
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leading U.S. trading partners (NAM 2003a). Thus, apart 
from reforming or reducing U.S. standards for worker health 
and safety or environmental protection, it would appear that 
another strategy to enhance U.S. industry cost competitive-
ness would be to achieve broader global acceptance of U.S. 
environmental and labor standards, so as to help level the 

Both of the “inverted-U shaped” Kuznets curves—the clas-
sical Kuznets income-inequality curve and the “environ-
mental Kuznets curve”—suggest that global acceptance of 
U.S. wage and labor standards as well as environmental 
protection standards may be advanced through simultane-
ous promotion of U.S. environmental and labor standards 
as well as higher wage standards on a global scale. In 1955, 
Simon Kuznets presented data that advanced the classical 

increases but then recedes with economic development, 
as a result of structural change (Kuznets 1955). More re-
cently, that hypothesis was extended by data observations 
that support the so-called “environmental Kuznets curve” 
hypothesis that environmental effects of an economy also 

-
cal evidence for Kuznets curves, the evidence is statistically 
weak, or has been challenged by other studies that reject the 
Kuznets hypotheses (particularly in the case of the Kuznets 
income-inequality curve). 

Nevertheless, some basic observations can be made about 
environmental standards and income in relation to interna-

-

in countries that have much lower wages or less rigorous 
environmental standards. Indeed, it has been observed that 

on environmental protection than international competitors, 

Ravallion and Chen 1997; Moore 2003). 

Another basic observation is that people everywhere are 

wages and better safety, health, or environmental protec-
tion. Thus, regardless of whether evidence strongly supports 
the Kuznets curve hypotheses or not, it seems clear that 
there might be popular support for increased international 
acceptance of U.S. standards for worker health and safety 

the competitiveness of U.S. industry (as well as potentially 
increase demand for U.S. exports). Furthermore, if there is 
any credibility to the environmental Kuznets curve hypoth-
eses, then higher per-capita income in low-income countries 
should also help to raise expectations and elevate their stan-
dards for safety, health, and environmental protection. 

Thus, one strategic approach to enhancing U.S. industry 
competitiveness might be to amplify Kuznets curves 

globally by promoting more rapid adoption of standards 
similar to U.S. standards for minimum wages, worker 
safety and health, and environmental protection. Wages in 
low-income countries may remain substantially lower than 
U.S. wages for generations to come, but promotion of U.S. 

Kuznets curves in low-income countries may become am-

to boost expectations and demands for safety, health, and 
environmental standards, which would help level the inter-

However, a drawback to this strategy is that workers and 
citizens in many low-income countries lack the same degree 
of representation in government or same degree of labor 
organization that has been enjoyed by U.S. citizens. Thus, 
even if promotion of U.S. standards for health, safety, mini-
mum wages or environmental protection succeeded in gain-
ing popular support in low-income countries, it is not certain 
that political institutions or circumstances in those countries 

multinational corporations may oppose the adoption of laws 
that could boost labor standards or wages in countries like 
China (Barboza 2006).

Trade Liberalization

and removing barriers that inhibit free trade, as well as pro-
motion of global free enterprise, is the more traditional pol-
icy approach to economic globalization. Under the auspices 
of the WTO and other international agreements, the United 
States and most other countries are committed to ideals of 
trade liberalization. Free trade and free enterprise have po-
tential to expand global wealth and prosperity by allocating 

-
ments worldwide, while contributing to ongoing expansion 
of global interconnectedness in society and culture. Trade 
liberalization can still work in favor of U.S. producers; for 
example, U.S. producers of paper and paperboard were ex-
posed recently to threats of increased tariffs on imports of 
their products in the European Union (in retaliation to U.S. 
export tax incentives and also customs duties on U.S. steel 

5 years antidumping duties on newsprint imports from the 
United States and other countries. A less obvious but sig-

capacity expansion in some foreign countries. Although 
imports have surged over the past decade, U.S. exports have 
also increased, and the United States still exports millions 
of tons of products such as pulp and paper each year 

means of expanding markets and enhancing economic op-
portunities for U.S. manufacturers. 
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Free Currency Exchange
Deregulated exchange of currency as an adjunct to free trade 
policy may also help provide some relief from effects of 
economic globalization. The rise of imports and outsourcing 

-

currency exchange at rates lower than real purchasing power 
of foreign currencies in some low-income countries. The 

-
ing low exchange rates for extended periods in developing 
countries undergoing rapid economic expansion and shifts 
in the purchasing power of their currencies. The effect was 

countries, enhancing their real cost competitiveness rela-
tive to U.S. manufacturers while inhibiting their purchases 
of U.S. goods. The People’s Republic of China is a prime 

for many years (at 12.1¢ per yuan), preserving low dollar-
denominated wages in China despite enormous economic 
expansion and growth. Low wages attracted massive capital 
investment, particularly investment in capacity to produce 
goods sold to the United States. The United States expe-

to the Chinese banking sector as a direct result of pegging 
the Chinese currency value to the value of the U.S. dollar as 

expand imports of raw materials to feed its rapid economic 
expansion. Consequently, China has begun to loosen con-

Still other developing countries have maintained low cur-
rency exchange rates despite economic expansion, favoring 
trade surpluses in goods with the United States but also 

in value. While the WTO enforces global commitments to 

manipulation of currency exchange. Through diplomacy 
and IMF channels, the United States may have an oppor-
tunity to obtain more liberalized currency exchange rates 
as an adjunct to trade liberalization. Without free currency 

-

States to other countries, and particularly to low-income 
-

opportunities for forest sector development.

Automation, Efficiency, and Productivity
-

ciency, and productivity gain is commonly employed in the 
forest product industry (and elsewhere in manufacturing) 
to cope with import competition, excess capacity, and low 

-
vances in production technology through computer control 
and automation of production processes, adoption of new 

systems. These and other advances along with pressures to 
-

ly higher rate of labor displacement in U.S. manufacturing 
over the past decade. While gains in productivity contribut-

in the U.S. forest sector, gains in productivity were achieved 
also in other countries through capital investment. 

invested heavily in forest product industry productivity, 
in sawmills and OSB mills, and earlier in furniture plants. 
Capital investment increased more recently in countries with 
lower wage rates such as in China, with new furniture plants 
and large new paper mills. Thus, the strategy of increased 

with larger and more capital-intensive production facilities 
is a necessary strategy in maintaining industry competitive-
ness, but that strategy is not the sole prerogative of U.S. pro-

for the U.S. forest sector.

Global Enterprise Development
Global enterprise development is yet another strategic ap-

have expanded globally over the past decade and also by 
some U.S. furniture producers who have shifted production 

borders, opportunities for global enterprise development 

achieved by outsourcing production to low-income coun-

in electronic communication, computing, and product dis-
tribution also accelerate design, production, and delivery of 
goods, such that improved production processes and 

Figure 50—Stylized illustration of amplified Kuznets 
curve.
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opportunities for market development are spreading 
throughout the world. The shifting of wood furniture pro-
duction capacity and outsourcing of wood furniture com-
ponents to production facilities in low-income countries is 
a prime example of that trend, with foreign producers or 
foreign subsidiaries gaining ability to participate in develop-
ment of custom or niche furniture markets, sometimes just 
as readily or effectively as local producers (evidenced by 

-
tional operations and pursue global enterprise development 

globalization. However, as forest sector production capacity 
and technology move offshore, so do growth in employ-
ment and growth in domestic timber markets, with negative 

sustainable forest management.

Product Differentiation and Certification
Although many forest products are sold in mass commodity 
markets, such as commodity grades of lumber, wood panels, 
or paper and paperboard, there are some avenues to expand 
revenues by product differentiation, via product specializa-

common business strategy is to seek development of niche 
-

cialized marketing research and development of specialty 
products. Globally interconnected markets also demand 
increasingly uniform product quality, and are intolerant 
toward inferior quality or local variation in product qual-
ity. The engineering standardization of forest products via 
ASTM International (originally known as the American 
Society for Testing and Materials or ASTM), ISO (Interna-
tional Organization for Standardization), and various means 

who achieve a high degree of product standardization or 
-

creasingly competitive global markets. However, ensuring 
product compliance with engineering standards or perfor-

uniform quality control. In general, better quality control 
and improved product quality depend on capital investment, 
affording more automation and engineering quality control 
in manufacturing and generally favoring modern capital-in-
tensive production facilities. 

In some cases, forest product producers may also obtain 

that differentiates their products from other similar products 
or other competing materials in the marketplace. Forest 
products may be recognized in the market for environmental 
performance such as lower energy input or less use of non-
renewable resources relative to other materials such as met-
als or plastics (provided that appropriate product life-cycle 
assessment studies support claims of such advantages), but 
better environmental performance also requires moderniza-
tion and capital investments. Product differentiation through 

competitive element of forest product marketing and devel-
opment, both within the United States and abroad, primarily 

Advancing Infrastructure, Skills, and Training
Last, a broader and longer-range strategic approach is ad-
vancement of the infrastructure, skills, and training needed 

in the forest product sector. This strategic option includes 
development of forest resources for the future, research and 
development of future forest products and technologies, and 
providing education, training, and skills for the forest sector 
workforce of the future. 

In previously unexpected ways, globalization, consolida-

resources, infrastructure, skills, and training. Projected tim-
ber harvest in the United States is lower in the most recent 
RPA timber assessment than in previous timber assessments, 
largely because of lower projected pulpwood demand as a 
result of economic globalization and increased paper recy-
cling in the pulp and paper sector. Projected future growth 
in timber demand is likely to be met primarily by expanded 

Southern Pine plantations, although slower growth in de-
mand and lower pulpwood prices raise questions about fu-
ture investment in plantation establishment and growth. The 
forest industry has divested millions of acres of commercial 
timberland in recent years, and capital investment within the 
U.S. pulp and paper industry has declined. 

Nevertheless, because of increased automation and the 
shift throughout manufacturing toward more capital- or 
skill-intensive enterprises, improved skills and training 
are needed now more than ever before. However, declin-
ing employment trends in U.S. manufacturing and in forest 
products tend to reduce incentives for workers to pursue 
careers in manufacturing or forest products, while the U.S. 
demographic distribution limits the number of younger U.S. 
workers entering the workforce (Fig. 25). According to the 
National Science Foundation, foreign students accounted for 
most of the growth in U.S. science and engineering doctor-
ates since the late 1980s, and foreign students accounted 
for more than half (56%) of all U.S. engineering doctorates 

-
tor faces challenges in developing resource and technology 
infrastructure as well as worker skills and training needed 
to restore and maintain global competitiveness and growth. 
Challenges faced by U.S. manufacturers in developing the 
workforce of the future are discussed in more detail in a 
recent report by the National Association of Manufacturers 
(2003b).

Summary
Various approaches can be taken in seeking to relieve or 
cope with effects of economic globalization and structural 
change in the U.S. forest sector. Eight different categories of 
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sustaining the global competitiveness of the U.S. forest sec-

tax incentives or subsidies, (2) promotion of U.S. environ-
mental and labor standards globally, (3) trade liberalization, 

productivity gains, (6) global enterprise development, 
-

vancement of the resource and technology infrastructure 
as well as training and skills needed for future sustainable 
forest sector development. All these approaches have limita-
tions or drawbacks. Without more detailed analysis of these 
approaches, there is little basis for speculation about their 
effects on the competitiveness of the U.S. forest sector, 
and it would be misleading to suggest that any particular 
approach is recommended. However, a mix of these ap-
proaches is already being pursued to some extent. Thus, 
understanding consequences of globalization and structural 
change for sustainable forest management will require mon-
itoring and evaluating a spectrum of behavioral responses 
and forest management options that will unfold in the evolv-
ing context of forest sector globalization, consolidation and 
structural change.

Conclusions
Economic globalization deeply impacted the U.S. forest 
sector in recent years and reshaped opportunities for sustain-
able forest management in the United States. Globalization 
accelerated structural changes in the overall economy and 
in U.S. forest product markets. Increased imports of goods 
stimulated capacity expansion abroad and led to a period of 

-
facturing and in various forest product industries. The forest 
sector has been historically subject to competition, but trade 
liberalization and economic globalization led to expanded 
import competition from low-cost foreign competitors. 
Thus, since the early 1990s globalization and import com-
petition appear to have had rather profound effects on trends 
in the U.S. forest sector. After increasing for much of the 
previous century, U.S. output of products such as wood pulp 
and wood furniture peaked in the mid to late 1990s and then 
declined for a number of years along with overall U.S. in-
dustrial output. 

Economic globalization and import competition favored 
survival of enterprises in the United States that were more 
capital-intensive, skill-intensive, or generally more 
automated and technologically advanced. Although imports 
gained market share for all principal categories of forest 
products, the domestically produced share of U.S. con-
sumption remained higher for the more capital-intensive 
industries such as pulp and paper and structural wood pan-
els, while falling to lower levels for less capital-intensive 
or more labor-intensive industries such as sawmills and 
furniture plants. Average capacities of U.S. lumber mills, 
wood panel mills, pulp mills, and paper mills all increased 

even though the numbers of mills declined, as smaller less 
-

terprise developments, rather than local or regional devel-

markets.

Globalization and ongoing structural changes affected also 
the opportunities for sustainable forest management in 
the United States. Observable changes that appear to have 
resulted from globalization and structural change include 
declines in the economic value of forestry outputs, forest 
sector employment, economic feasibility of forest manage-
ment, and gross contribution of forestry to GDP. Economic 

housing sector increasingly dependent on foreign purchases 

alter economic, social, and environmental dimensions of 
forest management, suggesting that more in-depth strategic 
monitoring and analysis of the issue is warranted in plan-
ning sustainable forest management policies for the future 
with careful consideration of strategies to cope with reali-
ties and challenges of economic globalization and structural 
change.

Finally, changes in the economic, social, and environmen-
tal dimensions of forest management have led to notable 
adjustments in the outlook for sustainable forest manage-
ment in the United States. Traditionally, foresters and forest 
resource professionals in the United States were accustomed 
to escalating demands for timber, resulting in a traditional 
focus on timber management and productivity. That focus 
will certainly not disappear, but the phenomena of global-
ization, overcapacity, and the excess of timber growth over 
demand (across the northern hemisphere at least) will likely 
cause some shift in future forestry priorities and opportuni-
ties in the United States. 

From a broad perspective, the trends suggest greater chal-
lenges for sustainable forest management in the following 
areas:

• Promoting the broad relevance of local sustainable forest 
management activity in a context of global cost-cutting, 

• Managing small-diameter timber with limited growth in 
local market demand

-
ment in general

• Matching forestry priorities to evolving socioeconomic 
needs

Managing forests according to a “sustainability” paradigm 
(as in “sustainable forest management”) will necessitate 
continuous study of the economic, social, and ecological 
context of forest management, as that context continuously 

-
lated to economic globalization and the forest sector, which 
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warrant further analysis or more in-depth research, include 
the following:

• Consequences of disconnect between resource demand 
and GDP growth 

How will the connection between forest resource demand 
growth and U.S. GDP evolve, and what will determine 
future trends in forest resource demand? Also, how will 
U.S. housing demand evolve in the context of economic 
globalization?

• Divergence in global competitiveness and growth among 
global regions

What factors will determine global forest sector competi-
tiveness and growth, and how will the forest sector evolve 
competitively in the future, given the demand potential 
of China, supply potential of Russia, and other emerging 
markets?

• Exchange rate determinacy and policy effects

and growth in the U.S. forest sector, what are the implica-
tions of alternative currency exchange policies?

-

reduced harvest pressures on natural forests) evolve over 
the long run in the context of economic globalization?

• Long-run effect of economic globalization on sustainable 
forest management

In the long run, will the drivers of economic globalization 

-
jectives of sustainable forest resource management (e.g., 
social or environmental objectives)? Or, will those drivers 
contribute toward greater overall wealth and prosperity 
such that society will better afford to meet those objec-
tives of sustainable forest management? Meanwhile, how 
will forestry be funded in a context of slower growth in 
demand for forest products?
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