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I. Introduction

This paper summarizes the research and findings of the Paper Task Force on certain
economic considerations associated with forest management practices.  This paper is one
element of an extensive research process in support of the task force's work to develop
recommendations for purchasing "environmentally preferable paper" (paper that reduces
environmental impacts while meeting business needs).

The findings in this paper are based on the task force's own research, a review of
published articles, reports and papers, information gathered from task force technical visits,
presentations to the task force by experts, and other interviews with experts.  The draft White
Paper was also reviewed by a dozen experts, and this final paper reflects the Task Force’s
consideration of the comments received.  (White Paper reviewers are listed in Appendix B).

The Paper Task Force members endorse the broad principles set forth by the Task
Force’s final report.  The findings and research in this White Paper reflect the contribution of
Paper Task Force Working Groups and changes made in response to comments received from
expert reviewers through the White Paper review process.  The contents of this paper do not
reflect the policy of individual Task Force member organizations.

The Task Force's recommendations integrate findings on environmental, economic and
functional aspects of paper use in a balanced manner that reflects the needs of users of paper in
the private sector.  Another White Paper (No. 4) addresses the environmental issues associated
with forest management practices.

A list of all of the Task Force’s White Papers is included in Appendix B.  An Explanation
of Key Terms accompanies this White Paper and White Paper No. 4.

A. Major Topics

In support of the Paper Task Force's recommendations, this paper seeks to shed light on
two basic questions:

• What is the effect of increased paper recycling on the supply of, demand for, and price of
pulpwood, and hence its effect on the cost of products containing recovered fiber?

• What are the economic ramifications of changes in forest management practices that might
be environmentally preferable?

To answer these questions and provide context for understanding the answers, the paper
develops five major topics:

1.  Overall timber outlook, pulpwood supply and demand, and the impact of increased recycling:
What are past and future trends in total U.S. timberland and timberland ownership (public, forest
products industry, other private landowners) and its regional distribution?  What are the trends in
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U.S. timber inventories, total and by species group (softwood, hardwood)?  What are the trends
in demand for and supply of pulpwood, the virgin raw material used to make paper and
paperboard products?  What are the relative contributions to total pulpwood supply of:  various
geographic regions; trees harvested for pulp vs. mill residues generated from trees harvested for
sawtimber; the different species groups; and timberland held by different categories of owners?
What effect does recovered fiber have on both pulpwood demand and supply?

2.  Trends in pulpwood pricing:  What have been the trends in the price paid for pulpwood over
the recent past, and what are the projections for such prices in the foreseeable future?  How do
these prices vary by region and by species group (softwood, hardwood)?  How are they
influenced by the supply of recovered fiber or by other environmentally-related factors affecting
forest management?

This information is important for the task force in providing a basis for comparison to
trends in prices for recovered fiber and as context for understanding the economic implications
of changes in fiber supply engendered by increased recycling or changes in forest management.

3.  Cost structure of wood production:  In general terms, what is the approximate cost of
producing the wood used in virgin fiber production, and what is the relative contribution to the
total cost of the various component practices that comprise different management regimes?  How
do these costs vary by region, and by species group or forest type?

This information is useful in assessing the contribution of wood production costs to the
final cost of a paper product and the cost implications of potential changes in specific forest
management practices.

4.  Cost impact of changes in forest management practices:  How do changes made in forest
management practices used to produce pulpwood affect growth, yield and net present value of a
forest stand, and hence, wood costs?

5.  Broader economic costs and benefits associated with how forests are managed for wood
production:  What types of costs and benefits might accrue, not only to affected landowners, but
also to others in the public and private sectors (as well as to society at large), as a result of shifts
in the way in which forests are managed for wood production?

This question involves assessing:  the non-production uses and values associated with
forested lands; measures of their economic worth, to the extent that they can be determined; and
the extent to which such uses/values are compatible or incompatible with various intensities of
forest management for wood production.

Similarly, broader social costs and benefits accrue from the manner in which forests are
managed.  Non-timber values of forests have economic value (e.g., the value of a commercial
fishery) that can be affected by the extent and manner of management for production.  There are
also significant, if less quantifiable in economic terms, costs and benefits associated with forest
management's effects on non-market, non-use values provided by forests:  for example, the
provision of wilderness or scenic beauty in a forested landscape.  On the other hand, forest
management for wood production may also produce social benefits, such as carbon
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sequestration.  A discussion of the nature of such costs and benefits, as well as examples, will be
provided in order to provide a conceptually complete framework for assessing costs and benefits
associated with forest management.

Information available on these topics varies enormously, from highly quantitative,
comprehensive, generally accepted and relatively certain, to qualitative, incomplete or site-
specific, controversial and subject to considerable uncertainty.  The intent of this paper,
therefore, is to present a discussion of available information to ensure consideration of the
relevant issues; conclusions drawn will reflect the variable nature of the underlying information.
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II. Findings and Summary of Support

[NOTE:  Following each finding in brackets is a cross-reference to the relevant section of Part III
where supporting documentation can be found.]

A. U.S. Timber Supply and Harvests, Pulpwood Supply and The Impact of Paper Recycling

[NOTE:  Some of the following findings are based in part on data and projections of the USDA
Forest Service's models of the North American forest sector.1  This source represents the only
publicly available comprehensive information of its kind.  Like all projection models, myriad
assumptions have been made regarding future conditions affecting timber supply, the accuracy of
which is not universally accepted among experts in the field.  Where possible, we have
supplemented the Forest Service data with information from other sources, most notably a
prominent forecasting and economics consulting firm that specializes in the forest products
industry, Resource Information Systems, Inc. (RISI).2  While RISI’s information is also not
universally accepted among experts, we believe that the use of these data along with those of the
Forest Service reasonably represents the range of possible future outcomes and provides several
important comparisons and contrasts on key points, as discussed in the body of this paper.]

1.  Between now and 2040, U.S. timberland acreage is projected to decline by roughly
5.5%, due almost entirely to losses to other uses of non-industry private lands.  This
ownership class comprises more timberland than the public sector and the forest products
industry combined.  While industry holdings grew substantially (by 11.5 million acres, almost
20%) between 1952 and 1992, they (as well as public lands) are projected to remain fairly stable
through 2040.  [Section III.A.]

2.  Despite the modest decline in timberland acreage, total timber inventories are growing.
However, a more constrained picture can be expected with respect to available timber
inventories, and hence, pulpwood supply.

• The total softwood inventory is projected to grow 30% by 2040, mostly on public lands
due in part to harvest reductions in the West.  Increasing intensity of management on
industry lands, especially pine plantations in the South, will also contribute to the
increased softwood inventory.  Slower growth is projected for total hardwood inventories:
a 10% increase by 2040, all on public lands.  Hardwood inventories on all private lands,
especially those in the South, will decrease, primarily due to harvest levels that outpace
growth to meet both pulpwood and fuelwood demand, and some conversions of hardwood
forests (primarily upland) to pine plantations.  [Section III.A.]

• A variety of factors act to reduce the inventory of timber available for harvest, including:
reductions in allowable harvest levels on public lands due to environmental considerations,
as has recently occurred on National Forest lands, especially in the West; regulatory
restrictions on forest management, such as institution of Best Management Practices
calling for the retention of buffer strips along streams; and voluntary reductions in
management intensity or removals of  forested areas on private lands, such as retention of
wildlife corridors or donations of special areas to conservation organizations.  Depending
on assumptions made about these and other factors, estimates of available timber
inventories and pulpwood supply can vary dramatically and are subject to considerable
uncertainty.  [Section III.B.]
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3.  Recycling will act to slow the rate of growth of pulpwood production and moderate
overall timber harvests, rather than lead to an absolute decline.  Increased recovery and
recycling of paper will also have the effect of extending significantly the U.S. fiber base. a
By extending fiber supplies, recycling will help to sustain much higher export volumes of both
pulp and paper and paperboard products and reduce the need for imports, making the U.S. more
self-sufficient in fiber supply into the next century.  However, as paper recovery rates reach their
practical limits sometime in the next century, and as demand for paper and paperboard products,
both at home and abroad, continues to rise, demand for pulpwood will "rebound," and hence
pulpwood harvests are projected to increase substantially, albeit at a slower rate than without
recycling.  [Sections III.B.2. and 4.]

4.  Southern states produce a commanding share of pulpwood and paper products, a share
that is projected to grow substantially.  Much of the South's timberland is geared towards
pulpwood production, the region's leading timber product; favorable growing conditions and
high forest industry ownership both help make intensive management possible.  This emphasis
on intense fiber production is also reflected in the increasing acreage of pine plantations across
the South.  [Sections III.B.3.a. and 4.]

5.  Pine plantations are projected to cover more acreage than natural pine in the South by
the turn of the century, and by the year 2030, more than two-thirds of the region's pine
forests (and over a quarter of all its timberland) is projected to be in plantations.  These
plantations are located primarily on industry land.  [Section III.B.3.a.]

6.  Most pulpwood originates from lands held by non-industrial private owners, in large
part due to the fact that most timberland is in this ownership class.  Combined with
pulpwood originating from public lands, the great majority of pulpwood utilized by a
typical pulp mill -- about three-quarters on average -- originates on lands (both public and
private) other than those it owns.  [Section III.B.3.e.]

B. Trends in Pulpwood Prices and the Impact of Recycling

7.  In many regions, pulp and paper mills can exert considerable influence over the
prevailing stumpage and delivered prices paid for pulpwood.  The primary reasons for this
are the large fiber requirements of many mills and the substantial costs involved in transporting
pulpwood to other markets.  Also, forest products companies may be able to affect stumpage and
delivered prices through modifications in harvesting practices or rates on company lands.  Thus,

                                                
a These models assume as a base case that the recovered paper utilization rate reaches 37.5% by the year 2000 and
45.4% in 2040; a "waste reduction" case assumes a 45% utilization rate in 2000, rising to 60% by 2020 and
remaining at that level through 2040 (Ince, P.J. Recycling and Long-Range Timber Outlook, Gen. Tech. Rept. RM-
242 (Fort Collins, CO: USDA Forest Service, Rocky Mountain Forest and Range Experiment Station, February
1994)).  For comparison, the forest products industry has set a goal for 40% utilization in 2000, and utilization had
reached 33.1% in 1994 (American Forest & Paper Association (1995) 1995 Annual Statistical Summary:
Recovered Paper Utilization (Washington, D.C.: AF&PA), p. 81; Franklin Associates, (1993) The Outlook for
Paper Recovery to the Year 2000, Executive Summary, prepared for the American Forest & Paper Association,
Washington, DC, November 1993, p. 7; American Forest & Paper Association, press release dated December 8,
1993, "U.S. Paper Industry Sets Goal to Recover Half of All Paper Used," Washington, DC.).
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in some regions, paper companies do not exist in perfectly competitive markets.  [Section
III.C.1.]

8.  Increased recycling is expected to impart greater stability on pulpwood prices well into
the next century than would otherwise would be the case.

• USDA Forest Service projections indicate that, with the exception of softwood prices in
the North, near-term (through roughly 2010) pulpwood prices will decline in all regions,
reflecting the role that recovered paper will play in extending the fiber base.  As recycling
rates begin to stabilize, however, pulpwood prices will begin to rise again as overall
demand for pulpwood increases.  [Sections III.C.2. and 3.]

• Extending their pulpwood price projections to examine price trends for paper and
paperboard products, the Forest Service predicts relative stability in paper and paperboard
prices over the long term, largely attributed to the contribution of recovered fiber in
extending the U.S. fiber base.  The Forest Service argues that recent pulp and paper price
hikes reflect a relatively transient effect of the industry's business cycle, rather than a more
persistent response to a change in underlying demand.  [Section III.C.3.]

• In contrast, Resource Information Systems, Inc. (RISI) projects that both softwood and
hardwood pulpwood prices will rise significantly over the next five years as a result of
increased competition for virgin fiber.  RISI projects that engineered wood products, such
as oriented strandboard, which can be manufactured from small diameter trees and chips
used traditionally for pulpwood, will markedly increase the demand for virgin pulpwood.
However, RISI concurs with the Forest Service that increased recycling will place
downward pressure on pulpwood prices. [Section III.C.2.b.]

9.  Management practices and rotation ages are driven in large degree by the relative
profitability of sawtimber versus pulpwood production.  Currently, management practices
and rotations which favor sawtimber or multiple product outputs are typically more profitable
than those favoring pulpwood alone.  According to USDA Forest Service projections of future
stumpage prices, this will continue to be the case for the foreseeable future as real sawtimber
prices rise while pulpwood prices remain relatively stable.  If true, management practices and
rotations which favor sawtimber or multiple product outputs will likely be more profitable than
those favoring pulpwood alone.  However, RISI projects that prices for small diameter trees will
increase dramatically as a result of the emergence of engineered lumber products while
sawtimber prices will stagnate -- at least for the short-term.  If true, this will increase the
profitability of short rotation forestry and pulpwood production.  RISI's analysis suggests that the
distinction between pulpwood and lumber production from forest management will become
increasingly blurred.  The perspectives of various forest products companies and other experts
differ as to which projection is more accurate.  [Section III.C.3.]

10.  Hardwood prices are projected to rise both in absolute terms and relative to softwood.
This may make more intensive hardwood management, especially plantations, profitable.
It may also improve financial returns from less intensive softwood management regimes
that do not seek to suppress hardwood competition.  Under such regimes, rather than
requiring expenditures for competition control, hardwoods become an asset that can be sold as
pulpwood (or fuelwood or sawtimber).  [Section III.C.2.]
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C. Economics of Pulpwood Production and Market Intervention into Forest Management
Practices:  Assessing Costs and Benefits

11.  Non-industrial landowners and forest products companies tend to have different land
management objectives.  [Sections III.D.5. through 8.]

• Non-industrial landowners who actively manage their lands seek to maximize a variety of
timber or non-timber benefits from their forestland.  Non-timber benefits such as wildlife
habitat, aesthetics, and soil conservation are important management objectives for many
non-industrial private landowners.

• Forest products companies manage land to produce pulpwood and sawtimber for mills as
part of a broader objective to minimize total wood procurement costs.

• Forest products firms have a number of strategies they can employ to minimize their
pulpwood procurement costs.  Strategies include increasing supplies from company-owned
lands through intensification of management, expanding their land base, or reducing
sawtimber production in favor of increased pulpwood output.  Forest products companies
can also increase supplies from private lands by raising the delivered pulpwood price they
are willing to pay or by entering into cooperative agreements with private landowners.
Firms may utilize a number of these strategies to minimize procurement costs and ensure a
steady fiber supply.  In theory, forest products companies will seek to equalize marginal
procurement costs across all sources of pulpwood.

12.  Less intensive management can have financial returns comparable to or higher than
intensive silviculture on non-industrial private lands.  In many cases, returns from intensive
forestry do not justify high input costs associated with site preparation, competition control and
plantation establishment, given that most non-industrial landowners do not have the same
economies of scale and other cost advantages that forest products companies have.  Less
intensive silviculture also may provide greater non-timber benefits for non-industrial
landowners.  [Section III.D.5.]

13.   For forest products companies, intensive management which maximizes yields over
short rotations is financially preferable to less intensive management, for a number of
reasons.  [Section III.D.6.]

• Forest products companies have significant capital investments in processing facilities
with high fixed costs.  Fiber shortages can be very costly if mills are forced to work at less
than full capacity.  Company-owned forestland, therefore, provides a reliable, nearby and
high-quality source of fiber.

• Intensifying management on their own lands is a relatively inexpensive means for forest
products companies to reduce total wood procurement costs because management inputs
such as site preparation and competition control are a small proportion of total pulpwood
production costs on company lands (see Finding 14 below).

• Forest products companies have economies of scale that most other landowners tend not to
have.  These economies of scale result from larger, more homogenous management units,
in-house management expertise and other factors.

• Transportation costs are reduced for wood harvested from company lands, because they
tend to be close to the mill.

• Forest products companies are more easily able to absorb the high input costs of intensive
management relative to smaller non-industrial landowners.
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14.  An analysis of pulpwood production costs on forest industry land demonstrates that
the costs of increased management intensity are a relatively small proportion of total
production costs on industry lands -- considerably smaller than the sum of expenditures for
harvesting and transportation and land carrying costs.  Total southern pine plantation
management and harvesting costs (including transportation) in 1992 dollars for forest products
firms are estimated to fall between $39-$85 per cord over the next three decades, depending
upon management regime, site productivity and other variables.  The estimated future value of
delivered pulpwood prices over that time period is in the range of $48-$94 per cord.  The
apparent gap between our estimated ranges for production costs and projected future pulpwood
prices  is due to management and land carrying costs which are not accounted for in our
estimate.  The magnitude of these costs is difficult to estimate and will undoubtedly vary widely
among firms, regions and forest types.  [Section III.D.8.]

15.  A broad range of costs and benefits (both to the affected landowner and to society at
large) can be associated with forest management.  The magnitude and distribution of these
costs and benefits can be affected by regulation or incentives provided to landowners to
affect changes in forestry practices.  Quantifying their value is difficult and uncertain,
however, making a traditional cost-benefit analysis exceedingly difficult to conduct.
[Section III.E.]

• BMPs and other controls over forest management practices, especially those that lower
yield per unit area and hence require landowners to invest more to maintain a given
production level, have typically well-defined costs to affected landowners.  [Sections
III.E.1. and 2.a.]

• Based on a review of several studies, compliance costs associated with BMPs typically
amount to a few percent of gross revenues.  Streamside management zones (SMZs) are
among the least costly and most effective BMPs.  [Section III.E.2.a.]

• Numerous examples have been identified in which BMPs and related measures also
produce economic benefits to the same landowners, benefits that sometimes outweigh the
costs.  However, the relative sparsity of efforts to identify such benefits and the highly site-
specific nature of the costs and benefits involved, preclude any broad generalizations about
the net costs to landowners from BMP implementation.  [Section III.E.2.b.]

• Landowners have responded to government-sponsored reforestation incentives.  The
impacts of cost-share programs on aggregate social welfare is difficult to judge, however,
in large part because of the difficulty in measuring the resulting non-timber benefits that
accrue to landowners and society at large under such programs.  [Section III.E.3.]

• Through its effects on functions of forests, forest management can produce significant
costs to society as a whole, by lessening or eliminating the environmental benefits
normally associated with forests.  These costs are considered negative externalities
because they generally are not accounted for in the market.  They include both quantifiable
costs to commercial entities, and broader social costs that are far more difficult to assess.
Measures taken to limit the impact of forest management on forest functions can lessen or
eliminate these costs.  [Section III.E.4.a.]

• Forest management can also produce substantial social benefits.  These benefits derive
both from the presence of forests themselves (such as recreational opportunities and carbon
sequestration), as well as from actions taken by forest landowners (such as land donations
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and forest research).  Like social costs, the value of many such benefits may be difficult or
impossible to quantify.  [Section III.E.4.b.]

• Reforestation of degraded forest land and/or abandoned agricultural land could benefit
both the environment (by restoring forest habitat) and the forest industry (by increasing the
available timber supply).   Also, utilization of less intensive forest practices on non-
industrial forest lands in urbanizing areas (where intensive practices such as clearcutting
can be visible and controversial) may help maintain land in forest (rather than urban uses)
and sustain timber supplies from these urbanizing areas -- at least temporarily. [Section
III.E.4.b.]  
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III. Background Information and Support for Findings

A. Overall U.S. Timber Outlook

Total acreage in timberland in the U.S. has declined slightly since 1952 and is projected
by the USDA Forest Service to continue on a gradual decline through 2040 (Figures 1A and B).
This decline is primarily due to reductions in the holdings of non-industrial private owners (lost
to other land uses), and to a lesser extent reductions in publicly-owned timberland.  Acreage
owned by the forest products industry has risen significantly (by 11.5 million acres, almost 20%)
since 1952, but is projected to remain stable through 2040 (Figure 1B).3

Despite a reduction in total timberland acreage, total timber inventory (i.e., the volume of
wood in live trees on U.S. timberlands) has steadily increased and  is projected to continue to
increase (Figure 2).

Softwood inventories will account for most of the increase, rising by about 30% between
1991 and 2040.  Most of this increase will occur on public lands, where growth exceeds cutting
by a large margin -- a margin that will increase further due to reductions in allowable removals
from public lands in the West.  Thus, much of the increasing inventories in the West will not be
available for harvest, unless National Forest policy is changed.  Softwood inventories on forest
industry lands will also increase, reflecting the increasing intensity of forest management on
such lands.  Other privately owned lands are projected to show essentially no change in softwood
inventories through 2040 (Figures 3A and B).4

A very different picture is seen for hardwood inventories.  Total growth in hardwood
inventories over the next five decades is expected to be only about 10% -- all of it coming from
public lands.  Hardwood inventories on both industrial and other private lands is projected to
decline, especially in the South.  Contributing factors include:  increased harvests that outpace
growth, in order to meet growing hardwood demand for both pulpwood and fuelwood; increased
conversion of hardwood forests (especially upland hardwoods) to pine plantations in both the
West and the South; and continuation of management of hardwoods by non-intensive means
(Figures 4A and B).5

B. Pulpwood Supply and Demand

Demand for virgin fiber, which drives pulpwood production and the intensity of forest
management, is shaped by patterns of overall paper consumption and by waste paper
management.  How the pulpwood is supplied, in turn, reflects the distribution of forest
management activities and intensities across regions, among different forest types and
ownerships, and among tree species.

1. Present  pulpwood supply

Pulpwood supply has risen steadily in the past four decades, and is projected by the
Forest Service to continue to increase.  As shown in Figures 5A and B, from 1950 to 1992, U.S.
pulpwood supply grew from less than 2 billion cubic feet to over 7 billion cubic feet, an increase
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of over 300%.6  Residues from manufacturing made up some of this total supply, but most (two-
thirds in 1992) was "roundwood" -- wood harvested from the forest and delivered directly to the
mill (see Figure 5B).7  This pulpwood harvest amounted to roughly thirty percent of the nation's
total timber harvest, making pulpwood second to sawlogs in harvests by forest product type.8

2. Future pulpwood supply and the role of recycling

There is considerable disparity in the assessments of the Forest Service, the forest
products industry and forest economists regarding the future of pulpwood supply and pulpwood
markets.  Some predict that inventories will keep pace with rising demand for paper while others
believe that increased demand for pulpwood trees and/or environmental constraints on timber
harvesting will severely constrain pulpwood supply.  For this section, we have chosen to outline
two forecasts of future pulpwood supply -- one by the Forest Service and the other by Resources
Information Systems, Inc. (RISI).  These two forecasts were chosen in part because they appear
to bound the universe of opinions with regard to future timber supplies and prices.  While forest
products companies typically have in-house forecasting capabilities, understandably their
predictions are proprietary.  Thus, our discussion will focus only on these two sources.

Unfortunately, most of RISI's market projections are limited to 5 years (the end of 1999)
while the Forest Service projects timber supply 50 years into the future.  While this limits our
comparison to short-term trends only, we believe RISI's projections nonetheless provide a useful
contrast to those of the Forest Service.  We first describe future pulpwood supply as forecasted
by Forest Service economists, followed by the forecast of RISI.

a) Forest Service Projections

Over the next five decades, the consumption of paper and paperboard products is
projected to grow faster than any other category of forest products, at a rate of about 1.2% per
year.9  Because of the increasing importance of recovered paper as a source of fiber, however,
the rate of increase in pulpwood harvests is projected to be slower in the decades ahead than it
would be in the absence of recycling.  Nonetheless, pulpwood production is still projected to rise
substantially:  by 2040, supply is projected to reach over 10.5 billion cubic feet, up almost 50%
from 1992 levels (Figure 5).

(1) Recent trends in paper recycling

One important factor influencing the pattern of future pulpwood consumption is the
intensity and breadth of paper and paperboard recycling.  The recovery and utilization of paper
as a fiber furnish for pulp production has increased dramatically in recent years, introducing an
important new source of fiber supply alternative to pulpwood.  The recovered paper utilization
rate -- the ratio of recovered paper consumption in domestic mills to total production of paper
and board -- began rising in 1986 and accelerated after 1988, topping 30% in 1992 and rising to
over 33% in 1994.10

Total recovery of paper is higher than utilization, as it includes exports (as well as small
amounts put to other uses such as animal bedding and insulation).  Exports ranged from 5.5 to
6.5 million tons between 1988 and 1993 (about 8% of total discards), reached 7.7 million tons in
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1994 and is projected to be at about 7.5 million tons by 2000.  No net increase is anticipated,
however, in the fraction that exports represent of total domestic paper production and discards.11

This reflects the increasing domestic capacity to utilize recovered paper.

In the late 1980s, waste management concerns, more than forestry issues, were the
driving force behind the increases in recycling.  Increases in tipping fees, perceived and real
shortages in landfill space, and environmental concerns about landfills and incineration provided
incentives for municipalities to increase recycling efforts as a means of reducing their waste
burden.  Meanwhile, technological advances in wastepaper sorting and deinking made recycling
practical.  More recently, recycling has become more demand-driven: in response to growing
customer demand for recycled products, particularly in higher-grade products such as printing
and writing papers, many paper mills have equipped themselves to use recovered paper as a raw
fiber.  Another push has been anticipated future supply shortages of primary fibers, in large part
due to restricted harvests on national forests in the West.  The resulting demand for recycled
paper, especially in the context of a recovering economy, has sent recycled paper prices
soaring.12

(2) Impacts of paper recycling on demand for pulpwood

Nationwide, paper mills consumed 28 millions tons of recovered fiber in 1993,
representing about a third of total fiber furnish.13  The substantial projected supply of recovered
paper, and its eager consumption by domestic mills, will relieve some of the previously
forecasted demand for virgin material (i.e., pulpwood).  USDA Forest Service projections
incorporating recent recycling trends now predict a much slower rate of increase in pulpwood
harvests than previously projected.14  Figures 6A and B compare projections for softwood and
hardwood pulpwood harvests, based on three Forest Service recycling scenarios:

(1) An earlier USDA Forest Service projection of U.S. pulpwood production ("1989 RPA
Base"), which was based on an assumed recovered paper utilization rate of 21% in the year 2000,
rising to 28% by 2040 -- levels that have already been well surpassed.

(2) An updated base case ("1993 Update Base"), based on a 37.5% utilization rate in 2000, rising
to 45.4% by 2040.  With the utilization rate in 1994 already at 33.1%, and projected by the paper
industry to rise to 40% by the year 2000,15 this base case appears to be quite conservative.

(3) A case based on an even higher rate of growth in recovered paper utilization ("Waste
Reduction"), 45% in 2000 rising to 60% by 2020 and remaining at that level through 2040.16

Comparison of these three projections clearly shows the marked effect that increased recycling
has on the supply of roundwood pulpwood.

Although pulpwood demand is expected to rebound somewhat as paper recovery rates
reach their practical limits sometime in the next century, the near-term drop in demand means
that even under the relatively conservative 1993 base scenario, roundwood pulpwood harvests
are projected to be much lower (by 2040, almost 20% lower) than earlier forecasts (Figures 6A
and B).  Under the "Waste Reduction" scenario, harvests are projected to be even lower.  Even
with the adjusted projections, however, harvests of pulpwood will continue to rise -- although
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more slowly than in the absence of recycling.  Growing demand, both domestic and global, is
expected to outpace the impact of recycling:

• domestic paper consumption is projected to increase as both population and per-capita
consumption continue to rise; and

• substantial increases in global demand are expected as highly populated industrializing
nations continue to develop.17

In sum, increased recycling is expected to reduce the rate of growth in demand for pulpwood.

(3) Impacts of paper recycling on overall demand for timber products

Due in part to reductions in pulpwood harvests, total annual timber harvests for all forest
products over the next fifty years are now forecasted to be several billion cubic feet lower than
projections made only a few years ago (Figure 7).  [NOTE:  The reduction in timber harvests
shown in Figure 7 is larger than the sum of the reductions in pulpwood harvests shown in
Figures 6A and B; this is because the 1993 base and waste reduction cases include not only
harvest reductions due to lower pulpwood demand linked to higher recycling, but also those due
to other factors such as further restrictions already imposed and projected on harvests from
public lands, especially in the West.]

Although slowing the growth of demand for pulpwood does have an effect on total
timber demand, the relationship is not necessarily linear:  as it plays out in the market, a reduced
level of demand for pulpwood will alter the supply and consumption of other forest products, so
that some of the wood that might otherwise have gone to pulp will likely still be harvested and
used in another forest product.18  Hence, though perhaps counterintuitive, "increased recycling
will tend to favor greater overall consumption of forest products [including those made from
recovered fiber] in domestic and overseas markets."19

Forest Service projections indicate that much of the reduction in pulpwood demand due
to increased recycling will go to meet demand for other timber products, including to offset
anticipated sawtimber shortfalls.  Simply put, many of the trees that would have otherwise been
harvested for pulp will still be harvested, but after they have grown to sawtimber size.20

(4) Summary

Increased recycling will likely slow the rate of growth of pulpwood production and
overall timber harvest, rather than lead to an absolute decline.  By extending fiber supplies,
recycling will help to sustain much higher export volumes of both pulp and paper and
paperboard products and reduce the need for imports, making the U.S. more self-sufficient in
fiber supply in the next century (see sections 4 and 5 below).  But rising demand for paper and
paperboard products, both in the U.S. and abroad, will still outpace recycling, and pulpwood
production will increase substantially.  Hence, where the pulpwood comes from, and how it is
provided, will remain important issues.
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b) An alternative viewpoint:  Resource Information Systems, Inc.21

The Forest Service forecast emphasizes the role of recycling in extending the supply of
pulpwood in the United States.  RISI does not appear to disagree that recycling will have a
moderating effect on pulpwood production in the South.  However, RISI's forecast points to a
number of market and regulatory factors which it contends will limit the supply of pulpwood for
paper production in the short term.  It should be noted that RISI bases much of its assessment of
pulpwood supply on U.S. Forest Service data on national timber supplies.  Thus, the crucial
issues with respect to future pulpwood supplies revolve around factors which will limit, not the
total but the available, pulpwood supply.

With respect to softwood pulpwood, RISI projects a much more constrained supply in the
short-term.  RISI bases its analysis in part on the continuing decline in annual growth due to the
age structure of U.S. forests and a lack of management (and thus less productive forests) on non-
industrial private lands.  However, perhaps the most important contributor to tightened supplies,
according to RISI, is the emergence of the market for engineered lumber products, such as
oriented strandboard, particleboard and fiberboard, which substitute for lumber in some
applications but are manufactured from smaller trees and/or chips.  Recent harvest restrictions on
public land in the West have dramatically increased prices for softwood sawtimber and plywood
logs in other regions, especially in the South.  As a result, RISI projects that the forest products
industry will rapidly move towards production of manufactured wood products as functional
substitutes for lumber and plywood currently used in construction.  According to RISI, these
engineered wood products will have a price advantage over lumber and plywood because they
can be manufactured from less valuable materials (i.e. small trees and chips).  Since small
diameter trees and chips have traditionally only been marketable as fiber for paper production,
the growth in manufactured lumber products will markedly increase the demands on the
softwood pulpwood supply.

Moreover, RISI argues that increasing stumpage prices for sawtimber and plywood logs
will spur sawmills to become even more efficient in manufacturing lumber products.  This will
further reduce the availability of softwood chips for paper production.  According to RISI,
federal enforcement of wetlands and to a lesser degree endangered species regulations could
place additional burdens on an already tight softwood timber supply.  The impact of federal
environmental laws on timber supply has also been noted recently by other forest economists,
who suggest that southern timber supplies will become increasingly constrained as a result of
decreasing inventories, environmental protection and other factors.22

Higher softwood pulpwood prices will continue the general trend toward greater use of
hardwood pulpwood by the forest products industry.  Partially as a result, RISI projects a "major
reduction" in hardwood supply by the end of the decade.  RISI also argues that enforcement of
federal regulations with regard to timber harvesting operations in wetlands and declining
hardwood growth throughout the U.S. will also constrain hardwood pulpwood supplies.   RISI
notes that hardwood supply may be supplemented in the long run by greater reliance on
hardwood plantations.
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In summary, RISI projects a much more constrained supply situation for both softwood
and hardwood pulpwood by the turn of the century than does the Forest Service.  Increased
utilization of recycled fiber will serve only to moderate the pressures placed on the U.S.
pulpwood resource.

3. Sources of pulpwood

Sources of pulpwood can be categorized in several ways: by species type, by the
proportion of pulpwood originating from roundwood vs. sawmill residues, by the proportion of
harvests used for pulpwood vs. other products, and by timberland ownership.  Overlaid onto
these three factors are regional differences.23

a) Regional overview

The South is the nation's largest producer of pulpwood by a wide margin, providing twice
that of the West and the North combined (Figure 8A).  In 1991, the South accounted for two-
thirds of total U.S. pulpwood production, including that derived from harvests as well as sawmill
residues.  In contrast, the North produced only 19%, and the West 14%, of the national total.24

Moreover, the South's share is projected to continue to rise, largely in place of declining
contributions from the West: by 2000, the South will account for almost 70% of U.S. pulpwood
production, the North 20% and the West only 11% (Figure 8B).25

This level and intensity of pulpwood production in the South results from several factors:
a long growing season and relatively flat topography; an emphasis on harvesting wood directly
for pulp; and the increasing conversion of natural forests or other lands to pine plantations, made
possible in part by the relatively large proportion of forested lands owned by the timber industry
(see Box below).  The climatic and topographic contributions to intensive production are sizable.
The warmer climate of the South extends the growing season and, most importantly, reduces
dramatically the rotation length:  pines reach sawlog size in twenty-five to thirty years on many
Southern sites, compared with fifty- to sixty-year rotations for northeastern spruce-fir and even
longer for Douglas-fir in the West.  The flat topography of much of the South's timberland makes
an equally important contribution, easing the use of heavy machinery and thus increasing
efficiencies in harvesting.

-----------------------------------------------BEGIN BOX------------------------------------------

Box:  The Increasing Prominence of Southern Pine Plantations

The area of pineland in plantations in the South has been rising steadily; in 1985 plantations
made up about a third of all pine forests in the region, as compared to 2.5 percent in 1952.  As a
percentage of total Southern timberland area, plantations made up 12% in 1990, compared with
less than one percent in 1952.26  While plantations have in some cases been established on old
agricultural fields, more often they have replaced natural pine stands and, to a lesser extent,
mixed pine-hardwood or hardwood forests; some of these forest types may well have themselves
arisen on old agricultural fields at some point in the past.
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The USDA Forest Service projects future growth in pine plantations under two scenarios: 1) a
base case reflecting an increased rate of plantation establishment in this decade relative to the
1980s, and 2) an alternative scenario in which the rate of plantation establishment in this decade
is assumed to be the same as that of the 1980s.  Under both the base case and alternative
scenarios, plantations are projected to expand further in the South, covering more acreage than
natural pine by the turn of the century (see Figures 9A and B).  Under the base case, by the year
2030, 69% of Southern pine acreage27 and 27% of total Southern timberland are projected to be
in plantations.  Under the alternative scenario, 66% of pine acreage and 24% of total Southern
timberland are projected to be in plantations.28

At the level of an individual state, the rate of past and future plantation establishment may be
even more rapid than indicated by the national data cited above.  In North Carolina, for
example, acreage in pine plantation nearly doubled between 1977 and 1990 (from 1.1 to 2.1
million acres), and is projected to increase further to more than 3.8 million acres by 2030.
These plantations are largely replacing natural pine stands and upland hardwoods:  Natural
pine acreage declined by 1.5 million acres between 1977 and 1990, and is projected to decline
an additional 2.1 million acres by 2030.  Upland hardwoods declined by 0.25 million acres
between 1977 and 1990, and are expected to decline another 0.4 million acres by 2030.  Pine
acreage in plantations is projected to surpass natural pine acreage during this decade.29  In
another southern state, Georgia, pine plantation acreage was expected to overtake natural pine
in 1995.30

Because the establishment of extensive pine plantations has only been occurring for four
decades, and has been accelerating over that time, most of the trees in such forests were planted
less than a rotation age ago, and hence are not yet ready for cutting.  The contribution of
plantations to total pine pulpwood harvest in the South, therefore, was only 14% in 1984.  Due
to increases in yield associated with intensive plantation management of pure pine, plantations
are expected to contribute a disproportionately large amount of roundwood, relative to their
area:  By 2030, the 69% of Southern pineland in plantations is projected to account for 76% of
pine roundwood harvested from all types of Southern pine forests.  The 27% of total timberland
in pine plantations will account for 65% of total softwood roundwood production from all
Southern forest types (pine plantations, natural pine, oak-pine, and hardwood-dominated
forests) by 2030.31

Southern pine plantations are concentrated on industry land:  63% of plantations in 1988 were
owned by industry, with the rest on public lands (6%), or owned by non-forest-industry
corporate holdings (7%), farmers (8%), or other private individuals (17%).32  The extent of pine
plantations in the region is made possible by the concentration of timberland in private and
especially forest products industry hands.  In 1992, only ten percent of southern timberland was
public land, while twenty percent was owned by the forest industry.33  The balance was in
nonindustrial private holdings, an ownership class which includes corporate (non-forest
industry) ownership lands, often managed for intensive return.  The industry utilizes intensively
managed pine plantations to increase pulpwood supply and reduce the overall costs of wood
procurement.  In the case of non-industrial landowners, the financial returns from increased
yields may not always justify the high costs of converting natural forests to pine plantations (this
will be examined later).
-------------------------------------------------END BOX-------------------------------------------
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The dominant hardwood species of the North generally do not lend themselves well to
plantation forestry, in contrast to southern pine, limiting the potential for intensive fiber
production on the scale seen in the South.  (Aspen, while generally managed using natural
regeneration rather than planting, can rival southern pine in productivity; see Section D.4
below.)  Moreover, climatic differences influence management considerably:  even those
northern species that are suitable for fairly intensive even-aged management (e.g., spruce and fir)
grow much more slowly than their southern counterparts, making them less attractive and less
profitable for some of the most intensive techniques used on Southern plantations.  Spruce-fir
management in the North, for instance, relies primarily on natural regeneration, rather than
planting of genetically selected trees as is done on Southern pine plantations.34  The economic
viability of plantation management in the North may change, however, if stumpage prices rise
sufficiently high; the economics of plantation management are addressed in detail in Section D
below.

b) Species type

The mix of softwoods and hardwoods used in pulp manufacture is one important element
of pulpwood supply.  Traditionally, the superior strength of the softwood fibers has favored their
use in papermaking.  With new technologies, however, pulp and paper manufacturers in recent
decades have begun to use greater proportions of hardwood, which can provide valued opacity
and smoothness.  In 1952, hardwoods accounted for about 15% of pulpwood roundwood
consumption; by 1990, that fraction was almost 40% and still rising (see Figure 5A, above).35

The mix of species types differs considerably among the major U.S. regions, as discussed next
and shown in the table below:

PULPWOOD PRODUCTION BY SPECIES TYPE,
SOURCE OF PULPWOOD, AND REGION, 1991

As a percentage of total U.S. production
(percentages may not add to 100% due to rounding)

SOURCE:  See Endnote 23

REGION  SOFTWOODS  HARDWOODS  TOTAL
Roundwood Residues  Total Roundwood Residues  Total

NORTH  12% 5% 9% 40%  34% 39%  19%
SOUTH 78%  60% 71% 59%  58% 59%  67%
WEST 10%  36% 19% 1%  7% 3% 14%

• The South:  The South produces the majority of both softwood and hardwood pulpwood, as
shown in Figure 10A.  Moreover, this dominance is projected to continue over the next
several decades, and to increase considerably for softwoods (Figures 10B and C).
Softwoods, mostly loblolly and slash pine, are the dominant pulpwood species type in the
South, accounting for more than 70% of regional pulpwood production -- despite the fact
that pine and mixed pine-hardwood forests together cover less than half (45%) of the
region's timberland.36  The proportion of total Southern pulpwood contributed by softwood
is projected to grow considerably into the next century (Figure 11).  The dominance of
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softwoods in the South is reflected in the paper grades that the South is best known for:
newsprint (59% of U.S. capacity), uncoated free sheet (47%), and especially solid bleached
and unbleached kraft grades of paperboard (89% and 85%, respectively).  The South also
dominates market pulp production, accounting for 71% of U.S. capacity.37

• The North:  In contrast to the other regions, two-thirds of the pulpwood produced in the
North is hardwood (Figure 10A).  Its share of national hardwood pulpwood production,
therefore, is significant:  In 1991, the North accounted for almost 40% of the national total
of hardwood pulpwood harvests and total production.38  The North's contribution of
hardwood pulpwood is expected to grow steadily into the next century (Figure 10C), as is
the dominance of hardwood pulpwood in the region (Figure 11).  The high percentage of
hardwood pulpwood favors production of the printing and writing paper grades for which
the North is known, which tend to require the smoothness and opacity of hardwood fiber.
In 1993, Northern mills account for 68% of the country's coated freesheet capacity, 58% of
coated groundwood capacity, and 65% of uncoated groundwood capacity.39

This production relies mainly on the extensive forests of northern hardwoods (dominated
by maple, beech and birch) that blanket the mountains of New England and northern New
York and stretch into the North Central region, and the fast-growing aspen forests covering
large areas of the North Central.  Softwood types, meanwhile, are predominantly spruce-
fir, with white/red/jack pine forest types a distant second.40

• The West:  The West almost exclusively produces softwood (Figure 10A), accounting for
just under 20% of the nation's total softwood pulpwood production in 1993.  Hardwood
pulpwood production, on the other hand, amounted to 3% of the national total.41  The
West's softwood production level reflects somewhat of a decline in its importance as a
pulpwood producing region:  from the 1960's through the 1980's, western states
contributed 25-30% of the nation's softwood pulpwood.42  Moreover, further significant
decline is projected in the near term (Figure 11).  A variety of economic and political
factors are responsible for this decline, including: dwindling amounts of old-growth forests
on private lands; increasingly restrictive national forest harvesting policies, in response to
growing concerns about non-timber values such as endangered species; lower labor,
stumpage, and regulatory costs in the South; and increasingly efficient sawmill
technologies in Western mills that have reduced supplies of the manufacturing residues the
regions' paper mills have long depended on.

Pulpwood production in the West comes mostly Douglas-fir, with some ponderosa pine
and western white pine and a smaller amount of lodgepole pine, hemlock, and Sitka
spruce.  This dominance of softwoods affects the major paper and board products of
Western mills: newsprint, unbleached kraft, and market pulp.  Even in these areas of
strength, however, Western mills are increasingly dwarfed by Southern production.

Several factors influence future trends in hardwood use.  On the one hand, pulping
technology continues to adapt better to accommodate hardwoods; technologies such as aspen
BC/TMP (bleached chemi/thermomechanical pulp), for instance, are designed to take advantage
of hardwood species.  However, further increases in consumption of hardwood pulpwood will
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likely be tempered by two factors: first, the increasing supply of pulp made from recovered
paper, which competes functionally with hardwood pulp and therefore lowers demand for
hardwood pulpwood; and second, projected constraints in the supply of hardwood pulpwood as
hardwood inventories decline, particularly in the South (see Figure 4A).  Such declines in
inventory are predicted to result from continuing conversion of hardwood and mixed forest to
pine, increasing stand ages of existing hardwoods (and thus reduced growth), and growing
demand for hardwood products, including fuelwood and pulpwood.43

c) Roundwood vs. residues

Since the middle of this century, advances in mill technology have made possible the use
of   residues from  manufacturing operations as a source of pulpwood for the production of
woodpulp. These manufacturing residues -- chips, slabs, cuttings, and cores from primary mills
such as sawmills or plywood mills -- account for just under a third of pulpwood production
nationally (Figure 5B), although their importance varies widely among regions (see table above
and Figures 8A and 10A).  The differences in part reflect the differing importance of sawtimber
among the regions.

• Manufacturing residues are the predominant pulpwood source in the West, in 1991
accounting for 68% of the region's pulpwood production, although their contribution is
projected to decrease somewhat in the future (Figure 12).

• In contrast, in the South 72% of all southern pulpwood in 1991 was from roundwood.  This
is another indicator of the extent of direct growth of trees for pulp in this region.  The
relative proportions of pulpwood in the region derived from roundwood and residues is
projected to remain fairly constant into the foreseeable future (Figure 12).

• Even more than the South, the North as a region relies largely on roundwood rather than
residues for pulpwood:  in 1991, 81% of pulpwood came from roundwood.  This reliance
on roundwood is projected to increase further into the next century (Figure 12).44

The fraction of pulpwood production from residues is projected to remain fairly constant
in the future (see Figures 5B and 12), as increased lumber and plywood production will be offset
by more efficient production techniques that generate less residue.  With roundwood supplies
continuing to increase, therefore, proportions of pulpwood supply from residues will decrease
slightly.45  The proportion of residues in total pulpwood supply is relevant to forest management,
because the use of residues can relieve pressure to harvest standing trees for pulpwood.46

d) Pulpwood vs. other forest products47

A much higher proportion of all roundwood harvests in the South than in other regions
goes to pulp production -- 39%, compared to 28% in the North and only 11% in the West.

Pulpwood and sawtimber are the two predominant forest products in the South, each
accounting for 39% of total roundwood harvests in 1991.  Fuelwood and veneer logs were next,
at 10% and 9% of harvests, respectively.
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Pulpwood is not as dominant a forest product in the North as it is in the South:  fuelwood
consumed 41% of the region's 1991 roundwood harvest, with sawlogs and pulpwood next and
roughly even (29% and 28% respectively).

As a region, the West is not as significant a pulp or paper producer as either the North or
South.  Trees from the Pacific Northwest's highly productive temperate rainforest, especially
those from remaining areas of old-growth forest, are exceptionally valuable as high-quality
lumber; sawmills, rather than pulp mills, are therefore their primary destination.  Pulpwood
production is driven by the leftovers:  chips from sawmill residues.  Of total roundwood
harvests, over half (51%) goes to sawlogs, 15% to "other products" (includes miscellaneous
products such as pilings, poles, and shingles, as well as export logs), 12% to veneer logs, and
11% to fuelwood.

e) Pulpwood supply and timberland holdings by ownership class

(1) Timberland ownership patterns

Most U.S. timberlands are in private ownership, and most private lands are owned by
entities other than the forest products industry; nationally, industry ownership comprises slightly
more than half as many acres as are in public hands (see Figure 1B).  The acreages of timberland
in public ownership, in forest industry ownership, and in other private ownership vary widely
from region to region, however (Figure 13A).  Percentages of timberland in the different
ownership categories by region are shown in the table below:

TIMBERLAND OWNERSHIP IN VARIOUS U.S. REGIONS IN 1992
(Powell et al., 1993)

PUBLIC PRIVATE
INDUSTRY  OTHER

SOUTH 10% 20% 70%
   Southeast 11% 19% 70%
   South Central 10% 20% 70%
NORTH 19% 10% 71%
   Northeast 11% 15% 74%
   North Central 28% 6%  67%
WEST 61% 12% 28%
   Pacific Northwest 54% 24% 23%
   Other West 56% 11% 33%

TOTAL U.S. 27% 14% 59%
______________________________________________________
Notes: Pacific Northwest consists of Oregon and Washington.

Totals may be higher than 100% due to rounding.
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• Most southern timberland is in nonindustrial private holdings.  This ownership class
consists largely of small, individually-owned plots but also includes corporate (non-forest
industry) holdings managed for financial return.  The South also has the largest area of
industrial holdings in the country, as well as the smallest number of acres in public
ownership.

• The overwhelming majority of timberland in the North, as in the South, is privately owned.
Public ownership is greater than in the South, although most of it is concentrated in the
North Central region.  Conversely, the forest industry plays a bigger role in the Northeast
than in the North Central.

• The West's major distinction is the extent of its public lands:  over half of its timberlands is
publicly owned.  As a result, issues of public management and use of the land for multiple
values play a more prominent role in determining timber supplies in the West than in other
regions.  Industry holdings are substantial, particularly in the Pacific Northwest.

(2) Timber harvests by ownership class

Most timber is harvested from lands held by private non-industrial owners, in keeping
with the largest acreage in that ownership class, as just discussed.  The Forest Service has
compiled data on historic timber harvest levels (in millions of cubic feet), and has also projected
future harvests using its forest sector models.  The table below shows the percentage of actual
harvests in 1991 and of projected harvests in 2000 originating on public, industry and other
private lands, for the three major U.S. regions and for the U.S. as a whole.

TIMBER HARVESTS BY OWNERSHIP CLASS AND REGION
1991 AND PROJECTED FOR 2000

(Haynes et al., 1995)

PUBLIC PRIVATE
INDUSTRY  OTHER

Actual 1991 Levels
    SOUTH 6.5% 28.9% 64.6%
    NORTH 9.5% 20.5% 70.1%
    WEST 44.9% 35.6% 19.5%

    TOTAL U.S. 17.9% 28.5% 53.6%

Projected 2000 Levels
    SOUTH 4.9% 26.1% 69.0%
    NORTH 8.6% 18.0% 73.4%
    WEST 38.2% 34.3% 27.5%

    TOTAL U.S. 12.8% 25.5% 61.7%
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These data illustrate several points:

• On average across the U.S., over half of all timber harvested is grown on non-industry
private lands, and that fraction will grow to more than 60% by 2000.  Harvests from
industry lands represent slightly more than a quarter of all harvests, and their share is
expected to decline somewhat.  Less than a fifth of all harvests occurred on public lands in
1991, and this share is expected to drop sharply to only 13% by 2000, driven by reductions
in harvest levels on public lands especially in the West.

• Non-industry private lands contribute about two-thirds of all harvests in the North and
South, but less than a fifth in the West.

• The relative contribution of non-industry lands to total timber harvests is expected to grow
in all regions, while the share from industry and public lands will decline.

• Comparing the relative harvest levels to the relative timberland acreage discussed
previously, industry lands on average produce a disproportionately large share of total
harvests relative to their acreage, while public lands produce a relatively low share of
harvests; these findings are consistent with the greater intensity of management for wood
production frequently employed on industry lands, and the lower intensity found on public
lands.  The relative contribution of non-industry private lands to both acreage and harvest
levels is roughly equivalent.

The data just presented characterize total timber harvests by ownership class, and hence
include more than just pulpwood harvests.  Unfortunately, harvest data are collected in a manner
that does not allow quantitative determination of the amount of pulpwood originating from the
various ownership classes.  However, interviews with numerous forest products companies and
experts from other sectors indicate that data for total harvests are a reasonable approximation of
pulpwood harvest levels, at least at the degree of aggregation represented here by the three U.S.
regions.  Consistent with the total harvest data just presented, these sources all indicate that, on
average, about 70-80% of pulpwood harvests originate on lands other than those owned by the
forest products companies that utilize the pulpwood to produce paper products.48  In other
words, while the situation varies from mill to mill, the typical mill supplies only about one-
quarter of its pulpwood demand from lands it owns.

(3) Size distribution of private timberland holdings, by ownership class

The amount of land held by a typical private owner differs markedly across ownership
categories.  The amount of forestland owned by a typical industrial owner, farmer or other
private owner is shown below.49
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Category of
Owner

Size
Category

Average Number of Acres
of Forestland Owned

 Industrial small 689,800
 medium 1,381,000

 large 6,200,000
 Non-industrial

Farmer  small 23.1
 medium 84.2

 large 197.9
 Other  all/South 46.8

 all/North 33.9

The small average size of non-industry holdings in large part reflects the very large
number of non-industrial private owners.  Privately-owned (both industry and non-industry-
owned) forestland was held by 9.9 million individuals or other ownership units in 1994, up from
7.8 million in 1978; 40% of the 1994 ownerships first acquired forest land since 1978, and hold
23% of private forestlands.  In 1994, private forestland was distributed among different size
classes as shown in the following table and in Figure 13B.

Size class Percent of all private forestland Percent of all private owners
> 500 acres 45% <1%

 100 to 499 acres 23% 6%
50 to 99 acres 12% 7%
 10 to 49 acres 15% 28%

1 to 9 acres 4% 59%

Note the inverse relationship between the size of ownerships and the number of owners:
Almost 60% of private owners own less than 10 acres, but these ownerships account for only 4%
of private forestland.  In contrast, fewer than one percent of all owners hold more than 500 acres,
but this ownership class comprises almost half of all forestland.  Most of the owners holding
more than 10,000 acres are forest products companies.  One interesting regional difference in
ownership patterns is that almost 70% of privately owned forestlands in the West are in
ownerships larger than 1000 acres, while only about 40% in the South and 20% in the North are
in such ownerships; that is, a much higher proportion of private lands in the South and especially
the North are in smaller ownerships.50

(4) Landowner objectives and management

Management goals may vary widely among these different ownerships, and will strongly
influence the methods of silviculture used:  an industry-owned forest, for instance, is a more
likely candidate for intensive plantation management than a small landowner's 40-acre woodlot,
or than a publicly owned forest; indeed, studies show that the extent to which forestland is
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actively managed for timber increases with the amount of land owned.51  One recent study found
that only about 3% of private owners identified "timber production" as a reason for owning
forestland, and only about 5% cited "income from timber" as an expected benefit; however, these
ownerships accounted for 29% and 33%, respectively, of all privately-owned forestlands.52

Public lands, in turn, can more easily adopt management plans that encourage the development
of extensive old-growth forest and nurture the growth of populations of late-successional
species.  On the other hand, certain responsibilities, such as endangered species and watershed
protection, can often extend beyond ownership boundaries.

(5) Links between landowners

Particularly in the North and South, where the majority of timberland is in nonindustrial
private hands, a substantial percentage of pulpwood comes from lands not owned by forest
products companies.  However, two significant links between the companies and nonindustrial
private landowners in surroundings areas do exist.  The first is a purchaser-supplier relationship:
because companies generally have greater demand for wood than they can provide from their
own lands, they purchase wood from other private landowners or from logging contractors.
Some wood cut on non-company lands is cut by the companies or their representatives, often
within the terms of leasing agreements or landowner assistance programs.  Other wood may be
purchased from known logging contractors.  In still other cases, the pulpwood purchased by
companies falls into the category of "gatewood" -- wood offered up for sale on the market, with
little if any contact between buyer and landowner -- and more limited potential for influencing
forest management practices.

The second link between forest products companies and surrounding private lands is
through landowner assistance programs, designed to offer private landowners professional
forestry advice in managing their land for their own objectives (which may or may not be to
maximize timber production).  These relationships typically are not predicated on a purchase of
wood from the private landowner, although the forest products company often has the option to
buy, should the landowners decide to sell their timber.  Not every company maintains such a
program; but for those that do, the contact and investment of time and expertise represents a
significant connection to private landowners -- and a degree of direct involvement in the
management of non-industry private lands.

4. Imports and exports

a) Imports from Canada

Canada's main pulp and paper export is newsprint:  its exports to the U.S. almost equaled
total U.S. newsprint capacity in 1992.  However, as a supplier of pulp and pulpwood to the U.S.,
Canada is less significant.  In 1992, Canadian woodpulp exports to the U.S. amounted to 7% of
total woodpulp consumption in U.S. mills.53  Annual Canadian pulpwood roundwood exports
averaged 8.5 million cubic feet from 1988 to 1993, compared to U.S. roundwood pulpwood
harvests of over 5 billion cubic feet in 1991.54
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b) Total imports of woodpulp and paper/paperboard

Imports of woodpulp and of pulp and paper products from other countries is limited,
except for newsprint from Canada; in 1993, imports of newsprint accounted for almost 60% of
all imports of paper and paperboard.55  Largely due to increased domestic recovery and
consumption of waste paper -- future imports are projected to decline over the long term.  In
1994, about 5.6 million tons of woodpulp was imported, up slightly from about 5 million tons in
1991.  Almost 15 million tons of paper and paperboard products (including newsprint) were
imported in 1994, up from 12 million tons in 1991.56  Under the Forest Service's 1993 base case
for recycling, woodpulp imports are projected to be at just over 5 million tons in 2000, but then
decrease to less than 1 million tons by 2030.  For paper and board, imports are expected to be at
about 13.5 million tons in 2000, decrease by 2010 to 12 million tons, remaining at that level until
2030, when they decline further.57

c) Exports of woodpulp and paper/paperboard

Exports of both woodpulp and paper and paperboard products are projected to rise
dramatically in the coming decades.  Exports of woodpulp from the U.S. by 2040 are projected
to be double the 1991 level of just over 6 million tons, while exports of paper and board are
projected to be 19 million tons, nearly triple the 1991 levels.58  Consistent with this rising trend,
figures for 1994 indicate woodpulp exports of 6.7 million tons and paper and board exports of
10.2 million tons.59

d) Exports of logs

The export of logs from the U.S., particularly from public lands in the Pacific Northwest,
has been a controversial practice that has led to various restrictions in recent years.  As of the
early 1990s, about one-quarter of all timber cut in the region was exported in the from of
unprocessed logs.  In 1990, Congress passed legislation banning the export of logs from all
federal and most state lands in the Northwest.  However, even before the ban, logs from industry
lands constituted about 80% of the exports, so the ban has had limited direct impact on the
volume of logs exported.60  Softwood log exports amounted to 2.2 billion board feet in 1992,
down from a high of 3.7 billion board feet in 1988.61  These logs are used primarily by recipients
(mostly countries in the Pacific Rim) as sawtimber and veneer, not for pulpwood.  Assuming no
further restrictions, the Forest Service projects continuation of softwood exports at this level into
the foreseeable future.  All of this activity originates in Washington, Oregon and California.

Exports of hardwood logs are lower, about 200 million cubic feet in 1990, a level the
Forest Service expects to continue through 2040.62

5. A glimpse at the global fiber situation

The discussion above indicates that the U.S. is projected to increase its fiber self-sufficiency over
the next several decades, evidenced in part by declining imports and rising exports.  Within the
context of global fiber supply and demand, the U.S. is considered a traditional fiber "supply
center," along with Canada, Scandinavia and Russia.63  But the picture with regard to both fiber
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supply and demand is changing, as new supply and demand centers emerge; these have the
potential to affect the relative position of the U.S. within the global fiber market.

a) Global fiber demand

Globally, use of wood for pulp is dwarfed by its use for fuelwood and construction:
some 55% of roundwood harvests worldwide go to fuelwood, another 31% to construction wood,
and the remaining 14% to pulpwood.  The relative amounts of these three uses for different
regions of the world is shown in Figure 14.  Fuelwood uses predominate in developing
countries, while construction and fiber uses prevail in the developed countries.

As world population rises, development continues in Asia, Africa and Latin America,
per-capita paper consumption in developed countries increases, and market economies emerge in
Eastern Europe, demand for fiber is forecasted to rise rapidly, from a 1990 level of about 250
million tons to about 370 million tons by 2005.64

b) Global fiber supply

On a global basis, the major current supply centers -- for both wood generally and
pulpwood specifically -- are the Nordic countries, the U.S., the former Soviet Union, and Latin
America.  Net import areas are the rest of Western Europe and Pacific Asia.  Worldwide, supply
of wood is sufficient to meet demand, with a considerable safety margin; however, major
regional discontinuities exist and may worsen into the next century.65

Several major trends are apparent in global fiber supply.  First,  a growing share of global
demand is being met by recycled fiber, growth of which has outpaced wood fiber in recent years:
global paper and paperboard consumption rose by about 3% per year between 1970 and 1990,
while pulpwood consumption rose by just over 1%.66  Moreover, recycled fiber's share of total
raw materials used in paper and paperboard is forecasted to continue to rise through the 1990s,
from 29% in 1988 (up from about 20% in 1970) to 36% by 2001.  Early in the next century,
however, the rates of growth of recycled fiber and wood fiber are expected to become roughly
equal, both at about 2% per year.67  Still, as was seen for the U.S. alone, recycling will play a
major role in extending the world's fiber base.

Second, an increasing role will be played by plantations of fast-growing trees in the
southern hemisphere, especially the industry-owned plantations of Latin America and, to a lesser
extent, Asia.  These plantations grow pulp at rates that are much higher than those in the
temperate or boreal forests of North America and Europe.  Figure 15 contrasts the relative
acreage of forest needed to supply a 500,000 metric ton-per-year kraft pulp mill, for eucalyptus
in Brazil, for softwoods in the interior of British Columbia, and for spruce in Scandinavia.  (The
yield of pulp from a Brazilian eucalyptus plantation is about 18.5 metric tons per hectare per
year -- the second highest-yielding fiber producing area on earth, after New York City's urban
forest, which produces 28 metric tons per hectare per year!!)   Still, despite much higher yields
per unit area than many of the traditional supply centers, the contribution of plantations of fast-
growing trees is projected to be sufficient to meet only 8-10% of total global wood needs -- and
about one-quarter of global wood fiber needs -- by 2015.68
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The emergence of eucalyptus woodpulp ("eucapulp") on the world market has marked a
"structural shift" in the world paper industry, according to Stier (1990).69  Between 1976 and
1990, the production of eucapulp grew at a compound annual rate of growth in excess of 20%.
As a functional competitor with bleached hardwood kraft pulp, and an ideal furnish for tissue
and printing and writing paper that are major products of northern U.S. producers, concern has
been voiced that eucapulp might displace significant amounts of northern woodpulp production.
However, the threat to U.S. wood or pulp producers is probably not great, at least in the short
term.  Despite lower production costs, the higher transportation costs translate into delivered
prices for eucapulp on the world market that are generally commensurate with or higher than
those for local sources of bleached hardwood kraft pulp.  Thus, the acceptance of eucapulp
largely appears attributable to its unique and superior fiber qualities.  To date, eucapulp's greatest
impact has been on European and East Asian markets, although Stier predicts a gradual rise in
eucapulp penetration into U.S. (especially northern) markets.

A third global trend of note, driven primarily by population growth, is an expected major
"deficit" in wood fiber in Pacific Asia early in the next century:  that is, projected fiber needs
(for pulpwood, as well as paper, waste paper and wood pulp) will outpace known fiber sources
for the region by large margins.  The outcome will either be supply shortages or "export" of the
deficit to other parts of the world.70  Jaakko Poyry projects that some of this pressure will be felt
against supplies originating from the U.S. South, given its relative production costs and the
largely open market situation that prevails especially for non-industrial private owners. (Other
contributing factors are the fact that much of the expected supply from fast-growing plantations
in Latin America is already committed, and that a lack of infrastructure to facilitate removals
from the vast Russian forests renders much of that potential supply unavailable.)

6. Conclusion

Recovery and utilization of paper and paperboard has increased sharply in recent years;
as mills build new capacity, paper recycling is expected to continue to increase into the next
century.  This significant new source of fiber furnish will likely relieve some pressure on
pulpwood supplies and lower harvests and production below previous predictions.  Nonetheless,
demand for pulpwood and woodpulp will still continue to grow as consumption of paper and
paperboard keeps rising.

Proportions of hardwood pulpwood, which have increased gradually in recent decades,
will probably continue to edge up as technologies allow -- although its increased use will be
tempered by competition from recycled fiber, by increased demand for hardwoods in other
products, and by declining hardwood inventories.  The amount of pulpwood supplied by sawmill
residues, which has increased dramatically over the last four decades as technology has
improved, appears to have leveled off, but varies widely from region to region.  Roundwood is
still the dominant source of pulpwood in the South and North, while the West depends heavily
on residues.

Southern states produce a commanding share of pulpwood as well as of paper products.
Much of the South's timberland is geared towards pulpwood production, the region's leading
timber product; favorable growing conditions and high forest industry ownership both help make
this intensive production possible.  The North region, meanwhile, produces a significant amount
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of the nations' hardwood pulpwood, particularly important in the printing and writing papers that
are the specialty of the Northern states.  Finally, Western paper mills, depending much more
heavily on residues from sawmills, are somewhat subordinate to sawtimber interests with respect
to influence on harvesting methods and silvicultural plans.  This situation, however, is partly a
consequence of the Western reliance on dwindling areas of old-growth timber; as the last
accessible unprotected old-growth forests are cut, the West may face a change in the nature and
type of its timber supply.  Finally, Canada is relatively insignificant as a pulp and pulpwood
supplier, its exports representing only a small fraction of U.S. consumption.

C. Trends in Pulpwood Prices and the Impact of Recycling

1. Characteristics of pulpwood markets

Non-industry private landowners sell pulpwood trees, or stumpage, to loggers who
harvest the trees and transport them to the mill.  Pulpwood is generally purchased on a per cord
basis through a sealed bid auction.  (A cord is 128 cubic feet of stacked wood.  While efforts
have been made to transform the pulpwood market to a per ton basis, the cord is still considered
the standard unit of measure.)  Typically, logger are private contractors who act as middle-men
between landowners and paper mills.  The logger's profit is the price he/she receives per cord
from the mill minus stumpage, harvesting and transportation costs.  On forest land owned by
paper mills, there is rarely a real market since the pulpwood is merely transferred from the forest
to the mill (though occasionally companies may place timber on the open market).

The stumpage market is characterized by relatively fixed demand in the short run.  That
is, paper companies require a steady stream of pulpwood to supply the mill.  In order to procure
the necessary wood to keep the mill operating, paper companies will sometimes pay elevated
prices for delivered wood which translates into higher stumpage prices, and they will stockpile
pulpwood logs or chips as insurance against shortages or "stock-outs."  Thus, pulpwood
stumpage markets exhibit high price elasticities of demand; meaning that large fluctuations in
price do not result in proportionally large changes in output from pulpwood producers (forest
landowners).

Another important aspect of the pulpwood market is that large mills can, in some regions,
exert considerable influence on prices of stumpage and delivered pulpwood.  Since large
pulpmills require substantial amounts of fiber (as much as 1 million cords per year), their
procurement basin, or "woodshed," can be quite large.  This limits the number of mills that can
service a particular region.  At the same time, the size of these procurement basins is limited by
the costs of hauling pulpwood long distances from other regions.  Especially in regions where
there is some distance between mills, there may be considerable ability for paper companies to
influence the market price for pulpwood.  Moreover, forest products companies may also be able
to affect prices by harvesting regimes on their own lands.  When delivered prices for pulpwood
are high, for example, they may choose to harvest more from their lands.  Thus, in these regions,
paper companies do not exist in perfectly competitive markets; their role in setting delivered
prices for pulpwood may be monopsonistic or oligopsonistic (Newman 1987).71  In areas with
many pulpmills, such as southern Georgia, the ability of companies to influence market prices
for pulpwood is probably far less.
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2. Past and present pulpwood prices

Prices for pulpwood stumpage and delivered roundwood for 1950-1988 have been
compiled by the U.S. Forest Service for various species, regions and states.72  For purposes of
this paper, all data are reported on a five-year interval.  Where prices were not collected for a
particular year, the next available year was used as a proxy. This was necessary for years 1965
and 1975 for Wisconsin,  and for 1955 in the case of New Hampshire.  All nominal prices for
stumpage and delivered wood have been transformed into real prices with a base year of 1982.
Real price changes are indexed using the producer price index (PPI) for all commodities as
reported by the Bureau of Labor Statistics.

Real prices for softwood stumpage in Louisiana, Wisconsin and New Hampshire are
given for 1950-1985 in Figure 16A.  Stumpage data from New Hampshire include pulpwood
from  spruce and fir, the predominant species in the state, while data for Louisiana and
Wisconsin are for pine.  Real hardwood stumpage prices for Louisiana and Wisconsin are
reported in Figure 16B.  The stumpage price in Wisconsin is for aspen only.  Wisconsin prices
are greater probably because many mills in the northern central states manufacture printing and
writing paper which requires a larger proportion of hardwood pulp.  Higher demand for
hardwoods in the north result in a higher stumpage price.  Figures 17A and B depict trends in
delivered prices (i.e., including harvesting and transportation costs and logger profits, as well as
stumpage costs) for  pine and hardwood roundwood, respectively.

Price data have also been reported for 13 southern states including Alabama, Arkansas,
Florida, Georgia, Kentucky, Louisiana, Mississippi, North Carolina, Oklahoma, South Carolina,
Tennessee, Texas, Virginia, since 1977 by Timber Mart South.  Timber Mart South also reports
southeast average figures for stumpage and delivered prices of pulpwood and sawtimber.
Researchers have found these data to be representative of stumpage and delivered timber markets
on a state by state basis.73  The average data for the south are not weighted by production levels
in each state and as a result, Timber Mart South's southeast averages may be somewhat
skewed.74  However, these data are nonetheless valuable in providing recent trends for pulpwood
prices in the south.  As with the U.S. Forest Service price data, prices from Timber Mart South
are given in real, 1982 prices.  For our purposes here, data are reported for years 1984-1994 in
order to assess recent trends in the most active and competitive pulpwood market in the U.S.

Price trends for stumpage and delivered pulpwood are presented in Figures 18 and 19.
These prices are calculated by averaging prices from each of the thirteen states; prices are not
weighted for production levels within each state.  In Figure 18, stumpage prices for both pine
and hardwood appear to be rising though on a percentage basis hardwood stumpage prices have
risen nearly 150% since 1984 while softwood prices have increased only 22%.  Delivered prices
for pine and hardwood stumpage and chips appear to be relatively constant (Figure 19).

3. Projected pulpwood price trends

a) Forest Service projections

The USDA Forest Service models discussed above have provided projections of
pulpwood prices over the next several decades, using the base-case assumptions for recovered
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paper utilization rates described above.75  Figures 20-22 show these projections along with the
Forest Service's historical data for the past several decades, for both softwood and hardwood in
the South and North, and for softwood residues in the West.  The data represent delivered prices
expressed in real dollars (adjusted for inflation, using a base year of 1986) per cubic meter.

In the North, where softwoods have historically sold for a somewhat higher price than
hardwoods, the projections indicate an expansion in this price difference over the next two
decades, due to an initial decline in hardwood prices, and a gradual narrowing thereafter, due to
a faster rate of increase in hardwood prices relative to softwood.  Nevertheless, softwood will
continue to enjoy at least a $10/cubic meter advantage throughout the projection period.

In the South, prices for each species type have averaged a few dollars more per cubic
meter than the same species group in the North, and the softwood price advantage over
hardwood has been somewhat larger.  Projections for the South reveal a strikingly different
picture than expected in the North, however:  the price advantage for softwoods will persist only
until about 2010, when surging hardwood prices will overtake those for softwood; hardwood's
advantage is project to rise to almost $10/cubic meter by 2040.  Increased consumption of
hardwood pulpwood made possible by technological innovations in papermaking, and reduced
hardwood inventories (discussed previously), explain this steep upward price trend.  In contrast,
softwood pulpwood prices are expected to remain fairly stable throughout the projection period,
at or below their 1990 level.

In the West, prices for softwood pulpwood (in the form of residues) are projected to
decline significantly from 1990 levels and to remain quite stable through 2040, at $30-35/cubic
meter.

b) RISI projections

Unlike the USDA Forest Service data, specific price projections by RISI are proprietary
and thus we are unable to present them here.  However, we are able to discuss price data
qualitatively and indicate the relative magnitude of projected price changes.  (Recall that RISI's
projections for all regions except the South encompass only the period of 1994-1999; more
recent projections for southern pulpwood cover 1994-2010.)

RISI projects (in sharp contrast to the Forest Service) that stumpage and delivered prices
for pulpwood roundwood will increase substantially by the end of this decade, due in large part
to increased competition for pulpwood-sized trees by manufacturers of engineered lumber
products such as oriented strandboard, particleboard, and fiberboard.  This suggests that the
distinction between pulpwood and sawtimber production will become increasingly blurred as
both paper and lumber are increasingly manufactured from small diameter trees and residual
chips.  The resulting increased prices for virgin pulpwood will provide greater incentive for use
of recovered fiber.76

In the Northeast, according to RISI, real softwood pulpwood stumpage prices will rise
nearly 50% by 1999 while hardwood prices will nearly double.  Delivered prices for softwood
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and hardwood pulpwood will rise only 4% and 11%, respectively.a  RISI suggests that the rise in
stumpage prices in the Northeast will further spur Maine paper producers to utilize recycled
paper.  In the North Central region, real softwood and hardwood stumpage prices will continue
to be close in value with softwood pulpwood nearly doubling and hardwood pulpwood more
than doubling.  North Central real delivered prices for pulpwood will rise just over 20% for both
softwood and hardwood by 1999.

Given tightening timber supplies in the South, RISI projects that real stumpage prices in
the south will increase a substantial 91% for softwood by 1999.  This will continue the industry's
shift towards greater utilization of hardwood stumpage which will in turn increase in value by
approximately 150%.  Softwood and hardwood delivered prices will increase by 45% and 41%,
respectively.  Southern pulpwood chips will increase by over 40% for both softwood and
hardwood.  These increases will result, at least partially, from increased efficiency in lumber
manufacturing.  Escalating pulpwood prices in the South will be moderated by increased use of
recycled fiber.  Even so, RISI's projected real growth in southern pulpwood prices is still very
substantial.

A more recent longer-term projection by RISI forecasts continued increases in delivered
prices for both softwood and hardwood pulpwood beyond 1999.  By 2010, RISI projects a 78%
increase (relative to 1995) in real prices for delivered softwood pulpwood as a result of falling
softwood inventories, increased demand for pulpwood by engineered wood product mills, and
increasing prices of recovered fiber.  RISI also projects that delivered hardwood pulpwood prices
will double by 2010.  Hardwood prices will be driven upward by continuing growth in demand
for hardwood fiber by southern paper mills and increasing export of hardwood chips to foreign
markets.  By 2010, RISI projects that the delivered price of hardwood fiber will approach that of
softwood fiber on a per-volume basis.77

In the West, RISI projects only modest gains in delivered prices for pulpwood chips.
While the supply of residual chips has dropped given reduced sawtimber harvests on public land,
reduced pulp mill capacity as a result of closings will prevent prices from rising dramatically.

4. Impact of recycling on pulpwood prices

The following analysis of recycling's impact on pulpwood prices is from the USDA
Forest Service's analysis.  While RISI's short term price projections for pulpwood are clearly at
odds with the Forest Service forecast, the two appear to be in relative agreement that increased
utilization of recycled fiber will put downward pressure on pulpwood prices.

With the exception of softwood prices in the North, near-term pulpwood prices are
projected by the Forest Service to decline in all regions, reflecting the role that recovered paper
will play in extending the fiber base.78  As recycling rates begin to stabilize, however, pulpwood
prices will begin to rise again as overall demand for pulpwood increases.
                                                
a The relative price increase for pulpwood stumpage is more dramatic than that for delivered pulpwood because
stumpage prices are only one component of delivered prices.  Since other components of the delivered price of
pulpwood, such as harvesting and transportation costs, are not forecasted by RISI to rise substantially over the next
five years, the relative rise in the delivered price of pulpwood is small compared to stumpage price projections.
Thus, the percentage figures for delivered pulpwood are smaller than the stumpage figures.
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Figures 23 and 24 show the Forest Service's projected softwood and hardwood prices in
the South, indexed to 1986 dollars.79  To illustrate the effect of increasing the rate of recycling,
the figures allow comparison of projected prices under the three recycling scenarios discussed
above:  the "1989 RPA Base," representing earlier Forest Service recycling projections that
quickly proved to be overly conservative; the "1993 Update Base," reflecting more realistic but
still conservative recycling assumptions; and a "Waste Reduction" case reflecting more
aggressive recycling.  [NOTE:  The reductions in prices shown in Figures 23 and 24 between the
1989 RPA Base and the 1993 Update Base result from factors in addition to higher levels of
recycling, including restrictions on harvests from public lands, especially in the West.]

Examining the projections under the 1993 Update Base and Waste Reduction scenarios,
the predicted effect of recycling on average pulpwood prices in the South is striking:  under the
1993 base case, increased recycling is responsible for an actual decline in real softwood and
hardwood prices in the near term, which is ultimately overtaken again by rising pulpwood
demand as recycling rates stabilize.  The more aggressive recycling scenario pushes further off
into the future and dampens the longer-term rise in prices.

Overall, then, the effect of increased recycling is to impart greater stability on pulpwood
prices into the next century than would otherwise be the case.80

Haynes et al. (1995) extend this analysis further to project price trends for paper and
paperboard products.  Figure 25 shows historical price data from 1952 to 1991 and projections
through 2040.  The Forest Service’s prediction is one of relative stability in price over the long
term, in marked contrast to the substantial rise in the price of lumber projected over the same
period.  The difference is largely attributed by Haynes et al. to the contribution of recovered
fiber in extending the U.S. fiber base.81

This picture of relative price stability for paper and paperboard products may seem at
odds with the large and rapid price increases that purchasers have experienced over the last 18
months, a phenomenon addressed directly by Haynes et al., writing in March of 1995:82

"Pulp and paper prices exhibit a tendency to rise and fall with business cycles,
and prices for several grades have been rising in the past year, especially market
pulp prices.  But, without some major demand shift (for example, a shift away
from substitution of electronic media and plastics for paper and paperboard
products), per capita consumption for most paper and board products should
increase only gradually from around 700 pounds at present to 900 pounds in
2040."

One final aspect of the projections discussed here deserves mention:  the projected
increasing gap between softwood sawtimber and pulpwood prices.  Figure 26 illustrates this
trend for the South.  Sawtimber supply constraints in all regions act to raise prices of sawtimber
relative to pulpwood until about 2015, when inventories on private lands mature and somewhat
ease the supply constraints, leading to more stable prices through 2040.83 This price differential
suggests a relative increase in the attractiveness of investment in forest management practices



33

oriented toward production of sawtimber (including longer rotations, which has environmental
implications; see White Paper No. 4), and indeed in investment in timberland more generally.84

D. Economics of Pulpwood Production and Forest Management Practices

The purpose of this section is to introduce the reader to the economics of forest
management and the production of pulpwood for use in pulp mills.  This section will concentrate
on pulpwood production on private lands.  We will attempt to distinguish between land
management objectives of non-industrial landowners and forest products companies.

The first part of this section briefly outlines the financial criteria that landowners use to
make forest management decisions.  Southern forest management costs are presented for all
landowners and specifically for forest products companies.  The discussion of costs and forest
management in this section will focus on southern pine plantations.  Southern pine was chosen
both because of its importance as a source of pulpwood and because of its prominence in the
forestry literature.  Silvicultural activities involved in managing a loblolly pine forest stand from
site preparation and planting to harvest will be summarized.  Results from a simulation of two
loblolly pine plantations managed with different objectives will be presented to illustrate a
practical example of financial decision-making in forestry.  While landowners in other regions
and with other forest types face different management choices than a landowner with southern
pine, their financial decision process is very similar and thus southern pine serves as a useful
model.  Given the growing importance of the hardwood resource, we then examine the
production of hardwood pulp through intensive management.

Many researchers have concluded that less intensive forest management may be
financially preferable for many landowners.  This section reviews some of this literature which
indeed demonstrates that "soft silviculture" can in fact increase profits for many landowners.
However, forest products companies continue to prefer intensive forest management on their
lands.  We outline several economic reasons why intensive management has been and will
continue to be practiced on industry land.

An analysis of harvesting and transportation costs is crucial to our discussion of
pulpwood production economics.  These costs affect both stumpage prices received by non-
industrial landowners and profitability of industrial forest lands.  We discuss research on factors
affecting harvesting costs, including tract size, trees species, mechanization and transportation
costs.  We then estimate pulpwood production costs for southern pine on industrial forest land.
This section concludes with a discussion of the alternatives available to forest products firms in
procuring the necessary fiber for their pulp mills.  While the objective of forest management on
non-industrial private land may be to maximize any of several timber and/or non-timber benefits
from the forest , the forest products company is concerned foremost with minimizing pulpwood
and sawtimber procurement costs.

1. Financial decision-making in forestry

Determination of optimal forest rotation ages has been a primary focus of forestry
research.  Traditionally, two types of criteria have been used to make this determination: 1)
volumetric, and 2) financial.  The volumetric criterion is used for forest stands where the
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objective is to maximize volume yield over the life of the stand.  The stand is harvested when
current annual growth (the growth rate) equals mean annual growth (average growth).  This
system is employed on many National Forests where non-declining yield is an important
management objective.

When the objective is to maximize profit from a forest stand, financial criteria are used to
determine both the optimal rotation age and management inputs.  In considering only a single
rotation, the landowner chooses management inputs (costs) and a rotation age which maximize
the discounted net returns, or net present value, from the sale of stumpage.  When considering all
future rotations, the landowner must take into account the opportunity costs of delaying profits
from future harvests in selecting a rotation age.  Thus, under an infinite rotation scenario, the
harvest age is shortened so as not to delay profits from subsequent stands.  Forest economists
refer to optimal management over infinite rotations as maximizing the soil (land) expectation
value of a forest stand.

Soil expectation value is a measure of the value of forest land; it is therefore also the
price a purchaser would be willing to pay for the parcel given that its highest economic use is
timber production.  (There are other financial criteria that can be used to assess forestry
investments, including internal rate of return, benefit-cost ratio, cost-price analysis and others.85

Net present value and soil expectation value are probably the most prevalent and useful for our
discussion.)

Whether examining a single or multiple rotations, the landowner has the same two
decision variables in maximizing returns from forest land; rotation age and management inputs.
The choice of rotation age depends primarily on the growth rate of the target species and the
landowner's discount rate  Higher discount rates (which reflect higher opportunity costs of
capital) shorten optimal rotation ages while lower discount rates lengthen them.  The choice of
management inputs is a more complicated decision and relies on the trade-offs between input
costs and discounted future returns.  For example, maximizing physical yields from the stand
may require significant investments in management inputs like site preparation, competition
control and precommercial thinning.  The optimal financial management regime seeks the level
of inputs which maximizes discounted net revenue.  Since discounting penalizes high input costs
made at the beginning of the rotation, intensive management that maximizes product yields over
short rotations may not always result in the largest financial returns.  As will be discussed later
in this section, forest products companies typically choose more intensive regimes for a variety
of unique financial reasons, while the non-industrial private landowner will in many cases
benefit from less-intensive silvicultural practices.

Costs of management inputs are known by the landowner with some degree of certainty.
For our discussion, costs of common management activities practiced in the South have been
obtained from periodic surveys of forest products firms, forest consultants, and state and federal
agencies reported by Forest Farmer magazine, most recently for 1992 by Belli et al. (1993).86

Management input costs per acre as reported by Belli et al. (1993) are summarized in the table
below.  These figures are average costs and will undoubtedly vary across regions.  Costs may
also vary according to tract size, as fixed costs of many management activities are not as easily
absorbed on small parcels.  There do not appear to be similar data publicly available for other
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regions of the country.  Since labor is an important factor in many of these activities, higher
labor costs in other regions will result in higher input costs.

Management Input Costs per Acre
Belli et al. (1993)

Treatment low high  average
Mechanical site preparation  $25 $174 $111
Chemical site preparation  $28 $92 N/A

Chemical release $41 $61  N/A
Fertilization  N/A N/A $41

Planting (per acre) $38  $44 $40
Planting (per seedling)  $0.054 $0.062  $0.060

Prescribed burning $6 $13 $11
 Precommercial thinning  $55 $90 $69

Timber marking (for
harvest)

 $12 $24 $17

Timber cruise (survey)  $3 $5 $4

Dubois et al. (1991) formulated a cost index for southern forest practices using data
collected by Forest Farmer from 1982-1988.87  However, unlike the table from Belli et al.
(1993) above, Dubois et al. (1991) incorporate data from 33 forest products firms and exclude
data received from forest consultants and government agencies.  Thus, this study gives an
accounting of costs and cost trends in the management of industrial forest lands.  Table 1 lists
real (1982) prices for the most common industrial forest practices in the South.  Relative prices
(1982=100) were calculated for these management inputs.  Price indexes for inputs, the Southern
Forest Practice Cost Index, the Southern Forest Employee Wage Index and the GNP Price
Deflator are given in Table 2.  The Southern Forest Practice Cost Index (SFPCI) is calculated by
weighting each forest practice depending on its average proportional contribution to total stand
management costs.  Therefore, the SFPCI measures cost appreciation for industrial forest
management in the South.  Note that the SFPCI has appreciated at a lower rate than the GNP
Price Deflator.

Forest practice costs are driven largely by the cost of labor.88  Thus, the SFPCI follows
the same general trend as the Southern Forest Employee Wage Index in Table 2.  This second
index measures wages only and excludes fringe benefits.  Dubois et al. (1991) report that 71% of
forest management expenses are for stand establishment; most of these activities are performed
by contractors.  The remaining 29% of forest management operations are performed largely by
forest products company employees.89

Unlike management input costs, product yields from the forest are more difficult to
ascertain because forest growth, yield and merchantability must be projected sometimes several
decades into the future.  Foresters have developed several species-specific computer models
which simulate stand growth and product yield for natural and planted stands given site quality,
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management inputs, mortality and other variables.  Simulated financial returns can be compared
with respective management costs to determine the silvicultural regime which maximizes soil
expectation value for the site.

In practice many non-industrial private forest landowners are not profit maximizers.
Non-industrial private landowners often place high value on non-timber benefits from forest
management such as wildlife, aesthetics and soil conservation.  For example, in their empirical
study of forest landowners, Newman and Wear (1993) found that while non-industrial private
landowners react to price signals, they also capture significant non-timber benefits from forest
management.90  Surveys of non-industrial private forest owners suggest that non-timber benefits
are important considerations in forest management decisions.  In fact, these forest landowners
may be more concerned with environmental issues and stewardship than is the general public.91

Hence, chosen rotation ages and management inputs utilized in non-industrial forests reflect the
desire of many landowners to increase the production of non-timber benefits from the stand.
Economists have hypothesized about the effect of non-timber benefits on the optimal forest
rotation age.92  Swallow, Parks and Wear (1989) have shown that the inclusion of non-timber
benefits in the landowner's decision process may increase or decrease the optimal rotation age
depending on the specific benefit function.93  (The shape of the non-timber benefit function may
also result in more than one optimal rotation age; a discussion of this result would not add to our
analysis here.)   For example, a non-timber benefit function that includes old-growth forests will
extend the optimal rotation age.

In any discussion of non-industrial private forest landowners it is important to emphasize
that many, perhaps a majority, do not actively manage their forest land for any objective.  We do
not mean to suggest here that all non-industrial landowners are actively managing their forests to
maximize timber or non-timber benefits.  Many non-industrial private forest landowners practice
passive neglect, harvesting timber only when there is a financial need.  For purposes of this
paper, when we discuss landowner objectives and management on non-industrial private forest
lands, we are generally referring to those landowners actively managing their forest land for
timber and/or non-timber benefits.

2. Southern pine plantation management

While hardwood species are gaining in importance as a source of pulpwood, softwood
species have historically been and will continue to be the focus of most intensive forest
management.  The importance of softwoods stems partially from their abundance across the
landscape.  For example, 86% of western forests are comprised of softwood forest types.94  But
softwood species are more important for their inherent productivity.  Table 3 lists important
softwood species and forest types in the United States, their respective regions, and regeneration
methods.

Management of southern pine, especially loblolly and slash pines, has been the focus of a
tremendous amount of research over the last several decades.  The importance of these species,
especially loblolly pine, to the forest products industry cannot be understated.  For this reason,
the discussion in this section details the management of loblolly pine.  This lays the ground work
for the subsequent examination of the economics of pulpwood production from southern pine
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plantations.  What follows is a description of southern pine plantation management practices,
beginning with site preparation and stand establishment through to harvest.

Site preparation techniques and associated costs fluctuate widely depending on site
characteristics, chosen species, and management objectives.  Generally, intensively managed
pine plantations will be treated with mechanical site preparation -- especially if the tract was
recently harvested.  If, on the other hand, the site consists of recently abandoned agricultural
land, mechanical site preparation may not be necessary though chemical release or prescribed
burning may be used during the rotation to control hardwood competition.  Chemical site
treatment, the use of herbicides to control hardwood competition, may be used independently or
in conjunction with mechanical site preparation.   Chemical treatment to release pines from
hardwood competition can also take place during the rotation and intensively managed
plantations are often fertilized following stand establishment or during the rotation.

The most intensive site preparation techniques for southern pines are used to convert
pocosin or other wetlands to plantations.  For these sites, site preparation involves extensive
ditching and draining; this lowers the water table thereby making harvest and other mechanical
operations easier while improving plantation establishment and yields substantially.  Bedding
and fertilization are also commonly used in conjunction with drainage.  Campbell and Hughes
(1981) report yields increasing from 80-1300% on pocosin sites following intensive site
preparation.  Site indices (base age 25 years) increase 15-35 feet.95  (Site index measures site
productivity by the height of the stand at a base age.  In this case, an increase in loblolly pine
tree height, or site index, by 15-35 feet at age 25 is substantial.  Increased tree height results in
increased yields.)   Lindenmuth and Vasievich (1981) analyzed financial returns from intensive
management of pocosins using different management scenarios, yield projections and market
conditions.  Drainage and road construction costs were transformed into a cost per acre basis.
Average 1979 timber production costs including road construction, ditch construction, site
preparation and planting were $292/acre.  This corresponds to a 1992 price of  $429/acre, using
the Producer Price Index for all commodities to inflate Lindenmuth and Vasievich's price.
Lindenmuth and Vasievich (1981) find internal rates of return ranging from 0-12.6% depending
upon site quality, market conditions, and other assumptions.  Internal rates of return for intensive
management which produced sawtimber and pulpwood ranged from 7.2-12.6%.96

Pine seedlings can be established by hand or mechanically; the choice between the two
will depend on site conditions and economics of tract size as machines are likely to have higher
fixed costs than hand planting.  Intensity of site preparation will also effect the cost of plantation
establishment with "cleaner" sites being less expensive to plant.  A typical planting density for
loblolly pine is 700 seedlings per acre though this will vary depending on product output.  For
example, for short rotations where pulpwood is the only desired output, higher planting densities
will be used because pulpwood production is not dependent on tree stem diameter.  In the case of
sawtimber or pole production, lower planting densities will be employed in order to promote
diameter and board foot growth. Given the current high prices for southern pine sawtimber,
many landowners are planting 700 or more seedlings per acre and thinning the stands at least
once to promote diameter growth and earn additional income from intermediate thinnings.

Beyond chemical release and fertilization mentioned above, other periodic management
expenses may include prescribed burning, precommercial thinning, and forest survey.
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Prescribed burning may be employed periodically throughout the rotation to control hardwoods,
promote wildlife habitat and/or reduce wildfire hazard.  Precommercial thinning is used
sparingly in southern pine plantations and more often in naturally regenerated stands to control
very high sapling densities.  Pine stands may also be surveyed, or "cruised," intermittently to
assess merchantable timber volumes, growth rates and hardwood competition.  Landowners will
also pay annual property taxes. Non-industrial private landowners may receive government cost-
share incentives for site preparation, planting, burning, hardwood control, timber stand
improvement or other activities.

Depending on management objectives, commercial thinning(s) may be incorporated into
a rotation.  As noted above, commercial thinning is typically a component in stands managed for
sawtimber or other products where diameter growth is important.  Also, thinning removes both
defective and suppressed trees which may be lost to natural mortality.  Generally, the expense to
the landowner of commercial thinning is in marking the timber to be removed.  For non-
industrial landowners, these costs may be included in the commission paid to consulting
foresters who commonly administer timber sales.  Commissions range from 5-10% of timber sale
receipts.  In southern pine, commercial thinnings are economical at around age 15 on good sites
and later on poor to average sites.

Rotation ages for southern pine will vary depending on product output.  Since
landowners can switch between product outputs, rotation ages can be flexible and may be
adapted to take advantage of market fluctuations in stumpage values.  Rotation ages for
pulpwood production in loblolly and slash pines typically range from 18 to 25 years.  Rotations
for sawtimber are typically 30 to 38 years with one or two intermediate thinnings for pulpwood,
"chip and saw," or other lumber products such as oriented strandboard.   (Chip and saw logs are,
like pulpwood, merchandized by the cord and sent to a mill where they are processed into
boards.  The unused slabs are chipped for use in pulp mills.  Chip and saw is less valuable per
unit than sawtimber because these logs have smaller diameters and thus fewer board feet.)

3. Simulation of a loblolly pine plantation

This section will simulate the management of two loblolly pine plantations in order to
provide a practical example of the financial decision-making in forest management. One
plantation will be managed on a 22-year rotation for pulpwood only, while the second will be
managed for both pulpwood and sawtimber on a 34-year rotation.  Admittedly, this will be a
simplified analysis with constant real costs as reported by Belli et al. (1993) and average 1992
stumpage prices for the southeast as reported by Timber Mart South, including $20/cord for
pulpwood, $44/cord for chip and saw and $160/mbf (1000 board feet) for sawtimber.97  A 4%
real discount rate will be used which is typical of forest economic analyses.  Stand establishment
costs are $111/acre for site preparation, $25/acre for seedlings and $42/acre for planting.
Burning ($11/acre) takes place every five years beginning at age 15 to control hardwood
competition.   For simplicity, taxes, timber marking costs, consultant fees, cost-share moneys
and price/cost appreciation are not considered.

Growth and yield of loblolly pine is predicted using the North Carolina State University
Plantation Management Simulator,98 given inputs of site quality, planting density, survival rate
and other variables.  This simulation begins with 700 trees per acre in the upper coastal plain
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assuming 85% survival, and negligible hardwood competition.  The site index (height) of this
stand is 65 (feet) at 25 years.  The first plantation will be managed on a 22-year rotation with no
intermediate thinnings.  For the second plantation, the rotation age is 34 years with intermediate
thinnings at ages 15 and 25.

The results of the simulations for the pulpwood plantations are presented  in the tables
below on a per-acre basis.  The pulpwood plantation has a soil expectation value of $468/acre
meaning that at a 4% discount rate the landowner will earn this amount from infinite rotations.
This is also the value that someone would be willing to pay for the land prior to plantation
establishment given that forestry is the highest and best use.  The internal rate of return for the
pulpwood management regime is 8.4%.  For the stand managed on a sawtimber rotation, yields
are presented for each commercial thinning and the final clearcut.  The soil expectation value of
this management regime is $731/acre while the internal rate of return is 9.0%.

Note that the sawtimber stand which produces multiple outputs is clearly more profitable
than the pulpwood plantation.  This is due to the respective prices of sawtimber and pulpwood.
This simulation uses 1992 prices.  Since 1992 sawtimber prices have risen dramatically to a
southeast average of $250/mbf while pulpwood prices have remained fairly constant.  Thus a
sawtimber rotation would be even more appealing using these new price data.

While this simulation is clearly a simplification of reality, it nonetheless illustrates the
factors involved in forest management planning.  A more thorough analysis would compare the
results from many simulations to find the most attractive management regime.  Also, this
analysis excludes non-timber benefits.  Nonetheless, given these results, most landowners with
these site characteristics will choose a longer rotation that produces both pulpwood and
sawtimber.

I.  Results from Loblolly Pine Plantation Simulation for a 22-Year Rotation

A.  Management Inputs ($/acre)

Year     Action                                                                Cost      Present Value
   0 Site Preparation    111 111
   0 Seedlings      25   25
   0 Planting      42   42
 15 Burn      11     6
 20 Burn      11     5

Present Value of Costs 189
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B.  Physical/Financial Outputs ($/acre)

Year     Action              Product            Yield            Revenue      Present Value
 22 Clearcut Pulpwood 21.3 cords   426 180

Chip & Saw 15.1 cords   664 280
Present Value of Revenue 460

Net Present Value 271
Soil Expectation Value 468
Internal Rate of Return 8.4%

II.  Results from Loblolly Pine Plantation Simulation for a 34-Year Rotation

A.  Management Inputs ($/acre)

Year     Action                                                                Cost      Present Value
   0 Site Preparation    111 111
   0 Seedlings      25   25
   0 Planting      42   42
 15 Burn      11     6
 20 Burn      11     5
 25 Burn      11     4
 30 Burn      11     3

Present Value of Costs 196

B.  Physical/Financial Outputs ($/acre)

Year     Action              Product            Yield            Revenue      Present Value
 15 Thinning Pulpwood 6.8 cords    136   75
 25 Thinning Pulpwood 4.3 cords      86   32

Chip & Saw 4.4 cords    194   73
Sawtimber 0.2 mbf*      32   12

 34 Clearcut Pulpwood 11.2 cords    224   59
Sawtimber 11.2 mbf  1792 472

Present Value of Revenue 723

Net Present Value 538
Soil Expectation Value 731
Internal Rate of Return 9.0%

(* mbf = thousand board feet)
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4. Hardwood management

Hardwood management has not received the same level of interest or research as
management of southern pines, Douglas fir or other conifers.  On average, hardwoods tend to
produce less merchantable volume per acre over a rotation.  Until fairly recently, hardwood
prices for pulpwood have been very low, especially in comparison to values for quality
hardwood sawtimber.  Also, hardwood harvesting costs tend to be higher per cord than pine.99

Management of hardwoods has focused more on natural regeneration of valuable
sawtimber species such as red oak and black cherry rather than fiber production.  For example,
regeneration of valuable red oak species for sawtimber production has been the topic of
considerable recent research.100  Hardwood pulpwood is often a by-product of sawtimber
harvests either as logs which do not meet minimum diameter requirements for sawtimber or as
residues from sawmills.  However, given projected rises in hardwood pulpwood prices,  more
intensive management of hardwood stands may become financially feasible.

Establishment of hardwood plantations has been on a much smaller scale than that for
southern pines.  For example, Krinard and Johnson (1984) estimate that from 1961 to the middle
1970s, 40-50,000 acres of eastern cottonwood plantations were established in the Mississippi
River valley.  New plantings of cottonwood have declined since.101  Several paper companies
have also invested in plantations comprised of other hardwood species in order to provide
pulpwood for nearby mills.  For example, Malac and Heeren (1979) reported that one forest
products firm planted 2,000 acres of hardwoods annually from 1977-79 and ultimately planned
to have 48,000 acres in hardwood plantations to supply one mill.102  Today, other companies are
also planting hardwoods in order to service mills.

The advantages of hardwood plantations are shorter rotations, improved yields, uniform
species mix, better fiber quality and a continual source of hardwood fiber near paper mills.103

Also, unlike pines, most hardwood species regenerate from coppice (stump sprouts) or dormant
buds in the lateral roots following harvest so that one planting can produce several rotations
before the site is re-planted.  Future silvicultural innovations and genetic selection will improve
hardwood plantation growth and product yield.  Hardwood plantation management inputs are
similar to those associated with southern pine (i.e. site preparation, competition control, thinning,
etc.).  While these inputs will vary according to species and site conditions, management, as in
pine, is targeted towards finding cost effective means to control competing vegetation and
maximize stand value from merchantable product volume.

Eastern cottonwood has proven to be one of the more productive hardwood plantation
species.  It has been planted primarily on the highly productive soils along river bottoms.
Krinard and Johnson (1984) report tree heights of 105-125 feet at 30 years.104  For comparison,
loblolly pine on very good sites does not attain this size until 50 years of age.  Cottonwood
requires intensive site preparation and competition control through mechanical cultivation and/or
annual mowing between rows as this species is very sensitive to competition.  Rotations for
pulpwood can be very short as mean annual increment (average stand volume/time) culminates
at 7 to 10 years of age.105  While cottonwood's growth is very impressive, the species is sensitive
to flooding and storm damage and thus may be far too risky for many private landowners.  This
is especially true of the longer rotations required for veneer and sawtimber production.106  Also,



42

costs of site preparation and competition control are substantial given the species' intolerance of
competition.  However, as hardwood stumpage prices continue to rise, cottonwood plantations
may become more financially attractive.

Other hardwood species that have been managed in plantations including green ash,
sweetgum, lowland oaks, and sycamore -- all of which, like eastern cottonwood, are often
associated with wetland ecosystems.   Management regimes for these species utilize intensive
site preparation of cutover lands including shearing, raking, and piling, with bedding on wet
sites.107  Repeated cultivation to reduce competing vegetation is also a common practice.  Site
preparation and stand management costs are thus considerable in many hardwood plantations.
However, the investment horizon in many of these plantations can be quite short as rotation ages
may vary between 8-15 years with two or more subsequent rotations from coppice
regeneration.108  Whole tree chipping may be incorporated in hardwood plantation harvests to
improve fiber yields.

While yields of hardwood plantations can be very high, pulpwood stumpage prices have
not justified the high costs of plantation establishment and competition control.  Porterfield et al.
(1979) analyzed three alternative management strategies for an existing cutover bottomland
hardwood stand: 1) harvest and plant, 2) harvest and naturally regenerate, and 3) stand
rehabilitation through timber stand improvement.109  When the initial cost of land was not
included in the cash flow analysis, natural regeneration and timber stand improvement were both
superior to plantation establishment on a cost per cubic foot of wood basis.110  Plantations had
the highest cost per cubic foot.  The authors point out that hardwood plantations may still be
preferable for the forest products industry because their financial analysis will account for
harvesting and transportation costs.  Also, mills may be forced to raise the price of stumpage in
order to acquire the necessary hardwood fiber from non-company lands.  Thus, the marginal
costs of pulpwood procurement may be smaller under hardwood plantation management versus
the costs to the mill of higher stumpage prices.  However, Porterfield et al. (1979) conclude that
landowners who do not need to produce hardwood for use in mills will continue to use natural
regeneration and/or timber stand improvement in their hardwood stands.111  As mentioned above,
plantations will become more financially appealing with rising stumpage prices.  Also, as the
industry shifts towards greater use of hardwood pulp even as hardwood supplies diminish from
natural stands, greater emphasis will be placed on hardwood plantations in meeting future fiber
demands.

One of the most important hardwood resources for the U.S. paper industry has been
bigtooth and quaking aspens.  This is especially true in the Lakes States (Michigan, Minnesota
and Wisconsin) where these species accounted for 47-55% of the pulpwood harvest from 1982-
1987.112  Einspahr and Wyckoff (1990) estimate that there are approximately 11.9 million acres
of aspen in the Lake States, a number that has declined from over 13 million in the 1970s.113

Part of this decline may be due to the reconversion to coniferous species which previously
dominated many of these aspen stands.  As the land base has declined, genetic improvement of
aspen has grown in importance.114  Aspen is an aggressive pioneer species that regenerates
vigorously from dormant buds in shallow roots.  It is also a short lived species (65 -100 years)
with pulpwood rotation lengths of 25-35 years. Common management regimes generally include
little site preparation or competition control.115  Traditionally, aspen has been managed using
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clearcuts and natural regeneration, though Ruark (1990) has proposed an alternative management
regime using an irregular shelterwood method.116

In conclusion, rising pulpwood prices will make intensive hardwood management for
fiber more appealing to many landowners.  However, these landowners will face a similar trade-
off as pine producers in that high stumpage prices for quality sawtimber, veneer and other high
value outputs will continue to encourage many to manage hardwood stands for these more
valuable products.

5. Natural regeneration and less intensive silviculture

Intensive silviculture generally results in the highest yields of forest product outputs.
However, this does not necessarily result in the highest financial return from forest management.
The landowner must decide if the high costs of intensive site preparation, competition control
and plantation establishment borne early in the rotation are justified by the discounted returns
from increased product yields at the end of the rotation; often they are not.  An alternative to
plantation establishment is natural regeneration.  In southern pines, this is often accomplished
through a shelterwood system which leaves scattered residual trees after harvest to serve as a
seed source for the subsequent stand. Removal of the overstory occurs on average from 3 to 8
years later depending on site and species.

Since the landowner forgoes significant capital expenditures for site preparation and
planting, natural regeneration often compares favorably with plantation establishment. For
example, Franklin (1989) simulated returns from plantations and natural stands of mixed loblolly
pine and hardwood and found that natural stands with 75 percent or less hardwood basal area per
acre exceeded rates of return from the best plantation option.117  Phillips and Abercrombie
(1987) examined a low cost stand establishment regime for a mixed hardwood/shortleaf pine
stand and found estimates of early growth to be commensurate with conventional pine
plantations.  Stand establishment costs were less than half of the cost of pine plantations.118

Dangerfield and Edwards (1990) simulated financial returns from a capital-intensive plantation
establishment and compared them with those from low-cost natural regeneration.  They found
higher net present values (total discounted cashflow) from plantation management but higher
internal rates of return from natural stands.119  Cubbage and Hodges (1990) examined returns
from management of longleaf pine, once the dominant pine species in the southeastern Coastal
Plain, and found that returns from a natural stand on an 80 year rotation compared favorably with
shorter rotation plantations.120

Straka and Baker (1991) found that in storm-damaged stands of loblolly pine, selection
and natural regeneration alternatives had substantially higher internal rates of return than
intensively managed plantations when the cost of land was not considered.  Yields from
plantation management were nearly twice that of selection management but only somewhat
larger than the natural regeneration alternative.  However, the authors found that increased yields
did not justify the high site preparation and planting costs associated with plantation
establishment when land costs were excluded. When land costs were considered, internal rates of
return from the three management alternatives were similar.121
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Haight (1993)122 analyzed financial returns from three regeneration options for loblolly
pine.  The more intensive HITEC option included mechanical site preparation and a chemical
treatment, the CHEAP option used less intensive site preparation and allowed some hardwood
regeneration while the NATURAL option involved minor site preparation and natural
regeneration.  Because future prices of pulpwood and sawtimber stumpage are uncertain, Haight
(1993) allowed the prices to be determined from a stochastic distribution model.  For a variety of
site indexes and pulpwood price distributions, the CHEAP scenario had higher returns than both
the HITEC and NATURAL regimes.

Haight (1993) also examined the economics of less intensive silviculture in Douglas fir
forests of the Pacific Northwest.123  As in the loblolly pine example above, he simulated three
alternative management regimes.  The HITEC option involved piling and burning, aerial
herbicide, big-game repellent and planting 350 trees per acre at a cost of $427/ac.  The CHEAP
scenario ($177/ac) included planting 400 trees per acre without site preparation or chemical
release.  The NATURAL option utilized natural regeneration at no cost.  The results were
dependent on site productivity with the NATURAL option being "close or superior" to the other
two options on low to moderate productivity sites.  The HITEC option had the highest present
values on the best sites though both NATURAL and CHEAP were competitive.

Cleaves and Birch (1991) performed a similar analysis for a cutover Douglas fir stand
using decision analysis to incorporate risk into the planting decision.  The authors examined four
reforestation alternatives including 1) BURN: burn and replant ($327/ac), 2) HIGH TECH: pile
and burn, replant, herbicide ($427/ac), 3) CHEAP: replant only ($177/ac) and 4) NO CHEM:
manual site preparation, competition control and release ($437/ac).  Soil expectation values were
compared for each alternative.  The BURN option ranked first followed by HIGH TECH,
CHEAP and NO CHEM.  Soil expectation values for the top three alternatives were within 7%
of each other with the HIGH TECH and CHEAP option separated by only 2%.  Thus, less
intensive management was very competitive.  For landowners desiring low cost management, the
CHEAP option sacrifices little.

The debate surrounding less intensive silviculture in the West has focused most recently
on Franklin's (1989) "New Forestry" that seeks to sustain structural diversity in the forest
through green tree/snag retention and natural regeneration.124  In their simulation of the growth
and yield implications of New Forestry, Long and Roberts (1992)125 expect harvest volume
reductions of 25-35% as a result of green tree retention.  Further, the authors estimate a 20%
growth reduction in subsequent stands following harvest due to competition from overstory
trees.  Birch and Johnson (1992)126 conducted a similar study of New Forestry by simulating
various levels and types of green tree retention.  They found a net growth reduction of 8-25%
depending on the number of trees per acre retained.  Net present values declined 3-18%
depending on leave trees per acre, tree size and future rotation length.

Keegan et al. (1995) examined harvesting costs associated with New Forestry in four
different stand types of the northwest.127  They determined costs by interviewing 25 of the
largest logging firms in the region.  Stand prescriptions included seed-tree, shelterwood, group
selection and thinning -- depending on forest type.  The estimated logging costs of New Forestry
increased from 0 to 48% depending on species and harvest system.  Hand felling costs increased
$8/mbf, or 9%, and mechanical felling costs increased $10/mbf or 11%.  The authors note that
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"findings of this survey provide strong preliminary evidence that the logging costs associated
with most of these prescriptions do not prohibit their application given the recent increase in
stumpage prices" (p. 41).

Less has been written on the subject of hardwood forests and management intensity.
While hardwood plantation establishment is an option, given current prices for hardwood
pulpwood, intensive cultivation is, in most cases, cost-prohibitive.  Unlike the management of
coniferous forests described above, intensive management of eastern and southern mixed
hardwood forests generally incorporates clearcutting and natural regeneration.   Since many
hardwood species readily regenerate from stumps, roots, and seed, clearcutting is the least
expensive regeneration technique.  This is in sharp contrast to pine management where intensive
management (clearcutting followed by plantation establishment) is typically the most expensive.
However, while regeneration by clearcutting may be virtually free, it often does not result in
adequate regeneration of valuable hardwood species, such as red oak in the Southern
Appalachians.128  Silviculturalists are currently developing techniques to regenerate red oak in
the Southern Appalachians using a modified shelterwood method.129  (While these stands are
primarily managed for sawtimber, pulpwood is produced in thinnings and is an important by-
product of sawtimber harvests.)  No economic analysis has yet been performed, to our
knowledge, on the financial ramifications of hardwood shelterwoods in the Southern
Appalachians.  One would expect that the costs of delayed harvests for the overwood portion of
the stand would have to be weighed against the increased value of the future stand.  For
landowners in the Southern Appalachians with high discount rates or who need to produce fiber,
a shelterwood method would likely not be desirable.  However, for landowners with moderate to
low discount rates and who value the wildlife benefits of mast production from oaks, a modified
shelterwood would likely increase their overall benefits from the forest.

Another alternative to traditional plantation and even-aged management is uneven-aged
or selection management.  Managed uneven-aged forests exhibit a stand structure characterized
by many trees per acre in the smallest diameter class and progressively fewer trees per acre in
each succeeding diameter class. (Trees are lumped into diameter classes of 1" or 2" increments
according to their diameter at breast height [4.5' above the ground].)  Uneven-aged management
is not necessarily non-intensive.  While natural regeneration is used and thus intensive site
preparation is avoided, some stand types require periodic mechanical or chemical competition
control to maintain the desired species composition.

Perhaps the best known study of uneven-aged management was conducted at the Crossett
Farm forties in southern Arkansas.130  Two 40-acre stands with different initial stocking levels
were managed for 41 years using uneven-aged management.  The initial stages of management
concentrated on timber stand improvement and removal of hardwood competition.  Thereafter,
the management regime consisted of annual or periodic harvests and chemical competition
control.  Both tracts produced approximately 400 board feet/ac/yr over 41 years.  The poorly
stocked stand contained 980 ft3/ac of trees with a diameter greater than 4 inches at the beginning
of the study and 2,393 ft3/ac 41 years later.  The other, relatively well stocked stand began with
1,793 ft3/ac and finished with 2,442 ft3/ac.  Thus, uneven-aged management improved stand
conditions considerably.
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Drawing on data from the Crossett Farm forties and other Arkansas experimental forests,
Baker et al. (1991) examined the financial performance of artificial regeneration and natural
regeneration through seed-tree and uneven-aged methods for loblolly and shortleaf pines.131

Pine plantations had higher cubic foot yields per acre while uneven-aged management produced
higher sawtimber volumes.  This is because the uneven-aged regime maintained a high
sawtimber component at all times.  When the initial timber inventory was not considered a cost
in year 1, uneven-aged management had higher net-present values than all other alternatives
under various discount rates.  When initial inventory was considered a cost in year 1, uneven-
aged management still had  higher net-present value at a 4% real discount rate.  In fact, either
uneven-aged management or natural regeneration outperformed plantation management at all
discount rates regardless of whether inventory costs were considered; thus, in no case was
plantation management most profitable.

Baker et al. (1991) also demonstrate that the relative prices of sawtimber and pulpwood
have important implications for choice of management regime.  In areas where sawtimber prices
are high, uneven-aged management, as practiced in this study, has an advantage.  The authors
point out that for this reason uneven-aged management is more common, even on industrial
forest lands, in the West Gulf region of the deep South.

Economic advantages of uneven-aged management include significantly lower
regeneration costs than plantation management, a continual source of revenue from frequent
harvests, and production of high value products.  Guldin and Fitzpatrick (1991) studied log
quality (grade) from uneven-aged, naturally regenerated and planted pine stands in Arkansas and
determined that selection management produced butt logs of higher quality than plantations.
(The butt log is cut from the base of the tree and as such is the largest and most valuable portion
of the tree.)  Butt logs from naturally regnerated stands were of better quality but had less
volume than plantations. Thus, where timber markets place a premium on log quality, uneven-
aged stands may have an advantage over pine plantations.  However, there may be disadvantages
of uneven-aged management not accounted for by Baker et al. (1991).  For example, uneven-
aged management may have higher timber marking, management, and harvesting costs because
it is a more complex management system.  In some cases this may reduce returns from selection
management.

6. Choice of management intensity by forest products companies

While less-intensive silviculture may make sense for many non-industrial private
landowners, there are several reasons that forest products companies generally manage their
lands intensively.  First, an important management objective of these companies is to provide
readily available pulpwood or sawtimber for their mills.  Unlike non-industrial landowners,
forest products companies have large capital investments in processing facilities that require a
continual supply of wood.  Wood shortages may require mills to offer higher delivered prices in
order to procure the necessary wood from non-industrial private forests to keep the mill
functioning and avoid shut-down costs.  For many firms, intensive management on company
lands has lower marginal costs of procurement than raising stumpage prices to entice timber
sales on non-company lands.132   Since the costs of wood shortages can be significant, companies
are better off managing their lands intensively.
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Straka and Hotvedt (1984) point out that forest products companies can trade intensive
site management and the associated increased fiber production for a smaller land base.133  Since
land acquisition and management costs can be formidable in some regions, intensive
management on fewer acres can lower the costs of fiber procurement for the mill.  This
conclusion is best summarized in a study by Straka and Baker (1991):

“It makes perfect sense for the industrial landowner to invest in high
establishment costs; just as it makes perfect sense for non-industrial private forest
landowners to use a selection system to maximize rate of return....  The extra
wood might be costly to the timber company, but marginal wood purchase on the
open market would not have to be 'bid up' because of extra availability.  This
serves to keep the overall cost of timber lower....  The advantage of pine
plantations is that they produce more wood in a shorter rotation.  The
disadvantage is that they cost more.  Whether natural stand management or
plantation management is preferable depends on the landowner's objectives and
financial expectations.”134

A second reason that makes intensive management more attractive to forest products
companies is that forest products companies have economies of scale which smaller landowners
do not have.  For example, companies that have very large land-holdings can perform many
management activities at lower cost than smaller non-industrial private landowners.  Many forest
products companies may also produce their own supply of genetically improved seedlings at a
reduced cost than if they were purchased on the open market.  Economies of scale also result
from large homogenous management units found on industrial lands.  These and other economies
of scale would tend to reduce the cost of intensive management to forest products companies.
Landowners enrolled in a forest products company's landowner assistance program may also
benefit from some of these economies of scale.

Third, company lands are often close to the mills so that transportation costs are reduced
by producing more fiber closer to processing point.  This is an important concern for mills
because the delivered price offered by the mills must reflect not only stumpage and harvesting
costs but also the cost to the logger of hauling the wood to the mill.  By producing fiber on
company lands near the mill, transportation costs and thus procurement costs are reduced.  Fiber
quality can be another important company objective.  Pine plantations containing genetically
improved trees assures the company of superior quality fiber.

Finally, forest products companies can more easily absorb the high input costs of
intensive management while spreading risk over large landholdings.   Thus, for most forest
products companies interested in fiber production, less intensive silviculture is typically not
advantageous.   However, for the non-industrial private landowner, the returns from less
intensive forestry may often outweigh those from intensive management.

7. Harvesting costs and pulpwood procurement:  From forest to mill

A discussion of the production costs of pulpwood is incomplete without an examination
of the costs involved in harvesting and transporting trees to the mill.  Paper producers require a
constant supply of pulpwood to keep a mill functioning.  A portion of this pulpwood is harvested
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from industry lands and transferred to the mill.  In this instance, the cost to the forest products
firm is simply the harvesting and transportation costs and the logger's profit.  Hence, harvesting
and transportation costs are central to a forest products companies total costs in producing fiber
on their own lands.

While forest land owned by the paper company is important, other private lands play a
crucial role in supplying the necessary raw material.  Generally, mills contract with independent
loggers to obtain a set amount of pulpwood from non-industry lands.  These contracts specify the
species and amount of wood required over a designated time period.135  Loggers then purchase
pulpwood stumpage from private landowners and transport it to the mill or to a satellite storage
or transport facility.  Their profit is the delivered price they receive from the mill minus
stumpage, harvesting and transportation costs.  Logging costs are not borne directly by the
private landowner though the price received for stumpage will reflect harvesting and
transportation costs.  For example, private lands that are very far from pulp mills may receive a
lower stumpage price in order to account for increased transportation costs.

Cubbage et al. (1988a) examined data from a 1979 south-wide survey of 3,700 pulpwood
loggers to examine the importance of mechanization and other variables on logging costs.
Logging costs varied significantly depending on level of mechanization with more advanced
systems needing to operate at higher productivity levels in order to be profitable.136  The authors
also found that harvesting costs were higher for thinned versus clearcut stands.  This difference
amounted to about $0.60/cord higher for thinning when the firm's weekly production was
excluded from the analysis.  While the study did not specifically address the question, this
finding would likely have ramifications for selection harvest systems.  The table below is taken
from Cubbage et al. (1988a) and summarizes the mean costs per cord of shortwood and
longwood harvest systems for pulpwood.  (A shortwood harvesting system cuts the trees into
smaller logs before loading them onto a logging truck, while longwood systems do not.)  These
figures include both harvesting and transportation costs.

Harvest Cost (1980 $) per Cord for Southern Pulpwood
Cubbage et al. (1988a)

Shortwood $30
Longwood $27

All Systems $28

In a separate study, Cubbage et al. (1988b) analyzed trends for harvesting equipment and
logging costs in the south for the period 1967-1984.  Equipment prices over that period were
compared with both the producer price index for industrial commodities as reported by the
Bureau of Labor Statistics and the GNP implicit price deflator.  Logging costs were determined
simply by subtracting stumpage costs from delivered prices of roundwood published by Timber
Mart South.  Assuming that logging companies exist in a competitive market where profits are
very low or zero, this assumption should be reasonable.  Cubbage et al. (1988b) determined that
equipment prices had increased more rapidly than the two indexes of inflation used.  Logging
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costs, on the other hand, increased at well below the inflation rates suggesting that real logging
costs have dropped from 1967-1984.  These results indicate that mechanization has made loggers
more productive while profits may have shrunk.137

Mechanization of harvesting systems has been slower in the west relative to other
regions.  Western loggers have become increasingly mechanized in recent years in response to
two primary factors.  First, liquidation of old-growth forests and increasing utilization of second-
growth stands has reduced average tree sizes so that machines can now perform much of the
work.138  Previously, old-growth trees had to be manually felled, delimbed and bucked; this was
and is especially true on steep slopes.  Second, worker compensation rates and labor costs have
made mechanized logging more cost effective.139  Thus, mechanization is likely to continue to
make loggers more productive in the west as it has in other parts of the country.

Several researchers have demonstrated that harvesting costs can vary dramatically across
sites, species, mean tree diameters, tract size and logging equipment.  Cubbage (1982) examined
the economies of tract size on southern pine harvesting operations.140  He found that more
mechanized loggers have higher fixed costs and therefore require larger tract sizes and/or greater
cordwood volumes to be profitable.  Logging operations with low overhead costs have decreased
in numbers throughout the south meaning that smaller tract sizes (20-30 acres) may in some
instances become unprofitable to harvest.141

Cubbage, Greene and Lyon (1989)142 estimated costs for different harvesting systems and
the effect that tree size, tract size and volume had on each.  Harvest operations in six different
stand types were simulated.  Cubbage, Greene and Lyon (1989) concluded that harvesting costs
per cord decrease with increasing volume, tract size and tree size.  The importance of each of
these factors depends on the harvest system.  Figure 27 from Cubbage, Greene and Lyon (1989)
depicts the delivered cost per cord for various harvest systems given tract volume as the
independent variable.  More mechanized systems (whole tree chippers and large grapple
skidders), with higher fixed and operating costs, tend to be more cost efficient at high volumes.
Even with highly mechanized systems, hardwood harvesting costs are $5-$10 per cord greater
than pine.  As the authors point out, hardwoods, unlike pines, require manual delimbing and are
more difficult to harvest with commonly used feller-bunchers.

Transportation costs serve to limit the supply area, or "woodshed," that a paper mill can
rely on for pulpwood.  In their study of pulpwood procurement in Wisconsin, a leading paper
producing state, Stier et al. (1986) found that the average haul distance to mills was 80 miles.
80% of supply comes from within 125 miles.  Longer haul distances are required for Wisconsin
mills with specific species (i.e. pine) requirements.  Stier et al. (1986) also report that over the
last two to three decades there has been a dramatic shift away from railroads to truck
transportation for reasons of cost and reliability.  However, there does appear to be a renewed
interest in expanding use of railroad transportation.143

As Cubbage et al. (1988b) demonstrate, harvesting costs, transportation costs and logger
profit can be estimated by subtracting stumpage pulpwood price from delivered price.  We
performed this calculation with Timber Mart South average price data for 1984-1994 (Figure
28).  This figure provides a reasonable estimation of the costs involved in harvesting and
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transporting pulpwood from non-industrial private lands to pulp mills or satellite storage and
transport facilities in the South.

8. Pulpwood production costs for forest products firms

The discussion so far has presented data to assess the costs of producing roundwood for
use in pulp mills.  The purpose of this section is to provide a more complete accounting of the
production costs of pulpwood on industrial forest lands.  Since forest products firms typically do
not sell pulpwood stumpage from their lands on the open market (they transfer it to the mill),
their production expenses are the sum of costs of stand establishment, other management
activities, land ownership, harvesting, transportation to the mill, and logger profit.  In procuring
the necessary pulpwood for a pulp mill, the forest products company is interested in the costs of
pulpwood production on its lands relative to that purchased through the stumpage market from
other forest lands or as residues from sawmills. Thus, the analysis here will compare the cost to
the firm of wood grown on company lands versus that purchased on the open market.  The
results of this analysis are meant to provide insight into the relative contribution of the costs of
management inputs, harvesting and other expenses to total wood production costs for the
industrial firm.  Thus, the reader should be more concerned with the relative magnitude of cost
components rather than the absolute magnitude of the total production costs.  We recognize that
total costs will vary dramatically by region, firm and forest type.

For this analysis, we will examine a forest products company's planting decision in year
1992 for a southern pine plantation.  Since the company has to wait many years before harvest
can take place, the decision as to the level of management inputs today must be made based in
part on future pulpwood market expectations.  For example, if the company concludes that pine
pulpwood supply in the region of its mill will tighten substantially over the coming decades, then
the company may intensify management on its lands to meet future fiber needs. The company's
management decision in 1992 will be based, at least in part, on expectations of future pulpwood
prices and production costs.  For purposes of this analysis, all figures will be in real, 1992
dollars.

In order to reflect the uncertainty inherent in future market expectations in this analysis,
we will provide a range of prices for delivered pulpwood roundwood.   As argued earlier, the
delivered price of pulpwood reflects stumpage price, harvesting/transportation costs and logger
profit.  We will assume here that logger profit is negligible.  In 1992, the south-wide average
delivered price for pulpwood was $52/cord while stumpage prices were $20/cord.144  As noted
earlier in this paper, stumpage price expectations vary substantially between the Forest Service
and other estimates.  A real stumpage price of $20/cord will serve as the lower bound for this
analysis, which assumes no real appreciation in pulpwood stumpage prices over the next several
decades.  In choosing a maximum stumpage price, we need also to select a typical sawtimber
rotation age in order to provide an upper time limit on real price appreciation.  The typical
sawtimber rotation age will be set at 34 years (we recognize, of course, that many stands on
industry land throughout the South will be harvested at an older age).   Our maximum annual
real appreciation rate is 3%, meaning that the maximum expected stumpage price is $55/cord
($20/cord x 1.0334).
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Harvesting/transportation costs are the other element needed to estimate future pulpwood
prices.  As noted earlier, Cubbage (1988a) determined southwide 1980 harvesting/transportation
costs to be $28/cord.  Cubbage (1988b) found real harvesting/transportation costs to be steady or
falling.  However, since we cannot predict whether this trend will continue we will again provide
a range of harvesting/transportation costs.  The lower bound will assume constant real
harvesting/transportation costs of $28/cord while the upper bound will be $39/cord, assuming a
real appreciation rate of 1% over our 34-year typical sawtimber rotation ($28 x 1.0134).

Combining both our estimated stumpage prices ($20-$55/cord) and
harvesting/transportation costs ($28-$39/cord), we arrive at a range of future delivered prices for
pulpwood of $48-$94/cord, which represents the possible range of real delivered southwide
pulpwood prices over the next 34 years (beginning with planting in our base year 1992).  This
price is depicted at the far right of Table 4.  In other words, this range bounds what the industry
can expect to pay for delivered pulpwood on the open market for 1992-2026.  Clearly, forest
product companies will be able to narrow this figure substantially for a given mill by examining
and forecasting timber supplies relative to their fiber needs in that mill's woodshed.

Now that we have estimated a range for the future market cost of pulpwood, we can
estimate production costs on industry land for comparison.  Table 4 provides a rough estimate of
production costs per cord of southern pine pulpwood for forest products firms.  Forest
management input costs are taken from Dubois et al. (1991) (see Table 1) and transformed into
1992 real prices using the Producer Price Index for all commodities.  Input costs include
seedlings, planting, mechanical site preparation and chemical application; other costs are
excluded because they occur later in the rotation and would thus have to be discounted.  If we
chose instead to include these other stand maintenance costs, such as timber marking, stand
survey and other expenses, we would need very specific information on the chosen management
regime and time sequence.  We will instead exclude these costs realizing that our final
production cost estimate will be low as a result -- probably on the order of 10% to 30%.

As discussed earlier, southern pine pulpwood can be produced either as a by-product of
sawtimber management or on short rotations where pulpwood is the primary or only desired
output.  When produced as a by-product, stand establishment costs need to be allocated to both
pulpwood and sawtimber production in order to calculate the production costs per cord.  In Table
4, costs are allocated in proportion to the percentage of total discounted revenue received from
the respective output.  We estimate that in sawtimber rotations where pulpwood is obtained
either through intermediate thinnings or as a secondary product at final harvest, 10% of the
discounted revenues from the stand come from each pulpwood harvest -- whether a thinning or
final clearcut.  Hence, 10% of input costs are allocated to producing pulpwood at each harvest.
This is depicted as Case I in Table 4.  The choice of 10% assumes that sawtimber production is
more profitable than pulpwood production.  Under a 10% scenario, a stand in which there were 2
thinnings and a final harvest would derive on average 30% of its value from pulpwood
production.  This is a fairly good assumption given the current profitablility of pulpwood versus
sawtimber over much of the South.  However, if the profitability of sawtimber and pulpwood
production converge, as some analysts predict, a 10% assumption is probably too low.

To test the sensitivity of pulpwood production costs to this cost allocation assumption,
we perform a sensitivity analysis using a 12% cost allocation assumption.  Assuming two
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thinnings and a final harvest (as above), this would translate to 36% of total stand establishment
costs being allocated to pulpwood production for a stand managed on a sawtimber rotation.

One factor which is not explicitly dealt with in Case I is that integrated forest products
firms will be able to utilize wood chips produced as a by-product from their sawtimber mills.
Thus, in producing sawtimber, the integrated firm will have an additional source of fiber --
residual chips. Because we do not deal with these chips explicitly in this analysis, we implictly
assume that they are free.  However, this is clearly not the case.  Whereas we noted earlier that
the exclusion of certain management and land carrying costs would cause us to underestimate the
costs of pulpwood production in this analysis, the exclusion of the production of chips will tend
have the opposite effect.

In Case II (Table 4), 100% of input costs are allocated to pulpwood production because
pulpwood is the only stand output.  In other words, the firm invests the full $257/acre of stand
establishment costs in order to produce pulpwood on the site.  While these cost allocation
assumptions may be debatable, it is important to note that they do not have a great impact on
total costs per cord.  Total cost per cord is more sensitive to harvesting and transportation costs
because these figures are relatively larger.  (As noted below, this is illustrated in the sensitivity
analysis contained in Table 5.)

Economic analyses that depict revenues and costs in different time periods typically use
present values so that costs and revenues can be compared.  However, we are interested in a
planting decision today that will not produce pulpwood for several years.  Therefore, we want to
be able to compare future values of the cost of pulpwood production on industry land with a
future estimate of price.  We have already explained how the future price has been estimated.  In
order to allow comparison with expenditures made today, we have transformed the data from
Dubois et al. (1991) to a future value using a 6% real discount rate.  This transformation inflates
the input cost values in order to reflect an opportunity cost of capital that accrues between
planting and harvest.

In Case I, we inflate the cost per acre allocated to pulpwood at 6% for 25 years.  Since
pulpwood harvests during a sawtimber rotation can begin in the mid-teens, we chose 25 years as
a mid-point between a first thinning and final harvest at age 34.  Thus, this future value
represents an average.  In Case II, we inflate the data at a 6% discount rate for 22 years, a
standard rotation age for pulpwood management.

These future values are then converted from a cost-per-acre basis to a cost-per-cord basis
for yields of 6 and 10 cords per acre in Case I and yields of 20 and 40 cords per acre in Case II.
We chose a range of yields in order to reflect variation in site productivity.  These figures are
then added to harvest and transportation costs per cord as calculated above.  Note that this may
overestimate costs for the industry as their lands tend to be located near mills which corresponds
to reduced transportation costs.

Table 4 estimates production costs per cord at approximately $39-$57 in Case I and $51-
$85 in Case II.  Table 5 summarizes the results of our sensitivity analysis of pulpwood
production costs for Case I under a cost allocation assumption which allocates 12% (versus 10%)
of stand establishment costs to each pulpwood harvest, total production costs rise only slightly,
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to $41-$61/cord.   The numbers in Tables 4 and 5 are on average significantly lower than our
estimates of future pulpwood prices ($48-$94/cord) shown in the last column of Table 4.  What
accounts for this gap?  Part of this difference is clearly due to the exclusion of management costs
such as timber marking, survey and other expenses.   Perhaps a more important cost which is not
accounted for in Table 4 are land costs.  Land costs include both property taxes and the
opportunity costs of capital in land ownership.  While forest products firms may consider land
purchases a sunk cost, they nonetheless are important in their financial accounting.

This analysis indicates that input costs for site preparation, planting, competition control
and other management are a relatively small proportion of the total costs of pulpwood production
relative to the combination of harvesting/transportation, land and stand maintenance costs.  For
example, even if the forest products company chose to intensify management such that it
increased input costs by 50% (from $257/ac to $386/ac), the magnitude of the corresponding
effect on total costs per cord would be far less.  Total costs per cord in Case I would rise $6-
$10/cord and in Case II would rise $12-$24/cord.  The sensitivity analysis in Table 5 also
supports the conclusion that stand establishment costs are a relatively small proportion of
pulpwood production costs.  When the cost allocation assumption in Case I was increased from
10% to 12%, pulpwood production costs rise only $2-$4/cord.  Clearly, the forest products firm
must weigh the expected benefits in yield relative to the costs of increased intensity when
selecting management inputs.  However, if the firm expects future wood inventories to be
constrained or if the firm anticipates expanding its operations in the region, intensifying
management on its own land may be a relatively inexpensive way to reduce its overall pulpwood
procurement costs.

The difference in production costs between Cases I and II is also important and suggests
that pulpwood production costs are lower when sawtimber is the primary output (given our
assumptions about the profitability of sawtimber versus pulpwood).  This is intuitive since higher
sawtimber prices, and thus greater returns from solid wood products, result in a smaller
proportion of costs being allocated to pulpwood production. However, if the forest products firm
chooses to manage its lands primarily for sawtimber, it will require a larger land base to meet its
pulpwood requirements. Thus, when pulpwood supply tightens, the firm may find it necessary to
forgo some sawtimber production in order to meet its pulpwood demand.

Pulpwood supply is of constant concern for pulp mills.  Most mills have large
procurement staffs dedicated to insuring necessary supplies.  When supply is limited, forest
products companies have a number of both long-term and short-term options available to obtain
the necessary fiber.  The above economic analysis suggests that one long-term solution available
to the firm is to intensify management on its own lands through increased management inputs.
Yields can also be increased in the long-term through genetically improved planting stock and
other technological or silvicultural innovations.  Buying land is another solution that will
increase supplies in the long-term and perhaps even the short-term depending on forest land
conditions.  As alluded to earlier in this paper, Straka and Hotvedt (1984) point out that land and
intensive management can be traded, as more productive stands result in a smaller necessary
land base to meet a mill's pulpwood demand.  Thus, in considering whether to expand its land
base, a forest products company must weigh the costs of increased ownership versus
intensification of management on its current holdings.
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Many firms can also incease the long-term fiber supply through working cooperatively
with non-industrial landowners located near a pulp mill. Investment in technical and other forms
of assistance on non-industrial private lands is a common practice for many forest products
companies.  Landowners benefit from forest products companies’ economies of scale and from
what might otherwise be expensive expertise in forest management. While these relationships
often do not guarantee that the landowner will sell timber to the respective company, the mere
fact that these programs exist suggests that the benefits to the company from increased regional
timber supply exceed program costs.

As our analysis suggests, a firm's long-term solutions to meeting fiber demand are
measured against the costs of raising the price the mill is willing to pay for delivered pulpwood
in the future.  Most forest products companies rely heavily on non-industrial lands for pulpwood
procurement.  Thus, the forest products firm can raise the delivered price it is willing to pay in
order to entice harvests on non-industrial private lands.  Higher delivered prices also allow
loggers to travel longer distances to harvest pulpwood, thereby increasing the size of the mill's
"woodshed."  The decision to intensify management on industry lands today may result in lower
pulpwood prices that have to be paid tomorrow.

Another short-run option would be to store enough pulpwood at the mill or at satellite
storage facilities to avoid supply limitations.  Under this option, the company must incur
expenses to store and preserve the quality of the stored wood.  A firm could also choose to
harvest more than it would otherwise from its own land.  Of course, if this option is chosen the
firm must insure that it does not deplete its own supplies and thereby create future shortages.
Finally, a firm might choose to convert sawtimber stands into pulpwood; that is, they might
harvest sawtimber stands early or even convert sawtimber harvests to pulpwood (at a significant
loss) in order to avoid pulpwood shortages.

So how does a forest products company decide which option or options to choose in both
the long and short terms?  For individual forest products firms, the cost implications of each
option will vary.  However, the objective is the same: choose the option or group of options
which minimizestotal procurement costs.  This will be accomplished by equating marginal
procurement costs across all sources of pulpwood.  For example, if a firm could deliver its own
pulpwood to a mill at $50/cord without threatening future supplies on its lands, then it will only
only be willing to offer the same price for pulpwood from non-industrial private landowners.  If,
on the other hand, its own wood costs $55/cord to produce, and loggers can deliver wood from
other landowners for $50/cord, then the firm will continue to purchase outside wood until the
local market price reaches equilibrium at $55/cord.  Hence, in seeking to reduce procurement
costs, the firm will automatically equalize marginal procurement costs across all sources.

It follows from our analysis and the ensuing discussion that the objectives of industrial
and non-industrial landowners are typically quite different.  Forest products firms are interested
in minimizing total wood procurement costs.  This often results in intensive management on their
own lands designed to increase yields and pulpwood supply.



55

E. Market Intervention into Forest Management Practices:  Cost and Benefit
Considerations

Any change in forest management practices will produce costs and benefits that accrue to
a variety of parties.  For our purposes here, the parties may be most usefully divided into two
groups:  the directly affected owners of timberland who must implement the change in practice;
and all other parties, be they private (e.g., other landowners or commercial enterprises indirectly
affected by the change) or public (e.g., government or the general public or future generations or
"society at large").  These costs and benefits can be classified in various ways; one useful
conceptual framework is shown as Figure 29.145

In evaluating such costs and benefits, it is usually assumed that environmentally-
motivated changes in forest management practices will always impose additional costs on -- with
few or no returns to -- the landowner who implements the change.146  Few studies have sought to
quantify potential economic benefits to the landowner from implementing better management
practices.  Moreover, efforts to assess the economic value of the broader environmental benefits
arising from such measures are relatively rare; those that have been attempted generally tend to
focus on the market values affected (e.g., the monetary value of commercial fisheries), and less
commonly on nonmarket use value of a resource (e.g., money spent by individuals on
recreation).147  Finally, there is a category (typically of benefits) that receives little more than
mention, perhaps understandable given the difficulties inherent in monetizing non-market, non-
use values:  the "intangibles," such as the inherent value of biodiversity or wilderness or scenic
beauty.

The purpose of this part is not to analyze such costs and benefits in any detail, nor to
profess to any generalizable conclusions, but rather -- through example -- to highlight the nature
and range of costs and benefits that might accrue to landowners and to others from
environmentally motivated changes in forest management practices.

Because a (if not the) primary means of affecting changes in forest management on
environmental grounds has been through governmental action (regulatory and otherwise), we
first discuss the nature of such government intervention, which has largely been implemented at
the state level.  State laws which regulate forestry, best management practices, cost-share
programs and technical assistance will be addressed.  While regulation of forest activities by
local ordinance is increasingly common throughout the country, it will not be addressed here.

1. State regulation of forest management activities148

Regulation of forest management activities is not new.  Sixteen states had laws governing
forest practices by 1950.149  Generally, these laws were passed out of fears of a possible timber
famine resulting from the rapid liquidation of U.S. forests without subsequent regeneration.
Early state laws typically required landowners to leave seed-trees for reforestation of harvested
areas or to conform to minimum harvest diameters.  Regulation of forestry at the state level was
again the subject of several laws passed in the 1970s.  The majority of these laws were enacted
in the west or northeast and were in large part a response to concern surrounding clearcutting,
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road construction and other harvest practices.  Many of these laws established administrative
boards to oversee and enforce standards relating to harvest practices.150

In their book on government intervention into forestry, Boyd and Hyde (1989) provide a
theoretical framework for examining state practice acts as well as other types of forestry
regulation.151  Because the social costs or negative externalities associated with harvesting, such
as soil erosion and aesthetic impacts, are not accounted for in the market, forest regulation is
intended to correct for these market failures.  Boyd and Hyde (1989) argue that seed-tree and
other laws aimed at forest practices, require additional capital to be invested by private
landowners.  In the case of seed-tree laws, the additional capital investment is the standing
timber required to conform to the law.  This additional investment on behalf of private
landowners can also be viewed as an opportunity cost because the landowner must forego
revenue from the sale of standing timber until the seed-tree requirements are met.  In any case,
forest regulations which require additional investment on behalf of the forest landowner, whether
that investment be in standing trees, or other capital expenditure, shifts the supply curve up, and
thus reduces the profitability of forest management.  Such regulations may force marginally
productive lands out of production.

Boyd and Hyde (1989) conduct an empirical study to examine the effect that seed-tree
laws have on pine reforestation in Virginia.  The Virginia law requires that seed trees be left on a
harvested tract of southern pine for at least three years.  Data from Virginia for standing forest
inventory are compared to those from North Carolina, a state of similar topography, climate and
forest type.  Boyd and Hyde (1989) use regression analysis to ascertain whether Virginia's seed-
tree law results in higher reforestation levels compared to that of North Carolina.  The authors
find no statistically significant difference between pine reforestation in the two states; this
suggests that the seed-tree law does not produce the intended benefit.

2. The economics of Best Management Practices

a) Landowner costs

The 1972 Water Pollution Control Act sought to control both point and non-point source
pollution of the nation's waters.  Pursuant to Section 208 of that law, the Environmental
Protection Agency suggested modification of state forest practice acts as one means to control
non-point source pollution from forestry activities such as site preparation and harvesting.
However, state control of non-point source pollution from forestry was not specifically mandated
until passage of the Water Quality Act of 1987.  Section 319 of this law required states to assess
non-point sources and prepare a management plan to deal with them.  Best-management
practices (BMPs) grew out of this effort.

BMPs are administered at the state level and can be either voluntary or regulatory.
Generally, BMPs set standards for forest operations including road construction, skid trails,
streamside management zones, and revegetation of roads and trails.  Lickwar et al. (1990)
surveyed BMP programs in southeastern states and found levels of state involvement to vary
widely.  Florida had the most active program with significant financial resources dedicated to
staff and administration.  Florida's program is implemented by five Water Management Districts
which have broad leeway in administering BMP standards.  Some states had no dedicated staff
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or budget.  Other states had educational programs for loggers and foresters or provided cost-
share payments for BMP compliance.

Northeastern state laws governing non-point source pollution by forestry activities were
the subject of a study by Irland and Connors (1994).152  While forestry is believed to be a minor
source of non-point source pollution relative to other land uses in the northeast, most states in
this region have few data assessing the real impacts of forestry and harvesting activities.  Most
non-point source pollution control programs rely on existing state forest programs to administer
BMPs or other programs.   Funds and dedicated staff appear to be limited in most states.  Of 12
northeastern states surveyed by Irland and Connors (1994), 6 have regulatory programs and 6
have voluntary ones.  Compliance with SMZs appears to be good while more expensive BMPs
are often ignored.  Penalties for non-compliance include site remediation, fines and very rarely
court action (Irland and Connors 1994).   Most states with active programs offer workshops,
training sessions or other education for loggers and foresters.  Based on previous studies in three
northeastern states, the authors suggest that relatively inexpensive BMPs can be effective in
controlling non-point source pollution.

Hawks et al. (1993) reviewed the BMP programs of Maryland and Virginia, two states
committed to reduce non-point source pollution into the Chesapeake Bay by 40% by 2000.153

Both states have active BMP programs but Maryland's is regulatory while Virginia's is
voluntary.  Under Maryland's Critical Area Law, enacted to protect the Chesapeake Bay
Watershed, all land within 1000 feet of the Bay or its major tributaries is classified as a critical
area.  Forestry activities in these areas must meet specific standards including no harvest within
50 feet of the Bay, selective logging only in the next 50 feet, and preparation of a harvest
management plan that governs the next 900 feet from the Bay. Under Virginia's program, the
Department of Forestry (DOF) administers voluntary BMPs  which enumerate standard practices
for streamside management zones, road stabilization and skidding trails.  There are no penalties
for non-compliance and the degree of compliance is difficult to measure.  However, the DOF
asserts that from 1989 to 1991 use of streamside management zones increased 29% and that this
corresponds to a 14% reduction in sediment entering streams and other waters.154  The Virginia
DOF has an active educational program which includes workshops for loggers and foresters
across the state.  The State of Maryland spent approximately $586,000 on the BMP program in
1990 or between $1.70 to $3.20/mbf harvested during that year.  Virginia spent considerably
more, with $890,000 in 1990.  However, because the annual timber harvest in Virginia is larger,
costs per unit output were lower at $.50/mbf harvested.  Hawks et al. (1993) also examine
landowner costs of compliance and find costs to the Maryland landowner are $420 to $1420
higher than Virginia for a hypothetical $20,000 timber sale.

Several other studies have examined the costs of compliance with BMPs.  Lickwar,
Hickman and Cubbage (1992) used an economic engineering approach to estimate the
operational costs of two levels of BMPs for sites in Alabama, Georgia and Florida.155  Twenty-
two sites were chosen at random and were distributed across the mountains, piedmont and
coastal plain.  The first level of BMPs were those currently recommended by the respective state
and included culvert installation, broad-based dips, water bars, streamside management zones
(SMZs), standards for roads, and revegetation of sites.  These BMPs were not uniform across the
three states in the study.  The enhanced BMPs were uniform and employed higher and more
expensive use of the measures listed above, such as extensive revegetation of skid trails and
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roads and increased residual timber in SMZs.  Unit costs for BMPs were derived from several
sources and then applied to hypothetical harvests carried out on the sites with these standard and
enhanced levels of BMPs.  The aggregate marginal cost for the standard BMPs across all sites
was 2.9% of gross revenue, $2.34/mbf, or $12.45/acre.  Enhanced BMPs cost 5.1% of revenue,
$4.73/mbf, or $21.94/acre.  The most expensive BMP activities were broad-based dips, water
bars and revegetation.  SMZs that require uncut buffer strips to remain around streams, were
among the least costly and most effective BMPs.  Sites in the coastal plain had the lowest costs
of compliance and were also the most productive sites.  Sites on steep slopes had increased BMP
compliance costs.

Ellefson and Miles (1985) examined the costs of six different BMPs applied to 18
National Forest sites in the midwest.156  Specific BMPs included water bars, broad-based dips,
buffer strips, culverts, skid trail and landing design, and revegetation of roads and landings.
Revenue from timber sales was calculated as the delivered price received by timber purchasers
(loggers).  Harvesting costs were calculated for conventional harvests without BMPs and
compared to those which implemented BMPs.  Four of the eighteen sites were unprofitable to
harvest regardless of BMP costs.  Buffer strips were the most expensive measure in 9 of the 18
sites, with revegetation of roads and landings being the most expensive on 8 sites.  When net
revenues from all sites were aggregated, costs ranged from 1.2%-21% of revenue for individual
BMPs.157  The cumulative cost of all BMPs was a 60% reduction in net revenue by stumpage
purchasers.  However, Ellefson and Miles (1985) assumed that the logger bears all of the costs of
BMPs.  Some of the costs of BMPs will be passed along to the landowner, in this case the federal
government, in the form of lower stumpage prices. For example, a logger will typically not bid
for timber in a buffer strip where harvest is restricted by BMPs.

Cubbage and Woodman (1993) examined the economic impacts of more stringent SMZs
in Georgia on landowner welfare and timber supply using an economic engineering approach.158

Current BMPs set SMZ widths according to the region within the state where the harvest takes
place.  There is no leave-tree requirement within the SMZ -- hence, clearcutting, for example, is
an option.  The authors analyze the impact of SMZ widths based on the harvested stand's slope
and a requirement that landowners leave 50% of trees in the SMZ.  SMZ widths for bottomland
hardwood stands in flood plains are also significantly larger.  Current and stricter BMPs are then
applied to 18 different 100-acre forest management units which represent different forest types in
the state.   The authors suggest that this analysis may overestimate the impact of SMZs because
many landowners may be currently leaving buffer strips along streams.  The imposition of
stricter SMZ provisions in BMPs in Georgia would result in a reduction of 2.9% in the acreage
of total annual timber harvests.  The greatest loss in harvested acreage would be in lowland
hardwood forests.  As a result of the SMZ restrictions, real pulpwood prices would rise by 2.6%
in the short run and real sawtimber prices would rise 0.9%.  Pulpwood producers (landowners)
would benefit from the restriction in aggregate while sawtimber producers and timber buyers
would be worse off.  Both hardwood and softwood timber inventories would decrease by 0.4
billion cubic feet by 2010.  This "backward shift in supply," as Cubbage and Woodman (1993)
label it, would result in a $7.2 million loss in available timber inventory which corresponds to
less than 1% of total market value.

[In order to explore further the economic impact of SMZ restrictions, the Paper Task
Force enlisted the assistance of two graduate students at Duke University's School of
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Environment -- Jason Karas and Pamela Niddrie -- who employed a forest growth model to
simulate the effects of SMZs on timber yield from a managed forest.  The core model used was
developed by faculty at the School of the Environment; the "submodel" introducing streamside
management zones was designed by the students.  The results of this effort are summarized in
Appendix A; in general, the modeling supports the conclusion discussed above that the cost of
implementing SMZs is quite modest.]

The most comprehensive study of BMP costs is one conducted by the Environmental
Protection Agency to examine the costs of controlling coastal non-point source pollution across
the U.S. (EPA 1992).159  Like Cubbage and Woodman (1993), EPA (1992) utilizes an economic
engineering approach to examine both the costs of various BMPs (termed "management
measures" by EPA) on stumpage producers, and the aggregate effect these costs have on timber
markets and social welfare.  Management measures to control non-point source pollution address
pre-harvest planning, streamside management zones, road construction standards, harvest type,
site preparation, fire management, revegetation and chemical management.  In analyzing the
costs of management measures on individual landowners, this study first divides forestland into
forest management units (FMUs) by region (North, South), forest type, wet/dry site, and
volume/product mix (high, average, low).  The western region was not included because the
study assumes that forest practice laws in these states already govern these types of activities,
and thus the incremental costs of EPA's management measures are zero.  Costs for management
measures in the south range from $2.34-$29.22/acre, or $.11-$4.70/mbf.  In the north, costs
range from $2.24-$16.35/acre, or $.26-$1.60/mbf.  Incremental costs of BMPs were greatest for
landowners making the largest investments in forestry and thus expecting the highest returns.
Costs of management measures may induce some forest owners to delay or forego harvesting
some sites.  Landowners may also adopt different regeneration practices.

The EPA study (EPA 1992) also examined market adjustments and economic welfare
effects of application of its management measures.  The management measures will cause the
supply (marginal cost) curve for coastal region stumpage producers to shift up, meaning that
costs increase per level of output.  Landowners in coastal areas will supply less while non-
coastal area and foreign suppliers will increase their output. EPA (1992) estimates the loss of
economic welfare from adopting these management measures at $26.9 million/year.  Benefits of
non-point source pollution reduction are not included in this figure.  Thus, if the pollution
reduction benefits of adopting EPA's management measures are worth more than $26.9
million/year, aggregate social welfare will increase with adoption of these pollution control
measures.

b) Landowner benefits

The USDA Forest Service has recently undertaken a programmatic effort to identify and
quantify where possible, the economic benefits to landowners from environmental improvements
in soil and water resource management associated with forestlands.160  A total of 16 examples
exploring the economics of changes in soil and water resource management were developed in
detail, drawn from all regions of the country.  Benefits took the form of enhanced timber output,
forage production, water quality, and fisheries and reduced road maintenance costs; no attempt
was made to quantify environmental benefits of the changes.  Several examples161 are provided
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below to illustrate the nature and range of benefits induced by changes in forest management
practices.

• Road construction:  Road repair costs for a main haul road were compared over a 20-year
period, with and without implementation of BMPs.  Costs associated with implementing
BMPs (technical assistance, labor to construct water diversion structures, materials to
revegetate disturbed areas) were compared to the costs of road maintenance and repair
necessitated by excessive erosion that would occur in the absence of such measures.  The
discounted costs for road maintenance/repair without BMPs was estimated at $2137,
compared to costs to implement BMPs (and avoid the extra maintenance/repair) of $1200;
this represented an internal rate of return (IRR) of 11.2 percent and a benefit:cost ratio of
1.78.

• Skid Trail Rehabilitation:  Compaction of soil on skid trails can adversely affect root
development and moisture availability for planted seedlings, ultimately resulting in
reduced timber output in the absence of mitigatory steps; such areas are also prime sources
of sediment.  Rehabilitation measures (tillage, water diversion, seeding, fertilizing and
mulching) are often specified in BMPs for skid trails; these steps also provide for higher
survival and growth rates for seedlings planted in such areas.  Costs of skid trail
rehabilitation were compared to the discounted value of the "recovered" timber volume
estimated through modeling on various sites with different assumed characteristics (tree
species, site index, rotation age, timber products produced , etc.)  Results were expressed
in terms of net present value (NPV) using 2% and 4% discount factors, internal rate of
return (IRR) and benefit-to-cost ratio.  Results were as follows:

Benefit to cost ratio
NPV@2% NPV@4% IRR  @2% @4%

hardwood, 70-year rotation:     +$1193/ac    -$237/ac 2.4%    1.33  0.34
shortleaf pine, 60-year rotation:  +$4568/ac    +$210/ac 4.8%    5.07  1.58

• Site preparation:  Site preparation methods that have been commonly used in the South
include windrowing,162 in which logging debris is pushed into piles to clear the site for
planting; in many cases, considerable amounts of litter and top soil are removed as well,
and soil compaction from the use of heavy machinery can result -- all of which can have
adverse effects on site productivity.  Site index has been shown to be reduced by from 3 to
as much as 14 feet, compared to more soil-conserving site preparation methods.  Some
state BMPs recommend that such methods be avoided as much as possible, while others
address only water quality-related concerns (e.g., recommending against windrowing on
steep slopes or requiring windrow to parallel slope contours).  In this example, a shearing-
and-windrowing practice was compared to a chopping-and-light-burning approach; the
latter has been shown to reduce significantly erosion and stream sedimentation.  A 5-foot
difference in site index was used to predict the difference in timber volume over a 34-year
rotation.  The results were as follows:
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NPV@4% IRR Benefit to cost ratio

chop-and-light-burn: $252/acre; 8.1% 3.10
shear-and-windrow: $123/acre 5.8% 1.72

This latter example is consistent with the results of Haight (1993)163 discussed previously,
indicating that under some conditions, employing more intensive (and typically more
expensive and potentially more environmentally damaging) site preparation methods does
not produce greater yields of timber nor maximize return on investment.

3. Forestry cost-share programs and other incentives

In recent years, states and the federal government have initiated incentive programs to
encourage reforestation and other activities on small non-industrial private forests.  These
programs often provide cost-share payments for forest establishment, timber stand improvement
or other activities. In 1978 Congress passed the Cooperative Forestry Assistance Act which
established the Forest Incentives Program (FIP).   The primary purpose of FIP was to increase
timber production on non-industrial private lands to avoid the possibility of a shrinking timber
supply.  FIP provided cost share payments to private landowners for reforestation and timber
stand improvement.

The success of FIP has been debated by forest economists. FIP increased productivity on
many lands markedly.164  However, Boyd and Hyde (1989) found no significant relationship
between acceptance of FIP money and eventual timber harvest; this suggests that the program
may not have contributed to available timber inventories as intended, and that consequently there
will be a net loss of social welfare from the program.165  However, the contention that
landowners will not eventually harvest FIP-subsidized timber seems to contradict evidence that
landowners react to price signals and exhibit behavior consistent with profit-maximization.166

Moreover, the suggestion that there may be a net loss of social welfare from the program ignores
any non-timber benefits which may accrue to private landowners and the public at large from
FIP.  Other authors have faulted FIP for merely substituting public for private capital which
would have been invested in absence of the program.167  In 1995, FIP is expected to be phased
out.

In 1995, Congress established the Stewardship Incentive Program (SIP) which provides
landowners with cost-share assistance and or technical expertise to develop and implement forest
management plans which improved not only timber stand conditions, but wildlife, aesthetic
values, water and soil conservation.  The impacts of SIP on aggregate social welfare will be
challenging to assess given the difficulty in measuring the non-timber benefits which accrue to
landowners and society at large under the program.

The forestry cost-share program with the greatest impact on timber supply has been the
Conservation Reserve Program (CRP) established in the 1985 Farm Bill.  This program provided
landowners with up to 50% reimbursement for retiring highly erodable lands from crop
production.  CRP also provided landowners with annual payments that in 1992 averaged
approximately $50/acre.  (In the case of the 34 year sawtimber rotation simulated earlier in this
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section, CRP payments would increase soil expectation value by $655/acre to $1,405/acre.)  As
with FIP, the social welfare impacts of CRP have been debated.  However, the impact on
softwood timber inventories in the southeast has been substantial.168  And, it should be noted that
government programs which provide financial assistance to non-industrial private landowners
for reforestation indirectly subsidize the forest industry by increasing timber supplies and
thereby reducing the market price for pulpwood.  As discussed earlier, pulpwood procurement
costs are of critical importance to the forest products industry.

Forestry receives favorable treatment from many state governments in the form of use-
valuation property taxes.  Also, many states have extensive landowner assistance programs.  One
state program worth mentioning is the North Carolina Forest Development Program, passed into
law in 1979.  Under the program the state assesses a small tax on all timber sales.  Tax receipts
are deposited in a fund which is used to provide reforestation and other cost-share assistance to
small private landowners.  Such a tax may partially account for social welfare losses from timber
harvesting while increasing social welfare through reforestation and other assistance.

4. Broader societal costs and benefits

This section describes the nature of costs and benefits to the broader public (i.e., to
people other than the forest landowner) from forest management.  In general, the private
economic costs and benefits arising from forest management -- such as timber production -- are
more readily quantifiable than the social costs or benefits described in this section.  The greater
ease of calculating private economic benefits and costs arises from two factors: first, harvested
timber is a market good with a well-defined value and production cost; and second, its links to
forest management are direct and easily traced.  In contrast, nonmarket values are harder to
represent in economic terms, and some benefits from forests (e.g., spiritual and biological
benefits) may be exceedingly difficult to quantify.169  Broader social costs and benefits can be
substantial, and are important to recognize and to consider; however, due to the inherent
difficulty of estimating their economic value, these costs and benefits will be reviewed in fairly
general terms.  The numbers discussed in this section define approximate ranges rather than
precise values, and are intended simply to provide a sense of the scale of social costs and
benefits in economic terms.

While the social costs from forest management can be significant, the discussion here
should not be interpreted as an implicit comparison of forest management with other land uses.
The potential environmental impacts, and therefore the social costs, arising from managing a
forest for timber production forest management are clearly much smaller than the potential
impacts from converting it to a cropfield or a housing development.  Moreover, two realities of
land ownership must be acknowledged.  First, many private landowners, especially forest
products companies, manage their lands for economic return; if economic benefits from forest
management are lower than economic benefits from other potential uses of the land (e.g.,
development), the likelihood increases that the landowner will sell the land or replace the forest
with another land use, eliminating any social benefits the forest provides.  (The potential for
conversion to other land uses is constrained by law in some cases -- e.g., land uses of wetlands
are regulated by the Clean Water Act).  Second, because of the importance of economic returns,
measures designed to minimize social costs associated with forest management may have the
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unintended effect of reducing the overall area of forested land if the costs they impose on
landowners become too high.

a) Social costs

Forest management may generate costs or benefits to the public by affecting the
environmental values associated with natural forests.  These values -- such as clean water,
productive fisheries, and wilderness recreation -- represent benefits to society and are made
possible by the various functions a natural forest provides.170  For example, forests provide
values such as clean water and preservation of rare or endangered species that in turn follow
from ecological functions such as water filtration and wildlife habitat.  If forest management
degrades or eliminates the functions of a natural forest, the resulting loss of forest values
represents a social cost.  Because the forest landowner does not bear these social costs, they are
not included in the economic calculations of the landowner under normal circumstances.171  For
example, a landowner of a forested wetland considering pine plantation establishment might be
expected to take into account the costs of drainage, harvesting, site preparation, and other forest
management activities, as well as the costs of compliance with applicable state and federal
regulations -- but probably would not take into account the costs to fishermen from damage that
could result to downstream estuaries.  These social costs, however, are real and can be
significant.

This section will highlight several examples of external social costs associated with forest
management.  It should be recognized that the social costs discussed here represent potential
costs: they arise from the potential effects of forest management on the functions and
environmental values of forests, described in White Paper No. 4.  To the extent that forest
management maintains the functions of natural forests, it will involve fewer or no such social
costs.  In most cases, this maintenance of natural functions can be achieved by implementing
mitigatory methods, such as sufficient buffer strips to minimize or prevent the degradation of
water quality.  Nonetheless, when located in environmentally sensitive areas -- such as
headwaters, undisturbed forest, or some types of forested wetlands -- the potential impacts of
forest management may produce substantial costs.  Moreover, in a few cases, such as unroaded,
undisturbed natural forest, any forest management -- including "first steps" such as road
construction -- are virtually certain to adversely affect some of the environmental values of an
area; in such cases, therefore, the issue is not how but whether forest management should be
carried out.

Two types of information are critical in estimating social costs from forest management.
First, the connection of forest management to the value at stake must be established: how, if at
all, does forest management affect a given environmental value such as clean water or productive
fisheries?  As discussed above, this link is contingent upon the environmental impacts of forest
management on forest functions. Second, the economic worth of the environmental or other
social value at stake -- its "price tag" -- must be approximated.

Calculating both types of information precisely, however, may not be feasible.  In
landscapes comprising several different land uses, forestry may bear only a fraction of
responsibility for water quality degradation; in such cases, apportioning total social costs among
various contributing factors may be difficult or impossible.  For example, calculating the total
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economic cost of the declines in commercial salmon fisheries in the Pacific Northwest is
conceptually straightforward.  Moreover, studies have identified forest management as a
contributing cause of this decline, as a result of sedimentation and stream channel disturbance in
spawning areas.172  Nonetheless, given the simultaneous responsibility of a variety of other
factors, such as hydroelectric dams, wetlands losses near the mouths of rivers from development,
and overfishing, calculating the share of social cost attributable to forest management probably is
not feasible.

Commercial fisheries are an example of a market resource: they provide a good which is
traded in the market and therefore has identifiable value.  The values of nonmarket resources,
such as the value of recreation or of wilderness preservation, are difficult to quantify in
economic terms because they are not traded goods with well-defined values.  However, such
resources do have discrete values.   For example, resources such as wilderness and endangered
species are considered to provide two kinds of values: use values, deriving from the use of
wilderness for recreation, or the observation of endangered species; and nonuse or preservation
values, deriving from the continued existence of wilderness or endangered species.  Use values
include on-site uses, such as a visit to a national park or wilderness area, or a visit to a wildlife
refuge, as well as off-site uses such as television specials.173  Nonuse values of such resources
include option value, which represents the value to a person of the possibility of future use;
existence value, the value assigned to the continued existence of wilderness or endangered
species even though no use is expected; and bequest value, the value of preserving wilderness or
endangered species as a legacy to the next generation.174

The economic worth of a use value, such as the value of a given area (e.g., a trout stream)
for recreation, is often estimated using empirical data on travel costs expended by recreational
users, as a signal of economic demand.  Estimates of nonuse values are commonly derived from
the willingness to pay of individuals or households, as determined by surveys and questionnaires
-- a method called the "contingent valuation method."  For some particular values, such as
tourism and recreation, these methods may be essentially sound,175 although they remain
controversial, even among resource economists, and are limited in their application.  They may
best be regarded as providing a starting point for quantifying nonmarket values, such as option or
existence values, rather than  yielding precise estimates of actual costs.  Conservative estimates
of these values indicate that they can be substantial in economic terms.

Because of the difficulties involved in calculating the economic magnitude of potential
social costs, this paper will only provide examples and general discussion.  These examples are
presented to highlight three areas where forest management potentially can have significant
effects on environmental values; they also review the various kinds of social costs at stake, and
their connection to forest management.  The examples reviewed are not universal: they each
apply to a small subset of lands.  Wilderness, for instance, is limited almost exclusively to public
lands, predominantly in the West.  It is therefore not generally an issue for management of
private lands.  Such variations among regions and among landownership types are important to
acknowledge.
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(1) Forested wetlands management

As discussed in White Paper No. 4, certain types of forested wetlands have been, and
continue to be, targeted for pine plantation establishment, which has the potential to
fundamentally alter key wetland functions, such as site hydrology and wildlife habitat.  The
environmental values provided to society by these functions, therefore, may be affected by forest
management.

As an example, consider North Carolina's pocosins -- flat, coastal forested wetlands with
important functional links to coastal estuaries.  Plantation establishment on such sites typically
alters the way water flows from them: instead of draining slowly as sheet flow, water from pine
plantations is channeled into drainage ditches and canals, which can flush pulses of freshwater
directly into coastal estuaries (see White Paper No. 4).   However, these estuaries, which support
over 90 percent of the state's commercial fish harvest, have delicate salinity balances.  The
pulses of fresh water channeled from pocosins after draining and harvesting could potentially
upset these balances, inducing variations in salinity and reducing production of shrimp, finfish,
and oysters.176  Because of the proximity of pocosins to estuaries, pine plantation establishment
has the potential to incur economic costs for commercial fisheries.  Other social costs could also
be expected to result from pine plantation establishment, including the loss of habitat for
endangered species.

(2) Watershed protection

Quantifiable social costs also can arise from the degradation of fish and wildlife habitat
in watersheds.  These costs may be minimized by BMPs and other mitigatory efforts, but still
may be significant.  For example, Loomis estimated the economic costs (i.e., losses of benefits)
to recreational and commercial fishermen from timber harvests in national forests by predicting
the reductions in fish harvests that would result from stream sedimentation expected from
harvesting, even with compliance with all applicable BMPs, including sound road design and
streamside management zones.177  Loomis estimated that harvesting 87,000 acres in the Siuslaw
National Forest in Oregon would result in losses of about 84,000 salmon and 24,000 steelhead
trout over 30 years, due to degradation of habitat as sediment entered streams and buried
streambed gravels.  The net present value of this loss to recreational and commercial anglers was
estimated to be $2 million (in 1986 dollars).  Similar methods found a net present value of $3.5
million (in 1986 dollars) over 50 years in costs to fisheries from planned timber harvests in the
Gallatin National Forest in Montana.178

As Loomis points out, such costs should be weighed against the benefits from harvesting
timber.  In the case studies reviewed above, Loomis concludes that the value of timber in the
highly productive Oregon site was greater than the value of preventing the losses to commercial
and recreational fisheries, while the cost to fisheries from management in the Montana forest
outweighed the benefits from timber.  However, as Loomis also noted, his cost-benefit
calculation did not include the impacts of forest management on other nontimber values possibly
at stake, such as hunting, aesthetics, drinking water quality, endangered species habitat, or
wilderness protection. The point of this cost-benefit estimate, therefore, is not to establish the
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proper use of these forests, but to demonstrate the importance of considering costs as well as
benefits from forest management.

(3) Protection of wilderness and endangered species

One aspect of use value potentially affected by forest management is reflected in the
demand and supply of opportunities for outdoor recreation.  Backpacking and similar remote
recreational activities require wilderness, or at least minimally disturbed forest.  Comparing
demand for such areas with supply, therefore, gives us an indication of the importance of
preserving wilderness.  Such a comparison has been performed by English et al. for the USDA
Forest Service.  They used demographic and other data to project demand over the next fifty
years for a wide variety of outdoor recreation activities -- from wildlife observation, to primitive
camping and backpacking, to water sports, to picnicking -- and compared this demand with the
projected supply of outdoor recreation (national parks, recreation areas, undeveloped national
forests, wilderness areas, and so on).  Demand for recreational activities such as backpacking
and wildlife observation that depend on less developed and more remote settings (i.e., wilderness
and undeveloped forest) is projected to outpace supply of those activities.179

Walsh et al. examined the marginal value of increased wilderness protection in Colorado
and estimated that an increase in wilderness area from the 1980 level of 1.2 million acres to a
hypothetical (but possible) level of 10 million acres would be worth $64.7 million annually to in-
state residents.180  More recently, Rubin et al. calculated that spotted-owl protection (i.e., the
continued existence of spotted owls) was worth $102.7 million annually to residents of
Washington and Oregon and a total of nearly $1.5 billion annually for all U.S. households.  The
latter figure far outweighed both short-term and long-term costs for spotted owl protection, in
terms of employment and timber costs.181  As with any estimate of value derived using the
contingent valuation method, these estimates represent the general magnitude of the economic
benefits of such environmental values to society; they should not be interpreted as actual dollar
values.

b) Social benefits

Forest management can provide real social benefits as well as costs outlined above.
Clearly, forest management is a necessary prerequisite for the manufacture and consumption of
wood products and the employment generated by these activities.  Although this is a central
benefit, it is fundamentally different from the nontimber values of forests discussed above: rather
than being "external" to forest management, the market benefits (revenues) from timber
production make private forest management possible.182  Nonetheless, significant nontimber
benefits to society result from forest management.  Fewer studies have been performed on this
issue, and therefore this discussion will be even more qualitative than the discussion of social
costs above.

Managed forests provide certain environmental values common to all forests, such as
aesthetic benefits, outdoor recreation, and carbon sequestration (the absorption and storage of
carbon from atmospheric carbon dioxide, which can help to slow the pace of predicted global
climate change.) Another environmental value provided by managed forests is wildlife habitat.
Forest wildlife benefits from managed stands will vary substantially depending on the chosen
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management regime.  For example, short pulpwood rotations in southern pine plantations will
produce little valuable wildlife habitat.  However, longer rotations which utilize natural
regeneration, for example, may produce valubale habitat for many species (see White Paper 4).

Where forest management replaces other land uses on previously unforested or cleared
lands such as marginal agricultural lands, the environmental benefits (e.g., wildlife habitat,
improved water quality) from such reforestation can be significant.183  This potential for
increased environmental benefits reflects the importance of where forest management occurs in
the landscape.  Beyond reforestation, many non-industrial private lands suffer today from
misguided or a lack of forest management.  Many forest stands, for example, have been
repeatedly "high-graded" or harvested in such a manner that erodes the value of the forest from
both an economic and a wildlife diversity standpoint.  For example, poorly planned clearcuts or
selection harvests in eastern hardwood forests can reduce the preponderance of oak in the next or
residual forest stand.  Oaks are highly valued in stumpage markets and produce mast that is
critical for many wildlife species.  Management which results in maintenance of natural tree
diversity, such as oaks, can improve both the income stream and the non-market benefits from
the forest.  Thus, improved forest management in degraded forests may be able to increase
benefits to the landowner, maintain the supply of valuable timber products, and improve the
environmental benefits from the forest.

In addition, many forest economists are increasingly aware of the impact that
urbanization may have on timber supplies in the east.184  Urban and suburban area residents are
increasingly adverse to the aesthetic impacts of clearcutting or other intensive forest practices in
their areas.  Forest management which utilizes uneven-aged management systems may reduce
opposition to timber management in urbanizing areas and thus maintain timber supplies at least
temporarily.  At the same time, profitable forest manangement techniques will contribute to
maintaining many of these stands in forest uses (and not urban ones), thereby increasing the
environmental benefits from the forest.

Several more social benefits have resulted from initiatives undertaken voluntarily by
private landowners.  For example, while the forest products industry has often been faulted for
its conversion of natural forests to monocultures, the industry can play a significant and positive
role in reforestation efforts that restore natural species.  One company has recognized the
commercial value of Atlantic white cedar, a wetland species whose original range has been
diminished substantially.  This company's research efforts into reforestation and growth of this
species could play an important role in restoring it in areas where it has been extirpated.185

Forest products companies also provide assistance to private forest landowners within the
framework of "landowner assistance programs," mentioned above.  Although such programs
may produce economic benefits for forest products companies (because the company retains the
option to buy timber if the landowner decides to sell), companies also assist landowners in
managing for nontimber values such as aesthetics, wildlife habitat, and so on.  Moreover, even in
the absence of such landowner assistance programs, some forest landowners (especially small
private landowners) may manage their land for nontimber values, producing social benefits by
maintaining natural forest values.
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Managed forestland -- both privately and publicly owned -- also is often used for research
on forest ecology, wildlife populations, and related subjects, providing a social benefit through
advances in scientific understanding of forests and of sound forest management.

Finally, some forest products companies have donated large areas of forest lands to
private trusts or public ownership, or have agreed to joint management of their own lands to
promote environmental values such as wildlife habitat.186
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1995 Environmental Defense Fund

Appendix A

To provide an example for the discussion of the costs of BMPs, graduate students at Duke's
School of the Environment used a forest growth model to simulate the effects of streamside
management zones (SMZs) on timber yield from a managed forest.  The core model used was
developed by faculty at the School of the Environment; the "submodel" introducing streamside
management zones was designed by the students.

Description of the model:  The stand used for the model was a 200-acre naturally
regenerated mixed hardwood stand in the Piedmont region of North Carolina.  Timber growth
was calculated over one rotation using standard growth tables for the region and forest type.
Perennial and intermittent stream lengths used in the model were 32.9 and 8.7 feet per acre,
respectively -- adding up to 6,580 and 1,738 feet, respectively, in the 200-acre model stand.b
Management consisted of two thinnings, at years 18 and 23, and a final harvest in year 35.
Harvesting was performed by clearcutting on all of the stand not in streamside management or
no-harvest zones.

The eight scenarios developed for the model are outlined in Table A1.  Each scenario specified
five parameters: the percentage of the timber volume in the SMZ that was harvested; the width
of the SMZ along perennial streams;  the width of the SMZ along intermittent streams; the width
of

Table A1. Description of scenarios used in the model.

Scenario % SMZ
volume cut

SMZ width
(perennial)

SMZ width
(intermittent)

No-cut zone
(perennial)

No-cut zone
(intermittent)

1. No buffer 100% 0.00 0.00 0.00 0.00
2. South Carolina
BMPs 50% 40 0 0 0
3. North Carolina
BMPs 25% 50 50 0 0
4. Oregon Forest
Practices Act 50% 50 30 20 0
5. Intermittent 50% 100.00 100.00 0.00 0.00
6. Intermittent, no-
cut zone 50% 80 80 20 20
7. Wide, with no-
cut zone 25% 100 50 50 20
8. Maximum
protection 25% 200 150 100 50
                                                

bPerennial streams flow throughout the year; intermittent streams are dry in some parts of
the year, but flow during wet seasons and after precipitation events.  The values for stream
lengths used in the model were calculated by averaging the measured stream lengths in four
stands on the Duke Forest.
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the no-harvest zone along perennial streams; and the width of the no-harvest zone along
intermittent streams.

Scenarios were designed to represent a range of possible streamside management options, from
no restrictions to extremely wide buffers along all perennial and intermittent streams.  In the
intermediate scenarios, parameters for buffer widths and the level of cut allowed within buffers
were based on existing BMP guidelines in various states and on recommendations found in the
scientific literature.

A primary cost of implementing SMZs is the opportunity cost incurred by the forgone timber left
in buffer strips and not harvested.  Therefore, the effects of various buffer strip scenarios on the
amount of timber sold at the end of a rotation is a good indicator of the relative costs of the
scenarios.c  Use of buffer strips may also affect other costs associated with harvesting. For
example, road construction costs may be incurred if roads have to be re-routed to allow for a
buffer strip.  Furthermore, felling costs associated with selective logging in the buffer strip may
differ from felling costs in the surrounding stand.  Because less timber is harvested in buffer
strips than in the surrounding stand (assuming even-aged management), harvesting costs per acre
may be less.  However, costs per unit of wood can be expected to increase, due to the added
costs of directional felling (to avoid felling logs into the stream) and the use of cables rather than
skidders to extract logs from the SMZ.  These costs are likely to be small compared to the
opportunity costs of forgone timber, and are not included in the figures for yield used below.

Three distinct analyses were performed:

1.  Stand yields were simulated for each of the eight scenarios, to provide baseline data and
allow for comparisons among the scenarios.

2.  Certain key parameters were varied over a wide range for three base scenarios.  This
represents both a kind of sensitivity analysis (to test what happens when the model's assumptions
are changed) and a simulation of the effect of making existing BMP requirements more or less
stringent.

3.  Using two scenarios based on current SMZ provisions in BMPs in two states, the additional
costs (in terms of forgone timber volume) of specific enhancements to the provisions were
explored.

                                                
cOn some sites, timber in buffer strips may be disproportionately valuable compared to

timber on upland soils, due to superior growing conditions.  If this were the case on a given site,
the economic cost of forgone timber in the SMZs would be greater than the cost of an equivalent
area of timber in the surrounding upland stand.  However, the extent and magnitude of this
possible effect are far from clear.  Moreover, for the most part this phenomenon would not have
a great impact on the relative yield reduction among the various SMZ scenarios.  (The expected
effect would be to reduce the per-acre costs of widening SMZs beyond the transition line
between more valuable and less valuable timber.)
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Results

As with any model, the results presented here should be viewed strictly as approximate
indications of the relative impacts on harvested yield associated with various SMZ options.
Actual yields depend heavily on stand type, site index, management regime, and so on.
Furthermore, the area contained in SMZs will vary greatly depending on the length of perennial
and intermittent streams.  The actual yield impact of SMZs will be incidental on stands with little
or no streamside area but much
larger on sites with long stream networks.  Similarly, site-specific factors such as the slope of
streambanks, the width of streams, and the value of streams for fishing or drinking water can
influence the desirable or specified width of SMZs, which in turn will have an important impact
on harvested yield.

1. Timber yield under various scenarios

The model produced values for the total timber yielded after one rotation.  Total timber yield is
the sum of the merchantable timber thinned and harvested from SMZs and the merchantable
timber thinned and harvested from the rest of the stand (excluding the no-harvest zones).  The
timber volume harvested from SMZs was calculated by multiplying the total volume of timber in
the SMZs (SMZ area times the assumed figures for yield per acre) by the percentage of timber
volume cut inside SMZs.  (Thinning volumes were calculated in the same way, although now the
percentage cut was relative to the rest of the stand, rather than an absolute value.  If a thinning
removed 20% of the timber volume in the rest of the stand, for example, and the percentage cut
was 50%, the thinning would remove 10% (i.e., 20% x 50%) of the volume inside the SMZ.)

As shown in Table A2 and Figure A1, the timber yield after one rotation varies greatly among
SMZ scenarios.  SMZ restrictions similar to those recommended in South Carolina's BMP
guidelines would cost the landowner somewhat over 14,000 cubic feet in forgone timber -- a
reduction equal to 3% of the yield that would have been possible without any restrictions.
Forgone yields are about 7% for restrictions similar to those specified in BMPs in North
Carolina and Oregon, and approximately 10% for the hypothetical scenarios that include
intermittent stream protection and no-cut zones.  As SMZs and no-cut zones increase in size,
forgone timber rises accordingly.

2. Effect of changes in key parameters:  sensitivity analysis

A separate set of model runs was performed to simulate the effects of altering four key
parameters: the percentage of the volume in the SMZ that was cut; the width of the SMZ along
perennial streams; SMZ width along intermittent streams; and the width of the no-cut zone (if
any).  These parameters were varied for three "base scenarios," corresponding to scenarios 2
(South Carolina), 3 (North Carolina), and 6 (Intermittent no-cut).   In each scenario, the given
parameter was varied over a range as all other values were held constant.  (For example, to test
the effect of the percentage of timber volume cut in the SMZ, using North Carolina as the base,
SMZ widths were held at 50 feet along both perennial and intermittent streams as the percentage
cut varied.)
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T a b le  A 2 .  S im u la te d  t im b e r yie ld s  u n d e r e ig h t  S M Z  sce n a rio s .
In  cub ic fee t .

S cenario D escrip t ion Th inn ing  1 Th inn ing  2 H arvest To ta l Y ie ld  per acre Percent reduct ion

1 No restric t ion 53 ,936 48,688 368,398 4 7 1 ,0 2 2 2 ,355 0.0%
2 S outh  Caro lina  B M Ps 51 ,876 46,829 354,328 4 5 6 ,7 9 2 2 ,284 3.0%
3 North  Caro lina  B M Ps 50 ,073 45,202 342,017 4 3 7 ,2 9 3 2 ,186 7.2%
4 Oregon  F PA 49,947 45,087 341,151 4 3 6 ,1 8 5 2 ,181 7.4%
5 In te rm it ten t 48 ,786 44,040 333,224 4 2 6 ,0 5 0 2 ,130 9.5%
6 In te rm it ten t  no-cu t 47 ,756 43,110 326,189 4 2 1 ,7 5 4 2 ,109 10.5%
7 W ide no-cu t 42 ,514 38,378 290,385 3 7 1 ,2 7 7 1 ,856 21.2%
8 M ax pro tect ion 30 ,070 27,145 205,391 2 6 2 ,6 0 6 1 ,313 44.2%

0 5 0 0 1 0 0 0 1 5 0 0 2 0 0 0 2 5 0 0
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S im ula te d  to ta l tim b e r y ie ld  a fte r o ne  ro ta tio n.
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The most useful parts of this analysis are the parameter variations using South Carolina and
North Carolina BMPs.  Within the limitations of the model, varying parameters of the BMPs
simulates how changes in existing requirements might affect timber yields.  Figures A2 and A3
show the effects of changing the width of the SMZ along perennial streams and the amount of
timber cut in the South Carolina base case .  Figures A4 and A5 demonstrate the effects of
changing the same parameters in the North Carolina base case.  The effect of varying SMZ width
along intermittent streams was tested, but is not included here because it is equivalent to the
effect of varying SMZ width along perennial streams.

Two conclusions can be drawn from Figures A2 - 5.  First, the sensitivity of yield to varying
SMZ width is greater than to increasing or decreasing the percentage of volume removed from
the SMZ.  Reducing the percentage cut to 10% from the base value (50% or 25%) only reduced
timber yields by a few percent.  On the other hand, increasing the width of the SMZ to 200 feet
led to a more sizable reduction in yield -- slightly less than fifteen percent in the South Carolina
scenario, and slightly more in the North Carolina scenario.  (The yield reduction was greater in
North Carolina because the North Carolina scenario allows only 25% of the timber volume in
SMZs to be cut, rather than 50%.  Therefore, the effect of increasing the area in SMZs is more
pronounced.)

The second and more important conclusion from these figures is that the effect on yield of
increasing either variable is relatively modest.  In the South Carolina base case, for example,
increasing the SMZ width from 40 feet to 100 feet reduces yields by less than 5%.  Likewise,
doubling the width of the SMZ along perennial streams (from 50 to 100 feet) would decrease
timber yield by only 6%.  Although these reductions in yield are fairly small, extending SMZs
could potentially increase the level of water quality protection dramatically (see White Paper #4
for a discussion of the environmental benefits of SMZs.)  As already noted, meanwhile, large
reductions in the percentage of SMZ volume cut have even less effecton timber yield.  (As noted
above, a full calculation of the costs of widening buffer strips would also have to take into
account potential added costs from road construction (e.g., if roads were already present within
the projected buffer and would have to be moved) as well as the costs of harvesting in the buffer
strip.)

The variations performed under the third base scenario, the hypothetical "Intermittent no-cut" set
of restrictions, confirmed that yield is more sensitive to changes in buffer strip width than to
changes in the percentage cut allowed.  As might be expected, changes in the width of the no-cut
zone followed a similar pattern to the changes in SMZ width but were greater in magnitude.
This is consistent with the contrast, noted above, between the magnitude of yield reductions in
the North Carolina and South Carolina scenarios when SMZ width was increased; in this case,
the no-harvest zone essentially represents an SMZ with zero percent harvesting allowed.

3. Incremental costs of additional SMZ enhancements

The third analysis examines the incremental costs of specific enhancements to existing state
SMZ restrictions.  Again, the analysis is based on the South Carolina and North Carolina BMPs.
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Figure A2.  Effect on timber yield of SMZ width along perennial streams
Base case: South Carolina BMPs
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Figure A4.  Effect on timber yield of SMZ width along perennial streams
Base case: North Carolina BMPs

0

10

20

30

40

50

60

70

80

90

100

110

120

98.5
102.6

Percent of volume cut

In
de

x 
(2

5%
 c

ut
 =

 1
00

)

10 15 20 25 30 35 40 45 50

Figure A5. Effect on timber yield of volume cut in SMZ
Base case: North Carolina BMPs



110

For South Carolina, the effect of adding 40-foot buffers on intermittent streams was simulated.
South Carolina already requires 40-foot SMZs along perennial streams.  The simulation assumed
that all other parameters remained constant, and that the 50% level of cutting permitted along
perennial streams would apply to intermittent SMZs.

Somewhat surprisingly, the effect of adding intermittent streams was almost inconsequential:

Base case Intermittent SMZs    Percent reduction

Timber yield (cu. ft.) 456,792 453,033     0.8 %

Again, these results are simulations, rather than empirical data.  However, to they extent they
reflect real-world conditions, the implication is that adding SMZs along intermittent streams on a
site with characteristics similar to the model stand -- an important step in safeguarding water
quality (see White Paper #4) -- would have very small impacts on timber yield and thus on
forgone revenue.  Of course, the actual impact of adding SMZs to intermittent streams, like the
impact of any management decision, depends greatly on site conditions; the result would be
much different in a site with a more extensive intermittent stream network.

For the North Carolina scenario, the incremental analysis focused on the effect of adding no-cut
zones, first along perennial and then all streams.  These zones, in which no harvesting would
take place, would be in addition to existing SMZs; they would lie immediately adjacent to
streambanks, and SMZs would be displaced away from the stream -- remaining as wide as
before, but starting at the edge of the no-cut zone.  Again, the effects on yield are fairly slight:

Effects of adding no-cut zones along:
Base scenario Perennial      %    All      %

streams reduction streams reduction

Yield (cu.ft.)       437,293 423,063     3.3% 419,304     4.1%

The environmental benefits of such a SMZ enhancement could be substantial, as discussed in
White Paper #4: developing and retaining mature or even old-growth forest conditions in
corridors along streams, even if only 20 feet wide, could greatly improve wildlife habitat and
stream structure.
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ENDNOTES

                                                
11TThhee  FFoorreesstt  SSeerrvviiccee''ss  pprroojjeeccttiioonnss  rreeppoorrtteedd  iinn  tthhiiss  ppaappeerr  aarree  ddeerriivveedd  ffrroomm  aapppplliiccaattiioonn  aanndd  lliinnkkaaggee
ooff  iittss  ffoorreesstt  sseeccttoorr  mmooddeellss::    NNAAPPAAPP,,  tthhee  NNoorrtthh  AAmmeerriiccaann  PPuullpp  aanndd  PPaappeerr  mmooddeell,,  aa  sseeccttoorraall  mmooddeell
ooff  ddeemmaanndd,,  ssuuppppllyy  aanndd  tteecchhnnoollooggyy  ffoorr  tthhee  ppuullpp  aanndd  ppaappeerr  sseeccttoorr  iinn  tthhee  UU..SS..  aanndd  CCaannaaddaa;;  AATTLLAASS,,
tthhee  AAggggrreeggaattee  TTiimmbbeerrllaanndd  AAsssseessssmmeenntt  SSyysstteemm,,  aa  ffoorreesstt  iinnvveennttoorryy  cchhaannggee  mmooddeell  ffoorr  pprriivvaattee
ttiimmbbeerrllaanndd  iinn  tthhee  UU..SS..;;  aanndd  TTAAMMMM,,  tthhee  TTiimmbbeerrllaanndd  AAsssseessssmmeenntt  MMaarrkkeett  MMooddeell,,  aann  eeccoonnoommiicc
mmooddeell  ooff  tthhee  UU..SS..  ffoorreesstt  sseeccttoorr..    MMooddeellss  aanndd  aassssuummppttiioonnss  aarree  ddeessccrriibbeedd  iinn  ddeettaaiill  iinn  IInnccee,,  PP..JJ..  eett
aall..((11999933))  TThhee  NNoorrtthh  AAmmeerriiccaann  PPuullpp  aanndd  PPaappeerr  ((NNAAPPAAPP))  MMooddeell,,  UUSSDDAA  FFoorreesstt  SSeerrvviiccee,,  UU..SS..
FFoorreesstt  PPrroodduuccttss  LLaabboorraattoorryy::  MMaaddiissoonn,,  WWII;;  AAddaammss,,  DD..MM..  aanndd  HHaayynneess,,  RR..WW..  ((11998800))  ""TThhee  11998800
TTiimmbbeerr  AAsssseessssmmeenntt  MMaarrkkeett  MMooddeell::    SSttrruuccttuurree,,  PPrroojjeeccttiioonnss  aanndd  PPoolliiccyy  IImmpplliiccaattiioonnss,,""  FFoorreesstt
SScciieennccee  2266((33))::  MMoonnooggrraapphh  2222,,  6644  pppp..;;  aanndd  HHaayynneess,,  RR..WW..  aanndd  AAddaammss,,  DD..MM..  ((11998855))  SSiimmuullaattiioonnss  ooff
tthhee  EEffffeeccttss  ooff  AAlltteerrnnaattiivvee  AAssssuummppttiioonnss  oonn  DDeemmaanndd--SSuuppppllyy  DDeetteerrmmiinnaannttss  ooff  tthhee  TTiimmbbeerr  SSiittuuaattiioonn
iinn  tthhee  UUnniitteedd  SSttaatteess,,  WWaasshhiinnggttoonn,,  DDCC::  UU..SS..  DDeeppaarrttmmeenntt  ooff  AAggrriiccuullttuurree,,  FFoorreesstt  SSeerrvviiccee,,  FFoorreesstt
RReessoouurrcceess  EEccoonnoommiiccss  RReesseeaarrcchh,,  111133  pppp..
22RReessoouurrccee  IInnffoorrmmaattiioonn  SSyysstteemmss,,  IInncc..,,  TTiimmbbeerr  RReevviieeww,,  DDeecceemmbbeerr  11999944::  1100((44));;  aanndd  RReessoouurrccee
IInnffoorrmmaattiioonn  SSyysstteemmss,,  IInncc..,,  PPuullpp  aanndd  PPaappeerr  RReevviieeww,,    JJuullyy  11999955::  1199((22))..
33PPoowweellll,,  DD..SS..  eett  aall..  FFoorreesstt  RReessoouurrcceess  ooff  tthhee  UUnniitteedd  SSttaatteess,,  11999922,,  GGeenn..  TTeecchh..  RReeppoorrtt  RRMM--223344  ((FFoorrtt
CCoolllliinnss,,  CCOO::  UUSSDDAA  FFoorreesstt  SSeerrvviiccee,,  RRoocckkyy  MMoouunnttaaiinn  FFoorreesstt  aanndd  RRaannggee  EExxppeerriimmeenntt  SSttaattiioonn,,
SSeepptteemmbbeerr  11999933)),,  cciitteedd  iinn  HHaayynneess  RR..WW..  eett  aall..  ((11999955))  TThhee  11999933  RRPPAA  TTiimmbbeerr  AAsssseessssmmeenntt  UUppddaattee,,
UUSSDDAA  FFoorreesstt  SSeerrvviiccee,,  GGeenneerraall  TTeecchhnniiccaall  RReeppoorrtt  RRMM--225599  ((FFoorrtt  CCoolllliinnss,,  CCOO::  UUSSDDAA  FFoorreesstt
SSeerrvviiccee,,  RRoocckkyy  MMoouunnttaaiinn  FFoorreesstt  aanndd  RRaannggee  EExxppeerriimmeenntt  SSttaattiioonn,,  MMaarrcchh  11999955))..
44HHaayynneess,,  RR..WW..  eett  aall..  ((11999955)),,  oopp..  cciitt..,,  pp..  3377..
55HHaayynneess  eett  aall..  ((11999955)),,  oopp..  cciitt..,,  pp..  4455;;  AAddaammss,,  DDaarriiuuss  MM..  aanndd  RRiicchhaarrdd  WW..  HHaayynneess..    11999911..
““SSooffttwwoooodd  ttiimmbbeerr  ssuuppppllyy  aanndd  tthhee  ffuuttuurree  ooff  tthhee  ssoouutthheerrnn  ffoorreesstt  eeccoonnoommyy..””    SSoouutthheerrnn  JJoouurrnnaall  ooff
AApppplliieedd  FFoorreessttrryy  1155((11))::3311--3377..
66HHaayynneess  eett  aall..  ((11999955)),,  oopp..  cciitt..,,  FFiigguurree  11,,  pp..  99..
77IInn  tthhiiss  ppaappeerr  wwee  wwiillll  ffoollllooww  tthhee  ccoonnvveennttiioonnss  ooff  tthhee  UUSSDDAA  FFoorreesstt  SSeerrvviiccee,,  wwhhiicchh  ddeeffiinneess  ttwwoo
ssoouurrcceess  ooff  ppuullppwwoooodd::    mmaannuuffaaccttuurriinngg  rreessiidduueess,,  wwhhiicchh  aarree  ggeenneerraatteedd  aatt  ssaawwmmiillllss  oorr  ootthheerr  wwoooodd
pprroocceessssiinngg  ffaacciilliittiieess,,  aanndd  rroouunnddwwoooodd,,  wwhhiicchh  eennccoommppaasssseess  aallll  ppuullppwwoooodd  tthhaatt  iiss  bbrroouugghhtt  ddiirreeccttllyy
ffrroomm  tthhee  ffoorreesstt  ttoo  tthhee  ppuullpp  mmiillll,,  iinncclluuddiinngg  wwoooodd  tthhaatt  iiss  cchhiippppeedd  aatt  tthhee  ssiittee  ooff  hhaarrvveesstt..
88HHaayynneess  eett  aall..  ((11999955)),,  oopp..  cciitt..,,  TTaabbllee  2244,,  pp..  3344..
99HHaayynneess  eett  aall..  ((11999955)),,  oopp..  cciitt..,,  pp..  22..
1100AAmmeerriiccaann  FFoorreesstt  &&  PPaappeerr  AAssssoocciiaattiioonn  ((11999955)),,  11999955  AAnnnnuuaall  SSttaattiissttiiccaall  SSuummmmaarryy::    RReeccoovveerreedd
PPaappeerr  UUttiilliizzaattiioonn  ((WWaasshhiinnggttoonn,,  DD..CC..::  AAFF&&PPAA)),,  pp..  8811..
1111AAmmeerriiccaann  FFoorreesstt  &&  PPaappeerr  AAssssoocciiaattiioonn  ((11999955)),,  oopp..  cciitt;;  AAmmeerriiccaann  FFoorreesstt  &&  PPaappeerr  AAssssoocciiaattiioonn
((11999944aa)),,  11999944  SSttaattiissttiiccss  ooff  PPaappeerr,,  PPaappeerrbbooaarrdd  &&  WWooooddppuullpp  ((WWaasshhiinnggttoonn,,  DD..CC..::  AAFF&&PPAA)),,  TTaabbllee
XXIIII,,  pppp..  3388--3399;;  FFrraannkklliinn  AAssssoocciiaatteess  ((11999933)),,  TThhee  OOuuttllooookk  ffoorr  PPaappeerr  RReeccoovveerryy  ttoo  tthhee  YYeeaarr  22000000,,
EExxeeccuuttiivvee  SSuummmmaarryy,,  pprreeppaarreedd  ffoorr  tthhee  AAmmeerriiccaann  FFoorreesstt  &&  PPaappeerr  AAssssoocciiaattiioonn,,  WWaasshhiinnggttoonn,,  DDCC,,
NNoovveemmbbeerr  11999933,,  pp..  55;;  PPuullpp  &&  PPaappeerr  WWeeeekk  ((11999955))  ""UU..SS..  ppaappeerr  iinndduussttrryy  eexxppoorrttss  jjuummppeedd  1133..99%%  ttoo
nneeww  rreeccoorrdd  iinn  11999944;;  ddeeffiicciitt  nneeaarrllyy  ggoonnee,,""  cciittiinngg  ffiigguurreess  ffrroomm  tthhee  AAmmeerriiccaann  FFoorreessttrryy  &&  PPaappeerr
AAssssoocciiaattiioonn,,  MMaarrcchh  2200,,  11999955,,  pppp..  77--88..
1122SSeeee  rreecceenntt  nneewwssppaappeerr  aarrttiicclleess  iinn  TThhee  WWaallll  SSttrreeeett  JJoouurrnnaall  ((SSeepptt..  1199,,  11999944,,  pp..  BB11)),,  TThhee  NNeeww  YYoorrkk
TTiimmeess  ((OOcctt..  88,,  11999944,,  pp..  11))  aanndd  TThhee  CChhrriissttiiaann  SScciieennccee  MMoonniittoorr  ((OOcctt..  1144,,  11999944,,  pp..  88))..
1133AAmmeerriiccaann  FFoorreesstt  &&  PPaappeerr  AAssssoocciiaattiioonn  ((11999955)),,  oopp..  cciitt..
1144IInnccee,,  PP..JJ..  ((11999944aa)),,  RReeccyycclliinngg  aanndd  LLoonngg--RRaannggee  TTiimmbbeerr  OOuuttllooookk,,  GGeenn..  TTeecchh..  RReepptt..  RRMM--224422  ((FFoorrtt
CCoolllliinnss,,  CCOO::  UUSSDDAA  FFoorreesstt  SSeerrvviiccee,,  RRoocckkyy  MMoouunnttaaiinn  FFoorreesstt  aanndd  RRaannggee  EExxppeerriimmeenntt  SSttaattiioonn,,
FFeebbrruuaarryy  11999944))..
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1155FFrraannkklliinn  AAssssoocciiaatteess  ((11999933)),,  oopp..  cciitt..,,  pp..  77;;  AAmmeerriiccaann  FFoorreesstt  &&  PPaappeerr  AAssssoocciiaattiioonn,,  pprreessss  rreelleeaassee
ddaatteedd  DDeecceemmbbeerr  88,,  11999933,,  ""UU..SS..  PPaappeerr  IInndduussttrryy  SSeettss  GGooaall  ttoo  RReeccoovveerr  HHaallff  ooff  AAllll  PPaappeerr  UUsseedd,,""
WWaasshhiinnggttoonn,,  DDCC..
1166HHaayynneess  eett  aall..  ((11999955)),,  oopp..  cciitt..,,  pp..  2299;;  aanndd  IInnccee,,  PP..JJ..  ((11999944aa)),,  oopp..  cciitt..    MMuucchh  tthhee  ssaammee  iinnffoorrmmaattiioonn
iiss  ggiivveenn  iinn  mmoorree  ddeettaaiill  iinn  IInnccee,,  PP..JJ..  ((11999944bb))  RReeccyycclliinngg  aanndd  LLoonngg--RRaannggee  TTiimmbbeerr  OOuuttllooookk  --
BBaacckkggrroouunndd  RReesseeaarrcchh  RReeppoorrtt  ffoorr  tthhee  11999933  RRPPAA  AAsssseessssmmeenntt  UUppddaattee,,  RReesseeaarrcchh  PPaappeerr  FFPPLL--RRPP--
553344((MMaaddiissoonn,,  WWII::    UUSSDDAA  FFoorreesstt  SSeerrvviiccee,,  FFoorreesstt  PPrroodduuccttss  LLaabboorraattoorryy,,  OOccttoobbeerr  11999944))..
TThhee  11998899  bbaassee  ccaassee  pprroojjeeccttiioonnss  aarree  iinn  UUSSDDAA  FFoorreesstt  SSeerrvviiccee,,  AAnn  AAnnaallyyssiiss  ooff  tthhee  TTiimmbbeerr  SSiittuuaattiioonn
iinn  tthhee  UUnniitteedd  SSttaatteess::  11998899--22004400  ((RRiicchhaarrdd  MM..  HHaayynneess,,  TTeecchhnniiccaall  CCoooorrddiinnaattoorr)),,    GGeenn..  TTeecchh..  RReepptt..
RRMM--119999,,    RRoocckkyy  MMoouunnttaaiinn  FFoorreesstt  aanndd  RRaannggee  EExxppeerriimmeenntt  SSttaattiioonn,,  DDeecceemmbbeerr  11999900..

TThhee  mmoorree  aaggggrreessssiivvee  rreeccyycclliinngg  sscceennaarriioo  ccoonnssiiddeerreedd  bbyy  IInnccee  iinnccoorrppoorraatteess  ggoovveerrnnmmeenntt
wwaassttee--rreedduuccttiioonn  iinniittiiaattiivveess  aass  wweellll  aass  hhiigghheerr  rreeccyycclliinngg;;  nnoottee  tthhaatt  iitt  pprreeddiiccttss  aann  aaccttuuaall  ((aalltthhoouugghh
tteemmppoorraarryy))  ddeecclliinnee  iinn  ppuullppwwoooodd  pprroodduuccttiioonn  iinn  tthhee  ffiirrsstt  ddeeccaaddeess  ooff  tthhee  nneexxtt  cceennttuurryy..
1177IInnccee  ((11999944aa)),,  oopp..  cciitt..,,  pppp..  1111--1144..
1188MMiixxoonn,,  JJ..WW..  eett  aall..  ((11999944))  ""OOnn  tthhee  eeccoonnoommiiccss  ooff  ttrreeee  ffaarrmmiinngg  aanndd  ccaarrbboonn  ssttoorraaggee,,""  TThhee  SScciieennccee
ooff  tthhee  TToottaall  EEnnvviirroonnmmeenntt  115522,,  pppp..  220077--221122..
1199IInnccee  ((11999944aa)),,  oopp..  cciitt..,,  pp..  22..
2200HHaayynneess  eett  aall..  ((11999955)),,  oopp..  cciitt..,,  pp..  22..
2211RReessoouurrccee  IInnffoorrmmaattiioonn  SSyysstteemmss,,  IInncc..,,  TTiimmbbeerr  RReevviieeww,,  DDeecceemmbbeerr  11999944::  1100((44))
2222CCuubbbbaaggee,,  FFrreeddeerriicckk  WW..  eett  aall..  ((11999955))  ““TTiimmbbeerr  ssuuppppllyy  iinn  tthhee  SSoouutthh::    WWhheerree  iiss  aallll  tthhee  wwoooodd??””
JJoouurrnnaall  ooff  FFoorreessttrryy  9933((77))::  1166--2200..
2233TThhiiss  ddiissccuussssiioonn  wwiillll  ffooccuuss  oonn  tthhee  tthhrreeee  mmaajjoorr  UU..SS..  rreeggiioonnss::    SSoouutthh,,  NNoorrtthh  aanndd  WWeesstt..    RReeggiioonnss
vvaarryy  ssoommeewwhhaatt  bbeettwweeeenn  ssoouurrcceess;;  ii..ee..,,  ddiiffffeerreenntt  aauutthhoorrss  ddrraaww  rreeggiioonnaall  bboouunnddaarriieess  ddiiffffeerreennttllyy..
SShhaarreedd  aaggeennccyy  aalllleeggiiaannccee  iiss  nnoott  aa  gguuaarraanntteeee  ooff  ccoonnssiisstteennccyy..    GGeenneerraallllyy,,  tthhee  rreeggiioonnss  aarree  aass  ffoolllloowwss::
tthhee  SSoouutthh  iinncclluuddeess  tthhee  SSoouutthheeaasstt  ((FFLL,,  GGAA,,  NNCC,,  SSCC,,  VVAA))  aanndd  tthhee  SSoouutthh  CCeennttrraall  ((AALL,,  AARR,,  KKYY,,
LLAA,,  MMSS,,    OOKK,,  TTNN,,  TTXX));;  tthhee  NNoorrtthh  ccoommpprriisseess  tthhee  NNoorrtthheeaasstt  ((CCTT,,  DDEE,,  MMAA,,  MMDD,,  MMEE,,  NNHH,,  NNJJ,,
NNYY,,  PPAA,,  RRII,,  VVTT,,  WWVV))  aanndd  tthhee  NNoorrtthh  CCeennttrraall  ((IIAA,,  IILL,,  IINN,,  KKSS,,  MMII,,  MMNN,,  MMOO,,  NNDD,,  NNBB,,  OOHH,,  SSDD,,
WWII));;  aanndd  tthhee  WWeesstt  iiss  ddiivviiddeedd  iinnttoo  tthhee  PPaacciiffiicc  CCooaasstt  ((AAKK,,  CCAA,,  HHII,,  OORR,,  WWAA))  aanndd  tthhee  RRoocckkyy
MMoouunnttaaiinnss,,  wwhhiicchh  iiss  eevveerryytthhiinngg  eellssee..    DDeeffiinniittiioonnss  ddiiffffeerr  sslliigghhttllyy  iinn  AAFF&&PPAA  ffiigguurreess  aanndd  iinn  ssoommee
FFoorreesstt  SSeerrvviiccee  rreeppoorrttss,,  bbuutt  tthhee  ddiissppuutteedd  ssttaatteess  mmoosstt  oofftteenn  aarree  mmiinnoorr  ppuullppwwoooodd  pprroodduucceerrss::
KKeennttuucckkyy  iiss  ssoommeettiimmeess  iinncclluuddeedd  iinn  tthhee  NNoorrtthh  CCeennttrraall;;  WWeesstt  VViirrggiinniiaa  aanndd  MMaarryyllaanndd  iinn  tthhee
SSoouutthheeaasstt;;  aanndd  tthhee  GGrreeaatt  PPllaaiinnss  ssttaatteess  iinn  tthhee  WWeesstt..
2244PPuullppwwoooodd  pprroodduuccttiioonn  ddaattaa  ffoorr  11999911  hhaavvee  bbeeeenn  ccoommppiilleedd  ffrroomm  vvaarriioouuss  ssoouurrcceess..    BByy  rreeggiioonn,,  tthheessee
aarree::  NNoorrtthheeaasstt::  RRiicchhaarrdd  WWiiddmmaannnn,,  UUnnppuubblliisshheedd  ddaattaa,,  UUSSDDAA  FFoorreesstt  SSeerrvviiccee  NNoorrtthheeaasstt  FFoorreesstt
EExxppeerriimmeenntt  SSttaattiioonn,,  RRaaddnnoorr,,  PPAA,,  pprroovviiddeedd  ttoo  NNaatthhaanniieell  KKeeoohhaannee,,  EEnnvviirroonnmmeennttaall  DDeeffeennssee  FFuunndd,,
11999944..  NNoorrtthh  CCeennttrraall::  RR..LL..  HHaacckkeetttt  aanndd  RR..JJ..  PPiivvaa,,  ""PPuullppwwoooodd  pprroodduuccttiioonn  iinn  tthhee  NNoorrtthh--CCeennttrraall
rreeggiioonn,,  11999911,,""  RReess..  BBuullll..  NNCC--115522  ((SStt..  PPaauull,,  MMNN::  UUSSDDAA  FFoorreesstt  SSeerrvviiccee,,  NNoorrtthh  CCeennttrraall  FFoorreesstt
EExxppeerriimmeenntt  SSttaattiioonn,,  11999933))..    SSoouutthh::  MMiicchhaaeell  HHoowweellll,,  ""SSoouutthheerrnn  PPuullppwwoooodd  PPrroodduuccttiioonn,,  11999911,,""
RReess..  BBuullll..  SSEE--113377  ((AAsshheevviillllee,,  NNCC::  UUSSDDAA  FFoorreesstt  SSeerrvviiccee,,  SSoouutthheeaasstteerrnn  FFoorreesstt  aanndd  RRaannggee
EExxppeerriimmeenntt  SSttaattiioonn,,  11999933))..  WWeesstt::  AAmmeerriiccaann  PPuullppwwoooodd  AAssssoocciiaattiioonn,,  ""MMoonntthhllyy  PPuullppwwoooodd
SSuummmmaarriieess,,""  JJaannuuaarryy,,  11999911  --  DDeecceemmbbeerr,,  11999911..

AA  nnoottee  oonn  tthhee  AAmmeerriiccaann  PPuullppwwoooodd  AAssssoocciiaattiioonn  ddaattaa::    AAPPAA  ppuubblliisshheess  ppuullppwwoooodd
ccoonnssuummppttiioonn  ddaattaa  iinn  mmoonntthhllyy  ppuullppwwoooodd  ssuummmmaarriieess,,  bbaasseedd  oonn  ppuullppwwoooodd  rreecceeiippttss  ffrroomm  iinnddiivviidduuaall
mmiillllss..    HHoowweevveerr,,  tthheessee  ddaattaa  ddiiffffeerr  ffrroomm  ootthheerr  ppuullppwwoooodd  ddaattaa  uusseedd  hheerreeiinn  iinn  ttwwoo  wwaayyss..    FFiirrsstt,,  tthhee
AAPPAA  ffiigguurreess  iinncclluuddee  ppuullppwwoooodd  ccoonnssuummeedd  aatt  mmiillllss  mmaakkiinngg  nnoonn--ppuullpp  pprroodduuccttss,,  ssuucchh  aass  oorriieenntteedd
ssttrraanndd  bbooaarrdd  aanndd  ppaarrttiicclleebbooaarrdd..    BBeeccaauussee  ccoonnssuummppttiioonn  ddaattaa  ffrroomm  AAFF&&PPAA  iinncclluuddeess  oonnllyy  tthhaatt  wwoooodd
ccoonnssuummeedd  iinn  wwooooddppuullpp  mmaannuuffaaccttuurree,,  tthheerree  iiss  aa  ssyysstteemmaattiicc  ggaapp  bbeettwweeeenn  AAPPAA''ss  aanndd  AAFF&&PPAA''ss
ffiigguurreess  ooff  aabboouutt  55%%,,  tthhee  ffrraaccttiioonn  ooff  ttoottaall  ppuullppwwoooodd  pprroodduuccttiioonn  tthhaatt  ccuurrrreennttllyy  ggooeess  ttoo  nnoonn--ppuullpp
mmiillllss..
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SSeeccoonndd,,  tthhee  AAPPAA  ddaattaa  rreepprreesseenntt  ppuullppwwoooodd  ccoonnssuummppttiioonn,,  wwhhiicchh  ccaannnnoott  ggeenneerraallllyy  bbee  uusseedd

aass  aa  ssuurrrrooggaattee  ffoorr  ppuullppwwoooodd  pprroodduuccttiioonn,,  bbeeccaauussee  mmiillllss  iinn  oonnee  rreeggiioonn  mmaayy  ccoonnssuummee  ppuullppwwoooodd  tthhaatt
wwaass  pprroodduucceedd  iinn  aannootthheerr  rreeggiioonn..    FFoorr  aallll  rreeggiioonnss  eexxcceepptt  tthhee  WWeesstt,,  tthheerreeffoorree,,  wwee  hhaavvee  uusseedd  tthhee
mmoosstt  rreecceenntt  UUSSDDAA  FFoorreesstt  SSeerrvviiccee  rreeggiioonnaall  ddaattaa  oonn  ppuullppwwoooodd  pprroodduuccttiioonn  ((cciitteedd  aabboovvee)),,  wwhhiicchh  aarree
ffoorr  11999911..    HHoowweevveerr,,  bbeeccaauussee  tthhee  FFoorreesstt  SSeerrvviiccee  ddooeess  nnoott  ppuubblliisshh  ppuullppwwoooodd  rreeppoorrttss  ffoorr  tthhee  WWeesstt
rreeggiioonn,,  tthhee  11999911  AAPPAA  ccoonnssuummppttiioonn  ddaattaa  ffoorr  tthhiiss  rreeggiioonn  hhaavvee  bbeeeenn  uusseedd  iinnsstteeaadd..    DDuuee  ttoo  tthhee  ssiizzee
aanndd  rreellaattiivvee  iissoollaattiioonn  ooff  WWeesstteerrnn  ppuullpp  mmiillllss  ffrroomm  tthhee  rreesstt  ooff  tthhee  ccoouunnttrryy,,  tthhee  ppuullppwwoooodd
ccoonnssuummppttiioonn  ddaattaa  sshhoouulldd  bbee  aa  rreeaassoonnaabbllee  eessttiimmaattee  ooff  ppuullppwwoooodd  pprroodduuccttiioonn  iinn  tthhee  rreeggiioonn..
2255IInnccee  ((11999944bb)),,  oopp..  cciitt..
2266UUSS  DDeeppaarrttmmeenntt  ooff  AAggrriiccuullttuurree,,  FFoorreesstt  SSeerrvviiccee,,  ((11998888))  TThhee  SSoouutthh''ss  FFoouurrtthh  FFoorreesstt,,  FFoorreesstt  RReess..
RReepptt..  NNoo..  2244  ((WWaasshhiinnggttoonn,,  DD..CC..::  UU..SS..  GGoovvtt..  PPrriinnttiinngg  OOffffiiccee)),,  11998888,,  pppp..  111133--111144..    WWhhiillee  ppiinnee
ppllaannttaattiioonnss  wweerree  iinnccrreeaassiinngg  rraappiiddllyy  aass  aa  pprrooppoorrttiioonn  ooff  ppiinnee  ffoorreesstt,,  ttoottaall  ppiinneellaanndd  ((ppllaannttaattiioonnss  pplluuss
nnaattuurraall  ppiinnee  ffoorreesstt))  ddeeccrreeaasseedd  bbyy  1122  mmiilllliioonn  aaccrreess  bbeettwweeeenn  11995522  aanndd  11998855,,  ffrroomm  7744  ttoo  6622  mmiilllliioonn
aaccrreess  ----  aa  1166%%  ddrroopp..    SSeeee  aallssoo  HHaayynneess  eett  aall..  ((11999955)),,  oopp..  cciitt..,,  pp..  5588..
2277IInncclluuddeess  aallll  ffoorreessttss  wwiitthh  mmoorree  tthhaann  5500%%  ppiinnee  ccoommppoossiittiioonn::  nnaattuurraall  ppiinnee  ffoorreessttss,,  iinn  wwhhiicchh  ppiinnee
mmaakkeess  uupp  5500%%  oorr  mmoorree  ooff  tthhee  ssttaanndd,,  aanndd  ppiinnee  ppllaannttaattiioonnss..    TTooggeetthheerr,,  tthheessee  ttwwoo  ffoorreesstt  ttyyppeess
aaccccoouunntt  ffoorr  tthhrreeee--qquuaarrtteerrss  ooff  ppiinnee  ppuullppwwoooodd  hhaarrvveessttss,,  rriissiinngg  ttoo  8855%%  bbyy  tthhee  yyeeaarr  22003300..    EExxcclluuddeess
mmiixxeedd  ppiinnee--hhaarrddwwoooodd  ffoorreessttss,,  iinn  wwhhiicchh  oovveerr  hhaallff  tthhee  ssttaanndd  iiss  hhaarrddwwooooddss  ((uussuuaallllyy  ooaakkss))  aanndd  2255--4499
ppeerrcceenntt  iiss  ppiinnee..    UUSSDDAA  FFoorreesstt  SSeerrvviiccee  ((11998888)),,  oopp..  cciitt..
2288DDaattaa  pprroovviiddeedd  ttoo  tthhee  PPaappeerr  TTaasskk  FFoorrccee  bbyy  RRiicchhaarrdd  HHaayynneess,,  PPaacciiffiicc  NNoorrtthhwweesstt  RReesseeaarrcchh  SSttaattiioonn,,
UUSSDDAA  FFoorreesstt  SSeerrvviiccee,,  PPoorrttllaanndd,,  OORR,,  bbyy  lleetttteerr  ddaatteedd  JJuunnee  1166,,  11999955;;  tthhee  ddaattaa  ssuupppplleemmeenntt  tthhoossee
pprroovviiddeedd  iinn  HHaayynneess  eett  aall..,,  11999955..
2299UUSSDDAA  FFoorreesstt  SSeerrvviiccee  ddaattaa  cciitteedd  iinn  aa  ddrraafftt  rreeppoorrtt  ooff  tthhee  GGoovveerrnnoorr’’ss  TTaasskk  FFoorrccee  oonn  FFoorreesstt
SSuussttaaiinnaabbiilliittyy,,  SSttaattee  ooff  NNoorrtthh  CCaarroolliinnaa,,  SSeepptteemmbbeerr  11999955..
3300SShheeffffiieelldd,,  RRaayymmoonndd  MM..  aanndd  JJoohhnnssoonn,,  TToonnyy  GG..,,  GGeeoorrggiiaa’’ss  FFoorreessttss,,  11998899,,  UUSSDDAA  FFoorreesstt  SSeerrvviiccee,,
RReessoouurrccee  BBuulllleettiinn  SSEE--113333,,  FFoorreessttrryy  IInnvveennttoorryy  aanndd  AAnnaallyyssiiss,,  SSoouutthheeaasstteerrnn  FFoorreesstt  EExxppeerriimmeenntt
SSttaattiioonn,,  AAsshheevviillllee,,  NNCC,,  AApprriill  11999933,,  pp..  33..
3311AAccrreeaaggee  ddaattaa  pprroovviiddeedd  ttoo  tthhee  PPaappeerr  TTaasskk  FFoorrccee  bbyy  RRiicchhaarrdd  HHaayynneess,,  PPaacciiffiicc  NNoorrtthhwweesstt  RReesseeaarrcchh
SSttaattiioonn,,  UUSSDDAA  FFoorreesstt  SSeerrvviiccee,,  PPoorrttllaanndd,,  OORR,,  bbyy  lleetttteerr  ddaatteedd  JJuunnee  1166,,  11999955;;  tthhee  ddaattaa  ssuupppplleemmeenntt
tthhoossee  pprroovviiddeedd  iinn  HHaayynneess  eett  aall..,,  11999955..    RRoouunnddwwoooodd  hhaarrvveesstt  ddaattaa  ffrroomm  UUSSDDAA  FFoorreesstt  SSeerrvviiccee
((11998888)),,  oopp..  cciitt..,,  pp..  113355..
3322UUSSDDAA  FFoorreesstt  SSeerrvviiccee  ((11998888)),,  oopp..  cciitt..,,  pppp..  111133--111144..    TThheessee  aarree  tthhee  mmoosstt  rreecceenntt  ppuubblliisshheedd  ddaattaa
bbrreeaakkiinngg  ddoowwnn  oowwnneerrsshhiipp  aanndd  pprroodduuccttiioonn  bbyy  ffoorreesstt  mmaannaaggeemmeenntt  ttyyppee..    IInn  tthhee  SSoouutthheeaasstt,,  1155--1166%%
ooff  ttiimmbbeerrllaanndd  iiss  nnooww  iinn  ppllaannttaattiioonnss  ((HHaayynneess  eett  aall..  ((11999955)),,  oopp..  cciitt..,,  pp..  5588;;  WWeessttvvaaccoo,,  ppeerrssoonnaall
ccoommmmuunniiccaattiioonn,,  JJuunnee  11999944))..
3333PPoowweellll  eett  aall..  ((11999933)),,  oopp..  cciitt..
3344SSeeyymmoouurr,,  RR..  aanndd  HHuunntteerr,,  MM..  ((11999922))  NNeeww  FFoorreessttrryy  iinn  EEaasstteerrnn  SSpprruuccee--FFiirr  FFoorreessttss::    PPrriinncciipplleess
aanndd  AApppplliiccaattiioonnss  ttoo  MMaaiinnee,,  MMaaiinnee  AAggrriiccuullttuurraall  EExxppeerriimmeenntt  SSttaattiioonn,,  UUnniivveerrssiittyy  ooff  MMaaiinnee,,
MMiisscceellllaanneeoouuss  PPuubblliiccaattiioonn  771166,,  AApprriill  11999922..
3355HHaayynneess  eett  aall..  ((11999955)),,  oopp..  cciitt..,,  pppp..  1100--1111..
3366PPoowweellll  eett  aall..  ((11999933)),,  oopp..  cciitt....
3377AAmmeerriiccaann  FFoorreesstt  &&  PPaappeerr  AAssssoocciiaattiioonn  ((11999944bb))  PPaappeerr,,  PPaappeerrbbooaarrdd  aanndd  PPuullpp,,  11999933--11999977::
CCaappaacciittyy  aanndd  FFiibbeerr  CCoonnssuummppttiioonn,,  3355tthh  AAnnnnuuaall  SSuurrvveeyy,,  WWaasshhiinnggttoonn,,  DDCC,,  DDeecceemmbbeerr  11999944,,  pp..  1188..
3388HHaarrvveesstt  ffiigguurreess  ffrroomm  PPoowweellll  eett  aall..  ((11999933)),,  oopp..  cciitt..;;  pprroodduuccttiioonn  ffiigguurreess  ffrroomm  ssoouurrcceess  cciitteedd  iinn
EEnnddnnoottee  2233..
3399AAmmeerriiccaann  FFoorreesstt  &&  PPaappeerr  AAssssoocciiaattiioonn  ((11999944bb))  oopp..  cciitt..,,  pp..  1188..
4400PPoowweellll  eett  aall..  ((11999933)),,  oopp..  cciitt..
4411SSeeee  eennddnnoottee  2233..
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4422UUllrriicchh,,  AA..  ((11999900))  UU..SS..  TTiimmbbeerr  PPrroodduuccttiioonn,,  TTrraaddee,,  CCoonnssuummppttiioonn,,  aanndd  PPrriiccee  SSttaattiissttiiccss  11996600--8888,,
UU..SS..  DDeepptt..  ooff  AAggrriiccuullttuurree  FFoorreesstt  SSeerrvviiccee,,  MMiisscc..  PPuubbll..  NNoo..  11448866  ((WWaasshhiinnggttoonn,,  DDCC::  UU..SS..  GGoovvtt..
PPrriinntt..  OOffff..)),,  11999900,,  pp  4411..
4433IInnccee  ((11999944aa)),,  oopp..  cciitt..,,  aanndd  HHaayynneess  eett  aall..  ((11999955)),,  oopp..  cciitt..
4444FFoorr  11999911  ddaattaa,,  sseeee  eennddnnoottee  2233  ffoorr  ssoouurrcceess..    PPrroojjeeccttiioonnss  aarree  ffrroomm  IInnccee  ((11999944bb)),,  oopp..  cciitt..    FFiigguurreess
ffoorr  tthhee  ffrraaccttiioonn  ooff  ppuullppwwoooodd  ccoonnssuummppttiioonn  bbyy  mmiillllss  iinn  eeaacchh  rreeggiioonn  ddeerriivveedd  ffrroomm  rroouunnddwwoooodd  vvss..
rreessiidduueess  aarree  ssiimmiillaarr  ttoo  tthhoossee  ggiivveenn  hheerree  ffoorr  ppuullppwwoooodd  pprroodduuccttiioonn..    SSeeee  AAmmeerriiccaann  FFoorreesstt  &&  PPaappeerr
AAssssoocciiaattiioonn  ((11999944bb))  oopp..  cciitt..,,  pp..  2255..
4455IInnccee  ((11999944aa)),,  oopp..  cciitt....
4466HHaayynneess  eett  aall..,,  11999955,,  oopp..  cciitt..,,  pp..  1155..
4477IInnffoorrmmaattiioonn  iinn  tthhiiss  sseeccttiioonn  iiss  ffrroomm  PPoowweellll  eett  aall..  ((11999933)),,  oopp..  cciitt..,,TTaabbllee  3366..
4488PPaappeerr  TTaasskk  FFoorrccee  mmeeeettiinnggss  wwiitthh  WWeessttvvaaccoo  ((66//2277//9955)),,  CChhaammppiioonn  ((11//66//9933)),,  IInntteerrnnaattiioonnaall  PPaappeerr
((33//1144//9944));;  ppeerrssoonnaall  ccoommmmuunniiccaattiioonnss  wwiitthh  TToonnyy  JJoohhnnssoonn,,  UUSSDDAA  FFoorreesstt  SSeerrvviiccee,,  SSEE  EExxppeerriimmeenntt
SSttaattiioonn,,  NNeeiill  WWaarrdd,,  AAmmeerriiccaann  PPuullppwwoooodd  AAssssoocciiaattiioonn,,  aanndd  LLaarrrryy  WWeeiissssmmaann,,  AAmmeerriiccaann  FFoorreessttss
FFoouunnddaattiioonn,,  AAuugguusstt  aanndd  SSeepptteemmbbeerr  11999955..
4499DDaattaa  cciitteedd  iinn  RReesseeaarrcchh  TTrriiaannggllee  IInnssttiittuuttee  ((11999922))  EEccoonnoommiicc  AAnnaallyyssiiss  ooff  CCooaassttaall  NNoonnppooiinntt  SSoouurrccee
PPoolllluuttiioonn  CCoonnttrroollss::    FFoorreessttrryy,,  RReesseeaarrcchh  TTrriiaannggllee  PPaarrkk,,  NNCC,,  DDeecceemmbbeerr  1155,,  11999922,,  pp  55--2244,,  bbaasseedd  oonn
ssoouurrcceess  cciitteedd  tthheerreeiinn..    FFoorr  iinndduussttrriiaall  oowwnneerrss,,  tthhee  aaccrreeaaggeess  ffoorr  ssmmaallll,,  mmeeddiiuumm  aanndd  llaarrggee  oowwnneerrss
rreepprreesseenntt  tthhoossee  ooff  tthhee  2255tthh,,  5500tthh  aanndd  7755tthh  ppeerrcceennttiillee  ccoommppaanniieess,,  rreessppeeccttiivveellyy,,  tthhaatt  oowwnn  llaanndd  iinn  tthhee
UU..SS..,,  ffoorr  11999911..    DDaattaa  ffoorr  ffaarrmmeerrss  rreepprreesseenntt  nnaattiioonnaall  aavveerraaggeess,,  bbaasseedd  oonn  ddaattaa  ffrroomm  tthhee  11998877  CCeennssuuss
ooff  AAggrriiccuullttuurree..    DDaattaa  ffoorr  ootthheerr  pprriivvaattee  oowwnneerrss  aarree  UUSSDDAA  FFoorreesstt  SSeerrvviiccee  ffiigguurreess  ffrroomm  tthhee  eeaarrllyy
11998800ss..
5500BBiirrcchh,,  TT..WW..  ((11999944))  TThhee  PPrriivvaattee  FFoorreesstt--LLaanndd  OOwwnneerrss  ooff  tthhee  UUnniitteedd  SSttaatteess,,  11999944,,  UUSSDDAA  FFoorreesstt
SSeerrvviiccee,,  NNoorrtthheeaasstteerrnn  FFoorreesstt  EExxppeerriimmeenntt  SSttaattiioonn,,  RRaaddnnoorr  PPAA;;  pprreelliimmiinnaarryy  ffiinnddiinnggss..
5511RReesseeaarrcchh  TTrriiaannggllee  IInnssttiittuuttee  ((11999922)),,  oopp..  cciitt..,,  pp..  22--2288..
5522BBiirrcchh  ((11999944)),,  oopp..  cciitt..
5533DDaattaa  oonn  CCaannaaddiiaann  wwooooddppuullpp  eexxppoorrttss  ssuupppplliieedd  vviiaa  ffaaxx  ccoommmmuunniiccaattiioonn  ((FFeebbrruuaarryy  11999944))  ffrroomm
FFoorreessttrryy  CCaannaaddaa  ((eexxcceerrppttss  ffrroomm  rreeppoorrtt  ppuubblliisshheedd  bbyy  SSttaattiissttiiccss  CCaannaaddaa));;  UU..SS..  ccoonnssuummppttiioonn  ffiigguurree
ffrroomm  AAFF&&PPAA,,  CCaappaacciittyy  SSuurrvveeyy,,  11999933..
5544CCaannaaddiiaann  rroouunnddwwoooodd  eexxppoorrtt  ddaattaa  ffrroomm  PPeennnnyy  LLaawwssoonn,,  uunnppuubblliisshheedd  ddaattaa,,  UUSSDDAA  FFoorreesstt  SSeerrvviiccee,,
NNoorrtthheeaasstteerrnn  FFoorreesstt  EExxppeerriimmeenntt  SSttaattiioonn,,  PPrriinncceettoonn,,  WWVV,,  sseenntt  oonn  ddiisskk  AApprriill  11999944..    UU..SS..
pprroodduuccttiioonn  ffiigguurree  ffrroomm  PPoowweellll  eett  aall..,,  FFoorreesstt  RReessoouurrcceess,,  11999933..
5555AAmmeerriiccaann  FFoorreesstt  &&  PPaappeerr  AAssssoocciiaattiioonn  ((11999944aa)),,  oopp..  cciitt..,,  pp..  3355..
5566PPuullpp  &&  PPaappeerr  WWeeeekk  ((11999955)),,  oopp..  cciitt..,,  pppp..  77--88;;  IInnccee  ((11999944aa)),,  oopp..  cciitt..,,  pppp..  1133--1144..
5577IInnccee    ((11999944aa)),,  oopp..  cciitt..  pppp..  1133--1144..
5588IInnccee  ((11999944aa)),,  oopp..  cciitt..,,  pppp..  1133--1144..
5599PPuullpp  &&  PPaappeerr  WWeeeekk  ((11999955)),,  oopp..  cciitt..,,  pppp..  77--88..
6600AAnnddeerrssoonn,,  HH..MM..  aanndd  OOllssoonn,,  JJ..TT..  ((11999911))  FFeeddeerraall  FFoorreessttss  aanndd  tthhee  EEccoonnoommiicc  BBaassee  ooff  tthhee  PPaacciiffiicc
NNoorrtthhwweesstt,,  TThhee  WWiillddeerrnneessss  SSoocciieettyy,,  WWaasshhiinnggttoonn,,  DDCC,,  SSeeppttmmeebbeerr  11999911,,  pp..  7766..
6611HHaayynneess  eett  aall..  ((11999955)),,  oopp..  cciitt..,,  pp..  3311..
6622HHaayynneess  eett  aall..  ((11999955)),,  oopp..  cciitt..,,  pp..  3311..
6633JJaaaakkkkoo  PPooyyrryy  ((11999944))  GGlloobbaall  FFiibbeerr  RReessoouurrcceess  SSiittuuaattiioonn::    ""TThhee  CChhaalllleennggeess  ffoorr  tthhee  11999900ss,,""
pprreesseennttaattiioonn  ddiissttrriibbuutteedd  bbyy  JJaaaakkkkoo  PPooyyrryy  CCoonnssuullttiinngg,,  TTaarrrryyttoowwnn,,  NNYY,,  OOccttoobbeerr  11999944..��
6644JJaaaakkkkoo  PPooyyrryy  ((11999944)),,  oopp..  cciitt..��
6655MMccNNuutttt,,  JJ..EE..  eett  aall..  ((11999922))  TThhee  GGlloobbaall  FFiibbrree  RReessoouurrccee  PPiiccttuurree,,  JJaaaakkkkoo  PPooyyrryy  GGrroouupp
pprreesseennttaattiioonn,,  AApprriill  11999922..
6666MMccNNuutttt  eett  aall..  ((11999922)),,  oopp..  cciitt..
6677JJaaaakkkkoo  PPooyyrryy  ((11999944)),,  oopp..  cciitt..;;  MMccNNuutttt  eett  aall..  ((11999922)),,  oopp..  cciitt..
6688JJaaaakkkkoo  PPooyyrryy  ((11999944)),,  oopp..  cciitt..��
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6699SSttiieerr,,  JJ..CC..  ((11999900))  ""TThhee  WWoorrlldd  EEuuccaappuullpp  IInndduussttrryy  aanndd  iittss  IImmppaacctt  oonn  tthhee  NNoorrtthheerrnn  UU..SS..  PPuullpp  aanndd
PPaappeerr  IInndduussttrryy,,""  NNoorrtthheerrnn  JJ..  AAppppll..  FFoorreessttrryy  77,,  pppp..  115588--116633..
7700JJaaaakkkkoo  PPooyyrryy  ((11999944)),,  oopp..  cciitt..��
7711NNeewwmmaann,,  DDaavviidd  HH..    11998877..    AAnn  EEccoonnoommeettrriicc  AAnnaallyyssiiss  ooff  tthhee  SSoouutthheerrnn  SSooffttwwoooodd  SSttuummppaaggee
MMaarrkkeett::  11995500--11998800..  FFoorreesstt  SScciieennccee  3333((44))::993322--994455..
7722UUllrriicchh,,  AAlliiccee..    11998877..    UU..SS..  TTiimmbbeerr  PPrroodduuccttiioonn,,  TTrraaddee,,  CCoonnssuummppttiioonn,,  aanndd  PPrriiccee  SSttaattiissttiiccss  11995500--
11998855..    UUSSDDAA  FFoorreesstt  SSeerrvviiccee  MMiisscceellllaanneeoouuss  PPuubblliiccaattiioonn  NNoo..  11445533..
7733FFrraannkklliinn,,  EE..CC..  aanndd  DD..  HHaazzeell..    11998833..    TTiimmbbeerr  MMaarrtt  SSoouutthh  ----  hhooww  ggoooodd  iiss  iitt??    SSoouutthheerrnn  JJoouurrnnaall  ooff
AApppplliieedd  FFoorreessttrryy  77::  9900--119944..
7744GGrraannsskkoogg,,  JJaammeess  EE..  aanndd  KKeevviinn  DD..  CCrroowwtthheerr..    11999911..    WWeeiigghhtteedd  SSoouutthh--WWiiddee  AAvveerraaggee  PPuullppwwoooodd
PPrriiccee..  SSoouutthheerrnn  JJoouurrnnaall  ooff  AApppplliieedd  FFoorreessttrryy  1155((22))::110000--110022..
7755IInnccee  ((11999944aa)),,  oopp..  cciitt..;;  IInnccee  ((11999944bb)),,  oopp  cciitt..
7766RReessoouurrccee  IInnffoorrmmaattiioonn  SSyysstteemmss,,  IInncc..,,  TTiimmbbeerr  RReevviieeww,,  DDeecceemmbbeerr  11999944::  1100((44))
7777RReessoouurrccee  IInnffoorrmmaattiioonn  SSyysstteemmss,,  IInncc..,,  PPuullpp  aanndd  PPaappeerr  RReevviieeww,,  JJuullyy  11999955::  1199((22))..
7788HHaayynneess  eett  aall..  ((11999955)),,  oopp..  cciitt..;;  IInnccee  ((11999944aa)),,  oopp..  cciitt..
7799IInnccee  ((11999944aa)),,  oopp..  cciitt..
8800IInnccee  ((11999944bb)),,  oopp..  cciitt..,,  pp..  9955..
8811HHaayynneess  eett  aall..  ((11999955)),,  oopp..  cciitt..
8822HHaayynneess  eett  aall..  ((11999955)),,  oopp..  cciitt..,,  pp..  3333..
8833HHaayynneess  eett  aall..  ((11999955)),,  oopp..  cciitt..,,  pp..  3355..
8844IInnccee  ((11999944aa)),,  oopp..  cciitt..,,  pppp..  22,,  2211..
8855CCuubbbbaaggee,,  FFrreeddeerriicckk  WW..,,  JJoohhnn  EE..  GGuunntteerr  aanndd  JJeeffffrreeyy  TT..  OOllssoonn..    11999911..    ""RReeffoorreessttaattiioonn  EEccoonnoommiiccss,,
LLaaww  aanndd  TTaaxxaattiioonn,,""  iinn  FFoorreesstt  RReeggeenneerraattiioonn  MMaannuuaall,,  eedd..  MM..LL..  DDuurryyeeaa  aanndd  PP..MM..  DDoouugghheerrttyy,,  99--3300..
NNeetthheerrllaannddss::  KKlluuwweerr  AAccaaddeemmiicc  PPrreessss..
8866BBeellllii,,  MMoonniiqquuee  LL..,,  TThhoommaass  JJ..  SSttrraakkaa,,  MMaarrkk  DDuubbooiiss  aanndd  WWiilllliiaamm  WWaattssoonn..    11999933..    CCoosstt  aanndd  CCoosstt
TTrreennddss  ffoorr  FFoorreessttrryy  PPrraaccttiicceess  iinn  tthhee  SSoouutthh..  FFoorreesstt  FFaarrmmeerr  5522((33))::2255--3311..
8877DDuubbooiiss,,  MMaarrkk  RR..,,  TThhoommaass  JJ..  SSttrraakkaa  aanndd  WW..  FF..  WWaattssoonn..    11999911..    AA  ccoosstt  iinnddeexx  ffoorr  ssoouutthheerrnn  ffoorreesstt
pprraaccttiicceess..    SSoouutthheerrnn  JJoouurrnnaall  ooff  AApppplliieedd  FFoorreessttrryy  1155((33))::112288--113333..
8888DDuubbooiiss  eett  aall..  ((11999911)),,  oopp..  cciitt..;;  BBeellllii  eett  aall..  ((11999933)),,  oopp..  cciitt..
8899SSttrraakkaa,,  TT..  JJ..,,  WW..  FF..  WWaattssoonn,,  aanndd  MM..  RR..  DDuubbooiiss..  11998899..    CCoossttss  aanndd  ccoosstt  ttrreennddss  ffoorr  ffoorreessttrryy
pprraaccttiicceess  iinn  tthhee  ssoouutthh..    FFoorreesstt  FFaarrmmeerr  2277tthh  MMaannuuaall  EEddiittiioonn  4488::88--1144..
9900NNeewwmmaann,,  DDaavviidd  HH..  aanndd  DDaavviidd  NN..  WWeeaarr..    11999933..    PPrroodduuccttiioonn  EEccoonnoommiiccss  ooff  PPrriivvaattee  FFoorreessttrryy::  AA
CCoommppaarriissoonn  ooff  IInndduussttrriiaall  aanndd  NNoonn--iinndduussttrriiaall  FFoorreesstt  OOwwnneerrss..      AAmmeerriiccaann  JJoouurrnnaall  ooff  AAggrriiccuullttuurraall
EEccoonnoommiiccss  7755::667744--668844..
9911JJoonneess,,  SStteepphheenn,,  AA..  EE..  LLuullooffff  aanndd  JJ..  CC..  FFiinnlleeyy..    11999955..    AAnnootthheerr  llooookk  aatt  NNIIPPFFss::  FFaacciinngg  oouurr  mmyytthhss..
JJoouurrnnaall  ooff  FFoorreessttrryy  9933((99))::  4411--4444..
9922HHaarrttmmaann,,  RR..    11997766..    TThhee  hhaarrvveessttiinngg  ddeecciissiioonn  wwhheenn  aa  ssttaannddiinngg  ffoorreesstt  hhaass  vvaalluuee..    EEccoonnoommiicc
IInnqquuiirryy  1144::5522--5588..
9933SSwwaallllooww,,  SStteepphheenn,,  PPeetteerr  PPaarrkkss  aanndd  DDaavviidd  WWeeaarr..    11998899..    PPoolliiccyy  rreelleevvaanntt  nnoonn--ccoonnvveexxiittiieess  iinn  tthhee
pprroodduuccttiioonn  ooff  mmuullttiippllee  ffoorreesstt  bbeenneeffiittss..    JJoouurrnnaall  ooff  EEnnvviirroonnmmeennttaall  EEccoonnoommiiccss  aanndd  MMaannaaggeemmeenntt
1199::226644--228800..
9944HHaayynneess,,  RR..WW..  eett  aall..  ((11999900))  AAnn  AAnnaallyyssiiss  ooff  tthhee  TTiimmbbeerr  SSiittuuaattiioonn  iinn  tthhee  UUnniitteedd  SSttaatteess::  11998899--
22004400::    AA  tteecchhnniiccaall  ddooccuummeenntt  ssuuppppoorrttiinngg  tthhee  11998899  UUSSDDAA  FFoorreesstt  SSeerrvviiccee  RRPPAA    AAsssseessssmmeenntt,,  UUSSDDAA
FFoorreesstt  SSeerrvviiccee,,  GGeenneerraall  TTeecchhnniiccaall  RReeppoorrtt  RRMM--119999  ((FFoorrtt  CCoolllliinnss,,  CCOO::  UUSSDDAA  FFoorreesstt  SSeerrvviiccee,,
RRoocckkyy  MMoouunnttaaiinn  FFoorreesstt  aanndd  RRaannggee  EExxppeerriimmeenntt  SSttaattiioonn,,  MMaarrcchh  11999955)),,  pp..  4477..
9955CCaammppbbeellll,,  RR..  GG..  aanndd  JJ..  HH..  HHuugghheess..    11998811..    ""FFoorreesstt  mmaannaaggeemmeenntt  ssyysstteemmss  iinn  NNoorrtthh  CCaarroolliinnaa
ppooccoossiinnss::  WWeeyyeerrhhaaeeuusseerr,,""  iinn  PPooccoossiinn  WWeettllaannddss,,  CC..JJ..  RRiicchhaarrddssoonn,,  119999--221133..    SSttrroouuddssbbuurrgg,,  PPAA::
HHuuttcchhiinnssoonn  RRoossss..
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9966LLiinnddeennmmuutthh,,  WW..  DD..  aanndd  JJ..  MM..  VVaassiieevviicchh..    11998811..    ""AAnn  eeccoonnoommiicc  aannaallyyssiiss  ooff  iinntteennssiivvee  ttiimmbbeerr
mmaannaaggeemmeenntt  ooff  ppooccoossiinnss,,""  iinn  PPooccoossiinn  WWeettllaannddss,,  CC..JJ..  RRiicchhaarrddssoonn,,  227711--228822..    SSttrroouuddssbbuurrgg,,  PPAA::
HHuuttcchhiinnssoonn  RRoossss..
9977NNoorrrriiss,,  FF..  WW..    11999922..    TTiimmbbeerr  MMaarrtt--SSoouutthh  1177((11--44))..    TTiimmbbeerr  MMaarrtt--SSoouutthh,,  IInncc..    HHiigghhllaannddss,,  NNCC..
SSaawwttiimmbbeerr  pprriicceess  uuttiilliizzeedd  aarree  ffoorr  tthhee  SSccrriibbnneerr  lloogg  rruullee..
9988HHaafflleeyy,,  WW..LL..  aanndd  MM..AA..  BBuurrffoorrdd..    11998855..    AA  bbiivvaarriiaattee  mmooddeell  ffoorr  ggrroowwtthh  aanndd  yyiieelldd  pprreeddiiccttiioonn..
FFoorreesstt  SScciieennccee  3311::223377--224477..
9999CCuubbbbaaggee,,  FFrreeddeerriicckk  WW..,,  WW..  DDaallee  GGrreeeennee,,  aanndd  JJoohhnn  PP..  LLyyoonn..  11998899..    TTrreeee  ssiizzee  aanndd  ssppeecciieess,,  ssttaanndd
vvoolluummee  aanndd  ttrraacctt  ssiizzee::  eeffffeeccttss  oonn  ssoouutthheerrnn  hhaarrvveessttiinngg  ccoossttss..    SSoouutthheerrnn  JJoouurrnnaall  ooff  AApppplliieedd  FFoorreessttrryy
1133((33))::114455--115522..
110000LLooffttiiss,,  DDaavviidd  LL..    11999900..    PPrreeddiiccttiinngg  ppoosstt--hhaarrvveesstt  ppeerrffoorrmmaannccee  ooff  aaddvvaannccee  ooaakk  rreepprroodduuccttiioonn  iinn
tthhee  SSoouutthheerrnn  AAppppllaacchhiiaannss..    FFoorreesstt  SScciieennccee  3366((44))::990088--991166;;  RRoobbeerrtt  LL..  JJoohhnnssoonn  aanndd  RRooggeerr  MM..
KKrriinnaarrdd..    11998899..    SSuurrvviivvaall  aanndd  ggrroowwtthh  ooff  NNuuttttaallll  ooaakk  sseeeeddlliinnggss  ffoolllloowwiinngg  sseelleeccttiioonn  ccuuttttiinngg  ----  2288--
yyeeaarr  rreemmeeaassuurreemmeenntt..    SSoouutthheerrnn  JJoouurrnnaall  ooff  AApppplliieedd  FFoorreessttrryy  1133((11))::4433--4466;;  DDoonnaalldd  EE..  BBeecckk  aanndd
RRaallpphh  MM..  HHooooppeerr..    11998866..    DDeevveellooppmmeenntt  ooff  aa  SSoouutthheerrnn  AAppppaallaacchhiiaann  hhaarrddwwoooodd  ssttaanndd  aafftteerr
cclleeaarrccuuttttiinngg..    SSoouutthheerrnn  JJoouurrnnaall  ooff  AApppplliieedd  FFoorreessttrryy  1100((33))::116688--7722..
110011KKrriinnaarrdd,,  RRooggeerr  MM..  aanndd  RRoobbeerrtt  LL..  JJoohhnnssoonn..    11998844..    CCoottttoonnwwoooodd  ppllaannttaattiioonn  tthhrroouugghh  2200  yyeeaarrss..
UUSSDDAA  FFoorreesstt  SSeerrvviiccee,,  SSoouutthheerrnn  FFoorreesstt  EExxppeerriimmeenntt  SSttaattiioonn,,  RReesseeaarrcchh  PPaappeerr  221122..
110022MMaallaacc,,  BBaarrrryy  FF..  aanndd  RRoobbeerrtt  DD..  HHeeeerreenn..    11997799..    HHaarrddwwoooodd  ppllaannttaattiioonn  mmaannaaggeemmeenntt..    SSoouutthheerrnn
JJoouurrnnaall  ooff  AApppplliieedd  FFoorreessttrryy  33((11))::33--66..
110033ZZuutttteerr,,  BBrruuccee  RR..,,  LLaarrrryy  RR..  NNeellssoonn,,  PPaattrriicckk  JJ..  MMiinnoogguuee  aanndd  DDeeaann  HH..  GGjjeerrssttaadd..    11998877..    HHaarrddwwoooodd
ppllaannttaattiioonn  ggrroowwtthh  ffoolllloowwiinngg  wweeeedd  ccoonnttrrooll  uussiinngg  hheerrbbiicciiddeess  aanndd  ccuullttiivvaattiioonn..    SSoouutthheerrnn  JJoouurrnnaall  ooff
AApppplliieedd  FFoorreessttrryy  1111((33))::113344--113388..
110044KKrriinnaarrdd  aanndd  JJoohhnnssoonn  ((11998844)),,  oopp..  cciitt..
110055KKrriinnaarrdd  aanndd  JJoohhnnssoonn  ((11998844)),,  oopp..  cciitt..
110066KKrriinnaarrdd  aanndd  JJoohhnnssoonn  ((11998844)),,  oopp..  cciitt..
110077MMaallaacc  aanndd  HHeerreeeenn  ((11997799)),,  oopp..  cciitt..
110088MMaallaacc  aanndd  HHeerreeeenn  ((11997799)),,  oopp..  cciitt..;;  ZZuutttteerr  eett  aall..  ((11998877)),,  oopp..  cciitt..
110099PPoorrtteerrffiieelldd,,  RRiicchhaarrdd,,  KKeeiitthh  UUttzz,,  aanndd  WWiilllliiaamm  BBaallmmeerr..    11997799..    AAnnaallyyzziinngg  aalltteerrnnaattiivvee  hhaarrddwwoooodd
mmaannaaggeemmeenntt  ssttrraatteeggiieess..    SSoouutthheerrnn  JJoouurrnnaall  ooff  AApppplliieedd  FFoorreessttrryy  33((11))::77--1122..
111100LLaanndd  ccoosstt  iinn  aa  ccaasshhffllooww  aannaallyyssiiss  iiss  ggeenneerraallllyy  iinncclluuddeedd  aass  aa  ""ccaasshh  iinn""  iinn  yyeeaarr  11  aanndd  aa  ""ccaasshh    oouutt""
oonnccee  tthhee  rroottaattiioonn  iiss  ccoommpplleettee..    PPllaannttaattiioonn  mmaannaaggeemmeenntt  ffaarreess  bbeetttteerr  uunnddeerr  tthhiiss  aaccccoouunnttiinngg  ssyysstteemm
bbeeccaauussee  tthhee  sshhoorrtteerr  rroottaattiioonn  aalllloowwss  tthhee  llaanndd  ttoo  bbee  ssoolldd  mmoorree  qquuiicckkllyy  aanndd  tthhuuss  iinnccrreeaasseess  ddiissccoouunntteedd
rreettuurrnnss  ffrroomm  tthhee  ssaallee  rreellaattiivvee  ttoo  tthhee  ootthheerr  ttwwoo  aalltteerrnnaattiivveess..    SSiinnccee  mmoosstt  llaannddoowwnneerrss  ddoo  nnoott  ccoouunntt
llaanndd  aass  aa  ccoosstt  iinn  yyeeaarr  11,,  ffoorreessttrryy  iinnvveessttmmeenntt  aannaallyysseess  ggeenneerraallllyy  ddoo  nnoott  iinncclluuddee  llaanndd  aass  aann  iinnppuutt  aatt
tthhee  bbeeggiinnnniinngg  ooff  tthhee  rroottaattiioonn..
111111PPoorrtteerrffiieelldd  eett  aall..  ((11997799)),,  oopp..  cciitt..
111122EEiinnssppaahhrr,,  DDeeaann  WW..  aanndd  GGaarryy  WW..  WWyycckkooffff..    11999900..    NNoorrtthh  AAmmeerriiccaann  AAssppeenn::  ttiimmbbeerr  ssuuppppllyy,,
uuttiilliizzaattiioonn,,  aanndd  rreesseeaarrcchh..    NNoorrtthheerrnn  JJoouurrnnaall  ooff  AApppplliieedd  FFoorreessttrryy  77::116688--117711..
111133EEiinnssppaahhrr  aanndd  WWyycckkooffff  ((11999900)),,  oopp..  cciitt..
111144LLii,,  BBaaiilliiaann,,  GGaarryy  WWyycckkooffff,,  aanndd  DDeeaann  EEiinnssppaahhrr..    11999933..    HHyybbrriidd  aassppeenn  ppeerrffoorrmmaannccee  aanndd  ggeenneettiicc
ggaaiinnss..    NNoorrtthheerrnn  JJoouurrnnaall  ooff  AApppplliieedd  FFoorreessttrryy  1100((33))::111177--112222..
111155RRuuaarrkk,,  GGrreeggoorryy  AA..    11999900..    EEvviiddeennccee  ffoorr  tthhee  rreesseerrvvee  sshheelltteerrwwoooodd  ssyysstteemm  ffoorr  mmaannaaggiinngg  qquuaakkiinngg
aassppeenn..    NNoorrtthheerrnn  JJoouurrnnaall  ooff  AApppplliieedd  FFoorreessttrryy  77((22))::5588--6622
111166RRuuaarrkk  ((11999900)),,  oopp..  cciitt..
111177FFrraannkklliinn,,  EE..CC..    11998899..    ““MMaannaaggeedd  MMiixxeedd  HHaarrddwwoooodd--PPiinnee  SSttaannddss  CCaann  YYiieelldd  HHiigghh  RRaatteess  ooff
RReettuurrnn  oonn  IInnvveessttmmeenntt,,””  iinn  PPrroocceeeeddiinnggss  ooff  PPiinnee--HHaarrddwwoooodd  MMiixxttuurreess::  AA  SSyymmppoossiiuumm  oonn
MMaannaaggeemmeenntt  aanndd  EEccoollooggyy  ooff  tthhee  TTyyppee..  UUSSDDAA  FFoorreesstt  SSeerrvviiccee,,  SSoouutthheeaasstteerrnn  FFoorreesstt  EExxppeerriimmeenntt
SSttaattiioonn::  22223300--223355..
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111188PPhhiilllliippss,,  DDoouuggllaass  RR..  aanndd  JJaammeess  AA..  AAbbeerrccrroommbbiiee..    11998877..    PPiinnee--hhaarrddwwoooodd  mmiixxttuurreess  ----  aa  nneeww
ccoonncceepptt  iinn  rreeggeenneerraattiioonn..    SSoouutthheerrnn  JJoouurrnnaall  ooff  AApppplliieedd  FFoorreessttrryy  1111((44))::119922--119977..
111199DDaannggeerrffiieelldd,,  CC..WW..  aanndd  MM..BB..  EEddwwaarrddss..    11999900..    ““MMooddeelleedd  NNaattuurraall  LLoobblloollllyy  PPiinnee  RReeggeenneerraattiioonn
CCoommppaarreedd  ttoo  PPllaanntteedd  SSttaannddss  iinn  tthhee  SSoouutthheerrnn  UUnniitteedd  SSttaatteess,,””  iinn  PPrroocceeeeddiinnggss  ooff  tthhee  SSoouutthheerrnn
FFoorreesstt  EEccoonnoommiiccss  WWoorrkksshhoopp  oonn  EEvvaalluuaattiinngg  EEvveenn  aanndd  AAllll--aaggeedd  TTiimmbbeerr  MMaannaaggeemmeenntt  OOppttiioonnss  ffoorr
SSoouutthheerrnn  FFoorreesstt  LLaannddss..  UUSSDDAA  FFoorreesstt  SSeerrvviiccee  GGeenneerraall  TTeecchhnniiccaall  RReeppoorrtt  SSOO--7799::  9911--9966
112200CCuubbbbaaggee,,  FFrreeddeerriicckk  WW..  aanndd  DDoonn  HHooddggeess..    11999900..    ““TThhee  EEccoonnoommiiccss  ooff  MMaannaaggiinngg  LLoonngglleeaaff
PPiinnee,,””    iinn  PPrroocceeeeddiinnggss  ooff  tthhee  SSyymmppoossiiuumm  oonn  MMaannaaggeemmeenntt  ooff  LLoonngglleeaaff  PPiinnee..  eedd..  RRoobbeerrtt  MM..  FFaarrrraarr..
UUSSDDAA  FFoorreesstt  SSeerrvviiccee  GGeenneerraall  TTeecchhnniiccaall  RReeppoorrtt  SSOO--7755::221155--222299..
112211SSttrraakkaa,,  TThhoommaass  JJ..  aanndd  JJaammeess  BB..  BBaakkeerr..    11999911..    AA  ffiinnaanncciiaall  aasssseessssmmeenntt  ooff  ccaappiittaall--eexxtteennssiivvee
mmaannaaggeemmeenntt  aalltteerrnnaattiivveess  ffoorr  ssttoorrmm--ddaammaaggeedd  ttiimmbbeerr..    SSoouutthheerrnn  JJoouurrnnaall  ooff  AApppplliieedd  FFoorreessttrryy
1155((44))::220088--221122..
112222HHaaiigghhtt,,  RR..GG..  ((11999933))  TTeecchhnnoollooggyy  CChhaannggee  aanndd  tthhee  EEccoonnoommiiccss  ooff  SSiillvviiccuullttuurraall  IInnvveessttmmeenntt,,  UUSSDDAA
FFoorreesstt  SSeerrvviiccee  GGeenneerraall  TTeecchhnniiccaall  RReeppoorrtt  RRMM--223322,,  RRoocckkyy  MMoouunnttaaiinn  FFoorreesstt  aanndd  RRaannggee
EExxppeerriimmeenntt  SSttaattiioonn,,  FFoorrtt  CCoolllliinnss,,  CCOO,,  AAuugguusstt  11999933,,  1188  pppp..
112233HHaaiigghhtt  ((11999933)),,  oopp..  cciitt..
112244FFrraannkklliinn,,  JJ..  FF..    11998899..    TToowwaarrdd  aa  nneeww  ffoorreessttrryy..    AAmmeerriiccaann  FFoorreessttss  NNoovv..//DDeecc..  ::  3377--4444..
112255LLoonngg,,  JJaammeess  NN..  aanndd  SSccootttt  DD..  RRoobbeerrttss..    11999922..    GGrroowwtthh  aanndd  yyiieelldd  iimmpplliiccaattiioonnss  ooff  aa  ""nneeww
ffoorreessttrryy""  ssiillvviiccuullttuurraall  ssyysstteemm..    WWeesstteerrnn  JJoouurrnnaall  ooff  AApppplliieedd  FFoorreessttrryy  77((11))::66--99..
112266BBiirrcchh,,  KKeevviinn  RR..  aanndd  KK..  NNoorrmmaann  JJoohhnnssoonn..    11999922..    SSttaanndd--lleevveell  wwoooodd  pprroodduuccttiioonn  ccoossttss  ooff  lleeaavviinngg
lliivvee,,  mmaattuurree  ttrreeeess  aatt  rreeggeenneerraattiioonn  hhaarrvveesstt  iinn  ccooaassttaall  ddoouuggllaass--ffiirr  ssttaannddss..    WWeesstteerrnn  JJoouurrnnaall  ooff
AApppplliieedd  FFoorreessttrryy  77((33))::6655--6688..
112277KKeeeeggaann,,  CChhaarrlleess  EE..  IIIIII,,  CCaarrll  EE..  FFiieeddlleerr  aanndd  FFrreedd  JJ..  SStteewwaarrtt..    11999955..    CCoosstt  ooff  ttiimmbbeerr  hhaarrvveesstt  uunnddeerr
ttrraaddiittiioonnaall  aanndd  ""nneeww  ffoorreessttrryy""  ssiillvviiccuullttuurraall  pprreessccrriippttiioonnss..    WWeesstteerrnn  JJoouurrnnaall  ooff  AApppplliieedd  FFoorreessttrryy
1100((11))::3366--4422..
112288BBeecckk  aanndd  HHooooppeerr  ((11998866)),,  oopp..  cciitt..
112299LLooffttiiss  ((11998833)),,  oopp..  cciitt..
113300BBaakkeerr,,  JJaammeess  BB..    11998866..    TThhee  CCrroosssseetttt  FFaarrmm  ffoorrttiieess  aafftteerr  4411  yyeeaarrss  ooff  sseelleeccttiioonn  mmaannaaggeemmeenntt..
SSoouutthheerrnn  JJoouurrnnaall  ooff  AApppplliieedd  FFoorreessttrryy  1100::  223333--223377..
113311BBaakkeerr,,  JJaammeess  BB..,,  JJaammeess  MM..  GGuullddiinn  aanndd  RRiicchhaarrdd  WW..  GGuullddiinn..    11999911..    NNaattuurraall  rreeggeenneerraattiioonn
mmeetthhooddss  ffoorr  lloobblloollllyy  aanndd  sshhoorrttlleeaaff  ppiinneess..    FFoorreesstt  FFaarrmmeerr  5500((33))::5599--6633..
113322PPoorrtteerrffiieelldd  eett  aall..  ((11997799)),,  oopp..  cciitt..
113333SSttrraakkaa,,  TThhoommaass  JJ  aanndd  JJaammeess  EE..  HHoottvveeddtt..    11998844..    TTiimmbbeerr  llaanndd  oowwnneerrsshhiipp  bbyy  ssoouutthheerrnn
ccoommppaanniieess..    SSoouutthheerrnn  PPuullpp  aanndd  PPaappeerr  4477::1177--1199..
113344SSttrraakkaa  aanndd  BBaakkeerr  ((11999911)),,  oopp..  cciitt..,,  pp..  221122..
113355SSttiieerr,,  JJeeffffrreeyy  CC..,,  TThhoommaass  WW,,  SStteeeellee  aanndd  RRoobbeerrtt  JJ..  EEnnggeellhhaarrdd..    11998866..    PPuullppwwoooodd  pprrooccuurreemmeenntt
pprraaccttiicceess  iinn  tthhee  WWiissccoonnssiinn--UUppppeerr  MMiicchhiiggaann  ppuullpp  aanndd  ppaappeerr  iinndduussttrryy..    NNoorrtthheerrnn  jjoouurrnnaall  ooff  AApppplliieedd
FFoorreessttrryy  33((11))::1100--1144..
113366CCuubbbbaaggee,,  FFrreeddeerriicckk  WW..,,  PPaauull  AA..  WWoojjttkkoowwsskkii,,  TThhoommaass  GG..  HHaarrrriiss,,  JJrr..  aanndd  GG..HH..  WWeeaavveerr..    11998888aa..
RReeggiioonnaall  AAnnaallyyssiiss  ooff  FFaaccttoorrss  AAffffeeccttiinngg  SSoouutthheerrnn  PPuullppwwoooodd  HHaarrvveessttiinngg  CCoossttss..  FFoorreesstt  PPrroodduuccttss
JJoouurrnnaall  3388((1111//1122))::  2255--3311..
113377CCuubbbbaaggee,,  FFrreeddeerriicckk  WW..,,  BBrryyccee  JJ..  SSttookkeess  aanndd  JJaammeess  EE..  GGrraannsskkoogg..    11998888bb..    TTrreennddss  iinn  SSoouutthheerrnn
FFoorreesstt  HHaarrvveessttiinngg  EEqquuiippmmeenntt  aanndd  LLooggggiinngg  CCoossttss..  FFoorreesstt  PPrroodduuccttss  JJoouurrnnaall  3388((22))::66--1100..
113388SScchhuuhh,,  DDoonnaalldd  DD..  aanndd  LLoorreenn  DD..  KKeelllloogggg..    11998888..    TTiimmbbeerr--hhaarrvveessttiinngg  mmeecchhaanniizzaattiioonn  iinn  tthhee
wweesstteerrnn  UUnniitteedd  SSttaatteess::  aann  iinndduussttrryy  ssuurrvveeyy..    WWeesstteerrnn  JJoouurrnnaall  ooff  AApppplliieedd  FFoorreessttrryy  33((22))::3333--3366::
BBeettttiinnggeerr,,  PPeettee,,  JJoohhnn  SSeessssiioonnss  aanndd  LLoorreenn  KKeelllloogggg..    11999933..    PPootteennttiiaall  ttiimmbbeerr  aavvaaiillaabbiilliittyy  ffoorr
mmeecchhaanniizzeedd  hhaarrvveessttiinngg  iinn  OOrreeggoonn..    WWeesstteerrnn  JJoouurrnnaall  ooff  AApppplliieedd  FFoorreessttrryy  88((11))::1111--1155..
113399SScchhuuhh,,  DDoonnaalldd  DD..  aanndd  LLoorreenn  DD..  KKeelllloogggg..    11998888..    TTiimmbbeerr--hhaarrvveessttiinngg  mmeecchhaanniizzaattiioonn  iinn  tthhee
wweesstteerrnn  UUnniitteedd  SSttaatteess::  aann  iinndduussttrryy  ssuurrvveeyy..    WWeesstteerrnn  JJoouurrnnaall  ooff  AApppplliieedd  FFoorreessttrryy  33((22))::3333--3366;;
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BBeettttiinnggeerr,,  PPeettee,,  JJoohhnn  SSeessssiioonnss  aanndd  LLoorreenn  KKeelllloogggg..    11999933..    PPootteennttiiaall  ttiimmbbeerr  aavvaaiillaabbiilliittyy  ffoorr
mmeecchhaanniizzeedd  hhaarrvveessttiinngg  iinn  OOrreeggoonn..    WWeesstteerrnn  JJoouurrnnaall  ooff  AApppplliieedd  FFoorreessttrryy  88((11))::1111--1155..
114400CCuubbbbaaggee,,  FFrreeddeerriicckk  WW..    11998822..    EEccoonnoommiiccss  ooff  ffoorreesstt  ttrraacctt  ssiizzee  iinn  ssoouutthheerrnn  ppiinnee  hhaarrvveessttiinngg..
UUSSDDAA  FFoorreesstt  SSeerrvviiccee  RReesseeaarrcchh  PPaappeerr  SSOO--118844..    2277  pppp..
114411CCuubbbbaaggee  ((11998822)),,  oopp..  cciitt..
114422CCuubbbbaaggee,,  GGrreeeennee  aanndd  LLyyoonn  ((11998899)),,  oopp..  cciitt..
114433SSttiieerr  eett  aall..  ((11998866)),,  oopp..  cciitt..
113399NNoorrrriiss,,  ((11999922)),,  oopp..  cciitt..
114455NNCCAASSII  ((11999944))  ""BBeenneeffiittss  aanndd  CCoossttss  ooff  PPrrooggrraammss  ffoorr  FFoorreessttrryy  NNoonnppooiinntt  PPoolllluuttiioonn  CCoonnttrrooll  iinn
WWaasshhiinnggttoonn  aanndd  VViirrggiinniiaa,,""  TTeecchhnniiccaall  BBuulllleettiinn  NNoo..  666600,,  NNeeww  YYoorrkk,,  NNYY,,  AApprriill  11999944,,  pp..  55..
114466DDiissssmmeeyyeerr,,  GG..EE..  aanndd  FFrraannddsseenn,,  EE..  ((11998888))  ""TThhee  EEccoonnoommiiccss  ooff  SSiillvviiccuullttuurraall  BBeesstt  MMaannaaggeemmeenntt
PPrraaccttiicceess,,""  iinn  NNoonnppooiinntt  PPoolllluuttiioonn::  11998888  ----  PPoolliiccyy,,  EEccoonnoommyy,,  MMaannaaggeemmeenntt,,  aanndd  AApppprroopprriiaattee
TTeecchhnnoollooggyy,,  AAmmeerriiccaann  WWaatteerr  RReessoouurrcceess  AAssssoocciiaattiioonn,,  BBeetthheessddaa,,  MMDD,,  NNoovveemmbbeerr  11998888,,  pppp..  7777--8866..
114477LLoooommiiss,,  JJ..BB..  ((11998899aa))  ""AA  mmoorree  ccoommpplleettee  aaccccoouunnttiinngg  ooff  ccoossttss  aanndd  bbeenneeffiittss  ffrroomm  ttiimmbbeerr  ssaalleess,,""  JJ..
FFoorreessttrryy  8877((33))::  1199--2233  ((11998899));;    LLoooommiiss,,  JJ..BB..  ((11998899bb))  ""AA  bbiiooeeccoonnoommiicc  aapppprrooaacchh  ttoo  eessttiimmaattiinngg  tthhee
eeccoonnoommiicc  eeffffeeccttss  ooff  wwaatteerrsshheedd  ddiissttuurrbbaannccee  oonn  rreeccrreeaattiioonnaall  aanndd  ccoommmmeerrcciiaall  ffiisshheerriieess,,""    JJ..  SSooiill  aanndd
WWaatteerr  CCoonnsseerrvvaattiioonn  4444((11))::  8833--8877  ((11998899))..
114488AA  mmoorree  ddeettaaiilleedd  ddiissccuussssiioonn  ooff  tthhee  ffeeddeerraall  ssttaattuuttoorryy  bbaassiiss  ffoorr  rreegguullaattiioonn  ooff  ffoorreessttrryy  aaccttiivviittiieess  iiss
pprreesseenntteedd  iinn  WWhhiittee  PPaappeerr  NNoo..  44..
114499BBooyydd,,  RRooyy  aanndd  WWiilllliiaamm  FF..  HHyyddee..    11998899..    FFoorreessttrryy  sseeccttoorr  iinntteerrvveennttiioonn::  tthhee  iimmppaaccttss  ooff  ppuubblliicc
rreegguullaattiioonn  oonn  ssoocciiaall  wweellffaarree..    AAmmeess,,  IIAA::  IIoowwaa  SSttaattee  PPrreessss..
115500BBooyydd  aanndd  HHyyddee  ((11998899)),,  oopp..  cciitt..
115511BBooyydd  aanndd  HHyyddee  ((11998899)),,  oopp..  cciitt..
115522IIrrllaanndd,,  LLllooyydd  CC..  aanndd  JJaammeess  FF..  CCoonnnnoorrss..    11999944..    SSttaattee  nnoonn--ppooiinntt  ssoouurrccee  pprrooggrraammss  aaffffeeccttiinngg
ffoorreessttrryy::  tthhee  1122  nnoorrtthheeaasstteerrnn  ssttaatteess..    NNoorrtthheerrnn  JJoouurrnnaall  ooff  AApppplliieedd  FFoorreessttrryy  1111((11))::55--1111..
115533HHaawwkkss,,  LLaauurriiee  JJ..,,  FFrreeddeerriicckk  WW..  CCuubbbbaaggee,,  HHaarrrryy  LL..  HHaanneeyy,,  JJrr..,,  RRoobbeerrtt  MM..  SShhaaffffeerr,,  aanndd  DDaavviiss  HH..
NNeewwmmaann..    11999933..    FFoorreesstt  wwaatteerr  qquuaalliittyy  pprrootteeccttiioonn::  aa  ccoommppaarriissoonn  ooff  rreegguullaattoorryy  aanndd  vvoolluunnttaarryy
pprrooggrraammss..    JJoouurrnnaall  ooff  FFoorreessttrryy  11999933((MMaayy))::  4488--5544..
115544HHaawwkkss  eett  aall..  ((11999933)),,  oopp..  cciitt..
115555LLiicckkwwaarr,,  PPeetteerr,,  CClliiffffoorrdd  HHiicckkmmaann,,  aanndd  FFrreeddeerriicckk  CCuubbbbaaggee..    11999922..    CCoossttss  ooff  pprrootteeccttiinngg  wwaatteerr
qquuaalliittyy  dduurriinngg  hhaarrvveessttiinngg  oonn  pprriivvaattee  ffoorreessttllaannddss  iinn  tthhee  ssoouutthheeaasstt..    SSoouutthheerrnn  JJoouurrnnaall  ooff  AApppplliieedd
FFoorreessttrryy  1166((11))::1133--2200..
115566EElllleeffssoonn,,  PPaauull  VV..  aanndd  PPaattrriicckk  DD..  MMiilleess..    11998855..    PPrrootteeccttiinngg  wwaatteerr  qquuaalliittyy  iinn  tthhee  mmiiddwweesstt::  iimmppaacctt
oonn  ttiimmbbeerr  hhaarrvveessttiinngg  ccoossttss..    NNoorrtthheerrnn  JJoouurrnnaall  ooff  AApppplliieedd  FFoorreessttrryy  22::5577--6611..
115577EElllleeffssoonn  aanndd  MMiilleess  ((11998855))  rreeppoorrtt  aa  rraannggee  ooff  11..22--2266%%..    HHoowweevveerr,,  2266%%  aappppeeaarr  ttoo  bbee  aa
mmiissccaallccuullaattiioonn..    CCoosstt  ddiivviiddeedd  bbyy  ttoottaall  rreevveennuuee  iiss  2200..99%%..
115588CCuubbbbaaggee,,  FFrreeddeerriicckk  WW..  aanndd  JJaammeess  WWooooddmmaann..    11999933..    ““IImmppaaccttss  ooff  ssttrreeaammssiiddee  mmaannaaggeemmeenntt
zzoonneess  oonn  ttiimmbbeerr  iinn  GGeeoorrggiiaa,,””  iinn,,  DDaavviidd  NN..  WWeeaarr,,  eedd..  PPrroocceeeeddiinnggss  ooff  tthhee  11999933  SSoouutthheerrnn  FFoorreesstt
EEccoonnoommiiccss  WWoorrkksshhoopp..    DDuurrhhaamm,,  NNCC::  DDuukkee  UUnniivveerrssiittyy..
115555EEnnvviirroonnmmeennttaall  PPrrootteeccttiioonn  AAggeennccyy..    11999922..    EEccoonnoommiicc  aannaallyyssiiss  ooff  ccoonnttrrooll  ooff  ccooaassttaall  nnoonn--ppooiinntt
ssoouurrccee  ppoolllluuttiioonn  ccoonnttrroollss::  ffoorreessttrryy..    RRaalliieegghh,,  NNCC::  RReesseeaarrcchh  TTrriiaannggllee  IInnssttiittuuttee  rreeppoorrtt..
116600DDiissssmmeeyyeerr,,  GG..EE..  eett  aall..  ((11998877))  ""SSooiill  aanndd  WWaatteerr  RReessoouurrccee  MMaannaaggeemmeenntt::    AA  CCoosstt  oorr  aa  BBeenneeffiitt??""  iinn
AApprrooaacchheess  ttoo  WWaatteerrsshheedd  EEccoonnoommiiccss  tthhrroouugghh  EExxaammppllee,,  VVoolluummeess  11  aanndd  22,,  UUSSDDAA  FFoorreesstt  SSeerrvviiccee,,
WWaatteerrsshheedd  aanndd  AAiirr  MMaannaaggeemmeenntt  ssttaaffff,,  WWaasshhiinnggttoonn,,  DDCC,,  cciitteedd  iinn  DDiissssmmeeyyeerr  aanndd  FFrraannddsseenn  ((11998888)),,
oopp..  cciitt..
116611EExxaammpplleess  aarree  ttaakkeenn  ffrroomm  DDiissssmmeeyyeerr  aanndd  FFrraannddsseenn  ((11998888)),,  oopp..  cciitt..,,  aanndd  DDiissssmmeeyyeerr,,  GG..EE..  aanndd
FFoosstteerr,,  BB..  ((11998877))  ""SSoommee  EEccoonnoommiicc  BBeenneeffiittss  ooff  PPrrootteeccttiinngg  WWaatteerr  QQuuaalliittyy,,""  iinn  MMaannaaggiinngg  SSoouutthheerrnn
FFoorreessttss  ffoorr  WWiillddlliiffee  aanndd  FFiisshh::    AA  PPrroocceeeeddiinnggss,,  UUSSDDAA  FFoorreesstt  SSeerrvviiccee  GGeenneerraall  TTeecchhnniiccaall  RReeppoorrtt
SSOO--6655,,  pppp..  66--1111..
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116622WWhhiillee  iitt  aappppeeaarrss  tthhaatt  tthhee  uussee  ooff  wwiinnddrroowwiinngg  aass  aa  ssiittee  pprreeppaarraattiioonn  mmeetthhoodd  iiss  ddeecclliinniinngg
ssoommeewwhhaatt,,  iitt  iiss  ssttiillll  aa  ccoommmmoonn  pprraaccttiiccee  eessppeecciiaallllyy  ffoorr  ppiinnee  ssiillvviiccuullttuurree  iinn  tthhee  ffllaatttteerr  tteerrrraaiinn  ooff  tthhee
SSoouutthh..    SSeevveerraall  ssttaattee  BBMMPP  ccoommpplliiaannccee  ssuurrvveeyyss  hhaavvee  ddooccuummeenntteedd  iittss  ccoonnttiinnuueedd  uussee  oonn  aa
ssiiggnniiffiiccaanntt  nnuummbbeerr  ooff  ssiitteess::    sseeee  MMiixxoonn,,  JJ..WW..  aanndd  GGrreeeenn,,  FF..  ((11999922))  RReessuullttss  ooff  TThhee  11999922  BBeesstt
MMaannaaggeemmeenntt  PPrraaccttiicceess  ffoorr  FFoorreessttrryy  iinn  GGeeoorrggiiaa  CCoommpplliiaannccee  SSuurrvveeyy,,  GGeeoorrggiiaa  FFoorreessttrryy
CCoommmmiissssiioonn;;  VVoowweellll,,  JJ..  aanndd  GGiillppiinn,,  TT..  ((11999944))  FFlloorriiddaa  SSiillvviiccuullttuurree  BBeesstt  MMaannaaggeemmeenntt  PPrraaccttiicceess
CCoommpplliiaannccee  SSuurrvveeyy  RReeppoorrtt,,  11999933,,  FFlloorriiddaa  DDeeppaarrttmmeenntt  ooff  AAggrriiccuullttuurree  aanndd  CCoonnssuummeerr  SSeerrvviicceess,,
TTaallllaahhaasssseeee,,  FFLL,,  MMaayy  11999944;;  aanndd  LLoorrdd,,  RR..,,  NNoorrrriiss,,  JJ..,,  aanndd  TTuullllooss,,  JJ..  ((11999922))  VVoolluunnttaarryy  CCoommpplliiaannccee
WWiitthh  FFoorreessttrryy  BBeesstt  MMaannaaggeemmeenntt  PPrraaccttiicceess  IInn  EEaasstt  TTeexxaass,,  RReessuullttss  ffrroomm  tthhee  BBMMPP  CCoommpplliiaannccee
MMoonniittoorriinngg  PPrroojjeecctt,,  TTeexxaass  FFoorreesstt  SSeerrvviiccee,,  OOccttoobbeerr  11999922..    VVoowweellll  aanndd  GGiillppiinn,,  ffoorr  eexxaammppllee,,  ffoouunndd
tthhaatt  wwiinnddrroowwiinngg  wwaass  uusseedd  oonn  2299%%  ooff  tthhee  ssiitteess  tthhee  ssttaattee  ssuurrvveeyyeedd  iinn  11999933..

IInn  tthheeiirr  sseemmiiaannnnuuaall  ssuurrvveeyy  ooff  ccoosstt  ttrreennddss  iinn  tthhee  SSoouutthh,,  DDuubbooiiss  eett  aall..((11999955))  rreeppoorrtt  tthhaatt
rreessppoonnddeennttss  ttoo  tthhee  11999944  ssuurrvveeyy  iinnddiiccaatteedd  tthhaatt  wwiinnddrroowwiinngg  wwaass  uusseedd  oonn  2211%%  ooff  tthhee  aaccrreess  rreeppoorrttiinngg
uussee  ooff  ssoommee  ttyyppee  ooff  mmeecchhaanniiccaall  ssiittee  pprreeppaarraattiioonn  ((DDuubbooiiss,,  MM..EE..,,  MMccNNaabbbb,,  KK..,,  SSttrraakkaa,,  TT..JJ..,,  aanndd
WWaattssoonn,,  WW..JJ..  ((11999955))  ""CCoossttss  aanndd  CCoosstt  TTrreennddss  ffoorr  FFoorreessttrryy  PPrraaccttiicceess  iinn  tthhee  SSoouutthh,,""  FFoorreesstt  FFaarrmmeerr,,
iinn  pprreessss))..
116633HHaaiigghhtt  ((11999933)),,  oopp..  cciitt..
116644RRiissbbrruuddtt,,  CChhrriissttoopphheerr  HH..,,  FFrreedd  KKaaiisseerr  aanndd  PPaauull  VV..  EElllleeffssoonn..    11998833..    CCoosstt--eeffffeeccttiivveenneessss  ooff  tthhee
11997799  ffoorreessttrryy  iinncceennttiivveess  pprrooggrraamm..    JJoouurrnnaall  ooff  FFoorreessttrryy  ((MMaayy))::  229988--330011..
116655BBooyydd  aanndd  HHyyddee  ((11998899)),,  oopp..  cciitt..
116666NNeewwmmaann  aanndd  WWeeaarr  ((11999933)),,  oopp..  cciitt..
116677CCoohheenn,,  MMeelliinnddaa  AA..    11998833..    ““PPuubblliicc  ccoosstt--cchhaarree  pprrooggrraammss  aanndd  pprriivvaattee  iinnvveessttmmeenntt  iinn  ffoorreessttrryy  iinn
tthhee  ssoouutthh,,””  iinn  NNoonn--iinndduussttrriiaall  pprriivvaatteeffoorreessttss::  aa  rreevviieeww  ooff  eeccoonnoommiicc  aanndd  ppoolliiccyy  ssttuuddiieess,,  eedd..  JJaacckk  PP..
RRooyyeerr  aanndd  CChhrriissttoopphheerr  RRiissbbrruuddtt..    DDuurrhhaamm,,  NNCC::  DDuukkee  UUnniivveerrssiittyy..
116688AAddaammss  aanndd  HHaayynneess  ((11999911)),,  oopp..  cciitt..
116699SSoocciieettyy  ooff  AAmmeerriiccaann  FFoorreesstteerrss,,  TTaasskk  ffoorrccee  rreeppoorrtt  oonn  ssuussttaaiinniinngg  lloonngg--tteerrmm  ffoorreesstt  hheeaalltthh  aanndd
pprroodduuccttiivviittyy  ((BBeetthheessddaa,,  MMDD::  SSAAFF,,  11999933))..
116666RRiicchhaarrddssoonn,,  CC..  JJ..    11999944..    EEccoollooggiiccaall  ffuunnccttiioonnss  aanndd  hhuummaann  vvaalluueess  iinn  wweettllaannddss::  AA  ffrraammeewwoorrkk  ffoorr
aasssseessssiinngg  ffoorreessttrryy  iimmppaaccttss..  WWeettllaannddss  1144((11))::11--99..
117711SSoocciiaall  ccoossttss  iinncclluuddee  eexxtteerrnnaalliittiieess  ((sseeee,,  ffoorr  eexxaammppllee,,  BBooyydd  aanndd  HHyyddee  11998899))  aanndd  rreessiidduuaall
iimmppaaccttss..    BBootthh  rreeffeerr  ttoo  ddaammaaggeess  iinnccuurrrreedd  bbyy  aa  ggiivveenn  pprraaccttiiccee  wwhhiicchh  aarree  nnoott  iinnccoorrppoorraatteedd  iinnttoo  tthhee
ccoosstt  ooff  mmaannaaggeemmeenntt..    EExxtteerrnnaalliittiieess  rreepprreesseenntt  ssoocciiaall  ccoossttss  iinn  eexxcceessss  ooff  tthhee  eeccoonnoommiiccaallllyy  eeffffiicciieenntt
lleevveell,,  wwhhiicchh  iiss  tthhee  lleevveell  ooff  tthhee  iimmppaacctt  ((ee..gg..,,  wwaatteerr  ppoolllluuttiioonn))  tthhaatt  wwoouulldd  eexxiisstt  iiff  tthhee  mmaarrggiinnaall  ccoossttss
ooff  wwaatteerr  ppoolllluuttiioonn  wweerree  iinntteerrnnaalliizzeedd  bbyy  tthhee  ffoorreesstt  mmaannaaggeerr  aanndd  bbaallaanncceedd  aaggaaiinnsstt  tthhee  mmaarrggiinnaall
bbeenneeffiittss..    EEvveenn  iiff  eexxtteerrnnaalliittiieess  aarree  eelliimmiinnaatteedd,,  tthheerree  mmaayy  ssttiillll  bbee  rreessiidduuaall  iimmppaaccttss  ----  ssoocciiaall  ccoossttss
tthhaatt  rreessuulltt  aatt  tthhee  eeccoonnoommiiccaallllyy  ""ooppttiimmuumm""  lleevveell..

TToo  ttaakkee  aann  eexxaammppllee  ffrroomm  ffoorreessttrryy::  ssuuppppoossee  aa  ffoorreessttrryy  ooppeerraattiioonn  lleeaaddss  ttoo  tthhee  ddeeppoossiitt  ooff
llaarrggee  aammoouunnttss  ooff  sseeddiimmeenntt  iinn  aa  ttrroouutt  ssttrreeaamm,,  ddeeggrraaddiinngg  hhaabbiittaatt  aanndd  rreedduucciinngg  ttrroouutt  ppooppuullaattiioonnss  aanndd
tthhuuss  tthhee  vvaalluuee  ooff  tthhee  ssttrreeaamm  ffoorr  ffiisshhiinngg..    TThhee  lloossss  ooff  ffiisshhiinngg  vvaalluuee  rreepprreesseennttss  aa  ssoocciiaall  ccoosstt,,  wwhhiicchh
iinn  tthhee  aabbsseennccee  ooff  rreegguullaattiioonn  iiss  nnoott  aaccccoouunntteedd  ffoorr  bbyy  tthhee  ffoorreesstt  mmaannaaggeerr..    NNooww  ssuuppppoossee  tthhaatt  BBMMPPss
aarree  oobbsseerrvveedd,,  sshhiiffttiinngg  tthhee  ccoosstt  ooff  wwaatteerr  ppoolllluuttiioonn  aabbaatteemmeenntt  oonnttoo  tthhee  ffoorreesstt  mmaannaaggeerr..    EExxtteerrnnaalliittiieess
mmaayy  bbee  eelliimmiinnaatteedd  iiff  tthhee  eeccoonnoommiiccaallllyy  eeffffiicciieenntt  lleevveell  ooff  ppoolllluuttiioonn  iiss  rreeaacchheedd;;  bbuutt  tthheerree  mmaayy
rreemmaaiinn  ssoommee  ssoocciiaall  ccoossttss,,  oorr  rreessiidduuaall  iimmppaaccttss..
116688SSeeee,,  ffoorr  eexxaammppllee,,  BBiissssoonn,,  PP..  AA..,,  TT..  PP..  QQuuiinnnn,,  GG..  HH..  RReeeevveess,,  aanndd  SS..  VV..  GGrreeggoorryy,,  ""BBeesstt
mmaannaaggeemmeenntt  pprraaccttiicceess,,  ccuummuullaattiivvee  eeffffeeccttss,,  aanndd  lloonngg--tteerrmm  ttrreennddss  iinn  ffiisshh  aabbuunnddaannccee  iinn  PPaacciiffiicc
NNoorrtthhwweesstt  rriivveerr  ssyysstteemmss,,""  iinn  WWaatteerrsshheedd  mmaannaaggeemmeenntt::  BBaallaanncciinngg  ssuussttaaiinnaabbiilliittyy  aanndd
eennvviirroonnmmeennttaall  cchhaannggee,,  eedd..  RR..  JJ..  NNaaiimmaann  ((NNeeww  YYoorrkk::  SSpprriinnggeerr--VVeerrllaagg,,  11999922))..
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117733SSttoollll,,  JJ..  RR..,,  aanndd  LL..  AA..  JJoohhnnssoonn,,    CCoonncceeppttss  ooff  vvaalluuee,,  nnoonnmmaarrkkeett  vvaalluuaattiioonn,,  aanndd  tthhee  ccaassee  ooff  tthhee
wwhhooooppiinngg  ccrraannee..    NNoorrtthh  AAmmeerriiccaann  WWiillddlliiffee  aanndd  NNaattuurraall  RReessoouurrcceess  CCoonnffeerreennccee  TTrraannssaaccttiioonnss
4499::338822--339933  ((11998844))..
117744WWaallsshh,,  RR..  GG..,,  JJ..  BB..  LLoooommiiss,,  aanndd  RR..  AA..  GGiillllmmaann,,  VVaalluuiinngg  ooppttiioonn,,  eexxiisstteennccee,,  aanndd  bbeeqquueesstt
ddeemmaannddss  ffoorr  wwiillddeerrnneessss..    LLaanndd  EEccoonnoommiiccss    6600((11))::  1144--2299  ((11998844))..    DDiiffffeerreenntt  aauutthhoorrss  ddiissttrriibbuuttee
tthheessee  vvaalluueess  ddiiffffeerreennttllyy::  ffoorr  eexxaammppllee,,  SSttoollll  aanndd  JJoohhnnssoonn  ((11998844))  ccoonnssiiddeerr  ooppttiioonn  vvaalluuee  aa  ""ffuuttuurree
uussee""  vvaalluuee,,  aanndd  tthhuuss  ggrroouupp  iitt  aalloonngg  wwiitthh  pprreesseenntt  uussee  vvaalluuee  aass  ssuubbsseettss  ooff  uussee  vvaalluuee..    HHoowweevveerr,,  tthhee
ccoonncceeppttss  aarree  ccoonnssiisstteenntt..
117755SSAAFF  11999933,,  oopp..  cciitt..
117766RRiicchhaarrddssoonn,,  CC..  JJ..,,    PPooccoossiinnss::  VVaanniisshhiinngg  wwaasstteellaannddss  oorr  vvaalluuaabbllee  wweettllaannddss??    BBiiooSScciieennccee  3333((1100))::
662266--663333  ((11998833));;    UU..SS..  DDeeppaarrttmmeenntt  ooff  tthhee  IInntteerriioorr,,  TThhee  iimmppaacctt  ooff  ffeeddeerraall  pprrooggrraammss  oonn  wweettllaannddss,,
vvooll..  IIII,,  aa  rreeppoorrtt  bbyy  tthhee  SSeeccrreettaarryy  ooff  tthhee  IInntteerriioorr  ((WWaasshhiinnggttoonn,,  DD..CC..::  GGoovvtt..  PPrriinnttiinngg  OOffffiiccee,,  11999944));;
SSttrreeeett,,  MM..  WW..  aanndd    JJ..  DD..  MMccCClleeeess,,  NNoorrtthh  CCaarroolliinnaa''ss  ffiisshhiinngg  iinndduussttrryy  aanndd  tthhee  iinnfflluueennccee  ooff  ccooaassttaall
aalltteerraattiioonnss,,  iinn  PPrroocceeeeddiinnggss  ooff    tthhee  ssyymmppoossiiuumm::  FFoorreesstteedd  wweettllaannddss  ooff  tthhee  UUnniitteedd  SSttaatteess,,  eedd..  DD..  DD..
HHooookk  aanndd  RR..  LLeeaa,,  GGeenn..  TTeecchh..  RReepptt..  SSEE--5500  ((AAsshheevviillllee,,  NNCC::  UUSSDDAA  FFoorreesstt  SSeerrvviiccee,,  SSoouutthheeaasstteerrnn
FFoorreesstt  EExxppeerriimmeenntt  SSttaattiioonn,,  11998888)),,  223388--5511..
117777CCoommmmeerrcciiaall  lloosssseess  wweerree  eessttiimmaatteedd  uussiinngg  llaannddiinngg  pprriicceess  ffoorr  ccoommmmeerrcciiaall  ffiisshh  ccaattcchheess;;
rreeccrreeaattiioonnaall  lloosssseess  wweerree  eessttiimmaatteedd  bbyy  ccaallccuullaattiinngg  tthhee  wwiilllliinnggnneessss  ttoo  ppaayy  ffoorr  ffiisshhiinngg  ttrriippss..    BBeeccaauussee
rreeccrreeaattiioonnaall  ffiisshhiinngg  iiss  nnoorrmmaallllyy  aa  nnoonnmmaarrkkeett  rreessoouurrccee  ----  ii..ee..,,  ""ffiisshhiinngg  ddaayyss""  aarree  nnoott  bboouugghhtt  aanndd
ssoolldd  iinn  aa  mmaarrkkeett,,  wwiitthh  ddiissttiinncctt  pprriiccee  iinnffoorrmmaattiioonn  ----  iitt  mmuusstt  bbee  qquuaannttiiffiieedd  bbyy  mmeetthhooddss  tthhaatt
ddeetteerrmmiinnee  tthhee  vvaalluuee  ooff  nnoonnmmaarrkkeett  rreessoouurrcceess  aass  tthhee  wwiilllliinnggnneessss  ooff  aa  ccoonnssuummeerr  ttoo  ppaayy  ffoorr  tthheemm..    IInn
tthhiiss  ssttuuddyy,,  tthhee  mmeetthhoodd  uusseedd  wwaass  tthhee  ""ttrraavveell  ccoosstt  mmeetthhoodd,,""  iinn  wwhhiicchh  aaccttuuaall  ttrraavveell  ddaattaa  aarree  uusseedd  ttoo
eessttiimmaattee  tthhee  ddeemmaanndd  ffoorr  ffiisshhiinngg  ttrriippss,,  aanndd  tthhee  pprriiccee  ((iinn  tteerrmmss  ooff  ttrraavveell  ccoossttss  aanndd  ttiimmee))  tthhaatt
ffiisshheerrmmeenn  wwiillll  ppaayy  ffoorr  tthhoossee  ttrriippss..    AAss  ffoorr  aannyy  rreessoouurrccee,,  tthhee  ddeemmaanndd  ffoorr  rreeccrreeaattiioonnaall  ffiisshhiinngg  iiss
tthheenn  ccaallccuullaatteedd  rreellaattiivvee  ttoo  tthhee  aabbuunnddaannccee  ooff  ffiisshh..
117788LLoooommiiss,,  JJ..  BB..,,    AA  mmoorree  ccoommpplleettee  aaccccoouunnttiinngg  ooff  ccoossttss  aanndd  bbeenneeffiittss  ffrroomm  ttiimmbbeerr  ssaalleess..,,  JJ..
FFoorreessttrryy  8877((33))::  1199--2233  ((11998899));;    LLoooommiiss,,  JJ..  BB..,,    AA  bbiiooeeccoonnoommiicc  aapppprrooaacchh  ttoo  eessttiimmaattiinngg  tthhee
eeccoonnoommiicc  eeffffeeccttss  ooff  wwaatteerrsshheedd  ddiissttuurrbbaannccee  oonn  rreeccrreeaattiioonnaall  aanndd  ccoommmmeerrcciiaall  ffiisshheerriieess,,    JJ..  SSooiill  aanndd
WWaatteerr  CCoonnsseerrvvaattiioonn  4444((11))::  8833--8877  ((11998899))..
117799EEnngglliisshh,,  DD..  BB..  KK..,,  CC..  JJ..  BBeettxx,,  JJ..  MM..  YYoouunngg,,  JJ..  CC..  BBeerrggssttrroomm,,  aanndd  HH..  KK..  CCoorrddeellll,,    RReeggiioonnaall
ddeemmaanndd  aanndd  ssuuppppllyy  pprroojjeeccttiioonnss  ffoorr  oouuttddoooorr  rreeccrreeaattiioonn,,    GGeenn..  TTeecchh..  RReepptt..  RRMM--223300  ((FFoorrtt  CCoolllliinnss,,
CCOO::  UUSSDDAA  FFoorreesstt  SSeerrvviiccee,,  RRoocckkyy  MMoouunnttaaiinn  FFoorreesstt  aanndd  RRaannggee  EExxppeerriimmeenntt  SSttaattiioonn,,  11999944))..
118800TThhiiss  ffiigguurree  wwaass  ccaallccuullaatteedd  aass  tthhee  ddiiffffeerreennccee  bbeettwweeeenn  tthhee  vvaalluuee  ooff  hhaavviinngg  1100  mmiilllliioonn  aaccrreess  iinn
wwiillddeerrnneessss,,  $$9933..22  mmiilllliioonn,,  aanndd  tthhee  vvaalluuee  ooff  hhaavviinngg  11..22  mmiilllliioonn  aaccrreess,,  $$2288..55  mmiilllliioonn..    WWaallsshh  eett  aall..
11998844,,  2255..
118811RRuubbiinn,,  JJ..,,  GG..  HHeellffaanndd,,  aanndd  JJ..  LLoooommiiss,,  AA  bbeenneeffiitt--ccoosstt  aannaallyyssiiss  ooff  tthhee  nnoorrtthheerrnn  ssppootttteedd  oowwll..    JJ
FFoorreessttrryy  8899((1122))::  2255--3300  ((11999911))..
118822TThhee  ffoorreesstt  pprroodduuccttss  iinndduussttrryy  aasssseerrttss  tthhaatt  tthhee  uussee  ooff  wwoooodd  pprroodduuccttss  ((iinn  ppaarrttiiccuullaarr  lluummbbeerr))    iiss
eennvviirroonnmmeennttaallllyy  ssuuppeerriioorr  ttoo  tthhee  uussee  ooff  aalltteerrnnaattiivvee  pprroodduuccttss  ((ssuucchh  aass  sstteeeell  oorr  ccoonnccrreettee)),,  aanndd
tthheerreeffoorree  tthhaatt  ttiimmbbeerr  pprroodduuccttiioonn  pprroodduucceess  aa  ssoocciiaall  ggoooodd  rreepprreesseenntteedd  bbyy  tthhee  aavvooiiddaannccee  ooff
aalltteerrnnaattiivvee  pprroodduuccttss..    AAsssseessssiinngg  tthhee  mmeerriittss  ooff  tthhiiss  aarrgguummeenntt  wwoouulldd  rreeqquuiirree  aa  ddeettaaiilleedd  aannaallyyssiiss
ooff  tthhee  rreellaattiivvee  eennvviirroonnmmeennttaall  iimmppaaccttss  ooff  wwoooodd  pprroodduuccttss  aanndd  tthheeiirr  aalltteerrnnaattiivveess,,  wwhhiicchh  tthhee  TTaasskk
FFoorrccee  iiss  nnoott  pprreeppaarreedd  ttoo  ccaarrrryy  oouutt..    IInn  ppaarrtt,,  tthhiiss  iiss  bbeeccaauussee  ooff  tthhee  ssccooppee  ooff  tthhee  pprroojjeecctt;;  mmoorree
ffuunnddaammeennttaallllyy,,  tthhiiss  ""ssuubbssttiittuuttiioonn""  ddeebbaattee  iiss  llaarrggeellyy  iirrrreelleevvaanntt  ttoo  tthhee  lliiffeeccyyccllee  ooff  ppaappeerr  aanndd
ppaappeerrbbooaarrdd..
118833SSeeee,,  ffoorr  eexxaammppllee,,  RRooww,,  CC..  RR..,,  RR..  NN..  SSaammppssoonn,,  aanndd  DD..  HHaaiirr,,    EEnnvviirroonnmmeennttaall  aanndd  llaanndd  uussee
cchhaannggeess  ffrroomm  iinnccrreeaassiinngg  ffoorreesstt  aarreeaa  aanndd  ttiimmbbeerr  ggrroowwtthh  ((DDrraafftt)),,    iinn  FFoorreessttss  aanndd  GGlloobbaall  CChhaannggee,,
VVooll..  IIII,,  eedd..  RR..  NN..  SSaammppssoonn  aanndd  DD..  HHaaiirr  ((WWaasshhiinnggttoonn,,  DD..CC..::  AAmmeerriiccaann  FFoorreessttss,,  eexxppeecctteedd  ppuubbll..
MMaayy  11999955))..
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118811CCuubbbbaaggee  eett  aall..  ((11999955)),,  oopp..  cciitt..
118822WWeeyyeerrhhaaeeuusseerr  rreesseeaarrcchh  ppaappeerr,,  11999922..
118866FFoorr  eexxaammppllee,,  GGeeoorrggiiaa--PPaacciiffiicc  aanndd  tthhee  NNaattuurree  CCoonnsseerrvvaannccyy  rreecceennttllyy  aaggrreeeedd  ttoo  jjooiinnttllyy  mmaannaaggee
2211,,000000  aaccrreess  ooff  ddiivveerrssee  ffoorreessttllaanndd  aalloonngg  tthhee  RRooaannookkee  aanndd  CCaasshhiiee  RRiivveerrss  iinn  eeaasstteerrnn  NNoorrtthh
CCaarroolliinnaa..    TTiimmbbeerr  hhaarrvveessttss  wwiillll  bbee  ppeerrmmiitttteedd  iinn  ssoommee  aarreeaass  bbuutt  wwiillll  bbee  ccoonnffiinneedd  ttoo  sseelleeccttiivvee
hhaarrvveessttss  tthhaatt  mmuusstt  mmeeeett  wwiitthh  tthhee  NNaattuurree  CCoonnsseerrvvaannccyy''ss  aapppprroovvaall..    RRoosseenn,,  JJ..  ((11999944))  ""CCoonnsseerrvvaattiioonn
ddeeaall  ffoorrggeedd  ttoo  ssaavvee  lloowweerr  RRooaannookkee  wweettllaannddss,,""  TThhee  NNeewwss  aanndd  OObbsseerrvveerr,,  RRaalleeiigghh,,  NNCC,,  NNoovveemmbbeerr
1155,,  11999944,,  pp..  11AA..


