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Abstract

Management activities that affcet forest health and productivity are driven by social, political, and cconomic processes. Economic
feasibility is important in determining the extent 10 which various treatments proposed 1o improve forest health will actually be
applied. Three sociccconomic institutions create incentives that are important determinants: markets, land uses, and the process-
ing industry. We have extensive information on timber markets, and land uses have been studied at broad scales. Thinning under-
taken for [orest health improvement provides mostly small-diameter and dead material, but markets for products from small and
dead logs are limited. Harvesting and manufacturing costs, resource characteristics, and lumber prices influence the way timber is
processed (i.e. what products are made}: design of timber sales (i.e. amount and size of raw materials offered) influences harvest
cost. Processing equipment that scans logs and processes them according to shape can greatly improve product yield. Decision

tools that incorporate (hese factors inte financial evaluations can assist in harvest und other (rcatment decisions.

Introduction

For much of the past decade, different perspec-
tives on the forest health issue have been acknowl-
edged (see Kolb ct al. 1994), but in gencral the
available economics literature tends towards the
utilitarian point of view. That is, a {orest is con-
sidered heatthy where biotic and abiotic influences
on forests do not threatent management objectives.
The purpose of this paper is to summarize and
assess the economic and ulilization information
that influcnces both the incentives for changes in
forest health and productivity conditions and our
ability to judge consequences of strategies to cope
with natural disturbances. Much of this work deals
with forest management in eastern Oregon and
Washington. In the economics literature (as clse-
where) this region goes by names such as the Pacific
Northwest—eastside (abbreviated PNWE) or the
ponderosa pine subregion.

There are a number of management activities
done to improve forest health such as the use of
prescribed fire, commercial and noncommercial
thinning. introduction of inscct predators, eradi-
cation or control of invasive species, fire suppres-
sion, ungulate herbivory, use of pheromones o
manage insect populations, and insect and dis-
ease suppression. Many of these are treated not

in an economic sense but rather in financial terms
such as minimizing treatment costs or determin-
ing the number of acres to be treated subject to
budget limitations. Only a small subset of these
activities has been treated in economics research.
In this paper we will focus mostly on thinning
and harvesting with some treatment of grazing
as part of stand management regimes. Much of
the discussion will use examples from public tim-
berlands, but many of the results are equally ap-
plicable to the private sector.

Economic Incentives that Drive Changes
in Forest Health and Productivity (FH&P)
Conditions and Treatments

Three types of socioeconomic institutions create
incentives that are important determinants of
changes in FH&P: markets, land uses, and the
processing industry. Local, regional, national, and
international markets for forest products deter-
mine the types and quantity of material that can
be readily harvested without subsidies. The For-
est Service has a long history of market assess-
ments that have in the past 25 years focused on
the evolution of harvest, resource conditions, and
product production (see Haynes 1990, Haynes et
al. 1995). There is also extensive information about
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timber markets in the PNWE. Uniformly defined
stumpage prices are contintous from 1932, In
general, sawtimber stumpage prices have increased
1.03% per year in real terms (sce Haynes 1998
for the 1973 to 1996 data). Recently, however,
growth in sawtimber prices has slowed, and there
continue to be differences in the trends for saw-
timber and chip log prices (sec Figure 1; Haynes
1999). Figure 1 also shows the volatility in tim-
ber markets where it is not uncommeon for stumpage
prices to double or fall by half over a period as
short us 2 years. Such rapid changes introduce
nearly equivalent changes in harvest volumes and
arca disturbed by harvest,

The second type of economic activity that drives
changes in FH&P conditions is changing land uses
among timberland acres. especially on private tim-
berlands where these changes mask three under-
lying issues: changes in land use. type transition
following harvest, and shifts in management in-
tensities on private timberlands. These issues have
been studied at broader scales (ecoregion and
higher) and are summarized by Alig et al.! Some
of these findings are applicable at lower spatial
scales, especially those that relate to private Jand-
owner behavior,

The third type of incentive is change in the
mix, efficiency. capacity, and spatial distribution
of the forest products industry as a function of

the expected profitability of converting stump-
age into forest products. For the PNWE, much is
known about the forest product industries, the
functional economies in which they operate. and
the potential for market forces (o resolve forest
health issues. Much of this information is cal-
lected and compiled for various assessnient ef-
forts such as thosce done as part of the Resource
Planning Act (see Haynes et al. 1995) and the
recent Interior Columbia Basin Ecosystemn Man-
agement Project (see Haynes and Horne 1997).
Other market-related information is reported on
aregular basis by Warren (1999) and in the peri-
odic mill surveys done for each state (see Ward
et al. 1998). As Figure 2 shows. the number of
sawmills in eastern Oregon (and Washington) has
declined dramatically since 1988. This affects the
economic feasibility of utilizing small trees by
increasing the transportation cost in those arcas
that are now further from a sawmill than they used
to be.

Much of this information can be summarized
quickly as shown in Table 1 (from Haynes el al.
1995). In absolute terms, timber harvests for PNWE
peaked at just under 700 million cubic feet (roughly
6 % of total US softwood harvest) in the late 1980s.
But in relative terms. the region peaked a decade
carlier, and since then most industry expansion
has come in other US regions. especially in the
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Figure 1. Sumpage prices for sawlogs and chip logs have been subject 1o wide swings and have recently converged (Haynes

1969).

200  Haynes, Fight, Lowell. Sicvens, and Barbour



TABLEF |. Softwood timber harvest in the United States and Pacific Northwest Eastside by land ownership

Item 1952 1962 1970 1976 1986 199] 1998
Million cubic feet
Pacitic Northwest
Eastside
National Forest 100 232 286 292 378 352 115
Other Public 48 6l 97 89 31 26 36
Forest Industry 100 G4 117 151 166 100 130
Other private 100 67 48 60 111 116 86
Total 348 454 548 592 686 594 387
United States:
National Forest 961 1,635 1,918 1,867 2,153 1.789 589
Other Pabhic 403 362 702 822 772 672 575
Forest Industry 2,668 2144 2.738 3,302 4,043 3,936 4,303
Other private 3,490 2981 3317 3,518 4,295 4335 4,862
Total 7.522 7,322 8,663 9,509 11.263 10,732 10.329
Percent
Eastside proportion 4.6 6.2 6.3 6.2 6.1 5.5 37

of total harvest
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Figure 2. Number of sawmills in eastern Oregon (A) and Washington (13).
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South. Table 1 also shows a steady shift among
landowners. each with a different propensity for
harvest. Among U.S. regions, the PNWE has the
highest dependence on public harvest, and reduc-
tion in National Forest harvest since 1993 has
diminished the industrial base. In terms of the
mix of products. lumber and structural panels
dominate production in the PNWE and lead to
stumpage markets that focus mostly on sawlogs.

There are some broad inferences that can be
drawn from this quick summary. First, the forest
products industry is in decline in the PNWE, raising
concerns about the demand for most types of
stumpage. Second, limited product diversity will
limit the opportunity for non-traditional material
{small, dead logs). and as a result the potential
for markets 1o aid in the solution of forest health
issues is in decline.

Effects on Economic Factors of FH&P
Treatments

Land managers have an array of management tools
for altering stand conditions. Often. however. in
eastside forest types the lower stumpage values
and lower inherent productivity makes the cost
efficiency of management practices especially
important. Reducing costs early in rotations is es-
pecially important in making management regimes
financially feasible. Other alternative management
regimes that combine natural regeneration. un-

gulate herbivory. and fire can improve the finan-
cial feasibility of stand management (sce Weigand
et al. 1993 for a more compete discussion).

Altering Stand Conditions

From an operations standpoint there are two ap-
proaches to altering stand conditions as part of
forest health treatments. One involves non-har-
vest activitics to reduce stocking levels or to alter
stand structures, The feasibility of this approach
is determined by available budgets and involves
slashing and often piling small material. Tn the
USDA Forest Service, Pacific Northwest Region
{Region 6), this was budgeted at $86 per acre in
FY98, and its expected job creation is 1 person-
year of employment per 500 acres treated (USDA
and USDI 20(1}). A second approach involves using
timber sales to remove material that can be pro-
cessed into wood products including chips for fuel
and pulp. The economic feasibility of harvest
aclivities for public or private lands is determined
by three design lcatures: the type of logging sys-
temn that can be used (often specified for federal
sales as a function of topography and site condi-
tiens): volume of material removed per acre; and
the size of material removed. The choice of the
logging system has a large impact on the poten-
tial economic feasibility. Cable systems gener-
ally have higher costs than ground-based systems.
Figure 3 compares the costs of harvesting with a
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Figure 3. Harvesting cost studies show that cests decline with increasing tree sive, and that cable systems are more expensive—

dramatically so for smaller rees.
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cable system and a cut-to-length forwarder sys-
tem. Figure 3 also shows how the size of mate-
rial affects logging costs. These higher costs make
small log sales difficult. Related to size is vol-
ume removed per acre. Figure 4 shows the sensi-
tivity of harvest costs (assuming a cut-to-length
forwarder system) to volume removed. It shows
thal costs increase at an increasing rate at har-
vests of less than about 1000 CF per acre. A sig-
nificant implication of these cost relations is that
thinning strictly from below will generally have
lower financial feasibility, While the small mate-
rial is generally of good quality for products, the
resulting smaller average tree size will increase
logging costs and the smaller average log size will
increase manufacturing costs. In some cases thin-
ning from across a wider range of diameter classes
will make the difference between financial feasi-
bility and financial infeasibility.

Utilization

There are extensive studies that compare the vol-
ume and value recovery of products manufactured
from dead trees (Ernst et al. 1986); killed by fire
(Willits and Sampson, 1988, Lowell and Cahill
1996), or insects (Fahey et al. 1986; Willits et al.
1990; Scott et al. 1996; Parry et al. 1996¢; Lowell
and Willits, 1998; Lowell, In press). Many fac-
tors influence rate of deterioration including, but
not limited to, tree species and characteristics (e.g.

bark thickness, sapwood depth), diameter, and local
site conditions (Lowell et al. 1992).

A decrease in both volume and value recov-
ery (depending on end use) is not uncommon af-
ter as little as | vear—a result of sap rot, weather
checking, stain, and insect bore holes. Losses in
volume recovery are often insignificant in the first
year following death if lumber or pulp is being
produced. Value loss after 1 year may be signifi-
cant in species susceptible to blue-stain or if logs
have a high proportion of weather check that causes
splits or decreases the width of boards recovered.
Smaller trees and tops of larger trees, where the
bark is thinner, tend to weather check more readily.
Veneer production losses are more sensitive, with
both velume and value losses from recently dead
material (1 year orless), primarily aresult of check-
ing. Pulp as an end use is less affected.

In subsequent years, losses increase dramati-
cally as sap rot develops, moisture continues o
be lost from trees or logs, and insect damage in-
creases. Additional losses may be attributed to
breakage during harvesting, especially as the lime
since death increases.

The utilization of small-diameter timber from
castern Washington and eastern Orcgon is closely
tied to log value. so factors that influence log value
also influence the ability of manufacturers i utilize
the material. Two major factors are harvesting costs
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Figure 4. Harvest cost per ccf incrcases at low volumes per acre because fixed costs are spread over less volulme, and variable
costs increase as the travel distance berween harvested trees increases.
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and lumber prices. The way timber sales are de-
signed and the rules under which they are imple-
mented can aftfect harvest costs. The price of lumber
is determined by factors outside the control of
landowners in eastern Washington and Oregon.

Volume recovery for lumber and veneer de-
clines rapidly in all species when block diameter
drops below about 8 inches. The industry in east-
ern Washington and Oregon is slowly adapting
to processing small-diameter material. Chips, lum-
ber, and veneer are the major product categories,
but posts and poles or other small roundwood
products are also manufactured. Stem shape and
straightness as factors in determining volume re-
covery from material are more important for this
size range than for larger logs. Processing equip-
ment that scans logs for shape then processes them
accordingly, and breakdown strategics that mini-
mize block tength can greatly improve recovery.
Two examples are curve sawing for lumber, and
technologies like COE Equipment’s Perfect Edge
system that uses a proprietary gluing technology
Lo join two 4-foot veneer sheets into an 8 foot
shect.

Grade recovery is highly species dependent
and is also related to management history, Small-
diameter Douglas-fir, larch, and lodgepole pine
grown in denscly stocked stands yields lurnber
and veneer with structural properties as good or
better than larger-diameter material grown under
more open conditions. The structural character-
istics of small-diameter trees from these species
that were grown under open conditions such as
plantations tend to be inferior to older, larger
material. Small-diameter ponderosa pine seeras
to have inferior structural and appearance char-
acteristics regardiess of stand history.

Costs and Benefits of FH&F Treatments

We often see statements made asserting that policy
makers have an interest in the costs and benefits
of forest health treatments. But benefits of forest
health treatments are often difficult to quantify.
More typicaily various proxies such as jobs, tim-
ber volumes, and returns to treasury are used as
the benefit measure. The shift to brouder goals
for ecosystem management has increased the in-
tercst in broader arrays of benefits derived from
forests, but the work thus far has mostly dealt
with relatively broad landscape management issues
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(see Bolon and others 1995 and Haynes and Horne
1997). Although the perceived environmental value
of these treatments increases the motivation or
desire to treat stands, it has little or no effect on
the economic feasibility of the treatments unless
there is a willingness to subsidize treatments.

There is research that addresses the cost of
different types of treatments (see Ince and others
1984 or Harisough and others 2001). Land man-
agers alsc have extensive experience in using
operational practices both in terms of budgeting
and contracting, and there is a renewed interest
invariations of service contracts on public lands.
The treatment cost data helps determine the fea-
sibility of different approaches. including the
amount of material that needs to be removed in
order to be economically feasible. In terms of
assessing the economic benefits of forest health
treatments, we are limiled to proxies such as job
effects for econonic well-being or effects on se-
fected communities for some of the concerns about
social well-being.

Given the number of acres or volume to be
treated, job numbers can be computed. We can
assume | person-year of employment per 500 acres
treated where the uctivities de not include timber
harvest. Where there is timber volume removed
we can assume 4 person years of employment
per million board fect harvested (see Haynes and
Crone 20011 }. These job numbers serve as a proxy
for effects on economic well-being. In recent dis-
cussions about restoration, concerns have becn
raised about focusing job creation in specific com-
munities of place or among specific communi-
ties of interest,

Among the cost and benefit information avail-
able is research that deals with the dual issues of
community stability and economic well-being.
While the definition of community stability is
problematic (see Richardson 1996), much is now
known about community issues (see McCool et
al. 1997} and community conditions (see Reyna
1998}. As part of the Interior Columbia Basin
Ecosystem Management Project, Haynes and
Horne (1999) developed county-based measures
of socioeconomic resiliency to help federat land
martagers gauge the longer-term effects of changes
in land management. Measures like this can be
used to show the relative effects of different res-
toration strategies.



Decision-Support Tools, Thresholds

Various decision-support tools exist to assist land
managers and policy makers evaluate thinning and
harvest as a means to improve forests; three are
particularty relevant. First, the development and
application of the FEEMA softwarc (Financial
Evaluation of Ecosystem Management Activities
[Fight and Chmelik 1998]) is most relevant to
disturbance processes. The FEEMA software is
designed to address the feasibility of management
activities involving removal of small trees either
in dense single-storied stands or as an understory
component in multi-storicd stands. Understand-
ing the financial feasibility of a wide range of
manggement options is critical to understanding
the feasibility of implementing ecosystem man-
agement.

Second, timber quality studics have established
that the properties of small-diameter material are
acceptable and sometimes superior for most con-
ventional products. The crucial issue for finun-
¢ial feasibility is the cost of harvest and manu-
facturing operations involving small trees. This
information is also a crucial input to the applica-
tion of the FEEMA modcl. There have been a
number of studies whose goal was to improve our
ability to predict costs of harvesting operations
and manufacturing in small-diameter timber.
{Wagner et al. 1997, Coulter 1999, Hartsough et
al. 2001).

Third, the TAMM/ATLAS/NAPAP model of
the U.S. forest sector {Timber Assessment Mar-
ket Modcl. Aggregate Timberland Assessment
System, North American Pulp and Paper Model,
see Adams and Haynes 1980, 1996; Mills and
Kincaid 1992, Zhang et al. 1996) provides a tool
for broad-scale decisions. Forest sector models
(FSM) include the consideration of all aspects of
forestry from the basic land tenure issues, to har-
vesting, production, and consumption decisions,
to considerations of the effects of forest policics
on environmental services derived trom the for-
est or forest products. The FSM are character-
ized by a systems view of the biological and so-
cioeconomic processes in forestry and. in today’s
terminology, could be called bioeconomic mod-
els because they combine both economic repre-
sentations of various markets and biophyiscal
representations. This systems point of view al-
lows us to explore the biological development of
forest resources and the attendant dynamics of

the forest industry over time and space and under
alternative futures and management strategics. The
basic premise is that various biological and so-
cioeconomic interactions can be described or
mimicked. These models allow the estimation of
both direct and indirect effects of various policy/
program changes.

Closing

Jenkins (1997) has pointed out that forest health
is a crisis of human proportions and that the real
crisis is that we cannot agree on what constitutes
a healthy forest. While many would like to pro-
tect ecosystems through regulations, managing
to improve the health of forests means that land
managers need to be keenly aware of what con-
tributes to the economic feasibility of forest man-
agement strategies. Part of this awareness is an
understanding of the need to work with the vola-
tility inherent in markets, the shifting capacity
and capabilities of the forest products industry.
the variability of site conditions, and the need to
address concerns about social conditions in nearby
communities.

While recent concerns about Forest Heath may
change the perspectives of forest managers and
policy makers, they do not change the determi-
nants of economic feasibility of forest operations,
Forest heath prescriptions that rely on timber har-
vests have to meet the same standards as those
designed for other goals. In these cases, the cost
of removing and delivering timber from treatments
designed to improve forest health have to be less
than or equal to the prices for other timber deliv-
ered to forest product facilities unless the public
is willing to subsidize higher costs for this mate-
rial.

There are significant information gaps in the
available economic literature. Foremost, there is
a need to clearly understand the financial feasi-
bility of prospective land management regimes
including practices, outcomes, and timing. Equally
significant we need to develop benefit measures
of improved forest health that are more direct than
relatively indirect proxies like employment. We
also need to develop notions of the public’s will-
ingness to pay for forest health treatments that
lead to improvements in stand conditions (often
considered in economic terms) and more Jiffi-
cult-to-measure notions like scenic integrity at
landscape scales.
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