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Abstract

COST-EFFECTIVENESS OF FEDERAL PROGRAM OPPORTUNITIES
FOR RELIEVING SOFTWOOD TIMBER SUPPLY PROBLEMS
By

Thomas Howard Ellis, Jr.

Analyses are made of opportunities for affecting future demand-
supply balances for softwood timber supplies through three types
of Federal programs:

--National forest reforestation and stand improvement,

--Cost-sharing of reforestation and stand improvement on

nonindustrial private forest lands, and

--Technological research and development.

Selected elements in these program areas are evaluated in terms
of expected costs and likely impacts on annual timber growth,
on annual harvest, or on annual timber product requirements.

Methodology for timber program analysis is discussed. Criteria
for ranking of opportunities are suggested, and techniques for
evaluating benefits are described.

Examined national forest timber management opportunities
include "backlog" reforestation and timber stand improvment.
Estimates of potential treatment acreages considered accessible
and inaccessible, as of 1972, are compiled by forest type, site-
productivity class; and administrative region. Treatment costs
and yields are evaluated for each classification. Projections
of effects on annual growth and on allowable harvest are estimated

for various levels of funding.
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Reforestation and stand improvement opportunities on non-
industrial private land are evaluated in essentially the same way
as are national forest opportunities.

Technological opportunities evaluated involve research and/or
technical assistance to forest industries in the following areas:

--Genetic improvement of planting stock,

--Control of Fomes annosus root rot,

--Improved drying systems for linerboard manufacture, and

--Computerized sawmill control.

Calculations are made of likely costs, including Federal research
and development and private investment costs. Projections are
made of likely results in terms of timber growth or savings in
annual timber requirements.

Conclusions are that technological improvements in certain aspects
of processing are the most immediate means of mitigating timber
supply problems. The most effective of such opportunities, in
the short run, would be ones requiring relatively small capital
investments on the part of forest industries. Development of
computerized sawmill systems is ranked highest in these terms.

Assuming that harvest regulation policy would allow increased
timber sales immediately following silvicultural investment on
national forests, such investments there would affect timber
supplies sooner than reforestation programs for nonindustrial
private lands. Stand improvement measures typically would be more
cost-effective than reforestation. Reforestation on nonindustrial
private lands should be more cost-effective for long-term

improvement in timber supply, however, because these ownerships
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include large acreages of southern pine forest types where
treatment costs are relatively low and land productivity high.

All of the programs evaluated involve large uncertainties.
Technical progress in research may be slower than anticipated
and industry may be slow to adapt research findings to actual
production. Yield estimates used for reforestation and stand
improvement analyses appear conservative, but land-use changes
may result in even lower cost-effectiveness than calculated.
Uncertainties about land-use may be as great for national forests
as for private lands.

Principal recommendations are that:

(1) Future policy decisions on national programs to increase
timber supplies should recognize opportunities for technological
improvements as well as investments in silviculture;

(2) The technological opportunities evaluated in this study
should receive strong support;

(3) Policymakers should note the potentially high cost-
effectiveness of increased investment in nonindustrial private
opportunities;

(4) Measures should be taken to reduce the high costs of
silvicultural treatments on national forests;

(5) Changes in accounting practices should be considered,
to allow increased investment in national forest silviculture
without directly proportional increases in overhead costs; and

(6) The Forest Service should concentrate its increasingly

large budget for silvicultural examinations on those administrative

Jr.
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regions and national forests where cost-effectiveness of treatment
is likely to be high.

Recommendations for further research also are given.
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I. INTRODUCTION

U Thant remarked on the impact of modern technology upon natural
resources:

The central stupendous truth about developed economies

today is that they can have--in anything but the

shortest run--the kind and scale of resources they

decide to have...It is no longer resources that limit

decisions., It is the decision that makes the

resources.—
While many people today might question U Thant's statement, it
seems more likely to be true of timber than of most other resources.
Timber inventories could be expanded through use of conventional
methods of forestation and timber culture, or through development
and application of improved methods for growing and protecting timber.
Alternatively, new or improved techniques for harvesting and
using timber could extend the usefulness of existing inventories.
Congress and the Administration thus face two principal policy
questions with regard to timber resources:

-=What economic and social objectives are desirable

for American forests?
--What kinds of federal programs and policies can best
meet those objectives?

The first question is too broad to be analyzed satisfactorily

in this study. It suffices to note that, over the past 75 years

or more, both Congress and successive administrations have

expressed continuing interest in programs for increasing timber

lQuoted in Alvin Toffler. 1970. Future Shock. Random House,
New York, p. 15.
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2

supplies. Recently that concern has been most pronounced during
periods of apparent scarcity of softwood lumber and wood products,
as evidenced by rapid inflation of lumber and plywood prices.
Therefore, we may assume at least a partial answer is that public
policymakers want increased assurance that softwood timber supplies
will be adequate to meet future demand without dramatic price
increases. And we may assume, on the basis of recent experience,
that Congress is willing to appropriate substantial sums for programs
to provide such assurance. Therefore, the question to which this
study is addressed is that of alternative means--which kinds of
programs are likely to be most cost-effective for averting or
mitigating a presumed trend of increasing economic scarcity of

softwood timber?

The Problem and Its Historical Setting

Since its inception, the United States Forest Service has
been deeply concerned with means of assuring adequate timber
supplies for the Nation. This concern reflects the intent of
Congress as expressed in the Organic Act of June 4, 1897:

No national forest shall be established, except

to improve and protect the forest within the

boundaries, or for the purpose of securing

favorable conditions of water flows, and to

furnish a continuous supply of timber for the

use and necess%ties of citizens of the

United States.—

Long-term adequacy of domestic timber supplies has been
a matter of great controversy from the 1800's until today. Whether

there is indeed a serious threat of future timber scarcity or not,

3-30 Stat. 35, as supplemented; 16 U.S.C. 475.
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Congress has shown considerable interest in programs designed to
expand growth and harvest. For example, between 1965 and 1975
there was a more than threefold increase in appropriations for
national forest reforestation and timber stand improvementré in
1973, a forestry incentives program for nonindustrial private land
was authorized;é-and comprehensive planning and analysis was
required by the Forest and Rangeland Renewable Resources Planning
Act of 1974;2 Executive attention to timber resources was expressed
in the appointment of a Cabinet Task Force on Softwood Lumber and
Plywood in March, 1969, in President Nixon's June 1970 response
to the recommendations of the Task Force,é-and in the appointment
of a Presidential Advisory Panel on Timber and the Environment
in September 1971.

The advent of PPBS (Planning-Programming-Budgeting System)
gave emphasis to questions of cost-effectiveness and priority-
setting in public forestry programs as in other government activities.
An early example of analysis performed in response to PPBS was a

study of national forest timber management opportunities;z The

§Hearings on Department of the Interior and Related Agencies
appropriations before a Subcomm. of the House Comm. on
Appropriations, 89th Cong., 2nd Sess., pt. 3, at 18 (1966),
and 94th Cong., 1lst Sess., pt. 2, at 442 (1975).

2Agriculture and Consumer Protection Act of 1973 (87 Stat. 245;
16 U.S.C. 590h).

E(PL 93-378; 88 Stat. 476).

éstatement by the President on findings and recommendations of
the Task Force on Softwood Lumber and Plywood, June 19, 1970.

ZMarty, Robert and Walker Newman. 1967. Opportunities for timber
management intensification on the National Forests. USDA-
Forest Service Planning-Programming-Budgeting System Special
Study. Summarized in Jour. Forestry 67:482-484,
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4

Office of Management and Budget (OMB) annually specified "Major
Program Issues," under PPBS, which required analyses of selected
programs. The Issues generally related to specific programs, such
as national forest reforestation, but an analysis of unusually broad
scope was requested, in 1970, with respect to the National Forest
road system:

Analyze the cost-effectiveness of an accelerated

road program and the related up-grading of existing

roads in relation to projected demands for National

Forest timber, recreation, and other resources.

Relate to and compare the opportunities for meeting

these demands from_areas already roaded and areas

that are unroaded.—
An even broader analysis was requested, in conjunction with fiscal
year 1974 budgeting, in an Issue entitled: Cost-Effective Means
of Increasing the Availability of Softwood for Lumber and Plywood
Production:

What combination of Federal decisions and programs

over the next five fiscal years will maximize

increased softwood sawtimber supply over the 9

ensuing 30 years from various levels of budget input?—
Analyses paralleling those required by the Office of Management
and Budget were requested by the President's Advisory Panel
on Timber and the Environment (PAPTE) in 1972,

Most analyses requested of the Forest Service have focused
primarily on land management options. Relatively little analysis
of research program opportunities in relation to timber supplies

had been requested prior to passage of the Forest and Rangeland

Renewable Resources Act of 1974. The report of PAPTE contained

§Excerpt from a letter from Robert Mayo, Director of OMB, to
Clifford Hardin, Secretary of Agriculture, February 12, 1970.

gﬂxcerpt from a letter from George Shultz, Director of OMB, to
Clifford Hardin, Secretary of Agriculture, October 21, 1971.



1iscussions O
ractices thr
exclicit compe

or between lar

The prese
tizber demand
-=Nationa
refor
relea:
vegqe
precor
==Subsidis
Privat
refore
releas
vege
DPrecory
“~Technolo
researc
tree
Ieseare,

(a ro




5
discussions of possibilities for improvements in timber utilization
practices through research and technical assistance programs. But
explicit comparisons between different kinds of research programs
or between land management programs and research programs were not
made.
The present study compares, in terms of expected effect on
timber demand or supply, the following program options:
-=National Forest Silvicultural Opportunities
reforestation,
release of immature stands from competing, undesirable
vegetation,
precommercial thinning of immature stands;
-=-Subsidized Silvicultural Investments on Nonindustrial
Private Forest Lands
reforestation,
release of immature stands from competing, undesirable
vegetation,
precommercial thinning of immature stands;
--Technological Improvement
research to speed the availability of genetically superior
tree seed,

research to develop control methods for Fomes annosus

(a root rot),
research on improved drying methods for producing linerboard
(a paperboard material used in container manufacture), and

research on computerization of sawmilling.
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6
A few other possibilities for similar programs were examined
briefly, in preparation for this study, but were not included in
this report due to lack of detailed information on likely costs and

effects.lg

Framework for Analysis

A problem of increasing economic scarcity of a natural resource
could be countered by measures to increase supply of the resource
itself or through changes in the efficiency with which the resource
were used in some production process. Programs to improve efficiency
of resource use could be considered either as measures to reduce
demand for standing timber or as means of increasing supply of products
from a given level of timber harvest. For the array of program options
considered in this study, several different kinds of effects are explored:

—-Increase in expected mean-annual-increment of treated timber

stands;

--Increase in expected harvest volumes;

--Reduction in annual growth losses due to insect or disease

attack; and

--Reduction in annual timber demand through efficiencies in

harvesting, wood processing, or product design.

For comparability, the effects of programs designed to reduce
timber demand are calculated first in terms of product, then in

terms of roundwood equivalent. For example, in 1970, softwood

lgThe most obvious means of enlarging timber supply in the next several

decades would be increased harvest of old-growth timber on national
forests. It is precisely because the issue on national forest har-
vesting rates and methods is so controversial and unlikely to be

resolved soon that alternative programs are evaluated in this study.
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For comparability, the effects of programs designed to reduce
timber demand are calculated first in terms of product, then in
terms of roundwood equivalent. For example, in 1970, softwood
sawmills recovered about 45 percent of the cubic volume of log
input in finished lumber. An improvement to a 50 percent recovery
rate would have allowed a 10 percent reduction in sawlog requirements
for the 1970 lumber output.'ll

Calculations are based on an initial 5-year program with costs
and effects projected to the ends of the first and third decades
after program initiation. Both Federal and non-Federal costs
are calculated for the initial 5 years, second 5 years, and succeeding
20 years.

Estimates of costs and results are based upon interviews
and informal reports submitted by staff assistants in various
divisions of the U.S. Forest Service Headquarters, Washington, D.C.
and at the Forest Products Laboratory, Madison, Wis.

The logic of the study essentially is as follows. Congress
has appropriated increasingly large sums of money for forestry
investments over the past 10 years, reflecting its concern about
timber supplies. The Forest Service and the Department of Agriculture
have considerable influence in deciding what mixture of programs
should be recommended for inclusion in the President's annual

budget proposal to Congress. The nature of the budgeting process

llA minor savings in logging residues also would result, since
a reduction in sawlog requirements would lead to a reduction
in harvest--~including logging residue associated with harvest.
The net effect on logging residues would be too small to matter,
in most cases.
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8
is such that it would be possible for them to suggest changes

among Research, National Forest, and State & Private Forestry
budgets. Changes in budget allocations within any particular
program also could be recommended to Congress, e.g. a redistribution
of reforestation funding among National Forest administrative
regions.

Political constraints and administrative problems make
large, precipitous changes in funding allocations very difficult;
but gradual reallocations over a 5= or 10-year period would be
feasible--especially if made in the programming of budget increases.
The analysis in this study is designed to suggest which kinds of
programs available to the Forest Service are likely to be most cost-
effective in relation to timber supply and should be emphasized

in funding allocations.
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II. METHODOLOGY FOR TIMBER PROGRAM ANALYSIS

The basic approach to public program analysis under the
Planning=-Programming-Budgeting System has been:

--Specification of objectives,

~~Identification of alternative means of meeting objectives,

-=Evaluation of alternatives, and

-=Conclusion as to preferred alternative.
Even though the larger objectives of PPB may have been abandoned,
as surmised by Schick,lz or impossible of achievement, as
suggested by Wildavsky,lé-the demand for analysis of Forest Service
programs has increased, rather than diminished in the past several
years. The most outstanding example is the Forest and Rangeland
Renewable Resources Planning Act of 1974 (PL 93-378; 88 Stat. 476).
The Act requires an assessment of resource demand andsupply trends,
a detailed inventory and evaluation of opportunities for affecting
these trends, and discussion of priorities for public investment.
The Act presents a framework for program evaluation almost exactly
similar to that required earlier in the USDA PPB 5ystem.-li

Reviews of federal timber programs usually have been concerned

either with short-term policies for immediate relief of on-going

lgAllen Schick. 1973. A death in the bureaucracy: the demise

of federal PPB. Public Administration Review. Vol. XXXIII,
NO. 2 ppo 146"156.
l-éikarorx Wildavsky. 1969, Rescuing policy analysis from PPBS,
Public Adminstration Review. Vol. XXIX, No. 2 pp. 189-202.
lﬁA statement of objectives for the U.S.D.A. PPB System was
given in Secretary's Memorandum No. 1589, Oct. 27, 1965,
by Orville Freeman, Secretary of Agriculture.
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10
surges in lumber and plywood prices£2 or with evaluation of
possibilities for mitigating anticipated price rises over periods
of one or more decades. The latter interest has been particularly
evident in requests by OMB for timber analyses. In any case,
recognition that Forest Service programs may have sufficiently
large effects to alter price trends for timber and wood products
has significant implications for methodology of timber program
evaluation. Furthermore, the fact that congressional and
executive interest in timber programs generally has ebbed and
flowed in concert with lumber and plywood prices suggests that
it is the effects of timber-related investments on national

economic growth that are of greatest interest.lé

l§Options typically examined for relief of on-going surges in
lumber and plywood prices have been increased funding for
timber salvage and commercial thinnings on national forests,
imposition of controls on log exports, amendment of laws
requiring waterborne interstate commerce to use domestic
shipping, and steps to alleviate boxcar shortages in
lumber and plywood producing regions. See for example
Robert Mayo's Memorandum for Cabinet Committee on Economic
Policy=-fundings and recommendations of Task Force on
Softwood Lumber and Plywood, released by the White House,
June 19, 1970. See also John T. Dunlop's statement at
the opening of public hearings on lumber prices, April 4, 1973,
cost of Living Council News, Office of Public Affairs,
Washington, D.C.

l-6-’I‘his is not to suggest that environmental and other aspects
of timber programs are unimportant. Rather, it is an
assumption that motivation for increased timber investment
is primarily economic.
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11

Basic Concepts of Public
Program Evaluation

Economic study of public expenditure programs principally
involves two areas of inquiry. The first is consideration of the
proper relationship between private enterprise and government,
especially the identification of areas where public expenditures
are warranted. Welfare economists have examined the theoretical
assumtions of free market operation to specify instances of
"market failure" under which government intervention would be
justifiable. The second area of inquiry concerns the methods
by which public expenditures may be allocated so as to maximize
social benefits., It is these methods, generally applied in the
context of "benefit-cost analysis," which are of particular

interest for the present study.

Benefit-Cost Analysis

Benefit-cost analysis essentially involves the quantification
and comparison of expected program effects and costs, in pursuit
of economic efficiency. Haveman defined economic efficiency
succinctly:

Considered most simply, economic efficiency is achieved

when the value of what is produced by any set of resources

exceeds by as much as possible the value of the resources

used; or when the least valuable set of resources is
utilized in producing any particular worthwhile output.—

Basic corollaries to the objective of economic efficiency are

that public expenditures should not be made unless resultant

l-Z-Robert H. Haveman. 1970. Public expenditure and policy

analysis: an overview. In Public expenditure and policy
analysis. ed. by Robert H. Haveman and Julius Margolis.
Markham Publishing Co., Chicago, Ill. p. 7.
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12
benefits to society were expected to equal or exceed costs and
that, for a limited budget, the government should select the set
opportunities for public programs expected to yield the maximum
possible social gain.

Common features of benefit-cost analysis are: compilation
of explicit schedules of program costs and returns, valuation in
dollar terms, and use of interest rates to discount or compound
costs and returns to a common point in time. The techniques
of benefit-cost analysis thus are essentially similar to capital
budgeting methods developed for investment planning by business
firms, The primary distinction between public program analysis
and capital budgeting lies in the scope of evaluation. A private
firm presumably attempts to maximize its own profits, after
taxes, and thus may ignore costs or benefits associated with its
activities but not accruing directly to the firm itself. A
government agency, ostensibly attempting to maximize the welfare
of society in general, should consider all significant effects
of its programs. And, unlike the business firm, the agency
would disregard taxes and other "transfers of income" in its
calculations of program efficiency.

Although the philosophy of benefit-cost analysis has a
long history of development, refinements of technique and practical
application have largely occurred since World War II--especially

in conjunction with the Planning-Programming-Budgeting System
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inaugurated in the 1960'5.12- In 1962, guidelines for Federal

agencies were provided in a Senate Document entitled "Policies,
Standards, and Procedures in the Formulation, Evaluation and
Review of Plans for Use and Development of Water and Related

Land Resources.“lg- Subsequently, instructions issued by the
Office of Management and Budget and by individual departments

in conjunction with program budgeting have guided agency analysts.

Problems in Application of
Benefit-Cost Analysis

Analysts making benefit-cost evaluations have encountered many
conceptual and practical problems. Some of the more common
problems involve:

-=lack of useful estimates of project effects;

-=variations in scale of projects;

-=~difficulty in valuing project benefits or disbenefits;

--existence of "externalities" and "secondary benefits;"

-=-questions as to the appropriate interest rate for

discounting;

-=-choice of criteria for ranking alternative projects;

--risk and uncertainty; and

-=institutional problems.

Inadequate information on project effects is perhaps less serious

for analysis of timber production opportunities than for many

lga thorough review of the history, theory, and problems of

benefit-cost analysis was made by A. R. Prest and
R. Turvey. 1965. Cost-benefit analysis: a survey. The
Economic Journal. Vol. LXXV (30Q] :683-735.

l-9-87th Cong., 2nd. Sess., Senate Document No. 97.
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14
other kinds of programs, e.g., public health programs. But even
in the case of silvicultural investments, it is difficult to get
truly reliable estimates of physical yields. The difficulty
is made more acute because the analyst desires to know the
marginal effects of potential investments. Thus, in analyzing
a reforestation opportunity, he must estimate not only what yields
might occur with a given treatment, but also what yields might
occur without the treatment. Similarly, in analyzing an investment
in controlling a forest pest, he must estimate timber losses,
with and without control efforts.

For many projects, there are almost unlimited possibilities
for varying the scale of investment. For example, in reforestation
projects, the number of seedlings planted on a given acre may
vary from just a few to more than a thousand. The quality of
seedling, and thus seedling cost, may vary greatly, as may the
degree of site preparation done in advance of planting. Ideally,
the analyst desires to select the economically efficient level
of investment within each program opportunity, as well as
for the collective set of available opportunities. In a practical
sense, such detailed analysis is nearly impossible when the set
of opportunities is large and diverse--as is the case for broad-
scale timber program analysis.

Prices applicable to government programs with benefits not
ordinarily available in competititve markets are difficult to
derive. The problem is most acute for projects involving
"intangible benefits" such as scenery. Even for timber programs,

however, prices are a problem, because long investment periods
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are involved and trends in stumpage or wood product prices have
been erratic. Furthermore, public timber programs may have
large effects on these trends. Principal means of handling
uncertainty as to price trends is to analyze program benefits
with two or more separate price assumptions. Another common
method is cost-effectiveness analysis, employed in this study,
to examine the costs of achieving a desired effect through

alternative means.

Externalities and Secondary Benefits

Externalities are indirect or "spillover" effects. McKean
distinguished between "technological spillovers" and "pecuniary
spillovers.“gg Technological spillovers affect the physical
production of goods or services outside the project under
consideration. An example would be the reduction of anadramous
fish production resulting from construction of a high dam. A
pecuniary spillover is an effect on prices received by businesses
or agencies outside the project. McKean discussed four types
of pecuniary spillovers: (1) the bidding up of input prices;

(2) the reduction of prices for substitute products; (3) the raising
of prices for complementary products; and (4) the lowering of
prices for the products of the project. While technological
spillovers impose real costs or benefits on society and should

be counted among project effects, pecuniary spillovers merely

shift income distribution and should not enter the calculation

22-Rbland N. McKean. 1958. Efficiency in government through

systems analysis. Wiley and Sons, New York, N.Y.
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of economic efficiency. Pecuniary spillovers, however, may be
important determinants of the political and social feasibility
of a given project.

Secondary benefits are income effects which occur beyond
the stage of delivery of the direct output of a project. An
example would be an increase in sales of lumber manufacturers'
due to an increase in national forest timber production. Inclusion
of secondary benefits in economic efficiency calculations may
lead to serious overcounting of benefits, as in the example
of increased lumber sales--the value of which includes stumpage
costs, logging costs, and manufacturing costs. A case may be
made for inclusion of secondary benefits, however, if
some of the resources involved would be unemployed without the
project.zi- For example, it may be appropriate to consider
an increase in sawmill labor income as a real benefit, if that
labor were expected to remain unemployed without a particular

national forest project.

Interest Rate Problems

Selection of the appropriate interest rate for analysis
of public projects is a controversial subject. Some economists
have argued that society has a longer time-horizon than a business
firm and, therefore, should use lower interest rates in discounting
future benefits of long-term projects. Others have argued that
use of a lower interest rate for public projects biases investment

away from more efficient private projects and thus reduces economic

2-]-'*See Roland N. McKean, op. cit. p. 158-160.
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growth in the long-run. Baumol suggested, "...the correct
discount rate for the evaluation of a government project is the
percentage rate of return that the resources utilized would
otherwise provide in the private sector."zz The problem lies
in determining what that rate would be. For the govermment
analyst, the problem is simplified: specific instructions on the

interest rate to be used are issued by the Office of Management

and Budget and, frequently, by his own agency.

Criteria for Ranking Program Opportunities

Many criteria have been suggested for ranking alternative
investment opportunities:

Present worth.,==The sum of all future returns from an

investment discounted to the present.

Net present worth.=--Present worth minus the sum of

discounted costs (including initial investment cost).

Benefit-cost ratio.--Present worth divided by the sum of

discounted costs.

Internal rate of return.--The interest rate(s) which would

equate present worth and the sum of discounted costs, if
used to discount both costs and returns.

Composite internal rate of return.--A variant of internal

rate of return in which an a priori interest rate first is
used to compound intermediate net benefits to the end of the project

lifetime and to discount intermediate net costs to the present.

zzwilliam J. Baumol. 1970. On the discount rate for public
projects. In Public expenditure and policy analysis.
Ed. by Robert H. Haveman and Julius Margolis. Op. cit.
p. 273-290,
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18
The composite internal rate is then that interest rate which
would discount future value of benefits to equal present value

of costs,

Equivalent annual income.=--Net present worth multiplied by

discount rate, i.e., the annual payment which, received each
year for a period equal to the project lifetime, would have a
discounted value the same as net present worth of the project.

Net future worth.--Value of benefits, compounded to the end

of the project lifetime, minus costs compounded similarly.

Choice of criteria depends upon several factors: whether
funding available for investment is a fixed amount or limited
only by the economic worthiness of program opportunities; whether
or not opporunities are mutually exclusive; the existence of
interrelationships among opportunities; the extent to which
program opportunities are limited or can be carried out at
various scales; and the extent of agreement upon explicit interest
rates for discounting or reinvestment. McKean recommended
maximization of net present worth of whatever level of spending
was adopted.gé- He noted that a selection of all projects with
internal rates of return greater than a given discount rate would
achieve maximum net present worth if the investment budget were
large enough to permit such a selection. If the budget were fixed,
he suggested the proper procedure was to calculate net present

for each opportunity at various discount rates, to find the

2-:2-th>1and N. McKean, op. cit.
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highest discount rate at which all projects with positive net
present worth would just exhaust the budget.

McKean also remarked that proper ranking of alternative
investment projects required a two-stage procedure: first,
calculation of the optimum level of investment in a given project,
then ranking of alternative projects.zé- He opposed the use of
benefit-cost ratios on the grounds that they tended to underrate
projects with high future costs and returns as compared to
projects with low future costs and ret:urns.-g-2

Agriculture Handbook 304, widely used by the Forest Service,
recommended use of internal rate of return for ranking

silvicultural investment opportunities.zé- Various authorszz

have noted shortcomings of internal rate of return, principally:

géMany forestry investment opportunities can be varied in

intensity of treatment. A technique for handling this
problem, in a fashion similar to that suggested by McKean,
was suggested by Allen L. Lundgren. 1971. Ranking
investment alternatives--a new look. Journal of Forestry,
Vol. 69, No. 9, pp. 568-573.

2-§‘5i.milr=lrly, Harold Bierman, Jr., and Seymour Smidt suggested
that net present worth was the best measure of profit
potential and the benefit-cost ratio (called "present-
value index by Bierman and Smidt) was unsuitable for
ranking projects. See: The capital budgeting decision.
Macmillan, New York, N.Y. 1971.

zékobert Marty, Charles Rindt, and John Fedkiw. 1966. A
guide for evaluating reforestation and stand improvement
projects. U.S. Dept. Agric. Handbook 304.

2zSee, for example, E. J. Mishan. 1971. Economics for Social
Decisions. Praeger, New York, N.Y.
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~=Possibility of multiple rates of return if periods of net
costs are interspersed with periods of net returns, e.g., an
initial investment is followed by one or more periods of net
returns than one or more of net costs;

-=There is an implicit, but oft ignored, assumption that
intermediate benefits from a project can be reinvested at the
internal rate of return computed for the project;

-=If alternative projects differ in scale and in length
of time period, ranking by internal rate of return may differ
from a ranking by net present worth; and

-=If internal rate of return were calculated on the basis
of gross costs and gross returns, the answer might be different
than one calculated from net cash flows.

Marty proposed use of composite internal rate of return
as a solution to the first two problems mentioned above.gg-
Teichrow, Robichek, and Montalbano suggested similar criterion
for capital budgeting by private firms, but used a different
algorithm for its calculation.zg

In the present study, the principal objective is to compare
cost-effectiveness of major program alternatives for affecting
timber demand: supply balances. Thus, the primary criteria
for comparison are anticipated supply or demand effects, in terms

of timber harvest equivalents, per dollar of federal spending.

zgkobert Marty. 1970, The composite internal rate of return.

Forest Service, Vol. 16, No. 3, pp. 276-279.

-2£Danie1 Teichrow, Alexander A. Robichek, and
Michael Montalbano. 1965. "Mathematical analysis of rates
of return under certainty." Management Science.
Vol. 11, No. 3, pp. 395-403.
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Internal rate of return and benefit-cost ratio are compared with
cost-effectiveness ratios as ranking criteria for silvicultural
programs. Research programs are evaluated entirely on the basis

of cost-effectiveness.

Risk and Uncertainty

None of the program opportunities considered in this report
would have a completely assured outcome. Yields may vary
significantly from projections in both physical volume and
economic worth., The problem involves both "risk"--quantifiable,
predictable variation in possible outcomes=-and "uncertainty"--
unmeasurable, unpredictable variability in outcomes.ég

Silvicultural investments entail risks of loss to natural
causes, such as fire, insects, drought, and storms. They also
involve uncertainties as to future land management; e.g., an
area of commercial forest land treated today may become a part
of a campground or a proclaimed wilderness area tomorrow.

Another factor of uncertainty is that estimates of treatment

yields must be based heavily upon expert opinion rather than
empirical data. It is especially difficult to estimate what

yields would be in the absence of treatment. Therefore, calculations
of marginal effects due to treatment may be quite erroneous.

The problem is compounded by the practical necessity of

aggregating highly variable treatment situations into a manageable
set for analysis. Another element of uncertainty is the difficulty

of identifying treatment opportunities correctly on the ground.

29Prank H. Knight. 1921. Risk, uncertainty, and profit.

Reprinted by Harper and Row, New York, N.Y. 1965.
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And even if everything else turned out as predicted, stumpage
prices trends might be greatly different than assumed.

Research projects by their very nature are subject to
large uncertainties. Answers to technical problems may be
more elusive than anticipated. Solutions which are feasible
in a technical sense may not be economically feasible on a
commercial scale or may be blocked by institutional problems.
Estimates of rates of implementation and ultimate extent of
application may be seriously in error. There is also the
possibility of parallel or competing developments which may
obviate the particular research project in question. Furthermore,
benefit~cost analysis of forestry research programs is subject
to large errors in estimation of forest products price trends,
as is analysis of silvicultural opportunities,

Probably the most common solution to problems of uncertainty
is that noted by Knight, hiring people who have a reputation
for making good guesses:

Organized control of nature in a real sense depends

less on the possibility of knowing nature than it

does on the possibility of knowing the accuracy of

other men's knowledge of &ature, and their powers

of using this knowledge.—

Many of the techniques used today for technology assessment
concentrate on efficient methods of eliciting other men's

knowledge.gz

él{d., PP. 285-286,

EESee, for example, Charles H. Kepner and Benjamin B. Tregoe.
1965. The rational manager, McGraw-Hill, New York, N.Y.
See also Robert R. Dunford. 1974, Decisions, decisions.
Industrial Research., July 1974, pp. 27-30.
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Procedures for treating risk and uncertainty range from
simple reductions of project benefits to use of higher or
lower discount rates depending upon the degree to which a
project is subject to variable outcomes. It is commonly argued
that because government undertakes so many investments, no
increase in discount rate should be applied to risky projects.
An opposing view is that such a procedure introduces a bias
toward government and away from private investment opportunities,
even though the latter may be equal in risk and superior in
economic worth.-22

In analyses of silvicultural investments, it is common
practice to reduce hypothetical yields by some percentage to
account for anticipated losses to natural causes. Row proposed a
more sophisticated procedure, using a stochastic model for
simulating treatment effects and variation in rates of return
due to risks of natural losses and wrong estimation of costs.éﬁ

Another technique is that of sensitivity analysis, examining

33 . . . . . .
—A concise summary of various viewpoints on this topic was

given in Jack Hirshleifer and David L. Shapiro. 1970.
The treatment of risk and uncertainty. In Public
expenditure and policy analysis. Ed. by Robert H. Haveman
and Julius Margolis. Markham Publishing Co., Chicago, Ill.,
PP. 291-313.,

2£Clark Row. 1973, Probabilities of financial returns from
southern pine timber growing. Unpublished Ph.D. Disserta-
tion. Tulane University, New Orleans, La. A similar
approach to investment decisions for private firms was
described in Edgar A. Pessemier. 1966. New-product

decisions: an anlystical approach. McGraw-Hill, New York, N.Y.
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the effects of changes in analytical assumptions upon
predicted economic feasibility.éé

The approach used in the present study is to reduce silvi-

cultural yields explicitly to account for anticipated losses
to natural causes. Deductions are not made for uncertainty
over land management trends, etc. Since the major emphasis
is on comparison of alternative policies for affecting timber
demand: supply balances, uncertainties as to price trends are
considered relatively unimportant. Uncertainties about research
outcomes can only be discussed. No quantitative corrections for

uncertainty are applied to anticipated research program effects.

Institutional Problem

Perhaps the least manageable problem in benefit~-cost analysis
is its potential incompatibility with political or bureaucratic
goals which conflict with economic efficiency goals. Comparing
program budgeting versus traditional budgetary procedure,
Schultze--a proponent of the former--summarized the principal
criticisms of PPB:

-=the problem-solving approach of PPB is not suited to the
actual decision-making process;

-=the efficiency criteria of the problem—solving approach
are an inferior substitute for "...the more meaningful criteria

of achieving consensus through adjustment of conflicting wvalues."; and

§§A computerized, investment analysis program for sensitivity
analysis was described in Marcus J. Goforth and
Thomas J. Mills., 1975. A financial return program for
forestry investments including sensitivity of results to
data errors. U.S. Dept. Agric., Agric. Handbook 488.
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--the analytical, quantitative approach of PPB fails when
applied to social and institutional problems.é-é
The above criticisms of PPB are directed primarily toward the
objectives and methods of efficiency maximization, the
distinguishing features of benefit-cost analysis.

Another widely recognized problem is that in establishing the
framework for his study, the analyst often must make subjective
judgements about program objectives and effects. Unless the terms
of the analysis are made abundantly clear to, and accepted by
the decisiommaker, the analyst may usurp the perogatives of the
decisionmaker. Conversly, the analyst may be forced by decision-
makers to introduce highly optimistic assumptions into his work
to prove the worthiness of subject programs. Another likely
outcome is that analyses casting doubt on projects which have
institutional support may be buried in closed files and ignored.

Despite these problems the demand for benefit-cost analysis
is increasing, especially with respect to timber programs.
Chapter I already has detailed the background of this trend.

The rest of this study proceeds on the assumption that benefit-

cost analysis is an aid in policy decisions==not a substitute for

policymakers' judgement.

EECharles L. Schultze. 1968, The politics and economics of
public spending. The Brookings Institute, Washington, D.C.
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III. NATIONAL FOREST SILVICULTURAL OPPORTUNITIES

The principal source of funding for reforestation and stand
improvement on the national forests has been money collected from
purchasers of national forest timber. Authorized by the Knutson-
Vandenburg (K-V) Act of 1930,21 these collections totaled $453,314,322
from 1931 through fiscal year 1974.22 These funds may be used
only for silvicultural treatments on timber sale areas. Forest
Service policy has been to collect K-V funds primarily for work
to be done within 3 years after timber harvest.ég

Silvicultural investments for which K-V funds are not
available are financed annually through congressional appropriations,
under the appropriation item, National Forest Protection and
Management (P&M). P&M funds are spent largely for "backlog"
reforestation and timber stand improvement. Backlog reforestation
opportunities include areas denuded by natural causes, e.g., fires,
without substantial timber salvage; old cutover areas not
successfully reforested with whatever K-V funds may have been
collected; and land which may have been nonstocked when added
to national forest holdings. Backlog timber stand improvement

includes opportunities for precommercial thinning or release

of young stands from competition from unwanted vegetation.

éanutson-Vandenberg Act of June 9, 1930 (46 sStat. 527;

16 U.s.c. 576-576b) .

EEU.S. Forest Service. 1974. Annual reforestation and timber
stand improvement report--fiscal year 1974. Letter from
R. E. Worthington, Director of Timber Management, to Regional
Foresters and Directors, Nov. 13, 1974.

égCollection and Use of Deposits for Sale Area Betterment,
Forest Service Manual 2477, June 73, AMEND, 76.

26
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Table 1l.--National Forest reforestation and
stand improvement funding, 1960-1974

Fiscal year : Appropriated funds (P&M) Knutson-Vandenburg funds (KV)

-=-=Millions of dollars-===-== ———
1960 : 2.6 : 11.8
1961 : 3.4 : 14.0
1962 : 10.3 : 12.5
1963 : 15.4 : 14.0
1964 : 15.7 : 16.1
1965 : 16.6 : 16.6
1966 : 17.2 : 17.8
1967 : 17.4 : 19.7
1968 : 15.6 : 21.1
1969 : 15.8 : 21.4
1970 : 16.0 : 25.1
1971 : 119.4 : 28.9
1972 : 530.8 : 30.6
1973 : 332.1 : 32.6
1974 : =33.3 : 37.2

Sources: Annual reforestation and timber stand improvement repots,
Director of Timber Management, U.S. Forest Service,
Washington, D.C., except as footnoted.

lHearings on Department of Interior and Related Agencies.
Appropriations before the Senate Comm. on Appropriations,
93rd Cong., 1lst Sess., Pt, 3 at 2199 (1973).

2 . . .

—Hearings on Dept. of the Interior and Related Agencies.
Appropriations before a Subcomm. of the House Comm. on
Appropriations, 93rd Cong., 2nd Sess., Pt. 3 at 165 (1974).

2Hearings on Dept. of the Interior and Related Agencies.
Appropriations before the Senate Comm. on Appropriations,
94th Cong., lst Sess., Pt. 2 at 1202 (1974).
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Use of P&M funding for reforestation and timber stand
improvement rose from $2.6 million in 1960 to about $33 million
in 1973 (Table 1). Substantial increases in 1962 and 1963
appropriations probably were a sympathetic response to "A
Development Program for the National Forest."ﬁg- A much larger
funding increase occurred in 1972, a time of national concern
over lumber and plywood supplies. The point of interest for this
study is that increasingly large appropriations for P&M reforestation
and timber stand improvement are being made, with the principal
cbjective being to increase timber supplies. Thus it is
appropriate to examine the effectiveness of such funding in terms
of likely timber supply impacts and in comparison with other

kinds of opportunities for achieving similar inputs.

Previous Reports of National Forest Backlog Opportunities

The Anderson-Mansfield Reforestation and Revegetation Act
of 1949 (16 U.S.C. 581; 581k) stated that national forest lands
contained over 4 million acres of denuded and unsatisfactorily
stocked timberlands and authorized a schedule of increasing
appropriations, rising to $10 million for FY 1955. Congress did
not appropriate the levels authorized, however,

A 1952 survey indicated a total of 4,567,000 acres of
"plantable area" on national forests. Plantable area was defined

as:

il-c-)-U.S. Forest Service. 1961, A development program for the

national forests (hereinafter cited as 1961 Development
Program). Transmitted to Congress by John F. Kennedy,
Sept. 21, 1961.
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Nonstocked or poorly stocked forest land or nonforest

land on which, judged by 1952 conditons: (1) the

establishment of forest tree cover is desirable and

practical, and (2) regeneration will not occur naturally
within a reasonable time,
Economic desirability of treatment was not considered:

This analysis does not attempt to incorporate business

aspects, nor does it suggest that it if economically

feasible to plant all plantable area.—

The 1961 Development Program reported a total of 4.4 million
acres of nonstocked and poorly stocked plantable areas, of which
3.8 million acres were recommended for treatment in the next
10 years. The Program also proposed other cultural treatment of
10 million acres of sapling and pole timber sized stands. The
long-range timber goal was to increase annual sawtimber harvest
to 21.1 billion board feet by the year 2000--a level more than
double the 9.6 billion board foot annual allowable cut
reported as of January 1, 1961.

Prior to 1966, the principal source of information on
national forest treatment opportunities was Forest Survey reports.
These reports included estimates of forest acreage by stand-size
categories (sawtimber, poletimber, seedling and sapling, and
nonstocked) for each timber type, site productivity class,

ownership group, and county, state, or region. This information

. . . . 2
still is provided in current Forest Survey reports,é—-but for

210.5. Forest Service. 1958. Timber resources for America's

future. Forest Resource Report 14. pp. 276-286.

4 c
—ZSee, for example, U.S. Forest Service. 1972, Forest Statistics
for the United States, by State and Region, 1970.
U.S. Dept. Agric. unnumbered publication.
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programming purposes, estimates of treatment opportunities, after
1966, were based on the Forest Service Project Work Inventory (PWI).
The initial PWI estimates were made, in 1966, on the basis of
potential job opportunities in the event of massive public works
programs. Each of the Forest Service's several hundred
district rangers was asked to estimate the extent of various
investment opportunities on his district. Economic feasibility
was of no concern.

A comprehensive study of national forest timber management
intensification opportunities was concluded in 1967.£2 Rates
of return and timber yield additions were calculated for general
regimes of management intensification, including increased
spending for reforestation and stand improvement, road construction
and maintenance, and timber sales administration. Each major
timber type and geographic region was investigated. Major
findings of the study were that investments in intensified
management would yield 4 percent or larger rate of return on
42 percent of national forest timberland and, thus, would result
in a sustainable annual harvest 2.2 billion cubic feet greater
than that otherwise obtainable. Estimates were not made of
economic desirability of single treatments, e.g., forestation,
but acreages of reforestation and stand improvement opportunities
were reported, from the 1966 Project Work Inventory, for each

timber type and region. Reforestation opportunities were

estimated at 4,961,000 acres and release and thinning opportunities

i:-*l--R:obert J. Marty. 1967. Opportunities for timber management
intensification on the national forests. Unpublished
review draft. Forest Service. U.S. Dept. Agric.
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at 9,264,000, About 8.7 million acres of these treatment opportunities
was reported for timber types and sites where a 4 percent or
higher rate of return to management intensification was anticipated.
The Project Work Inventory was updated in 1968, then adjusted

by the Division of Timber Management. The following estimates

resulted:
: - 44
Backlog National Forest Opportunities, 1968—
by Rate of Return
to Timber Management Intensification
6 percent
Treatment Class 0-6 percent and higher All
------------- Millions of acres - —-——
Reforestation 2.5 2.3 4.8
Release 2.1 2.2 4.3
Thinning 7.4 1.7 9.1
12.0 6.2 18.2

In 1969, a working group of the Cabinet Task Force on Softwood
Lumber reported that intensified management could increase
national forest timber harvest by 7 billion board feet annually
by 1978.22 It was estimated that the following backlog treatment

would be necessary: reforestation, 3.4 million acres; release,

3.4 million acres; and precommercial thinning, 2.5 million acres.

éﬂMemorandum from R. G. Florance, Acting Deputy Chief, to Chief
of the Forest Service. 1310 Planning. Dec. 2, 1970.
Rate of return classes refer to estimated return to general
regimes of management intensification as reported by Marty.
(See footnote 43,)

iléU.S. Forest Service. 1969. Possibilities for meeting future
demands for softwood timber in the United States. Unpublished
report prepared for Working Group of the Cabinet Task Force
on Lumber, revised Sept. 29, 1969,
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In 1970, the Chief of the Forest Service ordered an internal
review of national forest timber management policies. One of
the problems mentioned in the review report was inadequacy of
existing procedures for identifying reforestation opportunities
and establishing a priority system for allocating funding
thereto.ié A subsequent report, in 1972, recommended development
of comprehensive systems for inventorying reforestation oppor-
tunities reqularly, issuance of standard instructions for use
by regional staff in economic analysis and priority setting,
and preparation of growth tables for projecting yield of managed
stands.il Both reports stressed the importance of "inplace,
detailed stand information," i.e., information on treatment
opportunities based on field mapping and examination rather
than the kind of data derived from forest survey plots. The FY 1973
budget included $2.3 million for silvicultural examinations--
as compared to $430,000 the previous year.

In September 1972, Congress passed a Supplemental National
Forest Reforestation Fund Act (P.L. 92-421, 86 Stat. 678) which
authorized appropriations of up to $65 million per year for
reforestation. Any moneys appropriated under the Act were to
be available until expended, rather than limited to the year
in which appropriated. This provision would have allowed
greater flexibility in program planning and management than had

been possible previously, but no funds were appropriated under

46 )
—U.S. Forest Service. 1971, National forests in a quality

environment. U.S. Dept. Agric. unnumbered publication.

4 . .

—ZU.S. Forest Service. 1972, National forests in a quality
environment--action plan. U.S. Dept. Agric. unnumbered
publication,
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this Act subsequently. The most important result was an increased
effort by the Forest Service to develop information on backlog
treatment opportunities and a related program plan in response

to the Act's requirement for an annual report. The first report
pursuant to this Act was made in 1974,

A President's Advisory Panel on Timber and the Environment
was appointed in September 1971, to "...advise the President on
matters associated with increasing the Nation's supply of timber
to meet growing housing needs...."ﬁé Among other things, the
Panel was to make recommendations regarding costs and benefits
of alternative forest management programs. Its 1973 report
included recommendations:

9. The Forest Service carry out an accelerated program

of timber growing, stressing immediate regeneration,

on national forests....

10. The Federal Government maintain incentive programs

to encourage private landowners to follow forest
management programs...to increase future timber supplies....

17. A better method of more adequate and timely finance
of forest management programs on all Federal lands is
essential. Such a method must recognize the long-term
nature of forestry and be based upon sound eczBomic
concepts of intensive forest management; ....—

The Panel's report included an analysis by Marty of the
economic effectiveness of general management intensification

for major timber types in the United States.22

22Press release by the Office of the White House, Press
Secretary, Sept. 2, 1971, San Clemente, Calif.

ﬁgﬁeport of the President's Advisory Panel on Timber and the
Environment. April 1973. Government Printing Office,
Washington, D.C.

2274, pp. 141-147.
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During 1973, the General Accounting Office (GAO) investigated
the Forest Service's management of reforestation and timber stand
improvement programs. GAO's reportéé-on the subject recommended
essentially the same actions as those desired by the Forest
Service: increased funding, development of "inplace" inventory
data, and work on methods of establishing funding priorities.

The following year, Forest Service planners circulated a
Draft Environmental Program for the Future--A Long Term Forestry
Plan.-s-3 The Draft Program posed "low," "moderate," and "high"
supply alternatives for programming various forestry activities
for fiscal years 1975-79. The high supply alternative for
national forest timber management would have included 1.5 million
acres of backlog reforestation and 3.0 million acres of timber
stand improvement.21 These measures were expected to increase
annual allowable cut by 3.8 billion board feet (International

1/4" log rule) by 1984,

The Present Study

A major problem in analyses of national forest treatment
opportunities has been that neither Forest Survey nor Project
Work Inventory reports indicated which opportunities were currently

accessible or soon to be. Another difficulty has been that some

élComptroller General of the United States. 1974. More intensive
reforestation and lumber stand improvement programs could help
meet timber demand. Feb. 14, 1974, report to Congress.

22 U.S. Forest Service. 1974. Environmental program for the

future-~A long term forestry plant (draft). U.S. Dept. Agric,
unnumbered publication for public review.

ééid. pp. VI-12, 13.
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acreages listed as opportunities in the inventory may have
been quite unlikely to respond satisfactorily to treatment.
The present study is designed to evaluate those backlog acreages
considered accessible and treatable at reasonable cost and the
maximum feasible 5-year investment program. Major steps in the
analysis are:
--Compilation of acreage estimates by administrative region,
forest type group, and site productivity class;
--Estimation of anticipated growth and harvest impacts on
a per-acre basis for the various treatment costs and
stumpage values;
--Ranking of opportunities by several criteria; and
--Compilation of estimated costs and effects for several
levels of total investment allocated as considered most
desirable by staffmen in the Forest Service Division of

Timber Management.

Extent of Treatment Opportunities

A summary of estimated treatment acreages is shown in Table 2.
Areas considered to be accessible for treatment in the next
5 years, without need of appropriated funding for road construction,
total 2,177,000 acres of reforestation opportunities, 1,076,000 acres
of release opportunities, and 1,259,000 acres of precommercial
thinning opportunities. Total acreages of precommercial thinning
and release opportunities are estimated to be the same as indicated
by previous estimates of the Division of Timber Management,
but reforestation opportunities appear substantially smaller in

extent than expected in all regions other than the Rocky Mountains.
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Main reasons for the reduced estimates are occurrence of natural
stocking since 1968, and more careful appraisal of areas with
marginal levels of stocking. Another important factor is that
some previously listed areas have become stocked with species,
such as aspen and red alder, formerly considered noncommercial
but now marketable. The 1972 estimates are not considered
conclusive by the Division of Timber Management, but are assumed
to be good enough for use in planning a 5-year program.

Estimated acreages of backlog reforestation opportunities,
by forest type group, site productivity class, administrative

region, and geographic region, are shown in Appendix B.

Treatment Yields

Yields are estimated for each of 18 basic treatment situations
(Table 3),§£-for several site productivity classes. Site
productivity is defined as inherent capacity of the land to grow
crops of industrial wood, based on fully stocked natural stands
and expressed in terms of cubic feet per acre average annual
growth., It refers only to main-stem growth, between a stump
1 foot high and a top 4.0 inches in diameter inside bark. Classes
used are: 20-50, 50-85, 85-120, and 120+ cubic feet per acre

per year.

§-‘E-Yielcl estimates for most treatment situations were prepared by

a team under the direction of the author. Members were
Charles A. Wellner, Clarence Brown, and David Tackle.
Estimates for the red pine-eastern white pine type group
are adapted from Robert J. Marty, 1967 (see footnote 43).
Estimates for the loblolly pine-shortleaf pine type group
were provided by R. N. Stone.
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In all cases, estimates are made of yields with treatment
and of yields without treatments. Yields are estimated on the
basis of complete regimes of management which might include any
or all of the following: site preparation, natural regeneration,
planting, precommerical thinning, release, commercial thinning,
and final harvest. Initial estimates are made in terms of cubic
feet of net growth. Estimates are made separately for hardwood
and softwood growth, since in some cases the primary intent of
treatment would be to replace hardwood growth with softwood.

Resulting estimates of treatment response are generally

lower than those used by Marty,éi as illustrated below:

Treatment : Forest type group :Site : Increase in mean annual
: :class:increment due to treatment
: : :Reported by : Reported in
: : : Marty : this study
: : : Cu, ft. per acre per yr.
Reforestation:Douglas-fir : 1 235 : 99
: : 2 164 : 62
:Longleaf-slash pine : 1 : 137 : 95
: s 2 2 112 : 78
Precommerical:Douglas-fir s 1 118 : 51
thinning : : 2 91 : 43
:Longleaf-slash pine : 1 : 34 : 26
: : 2 31 : 25

Several factors may explain the differences shown above.
One is that the estimates for this study assume that the higher

productivity sites ultimately would restock significantly, even

ééRobert J. Marty. 1967. op. cit.
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without artificial reforestation. Secondly, it is assumed that
failure rates on the lower productivity sites would be large.
The latter factor is considered especially important on backlog
treatment areas as compared to the on-going, KV reforestation areas.
Marty's estimates were for entire timber type acreages while those
in the present study were specifically for backlog acres. Finally,
there is a major deficiency in the availability of sound data on
the responses of many timber types to treatments. As mentioned
earlier, there simply is not truly reliable data on the performance

of severely understocked or overstocked natural stands.

Allowable Cut Effects

The Forest Service typically establishes allowable cut limits
for national forest units on the basis of volume growth and
inventory. When a substantial inventory of overmature timber
exists on a unit, investments which increase growth theoretically
lead to an increase in allowable cut. This allowable cut effect
(ACE) can occur as soon as the Service recognizes the increased

growth in its inventory accounting system.éé

EEA vigorous debate over ACE has been carried on for several
years. Opponents of its use argue that the basic philosophy
of national forest harvest regulation policy is so illogical
as to preclude rational economic analysis within that policy
framework. Proponents aver that the Forest Service does indeed
enforce its harvest regulation policies, however indefensible,
and therefore ACE exists and cash revenues from national
forests will be higher if funds are allocated on that premise
than otherwise. The debate was summarized by Dennis E.
Teegarden. 1973. The allowable cut effect: a comment.

Jour. Forestry 71:224-226, and Dennis L. Schweitzer,
Robert W. Sassaman, and Con H. Schallau. 1973. The allowable
cut effect: a reply. Jour. Forestry 71:227.
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For the present study, estimates have been obtained, from
the Division of Timber Management, of the allowable cut effect
anticipated 10 years after treatment and 30 years after treatment.
Separate estimates are made for each forest type group and
region. (See Appendix C.) For most western situations, the ACE
is assumed to equal the increase in mean annual increment of treated
stands, in both tenth and thirtieth years. In some western cases
and all eastern cases, inventories of overmature timber are
considered too low for full ACE to be taken in the tenth year.
For many eastern situations, the expected thirtieth year ACE is
projected to be only half or less of the increase in mean annual
increment, because of the small proportion of mature inventory.

Allowable cut effects are not considered in calculation of

internal rates of return.

Stumpage Prices

Estimated stumpage prices are based on reported bid rates
for national forest timber sales in 1971. Table 4 presents
estimated values for 1971 and averages assumed for the investment
period. The latter exclude increases due to general inflation.
Both sets include KV receipts, but exclude credits for road
construction and slash disposal.

Commercial thinnings are valued at 75 percent of the final
harvest stumpage rates. For eastern situations, current pulpwood
prices are assumed to be $0.08 per cubic foot for softwoods
and $0.04 for hardwoods. No values are assigned to pulpwood-sized
trees in the West. Future prices of softwood pulpwood are
projected at $0.17 per cubic foot for softwoods and $0.10 per

cubic foot for hardwoods.
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Table 5.--Direct costs of national forest
reforestation and stand improvement,
- .......all~-species. averages

Administrative Practice
region e ———— - -
:Reforestation: Release : Precommercial
: : : thinning
[ — Dollars per aCTe—--————mm—mmmmm
1 : 44 : 16 : 29
2 : 72 : 21 : 36
3 : 63 : 19 : 13
4 : 69 : 27 : 13
5 : 67 : 14 : 29
6 : 64 : 35 : 13
8 : 58 : 21 : 16
9 : 48 : 19 : 19

Source: U.S. Forest Service, Division of Timber
Management, estimates for fiscal year 1972.
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Treatment Costs

Estimates are made of "direct" costs--those incurred for
materials, labor, transportation, and immediate field supervision--
and of "other" costs--those not incurred directly in the treatment
activity but charged to silvicultural program accounts.éz- Costs
are estimated for each national forest administrative region, on
the basis of fiscal year 1972 experience.

Table 5 shows regional average figures for all species combined,
direct costs only. More detailed estimates are shown in Appendix B.

Typically, "other" costs are nearly as large as direct charges.

Estimated Program Effects

Rankings are made for each of four criteria:

--Internal rate of return (based on direct treatment costs).

--Benefit-cost ratio (using 5 pct discount rate).

--Increase in sawtimber mean-annual-increment.

--Increase in allowable cut 10 years after treatment.
Examples of calculated criteria for several treatment opportunities
are shown in Table 6.

Hypothetical investment schedules by region and treatment
are compiled and estimates made of program effects, at several
levels of funding, in terms of increases in mean annual increment
of sawtimber and allowable cut. Figure 1 shows expected increases

in softwood sawtimber mean annual increment, for various levels

EZ"Other" costs include general supervision, planning, and
programming expenses at all organization levels, part of the
expense of support services such as soil scientists and
wildlife biologists, and a share of the expense of work not
specifically covered by an appropritation account, e.q.,
emergency rescues and public hearings.
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Figure 1.

Expected softwood sawtimber growth effects with
alternative allocation criteria--national forests.
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of funding, with different allocation criteria used for scheduling
treatments. It indicates little difference in effect between a
schedule maximizing sawtimber growth and one based on internal rate
of return. Because high-growth-effect opportunities in the East
would have little immediate impact on allowable cut, funding
allocation based entirely on allowable cut would yield less
sawtimber growth than allocation based on internal rate of return
or allowable cut effects. Figure 2 compares alternative ranking
criteria in terms of 1l0th-year allowable cut effects.

The Division of Timber Management recommended an investment
schedule (Table 7) which would allocate a much higher proportion
of funds to reforestation and less to release or thinning, than
would be suggested by any of the allocation criteria examined
here. One reason is concern over fire hazard associated with
precommercial thinning slash. Another is an ethical preference
for re-establishing stands on nonstocked commercial forest land
as compared to treatment of overstocked stands. A further factor
is a concern that a drastic change from current programming--
heavily weighted toward reforestation--would cause administrative
inefficiencies associated with closing tree nurseries, moving
personnel, etc.

At a $300 million funding level, the program recommended by
the Division should result in increases of about 1.3 billion board
feet of softwood nontimber growth and 0.7 billion board feet of
annual allowable cut (within 10 years after completion of the

program) .



IV. REFORESTATION AND STAND IMPROVEMENT ON
NONINDUSTRIAL PRIVATE OWNERSHIPS

Nonindustrial private forest ownerships, including farm and
all other private holdings except forest industry, are the
largest opportunity for intensification of forest management--
both in terms of total acreage and potential for improvement.
In 1970, these ownerships held 59 percent of all commercial
forest acreage in the United States and 64 percent of all nonstocked
acreage.ég In the East, where 91 percent of all nonindustrial
private forest acreage was located, they included over 14 million
acres of nonstocked commercial forest; and the Forest Service
estimated that these ownerships, in the East, were realizing lower
proportions of inherent timber growth potential than were forest
industry or public holdings.

Many authors have discussed the promise and problems of
programs to encourage nonindustrial private owners to invest
in reforestation and stand improvement. Most have concentrated
on surveys of landowner attitudes towards forestry and forestry
programs; few have evaluated the effectiveness of past public
investment in private forestry. Problems typically cited are
small average size of tract, lack of technical knowledge,

ignorance of stumpage markets, and short planning horizons.

Existing Programs

Programs have been designed to encourage landowners to

pool their tracts under management by forestry consultants;

§§U.S. Forest Service. 1973. The outlook for timber in the

United States. Forest Resource Report No. 20,
52
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cooperative state and federal programs provide technical advice;
reports of stumpage prices and log prices are published in some
states; and federal support of state nurseries allows landowners
to buy seedlings at reduced cost. Subsidies to nonindustrial
private landowners for reforestation and stand improvement
were authorized by the Soil Conservation and Domestic Allotment
Act of 1934 and administered through the Agricultural Conservation
Program, now titled the Rural Environmental Assistance Program (REAP).
The Forestry Incentives Program, authorized by the Agriculture and
Consumer Protection Act of 1973 (87 Stat. 245; 16 U.S.C. 590h.),

would continue these subsidies.-f-ig

Experience in the Agricultural Conservation Program

Cost sharing is frequently considered to be the method of
public subsidy most likely to attract landowners to forestry
programs. While the Forest Service presumably could have
subsidized private landowners through Title IV of the Agricultural
Act of 1956, nearly all cost sharing for forestry purposes, through
1972, was conducted by the Agricultural Stabilizétion and
Conservation Service.

Direct payments to farmers and ranchers engaging in
afforestation were made through the Agricultural Conservation
Program administered by the Agricultural Stabilization and
Conservation Service. In 1968, rates of cost sharing were

supposed to vary between 50 and 80 percent of average planting

Ega comprehensive listing of Forestry Assistance Programs
current in 1972 is given in U.S. Forest Service, 1972,
Forestry Assistance Programs in Cooperation with State
Forestry Agencies. Unnumbered publication issued
November 1972,
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costs.99 Average planting cost within a state or subdivision
thereof is established by the state ASC Committee. The average
cost share rate for planting in the U.S. was $17.34 per acre
in 1968, It ranged from a low of $6.50 per acre in Texas to a
high of $131.45 per acre in North Dakota.

Federal regqulations prohibited, in most instances, cost-
share payment of more than $2,500 per year to an individual
farmer or rancher. Up to $10,000 could be paid for practices
carried out under pooling agreements. These limits applied to
total payments for all ACP practices. In actuality, payments
for all practices averaged between $185 and $228 per assisted
farm in the individual years 1960-68. In 1968, only 1.4 percent
of all ACP cost-share funds went for practice A-7, Trees or
Shrubs for Forestry Purposes. Cost shares of $2.6 million were
granted that year for planting of 148,000 acres on 20,000 farms.éi
The average planting supported by ACP was about 7-1/2 acres.

Additionally, in 1968, 15,282 acres were planted to prevent
erosion. Total cost sharing for this practice was $834,266 and
averaged $54.59 per acre. About 12,000 farms were involved in

this practice.

égAgricultural Stabilization and Conservation Service, 1968.
Cost sharing in state handbooks--1968 ACP. Unpublished
staff paper.

6 . ‘s . . .

—lAgrlcultural Stabilization and Conservation Service, 1969.
1968 Agricultural Conservation Program accomplishments.
Unnumbered report, page 58,
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Soil Bank and ACP in the South

The Southern Forest Resource Analysis Committee reported
that 4.7 million acres of forest planting in the South had been
accomplished through ACP or Soil Bank through 1967.92- This
amounted to 31 percent of all forest planting in that region.
Plantings were espécially large during 1958-61, under the Soil
Bank program. In the subsequent period, 1962-66, subsidized

plantings still amounted to 634,000 acres in the South, at a total

cost of $6.5 million in ACP cost shares.

Effectiveness of Past Federal Program for Afforestation

Public programs for afforesting private lands have had three
general objectives--increasing income of poor rural landowners,
soil and water conservation, and increasing the Nation's timber
supply. The effectiveness of these programs would depend largely
on the following factors: (1) extent of participation in the
programs; (2) response of different income groups; (3) productivity
of plantations; and (4) values of stumpage and soil-water benefits.
A number of studies have been devoted to items 1 and 2. Most
studies have indicated that participation in CFM and ACP programs

was strongly correlated with size of ownership.

EZSouthern Forest Resource Analysis Committee., 1969. The
South's third forest--how it can meet future demands; a
report of the Southern Forest Resource Analysis Committee,
New Orleans, La.
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Muench studied participation of 2,492 North Carolina land-
owners in public forestry programs.éé- He found that the most
responsive owners were those who had relatively good educations,
owned large forested acreages, and were business or professional
people. He concluded:

"If the goal of any of these programs is to redistribute

income to the poor landowners or tenants, this goal is

not being achieved, judging from the apparent asset

position of those who are participating. If soil and

water conservation is the goal, the effectiveness of

forestry practices in ACP can be questioned. If increased

timber production is the objective, the programs can

increase effectiveness by addressing their efforts to those

owners shown to be most responsive.,"

. . .y 64 . . 65

Studies in Michigan— and Wisconsin— found farmers the
most interested group of small landowners in forestry. Thus
it appears likely that there are regional variations in the
response of different classes of landowners to public forestry
programs,

Little information is available on the timber yields from
federally supported afforestation programs. While annual estimates
of acres planted are available for ACP programs, there is

little published information on survival, length of existence,

or timber production from such plantations. These data are

ééJohn Muench, Jr. 1975. Private forests and public programs

in North Carolina. American Forestry Association (distributed
by North Carolina Forestry Association, Raleigh, N.C.).

é-‘E:James G. Yoho, Lee M. James, and Dean Quinney. 1957.
Private forest land ownership and management in the northern
half of Michigan's lower peninsula. Tech., Bul. 261,
Mich. Agr. Exp. Sta.

éécharles F. Sutherland and Cal H. Tubbs. 1959. Influence of
ownership on forestry in small woodlands. Lake States For.
Exp. Sta. Pap. No. 77.
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crucial to a reliable evaluation of existing programs and to
reasonably accurate projections of returns from proposed programs.

Forest Survey data for South Carolina indicate that 77 percent
of the forest planting done through 1967 was identifiable in
1968.22 About 35 percent of the planting done there was under
ACP or the Conservation Reserve Soil Bank Program. Thus at least
one-third of the subsidized plantations were evident in 1968.
This, of course, affords little information on the yield attri-
butable to such plantations.

Studies in New York State indicated that only two-thirds
of the acres planted on public and private lands were successful.él
It seems logical to assume that planting on public lands and
industrial lands would have been managed by professional foresters
or forestry technicians. Thus the success rate for nonindustrial
private ownerships probably would have been much lower than the
aggreate two-thirds rate mentioned above.

On the Yazoo-Little Tallahatchie Flood Prevention Project,
where public subsidy resulted in 470,000 acres of planting in
the years 1948 through 1968, about 10-20 percent of the annual
planting was rework. Survival of the FY 1969 planting averaged
79 percent as indicated by a check of 38 farms.ég For earlier

years, survival averaged about 70 percent.

ééﬂerbert A. Knight and Joe P. McClure. 1969. South Carolina's
timber, 1968. USDA Forest Service Resource Bul. SE-13.

é--v’-\]ohn Fedkiw. 1959, Preliminary review of 60 years of reforestation
in New York State. State University College of Forestry,
Syracuse University, New York.

6 .
-§U.S. Forest Service. 1969. The Yazoo Forester. Vol. 8,

No. 12, p. 2.



58
The Yazoo-Little Tallahatchie Project plantings generally

were done under close supervision from the U.S. Forest Service.
Although much of the land involved was of poor quality, the
quality of work probably was considerably better than would

have been the case for most ACP planting, and plantation survival
probably was better there than in most other cases when landowners

did the planting themselves or hired local contractors.

Problems Found in the ACP Program

Past ACP programs, as a stimulus for timber supply, suffered
a number of handicaps. The amount of money allotted for tree
planting for forestry purposes was determined locally and was
generally low, averaging only 1.4 percent of all ACP assistance
in 1968, The average size of plantings was small, thus planting
costs were perhaps unnecessarily high. Manthy reported that the
average size of ACP planting in Pennsylvania, in 1965, was only
1.5 acres.ég- He suggested that such small plantings might lead
to timber stands which were relatively expensive to log and thus
might bring low stumpage prices--if they were harvested at all.

In 1968, the 1l southern states averaged 12.8 acres per
subsidized planting and only $11.30 per acre cost-share. The
remaining states, as a group, averaged only 4.3 acres per subsidized
planting and $26.20 per acre. Small plantings would have been
less likely to be done by trained crews, less likely to be inspected

by skilled examiners, and thus more likely to be unsuccessful.

9-g-Robert S. Manthy. 1970. An investment guide for Cooperative
Forest Management in Pennsylvania. USDA For. Serv. Res.
Pap. NE-156.
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Because the cost-share rates were determined on a state-by-
state basis, the amount of money spent within a single state for
tree planting may not have been related to the economic desirability
of planting in that state. For example, the States of Wisconsin
and New York got a combined total of $512,000 in 1968, but planted
only 18,000 acres. Thus 20 percent of all tree planting cost-
share funds went for planting only 12 percent of total acreage,
and that acreage was in states with relatively low-quality timberland.
Furthermore, most of the plantings in those states were quite

small, averaging 3.4 acres in New York and 5.0 acres in Wisconsin.

The Present Study

The intent of the present study is to estimate the potential
effectiveness of cost-sharing payments to nonindustrial private
forest owners, in comparison with other federal program
opportunities for increasing softwood timber supplies. Estimates
are made of treatable acres, costs, and growth impacts for
reforestation, release, and precommercial thinnings., Forest
Survey staff at Forest Service experiment stations have provided
estimates of treatable acreages by timber type and site productivity
class, They also have provided data on management regimes and yield
similar to that developed for national forests.

Reforestation opportunities totaling 11,796,000 acres
are evaluated (Table 8). Data are available for only
232,000 acres of release and 293,000 acres of precommercial
thinning opportunities. General descriptions and cost estimates
are shown in Table 9. Detailed listings of treatment opportunities

ranked in order of cost effectiveness are shown in Appendix B.
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Table 8.--Distribution of analyzed treatment opportunity
acreages on nonindustrial private forest
ownerships, 1972

Treatment class : Region : Acreagel-
Reforestation : Pacific Coast : 12
: Rocky Mountains : --
: South : 8,989
: North : 2,795
Total : : 11,796
Release : Pacific Coast : --
: Rocky Mountains : -
: South : 112
:+ North : 120
Total : : 232
Precommercial :+ Pacific Coast : 6
thinning ¢ Rocky Mountains : --
¢+ South : 187
¢« North : -
Total : : 193

Source: Ad hoc reports by Forest Service experiment
stations.

lThousands of acres assumed to be accessible to a cost-share
program.



6l

(z 30 T sbeq)

0Z°8¢ . 09°9 . 00°S¥H teececccccececeepgpeescetseses et igDURYS wﬂ._..nm {eaInjeu poxoOo3s \n.mhoom" L-0S
0z°8¢c ¢ 09°9 : QOGP :tccectececccecsepgpectececcesctcanay spueas mcﬂﬁlxdo aAT30939Q: G-0S
oz°se ¢ 09°9 : 00°SHy ¢ uot3ejueTd autd o3 3x8AUOD: spuels AIOYOTY-}eO SATIDSISQ: y-0S
01°8¢ 0%°9 : 00°Sy ¢ jqueTd pue °dasad 831s Aaean: ysniq ‘poyoo3sSuoNn: £-0S
ov°6T ob°9 : 00°0Z ¢ *daxd a3T1s 3ybr1: PURTISSI0J PIOMO03ISUON: Z-0S
0S°ST ¢ 0Z°9 ¢ 00°ST ¢ juetd: puetdoxd a1pI: 1-0S
SAIVLS ILSYO0D JTNOD ANV TYIINID HINOS
0z vy ¢ 09°9 : QQ°EG itccccccecscescepprecsescccccccce:  poysoxs ATxood ‘spoompaey puetdn: L-4S
ov'or ¢ 09°9 . 00°8F ittt cctctcecccessegpreececessoecnnnn: payooas &txood smc._”m.lx.mou 9-3S
oz°'gg ¢ 09°9 ! 00°GH ¢ uot3ejueTd sutrd 03 3IsAuUO):spuels auTd Teinjeu payd03ls ATIood: G-as
ov eT @ ov°9 P 00°0Z ¢ jueTdax pue °*dexd s3Ts juybtT: suot3ejuetd sutd aaT30933Q* p-4s
0T°8€ * 0%°9 * 00°GH : juerd pue °*dexd a3Ts AaesH: ysniq ‘pax003SUON: €-4S
ob°6T * OVP°'9 * 00°0C * juetd pue °daad 8371Ss: pueT 3S3I0J PIYOO]ISUON: Z-3S
0S°ST ¢ 0Z°9 * 00°ST ¢ juetd: puetdoad aTpI: 1-3S

YATEOTd ANY YWYEYIV Ld3OXHd SIALVLS NIFLSYIHINOS

.
o

——====-310® I8d SIRTTO(-===-=1

- H - ! e e e e § o o o - ———— - ——— . - - - - —— - —

axeys : tquswleaxly: : :
Texspad:pa3eToossy: TeI3Tul @ : tUOT3ROTT
M RS R H : -T3UapT
$31S0) : JusulesaIl Pa3ROTPUI : suoT3ien3} IS pue uotrbay : umj3ex3s

sdTYSIaUMO 93PATId TETIISNPUTUOU UO UOT3PIS3IOIDA I03F Pa3ebT3SaAUT SUOTIBNITS JUSWIRSXL=--"6 OTqel



62

(z 30 z @beq)

oy°9z : 06°€ * o00°CE ¢ at3-se1bnoq juerd: A3T1Tenb a3Ts ybrty ‘xTIy-serbnog:  zz-Nd
LSAMHIMON DJIJIOvVd
0T°TZ ¢ OL°€ ¢ 00°'Gz :°utd yesr3xoys xo ATTOTQOT 3Iueld: Pa3003SUON:  D8-ON
ov°ze ¢ oL € : o000V ¢ (sutd ®3TYM UIBISEdD IO paI 3 (uot3T3adwod poomprey g8-ON
oy ce ¢ oL° € ¢ o0°0v ¢ jueTd pue °*daad @3T1s 3JybBTT): ST3IFITT YITM PIYDO]ISUON) ? ¥8-ON
08°85 ¢ oT*%¥ ¢ o00°sL ¢ (sutd 83TUYM (uot3aT3adwod poomprey S-ON
00°ss * OT°%¥ * o00°0L °* uxslsea X0 pax jueld pue Jo soaxbsp burdrea yzTm #-ON
oe°sy ¢ (o) Bl 7 : 00°LS * ‘3xsauod x0 f+*dexd =3Ts Aaesy): payxoo3s Arxood x0 payoo3suop): Z-DON
SALVYILS TYVYINID HIMON
ov°og 3 ov° 9 i 00°gg ¢ sutd FesaT3xoys : :
: : :x0 ATTor1qo1 3uetd pue °dexad o3Ts: 3S8103 POXYOO0]SUON:? S-3dN
oo°‘ov ¢ 06°€ : 00°05 ¢ autd s3Tym : v
: : : uxsjses IO pax O3 JIBAUO0D: ysnaigq 10 poompIey SAT3O3Faqd: 8 €-=9N
o9°*ge ¢ oL°€ P 00°gg ¢ autd 83 TyMm uxsises 3 :
: : : 10 pax juetd pue °*dead o31s: 3s3103 ‘pPaydO3SUON: Z-3N
0G°ST * 0Z°9 * 00°6T :3utd gyear3xoys Io0 ATTOTQOT JuUeTd: puetdoxd a1pI: T-3aN

SIIVLS NJIILSYIHIMON

—=—====3I10® I3d SIRTTO(J-=====1

axeys : s jusuwjeaxy: : :
TeI9paJ:pPa3RTOOSSY: TeT3ITUI : i le} =1-To) & 4
——— : ! -T3uUapT

$3S0D : juswiesll pajeoIpul : suoT3ien3Is pue uotbay ¢ umjex3s

o
oo

(*P,3u0d) 6 STqRL



63

*qusdaad g*o ueyl mmwmw
°S3089SUT pue B8ITJ WOIJ uUOoT3O930xd POSeaIdUT pue

‘uoT3oadsur dn-mOTTOJ ‘OO0UL]ISTSSE TEOTUYDS] ‘S3S00 Juswiesaxl JOOIPT SOPNTOUT 3SOD Hmuoam
*uotr3joadsur dn-moT1o3F

pue adujesTsse TeoTuyoal snid ‘3sod juswieaxl 309ITP JO jusdzad G/ ST ISOO TeASPaI—~

4
.UCQEMHOCH Tenuue uesu JO suxaly C..n m._u ﬁBOHm HWQ.E..nUBMmM
098 : o19‘z ¢ 82 : ZL : * : 90¥ : 00€
oL : oLv'z ¢ ve : 99 : * : LEE : 0sZ
0Z9 : ooc‘z ¢ Zh : 86 : P : oLz : 0oz
09% : 096‘T ¢ €S : LY : * : zoz : 0ST
ot1¢ : 0ss’T ¢ £8 : LT : 7 : GET : 00T
06T : 06 : 69 : (o] : T : 89 : 0S
33 N0 WKW niu.w Pq WH=$ ====e==31S0D TexspaF FO JusdIad- : . SUOTTITTUW WIIIIIIII
Mwouw mcMSOHU" umnEﬂuzmmw Y3ION "l yanos :3se0) oﬂuﬂommw Mumoo w Mbmoo

s309339 yzmoab poomizjos UOTINQTIIISTP HuTpuny Teuotrbay

Te30l : Texspad

Msuzoum I3qUTIMES POOMIJOS SZTWTXEBW O3 PaubIsap

s9T3Tun310ddo UOT3P3SOIOID3XI 93BATId TRTIISNPUTUOU JO STNPaYDS--°0T STqel



64
Cost estimates included treatment costs, direct technical
assistance, and follow-up inspection. Where successive treatments
are considered necessary for maintenance of the stand (e.q.,

fire protection), such costs are included.

Estimated Program Effects

Treatment opportunities are ranked in terms of board-foot
softwood yield per dollar of Federal cost and board-foot
softwood yield per dollar of total cost. Table 10 shows expected
costs and effects for programs funded at several different levels.
Only reforestation acreage is shown because the estimates related
to precommercial thinning and stand improvement are considered
unrealistic.

Figure 3 compares softwood sawtimber growth increases,
expected for different funding levels, for nonindustrial private
ownerships as compared to national forests. The strong advantage
indicated for private ownerships is due primarily to two factors--
the large acreages of inherently productive southern pine sites
in private holdings and the much lower costs assumed for treating
private lands rather than national forests. Costs for national
forests include large expenses for general administration and

planning which are not assumed to exist for private owners.
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V. OPPORTUNITIES FOR TECHNOLOGICAL IMPROVEMENTS

Research and development of improved technology for growing,
protecting, and/or utilizing timber is an alternative use of
limited forestry program budgets. For the present study, a few
specific research opportunities have been selected for analysis.
They have been chosen because they are assumed to have the
following characteristics:

--High probability of technical development within a decade;

--High probability of commercial application soon after
technical development;

--An expectation of important impacts on timber demand or
supply; and

--Reasonable susceptibility to quantification.

The opportunities examined are in three program categories:
tree improvement, forest pest control, and timber utilization.
The general outline followed in each case is as follows:

I. Description of problem/opportunity:

A. General nature

B. Size

C. Ownerships/institutions involved

II. Technical solution:

A. Description

B. Susceptible areas, volumes, products, etc.

C. Probable effectiveness

D. Application costs

66
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III. Program possibilities:

A. Remaining research to be completed

B. Method of getting technical solution into practice

C. Likelihood of success for each class of owner/institution

D. Timetable for implementation

E. Likely additions to supply (defined in terms of growth,

harvest, or product)
IV. Program costs:

A. Research costs

B. Extension costs

C. Federal cost-shares

D. Application cost

In each case, staff assistants in research division of the
Forest Service have given their best estimates of incremental
costs and effects of expanded research and development programs.
The estimates shown in this chapter are for increases over program

funding levels for fiscal year 1973.

Tree Improvement

Scientists in the Division of Timber Management Research
have assisted the author in defining a potential expanded program
of genetics research., Three species or species groups are
considered: southern pines, Douglas-fir, and western pines.
Intensified efforts involved in the program would include
development of methods to stimulate increased flowering of seed
orchard trees, improved techniques for grafting scions to root-

stocks, better methods of controling cone and seed insects, and



68

Table ll.~--Increases in yield anticipated from
an accelerated genetic program
. for the southern pines

Period :Affected area : Yield : Cumulative increase

: -: increase— :in mean annual increment—
t:Annual: Total : :
: : : : MM cuft : MM b4 ft
t====M acres-=--: Pct : :

2nd 5 years: 294 : 1,470 : 10 : 15 : 75

2nd decade : 784 : 7,840 : 15 : 133 : 665

3rd decade : 980 : 9,800 : 20 : 329 : 1,645

4th decade : 980 : 9,800 : 20 : 525 : 2,625

5th decade : 980 : 9,800 : 30 : 819 : 4,095

1 . . . s
—Percent yield increase is in addition to percentages expected
from current levels of effort.

ZCalculated from a base yield of 100 cubic feet per acre per
year for unimproved stock.
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Table 12.--Increases in vield anticipated from
an accelerated genetic program
. for Douglas-fir

Period :Affected area : Yield : Cumulative increase
: ¢+ increase~ :in mean annual increment-—
t:Annual: Total : :
: : : : MM cu ft : MM bd ft
: : Hd Hhaded :
t==-==M acres---: Pct : :
2nd 5 years: 33 : 165 : 7 : 2 : 10
2nd decade : 198 : 1,980 : 7 : 23 : 115
3rd decade : 330 : 3,300 : 12 : 82 : 410
4th decade : 330 : 3,300 : 12 : 141 : 705
5th decade : 330 : 3,300 : 15 : 215 : 1,075

1 . . R cys
~Percent yield increase is in addition to percentages expected
from current levels of effort.

ECalculated from a base yield of 150 cubic feet per acre per
year for unimproved stock.
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Table 13.--Increases in yield anticipated from
an accelerated genetic program
. ... for western pine

Yield : Cumulative increase
increase— :in mean annual increment—

Period Affected area

Annual: Total :

: : MM cu ft : MM bd ft
t====M acres=—-—- Pct : :

2nd 5 years: 10 : 50 : 3 : i : 3

3 3
2nd decade : 30 : 300 : 3 : - : -
3rd decade : 100 : 1,000 : 7 : 8 : 40
4th decade : 330 : 3,300 : 7 : 31 : 155
5th decade : 330 : 3,300 : 10 : 64 : 320

lPercent yield increase in addition to percentages expected
from current levels of effort.

ZCalcu‘lated from a base yield of 100 cubic feet per acre per
year for unimproved stock.

2-Less than 0.5 percent.
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procedures for faster testing of parent trees to see if progeny

retain desired characteristics.,

Expected Costs

Funding required in addition to the current (FY 1973) budget

is estimated to be as follows:

Seed to

Seed orchard seedling
Period Research establishment production Total
- Millions of dollars=-=—====—e=--
1st 5 years 2 1 2 5
2nd 5 years 3 2 6 11
2nd decade 3 2 4 9
3rd decade 2 2 4 8

Program Effects

Tables 11, 12, and 13 display estimated yields for the
program, in terms of mean-annual-increment of softwood plantations.
For southern pines, it is estimated that about 10 percent of the
nearly 1 million acres annually planted in 1970-71 was being
done with genetically improved seedlings from seed orchards.

It is assumed that mean annual increment (m.a.i.) of plantings
from unimproved stock averaged 100 cubic feet per acre. It

is further assumed that nearly all plantations, by the year 2000,
would be made with improved seedlings, but that the degree of
improvement would be higher under the accelerated program than
otherwise. Thus, an incremental yield of 10 percent, in the
6-10th year of the program, rising to 30 percent in the third
decade, is expected. On this basis, in the tenth year after

initiation of the program, southern pine m.a.i. is expected to
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be increased 15 million cubic feet (75 million board feet). By the 30th

year, an increase of 329 million cubic feet (1,645 million board
feet) should occur (Table 11).

For Douglas-fir it is assumed that 40 percent of the
31 million acres of land in the Douglas-fir type would be planted
with improved seedlings, by the end of the 5th decade of the
program. Plantations from unimproved stock are assumed to
average 150 cubic feet per acre mean annual increment. Projected
mean annual increment of areas planted in the first 10 years
would be 2 million cubic feet (10 million board feet) higher
than otherwise anticipated. By the 30th year, 5,455,000 acres
should have been planted with improved stock, with an expected
mean annual increment 82 million cubic feet (410 million
board feet) higher than expected for unimproved stock (Table 12).

Yields for a western pine program are calculated on the
assumption that at least 20 percent of the 42 million acres in
these forest types ultimately might be planted with improved
stock. Mean annual increment of plantations from unimproved
stock on these sites is assumed to be 100 cubic feet per acre.
Because relatively little work has been done in genetic improve-
ment of western pines, as compared to southern pines and Douglas-
fir, a slow rate of progress would be expected, even with an
expanded program (Table 13)., Mean annual increment of all areas
planted with improved stock in the first 30 years of the program
would be expected to be only 8 million cubic feet (40 million

board feet) higher than for plantations of unimproved stock.
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Combined effects anticipated for all three species or
species groups would be:

Cumulative increase
in mean annual increment

Year MM cu ft MM bd ft
10th 17 85
20th 156 780
30th 419 2,095
40th 697 3,485
50th 1,098 5,490

Fomes annosus Root Rot

Fomes annosus root rot has caused increasingly serious

losses of planted pines in the United States during the past

25 years. Although not a significant problem in natural stands,
this root rot was found in 59 percent of all loblolly pine
plantations and 44 percent of all slash pine plantations examined
during a 1960 south-wide survey. It is especially damaging in
thinned stands and, therefore, is a major deterrent to intensive
management of plantations for sawtimber production.

The fungus enters freshly cut stumps left in thinning
operations. Resulting tree mortality in the residual stands
begins within 2-3 years after thinning and continues for long
periods. Such stands often are decimated before they reach
sawtimber size. Average losses in infected stands are estimated
to be about 15 percent of the harvest yield otherwise expected.
For typical loblolly pine sites managed primarily for sawtimber

production, control of Fomes annosus is assumed to increase

mean-annual-increment about 50 board feet per acre per year.
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Past research has indicated three promising avenues of
control:
--Restricting thinning operations to the summer season
in areas below 34° N. latitude;
--Applying granular borax to freshly cut stump surfaces; and
--Inoculating fresh stump surfaces with a competitive

saprophyte, Peniophora gigantea.

For areas below 34° N. latitude, Fomes annosus is not a

serious problem in stands thinned during the summer. Stands
thinned at other seasons or in areas above that latitude probably
can be protected by borax or Peniophora applications. Trial
applications of borax have proven 90-95 percent effective.
Peniophora inoculations appear to be an especially desirable
control methods since the saprophyte may provide long-term
protection, and is suitable for application in areas where borax
should not be applied.

Considering climatic factors, it is estimated that roughly
half of all thinned southern pine plantations might warrant

treatment for Fomes annosus control. Assuming that half of

all forest industry, all national forest, and one-fourth of all
nonindustrial private southern pine plantations were thinned

at age 15, the acreages shown below would be candidates for
chemical or biological treatment during a 30-year period. These
estimates were based on recorded plantings since 1960, assuming

that planting in the period would continue at the 1970-72 levels.
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Projected Acreages Suitable for Fomes Annosus Control

Period Forest industry Other private National forest
1st 5 years 500,000 300,000 50,000
2nd 5 years 500,000 150,000 60,000
2nd decade 1,500,000 300,000 240,000
3rd decade 1,500,000 300,000 250,000

Expected Costs and Program Effects

A modest amount of research remains to be done in the
first 2 years of the assumed program:

--Development of machine applications of chemical or biological
agents as an integrated feature of harvesting equipment; and

--Indentification of ecological factors governing suscepti-
bility to the disease.

First priority is evaluation of previously initiated pilot
control studies and dissemination of research results. If mechanical
applications were perfected, it seems likely that forest industries
would adopt them rapidly. A modest subsidy might be necessary
to institute the practice on nonindustrial private lands. The
Federal government is assumed to bear all costs (roughly $2.50 per
acre) on national forest lands and 50 percent of the cost on private
lands.

Projected costs for a complete program of research, extension,
and application are shown in Table 14, Expected savings in mean
annual increment are shown in Table 15, By the end of 30 years,
enough area is assumed to have been treated to afford a 282 million

board foot savings in mean annual increment.
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Table 15.--Increases in yield anticipated from
a Fomes annosus control program

. in southern pine

Period : Cumulative savings in mean annual increment
: Forest : Other : National : Total

: industry : private forest :

- S MM b:i ft-- .
1lst 5 years: 25 : 15 : 2 : 42
2nd 5 years: 50 : 23 : 5 : 78
2nd decade : 125 : 38 : 17 : 180

: 53 :

3rd decade : 200 29 : 282

lBased on medium site yields for thinned loblolly pine planta-
tions as shown in Investor's Guide to Converting Southern
Oak-Pine Types, by W. C. Anderson and S. Guttenberg,
USDA Forest Service Res, Paper S0-72, 1971. Control is
assumed to save 15 percent of all sawtimber yields after
first thinning.
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Table 16.--Approximate physical recovery efficiencies in
various forest industries--1970

Recovery ratiol

e o0 e

Sawmilling (dry, finished lumber)
Douglas-fir region : 45-50
Southern pine region : 35-45

Plywood manufacturing (dry, finished plywood)

Douglas=-fir region : 45-55

Southern pine region : 35-45
Hardboard : 82
Conventional particleboard : 84
Pulpinqz :

Kraft : 42-54

Sulfite : 44-46

Groundwood : 90-95

lCalculated as a percent of ovendry weight of wood input.
gYields for pulping ignore losses in debarking and chipping.
Sources:

Sawmilling, Douglas-fir region, adapted from S. E. Corder and
T. L. Scroggins. 1972, Wood and bark residues in Oregon--
trends in their use. Oregon State Univ., Forest Res. Pap. 1ll;
southern pine region, adapted from M, A. Taras, J. G. Schroeder,
and D. R, Phillips. 1974. Predicted green lumber yields from
the merchantable stem of loblolly pine. USDA Forest Service
Research Pap. SE-121.

Plywood, Douglas-fir region, adapted from S. E. Corder and
T. L. Scroggins (op cit); southern pine region, adapted from
David L. Williams and William C. Hopkins. 1969. Converting
factors for southern pine products. Louisiana State Univ.
Agricultural Experiment Sta. Bul., No. 626,

Hardboard and particleboard, adapted from Peter Vajda. 1975.
A comparative evaluation of the economics of wood-based
panel industries. Paper presented at the FAO World
Consultation on Wood-Based Panels, New Dehli, Feb. 1975.

Pulping, Forest Products Laboratory, Madison, Wis.
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Timber Utilization

In 1970, about 55 percent of softwood growing stock volume
harvested for industrial uses was recovered in products such as
lumber, plywood, or woodpulp. Another 35 percent, in the form
of manufacturing residues, was used for fuel or was disposed as
waste, while about 10 percent was left on the ground as logging
residues.zg Primary product recoveries, excluding byproducts,
typically were lower than 55 percent (Table 16).

Increased materials recovery efficiency in timber harvesting
and wood products manufacture and use would affect national timber
consumption in several ways. For a given level of total demand
for forest products, an increase in harvesting efficiency (e.g.,
through reduction of breakage in tree felling) would decrease
required total removals from growing stock inventory. Improved
recovery of products from roundwood (e.g., through lessened
trimming loss in sawmilling) would tend to decrease total log
requirements and thus removals from inventory. New kinds of
products, performing a specific function equally well but with
less material weight or with lower quality raw material than
required for conventional products, similarly could result in

reduced total log requirements. Finally, improvements in engineering

0 .
z—Estlmated recovery percentages are adapted from U.S. Forest

Service. 1973. op. cit. The 55 percent estimate includes
recovery of woodpulp and other industrial products from

lumber wood products manufacturing but ignores losses in
secondary manufacturing (e.g., residue formation in conversion
of lumber to furniture parts). The estimate of logging residue
excludes stumps, tops, branches, and nongrowing-stock trees.
Thus the foregoing figures overestimate product recovery and
underestimate residue proportions, in terms of total wood

fiber harvest.
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of structures or other end-use applications could reduce wood product,

and hence log requirements.

Program Possibilities Evaluated

Estimates are made of likely costs and results of expansions
in two projects:

--New technique for drying linerboard; and

--Computerized decisionmaking in sawmills

Of the many Forest Service projects in this general area
of timber utilization programs, these are ones considered to
hold high promise for successful completion and implementation in
the next 5 to 10 years. Work in these two projects is already

underway, but at relatively low levels of funding.

Linerboard Drying Technigque

In 1970, about 11.5 million tons of linerboard were produced
in the United States.2£ Its manufacture consumed roughly
24 percent of all woodpulp produced that year and required
approximately 1.3 billion cubic feet of roundwood. Most liner-
board is made from unbleached kraft woodpulp of softwood origin,
with about 54 percent recovery of wood fiber in the final product.

Currently, most linerboard manufacturing processes involve
drying a continuously moving mat of wet fibers, without pressure.
To achieve the interfiber bonding necessary for a satisfactory
linerboard, existing processes use woodpulp which has been beaten

or refined. Wood fiber recovery is inversely proportional to the

z-]-"i..inerboard is the material normally used for the outer and
interior walls of paperboard boxes.
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extent of refining. The Forest Products Laboratory, Madison, Wis.,
has proposed another technique for improving interfiber bonding
and thereby lessening the required duration of refining. This
technique (called "&-Direction Restraint") would involve drying
the wet fiber mat under pressure.
Advantages indicated for the &-Direction Restraint would be:
--Use of less refined, higher yield pulp;
~-Capability for much greater use of hardwood pulp; and
--Reduced energy requirements since removal of water
by pressing takes less energy than removal by
evaportation.
Laboratory scientists consider it possible that the technique

also would reduce water pollution problems.

Expected Costs

Work to date has been done with very small specimens (called
"hand sheets") which have been made essentially piece by piece.
Major work required to develop the technique enough to assure
industrial adoption would include the following:

--Design and testing of a laboratory-scale, continuous

process; and

--Construction and testing of prototype machinery.
Additional funding would be required for a chemical engineer,

a mechanical engineer, and a materials engineer during a 5-year

per:iod.-ZE Cost of laboratory-scale equipment is estimated at

ZEWithin the 5-year period, employment for these people is
expected to be the equivalent of 3.5 years for the chemical
engineer, 4 years for the mechanical engineer, and 3 years
for the materials engineer.
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$100,000 and cost of building and testing the prototype machine

is estimated to be $2 million (assumed to be borne by industry).
The new system, once developed is not expected to be more
expensive than current equipment when installed as part of a
new mill, But conversion of existing mills to the new system
is assumed to cost $250,000 each, Table 17 shows expected

costs by time period.

Program Effects

With the new technique, it should be possible to use hardwood
pulp with an effective yield of 65 percent, as compared to
54 percent yield for the pulp normally used. Only 20 percent of
the furnish used in linerboard manufacture in 1970 is estimated
to have been hardwood pulp. Without 8-Direction Restraint, by
the year 2000, hardwood proportions should have risen to about
30 percent; but with the new technique, 85 percent of furnish by
that year might be hardwood. Table 18 summarizes effects on
pulpwood requirements. Rate of implementation is assumed to
be slow until the technique has been proven in several commercial
plants; then to increase rapidly. It is assumed that implementation
would never exceed 80 percent of all linerboard production.

In 1970, an estimated 8 billion board feet of softwood
sawtimber waé used in pulping. This was about 30 percent of
all softwood pulpwood. Savings in softwood sawtimber shown
in Table 18 are based on the assumption that 25 percent of
the softwood pulpwood used in future years would be from
sawtimber. On this basis, savings in softwood sawtimber removals
are estimated to be 50 million board feet in 1985, rising to

2.7 billion board feet by the year 2000.



84

xad QT 0€ pue pg JO SOT3TSUSp poom pue ‘pTaThk jusdzad pg ‘paeoqrisutT Jo uolz xad dindpoom JO uol Ze°Q UO paseg—

*soax3 IaquUIimes woxy awod pinom poomdind poomijos Jo jusoxad Qp 3ey3z uorjdumsse uo @ommmw

*anbTuyoalz mau 103 pToTA juaoxad g9 uo @wmmmm

*K1aaT309dsax ‘spoom3Jos pue spoompIey IoF 3J nd

[4

u°suot3osfoxd umtpaw, ‘681 °d

‘0z °ON 3xodsy soanossy 3ssI0d °*S93€3IS PI3ITUN SYF UT ISQUTI I0F YOOTINO 3YJL, °*€L6T °OOTAIIS 3ISaI0Jd

*s*n ut paeoqaaded Tej303 I0F Pa3LOTPUT SB 93BI Swes ayjz 3e bursesarour uorionpord pIeoqiauTl mesmmmm
069‘c~ * ovL’'T- * 089- : 0SG- 0 0 P53 PARRT 0t jusw,bsx *xqimes 33os uo 309333

0ST’Z- * 06€’'T- ® ObS- : OF- 0 0 PEIF MWW T Tt Tttt ottt ottt TpoOM3Fos

Oty T+ ¢ Ob6+ ¢ 0GE+ ¢ 0T+ 0 : 0 PP MO RNT C Tttt ottt ottt poOMDIRH
: : : : : : juswaxTnbex poomdind uo 303334

ST : o€ :gg I 2 PLL : 08 : 304° * * * ° * spoom3jjos pue anbruyosl pro bursn

S : 0T : gt oY 4 C 4 C 0} 4 : 304" * ° ° ° ° spoompxey pue anbtuyosl pro bursn

08 : 09 : of t 9 T 0 ) : 308° * *° *° * ° spoompxey pue snbtuysej msu bursn
: : : : : : snbtuyos3y mou y3zTM uotzonpoad pIROGISUTT

ovL’z * 0e€‘Zz : 060‘C * O06L‘T ¢ OTS'T : OPO'T % IFMOWW * ° ° * ° ° ° * ° ° ° ¢ ° * ¢ *pDOOM3IOS

oL zL L 2 : oL P LL : 08 : Juybtem &q 30g°* * * * * * * * * * ° * * *poOM3JOS

ovo‘T : 0Z8 : 059 : 00§ : 00 P 0€C PP MO RWW "ttt st s ° * *DOOMPIRH

o€ : 8¢ : oz Ll 44 L o 4 : 0T : 3ybtem Aq 304° * ¢ * ¢ ° ° * * ° ° * °poompieH
: : : : : : Mﬁdumoum InoyzTM sjuswaxrnbax poomding
009’'%€ * 00F‘6Z * 000°GZ * 006°0Z * 0OP’LT * 00G‘TT * TSUO MW * ° * * * + s ° yor3zonpoad pIeLOQIBUTT

000Z * GS66T * 0667 * G86T * 086T * OL6T °

JUTRI]SSI UOTIOLITP-g UT wexboid yoIeasal pajrIS[oJOR UR JO S3093F3 pe3edIdI3Uuy--°*gT oTqel



85

Computerized Decisionmaking in Sawmills

Sawmills typically have recovered about 40 to 50 percent
of the wood fiber from softwood sawlogs in finished lumber
(Table 16). The remainder essentially has been sawdust, planer
shavings, slabs, and edgings. The majority of these residuals
has been used for pulp or particleboard furnish or fuel, but
significant quantities have remained unused, causing waste disposal
problems, Furthermore, pulp chips and other sawmill byproducts
usually have been less valuable, on a dry-weight basis, than
lumber.

One means of increasing lumber recovery is through computer
control of sawing. Lewis and Hallock showed that human error
in positioning logs properly, with respect to saw blade, in the
first cut (opening face) could reduce lumber recovery as much as
27 percent.lz They proposed a computerized system (Egst
Opening Face) to ensure optimum log positioning for sound, straight
logs.

Another means proposed for improving lumber recovery is
Edge Gluing and Ripping (EGAR). As conceived by Forest Products
Laboratory scientists, EGAR would involve sawing logs into
flitches (pieces as wide as the log). The flitches would be
edged full width, dried, and then glued into panels. Panels

then would be resawn to whatever widths were desired. The

ZEDavid W. Lewis and Hiram Hallock. 1973. Using computers to

increase lumber yield--Best Opening Face Program. Paper
presented at the 4th Wood Machining Seminar, Dec. 4-6, 1973,
Richmond, Calif.
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system thus would avoid most of the losses normally caused in
edging softwood dimension lumber into nominal widths.

Yield of highest value in EGAR would require an electronic
defect-sensing system for locating knots and other defects.
Coupled with a computer-controlled rip saw, the system would
allow resawing so as to minimize the downgrading effects of
defects. Electronic scanning and defect sensing also would be

an important element of BOF.

Program Costs

A combined program is proposed, involving BOF, EGAR, and
improved defect-sensing techniques. Refinements to existing
BOF procedures would include development of capability to sense
and locate defects in logs, improvements in the system to allow
adjustments for log taper and crook, and increased flexibility
in specifying desired product dimensions. Relatively little
work has been done on EGAR; proposed research would include
further evaluation of yields, product testing, and development
of an integrated defect-sensing and automated ripping system.

Implementation costs for BOF and EGAR, once developed,
are expected to be about $100,000 and $730,000 per mill,
respectively. An integrated defect-sensing system for either
BOF and EGAR is expected to cost $150,000 per mill, Expected

costs for all elements combined would be as follows:
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Technical Industry

Research assistance investment

---------- Millions of dollars—==-==c——aec--
1st 5 years 4.7 0.8 7.5
2nd 5 years 0 .8 10.2
2nd decade 0 0 20.4
3rd decade 0 0 13.9

Industry costs are based on the numbers of mills assumed to be

using BOF and EGAR techniques (Table 19).

Program Effects

It is assumed that improved BOF systems would be employed
first in the largest mills., Within 5 years after start of the
expanded program, it is estimated that 53 mills might have
operational systems., Three EGAR mills are assumed to be in
operation 5 years after initiation of the program. Yield
increases of 10 percent for BOF and 15 percent for EGAR are
anticipated. Table 19 shows expected trends in mill installations
end product yields. By the 10th year, combined yield increases
should be about 710 million board feet (lumber tally) per year.
By the 30th year, this should rise to about 1,010 million board
feet. These increases in lumber recovery would be equivalent to
780 million board feet and 1,110 million board feet savings in
sawtimber harvest requirements, since about 10 percent of the

harvest normally has been left as logging residue.
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VI. SUMMARY AND RECOMMENDATIONS

This study was designed to evaluate potential projects in
several major categories of Forest Service programs. It has
been predicted on the assumption that public policymakers desire
increased assurance as to adequacy of softwood sawtimber supplies.
Budget increases and legislation for national forest reforestation
and stand improvement are taken as substantial evidence of this
desire.

It is argued that policymakers are particularly concerned
with timber supply problems which might occur within the next
10 to 30 years and that the Forest Service has substantial
influence over the allocation of funding among programs addressed
to that concern. On this basis, evaluations have been made
of the cost effectiveness of funding for backlog national forest
reforestation and stand improvement, subsidies to nonindustrial
private landowners for forestation, and spending for technological

improvements in timber production and forest products manufacture.

Summary Comparisons of Program Effectiveness

Table 20 summarizes estimated softwood sawtimber effects
and initial program costs for the various projects anlyzed.
Comparisons among the projects are complicated because the cost
estimates are not all on the same basis nor are the estimates of

sawtimber effects., But a number of conclusions can be drawn.

89
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Effect on 10th-Year Harvest

First, as a means of affecting supply-demand balances
within 10 years, development of computerized decisionmaking
techniques for sawmills appears most cost-effective by far.
For an estimated Federal cost of $5.5 million, a decrease in
harvest requirements totaling 780 million board feet per year
should result. To achieve a 780-million-board-foot increase
in national forest allowable cut through reforestation and
stand improvement, nearly $300 million would be required.

Even if the yield from national forest treatments were twice
as high as expected, and that from computerized decisionmaking
only one-fifth the estimated amount, the latter project would
appear more cost-effective.

Projects other than the two mentioned above would be unlikely
to affect softwood sawtimber harvests significantly within

10 years.

Effect on 30th-Year Harvest

Successful development of B-direction restraint should be
more cost effective than computerized sawmilling in reducing
softwood timber harvest requirements. For a Federal expenditure
of $1.15 million, the former project is expected to lead to
a reduction of 2.7 billion board feet in the 30th year. Even
considering the $19.5 million assumed to be required for industrial
adoption in the first 30 years, this project would appear to

have very high cost-effectiveness.
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Computerized decisionmaking appears highly cost-effective
in terms of 30th-ye;r as well as 10th-year effects. Although
requiring an estimated $52 million industry investment over
the 30-year period, its impact per dollar spent appears much
higher than would be expected for silvicultural investments.

Harvest effects have not been estimated, in this study,
for cost-sharing on nonindustrial private lands. By the 30th year
of the program, however, it seems likely that a large proportion
of the expected increase in mean annual increment might be
harvestable directly or through an indirect effect on forest
industry planning. But it is not clear whether the 30th-year
sawtimber harvest effect per dollar from nonindustrial private
lands would be as great as that expected from allowable cut

effects on national forests.

Harvest impacts from Fomes annosus control and tree

improvement probably would be noticeable by the 30th year,
but the bulk of the increased growth probably would still be

in stands of less than sawtimber size,

Effect on Softwood Sawtimber Growth

Tree improvement programs appear more cost-effective in
terms of long~-run growth improvement than all other programs
evaluated. For a total cost of about $33 million, softwood
sawtimber growth rates should be increased by nearly
200 million board feet at the end of 10 years and 2.1 billion board
feet by the 30th year of an accelerated program. Even if the
yield of the program were only one-tenth as great as expected,

cost-effectiveness still would be high.
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The Fomes annosus project also appears highly cost-effective

in avoiding growth losses., Savings of 180 million board feet

and 280 million board feet per year were anticipated for the

10th and 30th years, respectively. Total cost would be about

2.6 million in the first 5 years and $12 million in the next 25.
Subsidies to nonindustrial private landowners should be

more cost-effective in increasing softwood sawtimber growth than

investments in backlog national forest treatments. This superiority

is largely due to the relatively low costs and high site productivity

typical of nonindustrial private ownerships. The large acreages

of nonindustrial private ownership in southern pine timber types

accentuate this advantage. Furthermore, the current level of

investment in national forests is at a rate of more than $150 million

per 5 years, while relatively little subsidy is being provided

for nonindustrial private silviculture. The marginal effect of

a given increase in spending appears much more cost-effective for the

latter than for national forest investments.

Uncertainties in Silvicultural Investments

All of the projects evaluted in this study entail large
uncertainties as to outcome. In analyses of silvicultural
opportunities, principal uncertainties involve treatment-yield
estimates, land-use changes, and budget allocation procedures.

Treatment-yield estimation involves projections for both
treated and untreated stands. Projection of yields for untreated
stands is particularly difficult since there is little published
data available as to the performance of seriously overstocked or

understocked stands. The problem is exacerbated by the dearth
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of information on the degree of over- or understocking typical

of any class of backlog treatment areas. The analysis therefore
relies on expert, subjective opinions. By comparison with
previously reported estimates, the projections used in this study
appear conservative. However, it is unlikely that more accurate
estimates, if available, would alter the conclusion that subsidies
to nonindustrial private landowners are potentially more cost
effective than further increases in national forest funding in
increasing growth rates. The advantages of low costs and
relatively high site productivity typical of much nonindustrial
private land would remain.

Land-use changes could significantly reduce the effectiveness
of silvicultural investments. It is by no means certain that the
probability of such changes would be greater for nonindustrial
private forests than for national forests. On both classes of
ownerships, silvicultural investments could be lost or diminished
in effectiveness, not only through withdrawals of land from timber
production, but also through restrictions on harvesting for
various reasons. For example, on national forests, some treated
areas might ultimately be included in areas zoned as "sensitive"
due to threat of watershed damage, or as habitat for "endangered"
species of plants or animals, or as areas where aesthetic impacts
of normal harvesting methods were intolerable. And continued
fractionation of private holdings may split treated stands into
units too small for economic harvesting.

It frequently has been suggested that private landowners

were becoming less and less willing to sell timber and that
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many treated stands might be withheld from harvest. However,
comparing stated intentions of landowners with actual practices,
StoneZi concluded: "Although small owners display indifference
to timber production most of the time they are not indifferent
to economic opportunities to market ripe timber and react in
a predictable way." He suggested further that changes in land
tenure occurred often and that even if one owner planned to
withhold his timber, the next one might well have different
intentions. Fractionation of ownerships into smaller and
smaller holdings appears a more significant problem, however.
Between 1952 and 1970, farm ownerships dropped about 42.5 million
acres while other nonindustrial private ownerships increased
about the same amountzz--probably with a large increase in
numbers of individual ownerships.,

It now appears unlikely that the 2.4 million acres of
idle cropland included in potential treatment opportunities
for nonindustrial private lands would indeed be available.
Rising farm crop prices probably have preempted that land for
farming instead. While this would eliminate 20 percent of
the acreage evaluated for nonindustrial private lands,
including some of the least cost, most productive planting
sites, it still would not change the general comparison between

national forests and nonindustrial private opportunities.

ZﬂRobert N. Stone. 1970. A comparison of woodland owner

intent with woodland practice in Michigan's Upper Peninsula.
Unpublished Ph.D. dissertation. University of Minnesota.

ZEU.S. Forest Service. 1973 op. cit. p. 1ll.
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Funding allocations would affect cost-effectiveness of
programs significantly. As indicated in chapter 3, the
allocation preferred by Forest Service staffmen would not
maximize softwood sawtimber growth--for practical reasons.
Further, the problem of identifying treatment opportunities
properly in the field would be large for both national forest
and private lands. And political factors in allocation of
subsidies among states and among landowners well might result

in less-than-optimal distribution of investment.,

Uncertainties in Research Investments

There are significant, unquantifiable chances of error
in calculations of research program effectiveness. The most
important elements are rate of technical progress and rate of
commercial adoption. The projects evaluated in this analysis
have been selected, in part, because they have progressed far
enough that technical success appeared relatively certain.
Commercial adoption might be much slower than anticipated,
especially for improved wood processing technology. Industrial
adoption of the latter would depend largely on anticipated
rates of return on investment in capital equipment. Although
the estimated investment costs appear relatively small in
relation to projected yields, explicit investment analyses
would be needed to reduce uncertainty about industrial application.

Another factor not quantified in these anlyses is the
possibility that parallel developments in technology could
lessen the impact of Forest Service research and development

projects. It is highly likely that technological progress in
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these areas will result from past and present Forest Service
research efforts, without increased funding, or from other
institutional or industry-financed research.

Only a few of the many Forest Service research programs
related to timber production are evaluated in this study. In
fiscal year 1973, appropriations for Forest Service research
amounted to about $59 million, including $12.8 million for
Timber Management Research, $10.7 million for Forest Insect
and Disease Research, and $9.4 million for Forest Products
Utilization Research. It would not be fair to assume that
all of the projects which could be funded with Research
appropriations were more cost-effective than investments in

silvicultural treatments.

Recommendations

On the basis of the analyses presented here, the following
recommendations are made:

(1) Future policy decisions on national programs to increase
timber supply should recognize opportunities for technological
improvements as well as investments in silviculture;

(2) Tree improvement, Fomes annosus control, computerized

decisionmaking, and &-direction restraint projects should
be supported strongly, because of their expected high cost-
effectiveness;

(3) Policymakers should note the potentially high cost-
effectiveness of increased public investment in nonindustrial
private forest lands as compared to increases in present levels

of spending for national forest backlog treatments;
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(4) Forest Service administrators should take measures
to reduce the high costs of national forest silvicultural treat-
ments, especially reforestation;

(5) Forest Service officials should consider changing
current accounting practices to allow increased investment in
silvicultural treatments without directly proportional increases
in overhead costs (these costs are the largest single factor
reducing the apparent cost-effectiveness of national forest
treatments); and

(6) The Service should take steps to insure that the
increasingly large amounts of money it spends on silvicultural
examinations, to find treatment opportunities, are concentrated
in those administrative regions and national forests where cost-
effectiveness of treatment is likely to be high., Conversely,
it should spend little money searching for backlog treatment
opportunities in those regions and forests where low stumpage
prices, high treatment costs, and low site productivity combine
to make such opportunities poor public investments.

Additionally, the following recommendations are made for
further research:

(1) The Forest Service should undertake a major effort to
evaluate its timber-related research and technical assistance
programs to identify the most cost-effective opportunities for
affecting timber supply-demand balances;

(2) The Service should place high priority on research
aimed at reducing the high costs of silvicultural treatments;

(3) A detailed set of treatment opportunity acreages and

physical yield estimates should be established, using either the
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ones presented in this study or those developed for previous
analyses as an initial basis, and improving the estimates of
both acreages and yields continuously as new information becomes
available; and

(4) The Service should evaluate various ways of insuring
that subsidies for investment on nonindustrial private forest
lands are allocated to the most cost-effective opportunities.
Further research should be done to examine possible ways of
organizing cost-sharing programs to increase cost-effectiveness:
concentration of investment, as in the case of the Yazoo-Little
Tallahatchie Project, offers economies of scale in both treatment
and subsequent timber management and should receive serious
consideration,

Finally, both adminstrators and economists should recognize
the need for practical application of economic analysis in
programming Forest Service budgets. Economists may quibble about
the appropriate discount rate (should it be 5 percent or
10 percent or what?) and the theoretically most sound criterion
for ranking projects (benefit-cost ratio, net present worth or
internal rate of return or what?). Administrators and their
staffmen rightly may feel that the analyst has ignored, or been
unable to quantify, important benefits from forestry programs.
The real opportunity, however, is to use economic analysis in
making marginal improvements in budget allocation and to identify
major obstacles to improved cost-effectiveness of programs. The
Forest Service should expect continued emphasis by the Office of

Management and Budget on economic justification of Federal
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programs. Increasing scrutiny of Forest Service programs by
Congress and public interest groups may be expected as a result
of the Forest and Rangeland Renewable Resources Planning Act

of 1974 and recent reforms in congressional budgeting procedures.
The Service should be prepared to demonstrate that it employs
sound procedures in evaluating its programs, in its budget
recommendations, and in its allocation of appropriated funds.

In this regard, niceties of analysis are far less important than
a consistent, demonstrable concern for reasonable levels of

efficiency.
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Table B2.--(cont'd.)

Forest type group H Site : South : North
: productivity : 8 s 9
H class : :
: Cu. ft./acre/yr. : :
Longleaf-slash pine 3 120+ : - 3 --
: 85-119 : 30 :
: 50-84 H 35 :
H 20-49 : 25 :
Red pine, eastern white pine : 120+ : 50 : 16
: 85-119 : 9 : 36
: 50-84 : S : 116
: 20-49 : - : 2
Oak, hickory : 120+ : 1 :  --
: 85-119 : 7 : 1
H 50-84 : 47 : 2
H 20-49 : 8 H 2
Shortleaf, loblolly pine : 120+ : 11 s -
s 85-119 : 49 : 1
: 50-84 s 412 : 60
: 20-49 : 11 : 6
Maple, beech, birch : 120+ : - : 1
: 85-119 : - : 5
: 50-84 : - : 5
H 20-49 : - T --
Spruce, fir : 120+ : - : 7
: 85-119 : - : 30
: 50-84 : -- 1 52
: 20-49 s - : 1
Other types : 120+ B 2 s -
: 85-119 : 16 : 6
: 50-84 : 71 : 49
: 20-49 : 32 : 8
TOTAL : : 821 : 406
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