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Forest Service projections of the long-term supply and demand
for forest products indicate that increasing importance will be
placed on the supply behavior of nonindustrial private forest owners
in the South. The inventory model on which these projections are
based may produce biased estimates of southern timber production,
however, as a result of the failure to account for changes in man-
agement practices and shifts in the distribution of forest area by
stand type. In addition, it has not been possible to assess explic-
itly the influence of government policies on future timber supplies.

The first component of this study is an age-class based inven-
tory projection model that incorporates stand establishment, thin-
ning practices and the successional tendencies of natural regenera-
tion in the South. Model projections of southern softwood inven-

tories differ considerably from previous estimates. Softwood grow-



ing stock on nonindustrial private forest land will decline, by the
year 2000, by more than 30U% from the level in 1977 when harvests
anticipated by the Forest Service are combined with historical
levels of softwood regeneration. Softwood inventories on forest
industry lands will increase over the same period due to pine plan-
tation establishment.

The second component 1is a policy analysis system which is
applied to an examination of the long-term impact of reforestation
cost-share payments programs. The coefficients of policy-sensitive
management equations are estimated from historical data; these equa-
tions are linked with the inventory model and a model of timber
markets. Projections with these models indicate that when program
funding is continued at current levels softwood stumpage and product
prices will increase faster than previously expected. Substantial
increases in cost-share payments can result in lower prices but have

little effect before the year 2010.
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NONINDUSTRIAL FORESTS, PUBLIC POLICY AND
LONG-TERM TIMBER SUPPLY IN THE SOUTH

INTRODUCTION

The dual questions of the adequacy of future timber supplies in
the U.S. and the role of government in forestalling shortages have
been debated since colonial times. The forest policies of the fed-
eral government which arise from this debate can be divided into
broad categories which reflect the pattern of ownership of the
nation's commercial forest land. Policies and programs concerned
with public forest land--dominated by the National Forests--have
influenced timber supplies and prices primarily by regulating the
harvest of existing inventories. This short-term response has
depended on old-growth stands with high volumes per acre; the extent
to which these forests can satisfy future demand for forest products
is limited. Other, competing uses for public forest resources and
policies designed to balance the flow of public timber harvests over
time restrict the use of this approach. Since, in addition, public
forests account for less than 30 percent of the nation's commerical
forest land, forest policies aimed at increasing timber supplies in
the long-term must be more broadly based

The nonindustrial category of private forest owners--those

landowners who do not own processing facilities--has been a partic-



ular target of public policy for many reasons. These owners control
over half of the commerical forest land and have supplied, histor-
ically, significant proportions of total timber removals. Perhaps
more important is the fact that the future supply behavior of these
owners is considered to be the least predictable.

While public lands forest policies have direct impacts felt,
for the most part, in the West, nonindustrial private forest poli-
cies focus on the South. This region contains nearly half of all
the land in this category, and produces forests which are among the
most dynamic in the country. That is, they are characterized by
rapid yrowth, short rotations, and 1nexpensive1y operable sites.
Although southern forests contained only 20 percent of the nation's
softwood growing stock in 1977, they contributed over 50 percent of
the net annual growth of this growing stock. As old-growth inven-
tories in the West decline in importance it is clear that future
softwood timber supplies will depend on the timber management deci-
sions made in the near term on private forests in the South.

As expectations for southern forests have grown so, too, have
concerns over their abilitity to meet future demand. Over a decade
ago warnings were being sounded about the lack of pine regeneration
in the South and the imp]icatio'ns for reduced softwood growth in the
future. As a result, interest in policy measures which would pro-
mote better softwood management on nonindustrial forests was

renewed. The incentive approach to nonindustrial private forestry



problems, dating back to the Cooperative Farm Forestry Act of 1937
was again favored by the states and federal govermment. The choice
of incentives rather than regulatory approaches has been based on an
assessment of private owners as generally willing, but unable to
undertake the practices necessary to produce softwood timber. The
research presented here is intended to contribute to an understand-
ing of how this policy instrument contributes to the achievement of
forest policy goals.

The first question addressed (in Chapter 2) is that of the
nature and extent of the problem in future southern softwood timber
supplies. That is, a demonstration that there is, in fact, a reason
for policy intervention. This is done by constructing an inventory
projection model which includes detail on the age class and stand
type structure of the inventory as well as information on the man-
agement practices of forest landowners. An important feature of
this model is the ability to describe the development of southern
forests in the absence of active management.

Simulations with this model show that the problem--a reduction
in pine regeneration on nonindustrial forests--is 1likely to have
more serious consequences than previously anticipated. More rapidly
rising prices and declining harvests and inventories result from the
failure to actively regenerate southern pine stands after harvest-

ing.



Chapter 3 presents an analysis of the extent to which refores-
tation cost-sharing programs can achieve the goal of reasonable
future timber prices. Usingy a modified version of the Timber
Assessment Market Model (Adams and Haynes, 1980) public cost-share
payments are evaluated in terms of their ability to influence soft-
wood stumpage and forest product prices. To do this, the policy
analysis system has, along with the market model, a model of private
forest management investment behavior and a mechanism linking the
management decisions with supply decisions in the stumpage market.
It is in this systematic approach that this research differs from
previous analyses of reforestation cost-share payments.

First, the level of private forest management is detemmined by
market conditions and government policy. Second, an inventory pro-
jector which explicitly models this effort--or lack of it--is util-
ized to evaluate the cumulative impact of program expenditures.
Finally, market supplies are detemmined by prices and inventory
levels, completing the link between policy and its intended out-
come. Price are variables, not assumptions in this policy analysis
system. With policy targets expressed in terms of the level or rate
of chanye of future prices, proygram effectiveness and efficiency can
be defined in terms of the cost (expenditures) required to achieve a
given policy target.

Two levels of expenditures are examined here: a continuation

of current levels (approximately 13.2 milliion dollars a year in the



South) and a five-fold increase from this "baseline." The results
show that cost-share programs can have a dramatic impact on future
timber prices. Using changes in producer and consumer surplus as a
measure of program benefits, higher levels of cost-share payments
break even (discounted benefits equal increased costs) by the year
2000; by the year 2015 these programs yield an extremely favorable

benefit-cost ratio.



SOUTHERN TIMBER SUPPLIES TO THE YEAR 2000:
ALTERNATIVE PROJECTIONS

Abstract

The projections of southern softwood inventories used by the
U.S. Forest Service in the assessment of future timber supplies
employ a stand table projection model (TRAS) with no explicit repre-
sentation of the distribution of forest area by management class or
stand type. Estimates of growth and future growing stock based on
this characterization of the inventory may be biased as a result of
the failure to account for area shifts amony stand types and changes
in the management practices of owners. In addition, it is difficult
to conduct an analysis of the impact of more intensive forestry
given the diameter class structure of the model and its level of
aygregation.

This paper presents an age-class based softwood inventory pro-
Jection model (SPATS) for private owners in the South. Along with
information on the age structure of stands this model includes a
stand type dimension, providing an opportunity to examine the
results of alternative levels of softwood management by each private
owner group. Stand establishment, thinning practices and the suc-
cessional tendencies of natural regeneration in the South are
explicity modeled. Projections of softwood inventories in the South

using this model differ considerably from previous estimates,



despite common initial inventories. Softwood growing stock on non-
industrial private land declines, by the year 2000, by more than 30
percent from the level in 1977 when previously projected harvests
are combined with historical levels of softwood regeneration. Soft-
wood inventories on lands owned by forest industry in the South
increase over the same period as a result of pine plantation estab-
lishment, Nonindustrial owners in the South are also unable to
provide, in these projections, the level of softwood groﬁing stock
removals anticipated in previous studies. Increases in softwood
regeneration, if begun immediately, have little impact on the volume
available for harvest prior to the year 2000.

Model validation 1is discussed and comparisons are made with
other sources of information on southern forests and management

practices.



Introduction

The importance of southern forests in national timber supply
can be demonstrated by reference to statistics compiled by the U.S.
Forest Service (USDA, Forest Service, 1982). 1In 1977, 39 percent of
the nation's commercial forest land was in the South, with most of
these 188 million acres (90 percent) held by private owners. Non-
industrial private (farmer and other private) owners controlled
134.1 million acres of the commercial forest land in the South--70
percent of the region's forests and nearly 28 percent of the
nation's commercial forest area.

Southern forests contained approximately 20 percent of the
nation's softwood yrowiny stock inventory in 1977, but in 1976 con-
tributed over 50 percent of the net annual growth of softwood grow-
ing stock (USDA, Forest Service, 1982). Southern forests dominate
softwood growth in the nation in spite of the fact that southern
pine types occupy less than half the area considered to be suitable
for southern pine growth (Murphy and Knight, 1974).

Based on the softwood growth potential of southern forests and
increases in growing stock inventories between 1962 and 1977, the
South is expected to provide over 50 percent of domestic softwood
roundwood supply by the year 2000 (USDA, Forest Service, 1982). In
addition, the southern share of timber production is projected to

increase steadily to the year 2030.



A contrasting view of the future of southern forests is suy-
gested by others. This view questions the ability of southern soft-
wood stands to sustain high Tevels of softwood timber production
given historical management practices, particularly those on non-
industrial private forests.

Over a decade ago the Southern Forest Resource Analysis Commit-
tee warned that pine regeneration in the South needed to be dramat-
ically increased in order to assure that future supplies would be
adequate to meet timber demands projected for the year 2000 and
beyond (SFRAC, 1970). This conclusion was also reached by others
based on subsequent assessments (White, 1974; Boyce, 1975). In the
decade following the Third Forest Report (SFRAC, 1970) pine refor-
estation remained well below the 2 to 3 million acres a year
required to meet that Report's timber production yoals (see Figure
2.1).(1)

Ten years after the Third Forest Report, Boyce and Knight
(1979) examined the condition of southern forests and the prospects
for future softwood growth. By this time the failure to regenerate

pine stands following harvests and the accumulating area of non-

(1) 1n this paper the regional subdivisions used by the U.S. Forest

Service will be wused. The Southeast region includes Florida,
Georgia, North Carolina, South Carolina and Virginia. The South-
central region includes Alabama, Arkansas, Louisiana, Mississippi,
Oklahoma, Tennessee and Texas.



10

yanos ayj ul sJaumo ajearud £q furjueld 3saqo4 12 aJ4nbir4

AR3L B3\
0861 0961 0861 0961
{eA3UBIYINOS 15e3Y3nos
/
o 1
[BLAISNPULUON “ [eLAJSNPULUON ¥ !
!
| S
| x\ v
J =,
s Al
/ (W
/ (Y
/ 1 v
/ .
/ 1N
/ /
i
A A/
sﬂu Aa§snpur 38404
|
¢
I
A43sSnpuj 1S2404 = i
ot

00T

00€

00S

L 029

Sadldy puesnoy]



11

stocked and under-stocked forest land had a clear impact. Boyce and
Knight (1979) showed that the number of trees in the two inch
diameter class (for softwoods) had declined noticeably in State
resource inventories completed after 1974, The increases in soft-
wood growing stock volume between 1962 and 1977 which resulted from
higyh rates of pine regeneration prior to 1965 cannot be sustained
yiven this reduction in softwood regeneration.

Improved stocking levels could account for some of the decrease
in numbers of trees in the smaller diameter class if stands were
being actively managed. This decrease, however, coupled with other
information on manayement practices, and the continued succession of
hardwoods on pine sites sugyests the need to revise the outlook for
softwood production in the South. Continued low levels of pine
regeneration following harvest, combined with the virtual end of
cropland retirement in 1965 (a major source of new pine stands) are
likely to bring about declines in softwood growth and growing stock
inventories (Boyce and Knight, 1979).

Boyce and Knight (1979) suggest that accumulated growing stock
volumes could be liquidated in 10 to 20 years--that is, by the year
2000. This is in marked contrast to projections by the U.S. Forest
Service. In spite of mounting evidence of problems in pine manage-
ment in the South, Forest Service projections show that, even with

increasing harvest levels, any declines in southern softwood
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inventories are 40 to 50 years in the future (USDA, Forest Service,

1982).

The Timber Resource Analysis System

The inventory projection system used by the Forest Service in
its assessment of future timber supplies is the Timber Resource
Analysis System (TRAS) (Larson and Goforth, 1974). The conflicting
opinions on the prospects for southern softwood production can be
traced, in part, to the nature of the TRAS model and its representa-
tion of southern forests.

TRAS is a stand table projection model, in which the inventory
of each owner is represented by the distribution of the number of
trees per acre by diameter class. In the version of TRAS used in
assessments of future timber supplies (see USDA, Forest Service,
1982; Adams and Haynes, 1980) the stand modeled is a composite of
all stands in each ownership. The total number of softwood trees
are aggregated by diameter class and divided by the total number of
acres to arrive at a composite representative acre used to project
softwood growth. Growth in TRAS is the result of the advancement of
trees through diameter classes, after adjustments for mortality and
removals. Regeneration is accounted for by specifying a rate of

ingrowth into the two inch diameter class.
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TRAS, while designed to project changes in timber volume in
response to net yrowth and timber removals, is less well suited for
lony-term projection of the essentially even-ayed, rapidly chanying
softwood stands in the South. The composite stand which is the
basic wunit for TRAS 1is averayged across site classes, stocking
levels, stand types and age classes--representing a wide ranye of
softwood growth potential. Growth in TRAS is dependent only on tree
shifts amony diameter classes (with basal area constraints) and is
independent of these other factors. Perhaps even more important is
the fact that over a relatively short period of time the composition
of the average stand in the South can change considerably. Over
half of all harvested loblolly and slash pine stands become nonpine
after regeneration (Boyce, 1975); in 1light of this, the implicit
stability of the composite acre in TRAS seems quite unreasonable.

These changes in softwood stand composition over time are even
more dramatic when examined by owner yroup in the South, Forest
industry in both southern regions has, for some time, been replacing
harvested pine stands with more rapidly yrowing plantations (see
Forest Industries Council, 1980; and Figure 2.1). TRAS projections
do not account for the changes in softwood growth and growing stock
which should become evident 10 to 15 years followinyg this shift in
management practices.

For nonindustrial private owners the change is equally dra-

matic, and opposite in nature. These owners have been planting 20
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percent or less of the area harvested annually (Forest Industries
Council, 1980; Boyce and Knight, 1979), on sites where natural suc-
cession favors hardwood regeneration (Murphy and Knight, 1974; Boyce
and Knight , 1979). The inevitable result is marked reductions in
softwood growth and growing stock, and the impact of this laissez-
faire approach to pine management should become apparent within one
rotation (20 to 30 years). TRAS, however, employs softwood ingrowth
rates based, for the most part, on information from the period 1965-
1975. Inyrowth into the two inch diameter class for softwoods dur-
ing this period would not yet reflect the changes in pine regenera-
tion decribed above. The averaye age of southern inventory informa-
tion in TRAS, used in the projection described, is 1972 for the
Southeast region, and 1973 for the Southcentral region. It is not
surprising, therefore, that softwood growth on nonindustrial private
ownerships in the South is projected to remain at high levels past
the year 2000.

In summary, projections of southern inventories using the TRAS
model may be biased as a result of the failure to account for the
growth impacts of management practices and changes in stand type and
stand aye. The manayement practices of private owners in the South
(regeneration practices in particular) should have a noticeable
effect on softwﬂod growth and future ygrowing stock. TRAS, however,
is not designed to reflect these changes. An inventory model with

greater detail on stand age, stand type and forest management
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practices should provide more reliable projections of the develop-

ment of southern inventories to the year 2000 and beyond.

The Southern Pine Age-Class Timber Simulator

The Southern Pine Age-class Timber Simulator (SPATS) is
designed to provide estimates of the softwood inventories of private
owners in the South. Projections are made by region (Southeast and
Southcentral) and by owner group (forest industry and nonindustrial
private). The model can be used in conjunction with the Timber
Assessment Market Model (TAMM) (Adams and Haynes, 1980), replacing
the TRAS inventory projector for the southern regions, or run
independently with annual roundwood demand by region-owner as addi-
tional data.

SPATS characterizes the softwood inventory of each owner by the
distribution of acres by age class and three stand types. Softwood
stand types modeled are pine, plantation and natural origin, and
oak-pine. Up to 19 five-year interval age classes are modeled for
each stand type. Hardwood acres are treated as a "“pool", with no
explicit age class structure. Nonstocked acres are modeled for each
softwood stand type.

The SPATS projection model provides more detailed information
than currently available in projections of southern inventories. It

remains an aggregate model, however, in that only one site class and
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one stocking level are recognized in each stand type. The yield
tables of the model, then, are actually averaye volumes per acre
weighted by site and stocking level.

The age class dimension of the SPATS model provides information
on the development of existiny stands for each owner; the stand type
dimension provides information on the composition of the softwood

inventory given management practices and successional tendencies.

Model Structure

In each five year period of the projection, an owner's inven-
tory is first adjusted for net changes in the commercial forest land
base. Total volume removals (from growing stock inventory) due to
area reduction are computed and an estimate of the volume harvested
(i.e. utilized) in the shift to another use is deducted from total
growing stock removals for roundwood demand. Net area loss is
removed from all stands and age classes in the ownership; net addi-
tions to an owner's forest land base are made in the softwood types
only.

Roundwood demand for each owner is converted to growing stock
removals using estimates of the proportion of removals from non-
growing stock sources, the proportion of removals left as logging
residues, and other removals from growing stock as a proportion of

roundwood output. Thinnings are taken from each softwood stand type
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according to specified input parameters: age classes to be thinned,
the proportion of eligible stands actually treated, and the propor-
tion of the existing volume removed in thinning. These proportions
are entered by age class and stand type for each period of the pro-
jection. The volume removed in thinning is deducted from the total
growing stock removals demanded from each owner. The remainder is
removed in final harvests distributed across softwood stand types
and eliyible age classes.

Leased lands in each region are given explicit treatment in
SPATS. At the beginning of the simulation the distribution of
leased land by stand type and age class is removed from the total
acreage distribution of nonindustrial private owners in the
region. From this point leased lands are treated as a separate
category, essentially a third “owner" group. Thinning, harvesting
and planting on leased lands is done by forest industry; data on
these activities is reported with that done on fee land owned by
industry. Summary statistics (growing stock inventory and total
area) for leased land are reported with the total for nonindustrial
private to maintain consistency with reporting practices for the
data.

The treatment of regeneration in SPATS is intended to reflect
both the manayement practices of each owner as well as natural suc-
cession tendencies for each stand type. Management intensity is

modeled as the establishment of pine plantations. Three options are
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available for estimatiny the number of acres planted in each period
by each owner: 1) the annual rate of planting can be entered as
data; 2,) annual planting for the period can be estimated usinyg equa-
tions developed from historical data; or 3) planting in the period
can be set equal to the area harvested by the owner. The reforesta-
tion equations (option 2) utilize the level of cost-share subsidies
in predicting nonindustrial private planting. The development of
these equations is described in greater detail in Chapter 3.

Estimates of the number of acres planted are treated as
"gross"; planted acres are assigned to various outcomes according to
probabilities entered as data. Alternative outcomes are successful
plantations, pine stands with yields equivalent to stands of natural
origin, oak-pine stands or non-stocked (plantation) stands. The
probabilities are derived from published sources (e.g., Alig et al.,
1980; Kurtz et al., 1980; Knight and Sheffield, 1980) and from a
comparison of reported accomplishments with inventory data.

The difference between the area harvested in a period and the
area planted is treated as regenerating naturally. For each owner a
conditional transition probability matrix is entered as data and
specifies the probability of an acre harvested in a "source" stand
type regenerating tb a given "destination" stand type. Sources are
the three softwood stand types; destinations are the three softwood
stands, hardwood stands and a non-stocked condition (by stand

type). Values for the transition probability matrix were computed
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from resource survey data and are similar in concept to work
reported by Van Loock et al. (1973). In addition to the
regeneration of acres harvested, acres which are nonstocked at the
beginning of the period are metered into the first age class of each
stand type according to specified regeneration probabilities.

In any period the area planted by an owner yroup can exceed the
area harvested. Any "surplus" planting is treated as stand conver-
sion with nonstocked acres and hardwood stands as targets (sources)
for conversion.

Harvested acres are assigned to alternative destinations
according to the procedures just described. Acres not harvested in
a period are grown into the next age class and the owner's inventory

for the beginning of the next period is computed.

Yield Structure

In both structure and data the yield information in this type
of inventory model is a critical aspect. Since stands are modeled
as agyreyates there are, unfortunately, few direct sources of infor-
mation on which to rely in spite of a growing body of literature
dealing with the yrowth and yield of southern forests (see, for
example, Farrar (1979) and Alig and Parks (1983)). With this in

mind, SPATS has been constructed with assumptions entered as data



20

wherever possible. Projections based on alternative assumptions are
easily accomplished with different yield tables and/or parameters.

For each region/owner, "base" and "upper bound" yield tables
are entered as data. The base yields represent the existing volumes
per acre, by age class, for the stand type. The summation across
stand types of the base yield of each age class multiplied by the
number of acres in that age class at the beginning of the simulation
provides the starting inventory estimate for the owner.

The upper bound yields are the Tikely maximum volume yield by
stand type and age yiven typical management practices over the life
of the stand. As with the base yields these are necessarily com-
posite yields with implicit site class and stocking level weights.

A number of sources provided information on appropriate upper
bound yields. The yields attributed to natural pine stands are a
composite of the yields of the two dominant southern pine species,
loblolly and slash pine. In constructing the composite, the yields
of stands of natural origin were weighted for species and site
class. The weights were derived from area statistics reported by
the U.S. Forest Service (USDA, Forest Service, 1982). Natural stand
yields were taken from Schumacher and Coile (1960).

The upper bound yields for plantation stands are based on data
from Smalley and Bailey (1973). Softwood yields in oak-pine stands

were derived from data reported by Knight (1978).
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Base yield data for each owner is computed from the distribu-
tion of acres by age and stand type, a taryet softwood growing stock
volume, and the upper bound yields for each stand type. The soft-
wood growing stock volumes reported by the U. S. Forest Service
(USDA, Forest Service, 1982) were used as target volumes. The com-
putation of the base yield involves shifting the upper bound yield
tables for each stand type (downward) until the resulting volume is
calibrated (within a tolerance) to the target volume.

Resource surveys of the states in the two regions provided the
basic information on the distribution of acres by age class, stand
type and owner yroup. Data from each state for each owner was
updated or backdated to Jan, 1, 1977 and summed to the regional
level.

Figure 2.2 illustrates base yield tables computed as described
above compared to plots of the averaye volume per acre (by aye
class) reported in survey data. The method used to determmine start-
ing values for the yield tables satisfies the objectives of: 1)
calibrating initial inventories to a desired total growing stock
volume and 2) retaining the shape of the upper bound (“"normal")
yields. While meeting these criteria, however, the resulting yield
tables do not differ to any substantial degree from empirical yield
levels. As indicated by Figure 2.2, an adjustment process is neces-
sitated if for no other reason than to correct for irregularities in

empirical volumes per acre., Figures 2.3 and 2.4 illustrate the
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relationship between base and upper bound yields for plantation and
natural origin pine stand types.

Manayement practices other than the establishment of p]Pnta-
tions are not explicitly treated in terms of yield changes 1in
SPATS. Thinniny is modeled to reflect its contribution to total
removals from growiny stock, but its effect on yields is masked by
the aggregation of stands. The volume available and actually taken
in thinnings is derived from the yield tables constructed in each
period (see below), but the acres thinned are not distinguished from
those not thinned. Specifically, they do not shift to different
yield tables with adjusted volumes per acre.

While thinning volumes are important, the proportion of eli-
gible stands actually thinned is relatively small. Knight and Shef-
field (1980) estimate that approximately one third of the pine plan-
tation thinning opportunities in the Southeast region in the 1970's
were undertaken. Given these thinning rates the impact on the aver-
aye volume per acre (in all stands) in age classes just past thin-
ning will be slight.

In addition, distribution of final harvests across all eligible
age classes does not require, under most circumstances, that an
entire age class be harvested. Harvesting in the younyest age class
eligible for final harvest does not necessarily occur on acres
thinned in the previous period. Only some of the acres in this age

class are assumed to have been thinned, and not all are harvested.
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Except in the case of extremely high thinning rates (i.e. approach-
ing 100 percent of opportunities taken) the management regime in

SPATS does not impose unreasonable expectations,

Approach to Normality

The base yield tables which provide the initial inventory val-
ues for each owner are the average volumes per acre which resulted
from historical management practices, and do not necessarily repre-
sent the volumes likely to be realized in each age class in the
future. In order to account for improvements in stocking Tlevels,
changes 1in management practices and the natural development of
existing stands, a revised yield table is computed for each owner in
each period of the projection. This adjustment is motivated in part
by the observation that stands will tend to fully utilize available
growing conditions, i.e. approach, over time, "normal" or fully
stocked yields for a given site.

The heavy lines in Figure 2.5 illustrate the segmented struc-
ture of the yield table constructed in each period (period three in
this figure). For each stand type, acres regenerated during the
simulation are assiyned volumes on the upper bound yield table (seg-

ment I). It is important to keep in mind that this represents "nor-
mal" yields averayed across site classes and stocking levels. While

in a sense this implies the achievement of region-wide normal
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Upper Bound Yield

ITI

Volume per Acre

Base Yield

Stand Age

Figure 2.5 Illustration of the construction of periodic yield tables
and the approach to nomality
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yields, the upper bound can be adjusted to reflect a more realistic
yield level. This sort of adjustment is incorporated in the yield
data used in these projections.

Seyment 11 indicates the yields of stands which were up to 45
years old at the start of the projection. The yields of these
stands have shifted upward from the base at a rate determined by the
approach to normality data entered for each period for each owner.

Stands which were over 45 years old at the beginning of the
simulation are also assumed to be moving toward normal yields, but
at a slower rate than the younger stands. Segment III indicates the
yields of acres in these age classes for a given stand type. The
parameter which adjusts the yield table shifts for older stands is
also specified as data.

Throughout the projection, then, in each period the yield table
for each stand type is shifting vertically, with regenerated stands
given yields on the bound towards which initial stand yields are
shifting. The result is that the volume per acre assigned to each
initial stand in the model traces out a path between the base and
upper bound yields. Dashed line (a) in Figure 2.5 shows this

"approach to nomality" for one aye class in the younger group; line
(b) snéws the development of an age class in the older group.

Just as there is little directly applicable yield data, there
is 1little empirical information on the rate of this approach to

nommality in southern stands. This necessitates the use of reason-
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able assumptions (which can be subjected to sensitivity analysis)
pending better information. 1In the projections reported here the
yields of younger stands are shifted upward by an amount which is
approximately ten percent of the base yield, in the first period.
The increase in yields is the same in subsequent periods, resulting
in a decreasing rate of increase as the simulation proceeds. Older
stands are given slightly less than half the increase given to

younger stands.

Projection and Validation

The SPATS model was designed to portray private softwood inven-
tories in the South, and to simulate their development under alter-
native levels of harvest and varying intensities of forest manage-
ment. Although one intended use of SPATS is in place of the TRAS
model in projections of timber and forest product markets (see Chap-
ter 3), the substantial differences between the models preclude
validation by way of commparison. The SPATS results can be sup-
ported however, by drawing on other assessments of the likely devel-
opment of southern inventories (e.g. those of Boyce and Knight,
1979) and by systematically alteriny parameters to produce TRAS-like
results, In addition, the results from the first simulation period
in the SPATS model (1977-1981) can be compared with published

sources of information on southern forests.
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The objective here is to produce a "baseline" inventory pro-
Jjection with data comparable to that used by the U.S. Forest Service
(in TRAS) in their lony-term Timber Analysis (USDA, Forest Service,
1982). Data for the two models is similar in all respects but the
characterization of the inventory and the explicit inclusion in
SPATS of information on management practices. As described above,
the 1initial inventories for projection with the SPATS model are
calibrated to the growing stock volume used in the TRAS projec-
tions. These are the volumes reported by the Forest Service (USDA,
Forest Service, 1982), but it is important to keep in mind that
these volumes are themselves derived from estimates produced by the
TRAS mode1.(2) The SPATS projection uses forest survey data on the
distribution of area by stand type and age class, and published
(TRAS-based) information for estimates of total (initial) yrowing
stock volume. Figure 2.2 demonstrates that this calibration process
does not significantly alter the level of the initial yield tables.

The annual removals from growing stock, by owner group, used in
the SPATS projections described here are also the same as those used
in the TRAS projection reported in the Forest Service Analysis.
These are fixed harvest volumes--that is, they are not, in these

SPATS projections, responsive to changes in inventory levels or

(2) Individual state forest surveys are adjusted to the common
reporting date (Jan. 1, 1977, in this case) with the TRAS model.
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prices. SPATS projections in conjunction with the Timber Assessment
Market Model (Adams and Haynes, 1980) in which changes in growing
stock inventories and prices influence timber harvests are reported
in Chapter 3.

In spite of the common startiny point for the projections of
the two models, estimates of growiny stock volumes differ substan-
tially for all owners by the year 1990. Table 2.1 shows the projec-
tions of softwood yrowiny stock for both models to the year 2000.
Assuming that current rates of plantation establishment are contin-
ued, by the year 2000 growing stock inventories on nonindustrial
private forests will be roughly one half the level previously pro-
jected. Softwood inventories on forest industry lands are projected
to be higher than those estimated by TRAS, reflecting the results of
more intensive management.

These results, while dramatic, are consistent with expectations
of southern softwood production which take into account the regener-
ation practices of private owners. Boyce and Knight (1979), in
fact, anticipated a similar outcome in concluding that by 1995 "...
significant aeclines in yrowing stock inventory can be expected."
The timber production goals ot the Third Forest report (SFRAC, 1970)
have clearly not been met, and the SPATS projection in Table 2.1
illustrates the consequence.

The considerable difference in the projections of the two

inventory models--even with a common starting point--is largely the
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result of differences in estimates of annual growth. Growth esti-
mates for both models are shown in Table 2.2. As explained earlier,
the rates of growth in the TRAS model--for both industry and non-
industrial private owners--do not account for the changes which have
been taking place in the forests of both owners. An artificial
stability is imposed on the southern forests.

Growth projections to 2010 for both models are shown in Figure
2.6 and 2.7. The TRAS projections show growth on nonindustrial
private forests remaining at high levels for the entire period. The
trajectory labeled SPATS (1) shows growth over time given a continu-
ation of current Tevels of management (regeneration to pine). SPATS
(2) is a yrowth projection predicated on intensified pine regenera-
tion on nonindustrial forests begun in 1982. This effort involves
planting all or nearly all the stands harvested in each period. In
both of these projections nonindustrial private inventories in both
regions are unable to supply the quantity of yrowing stock removals
requested after 1995. That is, even if intensive regeneration
efforts are begun immediately, they cannot alter the inability of
nonindustrial forests to meet the timber productions levels--demand-
-anticipated in the Forest Service's Analysis. The nonindustrial
forests available for harvest in the South over the next 25 years
are those already established--and these forests are the consequence
of management practices which have not promoted softwood growth.

An additional comparison of the growth projections of the two
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models is also possible. The lines labeled SPATS (3) in Figures 2.6
and 1.7 show growth projections for nonindustrial owners which
result when the natural regeneration transition matrix is modified
to reyenerate all nonplanted stands to the source stand type. This
is, in fact, what the TRAS model assumes. As one would expect,
annual yrowth increases (from the initial SPATS estimate) rather
than decreasing. In 15 years the divergence between the base growth
trajectory (SPATS (1)) and this modified one is substantial. Growth
estimates are 20-25 percent lower in the base run (1). The
implication here is clear. If it were possible to begin projections
of both models in 1965--the point at which rates of pine
regeneration declined sharply (Boyce and Knight, 1979)--by 1977
growth estimates of the two models could differ by as much as is
indicated in Table 2.2, due primarily to the TRAS assumption of
reyeneration to the invariant composite stand distribution.

Further information for validation of results from SPATS is
provided by an examination of estimates of the area harvested and
planted by each owner., Table 2.3 presents the SPATS estimates of
area harvested alony with estimates from other sources. Estimates
for the Southcentral reyion differ by ten percent or less from the
area reported by the Forest Industries Council (FIC, 1980). In the
Southeast region multiple estimates are available, and the projec-

tion from SPATS is within reasonable bounds.
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Estimates of the area planted in the first period are also
reasonable when compared to the most recent reported accomplish-
ments. In Table 2.4 the annual rate of planting for the first
period in SPATS is compared with published data for each owner. In
this SPATS projection forest industry is assumed to plant all stands
harvested (consistent with recent practice--see FIC, 1980).
Nonindustrial private planting is estimated using the reforestation
equations. The independent variables used to predict planting by
these owners are an index of planting costs and the Tevel of public
cost-share expenditures. In the base run reported in Table 2.4
(also Table 2.1) and SPATS (1) in Figures 2.6 and 2.7) these pay-
ments remain at current levels, approximately 6.6 million dollars a
year in each region. In the projection SPATS (2), payments are
increased in both reyions by a factor of five. For more detailed
policy simulations using the SPATS model see Chapter 3.

A final measure of the SPATS projection 15 provided by Table
2.5. Under a continuation of current management practices, the
transition of forest land from pine types to pine-hardwood and hard-
wood types should continue at a rate comparable to that of the
recent past. Table 2.5 presents data on the area in pine types
(plantation and natural pine stands) at the beginning of the pro-
jection (Jan. 1, 1977) and at the beginning of the second period.
The total change (loss) in area in pine types for the South as a

whole--2.56 million acres--is comparable to the loss over a five



40

1J40day
burjue|d 312QJa3|aUS pue 359404 °3ILAJDS 3S3J04 ‘YASN :32Jn0S 2

*suoijenba juswsbeuew Fursn pajewrysa Burjueyd
ajeAtad gayjo ‘Aujsnput Kq pajsaadey eade ayj s|enba pajue|d
eady “(1861-//61) poidJad 3SJij ayj Joj 3jed |enuue abedaay I

LG 081 v2 661 12° 1L [BLJISNpULUON
26°61¢E 86°¢¢S 86°916 Kagsnpu]
[eJ3Ua2Y3Nnos
G8° 902 99°261 2£°961 |eLJ3IsnpuLuoN
00°2LE 88" Lbb v8 21t AJ3snpug
1SPayINos
1861 0861 1SLvdS Y3INMO/NOID3Y
=====m g WALQY-------

(seJoe puesnoyl)

dnoub Jaumo pue uoibau Aq “yinoS ayjl uL pajue|d saJoe Jo sajewilsy ¢°Z 2a|qel



41

*[L61 pue 0/61 wouy ejep AdAuns
Butsn //61 01 dn Buipea| poiJad Jeak-aAL) e JaA0 sadhy autd ul $So| eaJde Jo 3jpwilsy 1

8745 9¢° 8962~ 1€ 50655 [9°ELV8S - HLNOS
68" 6GET~ 82°868¥2 £1°85292 V101
v 18/1- 95" €91S1T 16° 1691 [eLJISNpULUON
96" T2Y + 2L YELG 91°€1€6 Aagsnpu]
|eJ3ua2y3nos
15°8021- €0°L001E pG G122¢ Y101
91" L0LT- £5°66/12 69°905£2 [eLJ43SnputuoN
G9°86% + 0S°L026 G8°80/8 Aa3snpul
- 1seayinos
SNoLARJd abuey) 2861 LL6T uo Lfiay
S1vdS

(seJoe puesnoyj)

dnouab
Jaumo pue uolbaa Aq “abueyd oiporsad jo Ss2jewilsd pue yinoS ayj ui sadh] suid ul eaay 6°Z 3a|qel



42

year period just prior to to the start of the projection, 3.24 mil-
lion acres. This table suyyests that SPATS may, in fact, under-

estimate the shift out of pine types in the South.

Conclusions

The SPATS inventory projection model offers improvements over
current projections of southern softwood inventories because it
provides a more dynamic characterization of the forests of the
region. Stand age and stand composition (stand type ) are modeled
explicitly and direct account is taken of the management practices
of owners.

This model is, however, only a first effort at improving inven-
tory projections in the South. Refinements in all areas of the
model are required to provide yreater detail and precision in pro-
jections of the development of southern softwood inventories over
time. Information on site classes and stocking levels is desirable,
as is a more detailed treatment of alternative management regimes.
Improved estimates of model parameters such as regeneration transi-
tion probabilities and changes in yields over time are also
needed. To some exten the structure of SPATS is the result of
constraints imposed by the uneveness of available data. Greater
scope and depth of information on the age class structure of south-

ern forests will improve this and future models like it.
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PUBLIC POLICY AND LONG-TERM TIMBER SUPPLY IN THE SOUTH

Abstract

Forest Service projections of the lonyg-term supply and demand
for forest products in the U.S. indicate that increasing importance
will be placed on the supply behavior of private forest owners (see
USDA, Forest Service, 1982). Southern forests are expected, in
these projections, to expand their share of national softwood timber
supply, with the bulk of the increase coming from nonindustrial
private forests. There is, however, considerable uncertainty sur-
rounding the willingness and ability of these owners to meet the
anticipated demand.

The provision of direct payments throuyh sharing the cost of
reforestation is a favored policy instrument of those who advocate a
role for the government in promotiny timber production on nonindus-
trial private forests. Evaluations of this policy have been, to
date, limited to "consideration of the performance of particular
programs (in establishing pine plantations) and have not addressed
the question of the overall efficacy of the policy. The present
study considers that question,

Simulation models are used to describe the short and long-temm
components of private timber supply behavior. An inventory model

with policy-sensitive management equations is linked to a model of
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markets with short-termm stumpage supply relations. This policy
analysis system provides an opportunity to evaluate the impact of
reforestation cost-share payments programs on future timber supplies
and prices.

Projections with these models indicate that, given current
lTevels of management (pine regeneration) by nonindustrial owners,
softwood stumpage prices will rise faster than previously expected
to the year 2000, and that forest industry will provide a greater
share of the southern softwood timber harvest. Substantial
increases in cost-share payments can reverse this decline in
nonindustrial inventory and harvest, but will have little effect
before the year 2010. In the long-term the South's role in domestic
softwood timber markets can be maintained only through increases in
management on nonindustrial private forests. Cost-share payments
programs are one means of accomplishing this, but only at funding

levels considerably higher than those of the recent past.
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Introduction

Previous projections of long-term supply and demand for forest
products in the U.S. have indicated that the supply behavior of
private forest owners will become increasingly important (USDA,
Forest Service, 1982). These projections suggest that future
domestic supplies of softwooa fiber will depend in large part on
southern forests and the nonindustrial private owners who control
the majority of that region's timber inventory and commercial forest
land base. There is mounting evidence, however, indicating that
nonindustrial private owners are unwilling to make the softwood
regeneration investments required in order to meet these expecta-
tions (see Fecso et al., 1982). Projections of southern softwood
inventories which take these management practices into account pre-
dict considerably reduced inventories and harvest from nonindustrial
private forests (see Chapter 2).

In the early 1970's the Federal and state governments began to
take a more active role in trying to bring about higher levels of
timber management on nonindustrial private forests. One form this
increased policy activity took was a renewed emphasis on programs
which share the cost of reforestation and other timber management
practices. The laryest of these cost-share programs is the fed-

eral ly-funded Forestry Incentives Program (FIP) (PL 93-86). Nearly
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90 million dollars has been spent through this proyram since its
inception in 1973, much of this on reforestation in the South.
Programs involving public expenditures are inevitably the sub-
ject of debate and criticism and forestry programs are no excep-
tion. This study does not hope to resolve the philosophical differ-
ences between supporters and opponents of cost-share programs;
rather it is intended to provide a better understanding of the
likely impact of these expenditures. In order to evaluate the role
policy can play in assuring future timber supplies from private
forests it is necessary to construct a framework for analysis which
links policy instruments, timber inventories and forest products
markets. The policy analysis system devleoped for this purpose con-
sists of: 1) a model of private reforestation in which cost-share
expenditures are an explicit component; 2) a model of southern
softwood inventories which reflects both changes in manayement prac-
tices and natural regeneration tendencies in the absence of manage-
ment; and 3) a model of softwood stumpage and product markets. With
this system the cumulative and aggregate effect of alernative levels

of cost-share expenditures can be examined.

Government Policy and Nonindustrial Forests

Congress created the Forestry Incentives Program (FIP) in 1973

out of concern over the quality of management on the nation's pri-
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vate, nonindustrial forests. Since these owners control the major-
ity of the commercial forest land in the U.S. it is clear that their
actions will significantly affect future timber supplies. The FIP
authorizes direct payments of up to 75 percent of the cost of forest
management practices for the purpose of assuring "plentiful
supplies" at "reasonable prices" (PL 93-86, sec.4). Over the life
of this program the practice of tree planting in the South has
received the majority of available funds.

In addition to the federally-funded FIP some states have also
enacted programs similar in practice and objectives. Virginia's
Reforestation of Timberlands program was enacted in 1972. Programs
were also started more recently in North Carolina and Mississippi,
and have been considered in other states as well (Meeks, 1982).
While these efforts are not the sole policy instrument directed at
nonindustrial forests, direct cost-share payments are a major policy
tool intended to stimulate greater fiber production by these owners.

Previous studies of cost-share expenditures for forestry prac-
tices have tended to concentrate on program rather than policy eval-
uation. Program accomplishments in the FIP have been examined by
Risbrudt and Ellefson (1983), Mills and Cain (1979) and Mills
(1976). James and Schallau (1961) reviewed forestry practice
accomplishments under the Agricultural Conservation Program (ACP).

Kurtz et al. (1980) and Alig et al. (1980) investigated retention
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rates for plantation established under the ACP and the Conservation
Reserve Soil Bank (CRP) programs.

Landowner response to actual or proposed programs has been been
considered by (among others) Hickman and Gehlhausen (1981), Mullaney
and Robinson (1980), Taylor and Wilkersen (1977), Beazley and
Holland (1973) and Webster and Stoltenberg (1959). Fecso et al,
(1982) in their survey of harvested southern pinelands raised the
gquestion of previous or prospective participation in incentives
programs. However, none of these studies was designed to evaluate
the extent to which the policy of providing cost-share payments can
achieve the objective of affectiny future timber supplies and
prices.

Foster (1982) estimated the public benefits from increased
stumpage supply in the South, concluding that the rate of return (to
the public) from pine reyeneration is likely to be quite high. This
study, however, only partially addresses the question of stumpage
market interactions, and does not consider how incentive programs
influence reforestation decisions. Flick and Horton (1981) con-
ducted a similar benefit-cost analysis of Virginia's Reforestation
of Timberlands programs, also concluding that program benefits
exceed costs.

Adams and Haynes (1980) and Adams et al. (1982) report a pro-
jection of the Timber Assessment Market Model (TAMM) under the

assumption of intensified forest management by private owners.
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While most of the management opportunities identified were in the
South, and most involved planting trees, that analysis is not useful
for answering the question of interest here for two reasons. First,
the effect of govermment policy on reforestation decisions is not
addressed. Second, while investment opportunities are determined by
economically rational behavior (and perfect price expectations), the
rate at which these investments are undertaken is arbitrarily deter-
mined.

This study does not consider the question of program design or
the likely returns (to landowners or the public) from implementing
particular practices, but estimates aggregate policy impacts in a
model of total private reforestation. The cumulative effect of this
policy intervention is evaluated using a modified version of TAMM
(Adams and Haynes, 1980) to determine the supply and price effects

of cost-share expenditures in stumpage and product markets.

A Model of Reforestation Behavior

Whether as stand re-establishment following harvest, conversion
of low-value stands, or afforestation of idle land, planting south-
ern pine is involved in nearly all the economic opportunities for
increasing timber supplies in the South (USDA, Forest Serv{ce,
1982). To meet the objectives of the present study, a model of
reforestation behavior must explain the total number of acres

planted by nonindustrial private forest owners. An econometric
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analysis of time series data is used to develop the desired behav-
ioral relationship.

When consideriny a model of plantation establishment it is
tempting to look to the literature on investment analysis for a
theoretical framework. DeSteiguer (1982) develops a model of pri-
vate capital expenditures on reforestation which is patterned after
a model of investments in financial assets. Tikkanen (1982, 1983)
uses both investment theory and utility maximization to explain
forest management by private owners in Finland. It is difficult,
however, to apply the assumptions on which most investment models
are built to the diverse group which owns the nonindustrial forests
of the South. While planting trees does have many of the character-
istics of an investment, a number of studies have shown that the
management practices of these owners are motivated by broader con-
cerns than return on investment in fiber production (see Fecso et
al., 1982; Royer et al., nd; Kurtz and Bradway, 1981; Mullaney and
Robinson, 1980).

The approach taken here is similar to that used by Tikkanen
(1983), but adapts a theoretical framework found in the agyricultural
literature. Crop supply models have been quite commonly formulated
in terms of producer response to a variety of influences, including
market information and government policy intervention (Houck et al.,
1976; Walker and Penn, 1975; Houck and Ryan, 1971, French and

Mathews, 1971). A variant of these acreage supply models is



53

advanced for the case of forest landowners who are faced with the
opportunity to establish a stand of trees. The decision to actively
reforest can be explained, it is arqued, by economic, policy and

(perhaps) other variables. The general model is

A= f(G,M,Z) (1)

where the dependent variable, A, is the total number of acres
planted, G represents yovernment policy, M represents market influ-
ences (such as prices and costs), and Z represents all other deter-
minants of management response and random effects. Among the other
determminants of response are nonquantifiable factors, such as a land
ethic or the desire to leave a productive forest to one's heirs.
Factors which can, in theory, be quantified but for which there is
little or no data would also be included in this category.
Explanations of nonindustrial owners' decisions to, or (more
accurately) not to, reforest their harvested and unproductive land
to pine are quite numerous. Sedjo and Ostermeier (1978) summarize
the problems facing these owners when they consider forest manage-
ment expenditures: multiple management goals, a lack of technical
information, inhibitive taxes, low profitability, illiquidity and
long payback periods, diseconomies due to small scale operations,
and environmental constraints. Dutrow and Kaiser (1982) in an anal-

ysis of forestry investment opportunities in the Southeast suggest
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that the need for large initial committments of capital, lony pay-
back periods, and the lack of technical information are important
constraints on nonindustrial timber management.

A survey of southern management practices and reforestation
decisions (Fecso et al., 1982) provides useful insights for specifi-
cation of the reforestation model. Growing timber or other wood
products for sale was given as an important reason for owning half
the acres included in that survey. However, the feeling that the
timber had matured was more important in the decision to harvest
timber than was the offer of a "good" price. The availability of
cost-shariny funds was important on over half of the clear-cut acres
which were reforested by owners surveyed. The anticipation of
future profits was important on a slightly higher percentage of the
acres in the survey, but the feeling that the land "should be kept
in timber production” dominated all reasons yiven for actively
reforesting harvested lands.

The decision not to reforest harvested land was, in this sur-
vey, a consequence of other uses for harvest revenues, the feeiing
that reforestation costs were too high, and the notion that the site
would naturally regenerate to pine. Increased availability of cost-
sharing funds, along with reduced tax liabilities were cited as
factors which would be 1likely to stimulate reforestation after har-

vesting.
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Some of the factors cited as important in the decision to
reforest in the Fecso et al. (1982) survey must be relegated to the
cateygory of "other influences" for econometric purposes because they
are either nonquantifiable or the data needed in order to include
them is not available. The feeling that land should be kept in
timber production, and the extent of landowner knowledge of silvi-
culture present problems in quantification. Information on actual
or anticipated tax liabilities (property, inheritance and income
taxes) is generally not available in a form useful for inclusion as
an explanatory variable in this sort of model. Nevertheless, costs,
prices and government policy can be incorporated in a model of
reforestation behavior.

In many agricultural response models market influences are
specified, in part, through price or price expectation variables .
In the case of forestry planting decisions, the appropriate prices
are those to be realized 25 or more years in the future--unlike the
annual or short-term perennial decisions of agricultural pro-
ducers. It seems reasonable to hypothesize, however, that forest
landowners form expectations of the level or direction of future
prices based on observations of the past. Usiny this premise, a
number of variables were constructed using stumpage prices. The
expectational processes investigated ranged from simple adjustments

using prices from the recent past, to more complex formulations
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using recent price levels and rates of change computed over a longer
historical period,

The pertinent costs for this model are those incurred in estab-
lishing a stand of trees. These include any necessary site prepara-
tion costs, seedling costs, and the cost of planting (either by hand
or machine). Actual costs for annual reforestation accomplishments
are not available, but it is possible to construct an index of total
planting costs based on surveys begun in 1952 (see Moak et al.,
1979; Yoho et al., 1969; Worrell, 1953). The index constructed is
an agyreyate, composite cost index, developed by weighting the com-
ponents of total cost described above. The weights vary through
time to reflect changes in the extent of site preparation necessary
(increasing with time), and the general shift, over time, from hand
to machine planting. The resulting index increases more rapidly
than the all commodity Producer Price Index (PPI) over the sample
period (1950-1979), but the rate of increase slows after 1976. This
pattern is consistent with findings of Moak et al. (1979).

Over the past thirty years, subsidies for forest management
practices have been provided through a variety of programs. The
Agricultural Conservation Proyram (ACP) was begun in 1936 and con-
tinues today. The Conservation Reserve Soil Bank Program (CRP)
lasted less than ten years (1956-1964), but had a siygnificant impact
on pine regeneration in the South (see Figure 2.1). Both the ACP

and CRP proyrams had soil and water conservation as primary yoals;
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the planting efforts of these programs have been concentrated on
former agricultural land. The more recent FIP and state proyrams
emphasize timber production and assist in planting (primarily) cut-
over and poorly stocked foresf land. With the exception of facing
different plantation establishment costs, however these programs may
be essentially comparable in terms of their effect on nonindustrial
reforestation behavior., That is, in the model proposed, the policy
of providing cost-share payments is treated as being more important
than the particular program through which funds are (have been)
spent,

Both direct and indirect effects are hypothesized for these
expenditures. This treatment of the influence of government policy
on reforestation decisions is similar to explanations of the forma-
tion of expectations. The direct effects of cost-share payments are
measured in terms of the plantations established by the direct
public and induced private expenditures. In any year the number of
acres planted as a result of this direct effect bears a relationship
to the level of expenditures which depends on the cost-share rate
(the proportion of total costs provided by the government).

Secondary or indirect effects are the influence payments have
on those who do not participate in a progfmn (in a given year), but
who are in a position to consider planting trees. These effects may
be positive or negative. Negative effects occur if, for example, an

owner's willingness to bear the total cost of reforestation is
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diminished by observing the payments received by others. Cost-share
expenditures may influence expectations of future prices as well.
Observation of new (cost-shared) plantations may result 1in
expectations of future prices being revised downward.

Also included in the cateyory of negative effects should be the
argument that cost-share expenditures merely represent a "windfall"
to those who would have planted trees anyway. As a result, it is
sugyested, forest landowners delay planting until cost-share funds
are available. Many critics of these programs emphasize these "sub-
stitution" and "queueing" effects. Their premise is that the net
change in investments is small and (or) that the timing of planting
is controlled by the funds made available. DeSteiguer (1982)
attempts to investigate this question, although his results are
inconclusive.

Positive secondary effects could come about as a result of: 1)
cost-shared reforestation accomplishments advertising programs to
those who might otherwise not have known about them; or 2) cost-
sharing proyrams instilling confidence in the merits of forest
management investments (as a result of the government's participa-
tion) in those who remain willing to bear all costs. McKillop
(1975) sugyests the possibility of positive influences of this
sort.

Positive and negative secondary effects are by no means mutu-

ally exclusive. Secondary effects may reinforce or offset the dir-
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ect effects of payments. What is of interest here is the over-all
effect of cost-share payments on total nonindustrial private plant-
ing.

As indicated above, the model to be estimated from equation (1)
includes price expectations, planting costs and the level of cost-
share expenditures as explanatory variables. The effort to incor-
porate price information in the reforestation model was not success-
ful, however. None of the specifications of the price variable
added explanatory power to the model and often had unexpected siyns
as well as low significance. Tests for multicollinearity indicated
that this was not likely to be the cause of the poor performance of
the price variables in this version of the model.

This result with prices may be due, in part, to the long period
over which any price expectations must be formed. Expectations of
future prices would, as a consequence, be effectively independent of
current or past prices. It may also be true that stumpage prices
are, in general, of little importance in reforestation decisions on
nonindustrial lands in the South. This finding is consistent with
other observations of southern forestry (see, for example, Ernest,
1982) and with DeSteigeur's (1982) results. Morzuch et al. (1980)
also found that, in the case of wheat acreaye supply response,
policy intervention effectively destroyed the role of price in pro-
ducers' decisions. Since, over the past thirty years, government

has been constantly involved in sharing the cost of private plant-



60

ing, it is not surprising that stumpage prices are not a significant
component of the reforestation decision.

A revised model was estimated and includes the cost of planta-
tion establishment and the level of cost-share expenditures. To
capture the secondary as well as the direct effects of policy, a
distributed 1lag 1in government payments was introduced. The
specification is

n

COST, + I A.GOVP, . + u, (2)

A, =b
. i=0

+b

0 1

where COST is the index of per acre planting costs, GOVP is cost-
share expenditures and u is a random error term. The sign of the
coefficient by, 1in equation (2) is presumed a priori to be
negative. Higher costs should result in lower levels of planting.
The appropriate 1length (n) of the distributed lag in GOVP is
unknown, but the sum of the lag coefficients 1% li should be
positive. The structure of the lag coefficients is_glso not known a
priori, but current values of cost-share expenditures should be
weighted more heavily than earlier ones. The direct effects of
expenditures should be greater than the indirect effects. To the
extent that positive secondary effects occur, lag weights may rise
(from the current period) before declining as these effects weaken

and/or negative effects occur.

The econometric literature provides many examples of distrib-
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uted lag models, and a number of different specifications were
examined, including polynomial functions of various degrees and lag
lenygths. Results from more complex models were compared with
results from direct estimation of the lay coefficients. While the
latter method risks introducingy multicollinearity, it has the advan-
tage of not imposing any a priori constraint on the lay structure.
The model 1in equation (2) was estimated for each of the two
southern regions (Southeast and Southcentral) using data from 1950-
1979. The dependent variable was taken from published reports of
forest management accomplishments (USDA, Forest Service, annual
series). Reforestation cost-share payments were collected from
published data for all programs (federal and state) and deflated by
cost indices appropriate for each program. Expenditures in programs
which concentrated their efforts on planting abandoned cropland (ACP
and CRP) were deflated by an index of open field planting costs.
Expenditures in the FIP and state proyrams were deflated by an index
which reflects the higher cost of planting land requiriny site
preparation. The derivation of these indices is comparable to that
used in constructing the cost index variable, discussed earlier,
Estimation results for the mbde]s are shown in Table 3.1.
Explanatory power 1is high, coefficients have expected signs and
(with the exception of COST in the Southeast region) standard errors
are very small relative to coefficients. Specification of the model

with a distributed lag suggests the possibility of introducing
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serial correlation. An examination of the Durbin-Watson statistic,
however, suggests that this is not a problem.

Figure 3.1 illustrates the structure of the lag coefficients
for the subsidy payment variable in both regions. For the Southeast
region two lags (the current and previous year) were adequate to
‘capture the effect of government payments and the lag coefficients
were estimated directly. 1In the Southcentral region, values of the
policy variable over five years were useful in explaining total
nonindustrial private planting. In this region a polynomial dis-
tributed lag in GOVP was employed to estimate the lag coeffi-
cients. Minimum standard error of the regyression was the criterion
used in determining the appropriate lag length.

The importance of government policy in determining nonindus-
trial private planting in the South can be seen in the strength of
these results. The ayyregate policy coefficient (Table 3.1) indi-
cates the total number of acres planted as a result of each dollar
spent through subsidy programs. (The dependent variable is thou-
sands of acres, and the policy variable 1is thousands of deflated
dollars.) The inverse of this policy coefficient yields the public
expenditure (in 1967 dollars) per acre planted by nonindustrial
private owners. This value-- $11.69 for the Southeast region and
$10.51 for the Southcentral region-- can be compared with direct

public expenditures on reforestation, shown in Table 3.2.
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Table 3.2 Average public expenditures per acre for cost-shared
nonindustrial private reforestation in the South

Year = = eeeeeeeea FIP-mmmmmmemeeee e All Prograns3/ -------
current constant Southeast Southcentral
dollarsl/ dollars/ constant dollars

1974 39.0 20.85 23.98 19.96

19754/

48.0 20.69 24.42 32.37

19764/

1977 47.0 17 .55 13.46 2112

1978 51.0 17.67 20.56 20.40

1979 54.0 17.42 20.70 19.35

sample®/ 47.8 18.84 17.92 17.01

1 Average federal cost for reforestation (Risbrudt and Ellefson,
1983).

2 Constant 1967 dollars, deflated by the index of planting costs.

3 Expenditures in all programs deflated by the indices ot planting
costs, divided by the total number of acres planted with sub-
sidies.

4 pata for 1975 and 1976 are combined due to the impoundment of FIP
funds in 1975 and the change in the federal fiscal year in 1976.

5 Sample is 1974-1979 for FIP; 1970-1979 for all programs combined.
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The difference between the averaye direct expenditures per acre
and the dinverse of the policy coefficient indicates positive
indirect effects from the policy of providing cost-share payments.
This conclusion must be drawn with some caution, however, as the
model exhibits instability when subsets of the sample are used.
This implies that the assumption of a behavioral response which is
stable through time (or, what is roughly equivalent, across pro-
grams) is not sustained by the data. The power of this test is
diminshed, though, by insufficient observations on the effects of
more recent programs. In addition, uncertainty and instability are
not inappropriate characterizations of cost-share payments policies
throughout most of the past decade. The use of the full data set
(1950-1979) to estimate the response to policy appeals to the idea
that there is, in fact, a stable response when policy is stable.

The ability of the model to explain plantiny behavior in years
outside the period used for estimation is illustrated in Table
3.3. While the model is estimated with annual data, it is used in
an inventory projection system with a five year period as the basis
for simulations (see Chapter 2 and the following section). Values
for the explanatory variables used to produce the estimates shown in
Table 3.3 are the period averages, thus the proper comparison is
with the average actual planting shown in the last column. The
reasonably ygood fit (differences of 5 percent or less) bears out the

contention that the models reported in Table 3.1 are useful for
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simulating the effects of cost-share policy in the future. As with
any simulation based on relationships derived from historical data,
however, the assumption that these relationships remain stable is
made here. An anlysis of the sensitivity of the overall policy
analysis to the magnitude of the coefficient on the policy variable

will be conducted as a further test of the model.

The Inventory Model

An age-class based inventory projector was developed for pri-
vate owners in the South to provide the link between the reforesta-
tion model and the markets where the policy of reforestation cost-
share payments has its final impact. Previous projections of
southern softwood inventories and their response to alternative
harvests and management practices have depended on the Timber
Resource Analysis System (TRAS) model (Larson and Goforth, 1974).
For a number of reasons, however, this model is inappropriate for
the present study.

The TRAS model characterizes the inventory of each owner by the
distribution of the number of trees per acre by diameter class. In
the version of TRAS used in recent Timber Assessments (see USDA,
Forest Service, 1982; Adams and Haynes, 1980) a single composite
softwood stand is specified for each owner in each region of the

South. At this level of agugregation TRAS in unable to account for
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the growth and growing stock shifts from softwood to hardwood
stands, or shifts between softwood stands with different growth
rates. Under these circumstances, projections over long time
periods with TRAS may considerably under- or over-estimate gyrowing
stock levels. The composite acre representation employed in TRAS
also presents the problem of converting area-based accomplishments
(the estimates from the reforestation model) into changes in average
ingrowth and radial growth rates.

The Southern Pine Age-class Timber Simulator (SPATS) model was
designed to project the development of southern softwood inventories
under alternate assumptions regarding the rate of pine regenera-
tion. Each owner's inventory is characterized by the distribution
of acres by age class and stand type. Four stand types are
modeled: natural pine, plantation pine, oak-pine and hardwood.
Nineteen five-year age classes are specified for each softwood stand
type. Hardwood acres are modeled as a "pool", with no explicit aye
class structure.

Pine plantation establishment can be computed using the refor-
estation equations, or set to a pre-determined level. Natural
regeneration transition probabilities are specified for each soft-
wood stand type; these parameters indicate the probability of alter-
native regeneration outcomes given the stand type prior to harvest-
ing. If the area to be planted in a period exceeds the area
harvested in that period, nonstocked and hardwood acres are con-

verted to pine plantations.
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The SPATS inventory model provides a more detailed and more
dynamic characterization of southern softwood inventories than is
possible with the TRAS model. The SPATS model is structured to
project the development of private softwood inventories under
alternative management practices-- in particular the establishment
of pine plantations. Further detail on the SPATS model, including

comparisons with TRAS is provided in Chapter 2.

The Market Model: TAMM

The Timber Assessment Market Model (TAMM) is a spatial model of
softwood 1lumber, plywood and stumpage markets (Adams and Haynes,
1980). Six demand regions (one southern) and nine supply regions
(two southern) are represented using sets of supply and demand equa-
tions. Equilibrium solutions for each region, for stumpage and
product markets are found for each year of the model simulation.
For further detail on TAMM see Adams and Haynes (1980).

TAMM was desiyned to facilitiate forest policy analysis and,
with minor modifications, is able to provide a powerful structure
for evaluating the impact of alternative levels of reforestation
subsidies. In addition to replacing the TRAS inventory projector
with the SPATS model in the southern reygions, two other changes were
made in TAMM.

Revised inventory projections indicated that under certain
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conditions (continued low levels of pine regeneration) owners in the
South could exhaust the merchantable portion of their softwood grow-
ing stock inventory. In order to avoid the situation where the
market model requested, in its equilibrium solution, more harvest
volume than the inventory model could supply, a stumpage supply
constraint was introduced. For each five year period of the projec-
tion, for each owner, the inventory model supplies to the market
model an estimate of the maximum merchantable volume available in
any year. This is computed using the merchantable volume available
at the start of the period, adjusted for ingrowth into merchantable
age classes. For those years when an estimate of the market solu-
tion indicates that this 1limit will be exceeded, the owner's
stumpage supply is taken to be a perfectly inelastic function at the
constraint level (zero price response).

The second change also involves a constraint, in this case on
imports of lumber from Canada. Initial projections showed that
Canadian supply to the U.S. would reach unreasonable Tlevels as
domestic lumber production fell. In the projections reported here,
imports of lumber from Canada are not allowed to exceed 17.5 million
board feet per year. In both the baseline case and in the simula-
tion of hiygher Tlevels of cost-share payments this constraint is
binding by the year 1995. Nevertheless, Canadian producers capture
over 40 percent of the new supply of softwood lumber after 1990 in

both simulations.
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Policy Simulations

Two projections were made with TAMM using the SPATS inventory
model for the southern regions and the reforestation behavior equa-
tions for nonindustrial owners. In the "baseline" simulation, cost-
share payments (in all programs) are assumed to remain constant (in
current dollars) at 6.6 million dollars in each region. This is
approximately equal to current levels. In the alternative "high
payments" simulation, cost-share payments increase to 33.0 million
dollars a year in each region beginning in 1982 and are held con-
stant at that level. In both simulations, planting by forest indus-
try was set equal to the area harvested in each period. Data
compiled by the Forest Industries Council (1980) confimms that this
is, in fact, current practice.

Table 3.4 shows projections of softwood acres harvested and
planted under these assumptions. In the baseline case, nonindus-
trial owners continue to plant fewer than 20 percent of the softwood
acres harvested-- a rate generally consistent with recent historical
observations (Boyce and Knight, 1979 and Fecso et al., 1982). When
cost-share expenditures in the South are increased to 66.0 million
dollars a year, nonindustrial private planting is projected to be
roughly equal to the area harvested annually. While this does not
treat the considerable "backlog" area suitable for reforestation or

stand conversion, it is clearly a major change in pine regeneration
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Table 3.4 Projections of acres harvested and planted by nonindus-
trial private owners in the South under alternative
levels of cost-share payments

1982 1992 2002 2012
SOUTHCENTRAL
Base]inez
Harvested 830.43 926.19 623.83 451.66
Planted 161.70 142.89 124.26 105.62
High Payments?
Harvested 830.83 941.15 434.66 724.41
Planted 927.28 864.58 804.59 746.79
SOUTHEAST
Baseline2
Harvested 838.61 906.77 860.31 735.61
Planted 189.79 177.01 164.66 152.60
High Payments2
Harvested 838.61 911.13 860.25 709.25
Planted 876.90 824.75 775.29 728.07

1 Annual Average for a five year period beginning in the year
indicated

2 see text for a description of assumptions.
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in the South (Southern Forest Resource Analysis Committee, 1970;
Forest Industries Council, 1980).

Tables 3.5 and 3.6 show the impact of the two levels of cost-
share expenditures on removals, growth and growing stock inventor-
ies. In the baseline case (Table 3.5) nonindustrial private
softwood inventories decline rapidly after 1990 as a result of
reduced pine regeneration. While this is in striking contrast to
previous "baseline" projections made by the Forest Service (USDA,
Forest Service, 1982) it is the loyical result of the continuation
of current management practices (Boyce and Kniyht, 1979). Removals
by industrial owners (along with growth) increase by more than 60
percent in this simulation, but are insufficient to compensate for
the reduced contribution from other private owners. By 2012 total
private softwood inventories in the South are less than 70 percent
of the volume reported for 1976 (USDA, Forest Service, 1982).

This decline in private timber harvest and softwood growing
stock inventories is reversed when planting by nonindustrial owners
is increased to equal the area harvested (Table 3.6). In this pro-
jection, growth and removals on nonindustrial forests are better
balanced, with the result that by 2012 private softwood inventories
regain the level reported for 1976. The period of decline, even in
this simulation, is the consequence of reduced softwood regeneration

between 1965 and 1980.
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Table 3.7 compares these projections in terms of shares of
removals, growth and growing stock by owner group. The results from
a baseline simulation using the TRAS model for the southern regions
are shown for contrast. Both the level and the distribution of
private harvest are considerably different as a result of the higher
level of cost-share expenditures. A continuation of current manage-
ment practices would place more of the burden of softwood supply in
the South on industrial owners.

The yrowth and inventory effects of higher levels of reforesta-
tion cost-share payments are not surprising. Increased pine refor-
estation yields higher softwood yrowth and higher levels of yrowing
stock. As noted at the outset, however, the primary objective of
the FIP is to influence supplies and prices. Table 3.8 shows pro-
Jections of softwood product price indices, production and consump-
tion for the baseline and high payments simulations. Table 3.9
shows the product and stumpage price impacts of the increase in
cost-share payments to 66.0 million dollars a year from the baseline
amount of 13.2 million dollars. Figure 3.2 illustrates the changes
in stumpage prices in each region which result from this five-fold
increase in expenditures.

As Adams et al. (1982) observed, .intensified management can
have little impact on supplies and prices prior to the year 2000.
Supplies available to this point are dependent on stands already
established. From the year 2000 and beyond the reduction in stump-

age and product prices is increasingly dramatic as the new planta-
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Table 3.9 Projected stumpage and product price effects of an
increase in reforestation cost-share payments 1in the
South

PERCENT CHANGE FROM BASELINE LEVEL!

1995 2000 2005 2010 2015
STUMPAGE
Southeast -1.9 -1.0 -5.0 -27.2 -36.8
Southcentral 0.0 +2.8 -2.6 -29.8 -44.8
PRODUCTS?
LUMber -0.8 -105 -00? -100? ""15.0
P1ywood 0.6 -1.0 +2.1 -10.0 -12.0

l See text for description of assumptions

- Computed from producer price indices
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tions mature and are harvested. By the year 2015, lumber consump-
tion (in all demand regions) is nearly 10 percent higher, while the
index of lumber prices is 15 percent lower than it payments remain
at current levels. Price reductions are even yreater in stumpaye
markets where by the year 2015 prices in the southern regions are 37
percent to 45 percent lower than under a continuation of current
manaygement practices and policy intervention.

A further measure of the benefits of this publicly supported
increase in pine regeneration is provided by examining the change in
consumer and producer surplus which results from the change in
expenditures. While consumer surplus as a measure of changes in
welfare has theoretical flaws, it is nevertheless an appealing and
often used index of social gains or losses (see Just et al., 1982).

Consumer surplus is defined as the area under the demand curve
and above the (equilibrium) price line. Changes in consumer surplus
can be used, with some caution, as a measure of the income adjust-
ment required to compensate consumers for a given chanye in prices
(Willig, 1972). Producer surplus is the area above the supply curve
and below the price line i.e., short-term quasi-rents. Changes in
producer surplus are the corresponding measure of changes in pro-
ducer benefits. Chanyes in the sum of these two measures are indic-
ative of the net social benefits resulting from a policy decision.

An additional complication arises from the fact that the costs

of the change in policy occur in a steady stream (from 1982 to
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2015), while the benefit of price reductions--and subsequent changes
in surplus measures--do not begin to any significant extent until
after the year 2000. While benefits and costs can be compared
easily through discounting, this introduces the problem of the
choice of an interest rate. The computations are presented using
two interest rates (4 percent and 10 percent) to demonstrate the
sensitivity of the outcome to this parameter. As all prices in TAMM
are in constant (1967) dollars, these should be interpreted as
"real" interest rates.

Table 3.10 presents computations of the change in the sum of
consumer and producer surplus resulting from the change to a higher
level of reforestation cost-share payments. Values are in millions
of dollars discounted to 1982 using either a 4 percent or 10 percent
interest rate. The change in expenditures required to bring about
this change in "welfare" is put in comparable terms by deflating
with the planting cost index and discounting to 1982. Table 3.10
shows that using either interest rate the benefits which accrue by
2015 will far exceed the costs, measuring both in termms of present
value.

In addition to the calculation of the relationship between
benefits and costs as shown in Table 3.10, a "break-even" computa-
tion can be made as well. Figure 3.3 illustrates that the cumula-
tive benefits of increased cost-share payments exceed cumulative

proyram costs by the year 2000 when both are deflated and discounted
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to 1982 at a 4 percent interest rate. When a 10 percent real inter-
est rate is used, benefits exceed costs by_the year 2005.

The extent to which the measure of benefits exceeds costs
depends on the magnitude of the policy coefficient in the reforesta-
tion equations. The benefits shown in Table 3.10 are based on the
coefficients estimated using data from 1950-1979 and reported in
Table 3.1. Since, as noted earlier, there may be some reason to
question the extent of the positive indirect effects included in
these coefficients, a further simulation was conducted to test the
sensitivity of the policy evaluation to this parameter.

A revised value for the policy coefficient was derived from the
data in Table 3.2. The sample average of constant dollar expendi-
tures per acre in the FIP program ($18.84) was inverted to provide
an estimate of the acres planted per dollar of program expendi-
tures. The resulting value (.053079) is a 40 percent to 50 percent
reduction in the magnitude of the response to the policy variable.
This can be taken as a parameter value which "meters" expenditures--
that is, converts them to planting accomplishments with no consider-
ation of indirect effects.

Table 3.11 summarizes estimates of benefits using both the
oriyinal and the revised coefficients in the reforestation equa-
tions, and the two interest rates. Also included in this table is
an alternative computation of costs, in which total (deflated)

expenditures are used rather than the change in expenditures from
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Table 3.11 Summary of public benefits and costs of increased
reforestation cost-share payments under alternative

assumptions
Ref . Benefits!/ . Costs?/
No. Interest Rate (million dollars) Benefits/Costs
1 4% 4870 288.7 16.8
10% 1073 163.2 6.6
2 4% 4870 360.9 13.5
10% 1073 204.1 5.3
3 4% 2049 288.7 7.1
10% 419 163.2 2.6
4 4% 2049 360.9 547
10% 419 204.1 2.1

1 Benefits are the cumulative, discounted change in the sum of con-
sumer and producer surplus. Numbers 1 and 2 show the benefits
estimated using the policy coefficients based on the full data set
(1950-1979). Numbers 3 and 4 are the benefits estimated when the
policy coefficient is reduced to the level which "meters" in
expenditures (see text).

2 Costs are the cumulative expenditures discounted to 1982. Numbers
1 and 3 wuse the change in expenditures (from the baseline
level). Numbers 2 and 4 use the total expenditures required to
achieve the benefits reported.
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the baseline level. While this alternative cost calculation is not
theoretically consistent with the computation of benefits, it is
included to provide further evidence of the desirability of public
reforestation cost-share payments. If planting levels reported in
the baseline projection are assumed to occur in the absence of any
payments, then it is, in fact, appropriate to use total expenditures
to calculate public costs in the simulation of higher levels of pay-
ments. Even under this unfavorable assumption, however, and using a
real interest rate of 10 percent, the social benefits of cost-share

expenditures by the year 2015 are more than double program costs.

Conclusions

Reforestation cost-share programs have been established by the
federal and state governments with the objective of stimulating
higher levels of timber production on nonindustrial private for-
ests. Until now it has not been possible to determine the extent to
which these programs could achieve the yoal of increased timber
supplies and more "reasonable" prices. A policy analysis system was
developed to provide a framework for examining the policy of sharing
the cost of forest manayement practices.

Reforestation cost-share programs have been criticized by some
as unnecessary since pine plantation investments are projected to

provide a high rate of return. An examination of nonindustrial
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private reforestation behavior indicates that in spite of poten-
tially high returns, few owners choose to undertake the opportunity
to reforest their harvested or understocked land to southern pine.
Numerous factors may account for this, but whatever the reasons
behind private forest management decisions, an analysis of behavior
over the period 1950-1979 incidates that nonindustrial owners hdve
responded to programs which provide direct payments to defray
reforestation expenses.

A simulation of future softwood stumpaye and product markets
under the assumption that nonindustrial private forest management in
the South remains at the relatively low levels observed over the
recent past indicates that both stumpage and product prices will
rise even faster than previously expected. Low levels of pine
regeneration in the South dating from 1965 will lead to a decline in
softwood inventories and harvest by 1990. Increased management and
harvests by forest industry are unable to offset reductions in sup-
ply from the region's dominant owner yroup.

Increased pine regeneration on nonindustrial forests, if begun
by 1985 can reverse these declines by the year 2000. Significant
increases in harvests and consequent reductions in prices (from the
baseline) will not occur until 2010 and beyond. While other changes
in public and private proyrams may bring about changes in nonindus-
trial private reforestation, the present study shows that reforesta-

tion cost-share payment programs can have the desired result:
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increased softwood timber supplies and lower future prices. Forest
landowners are the direct beneficiaries of these programs, but an
analysis of public costs and benefits shows the policy of shariny
the cost of reforestation inuestmentslto be highly desirable from
the public's perspective. Consumers and producers of forest
products receive benefits which, when discounted to the present, far

exceed the present value of program costs.
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SUMMARY

There are, broadly, two contributions which result from the
research presented here. The first is contained in an age-class
based inventory model designed to permit a more detailed analysis of
the softwood timber production potential of southern forests. Simu-
lations with this model which are based on a continuation of current
regeneration practices show that present expectations for nonindus-
trial private timber production in the South--i.e. those contained
in the Timber Analysis of the Forest Service (USDA, Forest Service,
1982)--are unlikely to be realized.

When rates of pine harvest in the South are combined with low
rates of pine regeneration by the region's dominant landowner,
future softwood inventories decline dramatically. Perhaps even more
important than the long-term (30 to 50 year) consequences indicated
by the model are the implications of the inevitable reduction in
timber harvests which will come about before the year 2000. These
reductions are the result of reduced pine regeneration since 1965.
Over this shorter time period, little can be done to augment soft-
wood fiber production on nonindustrial private forests; as a result,
expectations of total market supplies and owner yroup shares must be
adjusted.

The second contribution is the development of an empirical 1ink

between government policy and the level of private forest manage-
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ment. This policy-induced management effort is linked, in addition,
to changes in softwood inventories through the inventory model
described above. With the addition of the Timber Assessment Market
Model (Adams and Haynes, 1980), a comprehensive analysis of the
long-term impact of a significant component of forest policy is
possible. -

The present study will not, by any means, put an end to the
debate over the appropriate policy instruments for stimulating tim-
ber production on nonindustrial private forests. What has been made
clear, however, is the link between a given level of funding and
accomplishments expressed in temms of the policy objective:
increased timber supplies and reduced prices. This study shows that
given the historical response to cost-share programs, at higher
funding levels these programs can have a considerable effect on
future timber markets.

Some additional comments are also in order. Program funds can
be both raised and expended in a variety of ways. While federal
funds have come through the standard appropriations process, some
states have relied upon dedicated tax revenue (e.g. Virginia) or
voluntary contributions from the forest products industry (e.g.
Texas) for some of the funds necessary to operate their programs.
For some critics of cost-share programs, the source of funds is as

much at issue as the level of fundiny; whether one approach is pre-
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ferred to another is not readily apparent. It is generally ayreed,
however, that stable funding--at whatever level--is necessary.

Variety and potential flexibility in the administration of
cost-share programs suggyests, too, the possibility of increasing
program effectiveness for any given level of funding. Cost-share
rates can, for example, be lowered in order to disburse available
funds to more participants. The effect of a range of cost-share
rates on participation is unclear, but certainly worth investigat-
ing. A comparison of programs or administrative procedures was not
part of the present study, but studies of this sort have, in the
past, yielded useful results. See, for example, Mills (1976),
Risbrudt and Ellefson (1983) and Murphy (1976).

The likely success of cost-share programs at higher funding
levels, as shown here, does not fully define the means by which a
policy of stimulating yreater timber supplies on nonindustrial for-
ests can be pursued. Forest practices regulations have been used by
some states in order to require the behavior that incentives pro-
grams such as the Forestry Incentives Program attempt to induce.
While the regulatory approach has been characterized as unpalatable
and counter-productive in the forestry context (see Dana and
Fairfax, 1980 for a review of responses to forestry regulations), it
may be easier to pass such laws than to raise cost-share program

funding to the levels examined here.
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It is possible to cast aside these results on the importance of
government policy and to advance the faith that markets and (or)
technology will adjust satisfactorily in the absence of government
action. The argument that private parties will come forward to
capture pine investment opportunities is rather weak given histori-
cal evidence. The possibility of dramatic chanyes in this behavior
cannot be entirely ruled out, however. Recent chanyges in tax laws
may make some difference in the level of reforestation in the South,
but if, as many suggest, available capital is the effective con-
straint on nonindustrial private planting, these provisions can be
expected to have only a modest impact.

The activity of institutional investors in purchasing southern
forest land may, too, make some difference. These represent a clear
case of private investors recognizing the earning potential of
southern pinelands and making committments of capital. It isn't
clear, however, that much besides ownership is changing as a
result. The amount of capital required to both purchase land and
make investments in fiber production on a significant scale is well
beyond reasonable expectations for this market.

The technology of fiber utilization may adapt if (as) markets
fail to anticipate fiber demands. In fact, when total fiber produc-
tion (hardwood as well as softwood) on nonindustrial private forests
is examined, there is considerably less reason for alarm. As the

value of softwood fiber increases, through scaricity, industry will,
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in all Tikelihood, begin utilizing more hardwood fiber wherever
possible. The time horizon for this adjustment may not be quite as
long as that required for investments to produce softwood fiber, but
may have some undesirable dislocations associated with it,

Finally, on the positive side, there are (or may be) public
benefits from programs such as those providing cost-share payments
which are not measured in this type of analysis. Under certain
circumstances the employment resulting from planting program expend-
itures may be considered a net benefit. While it is important not
to confuse distinct policy objectives (in this case an incomes or
employment policy with a resource policy), multiple objectives may
be satisfied by a single program. If, as may be the case in parts
of the South, those employed in plantinyg trees would be otherwise
unemployed (either cyclically or chronically) an additional net
benefit to cost-share programs can be claimed.

It is also interesting to note that the present problems of
pine regeneration in the South coincide with a period of famm crop
surpluses and government programs designed to remove land from agri-
cultural production. The Soil Bank Program, whose beneficial impact
on southern softwood inventories has been mentioned had, as 1its
primary purpose, soil and water conservation. There is reason to
expect then, that cost-share programs with similar multiple

objectives can have a comparable impact.
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