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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-

ayement 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 aye-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-
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my stock on nonindustrial private forest land will decline, by the

year 2000, by more than 30% from the level in 1YJJ when harvests

anticipated by the Forest Service are combined with historical

levels of softwood reyeneration. Softwood inventories on forest

industry lands will increase over the same period due to pine plan-

tation establishment.

The second component is a policy analysis systali which is

applied to an examination of the long-term impact of reforestation

cost-share payments programs. The coefficients of policy-sensitive

manayenient 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 proyram

fundiny is continued at current levels softwood stumpage and product

prices wil I 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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?IONINDtJSTRIAL 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-
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ular target of public policy for many reasons. These owners control

over half of the cornmerical 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 cateyory, and produces forests which are among the

most dynamic in the country. That is, they are characterized by

rapid growth, short rotations, and inexpensively operable sites.

Although southern forests contained only 20 percent of the nation's

softwood yrowiny 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 implications for reduced softwood growth in the

future. As a result, interest in policy measures which would pro-

mote better softwood rnanagentnt on nonindustrial forests was

renewed. The incentive approach to nonindustrial private forestry
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problems, datin9 back to the Cooperative Farm Forestry Act of 1937

was again favored by the states and federal government. The choice

of incentives rather than reyulatory 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-

i ny of how this policy inst runient contri butes to the achi evernent 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 likely to have

more serious consequences than previously anticipated. More rapidly

rising prices and declining harvests and inventories result fran the

failure to actively regenerate southern pine stands after harvest-

I ng.
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Chapter 3 presents an analysis of the extent to which refores-

tation cost-sharing programs can achieve the goal of reasonable

future timber prices. Usiny 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 stumpaye 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

manayement decisions with supply decisions in the stumpage market.

It is in this systematic approach that this research differs frcxii

previous analyses of reforestation cost-share payments.

First, the level of private forest management is determined 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 determined 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, program effectiveness and etficiency 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
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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 extranely favorable

benefit-cost ratio.
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SOUTHERN TiMBER SUPPLIES TO THE YEAR 2000:
ALTERNATIVE PROJECTIDNS

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

agyreyat ion.

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,
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despite common initial inventories. Softwood growiny stock on non-

industrial private land declines, by the year 2000, by more than 30

percent frcii the level in 1977 when previously projectea 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 growing 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 is discussed and comparisons are made with

other sources of information on southern forests and management

practices.
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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). In 1977, 39 percent of

the nation's cc*rnnercial forest land was in the South, with most of

these 188 million acres (90 percent) held by private owners. Non-

industrial private (farner and other private) owners controlled

134.1 niil lion acres of the camue rci al forest land in the South--70

percent of the region's forests and nearly 28 percent of the

nation's ccrnmercial forest area.

Southern forests contained approximat&y 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

aadition, the southern share of timber production is projected to

increase steadily to the year 2030.

••: ~~ :.~ " ..... "',l,." ~.~"' ....~
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A contrastiny view of the future of southern forests is su9-

yested by others. This view questions the ability of southern soft-

wood stands to sustain hiyh levels 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 2003 and

beyond (SFRAC, 1970). This conclusion was also reached by others

based on subsequent assessnents (White, 1974; Boyce, 1975). In the

decade foflowing the Third Forest Report (SFRAC, 1970) pine refor-

estation remained well below the 2 to 3 million acres a year

required to meet that Reports timber production yoals (see Figure

2.1)

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 accumulatiny area of non-

(1) In this paper the regional subdivisions used by the U.S. Forest
Service will be used. The Southeast region includes Florida,
Georgia, North Carolina, South Carolina and Virginia. The South-
central reyion includes Alabama, Arkansas, Louisiana, Mississippi,
Oklahoma, Tennessee and Texas.
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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 ccxipleted after 1974. The increases in soft-

wood yrowiny stock volume between 1962 and 1977 which resulted from

hiyh rates of pine regeneration prior to 1965 cannot be sustained

yiven this reduction in softwood reyeneration.

Improved stocking levels could account for some of the decrease

in numbers ot 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, ccmbined 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 ot 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 Systan

The inventory projection systeii 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 dineter 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 ccxiiposite 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

raiiovals. Regeneration is accounted for by specifying a rate of

inyrowth 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-a9ed, rapidly chanying

softwood stands in the South. The ccxnposite stand which is the

basic unit for TRAS is averaged across site classes, stocking

levels, stand types and age classes--representiny a wide ranye of

softwood growth potential Growth in TRAS is dependent only on tree

shifts ainony 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 ccniposition

of the average stand in the South can change considerably. Over

half of all harvested loblolly and slash pine stands beccvie nonpine

after regeneration (Boyce, 1975); in light of this, the implicit

stability of the cposite acre in TRAS seems quite unreasonable.

These changes in softwood stand composition over time are even

more dramatic when examined by owner group 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 Fiyure 2.1). TRAS projections

do not account for the chanyes in softwood growth and growing stock

which should become evident 10 to 15 years followiny 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 growiny 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 inyrowth

rates based, for the most part, on information trcm 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 management practices of private owners in the South

(regeneration practices in particular) should have a noticeable

effect on softwood growth and future yrowiny stock. TRAS, however,

is not designed tO reflect these changes. An inventory model with

greater detail on stand aye, stand type and forest manayement
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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 Aye-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.

SPMTS characterizes the softwood inventory of each owner by the

distribution of acres by aye class and three stand types. Softwood

stand types modeled are pine, plantation and natural origin, and

oak-pine. Up to 19 five-year interval aye 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

rsoains 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 stockiny level.

The aye 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 manayernent practices and successional tendencies.

P4odel 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

yrowiny stock removals for roundwood demand. Met area loss is

removed from all stands and aye 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 usiny 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

uata.

The treatment of regeneration in SPATS is intended to reflect

both the management 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 estimatin the number of acres planted in eacn period

by each owner: 1) the annual rate of planting can be entered as

data; 2) annual planting for the period can be estimated usiny 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 developnent 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 etal.,

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 to 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. (1913). In addition to the

reyeneration 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" plantiny 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-

ination 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 Aug and Parks (1983)). With this in

mind, SPATS has been constructed with assumptions entered as data
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wherever possible. Projections based on alternative assumptions are

easily accompli shed 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 aye class multiplied by the

number of acres in that aye class at the beginniny of the simulation

provides the starting inventory estimate for the owner.

The upper bound yields are the likely maximum volume yield by

stand type and aye 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,

1 oblol ly 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 yrowiny stock

volume, and the upper bound yields for each stand type. The soft-

wood yrowing stock volumes reported by the U. S. Forest Service

(USDA, Forest Service, 1982) were used as target volumes. The cam-

putati on 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 determine 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.

Mana9ement practices other than the establishment of planta-

tions are not explicitly treated in terms of yield changes in

SPATS. Thinniny is inodelea to reflect its contribution to total

removals from growing stock, but its effect on yields is masked by

the agyregation of stands. The volume available and actually taken

in thinninys is derived from the yield tables constructed in each

period (see below), but the acres thinned are not di stingui shed 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-

a9e volume per acre (in all stands) in aye classes just past tiin-

fling will be sliyrit.

In addition, distribution of final harvests across all eligible

aye classes does not require, under most circumstances, that an

entire aye class be harvested. Harvesting in the youngest 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 averaye volumes per acre which resulted

fran 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 levels,

changes in management practices and the natural development of

existing stands, a revised yield table is ccniputed 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 tne achievement of region-wide normal
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Figure 2.5 Illustration of the construction of periodic yield tables
and the approach to normality
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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.

Segment II indicates the yielas 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 od 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 normality" tor one aye class in the younger group; line

(b) shows the development of an aye class in the older group.

Just as there is little directly applicable yield data, there

is little empirical information on the rate of this approach to

normality 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. In 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 sliyhtly 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 cmparison. 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-

jection 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 initial 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 model (2) The SPATS projection uses forest survey data on the

uistribution of area by stand type and aye class, and published

(TRAS-based) information for estimates of total (initial) yrowing

stock volume. Fiyure 2.2 demonstrates that this calibration process

does not significantly alter the level of the initial yield tables.

The annual removals from yrowiny stock, by owner yroup, 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, 1917, in this case) with the TRAS model.

•••' .,.•••••,'•• ~,• •• t .• ':,'1
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these volumes are themselves derived from estimates produced by the
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distribution of area by stand type and age class, and published

(TRAS-based) infonnation for estimates of total (initial) yrowi ng

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 cnnion startiny point for the projections of

the two models, estimates of yrowiny stock volumes difter substan-

tial ly 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 HAS, reflecting the results of

more intensive inanayernent.

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 199b

significant aeclines in yrowiny stock inventory can be expected.0

The timber production goals of 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 startiny point--is largely the

,,.,1 ''''t~'': .•~, .~';""," :;" ,~....-!
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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 yrowtr in the TRAS model--for both industry and non-

industrial wrivate 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 levels of management (regeneration to pine). SPATS

(2) is a growth projection predicated on intensified pine regenera-

tion on nonindustrial forests begun in 1982. This effort involves

plantiny 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 yrowiny stock reiiovals

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 noninciustrial owners which

result when the natural reyeneration transition matrix is modified

to regenerate all nonplanted stancis 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

reyeneration 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

regeneration 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 along with estimates from other sources. Estimates

for the Southcentral region 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 accrinplish-

ments. In Table 2.4 the annual rate of plantiny for the first

period in SPATS is compared with published data tor each owner. rn

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 level of public

cost-share expenditures. In the base run reported in Table 2.4

(also Table 2.1) and SPATS (1) in Fiyures 2.6 and 2.7) these pay-

ments remain at current levels, approximately 6.6 million aollars a

year in each reyion. In the projection SPATS (2), payments are

increased in both reyions by a factor of five. For more detailed

policy simulations usiny the SPATS model see Chapter 3.

A final measure of the SPATS projection is 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 begi nni ng 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.S6 million acres--is comparable to the loss over a five
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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 aye 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 anu 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 aye 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

Abs tract

Forest Service projections of the long-tern supply and deniarid

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 ccxiii ny from noni ndu stri al

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 through sharing the cost of

reforestation is a favored policy instrument of those who advocate a

role for the yovernment in prcxnotiny 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-term

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-term 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

levels of manayenient (pine regeneration) by nonindustrial owners,

softwood stumpage prices will rise faster than previously expected

to the year 20U0, 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

noninciustrial inventory and harvest, but will have little effect

before the year 2010. In the long-tern 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.

markets with short-tenn stumpage supply relations.
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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 becoile increasingly important (USDA,

Forest Service, 1982). These projections suggest that future

dniiestic supplies of softwooa fiber will depend in larye part on

southern forests and the nonindustrial private owners who control

the majority of that region's timber inventory and cmnercial forest

land base. There is mounting evidence, however, indicatiny 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 briny 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 Proyram (NP) (PL 93-86). Nearly
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90 million dollars has been spent throuyh this program 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 cc*nponent; 2) a model of southern

softwood inventories which reflects both changes in management prac-

tices and natural regeneration tendencies in the absence of manage-

inent; 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.

Govermient 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-

48

90 million dollars has been spent through this proyrarn 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 canponent; 2) a model of southern

softwood inventories which reflects both changes in management prac-

t ices and natural regenerati on tendenci es in the absence of manage-

ment; and 3) a model of softwood stumpage and product ma~kets. 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-



49

vate, nonindustrial forests. Since these owners control the major-

ity of the cnniercial 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

manayement 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 PIP 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. Proyrain accomplishments in the FIP have been examined by

Ri sbrudt and El lefson (1983), Mills and Cain (1979) and Mills

(1916). James and Schallau (1961) reviewed forestry practice

acccnplishments under the Agricultural Conservation Program (ACP).

Kurtz etal. (1980) and Aug etal. (1980) investigated retention
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rates for plantation established under the ACP and the Conservation

Reserve Soil Bank (eRR) programs.

Landowner response to actual or proposed programs has been been

considered by (among others) Hickman and Gehlhausen (1981), Mul laney

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

question of previous or prospective participation in incentives

proyrarns. 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 friyii increased

stumpage supply in the South, concluding that the rate of return (to

the public) frau pine regeneration is likely to be quite high. This

study, however, only partial ly 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 government policy on reforestation decisions is not

addressed. Second, while investment opportunities are determined by

econcmical ly 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 Beflavior

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 Service,

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

•..., ... '., ··.·.:.1
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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

temptiny to look to the literature on investment analysis tor a

theoretical framework. DeSteiyuer (1982) develops a model of pri-

vate capital expenditures on reforestation which is patterned after

a model of investments in financial assets. Ti k ka nen (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; Mul laney and

Robinson, 1980).

The approach taken here is similar to that used by Tikkanen

(1983), but adapts a theoretical framework found in the agricultural

literature. Crop supply models have been quite ciimonly formulated

in terms of producer response to a variety of influences, including

market information and government policy intervention (Houck etal.,

1976; Walker and Penn, 1975; t-1ouck and Ryan, 1971, French and

Mathews, 1971). A variant of these acreage supply models is
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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 argued, by economic, policy and

(perhaps) other variables. The yeneral model is

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

where the dependent variable, A, is the total number of acres

planted, S represents yovernnient policy, M represents market influ-

ences (such as prices and costs), and 1 represents all other deter-

minants of management response and random effects. Among the other

determinants of response are non4uantifiable 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-

nent expenditures: multiple management yoals, 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 ccxrnnittments of capital, long 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 etal., 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 owni ny 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-sharin9 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 given for actively

reforesting harvested lands.

The decision not to reforest harvested land was, in this stir-

vey, a consequence of other uses for harvest revenues, the feeling

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 likely 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 releyated to the

cateyory 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 ayricultural 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 ccmpl ex 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

plantiny costs based on surveys begun in 1952 (see Moak et al.

1979; Yoho et al., 1969; Worreil, 1953). The index constructed is

an aggregate, 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

(increasiny 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 etal. (1979).

Over the past thirty years, subsidies for forest management

practices have been provided through a variety of programs. The

Agricultural Conservation Program (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 significant impact

on pine regeneration in the South (see Figure 2.1). Both the ACP

and CRP programs had soil and water conservation as primary goals;
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the planting efforts ot these programs have been concentrated on

former agricultural land. The more recent FIP and state programs

emphasize timber production and assist in planting (primarily) cut-

over and poorly stocked forest land. With the exception of faciny

different plantation establishment costs, however these programs may

be essentially ciiparable 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

(tile proportion of total costs provided by the yovernment).

Secondary or indirect effects are the influence payments have

on those who do not participate in a program (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

owners willingness to bear the total cost of reforestation is

'..... ,•• ·-·:·f"": : ..,'.(;
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diminished by observiny the payments received by others. Cost-share

expenditures may influence expectations of future prices as well.

Observation of new (cost-shared) plantations may result in

expectations of future prices being revised downward.

Also included in the cateyory of neyative effects should be the

aryument that cost-share expendi tures merely represent a 'wi ndfal 1"

to those who would have planted trees anyway. As a result, it is

suggested, 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. Desteiyuer (1982)

attempts to investigate this question, although his results are

inconclusive.

Positive secondary effects could cxne about as a result of: 1)

cost-shared reforestation accomplishments advertising programs to

those who niyht otherwise not have known about then; or 2) cost-

sharing programs 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) suyyests 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 nulticollinearity indicated

that this was not 'ikely 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 acreage supply response,

policy intervention eftectively 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-
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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 lag in government payments was introduced. The

specification is

= b0 + b1COSTt + EAGOVPt. + (2)

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 b1 in equation (2) is preumed a priori to be

negative. Higher costs should result in lower levels of planting.

The appropriate length (n) of the distributed lag in GOVP is

n

unknown, but the sum of the lag coefficients A. should be

i=O

positive. The structure of the lag coefficients is also 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 lay

lengths. Results from more complex models were compared with

results from direct estimation of the lay coefficients. While the

latter method risks introducing multicollinearity, it has the advan-

tage of not imposing any a priori constraint on the lay structure.

The moael in equation (2) was estimated for each of the two

southern regions (Southeast and Southcentral) usiny data from 1950-

1979. The dependent van able was taken from publi shed 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 programs were deflated by an index

which reflects the higher cost of planting land requiring site

preparation. The derivation of these indices is comparable to that

used in constructing the cost index variable, discussed earlier.

Estimation results for the models are shown in Table 3.1.

Explanatory power is 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

• . "I" ~ ,>"~." p .....J
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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 lays (the current and previous year) were adequate to

capture the effect of government payments and the lay coefficients

were estimated directly. In 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 ployed to estimate the lag coeffi-

cients. Minimum standard error of the regression was the criterion

used in detennining the appropriate lay length.

The importance of yovernnient policy in determining nonindus-

trial private planting in the South can be seen in the strenyth of

these results. The aggregate policy coefficient (Table 3.1) indi-

cates the total number of acres planted as a result of each dollar

spent through subsidy proyrams. (The dependent variable is thou-

sands of acres, and the policy variable is 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 cc*npared with direct

public expenditures on reforestation, shown in Table 3.2.
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Year FIP All Prograins3
current constant Southeast Southcentral
dollars" dollars2' constant dollars

1974 39.0 20.85 23.98 19.96

9754

48.0 20.69 24.42 32.37974

1977 47.0 17.55 13.46 21.12

1978 51.0 17.67 20.56 20.40

1979 54.0 17.42 20.70 19.35

sample5' 47.8 18.84 17.92 17.01

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

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

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

Data for 1975 and 1976 are ccinbined due to the impoundment of FIP
funds in 1975 and the change in the federal fiscal year in 1976.

Sample is 1974-19 79 for FIP; 1970-1979 for all programs ccnbi ned.
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Table 3.2 Average public expenditures per acre for cost-sharai
nonindustrial private reforestation in the South
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Year ---------FIP-------------
current constant
dollars 1/ dollars 2/

-----All Programs 3/-------
Southeast Southcentral

constant dollars

1974 39.0 20.85 23.98 19.96

19754/

19764/
48.0 20.69 24.42 32.37

1977 47.0 17 .55 13.46 21.12

1978 51.0 17.67 20.56 20.40

1979 54.0 17 .42 20.70 19.35

sample5/ 47.8 18.84 17.92 17 .01

--
I Average federal cost, for reforestation (Ri sb rudt and Ell ef so n,

1983) •

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

3 Ex pe ndi t ures ina11 proyrams deflated by the indices ot" ~lanting

cos t s, divided by the total numbe r of ac res pl anted wi th sub-
sidies.

4 Data 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 avera9e direct expenditures per acre

and the inverse 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 throuyh 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

throuyhout most of the past decade. The use of the ful I 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 good 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 Syst (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 Raynes, 1980) a single composite

softwood stand is specified for each owner in each reyion of the

South. At this level of aggregation TRAS in unable to account for

:~.::"
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the growth and yrowiny stock shifts from softwooa to hardwood

stands, or shifts between softwood stands with different yrowth

rates. Under these circumstances, projections over long time

periods with TRAS may considerably under- or over-estimate growing

stock levels. The composite acre representation employed in TRAS

also presents the problem of converting area-based acccsnplishnients

(the estimates frcui the reforestation model) into changes in average

inyrowth 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 aye class and stand type. Four stand types are

modeled: natural pine, plantation pine, oak-pine and hardwood.

Nineteen five-year aye 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 ccniputed using the refor-

estation equations, or set to a pre-deterniined level. Natural

regeneration transition probabilities are specified for each soft-

wood stand type; these parameters indicate the probability of alter-

native regeneration outccuies 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 mooel of

softwood lumber, plywood and stunipaye 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 TAMNI see Adams and Haynes (1980).

TAMM was designed to facilitiate forest policy analysis and,

with minor modifications, is able to provide a powerful structure

for evaluatiny the impact of alternative levels of reforestation

subsidies. In addition to replaciny the TRAS inventory projector

with tne SPATS model in the southern regions, two other changes were

made in TAMM.

Revised inventory projections indicated that under certain
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conditions (continued low levels of pine reyeneration) owners in the

South could exhaust the merchantable portion of their softwood grow-

my 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 inyrowth into merchantable

age classes. For those years when an estimate of the market solu-

tion indicates that this limit 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 levels as

dcniestic 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 hi9her levels 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 USin9 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 nill lion

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

ccxnpiled by the Forest Industries Council (lYBU) confinus that this

is, in fact, current practice.

Table 3.4 shows projections of softwood acres harvested and

planteu under these assumptions. In the baseline case, noniridus-

trial owners continue to plant fewer than 20 percent of the softwood

acres harvested-- a rate yenerally consistent with recent historical

observations (Boyce and Knight, 1919 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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tions for nonindustrial owners. In the "baseline" simulation, cost-

share payments (in all programs) are assumed to remain constant (in

cur rent dol 1a rs ) at 6. 6 mil 1ion dol 1a rs i n each reg ion. Th i sis

approximately equal to current levels. In the alternative "high

...•..._ .•..;....... ·····~'i

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

canpiled by the Forest Industries Council· (1980) confinns that this

is, in fact, current practice.

Table 3.4 shows projections of softwood acres harvested and

plante·d under these assumptions. In the baseline case, nonindus­

trial owners continue to ~lant fewer than 20 percent of the softwood

acres harvested-- a rate generally consistent with recent historical

observations (Boyce and Knight, 1979 and Fecso ~~., 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 IIbacklog ll area suitable for reforestation or

stand conversion, it is clearly a major change in pine regeneration



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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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 2UO2 2012

SOUTHCENTRAL

Baseline2
Harvested 830.43 926.19 623.83 451.66
Planted 161.70 142.89 124.26 105.62

High Payments2
Harvested 830.83 941.15 434.66 124.41
Planted 927.28 864.58 804.59 746.79

SOUTHEAST

Baseline2
Harvested 838.61 906.11 860.31 735.61
Planted 139.79 1/7.01 164.66 152.60

Hi9h Payments2
Harvested 838.61 911.13 860.25 709.25
Planted 876.90 824.75 115.29 128.07
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Table 3.4 Projections of acres harvested and planted by nonindus­
trial private owners in th, South under alternative
levels of cost-share. payments!

.... ! ,...... ! .' .',' •.:.. . _.•.-" ,/- ...~ i

SOUTHCENTRAL

Baseline2
Harvested
Planted

High payments2
Harvested
Planted

SOUTHEAST

Baseline2
Harvested
Planted

High payments2
Harvested
Planted

1982

830.43
161.70

830.83
927.28

838.61
189.79

838.61
876.90 .

1992

926.19
142.89

941.15
864.58

906.77
177.01

911.13
824.75

2002

623.83
124.26

434.66
804.59

860.31
164.66

860.25
775.29

2012

451.66
105.62

724.41
746.79

735.61
152.60

709.25
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 expendi tures on removals, yrowth and yrowi ng 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 Kfliyht, 1979). Removals

by industrial owners (alony 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 plantiny 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.

...j:-:.:.-N....... ':"'-..... ~, ~!
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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 removal s, growth and growi ng stock i nventor-

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

iJrevious "baseline" projections made by the Forest Service (USDA,

Forest Service, 1982) it is the logical result of the continuation

of current management practices (Boyce and Kniyht, 1979). Removals

by i ndustri al owners (along wi th 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

r&novals, growth and growing stock by owner group. The results from

a baseline simulation usiny 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 9rowth and inventory effects of higher levels of reforesta-

tion cost-share payments are not surprising. Increased pine refor-

estation yields higher softwood 9rowth and higher levels of yrowiny

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. Fiyure 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. Fri the year 2000 and beyond the reduction in stump-

aye and product prices is increasingly dramatic as the new planta-
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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 fo r cont rast. Both the level and the di stribution 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 growth and inventory effects of higher level s 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 i s to i nfl uence suppl i es and pri ces. Tab 1e 3.8 shows pro-

jections of softwood product price indices, production ftnd consump-

tion for the baseline and high payments simulations. Tab 1e 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 ale (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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1 See text for description of assumptions

2 Computed from producer price indices

80

Table 3.9 Projected stuinpage and product price effects of an

increase in reforestation cost-share payments in the

South

PERCENT CHANGE FROM BASELINE LEVEL'

1995 2000 2005 2010 2015

SlUM PAGE

Southeast -1.9 -1.0 -5.0 -27.2 -36.8
Southcentral 0.0 +2.8 -2.6 -29.8 -44.8

PRODUCTS2

Lumber -0.8 -1.5 -0.7 -10.7 -15.0
Plywood 0.5 -1.0 +2.1 -10.0 -12.0

80

Table 3.9 Projected stumpage and product price effects of an
increase in reforestation cost-share payments in the
South

PERCENT CHANGE FROM BASELINE LEVELl

STUMPAGE

Southeast
Southcent ra1

PRODUCTS2

Lumber
Plywood

1995

-1.9
0.0

-0.8
0.6

2000

-1.0
+2.8

-1.5
-1.0

2005

-5.0
-2.6

-0.7
+2.1

2010

-27.2
-29.8

-10.7
-10.0

2015

-36.8
-44.8

-15.0
-12.0

•.-_..... -;. "~*,.". • .. t

1 See text for description of assumptions

2 Computed from producer price indices
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tions mature and are harvested. By the year 2015, lumber consurup-

tion (in all demand regions) is nearly 10 percent higher, while the

index of lumber prices is 15 percent lower than if payments remain

at current levels. Price reductions are even 9reater in stumpaye

markets where by the year 2015 prices in the southern reyions are 37

percent to 45 percent lower than under a continuation of current

manayernent 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 fr&n 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 etal., 1982).

Consumer surplus is defined as the area under the demand curve

and above the (equilibrium) price line. Chanyes 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-tern 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 (1961) dollars, these should be interpreted as

"real" interest rates.

Table 3.10 presents computations of the change in the suni of

consumer and producer surplus resultiny from the change to a hiyher

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 terms of present

val ue.

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 curnula-

tive benefits of increased cost-share payments exceed cumulative

proyrani 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 eftects included in

these coefficients, a further simulation was conducted to test the

sensitivity of the policy evaluation to this paraiueter.

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

ori'inal 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)

expendi tures are used rather than tre chanye in expenditures from

,' .. - " ;·.·1
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Table 3.11 Summary of public benefits and costs of increased
reforestation cost-share payments under alternative
assuuptions

Ref. Benefits1' Costs2'
No. Interest Rate (million dollars) Benefits/Costs

Benefits are the cumulative, discounted change in the sum of con-
suiner and producer surplus. Numbers 1 and 2 show the benefits
estimated using the policy coefficients based on the ful 1 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 use the chanye in expenditures (fr'n the baseline
level). Numbers 2 and 4 use the total expenditures required to
achieve the benefits reported.

1 4% 4870 288.1 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 5.7

10% 419 204.1 2.1
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the baseline level, While this alternative cost calculation is not

theoretically consistent with the cxnputation 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. policy analysis system was

developed to provide a framework for exainininy the policy of sharing

the cost of forest management 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

. ··;·,··,,······1
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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 1950-1919 incidates that nonindustrial owners have

responded to programs which provide direct payments to detray

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 datiny 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 group.

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 programs may bring about chanyes in noninaus-

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 proyrams, but an

analysis of public costs and benefits shows the policy of shariny

the cost of reforestation investments to 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-

lotions 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 ccnbined with low

rates of pine regeneration by the region's dominant landowner,

future softwood inventories decline dramatically. Perhaps even more

important than the long-tern (30 to 50 year) consequences indicated

by the model are the implications of the inevitable reduction in

timber harvests which will collie 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 roup shares must be

adjusted.

The second contribution is the development of an empirical link

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 wil 1 not, by any means, put an end to the

debate over the appropriate policy instruments for stimulatiny tim-

ber production on noninciustrial private forests. What has been made

clear, however, is tne link between a given level of fundiny and

accomplishments expressed in tems of the policy objective:

increased timber supplies and reduced prices. This study shows that

given the historical response to cost-share proyrams, at higher

funding levels these programs can have a considerable effect on

future timber markets.

Some additional ccnirnents are also in order. Program funds carl

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 sortie 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 funding; whether one approach is pre-
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ferred to another is not readily apparent. It is yenerafly ayreed,

however, that stable fundiny--at whatever level--is necessary.

Variety and potential tlexibility in the administration of

cast-share programs sugyests, too, the possibility of increasing

program effectiveness for any yiven 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 an 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 ful y define the means by which a

policy of stimulating greater 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 cast-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 wil 1 ccnte forward to

capture pine investment opportunities is rather weak given histori-

cal evidence. The possibility of dramatic chan9es in this behavior

cannot be entirely ruled out, however. Recent changes 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 nay, too, make some difference. These represent a clear

case of private investors recognizing the earning potential of

southern pinelands and making caiunittments 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 siynificant scale is well

beyond reasonable expectations for this market.

The technology of fiber utilization nay 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 alam. As the

value of softwood fiber increases, through scaricity, industry will,
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in all likelihood, 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 iiploynient 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 sinyle program. If, as may be the case in parts

of the South, those employed in plantiny trees would be otherwise

uneiiployed (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 farm crop

surpluses and government programs designed to reniove land from agri-

cultural production. The Soil Bank Program, whose beneficial impact

on southern softwood inventories has been mentioned had, as its
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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