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PREFACE

This dissertation identifies the distributional impacts of forest productivity
on sources of regional factor income. It is the first analysis which quantifies the
interrelationships between generation of factor income resulting from timber
production and its distribution throughout a regional economy. Specifically
identifying which income levels are impacted and the extent of this impact allows
macroeconomic assessment of policies concerned with the benefits of natural
resource management to regional populations.

This analysis provides quantification of economic development within a

region. It is the distinction between economic development and economic

arowth that provides uniqueness to this study. The primary focus of this
dissertation is on the distribution of factor income throughout a regional society.
Due to the inextricable nature of social welfare and income generation, economic
development is an appropriate term applied when referring to issues dealing with
equity of resource use and the distribution of income. This is contrasted with the
less specific term econornic growth, which, in this context, is taken to simply refer
to increasing the total income within a region regardless of its distribution to
specific income groups.

The purpose of this dissertation is to construct a rational model which
quantifies the distribution of factor income and allows prediction of
socioeconomic impacts resulting from management of timber resources. This
model also assesses the distributional impacts that processing of these

renewable raw materials exhibit throughout the regional economy.
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This dissertation uses procedural technique, published data sources,
computer databases operated interactively, and quantitative specification as a
basis for drawing conclusions.’ Whenever possible, data specific to the region
under analysis is used. If not available, data specific to other regions is applied

with appropriate specification of assumptions and adjustments.
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CHAPTER |

INTRODUCTION

Problem Statement

Regional Forest Resources

A regional shift is underway in the source of timber supply in the United
States. This is due, primarily, to highly productive lands in the south and to
restrictions in western public supply. Haynes and Adams (1992) report that the
southern region of the U.S. will expand ité influence as the major source of
domestic timber supplies throughout the next century. Alig and Wear (1992)
specify the extent of this expansion and conclude that the south will experience
large increases in timber production particularly on privately owned lands.
Market price coupled with focused government policies allowing for long-term
investments will provide the incentive for improved timber production on private
southern timberlands.

How will these changes in the rural south impact generation and
distribution of regional income? Who will gain and at who’s expense? Objective
answers to these questions are necessary for lucid and pragmatic public policy

formation.



Policies and regulations which target the management of forest resources
can have important impacts on the distribution of income (Boyd and Hyde,
1989). Differential impacts on various income levels are of concern because they
heighten tensions among interest groups and between these groups and
policymakers. These differential impacts may also make public policies which

encourage forest management unacceptable.

Social and Economic Benefits and Costs

Conflicts surrounding timber production result from a variety of
environmental, economic growth, and economic development concerns.
Economic growth issues regarding timber production include efficiency of factor
input usage, comparative industrial advantage, origin and destination of capital
investments, and the contribution of industry to regional employment and tax
bases. Economic development issues include the distribution of returns to factor
inputs, comparative wage rates, and the availability of and conflict with non-
commodity forest uses such as recreation and aesthetics. Dealing with these
issues is critical to the future success of timber management. Society’s rapidly
changing attitudes toward forest usage require land managers to take a broader
view of industrial timber management’s contribution to both economic growth
and development of regions (Carlisle and Chatarpaul, 1984).

To be sure, considerable effort has been expended to incorporate less
tangible social impacts into project analysis such as valuation of non-market
goods through contingent valuation, travel-cost, and other hedonic
methodologies (Driver and Peterson, 1990; Bowker and Stoll, 1988). Within a

region, however, little is known about the implications that industrial timber



production has on issues of regional economic development and, in particular,
the distribution of income resulting from industrial timber production.

An economic analysis focused on income distribution of timber production
within regional economies does not exist. The mechanics of economic growth,
the impacts of timber production on this growth, and the resulting implications for
economic development within regions are not fully understood and require a
theoretically consistent foundation. The likely outcome of public policies and
private investment decisions will be better understood if based upon
distributional impact analysis. Implicit to this analysis is the demonstration of
interconnections between the structure of timber production and the distribution

of income and wealth among resource owners within the regional economy.

Unique Economic Attributes of Forested Regions

The forested region of Southeastern Oklahoma, in general, suffers from
higher levels of unemployment, higher levels of poverty incidence, and lower
wage rates when compared to other rural and urban regions of Oklahoma 1.
During 1988, unemployment in McCurtain County was 8.0 percent compared to
6.7 percent statewide (Oklahoma Dept. of Commerce, 1991). Per capita income
in McCurtain County was $9,089 compared to $13,321 statewide (ibid).

Growing and processing trees is a significant economic activity in
McCurtain County. Roughly 20 percent of McCurtain County’s 1985 employment
was directly tied to the industrial timber base (IMPLAN, 1991). Indirect and

1. It could be hypothesized that this situation extends to other forested regions, particularly
throughout the southern United States. Further research is required to substantiate this
claim.



induced employment based upon this core provides a significant portion of total
county employment.

Of the 1.2 million acres of land in McCurtain County, almost 900,000 acres
are classified as forest land (Hines and Bertelson, 1987), the bulk of which is
commercial and highly productive for growing trees. During the past 25 years,
McCurtain County has experienced a change in forest management intensity.
During the late 1960’s the Dierks Company sold its landholdings and processing
facilities in McCurtain County and the adjoining region to the Weyerhaeuser
Company. This sale included more than 800,000 acres of forest land, much of
which lies in McCurtain County. The Weyerhaeuser Company has transformed
roughly half of these forested acres (Birdsey and May, 1988), through
scientifically accepted silvicultural practices, into even-aged loblolly pine stands.
This has resulted in a modest amount of social conflict within the region (Lustig,
1983).

The southern region of the United States has enjoyed significant economic
growth as a result of forest products sector activity since the 1970’s (USDA
Forest Service, 1988). It is important to note that continued growth of the forest
products sector can not be sustained or supported without increases in
sustainable raw material supplies. Potential for further intensification of timber
management still exists in Oklahoma and throughout the South. These financially
attractive and biologically sustainable potentials are documented for the south by
the USDA Forest Service (ibid) and for Oklahoma by Vasievich (1987) and Lewis
and Goodier (1990).

Roughly 90 percent of forest lands in the south are owned by
nonindustrial and industrial private landowners (USDA Forest Service, 1988).
Investments to increase sustainable raw material supply from private lands is

sensitive to forest policies that support timber production. Public policies to



support forest management require political support. Political support is
dependant upon issues of economic growth, economic development, and land-
use compatibility.

Tourism and recreationally based employment are also important
components of economic opportunity throughout the southern United States. In
McCurtain County, Beavers Bend and Hochatown State Parks as well as the
McCurtain County Wilderness Area and the Broken Bow Reservoir attract a
significant amount of business activity to the region. Industrial timber production
has been shown to have limited compatibility 2 with tourism and recreationally
based development due to aesthetic concerns (Clawson, 1974).

Natural resource policy analysis is hampered by a lack of working tools to
determine who gains and who loses from alternative resource allocation
decisions (Rose, Stevens, and Davis, 1988). Aggregate measures of benefit-cost
analysis provide economic efficiency criterion. These aggregate measures,
however, fail to address economic equity criterion important for decision-making
by land managers, policy-makers, interest groups, and private enterprise.
Distributive economic impact analysis is an increasingly important component of

forest management decision-making.

The Study

The objective of this dissertation is to outline a rational model which can

assess distributional impacts of changes in natural resource productivities. This

2. Limited forest use compatibility for wood production, as specified by Clawson (1974), ranges
from moderately compatable (the case of providing general recreational opportunities) to
completely incompatible (the case of providing wilderness).



model will then be structured and empirically estimated for a natural resource
dependant region given an exogenous increase in timber productivity.

The distribution of returns resulting from timber production are dependant
upon the ownership of resources. These resources, referred to as factor inputs,
include land, labor and capital. It would appear that differences exist between
industrial and nonindustrial private ownership of timber resources and their
integration within a region. For example, resident nonindustrial private
landowners may control and regionally integrate returns to the entire spectrum of
resources used in timber production to a greater extent than absentee
nonindustrial forest landowners and industrial forest landowners. Industrial forest
owners may, on the other hand, be primarily integrated into a region through

significant returns to labor resources.

Objectives

The basic objective of this study is to construct a social accounting matrix
for McCurtain County, Oklahoma to facilitate analysis of distributional impacts of
timber production potentials on sources of income for three income groups and
the resulting impact on factor markets. The model will emphasize three timber
production ownership groups and the wood processing sectors.

The specific objectives of this study are:

1. To review literature regarding the role of forest resources in economic growth
and development.
2. To review literature pertaining to the past and present state-of-the-art in

regional economic analysis including development and usage of input-



output analysis, and its extension to social accounting methodologies as it
relates to natural resources.

3. To quantify the impacts that timber production have on the spectrum of
income levels within a region during a base year.

4. Exogenously interject the potential of timber production to assess distributional
change.

5. Describe analysis limitations and suggest areas for further research.

Expected Results

An understanding of past research will provide the foundation for the
analysis used in this dissertation. This study allows an empirical assessment to
be made regarding distributional impacts of increased timber production
throughout the region under examination. Furthermore, this study allows impact
differentials to be distinguished between nonindustrial and industrial private
forest ownerships as well as public forest ownerships.

Commodity and money flows associated with timber production within the
McCurtain County economy are expected to most actively impact middle and
high income households, both industrial and nonindustrial forest landowners, »
and corporate interests. Given general inattention to timber management by
nonindustrial private forest landowners, the incorporation of productive potentials
should show considerably more activity within this institutional category.

The distribution of timber production economic impacts as well as the
description of market equilibrating mechanisms and land-use compatibilities will
provide clearer perspective for decision-makers. The risks associated with

investing public and private funds within McCurtain County and the surrounding



region will be more clearly described. The foresight required for economic
development of rural forest-based economies, particularly the pragmatic
understanding of how intensive timber management affects people, will be a
direct result of this study.

Current policies targeting private forest management throughout the
United States can be either re-active or pro-active. The general shift in sources
of U.S. domestic timber supplies are real and, to a large extent, an inevitable
consequence of current public sentiment. The southern U.S. will experience an
increase in timber production on private lands during the twenty-first century.
The tradeoffs between economic equity and economic efficiency will be one
determinant of societal acceptance. Pro-active policy analysis would focus on

the opportunity to foresee these tradeoffs.

Organization of the Study

A literature review of previous work which addresses the ability of forests
to provide economic growth and development of rural regions is contained in
Chapter Il. Chapter lll contains review of the literature pertaining to input-output
analysis and its extension to social accounting; an identified regional analysis
technique appropriate to addressing questions of income distribution. An
analytical social accounting matrix framework is presented in Chapter V.
Chapter V details the construction of an empirical social accounting matrix (SAM)
for McCurtain County, Oklahoma. Chapter VI provides interdependency
analyses as well as supply-constrained, mixed exogenous/endogenous analyses

for prediction of impacts which result from increasing the productivity of the



regional timber resource. Chapter VIl provides a summary, discusses policy

implications, and derives conclusions of this analysis.



CHAPTER II

FORESTS AS TOOLS OF REGIONAL ECONOMIC GROWTH AND
DEVELOPMENT: LITERATURE REVIEW

Forests and Regional Economies

What do we know about regional economic structures dependant, in large
part, on natural resources for economic growth and development? This central
question provides the focus of Chapter Il. We have an intuitive feeling that
forests must have played an integral role in regional economic growth and
development through time simply due to their presence and utilization over time.
Active research, on the other hand, does not provide comprehensive answers to
this central question.

The following discussion brings together fragmentary components which,
when combined, provide understanding with regard to this central question.
These components begin with literature regarding the historical progression of
forest use, viewed primarily from a utilitarian perspective, to social conflict
resulting from actual and perceived misuse. Current economic problems of
forested regions including market imperfections, issues of equity, social

acceptance of timber production, valuation of non-market resources, and the

10
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ability of public policy to address these issues provides the necessary context
within which analysis can proceed. A broad overview of approaches and
concepts of regional economic growth and development identifies approaches to

regional analysis.

Historical Context

Throughout the rise of human civilizations across the globe, forests have
been relied upon to serve short-term human needs at local levels. Given this
time and spatial frafne, developments in perceiving forests as longer-term
renewable resources serving the total public have occurred only recently.

Global forestry and its progression through time is well documented in a
compilation of papers by Westoby (1987). A global perspective provides
important insight into the ability of forests to meet the needs of society. Westoby
points out that unrelenting pressures of human population inherently abuse
natural ecosystems unless constrained through intervening forces. Tropical
forestry’s ability to meet short-term needs of expanding populations is dynamic in
that land-use equilibriums have not yet been reached.

Consider the early development of the United States. It is ironic that
argument is rarely offered for successful macroeconomic development of the
United States at the expense of forests which were converted to agriculture
throughout the East and Midwest. Owen (1975, pages 226-231) discusses the
history of exploitation under which the pre-settlement United States’ forests have
been transformed. An important point is that perception of wise forest use is
often a function of the stage of economic growth a region or country is currently

in. To what degree are people who already enjoy highly advanced stages of
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economic growth dictating to people in less developed stages of economic
growth the appropriateness of using raw material resource stocks for their own
improved welfare?

Apportioning land to its most valuable use in the short-term has provided
for the day-to-day needs of people throughout history (ibid). Sustainability of
productive land capacities is often considered a luxury by people grasping for
day-to-day economic household requirements. The ability of intervening forces
to simultaneously sustain impoverished populations and maintain productive land
capacities is a core issue of global 21st Century social, economic, and
environmental problems (Laarman and Sedjo, 1992).

The implementation of silviculturally sound forest management practices
can provide solutions to this problem. Shifting local people’s effort to more
sustainable practices will require structural social and economic change.
Institutional cooperation, technology transfer activities and market incentives are
critical links in attaining environmentally sustainable economic growth and
development (ibid, Chapter 8).

Timber production, harvest and processing has been a major employment
source in rural forested areas. Sartorius and Henle (1968), in an early work
attempted to forecast future forest related employment based upon supply and
demand relationships. Their conclusions were based upon the inherent ability of
forests to act as instruments of regional employment creation. Fundamentally,

the reasons for this are elaborated as follows (ibid, page 305):

In the context of industry as a whole, forestry and forest industries
are characterized by their high degrees of indirectness as to input
and output and their many forward and backward linkages to the
rest of the economy. This interdependence makes them a
particularly advantageous starting point for stimulating wide parts of
the economy and investments therein.



13

It is widely understood that employment is but one of the many important
factors involved with economic growth and development. Sartorius and Henle
(ibid) elaborate on the general acceptance that many of the economic benefits,
including environmental sustainability, derived from improved management of the
forestry sector are not immediately measurable and never entirely in monetary
terms. These authors generally accept the need for intervening forces in the
future success of forest management for economic development.

Forestry in the United States has evolved with the economic growth of the
nation. Much of the early forest work practiced throughout the United States was
typified by wholesale conversion of forested areas to agriculture (Owen, 1975;
page 231 and Davis and Johnson, 1987; page 3). As the need for land to
cultivate crops equilibrated with regional populations and regional export
demand, current patterns of land use have emerged.

The usage of products derived from forests has also undergone an
evolution through time. Early land clearing activities generated timber for shelter,
firewood for heat, and miscellaneous products of direct use of the household. As
technology was developed, other commodities were produced from the raw
materials of the forest and the associated marketing of these products became
more sophisticated (Sinclair, 1992; Chapter 2). These include paper products,
panel products, chemical by-products and others.

Another major shift in societal demand of forests has occurred during the
past 50 years. Marcin (1990) has identified increases in forest use for recreation
and aesthetic purposes as resulting primarily from demographic forces. These
forces which include age structure and affluence, are continuing to increase

forest demand pressures for recreation.
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Forestry, as a profession, has its roots in an extension of European
silviculture. The work of Gifford Pinchot and others during the late 1800’s and
early 1900’s developed institutions which foster forest management for sustained
and renewable production of the many resources society demands of forests
(Davis and Johnson, 1987; Chapter 1). Examples of these institutions include the
U.S.D.A. Forest Service and the Society of American Foresters.

Management of U.S. forests, since the dawn of U.S. forest management
institutions, has differed depending upon ownership. Table | identifies current
ownership of U.S. forests and their trends for the next 40 years. Industrial
ownership of forest land is primarily focused on intensive silvicultural production
of fiber. Smaller private ownerships have widely varying objectives and
intensities of management. Public forests have typically embraced multiple-use
goals which drive forest management (ibid).

The variety of forest uses resulting from management is strongly tied to

the social and economic structures of small regions. Alward (1987b) elaborates:

These land uses, including timber harvesting, livestock grazing,
watershed development and wildland recreation, often shape the
pattern of economic development and consequently affect social
order through the employment of labor and the ownership of
primary inputs.

Current relationships which exist among these uses is an important topic in its
own light. The competing and complimentary aspects of forest usage has in the
past, and will continue to dictate the ability of forests to be used for economic

growth and development of regions.



TABLE |

AREA OF TIMBERLAND IN THE U.S.1, BY OWNERSHIP AND REGION,

SPECIFIED YEARS 1952-1987, PROJECTED TO 2040

Projections
Ownership and region 1952 1962 1970 1977 1987 2000 2010 2020 2030 2040
Million Acres
Ownership
Public 152.8 1525 1502 1442 1363 134.3 134.3 1343 1343 134.1
Forest Industry 590 614 676 689 706 715 715 714 713 71.0
Farmer and 297.0 301.2 286.3 278.0 2764 270.0 266.9 2629 259.7 257.5
other private
Total 508.8 515.1 504.1 491.1 483.2 4758 4727 468.6 4652 462.6
Region
North 1543 156.6 1544 153.3 154.6 1544 153.6 151.7 150.5 1495
South 204.5 208.7 2033 1984 1954 1913 190.0 1886 1874 186.8
Rocky Mountain 666 669 645 602 611 599 59.7 595 594 59.2
Pacific Coast 834 829 8.8 791 721 702 695 687 680 67.1
Total 508.8 515.1 504.1 491.1 483.2 4758 4727 468.6 4652 462.6

Note: Data for 1952 and 1962 are as of December 31; all other years are as of January 1.
1. From USDA Forest Service (1990; Table 70, page 111).

GI
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Current and Future Contexts

Intense demand pressures have caused increases in the amount of
legislation and regulation within which U.S. forestry operates today. The ability of
forests to continue as instruments of regional economic growth and development
hinges upon societal acceptance of various practices and the creativity of the
forestry profession in adapting to societally determined needs and wants.
Ellefson, in a recent work, introduces the study of forest policy with the following

(Ellefson, 1992; page 1):

The physical presence of forest resources on the nation’s
landscape is vast and richly diverse. But physical presence alone
is not a virtue. Forests must be transformed by society according
to important social and political values which reflect a broader
interest in assuring citizens of healthy and comfortable lives and
surrounding them with ample opportunity for leisure pursuits.

Making the right choices in allocating resources from a societal viewpoint
is critical to the manner in which forests will be transformed. Davis and Johnson
(1987) provide specific evaluation criteria within which successful future utilitarian

forestry will necessarily rest. These include:

1. Economic efficiency;

2. Favorable impact on regional and local communities;

3. Equity in the distribution of costs and benefits among the members of
society;

4. Economic and social stability; and

5. Security of the environment.
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Of primary interest to this study are criteria 1, 2, and 3 which include
forestry’s economic efficiency, impact on regional and local communities, and
equity in the distribution of costs and benefits. A better understanding of these
evaluation issues is critical to addressing issues dealing with economic stability
and security of the environment.

Davis and Johnson (ibid, page 336) adapt a useful grouping of regional
goals and social impact criteria for evaluating changes in forest use. These
include regional goals of (1) economic activity (comprised of employment, value
added and sales); (2) individual welfare (including unemployment and average
wage rate structures); (3) area equilibrium (economic diversity, community
lifestyle, social strife, and future development); and (4) local government
(comprised of costs and benefits to governments).

Turning goals into active plans which encourage forests to be used as
instruments of regional economic development has been discussed by many.

An interesting paper by Thomas (1989; page 2) argues:

... rural economies will only become stronger when they are able to
capture the competitive edge of the rural environment. This
competitive edge lies in the natural resource assets of rural areas,
the essence of their ruralness.

Thomas further argues that past inability to fully capture forest resource
potentials is due to ever-changing ground rules of rural economic development,
the dawning of landowners considering themselves to be entrepreneurs instead

of producers, and the imperfect workings of the United States’ market system.
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Economic Conditions of Forested Regions

What barriers are present to constrain the use of forests as instruments of
regional economic growth and development? The character of this growth and
development have bounds which are a function of economic conditions specific
to forested regions. These economic conditions, as identified in the literature,
consist of general market imperfections, issues of income distribution equity,
acceptance of timber production, and the inclusion of social valuation of non-
market goods. Political conditions also impact the use and management of
forest resources. Active research in policy analysis to support development of
policies specific to forestry which meet the needs of society in economic growth
and development is an important line of discussion. These topics will now be

addressed.

Market Imperfections

It could be argued that the primary objective of a large portion of the
private sector in the United States is maximization of profit given relatively short
planning horizons. Whereas ensuring the long-term productivity of forest assets
could be a potentially important societal goal, its importance is diminished for
those interested in short-term gain. This important distinction is quantified in
differences between private and societal rates of return as measured by discount
rate. Private investment decisions are typically based upon higher discount rates
applied to cash-flows. Higher discount rates weight cash flows with more
emphasis on short-term returns. Social discount rates, on the other hand, are

typically much lower. This implicitly weights cash flows which place more
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emphasis on longer-term returns. Forest assets, and the costs associated with
their management, contain primarily longer-term returns. This is due to the
length of time required to produce merchantable commodities.

Another imperfection of the market system specific to forestry and its
economic development context is the general inability to efficiently allocate open
access, common property resources. A thorough discussion of open access,
common property resources can be found in Barlowe (1986). Many of the
benefits derived from forest-based recreation, particularly on public lands, are
open to all and allocated as common property resources. The simple fact that
access to aesthetic resources is open to all foregoes the ability of the market
system to efficiently allocate these resources. The system of rights, represented
by institutional arrangements, provide a basis for the concept of property (ibid;
Chapter 12). To derive a meaningful assessment of the economic potential
forest-based outdoor recreation provides, property rights which assign
ownership are required.

Tied to this are externalities associated with forest use. When one activity
financially impacts another activity within a regional economy, without due
compensation, market imperfection exists. The production of timber, particularly
through even-aged practices such as clearcutting, has the potential of presenting
externalities with tourism and recreational based activities through aesthetic
disturbances. A detailed discussion of externalities associated with productive
activities can be found in Mishan (1982, Part Ill).

Other problems associated with larger industrial ownerships of forest land
and processing facilities, particularly in remote regions, are the more traditional
market imperfections such as monopoly/oligopoly and monopsony/oligopsony.
Factor input markets for labor, technology, land, and capital are often dominated

by single large corporate forestry interests in remote rural regions.
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Markets for timber are particularly vulnerable to domination due to factors
of production and hauling costs. Mead (1966), in a dated study, assessed the
behavior of buyers in the market for federal timber through analysis of factor-
input supply and demand. Results of this study indicate that, whereas lumber
markets appear to be very competitive, markets for timber inputs are
characterized by factor supply functions which are relatively inelastic. This is,
most notably, due to cost structures and the narrowly circumscribed

geographical nature of timbersheds.

Issues of Income Distribution

Literature which identifies timber production impacts on income
distribution is nonexistent. This is, however, at the core of regional economic
development. Rose, Stevens, and Davis (1985) looked at income distribution
and policy impacts but focused on the extraction of mineral resources from
federal lands. Timber is fundamentally different from extracting depletable
natural resources in that if properly managed, it is a renewable resource.
Sustainable management of forests for economic growth and development
provides maintainable levels of raw material injection into regional economies.

The number and trends of people living with income below what is
deemed the "poverty level" correlated with regional natural resources and linked
with relevant socio-cultural variables would be a fruitful line of econometric
pursuit. Indeed, it appears that forested regions tend to have lower per capita

incomes and a larger proportion of people living below the poverty line
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compared to other rural regions and urban areas !. Evidence from Oklahoma
statistics (Oklahoma Dept. of Commerce, 1991) provide examples of this.
Proportion of people living at poverty levels is one of many economic variables
which can be assessed at the regional level. Whereas econometric pursuit of this
nature is beyond the scope of this dissertation, it would provide further evidence
that problems exist in this area.

Tied to this is labor mobility (or immobility) of people residing in forested
regions. People continue to reside in areas with limited employment
opportunities and lower wages for other amenity and cultural values. Research is
lacking in the quantification of this rigidity to labor mobility through specification
of a supply elasticity for labor in these regions. It would appear, however, that
this regional labor supply function would be relatively inelastic in forested regions
thereby leading to a conclusion that poverty may be brought on by people who
are not willing to move to other regions for employment due to fundamentally
non-economic reasons. This has general implications for regional income
distribution within forested areas.

A convenient measure of income distribution is shown graphically using a
Lorenz curve. The Lorenz curve, shown in figure 1, is a representation of the
cumulative percentage of income received by the cumulative percentage of
population. A shorthand summary measure of relative degree of income
inequality within a region is found by taking the ratio of the area between the line
of equality and the Lorenz curve and the total area under the line of equality.
This ratio, developed in 1912, is known as the Gini coefficient named after the

Italian statistician C. Gini. This is also shown in figure 1.

1. A testable hypothesis could include consideration of physical forest inventories, demographic
statistics, and cultural variables. Research of this nature has not, to the author’s knowledge,
been reported in the literature. Unfortunately, the scope of this dissertation does not allow
for empirical research which independently substantiates these claims and is left for further
research needs.
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Figure 1. The Lorenz Curve and Resulting Gini Coefficient (from Todaro, 1985;

page 146).
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As an aggregate measure of inequality, Gini coefficients can range from
zero to one. Empirical studies (Todaro, 1985), however show that Gini
coefficients in regions with high income inequality range between 0.5 and 0.7 and
regions with relatively more equitable distributions range between 0.2 and 0.35.
In looking at countries across the world, Todaro (ibid) has developed specific
and interesting conclusions. The most important of which is that developed
countries, in general, exhibit relatively more equal distributions than most Third
World countries. Todaro speculates that this is due to the fact that most
industrialized countries have been able to develop effective mechanisms, over
the years, to transfer some proportions of their incomes through progressive
taxation, social security payments, unemployment compensation and other
welfare payments. Aggregate measures such as the Gini coefficient are effective
for comparing economic conditions between regions.

Within regions characterized by inelastic labor supply functions, there
could be a tendency for a relatively larger proportion of residents to work for
lower wage rates. This would tend to lead to a larger inequality of income. The
distribution of income within a region will tend to characterize economic issues
dealing with equity of resource use. Were this hypothesis to be true, a
comparison of Gini coefficients between regions would show that forested
regions have higher coefficients as compared to broader areas which include

rural agricultural-based regions and urban areas 2.

2. The comparison of regional Gini coefficients could be incorporated into the previously
discussed analysis to justify claims regarding rural forested regions in addition to more
succinctly identifying causal income distribution agents. It is, however, beyond the scope of
this dissertation.
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Social Acceptance of Timber Production

To assess forests in view of regional economic growth and development,
an understanding of societal relationships between forest uses is needed.
Forests produce many benefits to society. Location with respect to population
centers, productive potentials of lands, and other characteristics of forest land
dictate the uses to which forests will be put. CGlawson (1974) has identified three
basic types of forest uses.

The first includes uses put to forest land but not necessarily for forest
products themselves. These may include the mining of subsurface mineral, road
building and other rights-of-way, residential construction, or forest land grazing.

The second type of forest use is that which is totally or wholly intolerant of
another use. The most common is timber harvesting, wilderness use, and
intensive recreational use. The essence of one of these forest applications is
generally antithetical to the others. Intensity of conflicts arising among these
uses are related to proportional combinations and intensities of utilization and
management. Table Il identifies these relationships.

A third category of forest use is that use which occurs, to some extent,
irrespective of man’s effort, but which is influenced by his actions. Examples of
this may be forests used as a source of water or for wildlife production.

Conflicts generated from forest use incompatibilities have historically been
resolved in a zero-sum fashion with the values associated with winners (gain)
being completely offset by the values associated with losers (loss). Marcouiller
and Ellefson (1987), however, have identified a growing number of natural
resource conflicts being resolved using alternative dispute resolution techniques
which generate resolutions which are, in essence, positive-sum (i.e. that

participants in a conflicting situation can compromise and build consensus to



TABLE II

DEGREE OF COMPATIBILITY AMONG VARIOUS FOREST USES!

Maintain

Provide

Primary Attractive Recreation Wilderness Wildlife Natural General Wood Production
Use Environment Opportunity Watershed Conservation and Harvest
Maintain Moderately Not Inimical Compatible Fully Fully Limited com-
attractive X compatible, to wilderness to most, less compatible compatible patibility. Often
environment intensity so to others affects extent
dependant
Provide Moderately Incompatible; Incompatible Moderately Moderately Limited com-
recreation compatible, X would destroy for some, compatible, compatible, patibility. Timing
opportunity intensity wilderness others more intensity intensity and intensity
dependant character tolerant dependant dependant dependant
Wilderness Fully Completely Highly com- Fully Fully Completely
compatible incompatible, X atible to most, compatible compatible incompatible,
intolerant of ess so to precludes all
intensive use others harvest
wildlife Generally Limited com- Mostly com- Generally Generally Generally
compatible patibility; patible, some X fully fully limits volume
Intensity require veg. compatible compatible and conditions
dependant manipulation of harvest
Natural Fully Moderate com- Not inimical Generally Fully Moderate com-
watershed compatible patibility; may to wilderness compatible X compatible patibility; re-
require inten- stricts but does
sity limits not prohibit
General Fully Moderately Not inimical Generally Fully Compatible,
conservation compatible compatible; to wilderness compatible compatible X requires modifi-
intensity cation in harvest
dependant method
Wood produc- Compatible if Moderately Completely Comepatible if Compatible if Compatible if
tion/harvest harvest method compatible incompatible; harvest method harvest method harvest method X
strictly con- would destroy fully con- fully con- fully con-
trolled wilderness trolled trolled trolled

From Clawson (1974)

G¢
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generate a combined value sum which is positive). The growing use of
alternative dispute resolution techniques has shown that conflicts arising from
incompatible forest uses can be managed thereby giving rise to a greater ability
of forests to be integrated into strategies targeting economic growth and

development.

Valuation of Non-Market Resources

Valuation can take on various meanings. Peterson and Driver (1990)
identify various definitions of value such as psychological value, anthropocentric
(human-based) value, and economic value. Important to this discussion is
economic value which is "simply the amount of money (or the goods that could
be purchased with the money) that one is willing to give up in order to get a
(good or service) or that one requires in compensation for the loss of a (good or
service)." (ibid, page 3).

The economic value of commodities which are not traded on the market
present very real difficulties. Examples of these commodities include recreation,
wildlife, and aesthetics. Two key problems arise when assessing the economic
value of non-market resources derived from forests. First is the notion that
resources such as aesthetic quality, existence value, and other quantifiably
difficult commodities are often considered to be common property resources.
The ability to possess exclusive property rights which allow appropriate
application of microeconomic efficiency criteria to the management of these
resources is rare. The second problem is the nonexistence of an operating

market structure for active trading of these goods. This leads to an inability to
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identify and incorporate supply and demand pressures at the firm management
level. These commodities generally do not have directly observable prices.

A classic work pertaining to the economics of non-market resources
focusing on outdoor recreation can be found in Clawson and Knetsch (1966).
Recent effort has been made to more succinctly qualify and quantify the
economic value of non-market resources. Methods used include direct and
indirect techniques. Indirect methods, sometimes referred to as hedonic or
implicit price methods, include the travel cost method and the land valuation
method. A direct method is contingent valuation.

The general travel cost model as applied to recreation presumes that
users maximize utility subject to time and budget constraints with choice of trip
length and destination. The theory behind the travel cost method is discussed in
Clawson and Knetsch (1966, Chapter 5). Recent adaptations can be found in
Fletcher, Adamowitz, and Graham-Tomasi (1990) and Ward and Loomis (1986).
An application of the travel cost method to recreational benefits derivéd from a
mid-southern U.S. navigation system can be found in Schreiner, Badger and
Willett (1984). Another summary of the travel cost method is found in Schreiner
and Cannock (1989).

Land valuation methods (also known as hedonic or implicit price methods)
presume that the value of an environmental feature is reflected in the difference
between prices which consumers are willing to pay for property with versus
without the specific feature. The specific hedonic methodology is theoretically
discussed and applied to food characteristics by Ladd and Suvannunt (1976).
Land value methods were applied to recreational values by Musser and Ziemer
(1979). In this study, researchers considered consumer income levels, land
qualities, and alternative demand specifications to estimate demand for hunting

in Georgia.
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Contingent valuation is a direct method which surveys individuals for
contingent circumstances which are posed in artificial markets. These markets
are characterized by contingent payments based upon hypothetical changes.
Valuation of the non-market commodity is assessed by experimentation. Bowker
and Stoll (1988) use this method to assess the value of the whooping crane
resource. Survey bias (including strategic bias, information bias, starting point
bias and hypothetical bias) is an important component of value accuracy.

Current efforts of the U.S. Forest Service to quantify non-market resources
are extensive. In the Southern Region, integration of non-market commodity
production of forests into the forest inventory and analysis process is being
standardized. Rudis and Tansey (1991) use the current Southern Region Forest
Service inventory to assess the distribution of human influences on southern
forests. Future needs include a standardization of suitability indexes for
recreational opportunities and wildlife productive potentials, visual preference
models, and other non-market areas. Visual preference models for southern
pine stands are discussed in Rudis, Gramann, Ruddell, and Westphal (1988).
Rudis (1988a, 1988b, 1990 and others) has compiled summaries of nontimber

values for various regions in the South.

Addressing Problems Through Public Policies

Governments enact policies which affect forest management activities to
accomplish various social objectives. Monke and Pearson (1989), in addressing
agricultural policies in general, classify these as either efficiency objectives or

nonefficiency objectives.
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Policies enacted which target efficiency objectives accelerate the rate of
income growth, correct market failures (prices not reflecting true scarcity value),
or correct for externalities (costs or benefits not fully reflected in market
incentives). Nonefficiency objectives include issues dealing with income
distribution, price stabilization, or national concern for the role of a respective
commodity in an economy.

Due to finite resources, the success of attaining one objective often is at
the expense of another objective. This conflict continually gives birth to a
seemingly limitless supply of special interest groups which are major policy
enactment players. Quantitative policy analysis, however, provides objective
analysis within which policy can be viewed. Monke and Pearson (ibid, pages 16-
33) have developed a quantitative policy analysis methodology known as the
Policy Analysis Matrix (PAM).

The PAM approach tracks impacts of commodity and macroeconomic
policies on the benefits and costs of commodity production using a double entry
bookkeeping technique defining profitability and the effects of divergences
(policy effects). The PAM builds upon theory developed in social benefit-cost
analysis. A PAM was developed and successfully applied to analyze policies

which target agricultural development in Kenya (PARD Project Team, 1990).

Federal Forestland Rural Development Policy. The forested regions

throughout the Western United States are dominated by federal ownership of

timberland. Indeed many of these communities are wholly dependant upon U.S.
Forest Service timber sales for the raw material used in dominant local industries.
DeVilbiss (1986) studying eight selected areas in the U.S. Forest Service’s Rocky
Mountain region, found that all areas showed positive economic dependency on

their respective export bases. Furthermore, four out of the eight areas showed
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positive economic dependency on the export bases of logging and milling
sectors and two out of eight showed positive economic dependency on the
export base of National Forest timber stumpage.

As a result of this, current policies of the U.S. Forest Service in the
management of National Forest lands deviate from objectives of economic
efficiency in favor of nonefficiency objectives. Hall (1982) studied economic
efficiency versus nonefficiency objectives of National Forest management
programs. Her study focused on local economic impact as a nonefficiency
objective. She showed that deviations from economically efficient timber harvest
levels positively impacted local economies. Indeed, local community stability
plays an important role in National Forest policy and is, to varying degrees, in
conflict with economic efficiency objectives. Further discussion of community
stability and national forest timber harvest levels is contained in Daniels, Hyde
and Wear (1991).

The current political environment regarding National Forest management
operates within dynamic parameters. A tool used by lobbyists to remove Federal
timber from harvest is the economic inefficiency of timber management
programs. The National Forest System operates within a formalized and rather
sophisticated planning process. This is done to provide stable, long-range and
somewhat incrementalist forest policy.

U.S. Forest Service policy with regard to rural development has been
detailed in a recent strategic plan (USDA FS, 1990). This document outlines six
broad goals which include (1) communicating a rural development focus, (2)
inclusion of rural development considerations in management decisions, (3)
actively participating in rural development activities, (4) integrating diverse needs,
(5) strengthening cooperative efforts, and (6) conducting research and extension

activities in rural development.
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Focusing on the second goal of this strategic plan provides an
understanding of agency commitment to rural development. It states (ibid; page

7):

Include rural development considerations in agency resource
decisions to assist rural communities and the Nation achieve long-
term economic development and improved quality of life.

The tradeoff between efficiency and nonefficiency objectives of National Forest
management will continue to be important in molding the future of the National
Forest system.

Quantitative analysis of National Forest management policy has evolved
over time. IPASS (Interactive Policy Analysis Simulation System) has been
developed to analyze the long-term economic and demographic effects of
alternative forest resource management policies (Olson, Schallau and Maki,
1984). This system is an adaptation and application made of IMPLAN, which is
the USDA Forest Service regional analysis database and software system

(discussion of IMPLAN will be provided in Chapters 3 and 5).

Private Forestland Public Policy. Boyd and Hyde (1989) use a political

economics approach to public intervention in forest management. The theory of
public economics breaks policy objectives into three primary categories which
include (1) allocation, (2) distribution and (3) stabilization. Allocation is roughly
analogous to the previously discussed economic efficiency objective.
Distribution and stabilization are analogous to nonefficiency objectives. These
two authors (ibid) comprehensively assess various forest policies with regard to

social welfare impacts.
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Two broad categories of supply-side and demand-side 3, as well as a
category for other market interventions, are used to encompass the analysis of
specific policies. Supply-side regulations include state forest practice acts, the
Forestry Incentives Program/technical assistance in general, and price
stabilization policies. Demand-side regulations include the Fair Labor Standards
Act and the Jones Act. Other market interventions include non-neutral taxation
and the effects of public lands. Using neoclassical welfare economics within a
general equilibrium framework and econometric analysis, Boyd and Hyde (ibid,
pages 279-280) summarize the impacts of regulation on the operation of the
private market. This summary can be found in Table lll. Indeed, the
effectiveness of public policies to address economic problems of forested
regions depends upon the specific problems addressed and the target clientele.

Public policies tend to be directed from bases with roots in normative
economics due to the fact that politicians are elected on the basis of what they
believe ought to be. The actual results of policy, however, rely more on a
positive analysis of what is, was, or will be.

The following discussion of approaches to regional development outline
theories and analysis methods which focus on actual results of policy and are

generally positive in nature.

3. Boyd and Hyde (1989) analyze regulations from the primary standpoint of timber production.
They therefore have categorized those regulations affecting the production of timber as
"supply-side" and those regulations affecting wood processing as "demand-side".



TABLE Ill

SUMMARY OF IMPACTS RESULTING FROM REGULATION
OF THE PRIVATE MARKET !
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Regulation

Social wellare elfects

Distributive eflects

Stumpage price cflects

ictions on analysis

State forest
practice acts

FIP (cost sharing)

Technical assistance

Timber Mart-South

Minimum wage

Jones Act

—$150,000/yr or ~$.01/
acre/yr

—$947,800/yr, more if some
recipients have nontimber
objeclives causing them (o
never harvest

—$303,000/yr, more il some
recipients have nontimber
objectives causing them to
never harvest

>$520,0007yr

Not estimated

Costs: $5.6-7.1MM in U.S.
and Canada combined,
$i2.2-13.2MM in U.S.
alone

Benefits: no national security
gain

Cost ellective enforcement
suggests burden on nonin-
dustrial landowners, poorer
quality lands, lower price
markets

Favors larger landowners

Some redistribution 1o in-
termediate and final con-
sumers

Negative, but not as negative
as Flp

Increase market information
ol nonindustrial landowners

All forest products industries:
wage bilt —$114,000 or
1%, —6354 employees or
< 1%, disemployed move
to lower wage industrices
lowest wage forest indus-
tries: 2 of 3 wage bills
—2%, —-6452 employecs or
—~4%, disemployed may
drop below poverty level

[

Western WA/OR producers:
—$9.1-9.83MM
Northeastern consumers:
=310.7-11.4MM
Canadian producers: +37.2-
7.4MM
Shipments: rail +$30.7-
40.6MM
sea —$25.3-42.0MM

Negligible

—$6.38/Mbf for future

harvests, less if some recipi-

ents never harvest

—$8.18/Mbf for future

harvests, less if some recipi-

ents never harvest
Negligible decrease for cur-
rent harvests

Unknown small price increase

Decrease price variation

Very small and statistically
insignificant

<$1.09/Mbf in western WA/

OR

Smaller and of uncertain sign

in other regions

Virginia, 1985

Supporting evidence:
Washington and Oregon,
1985

North Carolina, 1980

North Carolina, 1980

Southwide, 1977 & 1980

Hypothetical $.25 increase
in minimum wage in
1983

Wage effects statistically
reliable, employment
effects not

U.S. and coastal western
Canada, 1977

Tax or [;ublic
land policy

Social welfare effects

Distributive effects

Stumpage price cffects

Restrictions on analysis

. Current use
taxation

Preferential
capital gains

Red-cockaded
woodpecker

Developed
campground
recreation

Departures from
market timber
criteria

Community stability

Benefits: <$13,000 or
<$.05/acre/ 10 years

Costs: potentially large
administrative costs

—$240.9-368.2MM or 12—
18% of all earnings for
timber sector of U.S.
cconomy

Benefits: unknown

Costs: <$221,000 in perpe-
tuity or <38820 annually
for all 52 habitat sites,
zero opportunity costs for
36 individual sites

$610,000-628,000

current policy yields $3,000~
18,000 less than optimal
policies

Perhaps ~$13JMM

Negligible decrease in factor
payments remaining in
community (annual com-
munity generated income)

Substantial costs 10 U.S.

. Treasury

Unknown

> 180% incidence on capital
Negative employment ctlects

Unknown

Unknown, generally local
users

Consumers —$786.8MM
(—$689.8MM in western
WA/OR)

Industrial producers
+592.8MM (+398.3MM
in wetsern WA/OR)

NIPF producers
+3217.8MM (mostly in
South and western WA/
OR)

Public treasuries
—$1300MM

Rocky Mitns: harvest in-
creases, environmental
losses

Increase wood products
wage income < 17%

No effect on community-
wide wage or employment

Negligible

33-49% decrease (poten-
tially substantial decrease)

Negligible

Zero

Increase $20/Mbf
everywhere except
western WA/OR
(+349/MbI) and
Rocky Mountains
{—320/Mb0)

Decrease 12-26%

Forsyth County, North
Carolina, 1960-1970, 1970s

Federal tax, 1979

Croalan National Forest
1982

Seeley-Swan Valley, Lolo
National Forest, 1984

U.S.-wide, 1977

W. Montana, 1968-1981

Assume: — 8% lumber
price, no private
stumpage response, no
inventory substitutions

1. From Boyd and Hyde (1989; Table 9.1).
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Approaches to Regional Economic Development

Regional economics has been an active field of economics research for
the past 50 years. Its most active period was during the 1960’s as interest in
regional economic policy at the Federal levei provided researchers with current
problems and associated research funding (Richardson, 1978). During the
1980’s, a resurgence in regional economics research has emerged due to
domestic regional migration patterns (for example, the shift in population from
the frost-belt to the sun-belt). Regional migration has caused dramatic impacts -
on individual, corporate, and community welfare in the regions affected. In part,
this resurgence is due to the need to answer fundamental development
questions such as spatial distribution of populations, resources, and economic
activities between core and peripheral regions (ibid, page 2).

Forestry is not immune from spatial economic perturbations. A major shift
which is due, in part, to environmentalist pressures is currently underway which
will focus attention for timber raw material supply away from the Pacific
Northwest to more productive, less conflict-prone regions such as the Southern
United States. Discussion of this regional shift can be found in Alig and Wear

(1992) and Haynes and Adams (1992).

Alternative Theories Used in Regional Analysis

Theories exist which attempt to explain important economic growth
phenomena as well as spatial economic perturbations. Of importance to this
study is the use of regional analysis theory to provide explanation of economic

structures dependant upon natural resources. The following discussion outlines
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the primary theories which capture the essence of modern regional economic
analysis research. This discussion is adapted from Richardson (1978); Jenson,
West and Hewings (1987); Seppala, Row and Morgan (1983) and others.
Special mention of individual studies is made where these theories have been

used to explain forestry situations.

Spatial Price Theory. In its simplest form, spatial price theory employs the

linear programming transportation problem to minimize total transport costs
subject to market clearing and trade balance constraints resulting in optimal
interregional flows. Post-trade price differentials between markets are equal to or

less than the intervening unit transport cost and allocate resources respectively.

Location Theory. Location theory uses trend analysis and is a relative

industry cost model. Location theory is the oldest branch of regional economics

and is the foundation for industrial location theory (Richardson, 1978; page 5).

Neoclassical (Regional) Growth Theory. The three primary elements

determining neoclassical growth theory include capital accumulation, growth of
labor supply, and technical progress. Neoclassical growth theory provides
theoretical justification for erhpirically observed interregional per-capita income
convergence in the United States. Wages are inversely related to returns to
capital. Neoclassical growth theory explains why high income regions import
labor and export capital. One of the basic assumptions of neoclassical growth

theory is perfect knowledge.

Spatial Diffusion of Innovations. Economic growth is constrained by

technology and its implementation. Spatial diffusion of innovations is in direct
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conflict with the assumption used in neoclassical growth theory regarding perfect

knowledge. Emphasis in spatial diffusion of innovation is on innovation waves,

communication networks, and technological factors of profitability and risk.

Sequential Stages of Growth. Sequential stages of regional growth looks

at regional development as occurring over time in four distinct stages. These
include self-sufficiency, specialization in primary activities, development of

secondary industries, and industrialization.

Sector Theory. Sector theory breaks down a regional economy into three

sectors. These include primary or agricultural, secondary or manufacturing, and
tertiary or services. Shifts within and between regions are due to supply and

demand relationships.

Export Base Theory. Similar in many respects to sector theory, export

base theory is a market-based theory resting on the premise that regional
economic growth depends on production of commodities for export. Regions
have little control over exogenously determined demand. Export base theory
divides a regional economy into two types of activities. These include export
activities and residentiary activities. Residentiary activities are those activities
whose primary function is to serve export industries. Most timber processing
(particularly secondary processing) would be classified as being export based.
Numerous forest economists have studied forestry under export base theory;
most notably, these include Connaughton, Polzin and Schallau (1985) and
Schuster and Medema (1989). Export base theory is particularly important for

regions with excess capacity of some raw material or commodity.
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Methods Used in Regional Economic Analysis

Various approaches have been used to address the basic regional
economic theory previously mentioned. To provide a fundamental perspective
on the methodology employed in this study, a survey of the important
methodology types is included here. This discussion is adapted from
Richardson (1978), Richardson (1985), Smith and Barkley (1990), Doeksen and
Schreiner (1972-a); Goode (1982); Dervis, deMelo, and Robinson (1982); and
Just, Hueth, and Schmitz (1982).

Economic Base Models. Economic base models forecast future regional

activity based on stable relétionships between local service sectors and export
sectors. Local service is a function of export. These models emphasize the role
of external demand as a primary determinant of regional economic performance.
Correct specification of exogenous and endogenous sectors is critical.

Economic base models necessarily imply openness of regions to factor input
and output flows. A criticism of these models is that they include a one way
causal dependance only. Economic base models have tended to have problems

with model application and stability of resulting multipliers.

Regional Econometric Models. These models have tended to be

extensions to the subnational level of macroeconomic models of the type used to
forecast future levels of the economy as a whole. The obvious flaw of blindly
applying national models to subnational regions occurs due to fundamental
differences between sub-national regions and national level relationships of

openness for flow of resources (Richardson, 1978; pages 16-18).
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Shift-Share Analysis. Shift-share analysis measures the total change in a

region’s performance relative to the nation over a given time period. Criticisms of
shift-share analysis focus on the fact that analysis of this nature is more a data
standardization technique than an actual regional analysis methodology.
Applications of shift-share analysis are limited to historical and descriptive

documentation.

The Gravity Model. This model represents the epitorne of spatial

economics (Richardson, 1978; page 20). The gravity model assesses the relative
strength of agglomeration forces (mass variables) and dispersion forces

(distance frictions).

Regional Input-Output Models. Regional input-output (I/O) models were
developed more than 50 years ago. The models present a valuable method of
assessing interindustrial linkages. 1/O continues to be a very active area for
research. Detailed discussion of input-output analysis and its extension to social

accounting matrix development can be found in Chapter 3.

General Equilibrium Theory and Welfare Economics

The development of regional economies, in the absence of public
intervention, progress according to the general operations of the free-market.
This free-market competitive operation can be summarized through the theory of
general equilibrium. Pure exchange, Walrasian equilibrium, welfare properties,
Pareto optimality and the maximization of welfare are basic to this theory and are

thoroughly examined in Varian (1984, Chapters 5 and 6). This theory’s primary
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formulation is that agents trade among themselves in an attempt to maximize
individual preferences thus incorporating the interactions between markets as
well as the functioning of individual markets. In the general equilibrium model, all
prices and quantities are variable. When markets clear, equilibrium is said to
exist.

The economic adjustment required to attain equilibrium is of interest to
regional neoclassical economic analysis. Factor mobility is important in regional
economic adjustments and depends upon the specific factor of production and
cultural attitudes within the region under study. However, given mobility of
factors, figure 2 summarizes expected causal relationships between selected
variables of a regional economy. Variables represented in figure 2 are either
exogenous (rectangles) or endogenous (ovals). Causal relationships, or the
partial derivative of the select variable with respect to the causal variable, is
indicated by the sign.

Policy analysis can be accomplished within the CGE framework through,
for example, assessing the change in supply and demand of a tradable
commodity given a change in its price as a result of some policy. Income
distribution effects, however, are also evident due to inter-industry relationships
and interdependencies between factor and commodity markets. A
comprehensive summary of general equilibrium models can be found in Dervis,
deMelo, and Robinson (1982).

Studies using general equilibrium models have become more common in
recent years. A good survey of general equilibrium models used to assess
different policy issues in less developed countries (LDC’s) is contained in
Bandara (1991). A bibliography of literature pertaining to general equilibrium
models is contained in Davarahan, Lewis and Robinson (1986). Adelman and

Robinson (1987) assessed macroeconomic adjustment and income distribution
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Price of
Tradables

Net Export
of Tradables

Demand for
Tradables

Output of
Tradables

Demand for
Non-Tradables

Output of
Non-Tradables

Price of
Non-Tradables
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Demands

y +
Factor -
Prices
\ .
Factor
Supplies

Figure 2. Causal Relationships Between Economic Variables of a Region " (from

Koh, 1991; page 45).
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using a variety of closure rules in a general equilibrium framework for Brazil and
Korea. U.S. agriculture has been analyzed using general equilibrium models by
Aradhyula, Eswaramoorthy, and Frohberg (1988). Regional general equilibrium
models are discussed in Hughes (1991) and Ko (1985). Koh (1990 and 1991)
uses a regional general equilibrium model to assess agriculture in Oklahoma.

MicrocompUters and appropriate software have enabled researchers to
solve general equilibrium problems in an expeditious manner. One software
package, referred to as GAMS (General Algebraic Modelling System), has been
used regularly. Practical difficulties encountered in constructing general
equilibrium programs using GAMS is discussed in Condon, Dahl and Devarajan
(1987).

Not until recently has there been literature using general equilibrium
analysis pertaining to issues in regional forest economics. Boyd and Hyde
(1989) use a general equilibrium framework to assess the impacts of forest
regulations on the operation of the private market. Daniels, Hyde, and Wear
(1991) apply a three factor, two sector modified general equilibrium model to
examine the distributive effects and the community stability objective of the USDA

Forest Service constant timber harvest volume policies.

What is Known and What is Not Known

The central theme of this chapter was to identify what is known about
regional economic structures dependant, in large part, on natural resources for
economic growth and development and to outline areas where research is
lacking. The intuitive feeling that forests must have played an integral role in

regional economic growth and development through time simply due to their



42

presence and utilization was substantiated through a review of the historical
context within which forestry operates. The growth and development of regions
are constrained by the conditions within which forestry operates. These include
market imperfections, issues of equity, social acceptance of timber production,
appropriate valuation of non-market resources, and the ability of public policy to
address these issues. This study will assess distributive impacts of timber
production thus addressing constraints which are fundamentally equity-based.

Evidence indicates that in certain regions and under certain conditions,
forestry operates within the context of oligopolistic raw material markets and
oligopsonistic markets for labor. Societal acceptance is an issue and land-use
incompatibilities have been shown to exist which provide conditions for
appropriate forest management. Non-market goods resulting from forest
management have been addressed, albeit only recently. Methodologies which
deal with non-market resource valuation exist and have been applied to various
situations. Policies targeting forest management tend to be normative. Positive
policy analysis based upon facts and empirical estimates show that distributive
policy impacts are important. Regional analysis tools exist from which
assessment of economic growth and development of natural resource
dependant regions can begin.

Research is lacking in the area of income distribution resulting from timber
production as well as fundamental econometric analysis of correlations between
the extent of forest resources and economic development conditions of regions.
Furthermore, statistical analysis of how forest resource dependant regions
compare with non forest resource dependant regions is completely lacking.

Income distribution can be assessed using input-output analysis and its
extension to social accounting. Discussion of this provides the topic for Chapter



CHAPTER lII

INTERINDUSTRY ANALYSIS AND SOCIAL ACCOUNTING METHODOLOGY TO
ADDRESS DISTRIBUTIONAL ISSUES OF FOREST USE:
LITERATURE REVIEW

This chapter reviews the literature which deals specifically with
interindustry analysis and social accounting methodology as a means to identify
distributional issues of forest use. Input-output analysis will be discussed with
attention focused on theoretical foundations and assumptions, empirical
accuracy, interregional complexities, and natural resource applications. Caveats
of input-output analysis will be discussed. Social accounting methodologies will
be detailed as well as applications made to-date. This section will conclude with
a focus on recent extensions of the interindustry analysis to regional modeling

systems and databases.
Regional Input-Output Analysis
Input-output analysis was originally developed during the 1930’s by
Wassily Leontief for which he later earned the 1973 Nobel Prize in Economic
Science. The fundamental structure of input-output analysis was developed to

analyze the interdependence of industries within an economic system. In its

43
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fundamental state, it is a system of linear equations which describe industrial
distribution within and between sectors of an economy. Discussion of the theory,
application, and current forefront of input-output analysis is covered in extensive
detail by Miller and Blair (1985) and Miller, Polenske and Rose (1989). Input-
output analysis can be extended to regional analysis using data specific to
regions. It is the regional application of input-output analysis which provides the

focus for the following discussion.

Theory

The basic input-output table is derived from observed economic data for a
specific region. This data specifies the activity of industrial groupings that both
produce goods (referred to as outputs) and consume goods from other
industries (referred to as inputs) in the process of producing each industrial
group’s own good. The flow of products from each industrial sector considered
as a producer to each of the sectors considers as consumers is the essence of
interindustry analysis. Construction of this into meaningful form takes place in
what is referred to as an interindustry transactions table. Rows of a standard
interindustry transactions table track incomes (distribution of producer’s output
throughout the economy) while columns track expenditures (distribution of inputs
required by a particular industry). Additional columns are typically added to the
right of the interindustry transactions table which distribute products to their final
nonindustrial destination (often referred to as final demand). These often include
destinations such as personal consumption, government consumption,
investment, and exports. Additional rows are attached below the interindustry

transactions table to track inputs of nonindustrial inputs such as land, labor,
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capital, and taxes required in producing a good (often referred to as value-
added) as well as imports which are required as inputs to the production
process.

One way that input-output analysis has been tied to regional development
theory is its use with export-base theory and the concept that a regional
economy must increase its monetary inflows in order to grow. The emphasis is
on basic or export-based industries which export commodities from the region.
If production within basic industries increases, production within the nonbasic or
residentiary industries also increases. Disaggregation of a regional economy into
basic and nonbasic activities is done through surveying commodity
transportation records, location quotients, establishment of minimum export
requirements, regression analysis, or by assumption. Total output in a region is
simply the sum of all basic and nonbasic activities.

Regional input-output tables are a descriptive set of balanced regional
accounts. These balanced regional accounts rest upon data compiled in
industry T-accounts. Figure 3 illustrates what an industry T-account might look
like and is adapted from Lindahl (1991). Input-output requires data on
purchases and expenditures by industrial sectors, institutions, and general

economic interindustrial linkages.
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Revenue (row) Expenditure (column)
Sales to industries Purchases of local goods and services
Sales to institutions Purchases of imported goods and services
Exports Investment

Payroll

Taxes

Retained profits
Distributed profits

Figure 3 Components of an industry T-account

Input-output analysis has the ability to predict impacts of industrial supply
or demand change based upon regional accounts. The tracking of impacts
through an economy was first developed by Leontief and is contained in
numerous textbooks and articles on the topic (Miller and Blair, 1985; Miller,
Polenske, and Rose, 1989; Doeksen and Schreiner, 1974; Hamilton and
Pongtanakorn, 1982 and others). The specific functional relationship in input-

output includes:

X=Z+Y (3.1)

Where Xis total gross output (usually expressed in millions of dollars), Zis a
matrix of transactions between sectors, and Y'is a vector of sales to final
demand. Leontief then extends the relationship that Zis a function of A X where

A is a matrix of technical (or direct) coefficients specified for input or output
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orientation and X, as stated above is total gross output. Substituting for Zresults

in the following:

X=AX)+Y (3.2)

Which simplifies to:

X-(AX)=Y
X=(-AFY (3.3)

This fundamental result includes (/ - A}* which is known as the Leontief
Inverse or total requirements table and is comprised of diagonal elements which
act as direct multipliers of economic impact and off-diagonal elements which act
as indirect multipliers. Often, this has been expressed in terms of change in

output as follows:

dX = (I- A} dY (3.4)

Given a change in sales to final demand (or supply given appropriate
specification of A) to a given or set of regional sectors, change in gross regional

output by sector can be assessed.

Predicting Employment Change. Employment creation is often a direct

objective of rural economic development initiatives. Employment change can be
predicted as a direct proportional change given a change in gross regional

output of a single or multiple set of sectors. This is represented by:
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dEj = ej dX; (3.5)
Where Eis employment (usually measured in number of jobs or full time
equivalents) and e is an employment coefficient measured as the ratio of jobs in

a given sector to total sector output.

Predicting Value Added change. Value added, or the returns to the factor

inputs land, labor, capital, and indirect business taxes accruing to owners of
these resources within a region is a common focus of rural economic
development. Value added is equivalent to what might be thought of as gross
regional product. Value added change resulting from an exogenous shock can
also be predicted as the proportional change in value added given a change in

regional gross output as follows:

dVj = vjdX; (3.6)
where Vs the level of value added or gross regional product (usually measured
in millions of dollars) and vis the value added coefficient for each respective
sector which is calculated as the ratio of sector value added to total regional

sector output.

Critical Assumptions. Input-output analysis rests upon several important

caveats which limit the appropriateness of model application. Miller and Blair
(1985) discuss the fundamental structure of input-output analysis. An
assumption is made that inderindustry flows from sector /to sector j depend
entirely on total output of sector j during a specified time period. The limitations

of input-output analysis are primarily a function of assumptions behind the
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technical coefficients used (&;). These technical coefficients can be represented

by:

a; = 2zj/ X (3.7)

where g denotes the ratio of input to output, z; denotes the flow of input
(measured in dollars of value) from sector /to sector j, and X;is the total gross
output of sector j (measured in dollars of value). In input-output analysis, once a
set of observations has provided the result a;, this technical coefficient is
assumed to be unchanging. The a;'s measure fixed relationships between a
sector’s outputs and its inputs. This implies that returns to scale are assumed to
be constant; economies of scale in production are ignored. This also extends to
the inputs required in production. Input-output analysis assumes that inputs to
sectors are required in fixed proportions.

In addition, inputs to sectors and outputs produced by sectors are
inserted into an input-output table based upon their dollar value in fixed-price
terms. If an input-output table is constructed for the base year 1985, the value
terms used in construction of the table will be in fixed 1985 prices. This implies
that price is exogenously determined even though market-based economic
theory is concerned with price discovery, or endogenous determination of price.

Furthermore, technological integration in the production process
combining factor inputs to produce a good or service is also fixed to the base
year in which observations were made. These constraints combine to limit input-
output analysis to represent a relatively static analysis pertaining to the economic

structure which exists in the base year.
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Empirical Accuracy in Input-Output Analysis

Accuracy in empirically estimating input-output tables is directly tied to the
methods used in data collection and the model limitations presented above.
Jensen (1980) looks at two types of accuracy. The first he terms A-type
accuracy which is the accuracy of the transactions table. Another term for this
type accuracy is partitive accuracy. Sources of error within A-type accuracy
include data errors and errors from table compilation.

The second accuracy category is B-type accuracy which refers to the
exactness with which the input-output model reflects the operation of a regional
economic structure. Another term for B-type accuracy is holistic accuracy.
Errors which cause B-type inaccuracy result from a general failure to observe the

limitations of the model itself.

Survey vs. Nonsurvey Techniques. Empirical accuracy in input-output is

important due to the relevant costs associated with attaining a given level of
accuracy. Perhaps a more important question, however, is whether the analytical
tool is sufficiently accurate to answer the question at hand. The early I/O tables
were constructed from survey data. The costs of developing a survey-based
input-output framework for a region are considerable. During the late 1970’s and
early 1980’s, researchers focused attention on nonsurvey techniques for
developing input-output tables (Stevens, Treyz, Ehrlich and Bower, 1983; Round,
1983; and others). How well these nonsurvey-based models compare with
survey-based models is a function of A-type accuracy.

This specific distinction between two separate model-building techniques
neglects to fully illuminate the situation. The truth of the matter is that little

distinction is evident in practice. Discussion becomes engrossed in the very
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significant "gray area" around which input-output databases are developed.
Round (1983) summarizes the differences between survey and nonsurvey

techniques of I/O model construction as follows (page 190):

The terms "nonsurvey" and "survey" suggest the existence of two
well-defined and mutually exclusive groups, but in practice virtually
all input-output tables are hybrid tables constructed by semisurvey
techniques, employing primary and secondary sources to a greater
or lesser extent. Therefore, there can be few regional input-output
tables, if any, that have not relied to some extent on the use of
indicators, ad hoc judgment, or some form of data-smoothing
technique.

He further clarifies characteristics of nonsurvey-based input-output table

construction through the following (page 190):

These methods are usually referred to as nonsurvey techniques (:)
... any technique used to adjust inconsistent estimates directly
based on survey data ... (and) ... short-cut methods used to derive
regional sectorial multipliers which bypass the construction of a
regional input-output table.

Round (ibid) concludes that the spectrum of perceived usefulness of
nonsurvey-based I/O is a continuum from one extreme of severe skepticism to
the other extreme of a rather simplistic concept of regional economic interactions
(i.e. indicators such as the location quotient are likely to be sufficient to estimate
the size and direction of trade flows). Somewhere in between lies the partial-
survey techniques which incorporate more and more complexity and time

consumption at higher and higher costs.
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Empirical Tests. Kuehn, Proctor, and Braschler (1985) compared the

multiplier results of nonsurvey, semisurvey, and survey models of statewide
Missouri input-output tables with economic base multipliers for nonmetropolitan
counties throughout the Midwest. Their findings showed that all three techniques
were prone to measurement and/or sampling error. Relative accuracy of the
techniques were difficult to establish. They concluded that (1) the economic
base model remains a viable choice with several caveats, (2) any single I/O
model remained a snapshot of a local economy given some historic economic
structure, and (3) in the absence of feasibility studies, nonsurvey based I/O
models provide reasonable multipliers (usually upper limits) at less cost than
survey based |/O.

Stevens, Treyz, Ehrlich, and Bower (1983) discuss and evaluate regional
purchase coefficient approaches to nonsurvey-based I/O development. They
compare these nonsurvey approaches to corresponding components of survey
based models for Washington and West Virginia. Of their two primary nonsurvey
approaches (which include location quotient and supply and demand pool
methods), the supply and demand pool method explicitly takes into account the
actual regional demands for each good and provides results which are better

justified theoretically and more closely comparable to the survey approach.

Interregional Complexities

Indeed the specification of interregional transactions is critical to the
realistic application of input-output analysis, particularly between regions which
are "open" to flows of production factor inputs and commodities. Polenske

(1970) has provided a multiregional input-output model for the United States
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which is often used by nonsurvey-based I/O developers. Her Harvard Economic
Research Project team undertook this challenge due to the lack of consistent
sets of regional data which inhibited empirical estimation of multiregional I/O
models. Polenske’s model includes 44 U.S. regions and 78 industries.

Other multiregional models have been developed for various parts of the
United States and to assess various problems requiring a multiregion approach.
Hwang and Maki (1979) have developed the Minnesota Two-Region Input-Output
model. Badger, Schreiner, and Presley (1977) developed a four region,
interregional input-output model to analyze expenditures for outdoor recreation
of the McClellan-Kerr Arkansas River navigation system. Forest-based economic
activity was assessed from an interregional approach by Teeter, Alward, and
Flick (1989). Employment linkages were estimated between regions in a multi-
county development district by Schreiner, Muncrief and Davis (1972).

From a more global perspective, international trade provides specific
challenges due to trade restrictions, rigidity in labor mobility, and other factors
leading to relatively closed regions. Round (1985) looked at decomposing
economic multipliers for economic systems which involved regional and world
trade. He developed a methodology which provides insights into the nature of
structural interdependence between economic systems involving two or more

regions.

Natural Resource Applications

Numerous applications of input-output analysis have been made to

address various problems. A comprehensive account for all applications is
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beyond the scope of this literature review. A thorough review of the renewable
resource literature, however, generated numerous interesting applications of
input-output analysis. Early forestry applications of input-output analysis include
an Oklahoma forest products industry input-output model by Schooley and
Jones (1983). The development of a Southern United States forest industry
analysis by Flick and Teeter (1988) relies upon numerous input-output models
developed individually for Alabama, Florida, Georgia, Mississippi, Oklahoma,
Tennessee, Texas, and Virginia. Lake States forestry has been assessed
through the development and use of an input-output model by Pedersen,
Chappelle and Lothner (1989)

The USDA, Forest Service has been interested in how management of
forest resources impacts regional economies. Since the late 1970’s, their input-
output model generator known as IMPLAN has aided in this endeavor. Primarily
developed to generate input-output analysis to county resolution for 528 sectors,
the IMPLAN system has considerable potential for assessing regional
economies. lts current database and software is for the base year 1985.
Operational aspects of IMPLAN can be found in the current technical software
manual (IMPLAN Development and Applications Group, 1991). Siverts (1983)
and Alward (1986) outline the development of IMPLAN input-output analysis for
use in forest planning. An assessment of IMPLAN accuracy can be found in
Appendix A. Appendix C contains numerous annotated citations for natural
resource applications using IMPLAN.

Siverts (1985 and 1987) discusses the general early analytical
opportunities that IMPLAN provides which include developing regional accounts
and final demand analysis. Continued effort has focused on improving the social
accounting capabilities of IMPLAN. Applications which avail of these

opportunities are becoming rather abundant.
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The U.S. Forest Service, National Forest System, as part of each individual
forest planning process, has used IMPLAN to assess economic impacts of
different management strategies on a forest-wide basis. The forest planning
process which is typically undertaken for each national forest requires that land
management aItern'atives be explicitly statevd and analyzéd. The IMPLAN system
is used for regional economic analysis of these alternatives. These analyses are
incorporated into each respective forest plan.

Other interesting forestry/range production applications of IMPLAN have
been made recently. A hybrid econometric input-output model was constructed
by Sullivan and Gilless (1990) which uses econometric representations of local
wood products industries from published data sources and the IMPLAN 1/O
model framework. Another article by the same authors (Sullivan and Gilless,
1989) focuses on the cumulative employment effects of timber industries reliant
upon National Forest timber harvests. Ferell (1991) evaluates alternatives within
a timber sale Environmental Impact Statement (EIS) for the Nantahala National
Forest in North Carolina. Beuter (1990) uses IMPLAN to assess the economic
impacts of the Northern Spotted Owl conservation strategy in Washington,
Oregon, and Northern California. Alward and Sullivan (1984) estimate the
impacts of increased Federal grazing fees on income and employment in 13
western states using IMPLAN.

Wildlife and fisheries resources have been assessed using IMPLAN.
Alward, Sullivan, and Hoekstra (1985) describe the use of socioeconomic data in
assessment of wildlife management activities. Otto (1991) used IMPLAN to
identify the economic impacts of creating a wildlife preserve in lowa. Sah,
Schreiner and Schorr assess the economic impacts of bass fishing from a

popular Oklahoma border lake on the regional economy using IMPLAN.
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Specific policies and programs have been analyzed using IMPLAN. Siegel
and Johnson (1991) use IMPLAN to assess impacts of the Conservation Reserve
Program (CRP) by developing a "Break Even Approach" to input-output analysis
in Virginia. CRP impacts on rural communities are also studied by Hyberg, Dicks
and Hebert (1991) using IMPLAN. Dicks, Hyberg, Hebert, Siverts and Wagner
(1991) develop and discuss a spreadsheet model for use with IMPLAN to
simulate regional inter-sectorial economic impacts of various agricultural policies.

Recreation and tourism development is becoming an important economic
development impact discussion topic. Application of I/O to address these issues
has also increased. It is, however, not a new endeavor. Mapp and Badger
(1970) conducted an early input-output analysis of outdoor recreation which
focused on Southeastern Oklahoma. Alward and Lofting (1985) and Alward
(1987a) present an overview of recreation and tourism economic impact analysis.

Focus on the important general applications reported in the resource
development economics literature specific to Oklahoma generates numerous
references. Ghebremendin and Schreiner (1983) use input-output to analyze
alternative energy choices which have direct appropriateness to a significant
Oklahoma industry. Schreiner, Muncrief and Davis (1973) use input-output to
address costs and service requirements for the solid waste management
industry in Oklahoma. A from-to interdependence model is used to assist
regional planners as a cost-effective alternative to the traditional input-output
model for South-Central Oklahoma (Schreiner and Muncrief, 1972). The impact
of private investment on employment in Oklahoma has been analyzed over
different time frames using a social accounting system and simulation by

Doeksen and Schreiner (1972b).
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Social Accounting Methodologies

Regional input-output analysis provides data and model frameworks
which identify interactions between industrial sectors within a regional economy
and specifies the interindustrial manner in which a regional economy can grow.
Recent research has led to progress in this area. This analysis, however, has
been unsatisfactory in addressing certain issues in socioeconomic development.
Socioeconomic development is concerned with raising the living standards of
people (Pyatt and Round, 1985; page 1). Data and models which recognize the
importance of people and household living standards, not commodities and
industrial sector output, are required to address these issues. Pyatt and Round

state (ibid):

Today, while most would agree that output growth is a necessary
condition for sustained improvement in living standards, it is also
generally recognized that economic policy must simultaneously
concern the distribution of benefits arising from growth, to the point
where faster growth overall might be sacrificed for the sake of faster
growth in the living standards of particular groups, especially
poverty groups.

The social accounting matrix provides an approach for assessing how living
standards are impacted through the course of economic growth.

A social accounting matrix (SAM) extends input-output analysis to
describe the full flow of money and commodities in a base year. This flow of
production to factor income to institutional income to commodity demand and
savings to further production and investment has been applied to a variety of
industrial sectors and regions over the past ten years (Adelman and Robinson,

1986 and others). Whereas input-output models capture a major source of
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linkages within an economy, they exclude the above mentioned flows. Social
accounting expands input-output accounts to include this circular flow within an
economy. The concepts were developed for institutionalization through the
contributions of Sir Richard Stone (Pyatt and Round, 1985) however the first
comprehensive description of the social accounting matrix is generally attributed
to a study by Pyatt and Thorbecke in 1976 (Keuning and De Ruijter, 1988). The
development and application of social accounting methodologies has arisen
primarily due to dissatisfaction with existing practices of national accounting
emphasizing economic growth (ibid and Pyatt and Round, 1977). These authors
state (ibid; page 339):

The SAMs were conceived as the initial step towards understanding
income distribution as an integral part of the development process
and have been developed in parallel with work on planning models.

Pyatt and Round (1985) edited a compilation of papers presented at a
1978 conference in England which focused exclusively on social accounting
methodologies and studies. Within this volume are descriptions of nationwide
social accounts for Sri Lanka (ibid: Chapter 5), Swaziland (ibid: Chapter 6) and
Botswana (ibid: Chapter 7). General nationwide social accounting matrix
analysis has also been done for Egypt (Eckaus, McCarthy and Mohic-Eldin,
1981), Greece (Skountzos, 1988), and the Netherlands (Cohen, 1988).

Focus on distributional impacts of industrial sectors using sociall
accounting methodologies is also a common line of application. U.S. agriculture
was analyzed using social accounting methodologies by Adelman and Robinson
(1986). The agricultural sector of Pakistan was studied by Havinga, Sarmad,
Hussain, and Badar (1987). The California defense industry was analyzed using

social accounting by Esparza (1989).
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Using social accounting to provide information regarding specific social
and economic problems is perhaps the methodology’s most effective use as a
development tool. Adelman, Taylor and Vogel (1988) developed a social
accounting matrix for a migrant-sending rural village economy in Mexico to
assess policy experiments targeting migration and poverty of landless peasants.
Tariff and non-tariff protectionist measures were assessed for an African
economy using a social accounting matrix by Ghosh (1987). Impacts of trade
sanctions on South Africa was studied by Khan (1988) using a social accounting
matrix approach. Income, food consumption, and protein intake of households
in Indonesia was assessed using social accounting matrices by Sutomo (1989).
Income distribution effects on women and landless groups in Central Java was
studied using social accounting methodologies by Budiyanti and Schreiner
(1991). Social accounting was used to assess the impact of credit by caste and
farm size in Nepal by Sah and Schreiner (1991). Impacts of a large public civil
engineering project in Southeastern Oklahoma was analyzed using social
accounts by Uwakonye, Schreiner, Badger and Woods (1992).

Rose, Stevens, and Davis (1988) developed a procedure to analyze
distributive effects of natural resource policy using social accounting
methodologies for a region in West Virginia. Their model, however, did not
assess distributive impacts resulting from exogenous resource productivity
shocks.

The discussion will now turn to the specific methodological construction of

a social accounting framework.
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SAM Structure

The structure of a social accounting matrix varies depending upon the
study analyzed. A comprehensive discussion of the concept and construction of
SAMs is covered by Pyatt and Round (1985). Much of the discussion which
follows is adapted from the Pyatt and Round structure.

A social accounting matrix is a completely identified square tableau with
row accounts mapping sources of income and column accounts specifying
expenditures. Figure 4 conceptually identifies the social accounting matrix used
in this study which is composed of an array of accounts which describe the
economic structure of the region.

Economic sector accounts represent the traditional input-output tableau
which is discussed above. Production sectors are aggregated based on
homogeneity of production functions, the objectives of the study and availability
of data (Sohn, 1986; Chapter 14). A plausible 6 sector aggregation scheme
which addresses forestry problems could focus on timber production, wood
processing, agricultural production, food processing, manufacturing, and
service/government. Factors of production could include land rent, various skill
levels for labor, and capital.

Institutions which highlight timber production in the United States could
include the nonindustrial private forest timber production, industrial timber
production, public timber production, wood processing industries, agriculture,
and all other industries. Households could be categorized as low, medium and
high household income levels.

The IMPLAN system has incorporated a social accounting matrix form into
it’s operation for an earlier (1982) database. It’s development is discussed by

Alward (1985) and Alward, Lichty, Maki and Westeren (1992). This IMPLAN
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social accounting matrix, however, has structural inconsistencies and does not,
to the authors’ knowledge, allow the user to disaggregate the production sector
or specify an institutional disaggregation which is critical to addressing the
previously discussed problem.

The IMPLAN system provides an good foundation for generating certain
components of a social accounting matrix. These components include the inter-
industry transactions matrix, vectors of final demand, and components of value
added for a regional sector aggregation. To complete a social accounting
matrix, however, requires specific estimated values which fully illustrate the
distribution of factor payments among regional institutions. It is this full
description of the regional economy which provides conclusive answers to the
question of distributional economic impacts.

The specific procedures used in developing the social accounts for this
study are introduced in analytical form in the methodology section (Chapter IV)

and in empirical form in Chapter V.



CHAPTER IV

THE ANALYTICAL SOCIAL ACCOUNTING MATRIX:
MODEL SPECIFICATIONS AND ASSUMPTIONS

The following discussion outlines the social accounting matrix (SAM) in a
generic analytical fashion and includes critical components of a SAM, the
schematic SAM, and using SAM multipliers to identify distributional impacts of
exogenous shocks on sources of regional factor income. The specific
construction and empirical estimation of a SAM detailing forestry-related activities

will be left for discussion in Chapter V.

Components of a Social Accounting Matrix

A SAM organizes data and develops a modelling framework in the context
of stating initial conditions in an economy and focuses on the disaggregation of
households into income categories. Those constructing social accounting
matrices are often faced with incomplete data of varying quality. SAM’s provide
an invaluable framework in bringing together available data and assist in
quantitatively describing the initial position of an economy (Pyatt and Round,

1985).

63
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King (1985) defines two primary objectives of performing SAM analysis.
The first is to organize information about the economic structure of a region in a
given year. A SAM provides a static (snapshot) image of a region’s economic
conditions. More than a static image is required to analyze the operation of an
economy or to simulate the effects of policy interventions. The second objective
of constructing a SAM is to (ibid, page 17) "provide a statistical basis for the
creation of a plausible model".

Taxonomies, or the orderly classification of economic groupings to their
presumed natural relationships, within a SAM are critical. The classification
system used within the SAM is important in capturing behavioral differences and
market imperfections. The model-builder’s responsibility is to define and justify
his choice of classifications based upon the problem being addressed (Pyatt and
Round, 1985). Accounting constraints are important components of a SAM in
that they ensure that the system adds up. The ability of an analyst to provide
quantitative explanations to phenomena within a regional economy is done
through appropriate classification within the confines of a balanced set of
regional economic accounts.

A social accounting matrix is a double-entry bookkeeping system within
which revenues (or income) must balance with expenditures (or outgoings).
SAM’s are logical extensions of input-output analyses and are similar in many
respects. SAM’s, however, contain much more information which focuses on
household and institutional disaggregation. Numerous adaptations to the social
accounting matrix framework have been made. The following breakdown of SAM

components is one plausible taxonomic structuring.
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Production of Industrial Sectors

The essence of industrial sector production activities are captured through
basic production functions. These individual components differ little from input-
output and include interindustry transactions demand, household consumption
demand, government demand, investment demand, and commodity exports.
Expenditures identify input supply components for the goods and services
produced by industrial sectors. Specific components of input supplies include
interindustry supply, factor payments to land, labor and capital, indirect business
taxes, and commodity imports.

In double entry tabular form, the production of industrial sectors can be

summarized as follows:

Revenue (row) Expenditure (column)
Interindustry demand Interindustry supply

Household consumption demand  Payments to factors of production
Government demand Indirect taxes

Investment demand - Commodity imports

Commodity exports

Total industry revenue Total industry expenditure

Factors of Production

Factors of production include land, labor and capital and, together,
combine to form regional value added. Value added is equivalent to the total
inputs to the production process net of intermediate purchased inputs including

imports and indirect taxes. In the SAM, factor income includes that which is paid
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to factors from industrial sectors. Factor expenditure includes payments made to

institutional categories and payments made to government in the form of factor

taxes.
In double entry tabular form, the factor account can be summarized as:
Revenue (row) Expenditure (column)
Income from industries Payments to institutions
Factor taxes
Total factor revenue Total factor expenditure

Institutional Disaggregation

The decomposition of income and expenditure flows to institutional
categories captures behavioral differences important to answering the problems
being addressed in a specific study. Institutional income is received from factors
of production and transfers from government. Institutional expenditures include
payments to households, depreciation/retained earnings, and institutional rest-of-
world transfers.

In double entry tabular form, the institutional account includes:

Revenue (row) Expenditure (column)
Income from factors Payments to households
Gov't transfers to institutions Depreciation/retained earnings

Institutional ROW transfers

Total institutional revenue Total institutional expenditure
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Households

Households are typically disaggregated by household income categories
within a SAM. This allows identification of distributive impacts among various
economic groups of changes in economic structure attained through
development policy. In a SAM, household income is received from institutions
(identified as earned income), government transfer payments, and income from
dividends, interest, etc. (identified as unearned income). Households expend
income through household consumption, payments to government through
taxation, household savings, and imports to consumption.

In double-entry tabular form, the household account is summarized as

follows:
Revenue (row) Expenditure (column)
Earned income Household consumption demand
Unearned income Household taxes
Government transfer Household savings
Imports to consumption
Total household revenue Total household expenditure

Government Integration

The government is integrated into regional economies primarily through
taxation and transfer payments. Government income is received from productive
activity’s indirect business taxes, taxes received from factor inputs, household

taxes collected, and unearned income taxes. Governments expend funds
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through direct government commodity demand, transfer payments to institutions,
transfer payments to households, and government imports to consumption.

In double-entry tabular form, the government account can be summarized

as follows:
Revenue (row) Expenditure (column)
Indirect business taxes Government commodity demand
Factor taxes Transfers to institutions
Household taxes Transfers to households
Unearned income taxes Government imports to consumption
Total government revenue Total government expenditure

Capital Markets

The functioning of capital markets is typically a difficult account to
construct for a region due to data unavailability. It can, however, be important in
tracing income accruing to economic groupings. A plausible taxonomic structure
of a SAM for a region in which capital markets are primarily external can include
capital income which is generated from institutional depreciation/retained
earnings and household savings. Capital expenditures for a SAM structured in
this manner would include investment demand and the net capital flow from the
rest-of-world.

In double-entry tabular form, the capital account for a SAM structured in

this manner could be summarized as follows:



Revenue (row)

Institutional depreciation/
retained earnings

Total capital revenue

Inter-Regional Flows

69

Expenditure (column)

Investment demand
Imports to investment demand
Net capital flows

Total capital expenditure

Regional social accounting matrices are inextricably tied to the outside

region by flows in all accounts. Dealt with through residuals, inter-regional

income accruing to the region under study would include commodity imports,

factor payment outflows, institutional rest of world transfers and net capital flows.

Inter-regional expenditures would include commodity exports, unearned income,

and government transfers.

In double-entry tabular form, the inter-regional accounts can be

summarized as including:

Revenue (row)

Commodity imports
Factor payment outflows
Institutional transfer

Net capital flows

Total revenue from ROW

Expenditure (column)

Commodity exports
Unearned income
Government transfers

Total expenditure to ROW
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Mapping Factor Incomes Through a SAM

The usefulness of a social accounting matrix is a function of its taxonomy
and the manner in which factor incomes are traced through an economy.
Primarily, this tracing exercise boils down to mapping components of value
added through a regional economic structure..

The initial value added matrix which is derived through assessment of the
expenditure of productive sector activity includes payments by sectors to the
factor inputs of land, labor, and capital used in producing regional output and is
distributed throughout the regional economy by initial production sectors.

The structure of this SAM then reaggregates the economy into institutions.
Factor payments net of factor taxes are then distributed within the institutional
income distribution matrix. Factor taxes are removed from this account to
provide consistency with data sources and to provide a net factor income which
is then allocated by institutions to households. It is important to note that factor
taxes could be removed from institutions (in the household income distribution
matrix) if data were available on differential rates of institutional taxation for
factors inputs. For this analysis, it is assumed that there does not exist
differential rates between institutions. For example, nonindustrial private forest
landowners pay the same tax rate on forest land as does industrial private forest
landowners.

Income from factor inputs are then distributed among household income
groups from institutions. This is accomplished in the household income
distribution matrix and is done in accordance with BEA data on personal income
by major source specific to McCurtain County during 1985 (USDC, Bureau of
Economic Analysis, 1992). Thus, this completely tracks factor income

throughout the economic structure from production sectors through households.
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A complete description of the specific techniques in constructing the SAM will be
found in Chapter V. Attention will now be given to addressing the schematic
social accounting matrix with particular attention given to SAM accounting

constraints from a generic perspective.

The Schematic Social Accounting Matrix

Recall the fundamental structure of input-output from Chapter lll. An
endogenous vector of sectoral production expressed as X (total gross output)
can be predicted from a matrix of coefficients Z (which is a matrix of transactions
between sectors) and a final demand vector Y (sales to final demand). Recall
that Zis a function of A Xwhere A is a matrix of technical (or direct) coefficients
specified for input or output orientation and X, as stated above is total gross

output. Substituting for Zand simplifying the equation results in the following:
X=(-Ar1Y (4.1)

Social accounting matrices are treated in a similar manner. Using social
accounting matrices to predict income distribution resulting from exogenous
changes is addressed in the literature. To transform the social accounting matrix
into a predictive model requires several procedural steps. Cohen (1988)
discusses these as including (1) subdivision of the social accounting matrix into

exogenous and endogenous categories, (2) expressing flows as average
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propensities of their corresponding column totals *, and (3) progressing through
the analysis as outlined below.

Figure 5 presents the SAM in schematic form which distinguishes
endogenous and exogenous portions (adapted from Pyatt and Round, 1985;
page 190). Note that endogenous accounts appear above and to the left while
exogenous accounts appear below and to the right. Equations 4.2 through 4.12
define the accounting relationships which are direct result of the SAM structure.
Transéctions between endogenous accounts (N) can be expressed as the
product of the average propensities to consume (the square matrix A, and a

vector of endogenous incomes (y,) as specified in (4.2).
N = An yn (4.2)

Note that A, is the matrix of average endogenous expenditure propensities and
is equal to N y, 7. Also, N;is the vector of row sums of N = A, y,.

In a similar fashion, leakages (L) are equated to the product of average
propensities to leak (non-square matrix) and the endogenous incomes (y,) as

specified in (4.3).

L = A] yn (4.3)

1. Expressing flows as average propensities of their corresponding column totals will allow
assessment of demand shifts and assumes that output relationships remain constant
through an economic structure. Conventional SAM multiplier analysis is typically done using
constant output relationships. Supply-side input-ouput models depart from convention in
expressing flows as average propensities of their corresponding row total and allow
assessment of raw material supply shifts assuming that input relationships remain constant.
The supply-constrained technique applied in this dissertation should not be confused with
this supply-side technique. Another manner in which supply can be constrained is through
a mixed exogenous/endogenous technique. The supply-constrained analysis referred to in
this dissertation follows the mixed exogenous/endogenous technique and will be discussed
later in this chapter.
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Note that A is the matrix of average propensities to leak and is equal to L y,’

and L is the vector of row sums of L = Ay, and is equalto 1. Since N, L, and y,
are directly observable from a constructed SAM, the matrices A, and A, can be
directly obtained. The accounting relationships by which endogenous incomes

are determined are specified in (4.4) and (4.5).

Ya=Nn+X (4.4)

Yn=AnYn+ X (4.5)

Where n are SAM transactions between endogenous accounts (matrix of SAM
transactions specified as N) and x are injections from exogenous into
endogenous accounts (matrix of injections specified as X). Accounting
relationships for incomes in the exogenous accounts (y,) are specified by (4.6)

and (4.7).
Yx=1+Ri (4.6)
Yx=AyYn+ RI (4.7)
Note that Ris a matrix of SAM transactions between exogenous accounts.
Expenditure summation down the columns of the endogenous accounts
(4.8) imply that, for the endogenous accounts, rows and column sums are equal

given that (4.9) holds (i.e. that column sums for A, combined with A, sum to unity

in all cases).

Yn=("An + i’A) ¥n (4.8)
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i"=TPA, + I'A (4.9)
Exogenous accounts are summed down the column in (4.10). The accounting
requirement that column sums be equal to row sums provides the logic for
(4.11).

Yx=iX+ iR (4.10)

Ayn-Xi=(R-R)i (4.11)

Note that X; is the vector of row sums of X. This, then, provides the implications

stated in (4.12) that, in aggregate, inflows into the system must equal leakages.
Q% Yn =X (4.12)
Note that 2, is a vector of column sums of A (aggregate average propensities to
leak) and is equal to /’A. From the definition of 1 combined with equation 4.5, the
following result is derived as equation 4.13.
Yo=(I-A)! x =M, x (4.13)

Provided that (I-A,}' exists, equation 4.14 also follows.

1=Al(l'An)'1X:AIMaX (4.14)



76

M, is the accounting multiplier matrix. This matrix relates endogenous incomes,
¥n, to injections, x. Injection and leakages of the system implied by equation 4.14

satisfy the following requirement, given in equation 4.15.

&AM, =M, =3’ ’ (4.15)

This implies that each injection is accounted for by corresponding leakages.
Endogenous accounts which pertain to the SAM constructed in Chapter V
includes production sectors, factors of production, institutions, and households.
Exogenous accounts are those accounts specified as government, capital, and
rest-of-world. Injections, x, to the system include transfers to institutions and to
households from government, and the rest-of-world. In addition, injections occur
through demands of production activities from government, investment, and

exports to the rest-of-world. Leakages include taxes, savings, and imports.

The Supply-Determined SAM

Wood processing expansion is constrained by the availability of raw
material supplies, namely sawtimber and pulpwood generated by IPF, NIPF, and
Public timber producers. The ability to specify this constraint is one of the unique

characteristics of this analysis.

Mixed Endogenous/Exogenous Accounts. This is done using procedures

outlined in Miller and Blair (1985; Chapter 9, pages 325-333). Supply determined
mixed exogenous/endogenous account input-output analysis is a departure from

standard demand side input-output models. The standard models assume that
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Y, or the specification of final demand, is exogenous to the system. Changes in
the Y’s are derived outside of the model itself. The effects of changes in the Y’s
on sectoral gross output, then is calculated with the model.

Situations exist, however, where this system is limiting. A more adaptable
model is presented with the mixed exogenous/endogenous account input-output
methodology where final demands for some sectors and gross outputs of other
sectors are exogenously specified. For example, due to limited productive
potentials of forest lands and exorbitant hauling costs, the inputs of raw material
to wood processors might be fixed with what is currently available for harvest.

Timber production and processing can be viewed as supply-constrained
in that rationing by large industrial owners will be accomplished in order to
ensure future timber supplies which feed processing facilities. The argument
breaks down, however, when prices are no longer fixed. As raw materials
become more and more scarce, prices for these production inputs tend to
increase. The spatial scope then plays a fundamental role. This analysis is
assessing the impacts of timber productivity on a small region (a single county).
Demand for processed wood products such as plywood, dimensional timber,
and paper are determined in the national marketplace. Processors are viewing
demand as relatively elastic. Given generally fixed prices for output, processors
are forced to allocate (or ration) raw material supplies to meet this exogenously
determined demand. This provides justification for analyzing these sectors in a
supply-constrained fashion.

Precedence for using supply determined mixed exogenous/endogenous
specification models in social accounting matrices is limited in the literature.
Schreiner and Garcia (1992) applied a supply constraint for predetermined
output of a commodity account in a recent study on structural adjustment

programs in Honduras.
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Interpreting SAM Multipliers

Recent literature has provided perspective on decomposing and
interpreting SAM muiltipliers. Pyatt and Round (1985) outline the fundamental
SAM multiplier analysis. Cohen (1989) and Round (1988), also comprehensively
discuss SAM multiplier analysis. Batey and Weeks (1988) discuss the effects of
household disaggregation through SAM multiplier analysis. Rose and Beaumont
(1988) discuss interrelational income distribution multipliers. Holland and Wyeth
(1989) discuss the decomposition and interpretation of SAM muiltipliers as well as
their relationship to input-output multipliers. Round (1985) decomposes
multipliers for economic systems involving regional and world trade. Pyatt and
Round (1979) discuss accounting and fixed price SAM multipliers. Robinson and
Roland-Holst (1987) discuss SAM muiltiplier analysis used to sort out direct and
indirect links through which macroeconomic shocks affect economic structures.
Defourney and Thorbecke (1984) discuss structural path analysis and SAM
- multiplier decomposition.

Applications of SAM multipliers have become common through the
literature. Of noteworthy mention is a study by Adelman, Taylor and Vogel
(1988), within which the authors discuss SAM matrix multipliers as applied to a
migrant-sending village in Mexico. Also, Esparza (1989) discusses SAM
multipliers in an application to defense spending impact analysis. Alward, Lichty,
Maki, and Westeren (1992) discuss the framework for using SAM multipliers for
analysis of natural resource-base regions.

Actual decomposition of accounting and fixed-price multipliers are of little
empirical interest to this study. Results derived through their usage, however,

provide plausible stepping stones for analyzing the questions set forth in the
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problem statements of Chapter |. An excellent discussion of multiplier
decomposition can be found in Pyatt and Round (1985; Chapter 9). Discussion
of the multiplier analysis used in this study with particular attention to the use of

interdependency coefficients is contained in Chapter VI.



CHAPTER V

THE EMPIRICAL SOCIAL ACCOUNTING MATRIX:
DATA AND PROCEDURES

Constructing the Regional Social Accounting Matrix

lllustration of a social accounting matrix to address distributional issues of
timber production is accomplished by analysis of a region in which forest
management and wood processing plays a significant economic role. McCurtain
County, in Southeastern Oklahoma, is predominantly rural and forested.
McCurtain County is but one example of the current economic structure in the
rural south. It should be noted that replication of constructing a social
accounting matrix for other regions would be straightforward using procedures
discussed in this chapter.

The following discussion will detail the empirical construction of a social
accounting matrix, outlined in tabular form in Figure 4. The specification of this
SAM is focused on timber production and wood processing, referred to in the
following discussion as the forestry complex. The manner in which the forestry
complex interacts with returns to factors of production (land, labor, and capital)
and distributed throughout economic and industrial groupings is the primary

objective of this study. The flow designation of the SAM follows the norm

80
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with regional receipts found by reading across rows and regional expenditures
found by reading down columns.

Note that factor accounts include five categories for labor, one category
for land, and one category for capital. Indirect business taxes are found within
the government account. Of primary institutional importance are those sectors
which comprise the forestry complex from growing trees through wood
processing. Institutions are disaggregated by forestry complex and non-forestry
complex. The forestry complex is further disaggregated by timber production
and timber processing. Timber production is further disaggregated into three
different land ownership patterns including nonindustrial private forest (NIPF)

owners, industrial private forest (IPF) owners and public forest owners.

Use of IMPLAN as a Database

IMPLAN, or IMpact analysis for PLANning was developed by the U.S.
Department of Agriculture, Forest Service in response to several legislatively
mandated planning requirements for economic énalyses (Palmer, Siverts and
Sullivan; 1985). It consists of (1) a database, (2) software designed to access
and analyze the data, and (3) an analysis program allowing planning alternatives
and economic impact projections.

IMPLAN functions to aid a user in the development of input-output models
and allows the user flexibility in data manipulation and analysis. Initially, the
primary IMPLAN applications of the U.S. Forest Service included estimating
employment and income impacts resulting from alternative forest management
activities such as timber sales and ski area development (USDA, 1984). Other

initial users included federal agencies such as the Bureau of Land Management
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and the Federal Emergency Management Agency. The original system was set
up to run on a U.S. Forest Service Univac 1100/80 mainframe computer system
around 1980.

The first user’s guide details the initial IMPLAN system (Siverts, Palmer,
Walters, and Alward; 1983). A good summary of the technical aspects of early
IMPLAN operations including the regional database, data reduction procedures,
technical coefficients, etc. is included in Alward, Davis, Despotakis, and Lofting
(1985) and in Alward and Palmer (1983).

During the mid-1980’s, Micro-IMPLAN was developed as an adaptation of
the complete system which runs on MS-DOS based microcomputers.
Applications of the microcomputer version have steadily risen during the late
1980’s. Interim user’s guides (Siverts, Alward, Wagner, and Walters; 1987 and
Alward, Siverts, Olson, Wagner and Senf; 1989) summarize MicrolMPLAN
progress during this period. The current version of Micro-IMPLAN (IMPLAN,
1991) and its respective user’s manual (IMPLAN Development and Applications

Group, 1991) document the operation of the current software.

The IMPLAN Database and Software System. The IMPLAN database

consists of (1) the national-level technology matrix of transactions for goods and
services between industries, (2) estimates of gross output, employment, final
demand, final payments for sectors by county and (3) social accounts. The
current data represent 1985 county-level activity for 528 sectors. Complete
database origins and construction procedures in documented form are not yet
complete for the 1985 data.

The software which supports the database allows interactive access
between users and the various components of the system. IMPLAN allows the

user to modify, add or delete data. Specific changes to the database are



83

typically based on available local information. Full operation of the IMPLAN
system can be found in the user’s manual (ibid).

Social accounting matrix development and application using IMPLAN has
seemed somewhat disjoint. Alward (1985) discusses early development of the
social accounts. Various versions of IMPLAN have had major problems with the
social accounts (an Oklahoma social accounting matrix is only available using the
1982 data) including data omission. Kilkenny (1991) discusses the ability and
specific procedures for using IMPLAN to develop social accounting matrices for
analyzing farm policies.

The proliferation of primary and secondary user groups are evidence that
IMPLAN is increasingly being considered as a valuable interactive tool to develop
interindustry analyses and social accounts. Information partnerships are
discussed in Siverts and Maki (1990) which detail the current user groups which
include the USDA Forest Service, the Federal Emergency Management Agency,
the Cooperative Extension Service, the Economic Research Service, the
government of Mexico, and a wide variety of individuals, agencies and private

entities.

Accuracy of IMPLAN. Numerous attempts have been made to test the

accuracy of IMPLAN general results and multipliers. These include studies by
Siverts and Chappelle (1989), Borgen and Cooke (1991), Hotvedt, Busby and
Jacob (1988), Crinhfield and Campbell (1991) and Schuster and Medema (1989).
Appendix A discusses an assessment of IMPLAN which focuses on partitive and
holistic accuracy with regard to its use for this study. The primary conclusions
drawn in Appendix A indicate that IMPLAN reflects published county-level data
well and appears to satisfactorily mimic the operation of regional economic

structures.
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The current data version of IMPLAN uses a base year of 1985.
Documentation of this data and data reduction methods usevd has not yet been
published. Earlier data used 1977 and 1982 as base years and documentation
does exist (Alward, 1987c; Alward and Despotakis, 1987; and Engineering-
Economics Associates, Inc., 1985a, 1985b, 1985¢c, 1985d, 1985e) which indicates
generally satisfactory methodological procedures for development of nonsurvey-
based data. Caution is required, however, in using IMPLAN to estimate change;
particularly at smaller geographic regional levels such as the single county.
Cross referencing the IMPLAN data with published benchmarks and other data
retrieval methods and interactively adjusting critical variables such as regional
purchase coefficients (RPC’s) and components of value added are a must.

Further discussion of this can be found in Appendix A.

Developing a Hybrid IMPLAN Model

IMPLAN is used to develop the inter-industry transactions matrix, vectors
of final demand as well as components of value added. The 1985 IMPLAN
database was edited to more accurately account for timber production in
McCurtain County, Oklahoma. Development of a hybrid model uses standard
conventions as outlined in the Micro-IMPLAN Users Manual (IMPLAN
Development and Applications Group, 1991; section 4). Construction of this
hybrid model is accomplished using unaggregated sectors according to IMPLAN

industries set forth in this Manual (ibid, Appendix N)

Adjustment of Regional Purchase Coefficients. IMPLAN is a supply-

demand pool based input-output modelling system and uses the concept of a
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regional purchase coefficient specific to each industrial sector to identify inter-
regional trade-flows. Comprehensive discussion of the IMPLAN supply-demand
pool theory is contained in work done by Kostas A. Despotakis (Engineering-
Economics Associates; 1985a, 1985b, 1985d, 1985e). A regional purchase
coefficient is defined as representing (IMPLAN Applications and Development
Group, 1991; Appendix G, page G-1) "... the proportion of the total supply of a
good or service used to fulfill the demands of a regidn that is supplied by the
region to itself."

Errors are evident in the 1985 IMPLAN regional purchase coefficients.
Specific RPC errors differ by state database. For instance, the RPC’s for retail
trade (IMPLAN sectors 462 and 463) and eating and drinking places (IMPLAN
sector 491) are zero for Oklahoma. Yet RPC’s for IMPLAN sectors 446 through
525 are 1.00 in California, Nevada, North Dakota, and Wisconsin. Given that
IMPLAN defines an RPC as stated above, it would appear that zero or one would
be unrealistic.

Another problem occurs in applying state-level RPC’s to county units in
service sectors such as hotels and lodging places (IMPLAN sector 471).
Whereas a statewide RPC of 0.8 might appear logical (e.g. most of the hotels
and motels operating in a state would be demanded by people from the state
itself), a county RPC of 0.8 would seem extraordinarily high (e.g. most of the
hotels and motels found in a county are being occupied by people from the
same county (?)).

Table IV details the regional purchase coefficients and their adjusted
values for specific sectors. The adjustments were made using standard
conventions in developing a hybrid model as specified in the user’s manual (ibid,

pages 4-26 through 4-30).
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TABLE IV

MODIFICATIONS MADE TO REGIONAL McCURTAIN COUNTY TRADE FLOWS

Modified 1

IMPLAN Supply/Gross Demand Modified
Sector  Sector Name Original RPC Pool Ratio RPC
491 Eating and Drinking Places .0 .69589 .69589
471 Hotels and Lodging Places .81763 1.0. 2

463 Other Retail Trade .0 .76584 .76584
462 Recreational and Related Retail .0 .23627 .23627
189 Paperboard Mills 2 .26543 1.0 .12897
188 Paper Mills, Except Building 2 .00125 1.0 .00051
187 Pulp Mills 3 .00018 1.0 1.0

166 Veneer and Plywood 2 .84623 1.0 .84607
161 Sawmills and Planing Mills 4 .79086 .0 .79086
160 Logging Camps and Contractors 2 .798 .82129 .82129
24 Forestry Products 3 .00018 1.0 7

The net supply/gross demand pool ratio in IMPLAN cannot be exceeded by a regional
purchase coefficient. Since a simultaneous hybid model change is made to certain sectors
in both gross commodity output and regional trade flow, the original ratio may be violated
creating a need to readjust regional purchase coefficients. Those sectors where this applies
are denoted by footnote 2.

In reallocating components of value-added through gross regional output (see next section
on Adjustment of Timber Production Sector Value-Added), IMPLAN adjusted supply and
demand of these sectors automatically due to linkages imbedded within the system. This, in
turn, led to an adjustment to regional purchase coefficient.

Both manual readjustment to regional purchase coefficient and internal consistency
readjustment were made.

Same footnote as 2 except adjustment was not large enough to warrant an adjustment in -
regional purchase coefficient.
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Adjustment of Timber Production Sector Value Added. It appears that

values for timber production output (particularly industrial timber production) are
often included with non-timber production sectors in which industrial firms are
vertically integrated. An example of this is where a forest products firm engaged
in the production of paper or plywood relies upon its own forest land for raw
material supplies. Employment and output values found in higher levels of
vertical integration (manufacturing sectors) typically account for employment and
output of lower levels (timber production).

Timber volume estimations for removals were obtained using the reported
softwood and hardwood volumes derived through interactive SOFIA (Southern
Forest Inventory and Analysis) (USDA Forest Service, 1992b) database usage.
This database represents the USDA Forest Service Mid-South United States
forest inventory and is maintained in Starkville, MS. The Oklahoma data within
SOFIA was collected during 1986. In McCurtain County, Oklahoma, 159 points
with 10 plots were measured using standard forest biometry methodologies.
These points are distributed throughout the County at corners on a three (3) mile
grid. Tree level figures for removals are 10 year annual averages (thus
appropriate to assume that 1985 is the same as 1986) and are aggregated to
county estimates using standard procedures outlined in the Computer Access to
Midsouth Forest Resource Data Manual; USDA Forest Service (1992a). Table V
provides aggregate McCurtain County-level volumes for hardwood and softwood
removals for 1985.

The timber production sector output was calculated using the standard
economic interpretation of value !, namely the product of price and quantity,

using reported prices for Southeastern Oklahoma (Region 1, Oklahoma) found in

1. This is the standard convention used in national accounting as well as that employed by
IMPLAN.
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TIMBER REMOVALS ' FROM McCURTAIN COUNTY
BY OWNERSHIP DURING 1985

Removals Volume
Softwood Hardwood

Forest Sawtimber2  Pulpwood3 Sawtimber?2  Pulpwood3

Ownership

Industrial 103.68 6.840 23.120 3.131
Nonindustrial 2.86 0.596 8.384 0.413
Public 3.50 0.078 0.000 0.000
Total* 110.04 7.513 31.504 3.545

1. Obtained through interactive SOFIA database usage based upon USDA Forest Service
(1986) Oklahoma inventory. Specific batch file available from author.

2. Sawtimber volume is in million board feet International % Log Rule.
3. Pulpwood volume is in million cubic feet.

4. May not sum to total due to rounding.
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