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ABSTRACT

The purpose of this study was to provide a better understanding

of the contribution of the Tennessee lumber and wood products industry

to the state economy. The approach taken was to develop equations that

quantified historical relationships relevant to the lumber and wood

products industry. This methodology provided a separate sector, con

sistent with the state econometric model for the lumber and wood products

industry.

The Tennessee Econometric Model (TEM II) provided the basic frame

work within which the lumber and wood products equations were formulated.

The framework for the manufacturing sector equations in TEM II consists

of separate equations for forecasting output, employment, and wages.

This basic structure was used in formulating the Tennessee lumber and

wood products equations.

The constraints associated with working within the TEM II frame

work were considered significant in this study. In order to better

identify structural relationships in the industry, an alternative set

of output equations was developed for structural/simulation analysis.

These equations were formulated using a different set of statistical and

economic criteria than the forecasting equations.

The equations resulting from the study provide valuable informa

tion about the performance of the lumber and wood products industry in

the state economy. The forecasting equations, in their current form,

iii



IV

provide forecasts for the industry in terms of output, employment, and

wages for the 1979-1986 time period.

The final form of the simulation equation provides a statistically

valid method of impact analysis. Specifically, the impact of changes

in the furniture and housing markets on the state lumber industry can

be tentatively identified.

Though the equations may not be incorporated into the state

econometric model in their current form, the research accomplished in

their formulation is valuable as a basis for further study of the

industry. Additional research is needed to determine if the hardwood

industry can be analyzed adequately as a separate sector of the state

econometric model and/or by developing a more detailed satellite model.
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CHAPTER I

INTRODUCTION

Determining the "importance"^ of the forest products industries

has been one of the focal points of forest economic analysis. The use of

descriptive statistics on a county, state, regional, or national level

has been widespread in order to provide a quantitative estimate of the

relative position of wood-based industries in the economy.

The need for this type of information is not limited to forest

industry. The rising importance of regional and/or industry economic

analysis over the last 20 years has been due, in large part, to the need

for more detailed information regarding all sectors of the economy.

Broad aggregate national economic indicators (Gross National Product and

Housing Starts, for example) provide only limited information for both

public and private policy decisions.

Generally available detailed statistics are usually two to three

years out of date by the time they are accumulated and published. Though

these figures are useful, their utility is limited to providing a histori

cal perspective. Even current statistics would be of limited value.

Importance" is often derived by interpreting the available de
scriptive statistics. In this study, the importance of the Tennessee
lumber industry is derived by analyzing the dynamic properties of its
output, employment, and wages.

1
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since they would reveal only static relationships. Sound decision-making

requires not only an understanding of the current economic environment,

but a view of the future.

Since a view of the future is implicit in the decision-making

function, the decision-maker (consciously or unconsciously) interprets

the available information as to its probable meaning for the future.

Economic modeling supplements the judgemental outlook of the individual

decision-maker with a more objective forecast based on quantitative

historical relationships.

The need for information on future expectations, coupled with the

need for current disaggregated data, provides the impetus for regional

econometric forecasting. In Tennessee, this effort has taken the form

of a state model that is driven by forecasts from a national econometric

model. The current version of the Tennessee Econometric Mqdel (TEM II)

disaggregates the state economy into components. Specifically, the

manufacturing sector is broken down into 13 sectors. Forecasts and

simulations are possible in terms of output, employment, and wages for

each of these sectors. The wealth of information the model provides has

proven valuable in terms of research applications, policy formulation,

and business decision-making.

TEM II is maintained by the Center for Business and Economic Re

search at The University of Tennessee, Knoxville. The model is constantly

being updated, and forecasts are made to reflect the most recent develop

ments in the national and state economic environment. Currently, two of
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the three wood-based industry sectors are disaggregated in the model,

these being furniture and fixtures (Standard Industrial Code (SIC) 25),

and paper and allied products (SIC 26). In order to better understand

the current and future roles of the forest products industries in the

Tennessee econoiry, lumber and wood products (SIC 24) should be developed

as a separate sector, in contrast to its current designation as part of

the "Other Durables" sector.

This thesis reflects a first effort toward developing a lumber

and wood products sector in the state econometric model. Benefits of

developing such a sector of the state model are numerous. Among them are:

(1) forecasting within the context of the state economy provides a

better understanding of the dynamic role of the industry in the past as

well as the future, (2) a sector structurally consistent with the state

model would facilitate meaningful interpretation of an aggregate primary

wood-using sector (SIC 24, 25, 26), (3) TEM II is maintained by an in-

place support structure, with developed channels of information dissemina

tion. Further, the development of this sector model will provide the

opportunity to assess the data limitations and possible structure of a

more detailed model of the industry.

I. OBJECTIVES

The general objective of this study was to assess the current and

future economic contribution of the lumber and wood products industry in

Tennessee. This dynamic estimate of the industry's economic role should
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be easily updated to take advantage of the most recent data available.

Specifically, the objectives were as follows:

(1) Develop equations that relate the performance of the state

lumber and wood products industry (in terms of output,

employment, and wages) to national and/or state variables

for which forecasts are readily available.

(2) Develop equations that are consistent in definition and

structure to the sectoral equations of the Tennessee

Econometric Model.

(3) Identify, through the use of the equations, the key

variables (of those studied) affecting lumber and wood

products output.

(4) Forecast (both short-term, 1979-1981, and long-term,

1982-1986) the probable performance of the Tennessee

lumber and wood products industry, given the forecast

of the key variables mentioned above.

II. THE LUMBER AND WOOD PRODUCTS INDUSTRY IN TENNESSEE

Product Mix and Structure

2
One characteristic of the lumber industry is that its structure

and product mix in any particular geographic area is largely determined

2
Throughout this paper, the term "lumber industry" refers to the

Lumber and Wood Products industry. Standard Industrial Code (SIC) 24,
as defined in the SIC Manual (52, p. 90).
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by the constraints of the resource base. Over 80 percent of the saw-

timber and growing stock volume in Tennessee is hardwood. In 1970, over

87 percent of the roundwood output was hardwoods, with southern pine

accounting for most of the remaining softwood output (48). Though 1970

figures indicate that Tennessee was a net importer of sawlogs, the total

amount of imports amounted to less than 10 percent of total sawlog pro

duction (29). Given these figures, it follows that the performance of

the state lumber industry is largely determined by the markets available

for hardwood lumber. This is almost the reciprocal of the situation

found on the national level, where the softwood markets (particularly

housing) dominate the industry. The significance of these differences

to this study will be discussed later.

Figure 1 illustrates the 1972 breakdown of Tennessee's total value

added in lumber by SIC 24 sub-industries. Sawmills and planning mills

(SIC 242) accounted for nearly half of the total value added in 1972.

Hardwood dimension and flooring is a subcategory of SIC 242 and, as such,

accounted for nearly 20 percent of the total lumber value added. Another

20 percent was accounted for by the millwork and veneer category (SIC

243). It can be assumed that hardwood roundwood is the primary input

in all of the categories mentioned.

3

The precise definition of value added by manufacture is as fol
lows: The measure of manufacturing activity derived "by subtracting the
cost of materials, supplies, containers, fuel, purchased electricity and
contract work from the value of shipments for products manufactured plus
receipts for services rendered. The result of this calculation is then
adjusted by the addition of value added by merchandising operations ...
plus the net change in finished goods and work-in-progress inventories
between the beginning and end of the year." (45, 1976, p. 82) Note -
value added is not equivalent to total production but, in this context,
is a net concept approximating contribution to gross state product.
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Figure 1. Industry Share of Tennessee SIC 24 Value-Added in 1972.

Source: (47)
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In 1972, the definition of SIC 24 (specifically SIC 245) was

expanded to include the production of mobile homes (52). This change

elevated the importance of this subcategory to about 14 percent of the

state's SIC 24 output. The changing importance of the products included

in SIC 24 is shown in Figure 2. The sudden increase in importance of

the wood buildings and mobile homes category (SIC 245) is one of the

more pronounced changes. Though sawmills and planing mills continue to

dominate output, as measured by value added, the difference in importance

between the mill work and sawmill categories has steadily declined since

1963, giving a better balance to the product mix. Though the product

mix will continue to change, the direction and magnitude of the change

will be determined largely by the hardwood markets.

Historically, the Tennessee lumber industry has been labor inten

sive and, as such, consisted of many small mills (with minimal capital

investments) that would tend to gear up or go out of business as business

cycles (demand) dictated. There have been, however, significant changes

in the last 30 years. Since the end of World War II, the number of active

sawmills has decreased from 2800 to a figure of 546 in 1970. During the

1960's, this change in structure was accelerated. Though production

dropped, the small, intermittent producers were being replaced by larger,

more efficient sawmills, to the point that the number of large sawmills

more than doubled between 1960 and 1970 (3)., This substitution of

capital for labor probably accounted for an increase in productivity in

the industry.
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The Lumber Industry in the State's Economy

Output. In order to gain a perspective of the lumber industry's

role in the Tennessee economy, it is important to have a valid measure

of comparison. Value added by manufacture is recognized generally as

"the best value measure available for comparing the relative economic

importance among industries and geographic areas" (45, 1976, p. B2). It

is used as a proxy of output throughout this paper. The relative import

ance of the major manufacturing industries in Tennessee is shown in

Figure 3. Manufacturing, as a whole, comprised about 35 percent of the

state's estimated total production in 1976, making it by far the most

important sector of the economy in terms of percentage share of estimated

Gross State Product (GSP). The lumber industry was a relatively small

part of the total manufacturing effort. It should be noted, however,

that if the state's primary wood-using industries (lumber and wood products,

furniture and fixtures, and paper and allied products) are grouped together

they would rank behind only the chemical and food industries in importance

to Tennessee's manufacturing economy.

Employment. As mentioned earlier, the state lumber industry is

relatively labor intensive and consists of many small firms. Though

there has been a pronounced trend toward larger mills, 1977 data published

by the Tennessee Department of Economic and Community Development show

that of the total 564 SIC 24 operations, 231 are sawmills and planing

4
mills which average only 7 workers per location (7).

^The employment figures of the Tennessee Department of Economic
and Community Development are gathered by their own survey and are not
directly comparable to the Bureau of Labor Statistics figures used in
the industry analysis in Chapter III.
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The relative labor intensity of the lumber industry is verified

by noting that in 1976 the lumber industry accounted for 2 percent of

the state's manufacturing production but employed 3.7 percent of its

manufacturing workers. Figure 4 shows the breakdown of manufacturing

employment in Tennessee. The uniform distribution of SIC 24 employment

in the state is illustrated in Figure 5.

Wages. The Tennessee lumber sector historically has been a low

wage scale industry. The trends in the annual average wage and salary

of the state lumber industry are shown in Figure 6. Both nominal and

constant dollar figures are plotted. The 1976 figure of 7,098 dollars

(in current dollars) is lowest of the manufacturing sectors reported by

the Center for Business and Economic Research, though not substantially

different from the 7,768 dollar figure reported for the furniture industry.

The growth in real wages averaged 1.9 percent annually for the 1958-1977

period. This compares with a 2.2 percent annual increase in the real

hourly wage for the United States lumber industry and a 2.1 percent

annual increase in the real weekly wage for all U. S. industries. The •

wage and salary figures for the 1968 through 1976 time period indicate

that nominal wages in Tennessee lumber and wood products grew by an

annual rate of 6.7 percent. This figure compares with a 6.9 percent in

crease for all wages and salaries in the state, and a 7.1 percent in

crease for the Tennessee manufacturing sector as a whole.
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CHAPTER II

LINEAR ECONOMIC MODELING

Chapter II provides a brief overview of several techniques of

regional and/or industrial modeling. The purpose is neither to cite

all pertinent literature nor to undertake an exhaustive critique of the

techniques described; it is, 1) to provide an understanding of the rela

tive strengths and/or weaknesses of the methods, 2) to illustrate

examples of past applications relevant to forestry, and 3) to show how

these methods relate to the development of the current "state of the art"

econometric models. A more detailed review of the two specific models

important to the development of the Tennessee lumber industry model is

provided.

I. ALTERNATIVE APPROACHES TO ECONOMIC MODELING

Small-Scale Models

Economic-base studies. As its name implies, economic-base studies

attempt to explain regional growth in terms of the economic base of

a community. The premise is that the base of community growth are

those goods and services serving markets outside the defined community.

The remaining goods and services are considered "adaptive" or non-basic.

Implicit in this premise is the assumption that exports are the prime

mover of the local market. That is, if "exporting" industries increase

15
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employment, those serving the local market will do likewise to meet the

increased demand for services.

The first step in an economic base study is to define the community

boundaries. Once this is accomplished the "local" economy must be divided

into two segments, 1) firms and individuals serving markets outside the

community, and 2) those serving markets within the community (42). For

an individual industry, employment (or output) may be placed into either

category or divided between the two in accordance with the markets served.

A detailed description of methods used in allocating the industries into

these categories is given in Tiebout (1962).

After the industries have been categorized, the base multiplier

is defined as the ratio of total goods and services to "basic" goods and

services. This ratio is assumed to remain relatively constant over time.

Therefore, by making projections of the growth or decline of the basic

industries, one can "forecast" the associated impact on the non-basic

industries and the economy as a whole.

Detailed economic base studies usually disaggregate the economy

into more than the two categories above. The divisions are usually based

either on sectors (according to markets served) or industries. In the

industry studies an overall multiplier is derived by "tracing out" direct

and indirect interactions in the economy.

Examples of applications to the forest product industry include a

regional application by Maki, et al. for the Douglas-Fir Region in 1968

(25). Applications in forestry at the state level have been conducted
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in Idaho (39) and Montana (18), and at the local (or subregional) level

in Tennessee (5).

Shift-share analysis. A somewhat more sophisticated technique of

analyzing regional growth is shift-share analysis. The type of analysis

addresses regional growth by decomposing it into its component parts.

The components of regional growth identified are: (1) the national

growth effect, (2) the industrial mix effect, and (3) the competitive

effect. The original formulation has been refined and expanded by Esteban-

Marquillas (10) to include an "allocation effect." Essentially, shift*

share analysis considers national growth the norm to which the contribu

tion and/or difficulties of specific regional factors are added or sub

tracted. The industry mix effect reflects the positive or negative aspects

of specialization, while the competitive effect measures the contribution

to growth due to the dynamics of a sector in a region compared to its

growth at the national level. In the expanded version, the allocation

effect measures the degree to which output or earnings are distributed

among the growth industries. A more detailed explanation and an applica

tion to the Tennessee economy can be found in Kort (23). Appendix I con

tains an application to the Tennessee lumber industry.

The techniques of regional analysis discussed above provide valu

able information from readily available data. The assumptions implicit

in their application, however, limit the validity of the results. The

basic limiting assumption of the economic base studies are the assumed

stability of the base multiplier and the assumption that regional growth
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is totally dependent upon the exporting industries. The rising import

ance of the service industries would affect, in particular, the base

multiplier. Shift-share analysis likewise depends upon assumed stability

in its analysis. The average growth rate for any particular interval

being analyzed undoubtedly masks many trends in the regional growth

pattern within that time period. It is because of these and other weak

nesses that more sophisticated techniques have been sought.

Large-Seale Models

Input-output analysis. The advent of high speed computers has

facilitated the application on a large scale of many complicated and

extensive regional analyses. These types of studies could only be

theorized until such time as the mammoth computational load could be

dealt with.

This is particularly true of input-output (or interindustry)

analysis. Though first proposed in its current form by Leontif in 1941,^

its application to regional or state studies did not follow until the

late 1950's (53). Input-output analysis concentrates on the relationship

between industries or sectors in the model. If one were interested in

how an increase in output (or employment) in sector X affected the output

(or employment) in sector Y, input-output analysis would provide the

detailed information necessary.

leontif is generally credited with applying modern mathematic
techniques to the work of Leon Walrus.
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The application of input-output (I-O) analysis requires that the

economy to be studied be broken down into sectors. The definition and/

or detail of the sector is influenced by the preference of the researcher

within the constraints of data available, regional economy character

istics, and the assumption that each sector produces a homogeneous type

of product not produced in any other sector. The more sectors included,

of course, the more insight provided into the econotiy. The use of

computers has greatly facilitated the disaggregation of economies into

meaningful components.

Basically, 1-0 studies consist of the derivation of multipliers

by applying matrix algebra to a flow table. There are essentially two

types of input-output models. In the "closed" model it is assumed that

all sectors which make purchases provide inputs. In an "open" model it

is assumed that one or more sectors (usually the final demand sectors)

are exogenous.

The 1-0 flow table is a matrix of the intersectoral flow in the

economy. The pertinent data may be gathered either by determining the

sales of the intermediate sectors in the economy to all sectors (inter

mediate and final demand) or by a survey of all sectors to determine

purchases from the intermediate sectors. Naturally, the accuracy of the

data used in the flow table determines the validity of all subsequent

information derived from T-0 analysis.

The regional modeler basically has two choices in applying 1-0

analysis. He/she can conduct a primary survey of the defined sectors to
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construct the flow table, or one could depend upon using "adjusted"

national coefficients in the regional model. There are problems with

either possibility. The primary survey would obviously be expensive

and time consuming, while the application of national coefficients to

regional analysis has been found inadequate. These considerations, along

with the assumptions of stability in the technical coefficients (re

quired to solve the system of equations), tend to limit its application

particularly to regional and/or forecasting applications. The two most

extensive applications to the Tennessee economy as a whole were a study

by Lee, et al. in 1967 (24) and a study by Wilson emphasizing agricul

ture in 1968 (53).

There are several studies that have applied input-output to the

forest products industry. These include models of the industry on a

state and regional level. Generally, when input-output is applied to

state industry analysis, the model aggregates the non-forest industries

into large categories. The lumber industry, however, is broken down

into its component parts. This type of structure allows for a concen

trated look at the transactions in the sector and the impact of forest

products on the state economy. A recent application of this approach is

the study by Terfehr and Porterfield in Mississippi (41). This study

adjusted the pertinent national coefficients through the use of a survey.

1."See for example Czamanski and Malizia (1969), Miernyk (1969),
Schaffer and Chic (1969).
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A similar study for the Georgia Research Council in 1972 involved con

densing and adjusting a large statewide I-O model into a model emphasiz

ing forest products industries (9). A regional application of input-

output was completed in 1969 by Kaiser. His study depended upon unpub

lished regional data from the 1963 Census of Manufactures to develop a

model of the southern forest economy (20).

Econometric models. The most recently developed method of regional

analysis is the econometric model. Econometrics can be described as a

blend of economic theory and statistics such that statistical and mathe

matical techniques are used to describe, analyze, and/or test economic

theory. The econometric model, therefore, is defined as an equation or

system of equations, statistically validated, that attempt to represent

the operations of the economy.

Econometric models represent combining, into one structure, four

primary methods of forecasting that were prominent after World War II.

These were: 1) the informal GNP models which consisted of piecemeal

projections of the major components of final demand, 2) the leading

indicator approach emphasizing systematic leads and lags among time

series data, 3) monetarist forecasting that evaluated the critical import

ance of the money supply, and 4) extrapolative forecasting that projects

a time series entirely from its own history (8).

Econometrics allows the researcher to develop a model that

emphasizes the components important to the expected end-use of the model

There are three main uses of econometric models: 1) forecasting, 2)
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structural analysis, and 3) policy simulation. Econometric models have

proven their performance capabilities in each of these applications.

As a result, virtually every major business currently subscribes to one

of the three major models (11, 8).

The first econometric model was developed by Jan Tinbergen in

1939, in an attempt to test business cycle theories. This first attempt

was followed by the Klein Interwar model in 1950 from which most of

today's major econometric models evolved. Figure 7 indicates the

influence of Klein's work and subsequent formulations.

The major differences in these models are in the purposes for

which they were formulated and/or the focus of their analysis. For

instance, the model developed by the Bureau of Economic Analysis is

similar to the original Wharton model, but the emphasis is on the govern

ment sector rather than the private sector (17). The model developed by

the Federal Reserve Bank of St. Louis differs from most others in its

use of monetary aggregates and its dependence upon the monetarist view

point to explain employment, prices, and interest rates.

After the establishment of the large national models, the applica

tion of econometrics to regional and/or industrial models was simplified.

The need for more detailed information than the macro-variables provided

stimulated the emergence of satellite models that disaggregated these

gross indicators into meaningful industrial and/or regional statistics (22).

Lawrence Klein was one of the first proponents of this approach, and much

of the work in the field either stems directly from his work or depends

upon one of the large models he influenced.
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Since the development of econometric techniques, there have been

several applications to forest product industry analysis. Among the

earliest was a study of the hardwood flooring market by Gregory in 1960.

The model consisted of a demand, supply, and price equation, with hous

ing starts playing the major role in the model. This model was important

not only for its insight into the hardwood flooring market, but also for

its substantiation of econometrics as an important tool for the forest

economist.

In Gregory's words, "one might say that an experiment was made to

test the hypothesis that modern econometric methods can yield significant

results when applied to forest product market research. The hypotheses

was substantiated" (13). The hypothesis has been re-substantiated

several times since this early effort. Most of the econometric models

developed since that time have concentrated on either the forest products

industry as a whole, or on the softwood markets. Two examples of the

latter are a study by Robinson (36) and one by Mills and Manthy (28).

These models represent much more sophisticated efforts, although the

basic three part (demand, supply, price) structure remains evident.

A comprehensive model of the entire forest products industry was

developed by McKillop (26) in 1967. This model consisted of supply and

demand functions for a broad range of forest products. A later effort,

and one of particular relevance to this study, was reported by Adams and

Blackwell (1) in 1973. Their model of the forest products industry was

unique in that it represented and linked the principal structural
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components of the markets for lumber, plywood, sawlogs, veneer logs, and

stumpage. The most noteworthy feature, however, is the fact that the

demand for lumber and plywood was linked with the predictions of the

U. S. economy from the Wharton Annual and Industry Forecasting Model

Though this model explicitly takes into account both construction and

non-construction uses, it is evident that hardwood markets, if accounted

for, are masked by the domination of softwoods in the aggregates used.

II. THE WHARTON ANNUAL AND INDUSTRY FORECASTING MODEL

As shown in Figure 7, page 23, the Wharton Annual and Industry

Forecasting Model is a variant of the original Wharton model. The

original Wharton model was influenced by the Klein-Goldberger model but

innovative in several respects. First, it is based on quarterly data

rather than annual estimates. It was the first model designed explicitly

for developing forecasts and provided a greater degree of disaggregation

than its predecessors. The Wharton model was estimated using two-stage

least squares and is used to provide forecasts up to eight quarters in

advance (17).

The Wharton Mark III model differs from the original formulation

in that the emphasis is placed on the financial sector, the non-manufactur

ing sector, and prices. The model allows for more detailed analysis of

policy questions due to the incorporation of 25 policy instruments com

pared to 7 in the original formulation (17).

The macro-economic model upon which this study is based contains

elements of both of the above models. The Wharton Annual and Industry
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Forecasting' Model was developed with an emphasis in industry, with dis

aggregated long-term forecasts of quantities and prices. The model uses

an annual time framework in order to produce long-term forecasts as well

as to take advantage of a more extensive data base. Another important

influence on this model was the Brookings model which first explored the

possibility of using, in the same model, data available both from the

national income accounts and national interindustry matrix.

The unique structure of Wharton Annual and Industry model is based

on the integration of a highly disaggregated (63 sectors) input-output

matrix into a macro-model framework. Driving this matrix are 49 final

demand categories including 11 consumption equations and 29 fixed

capital formation equations (35). The model produces annual forecasts

of up to 10 years on an industry basis. The premise of the model is

that adequate treatment of both supply and demand sides of the economy

is necessary to provide a realistic forecast of the economic environment

five to ten years in the future. The incorporation of interindustry

transactions provides a method of tracing the impact of alternative

policies within the context of this general equilibrium framework (34).

The output from the Wharton long-term model consists of several

statistics broken down by industry sectors. Among them are: fixed

investment, real output, employment, employee compensation, wage rates,

and sector prices. Components of Gross National Product, personal con

sumption expenditures, federal and state government spending, and other

selected indicators are included also in each forecast.
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III. THE TENNESSEE ECONOMETRIC MODEL

The Tennessee Econometric Model was formulated to fill the need

for "a method of integrating the analysis of the various state and local

governmental agencies by providing a consistent set of economic informa

tion upon which to base policy recoimiendations" (14). The method agreed

upon to provide this information was the development of a large scale

econometric model of the state that was linked to a model of the national

econorny. It has been only in the last decade that established models of

the national economy have been available for this purpose. There have

been, during this time period, numerous regional models formulated. In

put-output and/or econometric models have been formulated for several

states. The justification for choosing the econometric approach for the

Tennessee study is related to the advantages in performance, flexibility,

research capabilities, and cost discussed above. The loss of detail due

to aggregate rather than interindustry analysis would seem to be justified

given these considerations.

In order to model output on a state level, an approximation of the

Gross State Product (GSP) must be formulated. Conceptually, Gross State

Product is equivalent to its national counterpart Gross National Product;

however, the lack of data at the state level makes its approximation more

tedious. The first concise method of formulating an approximation to

O

For a list of state input-output models see Niemi, 1975, p. 100
(32); for a list of state econometric models see Gustely, 1978, p. 11-12,
(14).
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Gross State Product was proposed by Kendrick and Jaycox in 1965. There

are three theoretically equivalent definitions of GSP: 1) gross state

expenditures by sector, 2) gross state income by income type, and 3)

gross state product by sector and industry. Each of the above formula

tions would quantify "the market value of the output of goods and services

produced by a state's economy before deduction of capital consumption

allowances but after deduction of 'intermediate products' used by business

in the accounting period" (21). The gross expenditure approach of estimat

ing GSP is not practically possible at the state level, due to lack of

data. Both of the other approaches have been applied; however, the de

tailed breakdown by industry provided by the third approach is better

suited to the needs of formulating a disaggregated state model.

The detailed application of the Kendrick-Jaycox approach to the

Tennessee's GSP can be found in work by Kort (1976). Of particular

interest in this study is the estimation of the gross manufacturing

product. The basic Kendrick-Jaycox approach to estimating gross product

originating consists of applying national ratios to the state income

received data. The implicit assumption is that factor proportions within

the state industries are similar to their national counterpart. When

this assumption is violated a bias in the estimate results (31)'. In the

estimation of the gross product of Tennessee, Kort identifies this bias

and concludes that the assumptions of the Kendrick-Jaycox formulation

preclude its application to Tennessee manufacturing. Further, the modifi

cations proposed by Niemi (1972) were rejected in favor of the value-added
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data published by the Commerce Department in the Annual Survey of

Manufactures. The following justification was used:

"While it may be true that the Annual Survey of Manufacturers
concept of value-added is an over-estimate because not all
intermediate purchases are netted out, this problem is cer
tainly not unique in regional analysis, given the availa
bility of regional data. Input-output tables involve some
double-counting, as an example. Moreover, since the value-
added concept is utilized with respect to gross farm product
by Kendrick and Jaycox, there is no reason why the same cannot
apply to manufacturing. Where data are available which approx
imate the desired account, it makes more sense to use the data
rather than to fabricate it" (23, p. 21).

Based on this conclusion the Tennessee Econometric Model uses value-added

as the approximation of each industry's contribution to GSP. Real out

put is then defined as being value-added deflated by the national in

dustry deflator. The disaggregation of the Tennessee Economy used in

approximating GSP is shown in Table 1. The state lumber and wood products

industry is currently included in the "Other Durables" category.

The Tennessee Econometric Model (TEM II) was developed and is

maintained by the Center for Business and Economic Research in the College

of Business Administration at The University of Tennessee, Knoxville.

It was formulated by relating the historical trends in the state economy

to national economic activity. The relationship was quantified using

ordinary least squares, due to the fact that the preferable simultaneous

equation estimation techniques require a greater degree of freedom than

was available (14). TEM II was developed as an annual forecasting and

simulation model of the state, with sub-models of the four metropolitan

areas. National economic activity input comes from the Wharton Annual

and Industry Forecasting Model described above. The remaining input

consists of selected state policy variables.
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TABLE 1

INDUSTRY DISAGGREGATION FOR TENNESSEE
GROSS STATE PRODUCT

Farm

Government
Federal
State and Local

Manufacturing
Durable

Furniture and Fixtures
Fabricated Metals
Nonelectrical Machinery
Electrical Machinery
Transportation Equipment
Other Durables

Nondurable
Food and Kindred Products
Textile

Apparel and Textile Products
Paper
Chemicals
Rubber/Plastics
Other Nondurables

Mining
Contract Construction
Wholesale and Retail Trade
Finance, Insurance and Real Estate
Transportation, Communications and Public Utilities
Services and Other

Source: (23).
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TEM II is formulated emphasizing the output, employment and wage

interactions of the firm. Output equations fall into one of two cate

gories, depending upon the market being served. In general, the

manufacturing sector is assumed to serve national markets. Therefore,

Tennessee real output is expressed as a function of national real output

in that sector, together with adjustment factors that reflect the cost

of production differentials between the state and nation. Tennessee

furniture output, for example, is expressed as a function of United

States furniture output and the ratio of the state corporate tax rate

to the national average corporate tax rate.

Generally, the employment equations are represented as functions

of output and either real wages or a lagged employment variable. The

lagged variable represents the fact that employment does not respond

immediately to changes in output.

Wage rate equations are formulated explicitly to take into account

the effect of the regional and national economics in the wage determina

tion process. Specifically, the manufacturing equations include the

national wage rate or compensation figures as explanatory variables (14).

The current model contains a component to delineate the state

economy's effect on the metropolitan areas and a socioeconomic component

that forecasts population and labor movements. The most visible result

of the model has been the yearly publication of forecasts in the annual

Economic Report to the Governor (4). The model's use as a research and

simulation tool on an ongoing basis reflects its greatest value to the

state.



CHAPTER III

FORMULATION OF THE TENNESSEE LUMBER

AND WOOD PRODUCTS MODEL

Figure 8 illustrates the generalized procedure used in formulating

an econometriQ.model. The parameters defined by the interraction of

economic theory, data availability, and statistical validity determine

the structure of the general model. In this study most of the factors

were predetermined by the decision to develop sector equations for an

established econometric model. Chapter III identifies 1) the constraints

of the model, 2) the characteristics of the data, and 3) the methodologies

involved in formulating the equations.

I. CONSTRAINTS

Cbmpatibility With TEM II

In order to accomplish the objective of producing a model compatible

with the structure of the state econometric model, several limiting

assumptions as to the general form of the model were required.

The specific restrictions necessary to produce a sector model of

TEM II were as follows:

1) Use a compatible definition of the dependent variables.

2) Manufacturing output equations should reflect the relationship
between the state and national industries.

3) Development of equations for output, employment and wages.

32
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Figure 8. Generalized Procedure for Developing an Econometric Model.

Sourcet Adapted from (17)
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4) Variables exogenous to the SIC 24 model should be endogenous
to either the Wharton Annual and Industry Forecasting Model
or TEM II.

5) Equation performance (in both statistical and economic terms)
should be comparable to those included in TEM II.

Implications of the Differences Between the State and National Lumber

Industry

Many of the constraints listed above are tenable only if certain

similarities between the state and national variables are assumed. Though

the restrictions do not preclude the development of a satisfactory lumber

model, the validity of the assumptions in this formulation is question

able. Specifically, the domination of hardwoods in the state lumber in

dustry implies different demand, supply, and price relationships than

those found in the softwood dominated national industry. The structural

differences between the two industries have particularly significant

implications in light of three of the constraints mentioned above. They

are: 1) using the TEM II definition of real output, 2) relating the state

and national industries in the output equation, and 3) using only vari

ables in the Wharton or TEM II data banks as exogenous variables.

The first problem concerns the definition of output in TEM II

equations. This variable is defined as the state value added deflated

by the national sector deflator. The problem arises in the implicit

assumption that the structure and product mix of the state and national

sectors are similar. For most sectors the state and national industries

probably do not differ significantly. In those cases a published industry
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specific deflator would offer the best available proxy of the true state

deflator. The differences between the hardwood and softwood industries,

however, may be significant enough to affect the interpretation of the

dependent variable (real output). These differences suggest reservations

about the definition of real output used in this formulation.

The manufacturing output equations in TEM II relate the state

industry to the national industry. An appropriate variable identifying

cost differentials between the state and nation is included also. The

justification for this approach is that the state manufacturing sectors

serve national markets. It is postulated, therefore, that the performance

of the state industry can be explained by the performance of the national

industry and a measure of regional cost differentials.

Applying this methodology to the Tennessee lumber industry model,

given the differences between the state and national sectors, indicates

another significant concern in this formulation. Though Tennessee lumber

is affected by the national industry (and definitionally a part of it),

there are different markets that determine their respective performance.

Historically, the national industry's fluctuations are determined by the

performance of housing. Hardwood lumber traditionally is affected by the

furniture industry. There is, of course, a relationship between the

furniture and housing markets. Furniture industry performance, however,

is more dependent upon disposable income than it is on the current per

formance of the housing market (38). As a result, there often are

significant differences in the performance of the two industries. In
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addition to furniture, the pallet and railroad tie industries use

significant anraunts of hardwoods. It is questionable, therefore, that

relating the state to the national industry with some measure of cost

differential will be sufficient in terms of explaining the cyclical

variation in Tennessee's lumber industry.

The third problem with the sectoral model is that the exogenous

variables of TEM II are restricted to those forecast in the Wharton model

with the exception of certain state policy assumptions. Though the Wharton

model provides a great degree of disaggregation, the lumber variables at

the national level are softwood dominated. Limiting the equation for

output of Tennessee lumber to a function of these national variables and

the state variables in TEM II provides little information as to the per

formance of hardwoods. In order to forecast with the model, exogenous

variables must be forecast. Significant information as to the structure

of the state industry, however, could be derived from a model that in

cludes variables pertinent to hardwoods, whether or not they are forecast.

There are several sources of hardwood time series data that may prove

significant to an understanding of Tennessee's lumber and wood products

industry.

The three considerations discussed above indicate serious problems

in applying TEM II structural precedents to the lumber industry formula

tion. Strict application of the methodology in TEM II to any one set

of equations would yield questionable results. Consequently, it was

postulated that two sets of output equations would best meet the objec

tives of the study, one set to be developed primarily for forecasting
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within the TEM II framework. The second would be developed: 1) to

provide for structural analysis, 2) to allow meaningful impact analysis,

and 3) to take advantage of a larger data base. The structural equation

also would allow for experimentation into alternative definitions of

real output.

II. DATA CHARACTERISTICS

Data Availability

The primary sources of data for the study were the following:1

Wharton historical tables

Center for Business and Economic Research databank

Annual Survey of Manufactures (45)

Survey of Current Business, Business Statistics (43)

The Demand and Price Situation for Forest Products 1976-1977

W)

Bureau of Labor Statistics (44)

Economic Report of the President (49)

Problems with the Data

Economic time series data usually are characterized by interrela

tionships among the variables. The problems (in regression analysis)

associated with this characteristic are caused by two specific types of

interrelationships: 1) multicol linearity (intercorrelation) and 2)

autocorrelation (serial correlation).

^A* more comprehensive list of variables and sources appears in
Appendix II.
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Multicollinearity. The intercorrelation of the independent vari

ables in an equation is called multicollinearity. Due to the general

interdependence of economic phenomena, multicollinearity is most apparent

in economic time series analysis, where the series move closely together

over the business cycle or over a secular trend (12).

The problems associated with the presence of multicollinearity

can be summarized as follows:

1) The precision of coefficient estimation is affected so that

it is impossible to disentangle the relative influences of

the independent variables;

2) Correlation among the independent variables may lead to

significant variables being incorrectly dropped from the

model, since the true effect on the dependent variable can

not be ascertained; and

3) The estimates of the coefficients may become very sensitive

to a particular set of sample data (19).

Though a large data base was accumulated for this model, the

correlation matrix indicated that nearly all of the variables were

correlated significantly among themselves. This was due to the fact

that values of a vast majority of the variables increased over the time

period studied. It should be noted that the presence of intercorrelation

does not inhibit a good fit, nor does it hamper the prediction of new

observations if the assumption holds that the relationship between the

variables remains the same during the period for which the predictions
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are made (30, 17, 12). Since econometric forecasts by definition de

pend upon historical relationships, this assumption of constancy in the

relationship of the variables does not affect significantly the validity

of the forecast.

Intercorrelation among the independent variables- does present,

however, severe limitations to any structural or impact analysis with

equations. The lack of significance in the coefficient values implies

that the manipulation of the associated variables is also meaningless.

This "lack of significance" characteristic of multicollinearity provides

further justification for two separate equations. Whereas multicollinearity

can be tolerated in the forecasting equations, the variables in the

structural/simulation equation should exhibit minimal intercorrelation.

Given little or no intercorrelation, the manipulation of the variables

then can provide some information on the impact to the dependent variable.

Autocorrelation. The basic regression model assumes that the

error term (the variation in the dependent variable not explained by the

independent variables) is random. The error terms in time series models

most often are correlated positively over time; this phenomena is known

as autocorrelation or serial correlation.

The presence of autocorrelation in econometric analysis is due

usually to one of two deficiencies in the model, the first being the

omission of one or serval key variables from the model. If this missing

variable is correlated positively over time, the error terms of the model

will tend to be correlated positively, since the error terms contain the

effects of the missing variable.
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Another possible cause of serial correlation is a systematic

coverage error in the dependent variable time series. These errors

often tend to be correlated positively over time (30).

The problems associated with autocorrelation are summarized be

low:

1) The coefficients are unbiased, but no longer have the minimum

variance property.

2) The Mean Square Error (MSE) will underestimate the variance

of error term.

3) The calculated estimate of the standard deviation of the

coefficient may underestimate the true standard deviation.

4) The validity of "t" and "F" statistics for confidence inter

vals of tests is questionable (30).

The technique employed to detect autocorrelation in this study was

the Durbin-Watson test. The test statistic is obtained by fitting the

regression and obtaining the residuals (e^ = observed - predicted). The

statistic is then calculated as:

n

t=l ^

where n is the number of observations. The statistic is compared to

tabled critical values to detect autocorrelation.

If the autocorrelation is present, the chief remedy for the associated

problems is the development of a model that explicitly takes into account

its presence. The method used in this thesis is the iterative procedure

as described in Neter and Wasserman (1974).
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The iterative procedure basically adjusts the equation's para

meters by the estimated value of the autocorrelation parameter p. The

autocorrelation parameter is estimated by r, where:

n

t=2

f - e 2lL- t-lt^ ^ '

and the transformed variables are defined by:

''t'

^t' ^t "''^t-l

where: = the value of the dependent variable in time period "t"

= the value of the independent variable in time period "t".

The new model results from the application of ordinary least

squares to these transformed variables. The Durbin-Watson D then is

reestimated and if autocorrelation still exists, the procedure is repeated

until a satisfactory model is formed. In this study, one iteration

proved satisfactory.

Data for Forecasting Equations

In order to make forecasts of the dependent variables, it is

necessary to make assumptions as to the future performance of the

explanatory variables. As mentioned earlier, the Tennessee Econometric

Model is "driven" by forecasts from the Wharton Annual and Industry

Forecasting Model. The variables for the forecasting equation in the

lumber and wood products model, therefore, are derived from the same
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source with the exception of state variables forecast in TEM II. In

other words, for forecasting purposes the exogenous variables of the SIC

24 equations were the endogenous variables of the national and state

models mentioned. The source of the dependent variables were:

1) Output was defined as the value-added figures for Tennessee

SIC 24 in the Annual Survey of Manufactures, real output

being this figure deflated by the implicit deflator for the

lumber sector in the Wharton historical tables.

2) Employment data came from the Bureau of Labor Statistics (ELS)

Employment and Earnings, 1939-1975. with consistent data for

1976 and 1977 being provided by the Center for Business

and Economic Research (CBER).

3) Average normal wage and salary was derived by dividing the

BLS estimate of annual total wage and salary (supplied by

CBER) by the average annual employment figure above.

In all cases, the attempt was made to provide a continuous data

series for the period 1956 to 1976. In most cases this was accomplished.

The only exception among the dependent variables was the wage and salary

figure for which the 1958 to 1976 period was used. Though the discon

tinuities were more numerous among the exogenous variables, they will be

discussed only as to their effect on any particular equation.

Data for Structural/Simulation Equations

The data base for the structural/simulation output equation in

cludes all of the variables for the forecasting equation, in addition to
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variables for which a continuous time series was available but which

were not forecast in the Wharton or TEM II models. For the most part,

these variables were selected to represent circumstances that were

specifically pertinent to hardwoods and/or the Tennessee lumber industry.

Examples include hardwood flooring orders and shipments from the Survey

of Current Business (SCB) (43), wholesale price indexes and relative

wholesale price indexes for hardwood from The Demand and Price Situation

for Forest Products 1976-1972 (33), and the prices of #1 common 4/4 red

oak lumber in the Southern and Appalachian regions from the Hardwood

Market Report (16). A comprehensive list is provided in Appendix II

table B.

III. FORMULATION OF THE FORECASTING EQUATIONS

Constant Dollar

Output. In this thesis, the equation for forecasting output was

considered the primary objective and was the first to be developed. The

techniques and procedures used to arrive at a final "best" equation were

similar in each formulation of the equations for the model. These

techniques are discussed in detail in this section. The formulation of

the structural/simulation equations will be discussed only as to how it

differed from these procedures.

Basically, the process of choosing the selected equation was

accomplished in two stages. The first stage involved formulating several
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alternative equations by means of a mechanical data screening process.

At this point minimum guidelines were established to determine which

equations merited further consideration. Additional detailed statistics

were calculated for those equations meeting minimum requirements. These

statistics were used to identify the superior equations.

The data base of the constant dollar output equations consisted

of any variable contained in either the Wharton or CBER databank postu

lated to be related to the state lumber industry. These variables (listed

in Appendix II) usually fell into one of four broad categories: variables

related to 1) the U. S. lumber industry, 2) the furniture industry

(state and national), 3) demographic factors, and 4) money supply (dis

posable income, mortgage rates, etc.). The only major refinement of the

data that was necessary was to deflate current dollar values to a 1972

dollar equivalent. All of the necessary deflators were available from

the Wharton historical tables.

Screening the variables for inclusion in the ordinary least squares

Cols) output equation was accomplished by a combination of procedures.

The first step involved the application of the stepwise procedure of the

Statistical Analysis System (SAS). Four different stepwise routines were

applied.

The forward stepwise routine involves introducing the single vari

able that produces the largest coefficient of multiple determination

2 2(R ). The rest of the variables are then tested at to their significance

2 2R is the ratio of the regression sum of squares to the total sum
of squares.
2 SSR SSE It measures the proportionate reduction of the total
R SST = 1 - SST variation in the dependent variable associated with the

set of independent variables.
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if they were included in the model. The variafble that represents the

greatest contribution, if included, then is brought into the model.

The procedure continues adding variables one by one until no variables

left meet the specified level of significance.

The backward stepwise routine first performs calculations for a

model including all of the independent variables. Then, one by one, the

variables are deleted which show the smallest contribution to the model,

until all of the remaining variables are significant at the required

level.

The stepwise routine (within the stepwise procedure) is a modifica

tion of the forward selection technique. Variables are added in the same

manner as the forward procedure. The difference lies in the fact that

after any variable is added, all variables are checked for significance.

Any variable not considered significant is dropped before any other

additions are made. This process terminates when no variable meets the

significance level required for inclusion or when the variable to be added

is the one just deleted.

2
The maximum R improvement routine is a more rigorous procedure

that involves searching for the "best" one variable model, the "best" two

variable model, etc. It starts by finding the one variable model with
2

the highest R , then the variable that would yield the greatest increase
2

in R is added. Each variable in this model is then compared to every

variable not in the model. For each comparison, the procedure determines

whether substituting the excluded variable for the included variable would
2

increase R . After all comparisons are made, the switch is made that
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produces the largest increase in R^. A third variable is added accord

ing to the same criteria and the procedure is repeated (2).

Each procedure was rerun excluding variables "chosen" in the first

iteration. For example, if the best equation from the stepwise run

included independent variables B and C, the second iteration would include

all variables except B, the third all except C, etc. The purpose was to

determine if any of the variables included were masking the effects of

other significant combinations. Iterations for the time periods 1961-1976,

1966-1976, and 1971-1976 were performed to identify variables whose

importance had increased in more recent years.

The procedures were applied not only to yield tentative equations,

but also to produce a smaller subset of variables for more rigorous

analysis. The variables added and/or deleted to produce the best equa

tion in each of the iterations were grouped together to form a smaller

data set. All possible combinations of these variables were analyzed

for up to a four variable model. The SAS procedure "RSQUARE" was used to

produce all possible regressions.

The above process produced a substantial set of possible output

equations, to which many more were added that were intuitively attractive

due to past research and/or acquired knowledge of the industry. Detailed

statistics for each of the equations were produced by the General Linear

Models procedure in SAS.

In order to reduce the number of equations to a manageable level,

the following flexible guidelines were applied:
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1) The coefficients associated with the independent variables

should be significantly different from zero (at the .05

level).

2) The variables' signs should be in agreement with economic

theory.
2

3) The R value should be above .90.

4) The equation should have four or less independent variables,
2

since only incremental increases in R were found at or

above this level.

The above guidelines substantially reduced the number of equations

under consideration. These remaining equations were further analyzed to

provide detailed information as to their performance.

The following statistics were used in this stage of analysis:

1) adjusted R^

2) mean square error

3) partial sum of squares

4) standardized regression coefficients

5) elasticities

6) graphical analysis

7) actual vs. predicted performance and/or dynamic simulation.
2

A deficiency of the R statistic, used up to this point, is that

it does not take into account the number of variables in the model. This

statistic will increase always with the addition of another variable,

thereby favoring the larger equations. A modified measure that recognizes

the number of independent variables in the model is defined as:
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where: n = number of observations

p = number of independent variables

SSE = Error Sum of Squares

SST = Total Sum of Squares
2

The adjusted coefficient of multiple determination CR ) may become

smaller with the addition of an independent variable when the decrease

in variation does not offset the loss of a degree of freedom. It is,

therefore, better for comparative purposes.
O

The use of R as a descriptive statistic is similar to examining

the Mean Square Error (MSE). measures the percentage of explained

variation to total variation, whereas MSE measures the absolute level of

the unexplained variation. Both of these statistics were calculated for

comparing the remaining equations.

The presence of multicol linearity makes the quantitative delinea

tion of the separate effects of the independent variables impossible.

The standard regression coefficients and elasticities were calculated in

order to gain a better understanding of each variable's role in the equa

tion. They should be interpreted with the assumption that their values

are dependent upon each of the other variables being included in the model.

In other words, they show the effect of the independent variables on the

dependent variable given the presence of the other independent variables.

As was mentioned earlier, the coefficients were tested for

significance from zero. The test employed was the standard "t" test.
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which involves use of the standard deviation of the estimated coeffici

ents.

The partial sum of squares associated with each independent vari

able in the equation provided some insight into the amount of variation

explained by the independent variables. In order to gain some further

measure of the relative importance of the variables, the standardized

regression coefficients were calculated. The standardized coefficients

remove the distortion in the coefficients caused by different units. The

calculation was performed as follows:

Bk = "(X. -

.CY, - ?1^J
1/2

where: bj^ = the estimated regression coefficient

Xi = ith observation of independent variable

X = mean of independent variable

Yi & ? = have similar meanings for the dependent variable.

The standardized coefficients reflect the change in the mean re

sponse (in units of standard deviations of Y) per unit change in the

independent variable Xi (in units of standard deviations of Xi).

Another method of comparing the relative importance of the included

variables is by calculating elasticities. The elasticities relate changes

in the dependent variable due to changes in each of the independent vari

ables.
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The calculations were as follows:

if the equation is of the linear form

y = a + bx

the elasticity is defined as

dy, . X/ • /
' dx 'y

where

X = independent variable

y = dependent variable

dy, = the partial derivative or, in this case,
'dx the coefficient of x.

if the equation is in linear log form

Iny = a + b Inx

the elasticity is assumed constant and is equal to the
coefficient b.

Since dy/^^ is the coefficient (b) of the independent variable in

linear models, the elasticity is influenced by multicollinearity. If the

coefficients are unaffected by multicollinearity, a calculated elasticity

above unity indicates that the dependent variable fluctuates more than the

independent variable. For example if the elasticity between the Tennessee

furniture industry and the national furniture industry were greater than

one, the implication would be that the state industry would be more

volatile--growing faster in expansions and declining faster in recessions--

than the national industry.

In addition to the statistics listed above, the examination of

the equation included a graphical analysis of the residual and predicted
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values. The examination of residuals involved the plotting of the

residual values against time and against each of the independent variables.

All of the plots were expected to show a random pattern (7).

The plot of the values predicted by the equation against the

actual values, over the time period for which the equation was fitted,

provided insight into the weaknesses of the particular equation. For

example, several equations had descriptive statistics comparable to those

finally selected; however, the poor performance of the predictions over

the last five years eliminated many from further consideration.

Another method useful in determining the validity of a model is

dynamic simulation. Dynamic simulation involves "forecasting" with a

model over some time period for which the actual values are known. This

type of analysis allows the systematic errors in the model to accumulate

and thereby indicate the quantity and direction of any necessary constant

adjustments.

In equations containing variables exogenous to the lumber model

(the output, wage, and employment equations), dynamic simulation is

similar to the examination of residuals discussed above. Equations con

taining variables endogenous to the model would be driven by the values

of the endogenous variables "forecast" elsewhere in the model.

Wages. The formulation of the wage equation involved the simple

regression of Tennessee annual average wage and salary in SIC 24 on the

United States average wage rate for SIC 24. That is, Tennessee wages

were postulated to be a function of U. S. wages in lumber. The forecast
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was made in current dollars, which is the form used in the Wharton data

series. For this reason, no constant dollar wage equation was developed.

Employment. The variables used to derive the employment equation

included output figures, real wages, and employment in the previous year

for the state lumber industry. In addition, employment levels in the

national industry were considered as a possible explanatory variable.

The selection process was similar to that described above for output,

though considerably simplified by the fewer variables under consideration.

It was considered important to include output as an explanatory variable

for intuitive reasons and also to incorporate feedback into the system

of equations.

Current Dollar

Essentially all of the analysis involved in determining the "best"

equation was done in constant 1972 dollar terms. Current dollar versions

of the equations consisted of using the undeflated values of the variables

selected in the constant dollar model. In this respect, current dollar

versions of the "best" two or three equations were formulated and their

performance analyzed using the same methodology described above. The

final decision on which equation to select could be made then by taking

into consideration the performance of its current dollar counterpart.
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IV. FORMULATION OF THE SIMULATION EQUATION

Constant Dollar - Output

The results of data screening for the forecasting equation provided

input into the simulation equation formulation. The differences between

the two formulations were due to the different end-uses to which the

equations were to be applied. The fact that the simulation equation was

to provide for meaningful impact analysis required that the following

two guidelines be emphasized:

1) The variables included in the model should be intuitively

meaningful, such that their manipulation would provide

significant information on the response of the Tennessee

lumber and wood products industry.

2) In order to be able to legitimately manipulate the variables,

multicollinearity should be minimized.

The larger data base for the simulation equation was analyzed in

two parts. The analysis of those variables used in the forecasting equa

tion essentially was completed in the process of choosing the forecasting

equation. The remaining variables (those not forecast in Wharton or TEM

II) were screened using the same applications of stepwise and a computer

routine that searches all possible combinations of the variables. The

most important seven variables from this set were combined with the

seven "best" from the forecasting analysis, and all possible combinations

were examined. In order to be able to detect the presence of multi

coll inearity, emphasis was placed on finding a satisfactory two variable
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model. The matrix of the correlation coefficients was used to determine

whether there was significant correlation among the independent variables.

If a satisfactory two variable model could not be formulated, detection

of multicol linearity would involve a more rigorous analysis of partial

correlation coefficients. As in the forecasting model, several intuitively

attractive models were analyzed also. The statistical and graphical

analysis described above was applied to select one equation for simula

tion purposes.

Current Dollar Output

The current dollar simulation equation was formulated by refitting

the above equation with nominal values of the variables substituted for

their 1972 equivalent. The resulting equation was tested by examining

the descriptive statistics and graphs described above.



CHAPTER IV

RESULTS

I. EMPIRICAL RESULTS

Output Forecasting Equation

Constant Dollar. The methodology described in Chapter III provided

several equations for consideration in forecasting lumber output. After

completing the first stepwise iteration, it became apparent that the U.

S. lumber industry output variable and both the state and national furni

ture output variables explained significant amounts of the variation in

the dependent variable.

Using the previously described criteria for selecting superior

forecasting equations (page 47), the more detailed statistics and graphs

associated with the potential equations were examined and those found in

adequate were eliminated.^ Two equations were left whose performance best
met the statistical and economic requirements. Table 2 shows the two

equations and the corresponding descriptive statistics. Equation one

relates the output of the Tennessee lumber industry to: 1) the output

of the U. S. lumber industry, 2) the output of the state furniture industry,

and 3) the U. S. average mortgage rate on new homes.

^Additional equations that were considered are shown in Appendix
III.
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The second equation also includes the U. S. lumber industry and

mortgage rate variables. It differs in that the furniture variable is

replaced by a variable representing U. S. mobile home starts for 1972

and the following years. The form of the mobile home variable reflects

the addition of mobile homes to the definition of SIC 24 in 1972.

The presence of the U. S. lumber industry variable in the

equations tends to indicate that although the state and national lumber

variables differ, there are significant interrelationships in the per

formance of these two wood products markets. The general consensus is

that hardwood markets follow the same trend as softwood, with hardwood

fluctuations generally lagging the variations in the softwood market.

Though some of the lag effect is undoubtedly hidden by the use of annual

aggregates, the importance of the current value of the national lumber

variable in this equation indicates that both industries respond

similarly to the economic environment in any given year.

The significance of mortgage rates in the equation goes beyond the

documented negative relationship between housing and mortgage rates. If

mortgage rate fluctuations did nothing more than identify the status of

housing in the equation, the variable probably would not have entered

the model as significant in the presence of the U. S. lumber industry

variable. In other words, since there is a significant relationship

between housing and the national lumber industry, mortgage rates would

not be able to explain any significant additional variation as a proxy

of the housing market, given that U. S. lumber was already in the model.
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Another indication that the mortgage rate variable is explaining more

variation than is due to housing is the fact that none of the housing

start variables were significant in its place.

Presently, a simple negative relationship between housing starts

and mortgage rates does not exist. The constant presence of inflation

in the economy has led to a changing definition of "high" interest rates.

In recent years housing has remained strong in the presence of high

mortgage rates. Given the expectations of continuing inflation, the

real interest paid on the loans is sometimes quite low. Due to the

built-in inflation factor in interest rates, the mortgage rate variable

in these equations is probably a better proxy for the more general inter

actions between money markets and inflation than it is a representative

of money available for housing. In any case, a negative relationship

between lumber output and mortgage rates was expected.

The descriptive statistics in Table 2, page 56 show that the two

equations exhibit very similar properties. The Durbin-Watson statistics

indicate that neither of the equations exhibits significant autocorrela

tion. The period of fit for both of the equations was abbreviated by

the absence of mortgage rate figures for 1956 and 1957 in Wharton's

historical tables. The resulting loss in degrees of freedom, though

detrimental, did not alter the superiority of the equations. Examining

the statistics alone, one would conclude that equation two does a

slightly better job of fitting the data.

The similarities in the graphic analysis of the equations provided

little insight into which might be the better equation for forecasting
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purposes. Both of the equations exhibited a random pattern in the

residual plots. Similarly, when plotted, both equations did a more than

adequate job of tracing the historical pattern. Similarities in the

performance of the current dollar counterparts and tentative forecasts

prevented any choice of a "best" equation using these criteria.

Given that the two were both statistically valid equations,

the decision as to which was preferable for forecasting was made on an

economic and intuitive basis. The major difference between the two

equations is the inclusion of a furniture variable in one case and a

mobile home variable in the other. The decision as to which equation to

use for forecasting was made by choosing the more meaningful explanatory

variable to be included in the model.

Pre-fab wood buildings and mobile homes accounted for 14 percent

of the lumber and wood products output in 1972. The 1978 Industrial

Outlook ranks mobile homes as the number one industry in terms of expected

real annual growth in the 1977-1982 period (51). These considerations

led to the inclusion of the variable in the model databank. Mobile

homes, undoubtedly, will play an increasingly important role in SIC 24

performance. However, mobile homes are not dependent upon the hardwood

resource, except indirectly, in that most units are sold furnished.

The strength of furniture industry demand, on the other hand, is

one of the major determinants of the fluctuations in the hardwood market.

Further, the analysis of Tennessee output for the more recent time series

indicates that the state furniture industry has been consistently

important in explaining the variations in lumber output.
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Given the above considerations and the hardwood resource base,

equation one was determined to be a better equation for forecasting

lumber and wood products output. The plot of the actual values for the

1956 to 1976 series with the predicted values from equation one is

shown in Figure 9, with the associated numbers shown in Table 3.

The fit of the model to the data (Figure 9) is consistent, and

generally the turning points are accurately predicted. The areas that

do not fit the data usually can be explained in terms of inconsistencies

in the relationship among the variables. For example, in the 1965-1966

time period the actual output in the state lumber industry increased,

whereas the predicted value shows a decrease. The reason can be traced

to the hardwood and softwood markets at the time and the subsequent lumber

production figures. The Demand and Price Situation for Forest Products

1966 indicates that from 1965 to 1966 there was a significant increase

in hardwood production, but no increase in U. S. softwood production.

The housing market was depressed at the time, while the furniture, pallet,

and railroad tie markets were strong (15). These factors are reflected

in statistics in Table 3.

The value of the coefficient of the state furniture variable is

influenced by the fact that the furniture and U. S. lumber industry vari

ables usually move in the same direction. When this condition does not

hold (as in this instance), the accuracy of the prediction suffers.

In order to gain a better understanding of the importance of the

individual variables in the model, the standardized regression coefficients
2

were calculated:

2
Variables defined on page 56.
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TABLE 3

OUTPUT FORECASTING EQUATION
TIME SERIES DATA

Year Predicted Residual TGPLUM7 USLUM7 TGPFUR7 MTGRT

1956 * * 97.901 4.7 82.381
1957 * * 93.856 4.4 84.447 •k

1958 81.474 -1.621 79.853 4.1 81.117 5.59
1959 87.577 8.133 95,711 4.8 93.022 6.02
1960 85.300 5.930 91.230 4.6 95.019 6.06
1961 82.827 -0.810 82.017 4.3 93.016 5.94
1962 89.358 -6.759 82.599 4.3 110.893 5.94
1963 111.231 -1.206 110.026 5.3 135.930 5.89
1964 130.782 -1.842 128.940 6.6 143.945 5.82
1965 147.898 -9.202 138.696 7.3 167.463 5.81
1966 143.371 7.615 150.986 7.2 176.879 6.25
1967 147.713 5.485 153.198 7.5 187.789 6.46
1968 150.864 -1.444 149.419 7.8 208.076 6.97
1969 138.081 -2.001 136.080 7.7 211.320 7.80
1970 127.530 4.970 132.500 8.0 199.996 8.45
1971 147.620 -16.095 131.525 8.0 225.085 7.7^
1972 184.843 11.457 196.300 8.9 291.200 7.59
1973 182.719 -1.479 181.240 9.0 297.276 7.95
1974 153.555 -8.370 145.185 9.0 258.300 8.92
1975 124.831 0.893 125.724 8.1 212.924 9.01
1976 154.691 6.346 161.037 9.1 261.085 8.99
1977 159.182 * * 9.3 2 67 . 6 7 5 9.01

TGPLUM7 = TN SIC 24 output in millions of 1972 dollars.
USLUM7 = U. S. SIC 24 output in billions of 1972 dollars.
TGPFUR7 = TN SIC 25 output in millions of 1972 dollars.
MTGRT = U. S. Average Mortgage Rate, New Homes.
Missing values are represented by
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USLUM7 = .677 TGPFUR7 = .800 MTGRT = .593

The indication from these figures is that the predicted value of

Tennessee lumber output would be affected more by changes in the state

furniture variable (in terms of standard deviations) than by either the

national lumber or mortgage rate variables. These values also show that

the variables play a more balanced role in the model than would be

expected from looking at the estimated coefficient values alone.

Another measure that takes into account the individual variables

is the elasticity of the relationship between the dependent variable and

the independent variables. Though the validity of the elasticity measure

is compromised by the presence of multicollinearity, their calculation

does give some indication of the interrelationships in the equation.

Table 4 contains the values as calculated at the mean from the final linear

form of the model as well as an estimate from a logarithmic version of

the model.

TABLE 4

ELASTICITIES FROM THE OUTPUT FORECASTING EQUATION
(DEPENDENT-INDEPENDENT VARIABLE)

TGPLUM7-USLUM7 TGPLUM7-TGPFUR7 TGPLUM7-MTGRT

Final Linear Form + .6427 + .5085 - .8625

Log Form + .6748 + .3838 - .6973
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If valid (i.e. unaffected by multicollinearity), these elasticities

would lead to the conclusion that the Tennessee lumber industry perform

ance is not as volatile as the key factors (in this model) which influ

ence its performance; i.e., it exhibits an inelastic response. This con

clusion is supported by the past performance of the Tennessee lumber in

dustry as a whole, though particular segments by comparison may be quite

volatile. Note that the elasticity figures indicate a greater sensitivity

to changes in mortgage rates than is shown by the standardized regression

coefficients.

Current Dollar. The nominal dollar counterpart of the output fore

casting equation and the associated descriptive statistics are shown in

Table 5. The actual and predicted values are shown in Figure 10.

Output Structural/Simulation Equation

Constant Dollar. In contrast to the forecasting equation formula

tion, the mechanical data screening process did not yield any satisfactory

simulation equations. The need for an equation whose independent vari

ables were uncorrelated proved to be a very restrictive criterion.

Furthermore, due largely to multicol linearity in the data, the perform

ance of many of the "hardwood" variables in the equations was often con

trary to economic expectations.

One way of including important variables in an equation which would

otherwise be intercorrelated is to transform the variables into ratios

that do not exhibit the same interrelationships.
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Since furniture manufacturing is one of the primary markets for

hardwoods, it was postulated that variables important to furniture in

dustry performance would provide insight into possible combinations or

transformations useful to the Tennessee lumber and wood products model.

Insight into the variables important to the performance^of the "

furniture industry was provided by Dr. Michael Sherman of the National

Association of Furniture Manufacturers (38). His information on past

research into the performance of hardwood prices led to testing the

importance of the interrelationships between fixed investment in resi

dential structures and the furniture industry as factors in hardwood

market fluctuations.

The resulting equation and descriptive statistics are shown in

Table 6.

The correlation coefficient between the independent variables is

-.211, which was not significant at the .05 level.

Though the use of the ratio allowed an acceptable model to be

produced, the interpretation of its precise definition is complex.

Basically, the model relates the output of the Tennessee lumber industry

to the housing sector and to the performance of the furniture industry

relative to housing.

Note that even though there was a much larger data base for this

equation, the final form consists of variables taken from the Wharton

databank. Therefore, this equation has the potential to forecast the

dependent variable, given the forecast from the Wharton system.
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Figure 11 shows the actual lumber output values and the predicted

values using the simulation equation: Table 7 contains the numbers

from which the figure was derived.

As is shown, the predicted values for the last four years have

been consistently high. If predictions were to be made with this model,

this would be an indication that constant adjustments may be necessary.

When data becomes available from the 1977 Census of Manufacturers, the

additional information could be used to better analyze model performance.

Before examining the effects of the individual variables, it

should be reiterated that multicol linearity has not been eliminated from

the model; it has simply been reduced to a manageable level. The

statistics that identify the effects of the individual variables, there

fore, should be taken in the context of this particular equation.

An examination was made of the partial and sequential sums of

squares associated with the independent variables. This indicated that

most of the variation in the dependent variable was explained by fixed

investment in residential structures.

This assessment is substantiated further by the standardized

regression coefficients (shown in Table 8). The indication is that the

dependent variable responds more to clianges in FXIVRS7 (in terms of

standard deviations) than to the ratio NAFM2.

In terms of a percentage response (elasticity), the same relation

ship holds (Table 9).

The elasticities indicate that the dependent variables response

to a percentage change in residential investment is elastic and near unity

in response to the relative performance of furniture.
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TABLE 7

OUTPUT SIMULATION EQUATION
TIME SERIES DATA

Year Predicted Residuals ' TGPLUM7 FXIVRS7 NAFM2

1956 94.323 3.578 97.901 31.9 0.090909
1957 91.288 2.569 93.856 29.7 0.094276
1958 81.249 -1.395 79.853 30.6 0.084967
1959 95.332 0.379 95.711 38.1 0.076115
1960 93.896 -2.666 91.230 35.0 0.082857
1961 89.864 -7.846 82.017 35.1 0.079772
1962 99.257 -16.658 82.599 38.4 0.078125
1963 107.274 2.752 110.026 43.2 0.071759
1964 117.752 11.188 128.940 43.8 0.077626
1965 130.321 8.375 138.696 43.2 0.087963
1966 136.267 14.719 150.986 38.5 0.103896
1967 129.161 24.037 153.198 37.2 0.102151
1968 140.037 9.383 149.419 42.8 0.095794
1969 150.075 -13.995 136.080 43.2 0.101852
1970 129.034 3.466 132.500 40.4 0.094059
1971 146.208 -14.682 131.525 52.2 0.076628
1S72 182.186 14.114 196.300 62.0 0.077419
1973 185.395 -4.156 181.240 59.7 0.085427
1974 160.164 -14.979 145.185 45.0 0.104444
1975 143.523 -17.799 125.724 38.8 0.108247
1976 161.420 -0.383 161.037 47.8 0.098326
1977 177.564 * * 57.7 0.084922

TGPLUM7 = TN SIC 24 output in millions of 1972 dollars
FXIVRS7 = U. S. Fixed Investment in Residential Structures in

billions of 1972 dollars
NAFM2 = U. S. SIC 25 output in millions of 1972 dollars/FXIVRS7
Missing values are represented by
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TABLE 8

STANDARDIZED REGRESSION COEFFICIENTS FROM THE
OUTPUT SIMULATION EQUATION

FXIVRS7 NAFM2

+.955 + .471

FXIVRS7 = Fixed Investment in Residential Structures in U. S.

NAFM2 = U. S. Furniture Output/FXIVRS7

TABLE 9

ELASTICITIES IN THE OUTPUT SIMULATION EQUATION
(DEPENDENT - INDEPENDENT VARIABLE)

TGPLUM7 - FXIVRS7 - ^ TGPLUM7 - NAFM2

+1.191 + .998
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Current Dollar. The current dollar version of the structural

equation is shown in Table 10. The definitions of the variables are

the same, the only difference being the use of nominal values.

The predicted and actual values associated with the equation are

plotted in Figure 12.

Final Form of the Employment and Wage. Equations

Emplo.yment. One of the objectives in formulating the employment

equation was to incorporate feedbacks in the system of equations. Speci

fically, the objective was to establish the relationship between output

and employment in the state lumber industry.

One interesting phenomenon shown in the graph of employment (Figure

13) is the fact that the 1977 and 1957 employment figures are not

substantially different. The implication is that the increase in out

put over this time period can be attributed largely to productivity in

creases. Using value added per employee as a proxy of productivity. Fig

ure 14 shows the productivity growth over the 20 year study period.

The nearly continuous rise in productivity in the period is con

sistent with the documented shift to larger, more efficient mills from

1960 to 1970. Since output was being used to explain employment, the

significant changes in output per worker during the 1960's caused problems

in the regression analysis. Consequently, the latter part of the study

period was emphasized as being more indicative of probable future

trends.
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In 1967 the significant increases in productivity growth began

to level off. It was postulated that the fluctuations in output and

employment after that year would best identify the probable future re

lationship of the two variables. As a result, the equation was fitted

for the 1967 to 1976 time period.

A lagged dependent variable was included in the model to account

for the fact that employment does not fluctuate as readily as output

might. The final form of the equation is shown in Table 11.

TABLE 11

EMPLOYMENT FORECASTING EQUATION

Equation MSE SE DW

-.7278 + .0608 TGPLUM7 + .5144 TELLAGl .804 .748 .620 .787 2.93

(3.93) (.012) (.0175)

T6PLUM7 = TN SIC 24 Output $72.

TELLAGl = TN Employment SIC 24 lagged 1 year

The actual and predicted values are shown in Figure 15. Note

that, except for the 1969 and 1970 predictions, the turning points and

magnitude of change are for the most part correctly predicted. Tables

12 and 13 contain the values associated with the productivity and

employment graphs respectively. The elasticities associated with the

ecjucition are shown in Table 14.



t
o

(
U O
)

>
>
o o t
o

■
a c lO to 3 O

0
.0

s
.o

8
.4

8
.0

7
.6

7
.2

6
.8

6
.6

6
.0

S
.6

8
.2

A
C

T
U

A
L

P
R

E
O

IC
T

E
O

1
0

6
7

1
9

6
8

1
9

6
9

1
9

7
0

1
9

7
1

1
9

7
6

1
9

7
S

1
9

7
2

1
9
7
2

1
9
7
6

Y
e
a
r

Fi
gu

re
 1

5.
 

Em
pl

oy
m

en
t 

Fo
re

ca
st

in
g 

E
qu

at
io

n,
 A

ct
ua

l 
an

d 
P

re
di

ct
ed

 V
al

ue
s.

S
o
u
rc

e
: 

TN
 

S
IC

 
24

 
M

od
el

1
9
7
7

v
o



TABLE 12

TENNESSEE SIC 24 PRODUCTIVITY
TIME SERIES DATA

80

Year TGPLUM7 TELUM Productivity

1956 97.901 23.0 4.2566
1957 93.856 19.8 4.7402
1958 79.853 17.5 4.5631
1959 95.711 18.2 5.2588
1960 91.230 18.5 4.9314
1961 82.017 17.0 4.8245
1962 82.599 17.3 4.7745
1963 110.026 17.2 6.3968
1964 128.940 17.3 7.4532
1965 138.696 17.6 7.8804
1966 150.986 17.7 8.5303
1967 153.198 17.1 8.9589
1968 149.419 16.9 8.8414
1969 136.080 17.2 7.9116
1970 132.500 15.5 8.5484
1971 131.525 15.2 8.6530
1972 196.300 18.8 10.4415
1973 181.240 19.7 9.2000
1974 145.185 19.4 7.4837
1975 125.724 16.1 7.8089
1976 161.037 18.0 8.9465
1977 * 19.2 *

TGPLUM7 TN SIC 24 Value Added
TELUM = TN SIC 24 Employment
Productivity = TGPLUM7/TELUM, Value Added

per Employee per year
Missing values are represented "1*11

(in thousands of dollars)



81

TABLE 13

EMPLOYMENT FORECASTING EQUATION
TIME SERIES DATA

Year TELUM Predicted Residual TGPLUM7 TELLAGl

1967 17.1 17.6850 -0.58500 153.198 17.7
1968 16.9 17.1468 -0.24681 149.419 17.1
1969 17.2 16.2334 0.96658 136.080 16.9
1970 15.5 16.1702 -0.67019 132.500 17.2
1971 15.2 15.2366 -0.03655 131.525 15.5
1972 18.8 19.0181 -0.21809 196.300 15.2
1973 19.7 19.9547 -0.25470 181.240 18.8
1974 19.4 18.2268 1.17316 145.185 19.7
1975 16.1 16.8900 -0.79005 125.724 19.4
1976 18.0 17.3384 0.66164 161.037 16.1
1977 19.2 * * * 18.0

TELUM = TN SIC 24 Thousands of Employees
T6PLUM7 = TN SIC 24 Value Added
TELLAGl = TN SIC 24 Employment in the previous year
Missing values are represented
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TABLE 14

ELASTICITIES FROM THE EMPLOYMENT FORECASTING EQUATION
(DEPENDENT - INDEPENDENT VARIABLES)

TELUM - TGPLUM7 ̂  TELUM - TELLAGl

+•529 +.514

TELUM = TN SIC 24 Employment

TGPLUM7 = TN SIC 24 Output $72

TELLAGl = Dependent Variable Lagged 1 year

As is shown, an inelastic relationship exists between both the.

independent variables and employment. The practical interpretation from

the above would be that, given the variations in output, the resulting

fluctuations in employment are less pronounced.

Since the exogenous variables for the employment equation were

endogenous to the SIC 24 model, the relationship between output and

employment might be refined using dynamic simulation. In this instance,

values were estimated for employment for 1973 through 1976 using the

output equation's predicted output values. The differences between these

values and the actual figures exhibited alternate signs; that is, there

were no consistent under or over-estimation of the actual values. There

fore, it was impossible to draw any conclusions as to possible adjustments

necessary to the equation.
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Wage and Salary. The average annual wage and salary in Tennessee

SIC-24 was postulated to be a function of the U. S. SIC 24 wage rate.

This simple relationship was hypothesized due to the influences of factors

outside the state economy on the wage rates of the industry. Though

the absolute level may be below the U. S. average, the variables should

exhibit similar fluctuations.

The first regression of the two variables yielded a satisfactory

equation in all respects, except that the Durbin-Watson statistic indi

cated the presence of autocorrelation.

Rather than change the structure of the model, the original formula

tion was transformed (via the described iterative procedure) to yield a

satisfactory equation. One iteration proved satisfactory in accounting

for the autocorrelation without substantially changing the coefficient

values. Both of the formulations are shown in Table 15.

The time series data used to derive the equations are shown in

Table 16. The actual and predicted values for the wage equation are plotted

in Figure 16.

The elasticity of Tennessee wages and salary to the U. S. wage rate

In lumber was calculated using the adjusted form of the equation. The

elasticity was estimated to be +.098, implying that Tennessee wages

exhibit a slightly inelastic response to the national lumber wage rate.

II. FORECASTING RESULTS

Structural Considerations

After selection of the "best" forecasting equations, the produc

tion of forecasts of Tennessee's SIC 24 parameters involved simply
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TABLE 15

WAGE AND SALARY FORECASTING EQUATION

Equation r2 MSE SE DW

Uncorrected 466.3305 + 1154.1999 USLUMWG

Final Form 408.5519 + 1176.2528 USLUMWG

.946

.946

.943

.943

127730.1

128789.0

357.4

358.9

.99

1.54

USLUHWG U. S. SIC 24 Average Annual Wage Rate

TABLE 16

WAGE AND SALARY FORECASTING EQUATION
TIME SERIES DATA

Year TAASWLUM Predicted Residual

1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977

*

2573.71
2769.07
2672.16
2835.65
3035.20
3172.15
3312.43
2870.57
3669.21
3823.98
4223.02
4575.87
4992.97
5005.39
4490.69
4612.08
5245.00
6539.69
7097.78
7664.01

2478.66
2537.47
2631.57
2713.91
2819.77
2855.06
2949.16
3055.02
3231.46
3313.80
3454.95
3654.91
3984.26
4254.80
4595.91
4819.40
5042.89
5513.39
5878.03
6348.53
6866.08
7489.50

*

-57.86
55.16

-147.61
-19.41
86.04
117.13
80.97

-443.23
214.26
169.06
238.75
321.07
397.05
185.99

-552.20
-901.31
-633.03
191.16
231.69
174.51

TMSWLUM » TN SIC 24 Average Annual Wage and Salary
Missing values are represented
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substituting the forecasts of the independent variables into the system

of equations. Though the results would be more meaningful in the context

of the state econometric model, the secular trends that are expected for

the state lumber industry can be identified by using the equations as a

satellite model.

The exogenous assumptions relevant to the Tennessee lumber industry

model consist of the assumptions used to formulate the particular Wharton

forecast that is used to drive the lumber model. The forecasts in this

thesis are based on the April 11, 1979 Wharton forecast. This forecast

is dependent upon the basic assumption that the President's Energy Plan

(primarily oil price decontrol) would pass Congress substantially intact,

but that the windfall profits tax would not be enacted.

The energy situation appears to be the most volatile of the policy

issues affecting the forecasts of national economic activity. Though

Wharton appears to be accurate in its assumptions on oil prices, the

April forecast used in this formulation obviously does not take into

account the recent changes in the President's energy policies.

The discussion of forecasting results is divided into two parts:

1) the short-term forecast (1978-1981) and 2) the long-term forecast

(1982-1986). This is due to the fact that the short-term national out

look is much more sensitive to the exogenous assumptions than the long-

term. The short-run "shocks" introduced into the model by alternative

policy assumptions tend to converge over the long-run due to the secular

trends implicit in the model structure.
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Since the output forecasting equation includes variables from

both the Wharton model (USLUM7, MTGRT) and TEM II (TGPFUR7), a valid

forecast is possible only when compatible solutions of the two models are

being used. This means that the forecast of the exogenous variable,

Tennessee furniture output, must be based on the same Wharton forecast

being used in the lumber industry equation.

Short-Term Forecast (1979-1981)

U. S. Outlook. The Wharton forecast used in this formulation calls

for slow-to-moderate growth in real GNP for the 1979-1981 period. The

growth rates from 1979 to 1980 and from 1980 to 1981 being 1.5 and 2.2

percent, respectively. The rate of inflation (as measured by change in

the GNP deflator) is expected to reach a peak of 8.0 percent in 1979 and

level off to 7.3 percent by 1981. Real per capita disposable income

(1972 dollars) is expected to show minimal growth, with an increase from

4,555 dollars in 1979 to 4,694 dollars in 1981. The forecast of the

prime rate shows a large drop from 10.07 percent in 1979 to a value of

8.93 percent in 1980, and a further decrease to 8.44 percent in 1981.

Unemployment, on the other hand, is expected to increase from a 1979

value of 6.15 percent to 7.69 percent in 1981.

These selected indicators show that the 1979 to 1980 years are

expected to be fairly stagnant in terms of real growth in the economy,

with an expected upturn in 1981.
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Output Forecast. The forecast of the national economy was the

source of the forecast values of the exogenous variables and the sub

sequent forecast for the lumber industry shown in Table 17.

TABLE 17

SHORT-TERM OUTPUT FORECAST

Year USLUM7 TGPFUR7 MTGRT TGPLUM7

1978* 9.9 283.0 9.69 161.5
1979 10.4 297.4 10.47 160.7
1980 10.7 297.7 9.99 171.8
1981 11.2 304.5 9.55 187.0

USLUM7 = U. S. SIC 24 Output in billions of $72.

TGPFUR7 = TN SIC 25 Output in millions of $72.

MTGRT = U. S. Average Mortgage Rates - New Homes.

TGPLUM7 = TN SIC 24 Output in millions of $72.

1978* values are estimated from actual exogenous values.

The graph of the forecast values for both the short- and long-term

forecast is shown in Figure 17. The 1978 figure is shown as a forecast

because the actual values have not been published yet. As is shown, there

has been a leveling off in Tennessee lumber output since 1976. The short-

term forecast indicates that 1979 will continue the no-growth trend. The

outlook for 1980 and 1981 shows that an upswing can be expected, the

impetus being a drop in long-term interest rates and improved performance

of the national industry.
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The forecast growth is even greater in 1981 as the state furni

ture industry begins its recovery and provides additional impetus to the

upturn in lumber production.

Employment Forecast. The forecast for employment is driven by

the output forecast derived above. The values for the 1978-1981 period

are shown in Table 18.

TABLE 18

SHORT-TERM EMPLOYMENT FORECAST

Year' TGPLUM7 TELUM

1978 161.5 19.0
1979 160.7 18.8
1980 171.8 19.4
1981 187.0 20.6

TELUM = Employment in Tennessee.SIC.24.

Figure 18 shows that the leveling off in output in the 1978-1979

period implies a dropping off in employment. This would agree with

economic logic and past performance in the industry in that increasing

productivity would maintain a constant output during periods of dropping

employment.

Wage and Salary Forecast. The forecast for nominal wages is

totally dependent on Wharton's forecast for U. S. lumber sector wages.
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The statistics in Table 19 show the forecasts of the two wage vari

ables.

TABLE 19

SHORT-TERM WAGE AND SALARY FORECAST

Year TAASWLUM USLUMWG,

1978 7948.2 6.41
1979 8665.7 7.02
1980 9489.1 7.72
1981 10406.6 8.5

TAASWLUM = Tennessee SIC 24 annual average wage and salary

USLUMWG = U. S. SIC 24 annual average wage rate

Figure 19 illustrates that nominal wages are expected to maintain

their upward trend.

Long-Term Forecast (1982-1986)

U. S. Outlook. Selected indicators of the Wharton forecast for

1982 to 1986 indicate a period of continuous moderate growth with a slight

slowdown in 1984-1985. Real GNP growth is expected to average about 3 per

cent during the period, with inflation moderating from a high of 7.1 per

cent in 1982 to low of 5.9 percent in 1986. The average increase in real

per capita disposable income is just over 2 percent, ranging from a 2.4

percent increase from 1985 to 1986 to a 1.7 percent increase from 1984 to
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1985. The prime rate is expected to continue its decline from a high

in 1979, averaging about 8 percent during this time period. The projected

growth in real GNP is reflected in a continuing decrease in unemployment

from its expected peak in 1981.

Output Forecast. The implications of the forecast slow-growth in

the national economy for the 1984-1985 period are reflected in the long-

term forecast for the Tennessee lumber industry. Table 20 contains the

pertinent statistics that translate the national performance to Tennessee's

SIC-24 industry's performance.

TABLE 20

LONG-TERM OUTPUT FORECAST

Year USLUM7 TGPFUR7 MTGRT TGPLUM7

1982 11.7 313.4 9.65 194.7
1983 12.1 323.3 9.67 202.8
1984 12.3 329.2 9.74 206.3
1985 12.2 330.2 9.71 205.9
1986 12.7 348.0 9.60 220.1

Referring back to Figure 17, page 89, the long-term outlook is

for moderate growth until 1984, at which time the state lumber industry

will enter a period of either slow or no growth.

Employment Forecast. Table 21 contains the forecasts for employ

ment over the 1982-1986 period and the corresponding output forecast.
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TABLE 21

LONG-TERM EMPLOYMENT FORECAST

Year TGPLUM7 TELUM

1982 194.2 21.7
1983 202.8 22.8
1984 206.3 23.5
1985 205.9 23.9
1986 220.1 24.9

The plotted values in Figure 18, page 91, show that after the decline in

1978-1979, employment in the Tennessee lumber industry increases rapidly.

It should be noted that even with the rapid increase in employment, it

will be 1983 before employment is forecast to reach its 1956 level.

Wage and Salary Forecast. Wages are expected to show the least

variations of the forecast variables. Table 22 contains the forecast

values of the U. S. lumber industry wages and the Tennessee annual average

wage and salary.

TABLE 22

LONG-TERM WAGE AND SALARY FORECAST

Year USLUMWG TAASWLUM

1982 9.29 11,335.8
1983 10.13 12,323.9
1984 11.02 13,370.8
1985 11.94 14,452.9
1986 12.87 15,546.8
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The near linear rise in nominal wages is shown in Figure 19,

page 93.

Forecast Summary

Table 23 consolidates the long-term and short-term forecasts. In

addition, tentative forecasts of Tennessee gross state product, U. S.

Gross National Product, U. S. lumber output, and Tennessee furniture out

put are shown for comparative purposes. In the context of the other

variables included in Table 23, the unadjusted forecast for Tennessee's

lumber and wood products industry seems optimistic.

III. STRUCTURAL/SIMULATION RESULTS

One of the goals of formulating the structural/simulation equa

tions was to provide an instrument for valid impact analysis outside the

context of the Wharton and TEM II models. An important implication for

the model, therefore, was that key variables should be included such

that their manipulation provided useful information.

The final form of the structural simulation equation contains two

"key factors" for analysis: 1) the housing market (represented by the

fixed investment in residential structures) and 2) the furniture market

(represented by the ratio of furniture output to fixed investment in

residential structures). Both of these variables are forecast in the

Wharton long-term model; therefore the impact analysis is enhanced by

the ability to forecast the "impacts" into the future.
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Figure 20 illustrates the forecast using the simulation equation,'

given the U. S. industrial outlook and the policy assumptions of the

April 11, 1979 Wharton forecast described above. The short-

term outlook differs substantially from the forecast values shown in

Figure 17, page 89, whereas the lojig-term forecast converge into a

similar pattern. It is suggested that this is due to the structural

relationships built into the Wharton model.

The value of the structural equation comes from both the "static"

information it provides (i.e. the elasticities in Table 9, page 72) and

the dynamic analysis it allows. Use of the equation for dynamic analysis

could be approached in the following manner. The forecast of the Wharton

model would provide a "control" solution. The particular policy assump

tions used in making the Wharton forecast then would be analyzed. The

impact analysis would consist of identifying alternative policy scenarios

and postulating the effect on the forecast values of the housing and

furniture variables. The statistical qualities of the equation would

allow the independent variables to be manipulated separately or in com

bination. The "revised" solution then could be compared to the "control"

solution to provide some indication of the resulting impact on Tennessee

lumber and wood products.

This type of analysis would allow the researcher greater freedom

in developing "independent" outlooks for the lumber and wood products

sector. Rather than being totally dependent upon the Wharton forecast,

other information or hypotheses could be incorporated into a modified

forecast.
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CHAPTER V

SUMMARY AND CONCLUSIONS

Th© gsnsral objective of this study was to provide a better measure

of the contribution of the Tennessee lumber and wood products industry

to the state economy. The objectives were accomplished by contructing

equations that related the performance of Tennessee's lumber industry in

terms of output, employment, and wages to variables forecast in national

and state econometric models.

By developing equations within the structural constraints of the

state econometric model, the equations essentially disaggregate the

Tennessee lumber and wood products industry as a separate sector of

the Tennessee Econometric Model (TEM 11).^ Though the equations are
valid for forecasting as a separate satellite model, the forecasts would

be more meaningful, by design, were the equations to be incorporated as

components of the state model.

Refinements in the equations may be beneficial before they are

incorporated in the model.^ Such adjustments should provide a better

understanding of the interactions of the exogenous variables. Specifi

cally, the importance of the mortgage rate variable in the output

forecasting equation needs to be clarified. The fact that the predictions

^Tennessee lumber and wood products is currently included in the
"Other Durables" sector of TEM II.
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of the output equation are equally sensitive to mortgage rates as they

are to the U. S. lumber industry and the state furniture industry vari

ables has not been satisfactorily explained.

Other refinements in the equations could be accomplished after

the equations were incorporated into TEM II. One of these would be the

use of the interrelationships of the state model to better indicate the

magnitude of constant adjustments needed in the forecasting equations.

The mechanical processes of examining systematic errors in the

residuals and/or using dynamic simulation proved unsatisfactory in

providing information as to the sign and magnitude of possible adjust

ments in this study. A look at the future expectations for lumber in

the context of other TEM II and Wharton forecasts (Table 23» page 97)

indicates that the state SIC 24 forecasts probably should be adjusted

downward. Specifically, the 1980 and 1981 forecasts seem overly

optimistic. This type of comparison would be enhanced by the use of

the lumber equations as a sector in the state model.

Another obvious advantage to using the equations as a sector in

the model is the in-place support structure and developed audiences for

the state econometric model. Since the development of the SIC 24 equa

tions was intended to better indicate the importance of the industry,

dissemination of the resulting information to decision-makers in the

public and private sector is obviously necessary to complete the process.

The benefits of adding the lumber equations to the state model

are not limited to the lumber and wood products side of the relation

ship. | The further disaggregation of the state model that would result
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from use of the equations is the obvious benefit to TEM II. Since all

of exogenous variables come from Wharton or CBER, the additional conputa-

tional load, once the equations are incprporated, would be minimal.

The SIC 24 forecasting equations appear to be comparable, in both

economic and statistical terms, to those currently used in the state

econometric model. In this sense, the study appears to have accomplished

its objective.

Another objective in this study was the development of an output

equation for structural and/or impact analysis. The resulting equation

provides only limited structural information in that only two variables

(housing and furniture) are included in the model. The statistical

qualities of the equation, however, are compatible with the objectives

in that the significance of the estimated coefficients was enhanced by

a reduction in multicol linearity.

An additional objective of developing the structural/simulation

equations was to formulate equations not limited by the structural

constraints of sector equations in TEM II. The conclusion reached after

development of the equation is that the aforementioned constraints were

not as restrictive as first thought. The larger data base of variables

specifically related to hardwoods for the most part performed unsatis

factorily in the equations. As a result, the final form of the equation

contains variables in the Wharton databank.

The definition of real output was another restriction that was

postulated to compromise the validity of the forecasting equations. Real
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output in TEM II is defined as the state industry value-added, deflated

by the national sector deflator. In the lumber industry model, this

consisted of deflating a hardwood dominated industry by a softwood

dominated deflator. An alternative estimate of real output in Tennessee's

SIC 24 industry was postulated to be value-added deflated by the Whole

sale Price Index for hardwood lumber. The differences in the two defla

tors are illustrated in Figure 21.

Tests for models that fit this alternative definition of real

output were performed simultaneous to the formulation of the structural/

simulation equations. No adequate models were identified. The poor fit

of these models prevented any conclusions from being drawn about the

better proxy of real output. It was impossible to determine whether the

models were deficient due to: a) inadequacies in the definition of the

dependent variable; b) incorrect specification of the model; or c) some

combination thereof. Though the process seems to substantiate the use

of the TEM II definition, it was not considered an integral part of the

analysis.

As in most large-scale studies, this initial application of

econometrics to the analysis of Tennessee's lumber and wood products

industry identified many areas worthy of further study. One broad

deficiency that was apparent was the general lack of research available

on the national hardwood industries. A partial explanation may be the

data problems encountered in this study. The data problems do not

seem insurmountable, however, and the multitude of econometric applica

tions to softwood market analysis would seem to indicate that the

methodology has been refined adequately.
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Viewing this thesis as a feasibility study into the development

of a more detailed model of the industry, the conclusion would be

favorable. In orcter to better incorporate price relationships into

the model, data availability for a quarterly time frame model should be

investigated. Quarterly data may identify better the relationships in

the hardwood data that were hidden in the annual aggregates used in this

analysis.

Further study is needed also into the relationship of hardwood

stumpage and lumber prices. Given that the productive capacity of the

industry is limited, the tendency of stumpage prices to exhibit large

fluctuations in response to changing demand may affect the relationship

of prices and value-added. The lack of quantitative analysis into the

relationship between the hardwood product and factor markets would need

to be corrected before or during development of a more detailed hardwood

model.

The most logical next step in this project, (whether or not the

equations are incorporated into the state model), would be an analysis

of the aggregate wood products industries in Tennessee. By combining

the three primary wood using sectors in TEM II (SIC 24, 25, 26), con

clusions could be drawn regarding both the historic trends and future

expectations of the industry. This type of analysis, in conjunction

with more traditional structural and inventory analysis, could indicate

policy issues and/or inconsistencies. In this type of application the

model would provide an additional tool for policy analysis, as well as
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a feedback mechanism to judge tentatively the effect of alternative

policy scenarios.

In conclusion, the development of the Tennessee SIC 24 model was

a necessary first step in the process of providing the current detailed

information that is required to accurately assess the "importance" of

Tennessee's wood products industries. In addition, the format of the

study allows for an indication of the future expectations for the

important parameters of the industry (i.e. output, employment, and

wages). This type of information has not been available for the state

lumber and wood products industries. This study, therefore, provides

the decision-maker in both the public and private sectors with two

valuable assets: current data about the lumber industry in Tennessee

and an objective assessment of future expectations.

The study was also valuable in that it represents a cooperative

effort between the Center for Business and Economic Research and the

Department of Forestry, Wildlife and Fisheries. This analysis reflects

only part of the potential mutual benefits of such efforts. To the

Center for Business and Economic Research this thesis basically repre

sents a feasibility study. That is, specialized knowledge of the SIC

24 industry was applied to the development of a sector in the state

model. From the forestry viewpoint, it represents the application of

econometric techniques in identifying the "importance" of lumber and

wood products industry in a dynamic context. In either instance, con

tinued cooperation will be necessary for optimal application and utiliza

tion of the study results.
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AN APPLICATION OF SHIFT-SHARE ANALYSIS TO THE TENNESSEE

LUMBER AND WOOD PRODUCTS INDUSTRY

One of the important features of shift-share analysis is its

ability to provide insight into regional growth from easily attainable

statistics. The lack of data at the sub-national level for growth

analysis has thwarted the application of many of the techniques applied

to national economic analysis.

In this particular application of shift-share analysis, the

Esteban-Marquilles formulation will be used. Its formulation is as

follows:

*'is - ' "ix'-n " " "-n' ̂  * (*1s " *is'

" ̂-n^ P- 249-275. 23, p. 27)

where X' = output in the terminal period

X = output in the initial period

^is ~ ^^in^^n^^s ^^teban-Marquilles' "homothetic effect"
r = rate of growth from initial to terminal period

the subscripts i and s refer to the industry and state respectively, and

the subscript n represents the nation-

The four components of the right side of the above equation are

defined as: 1) the national growth effect, 2) the industrial mix effect,

3) the competitive effect, and 4) the allocative effect, respectively.
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Applying the above formulation to the Tennessee lumber industry

produced the following results.

TENNESSEE LUMBER AND WOOD PRODUCTS INDUSTRY
National Industrial

Time Period Change Growth Mix Competitive Allocation

56-76 63 88 4 -19 -10

66-76 10 45 -6 -24 - 5

For the period 1956 to 1976 Tennessee's lumber industry output in real

dollars increased by 63 million dollars. If the state's industry had

kept pace with the growth of the national industry, one would have

expected it to have increased by 88 million dollars. The small positive

figure for the industrial mix effect means that the national lumber

industry grew slightly faster than GNP. The negative sign for the

competitive effect indicates that the growth in Tennessee was below that

of the nation or that the state was at a competitive disadvantage over

this time period. The allocative figure of -10 reflects the fact that

Tennessee is specialized in lumber relative to the nation, although it

is at a competitive disadvantage. The figures for the 1966-1976 decade

show similar trends, although during this time period the national lumber

industry grew slightly slower than GNP.
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ALTERNATIVE OUTPUT FORECASTING EQUATIONS

The process of screening the data and formulating the equations

(described in Chapter III) provided several tentative equations for fore

casting Tennessee SIC 24 output. The variables identified as significant

in explaining the variations in Tennessee lumber output were grouped to

gether as a separate subset of the total databank. Using the SAS "RSQUARE"

procedure, all possible combinations of these variables were analyzed and
2ranked as to their R value. That is each variable was ranked by its

2
R value for a one variable model, then all possible combinations of two

variables were ranked, etc., for up to a four variable equation. These

combinations were then analyzed by starting at the highest R^ value in

each classification and identifying the combinations that met the criteria

described on page 47. Using this approach, combinations of the variables

not selected in the stepwise procedure or by intuitive means could be

identified.

The process of selecting the one equation to be used for forecast

ing output was necessarily subjective. The relative strengths and

weaknesses of the equations made the decision as to which was the "superior"

equation a somewhat arbitrary one. In addition to the two output equa

tions identified in the text, the equations listed below had properties

that merited consideration. Their relative strengths and the justifica

tion for rejecting them are briefly discussed.
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Equation 1

TGPLUM7 = 44.6320 + 51.7594 USFUR7 + .0437 HSPRI - .7215 USLUMPR7
(16.2) (3.3) (.014) (.133)

R^ = .945 R^ = .936 S.E. = 8.41 D.W. = 2.27 PERIOD = 56-76

Equation 1 relates output in Tennessee SIC 24 to: 1) real output

in the U. S. furniture industry (USFUR7), 2) U. S. single family housing

starts (HSPRI), and 3) U. S. SIC 24 sector prices, (USLUMPR7). The

equation's descriptive statistics are all satisfactory and the graph of

predicted and actual values provided a good fit. The weakness of this

equation relate to the negative sign associated with the lumber price

variable. One would expect a positive relationship between prices and

output. The negative sign above is undoubtedly due to interrelationships

among the independent variables. Though this factor alone is not

significant enough to reject the equation, it is an important flaw.

Further, the price variable is the U. S. SIC 24 sector deflator, which

is dominated by softwood prices; and therefore is questionable as an

explanatory variable for a hardwood dominated industry. Given these

weaknesses, and the slightly better fit attained by the selected equation,

the equation was rejected.

Equation 2

Ln TGPLUM7 = 2.9344 + .6748 Ln USLUM 7 + .3839 Ln TGPFUR7 - .6973 Ln MTGRT
(.38) (.22) (.15) (.14)

R^ = .956 R^ = .948 S.E. = .061 D.W. = 2.08 PERIOD = 58-76
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Equation 2 relates the natural logarithm of Tennessee SIC 24 out

put to the natural logarithm of 1) U. S. SIC 24 real output (USLUM7), 2)

IN SIC 25 real output (TGPFUR7), and 3) U. S. Average Mortgage Rate on

New Homes. Basically, this equation is the logarithmic counterpart of

the final selected equation. One advantage is that the coefficients can

be interpretated as the constant elasticities. The logarithmic equations

in TEM II, however, often exhibit questionable performance in the long-run

forecast. Since the descriptive statistics are no better than its linear

counterpart, this equation was rejected.

Equation 3

TGPLUM7 = 71.9800 + 42.4440 USFUR7 - 1.2652 USLUMPR7 + 43.0369 DUMMYl
(20.9) (3.28) (.21) (10.78)

R^ = .955 = .947 S.E. = 7.65 D.W. = 1.91 PERIOD = 56-76

Equation 3 relates Tennessee lumber and wood products output to:

1) the U. S. furniture industry real output (USFUR7), 2) U. S. lumber

sector prices (USLLIMPR7), and 3) a zero-one dumniy variable included to

account for the change in SIC 24 definition in 1972 (DUMMYl). Though

this equation appears statistically valid, its performance in fitting

the actual data for the latter part of the study period was unacceptable.

Though the dummy variable is significant, in each of the equations in

which it was used the predicted values for the 1974-1976 time period

were significantly in error. In addition, the equation included the

lumber sector deflator and the associated weakensses discussed above.
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Equation 4

USFUR7 + .0317 HSPRI - 1.2470 USLUMPR7 + 34.8360 DUMMYl
(23.06) (2.97) (.010) (.174) (9.40)

R = .971 R = .963 S.E. = 6.36 D.W. = 2.06 Period = 56-76

Equation 4 quantifies the same relationships found in equation 1

above, with the addition of the dummy variable for the change in SIC 24

definition. Though the descriptive statistics indicate a better fit to

the data, the predicted values for 1975 and 1976 were substantially

different from the actual values. The inferior performance in the latter

part of the study period, coupled with the weaknesses described for

equation 1, led to rejection of the equation.

Equation 5

.5757 + 46.2698 USFUR7 + .0254 HSPRI - .8357 USLUMPR7 + .0411 P0ST72
(25.99) (3.99) (.015) (.133) (.019)

R = .957 R^ = .946 S.E. = 7.67 D.W. = 1.70 Period = 56-76

Equation 5 has the same variables found in equation 1 above, with

the addition of the mobile home starts variable (P0ST72). The equation

has the same weaknesses as equation 1 and; in addition, the housing

starts and mobile home coefficients are not significant from zero at the

.05 level.
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