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The past decade has witnessed a rapid growth in the construction of regional econometric models for use in private and public
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It is likely, however,

that these models are not well understood within the decisionmaking structures that use their forecasts.

Indeed, because they

differ in many respects from the more familiar national econometric
macromodels, they are unfamiliar to many economists.
An econometric model for the Oregon economy is presented
with the purpose of providing a macroeconomic explanation of the
performance of annual levels of output, prices, employment, and
income over two decades, 1960 to 1979.

Forecasts from this

model can be produced utilizing forecasts from national macromodels.
Various methodological approaches used in constructing regional
models are reviewed with emphasis on tradeoffs between the application of economic theory and the availability of data.

Procedures used and problems encountered in estimating equations of
regional econometric models are discussed.

Methods for validating

and simulating these models are surveyed and described.
The absence of gross regional product data as a comprehensive
measure of regional economic activity imposes serious limitations
on analyses intended to explain the economic performance of
regions.

Various procedures for constructing estimates of gross

regional product are described and evaluated, and an extension to
the most widely used procedure is proposed.

Estimates of Oregon

gross product were constructed and utilized in developing the model.
The model is composed of separate blocks for gross product,
average wages and prices, employment, and income.

Of the 102 equa-

tions of the model, 72 are stochastic equations estimated by
Ordinary Least Squares utilizing an extensive computer-based
economic data system.
Results produced from sample period simulations of the gross
product block are summarized by measures useful for evaluating
the model's performance.

For the period 1973-79, the model cap-

tures turning points in absolute and relative rates of growth of
Oregon's total gross product, though amplitudes of the variations
are generally understated.

Further work involving simulation

and validation of the entire model remains to be completed.
Finally, possible directions for improving and/or extending
the model are considered.
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TOWARD AN ECONOMETRIC MODEL OF THE OREGON ECONOMY

I.

INTRODUCTION

In the past several years the government of the State of Oregon
has experienced what has been characterized as a "fiscal crisis"
(Weber, 1982).

One phenomenon which contributed to precipitating

this crisis was the decline in the rate of growth of the personal
and corporate income tax base upon which Oregon government revenues
greatly depend.

Another phenomenon was the failure to anticipate

the magnitude of this decline, not only by the representatives of
the electorate responsible for formulating budget policy, but also
by those responsible to these decision makers for forecasting the
performance of the Oregon economy and the levels of personal and
corporate income.

In the context of this developing crisis, the

State of Oregon followed in the path of its sister states of Washington and Idaho and contracted with Data Resources, Inc., a
Lexington, Massachusetts consulting firm, to develop an econometric
model for the state.

The purpose of this model is to forecast the

economic activity of the state and to project levels of state
government revenue.

Prepared quarterly by the Executive Depart-

ment, the forecasts produced by this model were first published in
February 1981 "... to provide information to planners and policy
makers in state agencies and private organizations for use in their
decision-making processes" (Oregon Economic Forecasts, February

1981, p. iii).
In the past decade the construction of regional econometric
models has been one of the most rapidly growing areas of applied
research in regional economic analysis.

Factors affecting both

the demand for and supply of these models have provided the impetus
for this growth.

As was the case with the State of Oregon, in the

context of an uncertain and volatile economic climate, private
and public sector decision makers have turned increasingly to
economists for information and interpretation regarding the past
and future performance of the economies of states, counties,
cities, and other regional groupings within the sphere of their
concern.

Questions that had become familiar regarding the macro-

economic performance of the nation have been more frequently raised
regarding the economic performance of regions.

What, for example,

is the likely impact of monetary policy on the levels of employment, income, and prices of the region?

How will these levels,

in turn, affect local spending and the demand for the output of an
industry or the level of tax receipts for the next year?

There-

fore, the growing awareness of the use of econometric models for
addressing questions regarding the macroeconomic performance of
the nation has been transmitted to a demand for regional econometric
models to address questions of a similar nature on the regional
level.
To explain the impetus for the growth in the construction and
use of regional econometric models two developments may be

associated with the supply response.

Like their national counter-

parts, an essential ingredient for the construction of regional
econometric models is the availability of consistent time-series
data.

Only in the past decade has time-series data become readily

available of sufficient quality, consistency and duration for many
states, counties and cities to render feasible the statistical
estimation of the parameters for the equations of regional econometric models.

This is not to suggest, however, that the availa-

bility of regional data does not still remain a major problem that
must be confronted in constructing these models.

The advent of

computer software systems for developing and managing data information systems and for estimating, simulating, and testing large
models has also contributed to the practicability of constructing
regional econometric models.
This growth in the construction and use of regional econometric
models will likely continue apace.

However, the methodology and

procedures used to construct these models may not be well-understood
within the decision-making structures
produce.

using the forecasts they

Indeed, because regional econometric models differ in

many respects from their national counterparts, many of the problems encountered, and methodologies and procedures used in their
construction, may not be familiar to many economists.

This limited

understanding and lack of familiarity with regional econometric
models may be accounted for, in part, by the lack of communication
of how these models are constructed and the problems that are

involved.

Greater attention should be given to communication of

the methodology and problems involved in constructing regional
econometric models, and to communication of the means by which
their performance may be evaluated, in order to judge their potential contribution to decision-making processes.
thesis has two objectives.

To this end, this

The first objective is to present a

regional econometric model constructed for the State of Oregon.
This model is the product of research initiated prior to, and independent of, the model constructed by the government of the State
of Oregon in association with Data Resources, Inc.
has involved:

This research

(1) reviewing the existing literature relating to the

construction of regional econometric models; (2) surveying the
sources of secondary regional data and examining techniques of
regional data construction; (3) developing a computer-based economic information system; (4) specifying and estimating the equationsof an econometric model for Oregon; and (5) simulating a
portion of the model to evaluate its performance over the sample
period.

The second objective is to describe the procedures used

and problems encountered in constructing this and other regional
econometric models.
In pursuit of these objectives an overview of the various
approaches to, procedures used, and problems encountered in specifying, estimating, and validating regional econometric models is
presented in Chapter II.

In Chapter III an examination of the

procedures used to construct the estimates of gross regional

product employed in regional econometric modeling as a comprehensive measure of regional economic activity is provided.

The

econometric model constructed for Oregon is presented and discussed
in Chapter IV.

A summary and suggestions for improving and extend-

ing the model constructed is presented in Chapter V.

II.

THE SPECIFICATION, ESTIMATION, AND VALIDATION
OF REGIONAL ECONOMETRIC MODELS: AN OVERVIEW

There is considerable diversity in the approaches taken, the
procedures used, and the problems encountered in constructing
regional econometric models.

Therefore, the objective of this over-

view is to characterize the various approaches, identify the major
procedures, and examine the principal problems involved in constructing these models.

Also, particular problems and procedures

which have not been emphasized in the regional econometric modeling literature will be addressed.

This overview will follow the

same order as the basic steps involved in constructing any econometric mode (Johnston, 1972, p. 5).
steps include:

In their usual sequence, these

(1) specifying the model; (2) assembling the data;

(3) estimating the parameters; and (4) testing or validating the
model.

Therefore, attention will first be given to characterizing

the various approaches to specifying reqional econometric models in
the context of limited available regional data.

Then, the tech-

niques and procedures used to estimate these models will be outlined in conjunction with an account of the major econometric problems encountered.

Finally, the methods used to test and validate

these models using simulation techniques will be surveyed.
Data Limitations and the Structure and Specification
of Regional Econometric Models
One perspective on the various approaches to specifying regional

econometric models is illuminated by whether researchers have
elected to proceed with the sequence of basic steps involved in
model construction as outlined above, or whether they have opted
to interchange the first two steps.

The first approach, to one

extreme, would specify a regional macromodel so as to conform to
a generally accepted and well understood theory.

Should there not

exist the data to extimate the model as specified, the necessary
data would be constructed.

The second approach, to the opposite

extreme, would entail assembling the available data and then specifying the model so as to explain the data.

Underlying these two

extremes is the choice between an approach that may be viewed as
more theoretical, in which significant measurement error may more
likely be incurred, and one that is more empirical, in which significant specification error may more likely be incurred.

Governing

the choice between these two approaches is the model builder's objective for constructing the regional model.

One objective may be

to attempt to test the interrelations among variables that are
explicitly considered in theory, even though the measurement of
these variables may be poor.

Another objective may be to provide

reasonably accurate forecasts of economic variables, even though the
theory underlying the model may not be well understood.
Confronted with a great diversity in the approaches to constructing regional econometric models, Ratajczak (1974) suggested
a conceptual scheme for characterizing or classifying these models
that serves well.

According to the extent to which modifications

were made in their theoretical structure and specification, and to
the extent data construction was required for their estimation,
Ratajcz:ak classified regional econometric models into three groups.
Assigned to one group are those models whose structure and specification is dictated by the availability of data.

Included in another

group are those models which attempt to rigidly conform to the
specification given the national macroeconomic expenditure models
despite the paucity of available regional data required for their
estimation.

The third group consists of those models which lie

between the extremes of the first two.

With these models the

attempt is made to find some accommodation between using available
data for their estimation and theory in their specification.

These

classifications suggested by Ratajczak will serve as an outline
and the point of departure for the following review.

The objective

of this review is to examine some of the major conceptual problems
relating to the specification and structure given regional econometric models.

Data Determines Structure
Of the researchers engaged in regional econometric modeling,
Ratajcyak characterizes as one group:
Those who permit the data to determine the structure
of their model usually are seeking maximization of
explained variation for each data series. Although
theory will be used to determine the acceptable structure of each equation, the model is merely a set of
single equation estimations (Ratajczak, 1974, pp. 5657):

The work of Spivey and Wecker (1972) is a good, though perhaps extreme, example of this approach.

Primary emphasis is given the

data and the forecasting performance of the model:
No one model is necessarily best for all forecasting
problems. Models should be data-oriented and responsive to the peculiarities of the data one has to deal
with. Sometimes sophisticated models lead one astray
when based upon an inadequate study of the underlying
data (Spivey and Wecker, 1972, p. 260).
Spivey and Wecker distinguish between two classes of regional econometric forecasting models.

These two classes serve to identify two

subsets within the "data determines structure" group.

Extrinsic

or associative models are those which use theory in specifying the
single equations of a model, or more generally "... when one attempts to relate the movement of a variable to the movements in one
or more related variables"(Spivey and Wecker, 1972, p. 257).

Alter-

natively, intrinsic or extrapolative models do not draw upon theory
in their specification, and are "... those in which one forecasts
future movements of a variable on the basis of an analysis of past
movements of the variable, temporarily ignoring the influence of
other variables upon the variable of interest" (Spivey and Wecker,
1972, pp. 252).

Spivey and Wecker are careful to acknowledge that

intrinsic models may suffer by not including the influence of
causally related variables in their specification.

Nevertheless,

they express themselves as emphatic advocates of the potential in
exploring more sophisticated intrinsic modeling techniques for
regional forecasting:
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Extrinsic models appeal to many because they appear to
express or capture interrelationships that one's knowledge of economics suggests are important. However,
very large quantities of data are required, it is difficult to assess forecasting accuracy against alternative models of the same class, and problems of autoregression, aggregation, stochastic dependence, and multicollinearity are very difficult to deal with constructively. It is the view of the authors that data base
problems alone are severely inhibiting in the use of
these models for regional forecasting at the level of
the state or a smaller region and that time-series
methods emphasizing intrinsic models are worthy of additional study and experimentation (Spivey and Wecker,
1972, pp. 257-58).
To provide an additional perspective on the intrinsic modeling approach advocated by Spivey and Wecker, it should be noted that the
application of time-series techniques require fifty or more observations.

As there are very few regional data series that provide annu-

al observations for fifty years, these techniques may be applied
effectively only to regional data series available quarterly or
monthly.

For example, in a study cited and used for demonstration by

these authors, sixteen consecutive years of monthly observations for
the number of residential telephones in service were used to develop
an intrinsic time-series forecasting model of the growth in telephone demand for a region.

However, a major portion of effort ex-

pended on developing regional econometric models is devoted to forecasting the performance of the macroeconomic activity of a region as
measured by variables for production, employment, and income.

Even

if researchers were to elect to ignore the exogenous influence of
theoretically related variables, and were to forego any attempt to
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capture the interaction between them, the unavailability of monthly
and even quarterly data virtually precludes the application of intrinsic modeling techniques to many data series of interest.

In

terms of the concerns of most regional econometric modeling research, data base problems do indeed severely constrain the development of extrinsic models, but this generalization is also applicable
to the time-series intrinsic modeling techniques advocated by
Spivey and Wecker.
Though a purely intrinsic model may explicitly ignore the influence of other causally related variables on the variable of interest, the influence of these omitted variables may in part be
captured implicitly

by the autoregressive structure of the model.

That is, the autoregressive structure serves as an instrument for
these omitted variables.

Therefore, the forecasts that may be

produced by a purely intrinsic model are, in one sense, unconditional.

That is, the forecasts rest on the assumption that the relation

between the autoregressive instruments and the omitted variables remains unchanged.

Because of this assumption, intrinsic models are

of very limited value for impact analysis or making conditional
forecasts, which must consider the effects of an external stimulus
or an exogenous change generated by a variable that is in some way
causally related to the variable of interest.

It is suggested by

Conway (1979), however, that intrinsic models may be of some
limited value for predicting growth, which seemed to be the implicit concern of Spivey and Wecker.

Conway contends:
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In fact, a model may be a good predictor of future economic growth but an ineffective simulation for conditional forecasting exercises. Consider the single
equation model that relates regional income in the
current period to income in the past. For some decision-making purposes, this specification would provide adequate predictions. Yet, the model would give
no insight into why future income was expected to be at
one level and not another (Conway, 1979, p. 45).
The availability of data was a major consideration governing
the overall structure and specification given most of the earlier
efforts.(i.e., through the mid-1960s), in regional econometric modeling.

Two of the most notable of the earlier models were constructed

for the states of California (Burton and Dyckman, 1965) and Michigan
(Research Seminar on Quantitative Economics, 1965).

Though associ-

ative relations were used in specifying the individual equations of
the models, virtually no simultaneity was introduced to capture the
interrelation between the endogenous variables within a causal framework.

These models were, to use Ratajczak's previously quoted

words, "... merely a set of single equation estimates."

Because

these models were estimated using available data, measurement error
was minimized.

Though the structure of these models was relatively

simple, characterized by using a set of national variables and
lagged dependent variables to explain regional variables of interest, they offered the potential for obtaining better short-run conditional forecasts than single equation models of a purely autoregressive structure.

Nevertheless, the potential for their application

to assess macroeconomic impacts resulting from the interaction
between regional production, employment, and income variables was
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limited.

A tabular survey of these models and others is provided

by Chen (1972).
One important consideration should not be ignored in considering
the simplicity of these earlier models.

Either considerable ex-

pertise in computer science, or the availability of computer software packages of sufficient sophistication, is required to estimate
large and complex econometric models.

Such software packages have

only become widely and commercially available during the past
decade.

Considering this, the expertise, work, and resources re-

quired to assemble the data, estimate, and simulate the more simple
earlier regional econometric models can be appreciated.

Indeed,

uncertainty regarding the estimation and simulation capability of
the software available for constructing a preliminary econometric
model for the Oregon economy has influenced decisions regarding the
initial specification and estimation of this model, the details of
which will be discussed later in this thesis.
Structure Determines Data
It would seem obvious that the most appealing specification
that may be given a model that would presumably capture the macroeconomic behavior of a region would be that generally given national
macromodels.

To this end, Lawrence Klein advanced the following

proposal in 1969:
For the United States, I would recommend the building
of regional macromodels very much in a form like that
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of the typical national macromodel, containing endogenous regional variables, exogenous regional variables (peculiar to the region being modeled and
drawn from related regions), and national variables.
The national variables may be exogenous to both
local and national models, or they should be generated as endogenous variables from a national model.
... Also, I shall not recognize, at this stage, the
very real and substantial data problems involved
(Klein, 1969, p. 108).
From this, Klein proceeded to outline in some detail the implicit
form of the equations that might be included in such a regional
macromodel.

There are three features to Klein's proposal which

deserve particular emphasis.
The "... typical national macromodel ...", which Klein suggests
should be used as the prototype for regional models, features the
Keynesian gross expenditure or final demand approach to equilibrium
income determination (Klein, 1978).

Final demand is determined as

the sum of expenditures for consumption, investment, government
spending, and net exports.

Each of these components of final demand

is given a separate specification, and to varying degrees further
disaggregated.

Underlying the estimation of these national macro-

models is a well-developed historical data base founded upon a
system of income-expenditure accounts.

This leads to a second

feature of Klein's proposal.
Though he recognizes the limitations of available regional
data, and though he acknowledges that significant data problems
are involved in estimating the regional macromodel given the
specification he proposes, Klein gives no recommendations as to
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how these problems may be resolved.

A third feature of Klein's pro-

posal which should be given emphasis is his recommendation that
regional macromodels should be constructed as "satellites" to
existing national models.

This approach, described later by Klein

as "top-down," as opposed to "bottom-up" (Klein and Glickman,
1977), does as much to characterize the national as well as most
regional macromodels that have been developed.
simply construe the nation as a region in total.

National models
Within this

construct the intraregional implications of national macroeconomic
behavior are essentially ignored.

Therefore, the subnational

regional model must be grafted as a satellite to these existing
national models.

Klein acknowledges, of course, that this

approach allows for no bilateral interdependence between the
regional and national economies.

However, to overcome this defi-

ciency with a "bottom-up" approach would entail, in the strictest
sense, constructing a national model composed of a complete system
of interdependent regional models.
It should be noted that the two most frequently cited regional
econometric modeling efforts which adhere most closely to a Keynesian income-expenditure construct were contemporary to the time
when Klein advanced his proposals.

In particular, the model

developed by Moody and Puffer (1969) conforms most strictly to
this approach.

Their model for southern California included a

gross regional product block consisting of behavioral equations
for the consumption, investment, net exports, and government
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expenditure components of aggregate demand.

L'Esperance, Nestel

and Fromm (1969) constructed a more skeletal income-expenditure
model for Ohio that included equations for consumption, investment, and public sector spending.

An explicit treatment of the

external trade sector was omitted.

Though the theory of macro-

economic behavior used in specifying these models was well
established, much of the data used in estimating the parameters
of these models were not.

The measures for consumption, investment

and net exports that exist within the national gross product and
income accounts cannot be directly derived from any existing
regional data series within the continental U.S.

In an attempt

to overcome these data deficiencies, both of these modeling
efforts required that data be developed or constructed, and the
"proxy variables" be used to represent variables for which the
data did not exist.

Though this approach may serve to substan-

tially reduce the potential for specification error, the potential for measurement error is certainly enhanced.

In regard to

the specification of regional macromodels as proposed by Klein
(1969), and as implemented by L'Esperance et al. (1969) and
Moody and Puffer (1969), assessments similar to Ratajcyak's are
widely held and would seem appropriate:

"The cost incurred in

using such an expenditure model at the regional level may
well exceed the benefits derived from such a framework" (Ratajczak,
1974, p. 58).

17

Data vs. Structure, Compromises and Concessions
Since the time Klein (1969) advanced his proposals, the research conducted by students and his associates at the University
of Pennsylvania provided impetus to the approach given to much of
the research that has been undertaken in regional econometric
modeling.

This approach attempts to give concessions to both the

empirical and theoretical concerns involved in determining the
appropriate model specification, and to compromise between the use
of constructed and available data necessary for the model estimation.

In other terms, Ratajczak summarized the approach as one

which seeks "... some implicit tradeoff between theory and data so
that measurement error and specification error are jointly minimized" (Ratajczak, 1974, p. 56).
The most widely published and cited of the regional modeling
research originating from the University of Pennsylvania has been
that of Norman Glickman.

His work on developing an econometric

model for the Philadelphia region spans almost a decade.

This is

reflected in Glickman's doctoral dissertation completed in 1969,
his book on the general subject of regional econometric modeling
published in 1977, and a survey paper by Klein and Glickman also
published in 1977.
Because there is a notable similarity in the structure and
specification given regional models whose approach emanates from
this research, their structure and specification has been described or characterized as "Glickman's" or "Klein-Glickman"
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(Hall and Licari, 1974).

Considering that this approach has been

used as a guide for constructing the preliminary model of the
Oregon economy presented later in this paper, and as it is important to establish some common reference in regard to similar
studies, the basic structure and specification used by Glickman
in constructing the Philadelphia model will be outlined in some
detail.
Unlike Klein's (1969) proposed structure, Glickman's structure
reflects an applied research design.

That is, it does take into

account, though it isn't necessarily constrained by, the availability of data on the subnational level.

Inasmuch as the gross

expenditure-final demand structure prescribed by Klein requires
a system of regional accounts that would include consistent timeseries data for gross regional product in terms of its consumption,
investment, and net export components, the practical application
of this structure is infeasible without incurring the cost of
substantial measurement error by attempting to construct these
data series.

Nevertheless, the Glickman structure does model

gross regional product using a constructed data series.

However,

the gross regional product data are constructed by developing
gross income estimates for individual industries as discussed
in Chapter III, rather than by developing estimates for the components of final demand.

A far greater proportion of gross regional

product data measured in terms of gross expenditures is unavailable,
and therefore must be constructed, than is the case for gross regional
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product measured in terms of the sum of gross incomes of individual
industries.

Accordingly, the Glickman structure is constructed around

a system of regional data accounts that measure gross regional product in terms of income rather than expenditures.

These income mea-

sures encompass data for total wages and salaries, employment, proprietory incomes, and other factor payments by major industries of the
region.

As a result, an industry level output-income structure re-

places the gross output-expenditure structure in the Keynesian-type
model specification proposed by Klein.
Though the potential for measurement error may be reduced by
the macroeconomic modeling structure introduced by Glickman, the
potential specification error that may be incurred is enhanced.
For example, Klein's theoretically appealing proposal prescribes
that the region's relation with the rest of the world be specified
by explicit demand-type equations.

Gross regional exports and

imports are expressed as functions of output and relative prices
between the region and the rest of the world.

However, price

data for gross regional exports and imports is not available,
not to mention the data for gross imports and exports themselves.
Therefore, Glickman suggests explaining the constructed gross
product measures for the output of each regional industry using
an implicit specification for a demand-type function.

In lieu of

an equation for gross exports, for example, those industries
judged to serve markets outside the region are specified as functions of market related national industries and selected proxies
for national economic activity that may capture or influence the
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level of external demand for these export-related industries.
Similarly, as a substitute for an explicit gross expenditure consumption function, the outputs of industries that are judged to
serve local or consumer markets are expressed as functions of
local endogenous or exogenous variables.

These local variables

may include, for example, personal income, population, the output of market-related local industries, the output of exportrelated local industries, or total gross regional product.
Though it has been suggested, it should also be emphasized
that the specification ultimately given the individual equations
for industry level output is highly judgmental.

For illustration,

given the absence of export data it follows that it is impossible
to identify with clear distinction the basic and nonbasic, or export and locally oriented, industries.

This so-called "bifurcation'

problem (Isserman, 1980) is an empirical problem also confronted
when using other regional modeling techniques.

Judgment regard-

ing the appropriate specification for the equations of the industry
output block of a regional econometric model can be guided by:
(1) information obtained from existing regional or national inputoutput models; (2) the use of location quotient, minimum requirement, or assignment techniques; and (3) other sources of market
information specific to the industries of the regional economy.
In general, one may compare the specification given the equations
of a regional model using Glickman's approach to those of the typical national macromodel in the terms suggested by Adams, Brookings
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and Glickman, "The theoretical spirit of the model is not necessarily affected, but the variables explained by the regional model
may be quite different from those encountered in national models"
(Adams et al., 1975, p. 287).

Glickman also characterizes this

approach by concluding, "Thus, the lack of data has resulted in
the implicit specification of an activity that ought to be explicit" (Glickman, 1977, p. 59).
Although there exists considerable diversity in the degree
of disaggregation and complexity of regional econometric models
which conform to the structure used by Glickman, there are four
principal blocks generally included in these models which comprise their structural core.

This core consists of:

a gross

product or output demand block; an employment or labor demand
block; an average wage or supply price of labor block; and an income block.

The approach taken, rationale given, and problems

implicit to specifying the equations of each of the blocks will
be reviewed.

Several examples of estimated equations will be

presented for illustration.
Gross Product
Glickman's first model (1971) of the Philadelphia region
was very highly aggregated.
into only three sectors:
and services.

The gross product block was divided

manufacturing, trade, and financial

The manufacturing sector was postulated to be

primarily export-oriented and therefore tied to the growth of
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the national economy.

Accordingly, real (constant dollar)

regional manufacturing gross product (Q,) was estimated by Ordinary Least Squares as a linear function of gross national product
(X) producing the following reported results (Glickman, 1971, p.
19):
Q, = -132.370 + 10.988X
1
(30.918)
R2 = 0.984

SE = 11.947

DW = 2.014

Alternatively, the wholesale and retail trade sector (Q^) was
judged to serve primarily local markets as a linear function of
regional personal income (PY).

Because the latter was endogenous

to the model, two-stage least squares was used to reportedly
(Glickman, 1971, p. 19) obtain:
Q9 = 202.890 + 0.124PY
c
(32.358)
R2 = 0.985

SE = 2.610

DW = 2.031

Given the highly aggregated level of Glickman's first model no attempt was made to introduce any input-output or interindustry linkages in specifying these equations.
As Glickman expanded the Philadelphia model, he disaggregated the gross product block to include stochastic equations
for thirteen separate industries (1977).

Using the transaction

matrix of a preexisting input-output study for the region, various
equations were specified to capture the apparent interindustry
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demand relations among these industries.

For example, electrical

machinery and nonelectrical machinery were determined to have
a bilateral trade relation with one another as well as serving
national markets.

Therefore, these industries were specific as

simultaneous functions of one another.

The equation for non-

electrical machinery (Q'NEM) was estimated using Ordinary Least
Squares and the results reported by Glickman (1977, p. 83) were:
QNEM = 89.8275 + 0.33421 IM(-l)
(2.8523)
+ 0.1900 QEL, + 11.3261 QNEM*
(1.9369)
(2.1925)
R2 = 0.9622

DW = 2.3612

SE = 25.7931

where

QNEM is output nonelectrical machinery;
1M(-1) is manufacturing investment lagged one period;
QELM is output, electrical machinery; and
QNEM* is U.S. output, nonelectrical machinery.
For the output equations of the nonmanufacturing sectors of his
expanded (1977) model, Glickman offers very little in the way of
specific detail to explain the rationale of their specification
other than the generalization that:

"Principally, each variable

is linked with local variables such as personal income (PY) and
population (POP) and, in some cases, with national trends of
some variables" (Glickman, 1977, p. 84).

Wholesale and retail

trade (QTRD) was estimated, for example, as a function of time
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(TIME), the lagged dependent variable (QTRD(-l)), and its national
counterpart (QTRD*).

The results reported (Glickman, 1977, p.

121) were:
QTRD = 501.8176 - 14.6854 TIME
(-2.0635)
+ 0.5324 QTRD(-l) + 8.5093 QWRD*
(3.8497)
(3.2719)
R2 = 0.9593

DW = 1.6725

SE = 44.0052

It should be noted that in eleven equations of the production
block of Glickman's expanded (1977) model, the industry gross product is expressed as a function of its national counterpart.

Theo-

retically, this practice may be most appropriate if it is judged
that a significant portion of the regional industry's output
is marketed directly to its national counterpart.

A some-

what weaker justification may be made if it is assumed that
the behavior of the national variable will serve as a proxy or instrument to capture a complex of export-oriented demand relations
for its regional counterpart.

Perhaps a yet weaker rationale,

used by Glickman, suggests that this specification will capture
national trends in an industry as they relate to the region,
whether or not the industry serves export or local markets.

This

approach may be described as an approximation of the shift-share
technique (Raune, 1981, p. 3). Ratajczak suggests a specification
problem may be introduced when the national output of an industry
is used to explain its regional counterpart:

"It appears unlikely
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that regional exports will be stimulated by trading partner activity
in the same industry unless such activity implies capacity problems elsewhere" (Ratajczak, 1974, p. 60).

Glickman's own obser-

vation when discussing other regional models reveals another problem regarding this specification.

"When analysts regress these

artificial local output figures on their national counterpart,
obvious biases in the R

results" (Glickman, 1977, p. 62).

Though

Glickman employs this specification in his Philadelphia model, he
does not call attention to or emphasize this point when presenting
or discussing his own results.

The regional industry output

figures to which Glickman refers are "artificial" in the sense
that they are only estimates constructed from their national counterpart.

Certainly care should be given to interpreting the re-

sults from specifying a regional industry output variable as a
function of its national counterpart.

A spurious correlation

may be introduced between the two as a consequence of the procedures used to construct a measure for regional output.

These

procedures will be disucssed in some detail in the following
chapter.
Employment
Generally, the employment block of regional econometric models
which adhere to the structure used by Glickman are disaggregated to
the same level of industry detail as the production block.

Further-

more, the employment block is generally related to the production
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block in a recursive manner within these models.

Specification

of the individual equations of the employment block is guided by
the derived demand relation which regards labor as a factor of production.

In explaining the specification of the employment equa-

tions of his expanded model, Glickman is rather casual:

"The

general form of the manufacturing employment equation is an inverse
production function (labor demand function), where employment in
sector i is a function of output of sector i and the lagged endogenous variable" (Glickman, 1977, p. 86).

Time is introduced in

many of Glickman's employment equations as a proxy for productivity
growth.

Also, the output of market-related industries is included

where the explanatory power of the individual equation may be
improved.

Employment in the apparel and related products industry

(EAPP) is expressed, for example, as a function of industry output
(QAPP), the lagged dependent variable, time, and output of the
textile industry (QTEX).

The Ordinary Least Square results for

estimating this equation are reported (Glickman, 1977, p. 87) as:
EAPP = 3.7709 + 0.0262 QAPP + 0.6333 EAPP(-l)
(6.0481)
(4.5492)
- 0.7006 TIME + 0.0279 QTEX
(-6.7982)
(2.0353)
R2 = 0.9119

DW = 1.5785

SE = 1.3682

Adams, Brooking and Glickman (1975), in modeling the employment block for the Mississippi economy, attempted to provide a
theoretically more rigorous basis for specifying the equations
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which deserves discussion.

The labor demand function was derived

using a constant elasticity of substitution (CES) production
function assuming profit maximization equilibrium conditions.
Accordingly, labor demand expressed in log-log form was determined as a function of time (reflecting productivity and/or technological change), industry output, and the ratio of average wages
to product prices (measured by national output deflators).

The

ratio of average wages to product prices is included assuming the
first order profit maximizing conditions are approximated in the
industry.

Very few regional modeling efforts have reportedly at-

tempted to introduce this ratio term in specifying the labor demand equation.

This may be because the explicit treatment of the

labor demand function was ignored, because regional product price
data were unavailable, or because the wage price relations were
expected to be unchanging (Ratajczak, 1974, p. 59).

The lagged de-

pendent variable was also included by Adams et al. to allow for
a temporal adjustment in the demand response.
Except for the manufacturing sector, direct estimates of
average hourly, weekly, or annual wages are unavailable on the
regional level.

Consequently, researchers construct average annual

wage per employee estimates using the ratio of total annual wages
to total average annual employment.

In itself, this procedure

for developing estimates of average prices is understandably a
necessary expedient.

However, if this expression for price is

directly used in a regression to explain the related quantity,
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the potential of a spurious correlation between the independent
and dependent variable may be introduced by the data construction
technique.

Using this procedure, the constructed average annual

wage variables were introduced into the equations of the Mississippi
model to explain the level of demand for labor.

The estimated

parameters for the variable presumably representing the ratio of
average wage to product price was determined to be significant,
and with the appropriate negative sign, in six of the eight labordemand equations estimated in the Mississippi model.
Average Wages
The average wage (or described by Ratajczak, 1980, p. 134, as
the "supply price of labor"), block occupies a very pivotal position within the model structure used by Glickman.

The estimates

for employment as determined by the model are multiplied by the
model determined estimates for annual wages to form an identity
that yields estimates for the total wage.

Total wages represent

the single largest component of total regional income.

As dis-

cussed above, average wages may also be used to explain employment
or labor demand.

Furthermore, as previously noted, average wage

data is constructed from the ratio of total wages to total annual
average employment.
Characteristically, average wages are modeled at a higher
level of industry aggregation than is employment or production.
To some extent, it may be more appropriate to broadly measure
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the supply price of labor according to occupational skills.
These skills may cross several industries.

Glickman, however, in

his expanded model of Philadelphia (1977), carried this aggregation to an extreme by estimating annual average wages for only two
sectors, all manufacturing and all nonmanufacturing.
for this, however, is left entirely unexplained.

The reason

It is curious,

for example, that Glickman opted to disaggregate manufacturing
employment by modeling eleven separate industries, while making
no attempt to disaggregate average wages in manufacturing.

While

broad similarities may exist in occupational skills across many
manufacturing industries, and data availability may limit the
relevance of disaggregating average wage to the same extent as
employment, the imbalance in the level of detail Glickman provides
for modeling average wages and employment does not seem appropriate either as a matter of theoretical or empirical concern.

This

would seem especially so if, as is the case with GTickman's model,
the product of employment and average wages is used to estimate
the total wages of the regional economy.
A variety of alternative specifications have been given the
equations of the average wage block.

Generally it is assumed

that wage rates for the major basic or export-oriented industries
of a region must be competitive with, and therefore follow, wage
trends in corresponding national industries.

Also, for some in-

dustries, wage rates may be negotiated directly on the national
level.

The wage rates of the basic industries are assumed to
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influence, in turn, the wage rates of the nonbasic industries.
As a proxy for local labor market conditions, the employment or
unemployment rate may be used to explain the wage rate for some
sector.

The consumer price index may be included if living costs

are considered to influence labor demands for negotiating higher
wages.

For some sectors, characterized by relatively low wage

rates, the minimum wage rate may be relevant in explaining the
pattern of change in average wage.

Also, a lagged endogenous

variable may be used to capture or allow for a lag in the response of an adjustment toward equilibrium.
Personal Income
As mentioned above, the largest single component of regional
personal income consists of total wages and salaries, which is
estimated as the product of average wages and average employment.
The remaining components of regional personal income consists of
other labor income, proprietors income, property income, transfer
payments, and personal contributions to social insurance.

Data

for these components are generally available on the regional level
in aggregate, and not by industry; therefore they are modeled
accordingly.

It should be emphasized that these components of

personal income conform more closely to an accounting construct
for identifying the major sources of regional income, rather than
to a theoretical economic structure.

As a consequence, this

accounting construct is not conducive to providing a very
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meaningful specification for this part of the model.

Indeed, it

is approriate to say at this juncture, that the data available
do essentially determine structure.

The focus, therefore, is to

maximize the explained variation of data series representing each
of these components using as plausible a specification as possible.
Seldom, however, is this relatively ad hoc approach openly acknowledged in such explicit terms in the regional econometric
1iterature.
Theoretically, other labor income, and perhaps personal contributions to social insurance, should be included with wages as
part of the return to, or supply price of, labor.

This is impossi-

ble, however, since the data for these components are not available
at the same level of detail as either employment or total wages.
Therefore, other labor income and personal contributions to social
insurance are typically explained by using some combination of
total wages, average wages, gross regional product, time, a
lagged endogenous variable, or their national counterpart.

In like

manner, proprietor's income is variously expressed as a function
of its national counterpart, gross regional product, gross regional
product less total wage payments, and of course time and the lagged
dependent variable.

Property income, consisting of payments for

interest, dividends, and rent may be explained by an interest
rate variable as well as a variable similar to those used in explaining proprietor's income.

Finally, transfer payments are

determined by such variables as the national counterpart, regional
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unemployment, and/or a regional consumer price index.

Total

regional personal income is then estimated by an identity which
sums over all the income components estimated within the model.
The overall structure of the regional econometric model may
be enriched if personal income is used to specify the equations of
the output or gross product block.

In particular, personal income

may be appropriate to use in explaining the output of certain
nonbasic sectors, such as retail trade and services, which serve
to meet the consumption demands of the household sector.

Such a

modification would result in a more complex simultaneous structural
model that may require more resources for both estimation and
simulation.

It also illustrates one characteristic of regional

econometric models regarded as attractive, which is the flexibility that is allowed for exploring alternative theoretical structures
(Glickman, 1977, p. 73).
Other Approaches
Many of the most recent regional econometric forecasting models
that have been developed, for use by state governments for forecasting revenues, have used a structure which reflects a major
modification of the basic four-block core used in the Glickman
approach outlined above.

Emphasis is given to forecasting accuracy,

resulting in models oriented more toward minimizing measurement
error than specification error.

Similar to the Glickman approach,

these models build from the industry level.

However, they differ
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significantly from Glickman's structure in that they focus on an
employment-income relation as opposed to the output income relation.

In essence, this approach dispenses with constructing,

modeling, and forecasting data for industry output or gross product, which in turn is used by Glickman for modeling and forecasting employment.

Instead, industry employment is modeled and

forecasted directly.

That is, variables which may have otherwise

been used to explain industry output may be used to explain employment.

Except for this basic difference, the structural rela-

tion between the employment, wage, and income blocks of this approach are substantially the same as Glickman's.

A major advan-

tage of this approach is that better use of available employment
and income data is permitted.

It is possible to construct dis-

aggregated gross product data only on an annual basis, whereas
detailed employment is available quarterly and even monthly.
Therefore

these employment-income models are generally estimated

using quarterly data.

This, of course, provides for more degrees

of freedom for a given sample period.
for the model to be more dynamic.

Furthermore, it allows

That is, it is possible to

specify lag relations which may be theoretically relevant and/or
empirically significant.

Finally, the quarterly or monthly in-

flow of data allows for a more frequent adjustment and revision
of forecast estimates.

Certainly for those responsible for de-

veloping as accurate a forecast as possible, this is an important pragmatic consideration following from the forecaster's
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adage, "If one must forecast, forecast often!"
Quarterly employment-income models have been constructed for
the northwestern states of Washington, Idaho, and Oregon for the
primary purpose of forecasting state government revenues.

These

models were developed in association with Data Resources Incorporated (DRI).

Under contract, DRI provides consulting services,

linkage with a computer software system, access to computer-based
state and national economic data banks, and forecasts of the
national economy generated from a national macromodel.

The con-

struction of the Oregon employment-income quarterly model by the
Executive Department was initiated after the research toward
developing the annual output-income model to be presented herein
was underway.

The first quarterly employment-income forecasts

produced by the Executive Department-DRI model were published
in February, 1981 (Oregon Economic Forecasts, February, 1981).
Estimating Regional Econometric Models:
Problems and Procedures
Most basic econometric textbook problems are encountered in
the construction of regional econometric models.

Though there

is reference to these problems in the regional modeling literature,
seldom are their impliciations discussed.

Of course, the final

results are typically reported, but the particular econometric
problems encountered, and the procedures used to address them, are
generally not.

On this point, Rao and Miller (1971) offer the
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following perspective:
As every researcher in the empirical world sooner
or later realizes, the reported regression equation
represents only a small part of the work he has
done. To repeat all the permutations and combinations he has tried in reaching his final results
would be tedious and boring to his reader. But
they can be intimated by saying that any reported
result is the finished product, and not the sketchbook, of an artist (Rao and Miller, 1971, p. 81).
Certainly, given the extensive size of many of the regional econometric models reported in the literature, it is understandable
that "... all the permutation and combinations ..." that went into
estimating each equation are not discussed.

But, given the compro-

mises that must be made in specifying these models in concession
to the availability of data, which imply tradeoffs between specification and measurement error, many ad hoc procedures must be
implicitly or explicitly used to estimate the equations of these
models.

It is disappointing that the insights that might be

acquired are not more openly shared within the literature.

The

results as they are often presented appear, indeed, to be the
"sketchbook of an artist."

Richter (1972) articulates this opin-

ion when discussing the general problems he encountered in specifying and estimating the equations of a regional econometric model
of the Carolinas and Georgia.

It is unfortunate that many of his

observations are as applicable today as they were almost a decade
ago:
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I was disappointed to find that my model is not
powerful enough to detect false specifications.
Consequently, the best I could do was to insert regressors into the model which appear theoretically
justifiable. Often, I experimented with more than
one set of regressors and choose the set which fit
the data best. This, of course, weakens the
strength of the classical testing procedures.
From conversations I have had with other economists, it is quite clear that problems of specification are widespread and that large numbers of experiments are often conducted with alternative
structures. Yet the existence of such problems
and experimentations are not very evident from
reading published econometric models. Authors
rarely discuss the problems they encounter in attempting to obtain models with acceptable statistical properties. Neither do they assess the validity of their specifications when the specifications
are obtained after a large number of exoeriments.
I believe that model builders should discuss these
topics, and that users of other people's models
would benefit from knowing how the models were
built (Richter, 1972, pp. 30-31).
It is also important to add to Richter's last comment, that builders
of other models would also "... benefit from knowing how the models
were built."

It is apparent that Richter is as critical of the

lack of communication concerning the problems and procedures involved in specifying and estimating regional econometric models as
he

is with the specification and estimation procedures themselves.

Without contesting his point, it should be noted that there is no
published evidence that Richter, or for that matter anyone else,
has incurred the responsibility of addressing this communication
deficiency.
Richter's focus on the individual equations of the model in
terms of their fit to the data, their statistical properties, and
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their strength for performing classical statistical tests, ignores
some other important considerations.

On the topic of building

multi-equation econometric models for simulation and forecasting,
Pindyck and Rubinfeld repeatedly emphasized one point:

"Thus even

if all the individual equations fit the data well and are statistically significant, we have no guarantee that the model as a
whole, when simulated, will reproduce those same data series
closely" (Pindyck and Rubinfeld, 1976, p. 315).

They stress that

the dynamic interaction between the equations of the model may do
more to determine its performance in a simulation context than
the statistical properties of each equation considered individually.

This consideration is ignored by Richter.

Also, Richter's

conments regarding the "... weakened strength of the classical
testing procedure ..." resulting from alternative sets of regressors is appropriate if it is possible to specify an equation based
on an unambiguous theory and use unqualified data initially.

In

applied regional econometric modeling it is seldom that this is
considered or claimed to be the case.

These observations are not

made to dismiss Richter's cogent criticism, but are intended only
to temper some of them.
Glickman's discussion of the econometric estimation problems
introduced by specification error, exemplifies the limited communication of the treatment of the problems of which Richter is
is critical.

He goes little beyond the following general, albeit

succinct, summary:
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There are few observations on few variables, and as
a result, many equations are misspecified: variables
are omitted from equations when they should be included, resulting in biased parameter estimates
(Glickman, 1977, p. 65).
To a considerable extent Glickman1s contention that the misspecification of equations is manifested by the omission of variables is
misleading.

This would suggest a passive posture which does not

characterize the researcher intent on developing a model with
reasonable forecasting capabilities.

When confronted with a vari-

able that must be omitted the researcher most likely would respond
by seeking the most appropriate proxy available.

Consequently, the

misspecification which characterizes many of the equations of
regional econometric models should be considered in terms of the
variables that are included in lieu of variables that are not, but
which should be.

Figuratively, the sins of misspecification are

more typically those of commission rather than omission.

This is

manifest by the extensive use of proxy variables, dummy variables,
trend variables, and lagged endogenous variables in an attempt to
give an "... implicit specification to an activity that ought to
be explicit" (Glickman, 1977, p. 59).

Drawing from Rao and Miller

(1971), Johnston (1972), and Pindyck and Rubinfeld (1976), the
implications of the use of these procedures in specifying the individual equations of regional econometric models will be discussed.
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Proxy Variables
At best, proxy variables are used in specifying the equations
of a regional econometric model as a substitute for a variable
which theoretically should be included but for which data are not
available.

At worst, proxy variables are used in lieu of an un-

ambiguous theory for determining the appropriate specification of
an equation to explain a particular variable.

In either of these

instances, the researcher responsible for developing a forecasting
model for regional output, employment, and income within the
constraints of time and resources, must be prepared to commit himself to the expediency of using proxy variables, or be prepared
to forego this responsibility.

If the responsibility is incurred,

it is important whether the results reported are portrayed as the
"sketchbook of an artist," or as the product of a sincere, and
perhaps frustrating, effort in applied empirical research.
The econometric implications of misspecifying an equation by
using a proxy variable is that a bias in the various parameter
estimates may result.

Consider the simplest case where a proxy

variable is the only independent variable in an equation.

If there

is a dissimilarity in the comovements between the proxy and the
replaced variable, the bias which results reflects the inadequacy
of the proxy itself.

If other explanatory variables are omitted

from the equation which also should have been included, then the
parameter estimated for a single proxy variable will be biased to
the extent that it measures the influence of these excluded
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variables.

Should a proxy variable be used in an equation that

includes other explanatory variables, then a bias may also be
introduced into the parameter estimates of these other variables.
In this instance, however, the extent of the bias introduced into
these other parameter estimates may be less by including the proxy
variable than if it were excluded.

Even with estimating an equa-

tion that is otherwise well-specified, it is difficult to attribute the sources and to assess the combined effects of the bias
that may be introduced into the various parameter estimates if one
of the variables is a proxy variable.

Certainly considerable

caution is warranted in interpreting the parameter estimates of
particular equations of a regional econometric model when either
the availability of data and/or theory are limited in contributing
to their specification.

In the context of specifying a model to

be used for forecasting, the concern is for the combined rather
than the separate effects of the variables that are included in
the equations.
Time as a Trend Variable
Introducing time as an explanatory variable when specifying
an equation may be considered as one case of the use of a proxy
variable, for which there are special implications.

Because time-

series data are used in estimating regional econometric models,
most of the variables move in the same direction reflecting a
trend in the general growth of economic activity.

Consequently,
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almost any combination of regressors may provide a reasonably good
statistical fit, though there may be no a priori reason to believe
any underlying causal relation exists.

The ease with which these

good statistical fits may sometimes be obtained make it especially
difficult to detect false or spurious specification.

If the objec-

tive is merely to explain the trend relation between variables,
then it may not be appropriate to use time as an explanatory
variable.

However, if the concern is for isolating the causal

relation that may be considered to exist between variables, and
in abstracting from the spurious influence of a linear trend that
may be common to the data, then introducing time may be appropriate.
In particular instances, including time as a proxy for all the
variables omitted from an equation which together are described
as the trend component, may serve to reduce the bias in the other
estimated parameters of the equation.

As noted by Rao and Miller,

it is difficult to attach any particular meaning to the estimated
parameter associated with the time variable:
When the objective of an investigation is to purge
the trend components from the regression estimates,
the researcher is interested in the regression coefficient of all the other independent variables,
and not in that of the time variable. It is inappropriate to try to interpret the regression coefficient corresponding to the time variable when it is
used to correct for trends components of the variables in the regression (Rao and Miller, 1970, pp.
104).
Dummy Variables
Dummy variables are used in estimating the equations of

42

regional models either as a procedure for accommodating measurement error or as a means of implicitly specifying an extraordinary
phenomena.

It is not uncommon to find that some secondary time-

series data are not consistent over time.

This lack of consistency

may arise as a result of the methods or procedures used in originally acquiring the data, such as a change in the size of the sample
of firms surveyed to obtain industry-level employment estimates.
Also, the inconsistency may arise as a result of major changes
in the concept or definition of that which is measured.

Examples

of this occur when some subset of industries are reclassified
from under one broad industry classification to another, or when
employment measures are changed from place of residence to place
of work.

Often it is impossible or unreasonable, in terms of the

time and effort required, to adjust the data to overcome these
changes.

Therefore, dummy variables are often introduced as a

means of incorporating into the model prior information regarding
measurement error or inconsistencies within the data series.
Similarly, the effects of extraordinary social, economic, or
natural phenomena such as labor strikes and abnormal weather conditions are implicitly specified in the model by using dummy
variables.

Also, given the mass of time-series data that may

be drawn upon in constructing a regional econometric model,
there may be abnormalities or discontinuities on some of the data
for reasons v/hich may not be at all apparent or understood.

A
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decision must then be made whether a dummy variable should be used
to incorporate such an unexplained anomaly to obtain a better
statistical fit of the data.

It is uncertain whether either to

do so or not may result in a spurious specification.
choice involves an act of commission or omission.

Again, the

Certainly it is

incumbent that some explanation be given when dummy variables are
used in specifying the model.
Lagged Endogenous Variables
Lagged dependent variables are frequently used as explanatory
or predetermined variables in estimating the equations of regional
econometric models.

In models using annual data the lag is seldom

for more than one period.

However, when quarterly observations

are used more complex autoregressive moving average formulations
may be used.
When the results of estimating a regional econometric model
are presented in the literature, there is typically very little
communication concerning the reasons for including lagged endogenous
variables.

Perhaps, at some point, there may be a general allusion

to their role as an "... adjustment term" (Ratajcza.k, 1974, p
59).

This is an example that illustrates the basis for Richter's

criticism emphasized earlier.

Briefly, several general reasons

will be suggested why lagged endogenous variables are used in
estimating the equations of regional models.

Why they have, in

fact, been used in many studies, remains a matter of conjecture.
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One reason lagged endogenous variables are used may be purely
empirical.

Without regard to any particular causal relation, they

may provide a better overall statistical fit of the data than may
be otherwise obtainable.

The regional income data reported by

the Bureau of Economics Analysis conforms to the conventions of
particular accounting structure.

Consequently, some of the de-

pendent variables within the income block of regional models
may be better understood in the context of this accounting structure than in a theoretical construction.

There are very few a^

priori guidelines for specifying an equation to explain the variations in the reported measures for these variables.

Frequently,

a lagged dependent variable is introduced, apparently as a proxy
for explanatory variables that may not be identified or understood.

Clearly this is an expedient, ad hoc, procedure.

It

should be noted that although including a lagged dependent variable may improve the overall statistical fit of the data, it may,
however, diminish the power of an estimated equation to detect
turning points in the data.

There is a reasonable theoretical

rationale for including a lagged dependent variable as an adjustment term.

This may be appropriate if it is judged that there

are short-run inelasticities in a supply or demand response.

This

variable may then serve as a proxy to capture the supply or demand
response over time.

Also, in modeling gross product or employment,

the industry classification used may not be homogeneous.

Though

the industry subgroups included in a particular classification
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may be dissimilar, in some manner they may be vertically integrated.

There may occur some very important intraindustrial

flows over time within a particular industrial classification
which may, in part, be captured by using a lagged dependent variable.

Finally, a lagged dependent variable may be introduced as

a simple means of formally introducing a geometrically declining
lag specification to capture the influence of changes in an exogeneous variable spread over time.
Even when it may be implied from theory that inclusion of a
lagged dependent variable may be appropriate, there is usually
very little basis for inferring what the precise specification
should be.

Therefore, regardless of whether a model may be annual

or quarterly, decisions regarding the inclusion and specification
of lagged relation in regional modeling are probably based primarily on the empirical results.

One implication of this empirical

approach should be considered, however, and is emphasized by Rao
and Miller (1971, pp. 174-74).

Although excellent statistical

results may be obtained from using a lagged endogeneous variable,
it may be capturing the influence of serial correlation that may
occur were it otherwise omitted.

This serial correlation may re-

sult, in turn, because of some other misspecification of the
model and not because there exists an underlying distributed lag
effect.

The choice may be between the means selected for capturing

the causal influence of the omitted variables.

Either the lagged

dependent variable may be used as a proxy, or it may be omitted
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and the equation can be corrected for serial correlation.
Serial Correlation
It is not uncommon to encounter the presence of serial correlation, that is, a correlation between the error terms, when
estimating the equations of a regional econometric model with
time-series data.

The Durbin-Watson statistic to test for first-

order serial correlation is provided as part of the summary statistics in the regression procedure of most econometric or statistical
computer software packages.

A substantially improved statistical

fit of the data may often be obtained by applying differencing
transformation procedures to correct for serial correlation.

It

should be stressed, however, that this improved fit occurs as a
result of adding statistical information, but the economic content
of this information remains unknown (Pindyk and Rubinfeld, 1976,
p. 331).
The presence of positive serial correlation affects the efficiency of the parameter estimates thereby biasing their standard
error downward.

Consequently, their statistical significance

may appear to be higher than is actually the case.

When correc-

tions are made for serial correlation, the significance of these
parameter estimates may notably diminish.

In this instance

it may be appropriate to reconsider the specification of the
original model rather than accepting the results of the corrections
for serial correlation.
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When a lagged endogeneous variable is included in an equation,
the standard Durbin-Watson test is not a valid procedure for detecting correlation between the error terms.

An alternative

test proposed by Durbin must be used (Rao and Miller, 1971, p. 123)
If serial correlation is present when a lagged dependent variable
is included in the equation, then Ordinary Least Square estimates
of the parameters are biased.

More complex correction procedures

must then be used if unbiased parameter estimates are desired
(Johnston, 1972, pp. 316-19).

However, given that unbiased para-

meter estimates are not of paramount concern in developing a forecasting model, the time and resources required to apply these procedures may not be justified.
MulticoHinearity
The presence of multicol linearity must almost always be contended with when estimating the equations of regional econometric
models.

When two explanatory variables are correlated the preci-

sion of their parameter estimates is reduced, and their separate
influences in the equation cannot be isolated.

An over-estimate

of the true parameters of one of the variables is likely to lead
to an underestimate of the true parameter of the other.

If the

two variables are very highly correlated, then excluding one of
the variables from the equation may not decrease the statistically explained variation of the dependent variable, although the
equation will be misspecified and the parameter estimate of the
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included variable will likely be biased.

Generally, when consider-

ing the specification of a single equation for use in forecasting,
the decision to include or exclude one of the collinear explanatory
variables is empirically determined and is based upon the result
which yields the least residual variance.

This would suggest that,

as a matter of empirical concern, multicollinearity poses no real
apparent problem.

This reasoning is evident in Glickman's conclu-

sions regarding the significance of multicollinearity in regional
modeling:
In making forecasts with regional models, however, the
effect of multicollinearity may not be as great as
long as the joint distribution of the independent
variables is unchanged from the sample to the forecast period. In forecasting we are more interested
in the combined effects of these variables than in
their separate effects. If one is using a regional
model for purposes other than forecasting, then multicollinearity can be a significant problem (Glickman,
1977, p. 66).
What Glickman fails to emphasize in this context, although he does
in another, is that the specification of each equation will affect
the overall structure of a simultaneous equation model, and that
forecasts are obtained by determining the solution to the entire
system of estimated equations.

In constructing such a system, con-

sideration must be given to both the selection and the total number of exogenous variables to be included in the model.

There-

fore the empirical decision rule for determining the variables to
include or exclude when addressing the problem of multicollinearity in a single equation forecasting model, is not necessarily
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appropriate when constructing a multi-equation model.

As previously

indicated, the best fitting system of equations is not necessarily
provided by the set of best fitting individual equation.
Functional Forms
In the published literature reporting on the construction of
regional econometric models seldom is there any explanation of the
rationale for the choice of the functional forms given the structural equations.

Specified as linear in parameters and variables, the

structural equations are expressed in either a simple linear or loglog form.

It may be inferred that though theory may serve as a guide

in the choice of variables which should be included in the equations
of a regional model, it is not so unambiguous as to imply the appropriate functional form.

Therefore, the choice of functional forms is

determined largely by practical and empirical considerations.
When a derived demand or inverse production function is used
as the rationale for specifying the employment or labor demand
equations, a log-log form may be the most appropriate linear
expression to give the function.

However, there are complexities

that arise in estimating and simulating a large model which has
mixed functional forms.

Therefore, between the log-log and simple

linear forms, either one or the other is observed to be used in
specifying the equations of the models reported.

Glickman (1977),

for example, used the simple linear function in specifying all
the equations of the large Philadelphia model, whereas in the
Mississippi model of Adams et al. (1974), the variables in the
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estimated equations were all given logarithmic transformation.
Given the empirical bent of regional econometric forecasting
models, it is surprising there is no published evidence of any
comparisons between the results obtained from using even the simple
linear or log-log functional forms to estimate these models.

Estimating Multi-Equation Models
Ordinary Least Squares (OLS) parameter estimates for a model
comprised of completely interdependent equations will be unbiased
and inconsistent.

As a matter of theoretical concern this may be

of little consequence given the many single equation specification
problems otherwise acknowledged to exist.

Nevertheless, the results

that may be obtained from using simultaneous equation techniques
to parameterize regional econometric models may be of empirical
importance, and apparently to some researchers a matter of theoretical concern.

Also, as a matter of practical concern, underly-

ing the choice of techniques to be used for estimating the simultaneous equations of large regional models is the trade-off involved in comparing the potential of improved results against the
complexities and rather substantial computational costs that are
involved.
Characteristically, large regional econometric models include more exogenous variables than there are observation points
for the data.

When this is the case, the standard Two-stage Least

Squares (2SLS) method for estimating the simultaneous equations of
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these models cannot be used since there are no degrees of freedom
remaining to compute the first stage. Therefore, to use this
technique some exogenous variables must be selected for exclusion.
The possible misspecification that may result from this practice
may lead to further bias and inconsistency in the parameter estimates, and thereby be self-defeating.

An alternative method for

implementing the two-stage least squares procedure entails using
principal components (2SLS-PC).

This procedure requires a dis-

cretionary selection of the set of principal components of the
exogenous variables be used to estimate the first stage, therefore
some information may also be lost.

Other than OLS, 2SLS-PC has

been the most commonly used technique for estimating the simultaneous equations of large regional models.

Other computationally

more complex and costly methods which also have been explored include limited information single equation (LISE), interative instrumental variables (IIV), and a Generalized Least Squares (GLS).
Regarding the choice of techniques for estimating simultaneous equations, Johnston concludes:
Economists have a genuine interest in structural
parameters since many of them correspond to fundamental parameters in economic theory. To some extent this is also true of reduced form parameters
for some of these are important impact multipliers.
However, the major use of reduced-form systems is
the production of forecasts of endogenous variables
conditional on specified exogenous variables. Such
forecasts depend upon all the reduced form coefficients and their accuracy reflects the performance
of the whole model (Johnston, 1972, p. 418).
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Accordingly, the concern of most researchers who have explored alternative estimation techniques in regional modeling has been the
comparative effects of these techniques in terms of the simulated performance of the entire model.

Interestingly, in summar-

izing the results of various comparisons that have been made,
Glickman (1977, p. 72) expresses the general conclusion that
models estimated by OLS have performed as well over the sample
period as when they have been estimated using multi-equation
techniques.

Very little discussion has been given to the reasons

for these results, although two suggestions may be made.
the modeling procedure itself may be biased toward OLS.

First,
After

comparing the results obtained from using OLS and IIV estimated
parameters to simulate a model for Mississippi, Brooking's candid
assessment stresses this point:
McCarthy points out that the standard procedures in
building macroeconomic models using OLS is to estimate a "best" theoretical specification, to look
at a simulation of the results, and then to change
the specification if the OLS equations don't simulate well. Such a search procedure was employed
in the case of the Mississippi model. The resulting
specification may then be considered to be an "optimal OLS specification," and one would expect a comparison between OLS errors and the errors of IIV to
be biased toward OLS (Brooking, 1974, p. 92).
Second, the results obtained from Monte Carlo studies indicate
that in the presence of specification errors the predictions obtained from equations estimated by OLS compare favorably to those
estimated by simultaneous-equation methods (Johnston, 1972,
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pp. 419-20).

Given the likelihood that specification error was

present in the regional models for which the results of alternative
estimation procedures were compared, this may also explain the relatively good performance of OLS.
It should be noted for the results which have been reported,
the comparisons between the various estimation techniques have
been made only on the basis of the simulated performance of
these models over the sample period.
concludes:

In regard to this, Glickman

"However, the crucial test comes on comparisons of

forecasting ability, and no work has been reported on this
crucial issue" (Glickman, 1972, p. 72).

At this juncture it

would appear that OLS has been at least conditionally accepted as
being as adequate as any other procedure for estimating the simultaneous equations of regional econometric forecasting models.

Of

course, the computational costs and difficulty of using multiequation procedures for estimating large models is a consideration
that weighs heavily in favor of using OLS.
Simulating and Validating Regional
Econometric Models
Thus far the discussion has focused on the problems and procedures involved in developing the structure, generating the data
base, specifying the equations, and estimating the parameters of
regional econometric models.

Though it has been intimated that

these models are usually judged based on their overall performance
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and "goodness-of-fit," little explanation has been provided as to
what this evaluation process involves.

Accordingly, the subject

of simulating and validating regional econometric models will now
be addressed.
Models of Simulation
The standard statistical criteria that are used to evaluate a
single equation econometric model for the purpose of either testing hypotheses or for forecasting cannot be applied to a model
consisting of a simultaneous system of equations.

This is not to

say concern should not be given to whether the specification

given

of the individual equation is tenable and to whether the estimated
parameters make sense.

However, in order to evaluate the behavior

and goodness-of-fit of the complete model and to judge if its overall
structure may provide any useful information historically and perhaps for

the future, simulation of the model is necessary.

Simu-

lation entails solving for each time period the reduced form equations of the model from the estimated structural equations, to
obtain the model's estimates for each of the endogenous variables.
There are two facets to the solutions that may be obtained from
the simulation process.

One relates to the time horizon over

which the simulation is performed and the other relates to the
degree of interdependence between time periods and between
equations that is specified in determining the simulation solution to the model.

In regard to the time horizon, Pindyck and
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Rubinfeld (1976, pp. 312-14) identify three modes of simulation:
ex post or "historical" simulation, ex post forecasting; and ex
ante forecasting.

In regard to the degree of interdependence,

simulation solutions are classified as being either static or
dynamic.

Drawing from the discussion provided by Pindyck and

Rubinfeld (1976) and Kost (1980), and in particular from the notation used by the latter, the types of simulation solutions which
can be generated will be outlined.
Consider a model, as formulated by Kost (1980), that consists
of n equations:
(2.1)
where

Yt = F(Yt,Yt_1, ...Yt_.i,Xt,Xt_1, ...X^j, Et)
Y = an n column vector of endogenous variables,
t = the time period,
i = the maximum number of lag periods on endogenous
variables,
X = an m column vector of exogenous variables,
j = the maximum number of lag periods on exogenous
variables, and
E = an n column vector of errors.

An ex post or historical simulation generates solutions for the endogenous variables over the sample period, say t = 1, 2, ...s, for
which the model was estimated.

If no interdependence is specified,

the solution obtained from using the estimated model parameters
would be:
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(2.2)

Yt = 'F(Yt, Yt-1, •••Yt_., Xt, Xt_1, .••Xt_J.).

where

t = 1, 2, ...s, the sample period.

This solution amounts to solving each equation of the model independently using the actual values of all variables included on the.
right-side.

The difference between the actual and estimated

values of the endogenous variables is equivalent to the error
term used to generate the R-square and F statistic used in evaluating the fit of independently estimated single equations.

General-

ly this solution, in which there is no interdependence between
equations or time periods, is not characterized as a simulation
of the complete model.
A static simulation over the sample period involves specifying
interdependence between the equations of the model, but not between time periods.

That is, a simultaneous solution of all the

endogenous variables is separately computed for each time period.
Therefore, the estimated parameters of the model are used to solve:
(2.3)

Yt = F(Yt, Yt_1

Yt_i, Xt, Xy_1

X

t-j^

where t=l,2, ...,s, the sample period.
All the exogenous and lagged endogenous variables are set at
actual values, but for each time period estimates for the endogenous
variables are codetermined.

A dynamic "historical" simulation in-

troduces interdependence between equations and between time periods
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in generating values for the endogenous variables.

However, to

initiate a dynamic simulation, the actual values of the lagged endogenous variables must be used to determine the endogenous
variable estimates for the first time period.

Therefore, the

first period estimates of the static and dynamic simulation will
be the same.

For all periods following the first, however, the

endogenous variable estimates are determined from the estimated
values for the lagged endogenous variables.

Consequently, a

dyanmic ex post simulation entails solving:
(2.4)

Yt = F(Yt, Y^, ..., Y^., Xt, X^

where

X^),

t=l,2, ...,s, the sample period.

Of course the errors generated from a dynamic historical simulation
may be expected to be larger than those produced by a static
simulation.

The errors occuring during one time period may pro-

pagate greater errors in the solutions for the following time
periods.
Ex post forecasting involves extending the time horizon of
the model simulation beyond the sample period where
t=l,2, ...,s, to a period, ideally the present, for which
the estimates produced may be compared with the actual reported
data.

If the time horizon were accordingly redefined as

t=s+l,s+2, ...,p, the dynamic solution depicted by (2.4)
may represent such an ex post forecast mode of simulating the model.

58

Finally, a model may be simulated to produce future or ex ante
forecast solutions.

To obtain these solutions of course requires

that the time horizon is defined beyond the present, such as
where t = p + lsp + 2

f, and it also requires that future

values for the exogenous variables of the model must be supplied.
In regional modeling these values may be obtained from an existing
national macromodel and/or they may be based on a selected set
of assumptions regarding their future behavior.

Such a simula-

tion solution may be expressed as:
/v

(2.5)

/\

/N

^

•v

Yt = F(Yt, Y^-j, ..., Yt_1., Xt, X^

where

X

t-j^

t = p+l,p + 2, ...,f.

This solution implies not only an interdependence between equations
and time periods, but perhaps also between models.
Goodness-of-Fit Measures
Perhaps the best test of the empirical validity of a regional
econometric forecasting model would be to make an ex post comparison of the actual reported data with the ex ante forecasts produced
from an earlier simulation of the model.

Prior to exercising this

critical test, however, the results obtained from "historical" and
ex post forecasting simulations can be compared to the actual
historical data.

As mentioned earlier, however, there are no

standard statistical tests of significance or confidence which
exist to evaluate the goodness-of-fit of solutions obtained from
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simulating a simultaneous equation model as there are for single
equation models.

Nevertheless, there are quantitative measures

for evaluating how close the values obtained from a simulation
track the actual data series.

Ultimately, determining "how close

is close" remains a judgmental decision in which

econometricians

are forced to employ, to use Glickman's words for the lack of a
better description, "... casual empiricism ..." (Glickman, 1977,
p. 68).

Drawing again from the discussion on simulation provided

by Pindyck and Rubinfeld (1976) and Kost (1980), four of the most
useful quantitative goodness-of-fit measures will be briefly reviewed.

These measures are:

the root-mean-square-error (RMSE),

the mean-absolute-percent-error (MAPE), the linear regression, and
the Theil inequality coefficient.
The root-mean-square-error is defined as:
(2.6)
where

RMSE = [

Y
i

I
t=1

(Y. - Y.)2 ]*
t

z

T = the number of periods in the simulation,
Y. = the simulated value of Y at time period t, and
Y. = the actual value of the variable Y at period t.

As a measure of the deviation of the simulated from the actual
value of the variable of interest, the RMSE gives greater weight
to larger errors.

The RMSE is a measure of relevance only in

relation to the magnitude of the specific variable of interest.
Consequently, it is of limited value for comparing the simulation
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error of different variables in the same regional model or in the
same variable of models for different regions.

If, however, the

simulated error is expressed in percentage terms, the resulting
root-mean-square-percent-error is more useful for making such
comparisons:
(2.7)

RMS percent error = [ i
1

T
Y - Y
t 2
I ( *
) ]* 100
Y
t=l
t

An alternative measure of simulation fit, which gives roughly
equal weight to the errors regardless of the relative size, is the
mean absolute percent error, defined as:

(2.8)

1
MAPE = [ 4
1

T

lYt-Yl
Z (—5
) ]
Y
t=l
t

100

To the extent that the MAPE measure reflects an average of the
errors standardized in percentage terms, it is also useful for
making qualified comparisons of the simulation fit of different
variables and different models.

In the regional econometric liter-

ature this measure is the most widely used for reporting the results of ex post model simulations that may be helpful for making
comparisons.
The statistics obtained from regressing the actual values of
a variable against the simulated estimates is a measure of the
goodness-of-fit of some diagnostic value:
(2.9)

Yt = B0

+

B1Yt

+

Et
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The R-square obtained from this regression may be given the standard interpretation.

It is the proportion of total variation in

the actual value "explained" by regressing the actual against the
predicted values.

Besides providing an R-square equal to one, a

perfect simulation would result in a zero value for the intercept
(BQ

= 0) and a unit value for the slope (B, =1) parameter

of the

regression.
The Theil inequality coefficient is another measure of the
goodness-of-fit of the results obtained from simulating a simultaneous equation model.

This measure may be defined as:

2
ill
fif
V
3*
1

t=l

(2.10)
l Y
[ i1 t=l
* Y?t ]* + C T' t=l
?t

]i

The numerator of this expression is the root-mean-square-error
previously defined.

Therefore, the Theil inequality coefficient

is an alternative means of standardizing the RMSE "... with the sum
of the variability measures for the forecasted and the actual
values" [Murphy, 1973, p. 493).

The smaller the values of the

inequality coefficient, which may range between zero and one, the
better is the fit obtained when simulating the model.
One of the most crucial circumstances in which the forecasts
from a regional econometric model may be used is when there exists
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a high degree of uncertainty as to whether there will occur a
marked slowdown or actual decline in economic activity.

The dis-

locations which may result from an unanticipated slowdown or decline in economic activity have a more critical impact than the
adjustments that may occur from underestimating the near-term
economic performance of a region.

The public and private policy

decisions that must be made in response to lower than expected
revenues and incomes are generally more traumatic than those that
may be made to accommodate higher than projected revenues or incomes.

Therefore, the ability of a regional econometric model to

forecast turning points, and to track them historically, is
another dimension to the goodness-of-fit of a model of critical
importance.

Surprisingly, however, in the results which are re-

ported in the regional modeling literature there is virtually
no mention of even the historical accuracy of the models in this
regard.

To go beyond the fit that may be obtained from an intrinsic

or time trended model, a regional econometric model should show
some evidence of capturing the turning points of the variables
most critical to the economic performance of a region.
For interpreting the various measures used for judging the
accuracy of a model in tracking turning points, a diagram used by
Kost (1980, p. 7) is replicated in Figure 1.
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Figure 1.

Turning Point Error Analysis

Figure 1 identifies the four alternative outcomes relating to a
model's ability to identify or not to identify either turning
points or no turning points.

The total number of data points, or

observations, is the sum of f^, f

f21, and f22.

The sum of f

and f12 are the number of actual turning points which occurred, of
which f-j-j were detected and f12 were missed by the simulation.
measure of the error from turning points missed is the ratio of
turning points missed to the total number of actual turning
points, or
(2.11)

f
12
TP^ error = ,
—r
m
f,, + f.
11
'12

Similarly, a measure of the error from the turning point falsely
detected is expressed as the ratio of turning points falsely
detected to the total number of turning points simulated, or
f.
(2.12)

21

TPp error = :=
11

+ f

21

A
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Finally, a measure for the overall turning point error is the ratio
of turning points missed plus the turning points falsely detected
to the total number of observations, or
(2.13)

TP error -?
T
ll

"
12

T

f
T
21

•
T

22

It should be noted these measures only identify turning point
error in terms of the failure of the model to simulate a directional
change in the variable of interest.

They give no indication of the

relative magnitude of the error occurring in the context of a turning point.

During the past few decades the mean absolute percent

error (MAPE). of ex ante forecasts for real Gross National Product
generated from major national macromodels have been significantly
larger at turning points.

These models have tended to over-

estimate when national economic activity has turned down and underestimate when its has turned up (Zarnowitz, 1977, p. 12).

Therefore,

national macromodels have been characteristically conservative
in estimating the magnitude of directional changes.

Though there

has been very little work published that analyzes the turning
point performance of regional econometric models, it is likely
that similar to their national counterparts, they too may be
characteristically conservative in estimating the magnitude of
directional changes in economic activity.

This may especially

hold to the extent that forecasts generated from most ongoing
regional models are driven by forecasts from national models.
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To take advantage of as many degrees of freedom as possible,
the limited number of observations available are typically all
used in the initial estimation of regional models.

As a result,

it is not feasible to evaluate the ex post forecasting performance
of the initial model, and the simulation errors are examined only
over the sample period.

However, another technique sometimes used

to validate these models is to compare the accuracy of their historical simulation performance with the accuracy of various naive
models.

These naive models, for example, may be based on various

no change, equal change, or trend assumptions.

For the variables

of interest, a no change model projects the actual levels of each
period for the estimated levels of the next periods.

An equal

change model assumes either the absolute or percentage change
from the previous period as the absolute or percentage change
expected for the next period.

A trend model may extrapolate the

average absolute or percent change from the previous three or
four periods for the change assumed to occur to the next period.
Alternatively, a time trend model may be developed where estimates
for the variables of interest are obtained by simply regressing
them against time.

To judge the relative accuracy of a regional

econometric model in contrast to these naive models, the various
goodness-of-fit measures that have been discussed can be produced
and then compared.
While the performance of a regional econometric model in an
ex ante forecasting environment may be regarded as the litmus
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test for evaluating its validity, there is another critical consideration which should not be forgotten.

The learning process that

is involved in evaluating the results is as important as the
accuracy or inaccuracy of any particular forecast.

If progress is

to be made in improving on a particular model, each forecast
must be viewed as an hypothesis based on several underlying assumptions.

First, it is assumed that in the past there have existed

salient regularities in the economic processes and relationships of
a region which are important when looking to the future.

Second,

it assumes that it is possible to develop a plausible construct
that identifies these economic processes and relationships, and that
it is possible to develop some measure for them using available data
supported by statistical analysis.

Finally, the hypothesis assumes

that the estimated regional econometric model to some extent captures these possibilities.

Whether the hypothesis is confirmed

or denied based on the accuracy of the forecast remains a matter
of judgment.

An accurate forecast that is fortuitous may be, in

some sense, a poor forecast.

It remains important to understand

why the economy performed as it did and to assess whether the
model's forecast provides a credible explanation of this performance.

From the learning process involved in evaluating the re-

sults of forecasts, a model can be improved and adapted to incorporate new developments in the regional economy.

For this reason,

there is little reason to expect that the structure, specification, and estimation techniques used in constructing an econometric
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model for a particular region will long remain unchanged.

Certainly

continued experimentation will be the case if regional models are
at all similar to their national counterparts in this respect.
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III.

ESTIMATING GROSS STATE PRODUCT: AN EVALUATION
AND EXTENSION OF EXISTING PROCEDURES*

A major obstacle encountered in the construction and estimation
of subnational macroeconometric models has been the paucity of timeseries data measuring the level and variations in the level of
regional economic activity.

In particular, the absence of a pub-

lished gross product data series as a comprehensive measure of economic activity on the subnational level has been a focus of major
concern.

Time-series gross product data are crucial to the speci-

fication and estimation of national macroeconometric models.

There-

fore, accompanying the growth of applied research in regional
macroeconometric modeling, a body of literature has arisen which
addresses the problem of constructing time-series estimates of the
gross product of states and other subnationally identified regions.
Recently, Weber (1979) has reviewed this literature and synthesized several of the proposed methods for constructing gross state
product estimates.

Such an exercise has been long overdue, and

further synthesizing and clarification is needed.

This chapter is

intended to provide a contribution to this end.
There are three sections to the chapter, each of which addresses
a major objective.

To appreciate the implications of the various

methods proposed for estimating gross state product, it is important
*This chapter is based upon a paper by G. W. Smith and R. A.
Oliveira, "Estimating Gross State Product: An Evaluation and Extension of Existing Procedures," presented at the Twentieth Annual
Meeting of the Western Regional Science Association, Newport Beach,
California, 1981.
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first to establish an understanding of how gross product is measured on the national level and to be familiar with its major components.

Therefore, the objective of the first section is to serve

the general reader by providing a review of the concept, definition, and methods of measuring gross product on the national level.
This review also serves to supplement the Weber survey as well as
the other literature on the subject.
The analysis presented in the second section identifies major
limitations of some of the methods reviewed by Weber which he
either does not expand upon or does not discuss.

Therefore, the

objective of section two is to extend Weber's synthesis of those
methods proposed for estimating gross state product which warrant
a more critical analysis than he provides.

Finally, in the third

section, a different method will be introduced for estimating the
gross state product of the private nonfarm sectors.

This method,

as will be demonstrated, will reduce a potential bias that may result from the most widely employed method of gross state product
construction, the Kendrick-Jaycox method, and thereby improve
validity of the estimate.
The Concept and Measurement of Gross Product
An understanding of the concepts and terminology used in the
literature dealing with the construction of gross state product
estimates requires an acquaintance with the construction of the
national income and product accounts.

Therefore, it is expedient
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to introduce the subject of gross state product measurement by summarizing the manner in which gross national product (6NP) is measured by the Bureau of Economic Analysis (BEA) in constructing the
national income and product accounts (Jaszi and Carson, 1979).

In

essence, these accounts are intended to offer a summary picture of
the production, distribution, and use of output.

Accordingly,

production may be measured either in terms of the value of the
goods and services produced or in terms of the value of the income
generated in production.
The measurement of 6NP as the value of goods and services produced attributes the value produced by the individual business unit
according to the following identity:
Value of Production = (sales) + (inventory change) - (currentaccount purchases).
Current-account purchases represent the intermediate products purchased by the business unit.

This method of valuing the production

of a business unit is also identified as the value added or product
originating approach.

Conceptually, the aggregate production of

the economy is measured by the sum of the value of production of
the business units.

In this sum the current-account purchases

cancel since the intermediate goods purchased by one business unit
will reflect the sales of another.

Consequently, the sum of pro-

ducts, value added, or gross product originating summed over all
business units consists of "final sales" including net inventory
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change.

Final sales must, in turn, reflect purchases.

In the

national income and product accounts these purchases are identified as purchases for personal consumption, gross private domestic investment, net exports, and government purchases.

These com-

ponents of "final sales" comprise the elements of final demand
commonly identified with the Keynesian or income-expenditure
approach to national macroeconometric modeling.

Table III-l sum-

marizes the final form given to the sum of product approach to
measuring the aggregate gross product of the economy.

Allowing

for greater detail, tables of a similar form are published by BEA
as a summary of the national income and product accounts.
A second approach taken by BEA to measuring GNP proceeds from
valuing production by the income generated in production, that is
Value of Production = (Cost of Production) + (Profits).
As with the sum of products approach, the intermediate costs
of production will cancel when measuring the aggregate value of the
production of the economy by way of the incomes generated in the
production process.

In the national income and product accounts,

the "final costs" are attributed to four broad income categories:
compensation of employees, net interest, capital consumption allowances, and indirect business taxes.

Profits consist of corporate

profits, proprietory income, and rental income.

This method of

measuring GNP is referred to as the gross income approach and is
summarized in Table III-2.

The components of this table are
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TABLE III-l.

Sum of Products - Gross Expenditures Approach

Personal consumption expenditures
Gross private domestic investment
Nonresidential structures
Producers durable equipment
Residential construction
Changes in business inventory
Net exports of goods and services
Governmental purchases of goods and services
Federal
State and local

GROSS NATIONAL PRODUCT

73

conventionally ordered into two groups.

The first group represents

the incomes accruing to labor and property or the factors employed
in production.

The sum of all factor incomes is identified as

National Income and consists of compensation of employees, proprietors' income, rental income, corporate profits and net interest.
Added to national income to provide a total measure of GNP using
this approach are the nonfactor charges identified in Table III-2 as
indirect business taxes, other charges,

and capital consumption

allowances.
The statistical discrepancies listed in Table II-2 under "Other
charges" arise because the sum of products and gross income measures
of GNP are estimated independently and are subject to error.

Again,

Table 111-2 is of a form very similar to that published by BEA.
The two approaches to measuring gross product that have been
introduced are applicable to business production, which accounts
for about 85 percent of GNP.

Modifications are made in these ap-

proaches to measure the production outside the business system,
i.e., of the household and public sectors.

A discussion of these

modifications is provided by Jaszi and Carson (1979) and will thus
not be presented here.
A third alternative construction format for presenting the
measurement of GNP is depicted in Table 111-3, which identifies
gross product by the originating industry.

Conceptually, this does

not represent a method of measurement distinct from the sum of
products or the gross income approaches.

This construction of
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TABLE III-2.

Gross Income Approach

Compensation of employees
Wage and salaries
Supplements to wages and salaries
Employer contributions to social insurance
Other labor income
Proprietor's income
Rental income
Corporate profits
Net interest

NATIONAL INCOME
Indirect business taxes
Other charges
Indirect business tax and nontax liabilities
Less:

Subsidies less current surplus of government
enterprises

Statistical discrepancies
Capital consumption allowances
GROSS NATIONAL PRODUCT

75

gross product could conceivably be interpreted as either the sum of
products-gross expenditures for each industry, or as the gross income-value added by industry.

In fact, the national gross product

for individual industries are calculated by BEA using the gross income approach, i.e., as a sum of the returns to the factors of production and certain nonfactor charges.

It is the construction of

gross product estimates by industry represented in Table III-3 using
the gross income approach of measurement represented in Table III-2,
that underlies the most widely employed methodologies for constructing annual time-series estimates of gross state product using published secondary data.
Although the gross product of a state may conceptually be measured using either the sum of products or the gross income approaches,
the availability of data dictates that the latter approach be used.
The sum of products approach is not feasible due particularly to the
absence of data on imports and exports, as well as gross investment,
for the individual states.

The State Personal Income series pub-

lished on the industry level represents the sum of wages and
salaries, other labor income, and proprietory income.

Therefore,

the sum of these components for the gross income derivation of
gross state product is known at the two digit (SIC) industry level.
In 1978, these components comprised roughly 62 percent of total
GNP.

According to Table 111-2, the unknown portion of gross state

product is made up of:

(1) the employer contributions to social

insurance portion of the compensation of employees; (2) the rental
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TABLE III-3.

Gross Product by Industry

Farm
Private nonfarm
Agricultural services, forestry and fisheries
Mining
Construction
Manufacturing
Non-durable
Durable
Transportation
Communication
Public utilities
Wholesale trade
Retail trade
Finance, insurance, and real estate
Services
Government
Federal
State and local
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income and corporate profit part of the profits; (3) the net interest share of property income; and (4) indirect business taxes, other
charges, and capital consumption allowances representing nonfactor
charges.

The principal source for measuring these components on

the national level is income tax data.

However, the geographic

origin of these components as they relate to nationwide corporate
enterprises are not reported in the federal income tax returns and
therefore remain unknown.
The essence of the methods for estimating gross product that
are outlined in the following section entails construction of estimates for the unknown components of the gross income measure for
gross state product by individual industries.

An estimate of the

total gross product of the state is derived using the industry of
origin construction of gross product as represented by Table III-3.
Mention should briefly be made of a distinction between two
alternative measures of gross product.

One is identified as gross

national product, and the other as gross domestic product.

Gross

national product is intended to measure the gross income only of
U.S. residents regardless of the national or geographic origin of
the income.

That is, in measuring gross national product the

gross income of U.S. residents originating from abroad is included
and the gross income of nonresidents originating with the U.S. is
excluded.

Alternatively, gross domestic product is intended to

measure the gross income originating from current production within
the U.S. regardless of the residence of the owner of the factors of
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production.

The state labor and proprietor income data published

by BEA for each industry is by place of work.
to the gross domestic product concept.

This data conforms

Therefore, most measures of

gross state product estimated at the industry level are based upon
the gross domestic product concept and focus on the location of
production and the origin of gross income within the state.

The

relative importance of the difference in these two concepts depends
upon the degree of openness of the state economy.

Renshaw (1975)

offers an expanded discussion of the distinction between these
concepts and an interpretation of their implication as measures for
gross state product.
Methods for Constructing Estimates of Private
Nonfarm Gross State Product
The work of Kendrick and Jaycox (1965) represents the seminal
effort in developing a method for constructing time-series estimates
of gross state product for the purpose of state econometric modeling.
Their approach, which relies exclusively on the use of published
secondary data, has been widely used in the econometric modeling of
state economies.
There are important differences in the secondary data available
for the farm, private nonfarm, and government sectors.

Based on

these differences, Kendrick and Jaycox proposed a different approach for constructing gross product estimates for each of these
sectors.

The approaches they originally proposed for estimating
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the gross product of the farm and government sectors have remained
essentially unchanged.

Therefore, the reader is directed to Weber's

(1975) survey for reference to these approaches.
To systematically outline and discuss the Kendrick-Jaycox
method for estimating the gross product of the private nonfarm sector, as well as various proposed modifications, it is useful and
illuminating to first develop a system of symbolic notation relating
to the accounting framework from which the estimates are to be constructed.

Such a system is developed in Table III-4.

The contents

of this table represent the accounting system used in the gross income approach to measuring gross product outlined in the previous
section.

A notational symbol accompanies each element of this

system, and identities are introduced where appropriate.

Reference

is also made in Table III-4 of some additional notation relevant
to the discussion of the Kendrick-Jaycox approach and various proposed modifications.
The Kendrick-Jaycox Method
From the labor and proprietor income data published by BEA, the
only known components of gross state product for the individual industries of the private nonfarm sector are wages and salaries
(WS*), other labor income (OL*), and proprietor's income (PI*).
Kendrick and Jaycox proposed estimating the major remaining unknown
components by a three-step process "... based on the assumption
that the structure within each private nonfarm industry group of
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TABLE 111-4.

Symbolic Notation for the Gross Income Approach for
Estimating Private Nonfarm Gross Product by Industry3

Gross Income
Compensation of employees, CE
Wages and salaries, WS*
Supplements to wages and salaries, SW
Employer contributions to social
insurance, ES
Other labor income, OL*

(CE = WS* + SW)
(SW = ES + OL*)

Proprietor's income, Pi*
Rental income, RI
Corporate profits, CP
Net interest, NI
NATIONAL (STATE) INCOME, 10

(10 = CE + PI + RI + CP + NI)

Indirect business taxes, IBT
Other charges, 0C
Business transfer payments, BTP
Less: subsidies, LS
Statistical discrepancies, SD

(0C = BTP + LS + SD)

Capital consumption allowance, CCA
GROSS NATIONAL (STATE) PRODUCT, GP

(GP = 10 + IBT + OC + CCA)

Asterisks (*) identify the known components of gross state
product by industry published as labor and proprietor income, LPI*,
where:
LPI* = WS* + OL* + PI*
Labor income (LI*) is identified as:
LI* = WS* + OL*
Additional symbolic notation relevant to various modifications
of the Kendrick-Jaycox approach based on Census of Manufacturers data
include:
Value Added, VA
Labor Payroll, LP
Subscripts applied in the above notation include:
i
s
n

representing industry
representing state
representing nation
(example WSis = wages and. salaries of industry i of
state s).
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the state is similar to that of the nation, or that the divergences
are off-setting" (Kendrick and Jaycox, 1965, p. 159).

Accordingly,

in the first step the known ratio of national income (10* ) to
national labor and proprietor income (LPI* ) is multiplied by the
known state labor and proprietors' income (LPI* ) to estimate state
income (10. ), that is,

(I)

in

=

HL (LPI* )
in

Thus, the sum of the unknown components of the state factor income
are estimated by the difference between the estimated state income
and the published labor and proprietors' income, that is,

(2)

10,, - L?l*u - ES1t

H-

RI

+

CPis

+

NI1s

The second and third steps involve estimating the nonfactor
charges against state gross product, represented by indirect business taxes (IBT. ) and capital consumption allowances (CCA. ), by
allocating to the state a share of each of the nonfactor charges
as determined by the state's estimated share of national factor
income, or

<3>

IBT

1s-TBJj;»BTTn> •

and
(4)

IO
is
CCAis - j^ (CCA*n)

in
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The Kendrick-Jaycox procedure of gross product estimation may be
summarized by the following expression:

6

10*
■ LPlf <LPI?S>
in

< >

GP

(6)

GPis - I01s

i5

+

10.
TOT <IBT!n>
in

+

10.
TOT <CCA!n)
in

or
+

IBT1s

+

CCA1s

According to Weber these procedures may be greatly simplified,
"... if it is assumed that business transfer payments, subsidies less
current supplies of government enterprises, and statistical discrepancies are negligible or offsetting in the state" (Weber, 1979,
p. 222).

By inspection of equation (5), it is evident that the 10.

estimate derived in the second term of this expression may be substituted into the third and fourth terms, yielding

w

GP =

10*

10*

LPI*

GP1s - (I0*n ♦ IBT.n ♦ CCA|n) ^i

or based on the assumption proposed by Weber,
LPI*
9

( >

LPI*

is LPif
xm-wr^MWin ^^^iPW-m^^V"
mm
mm

which may be expressed as

(8)

10*

GP

GP

is " ( tn) LPlf
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This simplification is particularly useful if one is concerned with
reducing the data required in the gross product calculation and is
willing to forego an estimate of some of the individual components
as expressed in equation (6).
In comparing the Kendrick-Jaycox method to his proposed more
simplified approach, Weber concludes "... the simplicity of the
latter method seems to offset the appeal of any slight improvement
in accuracy to be achieved by the former" (Weber, 1979, p. 222).

An

examination of Table III-4 would suggest the opposite conclusion.
The Kendrick-Jaycox method, as represented by equation (8), excludes
the other nonfactor charges (OC) component of gross product.

Thus,

it is the original Kendrick-Jaycox approach which imposes the "offsetting assumption" suggested by Weber with regard to BTP, IS, and
SD.

A perusal of the recent magnitudes of these variables for the

entire nation reveals their sum to be consistently positive, thus
the Kendrick-Jaycox procedure would be biased toward an underestimate of the gross state product.

Indeed, it is the more simpli-

fied method expressed in equation (9), which may be appropriately
expanded to

(10)

GP15 - (lOf,, ♦ IBT}n

+

0qn

+

CCA.n) j^i

that would offer the "slight improvement in accuracy."

L'Esperance

et^ a]_. (1979) introduce an expression similar to equation (10) in
which a term for "other adjustments" appears analogous to OC.
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Equation (10) may be expanded further should estimates of the
individual components of the income approach to the gross state
product derivation be desired.

It should be noted, however, that

in the published national product and income accounts the statistical discrepancy is not measured for individual industries.

A

correction for statistical discrepancies may be made either by
distributing the statistical discrepancy equally over each industry
or by adjusting the sum of the individual industry estimates with
the statistical discrepancy.
The assumption of "similarity" or of "offsetting differences"
between the structure of the industries of the state and the nation
which underlies the Kendrick-Jaycox procedure, of course, requires
that knowledge of a particular state economy accompany any interpretation of the estimates derived in using this technique.

The

least rigorous and broadest interpretation usually given this
assumption is that the factor proportion or factor share of income
of each industry is the same for the state as for the nation.

It

is reasonable to infer that this assumption is imposed as a necessary expedient for making the best possible use of the regional and
national income and product data available.

Except for manufactur-

ing and mining, no alternative procedures have as yet been proposed
for estimating the gross product of the private nonfarm industries
of a state economy.

In the next section, an extension of the

Kendrick-Jaycox procedure will be introduced that may be applied to
the private nonfarm sectors.

This proposed extension will reduce
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a potential bias that may result from the Kendrick-Jaycox method
just outlined and thereby improve the validity of the estimate.
Census Value Added as a Measure of
Gross State Product
Several modifications of and alternatives to the KendrickJaycox method have been proposed for estimating the gross product
of a state's manufacturing and mining sectors.

The nexus between

these methods is that they utilize the regional value added data
published by the Bureau of the Census (hereafter Census) in the
Annual Survey of Manufacturers, the Census of Manufacturers, and
the Census of Mineral Industries.

To appreciate the implications

of these variations of the Kendrick-Jaycox method, it is important
to first understand the major differences between the Census value
added series as a measure of production activity and the BEA concept of gross product.

Indeed, Census value added data have been

selected by some regional economists as a direct measure of the
gross product of the manufacturing sector on the assumption that
the Census value added and the BEA value added approaches to
measuring gross product are conceptually equivalent, which they
are not.

Kort (1976), for example, uses Census value added to

approximate the gross product of manufacturing for the Tennessee
economy reasoning, "Where data are available which approximates
the desired account, it makes more sense to use the data rather
than to fabricate it" (Kort, 1976, p. 61).

The implications of

this usage of Census value added will become apparent in the
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following discussion.
Value added, as measured by Census, is "... derived by subtracting the total costs of materials (including materials, supplies, electric energy, cost of resales, and miscellaneous receipts) from the value of shipments (including resales) and other
receipts and adjusting the resulting amount by the net change in
finished products and work-in-progress inventory between the beginning and end of the year" (Census of Manufacturers, 1972,
V. Ill, p. XXVIII).

There are two major differences between this

measure of manufacturing activity and the gross product-value
added-gross income concept used by BEA.

The most obvious of these

differences is that the Census valuation of "intermediate costs of
production" are measured only in terms of material costs.

Ex-

cluded from this measure of intermediate costs are the costs of
business services, such as expenditures for maintenance and repair,
engineering, consulting, research, and advertising.

This results

in some part of the gross product which BEA would ascribe to the
nonmanufacturing sector being attributed to the manufacturing
sector by Census.

A less obvious difference results from Census

preparing individual industry measurements based on establishment
data whereas BEA prepares a measurement based on company data.
Census attributes no value added to establishments which do not
generate receipts from the shipment of manufacturing products and
that only perform the administrative and auxiliary functions of a
manufacturing enterprise.

For example, the activities of an
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establishment such as the headquarters of a manufacturing firm may
not be measured by Census as part of the value added of the manufacturing sector of a state.

As a result, part of the state gross

product which BEA would attribute to manufacturing is excluded from
the Census value added measurement.
The resulting effects of the differences between the two measures of manufacturing activity on the national level are evident
in columns 1-6 of Table III-5.

The Census value added is consis-

tently greater than the BEA gross national product measure.

This is

as one may expect, since the differences that would arise on the
state level from preparing estimates based on establishment versus
company data will largely cancel on the national level.

The differ-

ence arising from the two measures of cost, therefore, prevails.
The ratio between the two measures is given in column 5.

The ratios

presented in column 5 indicate that the relative difference between
the two measures has increased measurably over time.

Since the

labor and proprietor income series is the only component of gross
product available on the state level, it is revealing to examine
ratios of this series to value added for the U.S. and for the State
of Oregon as given to columns 6 and 9.

Given the dissimilarity in

the composition of the Oregon manufacturing sector as compared to
the U.S., it is surprising that the difference between the two
ratios is not greater.

More importantly, however, is that unless

the productivity of manufacturing labor is substantially greater
in Oregon than in the rest of the U.S., it would be impossible to

TABLE III-5.

Year

Comparison of Manufacturing Value Added, Gross Product, and Labor and Proprietor
Income, U.S. and Oregon (selected years)

Value Added of
Manufacturing,
U.S.
(million $)

Gross Product of
Manufacturing,
U.S.
(million $)

Labor & Proprietor
Income, Manufacturing, U.S.
(million $)

Col. 3

Col. 4

Col. 2

Col. 2

Value added of
Manufacturing,
OR
(million $)

Labor & Proprietor
Income, Manufacturing, OR
(million $)

Col. 8
*
Col. 7

(1)

(2)

(3)

(4)

(5)

(6)

(7)

1961

164,032

143,768

97,827

.876

.596

1,367

829

.606

1965

226,975

196,308

126,017

.865

.555

1,833

1,022

.557

1969

304,441

254,575

172,766

.836

.567

2,613

1,518

.581

1973

405,255

321,782

219,562

.794

.539

4,284

2,164

.505

1977

580,641

456,049

306,582

.784

.527

6,256'

3,387

.541

(8)

(9)

Preliminary data.
Sources:

U.S. Department of Commerce, Bureau of the Census, Annual Survey of Manufacturers;
U.S. Department of Commerce, Bureau of Economic Analysis, Gross Product Originating in Current and Constant
(1972)
r
Dollars and Detailed Components of Annual Personal Income."TT.S. and Oregon.
~

Co
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conclude that the value added would necessarily be any better a
measure for the gross product of Oregon than it is for the U.S.
Specifically, there are two major consequences of using
Census value added data as a direct measure of manufacturing
gross product when estimating total gross state product.

First,

the gross product of the state would tend to be overestimated, as
the value added by nonmanufacturing business services supplied
to manufacturing would be attributed to both sectors.

The rela-

tive importance of manufacturing is therefore overstated as well.
As noted by Weber (1979), services provided from out-of-state
will also be attributed to the manufacturing activity within a
state by the value added measure.

The extent of interstate ex-

change of services varies widely among states.

This double

accounting of nonmanufacturing business services will generally
outweigh

the administrative and auxiliary activities associated

with manufacturing enterprises that may go unmeasured.
consequence

The second

of using Census value added as an estimate of manu-

facturing gross product is less obvious.

To the extent that

the administrative and auxiliary functions associated with manufacturing firms remain unmeasured by Census value, the relative
share of national output of states which tend to specialize in
these activities is understated.

A similar distortion may arise in

the measurement of secular trends in the structure of a state
economy.

For example, in recent years major lumber and wood pro-

duct firms have begun to shift the location of their corporate
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headquarters from the Pacific Northwest to the Southeast.

The

relative decline of the lumber and wood products industry in the
Pacific Northwest would tend to be understated by the Census value
added data series.
Despite the apparent attraction of using Census value added as
a direct estimate for manufacturing gross product, the conceptual
and measurement differences in this data series relative to the
BEA gross product measure weigh against its use.

This conclusion

is particularly appropriate if gross product estimates of the other
sectors of the state economy are constructed to conform to the BEA
approach.

Equally important, however, is the constraint imposed

by the inconsistent industry and time-series coverage of this data
for many states, as well as the time-lag in its release.

For

example, of the twenty 2-digit (SIC) industries identified under
manufacturing, value added is consistently reported for only seven
industries in Oregon over the twenty-year time period, 1958-77.
Preliminary 1977 estimates of value added were not available for
Oregon until late 1979.
release of this data.

A two-year time-lag is typical for the
All these particulars present very practical

limitations on the use of the value added data seriies as a measure
of gross product for developing state econometric forecasting
models which rely on consistent and contemporary time-series data.
The Weighted Value Added Approach
To estimate the gross product of the manufacturing and mining

91

sectors. Suits (1965) proposed allocating to each state a share of
gross national product according to share of value added as measured by the Bureau of Census.

This method is represented by

in
Implied in this procedure is the assumption that the ratio of
gross product to value added is the same for the state as for the
nation.

An interpretation of the validity of this assumption must

be made in light of the differences between the Census value added
and the BEA gross product measures of production activity described
above.

First, to the extent a state may specialize in the adminis-

trative and auxiliary functions involved in manufacturing enterprises that are unmeasured in the value added series, the manufacturing gross product of the state, as well as its relative contrv
bution to the national gross product, will be understated.

The

opposite will hold for those states whose major manufacturing
industries specialize in the physical production and shipment of
goods associated with production.

Second, the greater is the rela-

tive contribution of nonmanufacturing business service inputs to
the state's manufacturing sector, the greater the overstatement of
the state's gross product and its national share.

Should the oppo-

site of this condition hold, the state's gross product will be
understated using this procedure.

Finally, the lack of a contem-

porary and consistent time-series value added data imposes a
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critical practical constraint on the application of this procedure.
The Niemi Modified Kendrick-Jaycox Approach
Reportedly on the advice of Kendrick, Niemi (1972) introduced
a modification to the original Kendrick-Jaycox procedure in estimating the gross product of the New England states.

Also suggested

by L'Esperance and Taylor (1972), this modification is intended
to correct for structural differences in the factor proportion between the state and nation.

Using Census value added and labor

payroll data, an estimate of the output-labor ratio may be estimated for the nation and the state.

This adjustment for a dissimi-

larity in the factor proportions between the state and nation is
expressed as

(VA
v

is

/IP

)

isy .

If this expression is greater than

(VA.
/IP. )
v

in' in'
one, then it is presumed that the state's labor productivity is
higher than the total U.S. (L'Esperance and Taylor, 1972, p. 1).
By applying this expression to the Kendrick-Jaycox procedure, an
adjustment is introduced to the gross state product estimate to
account for differences in factor proportions between state and
nation, that is.

VA

(12)

GP

is/LPis

is

VA

in/LPin

LPI
GP in LPI is
in

According to Niemi, "Value added is conceptually equivalent to gross product originating and labor payroll is
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conceptually equivalent to income received.

On the basis of these

figures, it is possible to construct annual estimates of an outputlabor ratio in manufacturing for each state during the post-war
period" (Niemi, 1972, p. 24).

Unfortunately, the modification he

proposes is founded upon these very tenuous assertions.

Indeed, it

has already been noted on page 84 of this section and is quite
obvious from Table III-5 that value added is not conceptually
equivalent to gross product originating.

However, for argument, if

it may be accepted that labor payroll and income received are nevertheless equivalent, that is.

LPJS - LPIf,

and

LP
LPI
is
is
LP1n - LPI^, or tf* - ^
in
in

this implies

(13)

LP1

fS^is
VLPin

LPI

and, thus, there is not an apparent difference in the modification
proposed by Niemi and the approach suggested by Suits.

Rearranging

the terms of equation (12) yields:

LPiyLP^]
(14)

GPis=

LPI

in/LPin

r

VA.
GP in VA is
irl

which under the conditions expressed in equation (13) may be simplified to an expression of the Suits procedure.
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(15)

GP1s - GP^

VA

in

Indeed, it may be argued that the two approaches will differ significantly only if there is a major conceptual and/or measurement
difference between the labor payroll and income received (i.e., the
condition represented by equation (13) does not hold), and not
necessarily because of a relevant difference in the factor shares
of the state relative to the nation.
An examination of the Census labor payroll and BEA income received measurements reveals they are also conceptually different.
The major difference is that income received includes proprietor
income while labor payroll does not.

Subtracting proprietor income

from income received yields labor income.

Therefore, it may be

appropriate to conclude that the BEA labor income measure is roughly
equivalent to the Census labor payroll measure.

This conclusion is

supported by a comparison made by Census, "It should be noted that
the labor costs included in national income are reasonably close despite the fact that they are computed on a slightly different basis"
(Census of Manufacturing, 1972, Vol. Ill, Part I, p. XXX).

It would

seem appropriate, therefore, to further modify the Niemi modification
by substituting labor income for labor proprietor income in equation
(14), that is,

VA

(16)

GPis =

is/LPis

VA

in/LPin

GP* in LI*
n

This will nevertheless simplify to the procedure used by Suits if it
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is accepted that LP = LI.
In his review and comparison of the alternative methods for
estimating gross state product, Weber concludes, "... a method
which applied a correction for productivity differences between
state and nation such as that suggested by L'Esperance and Taylor
and by Niemi seems preferable" (1979, p. 222).

Weber rejects, how-

ever, the procedure proposed by Suits, "Using the GNP weight amounts
to making the assumption that the proportion of double counting in
the state is the same as that for the nation.

It is doubtful that

this is a good assumption for most states" (1979, p. 221).

The

difference between the two methods is more illusory than real and
would seem to depend more upon differences in the relative contribution of proprietors' income to total labor and proprietors' income between the state and nation, rather than differences in the
factor shares.

The major difference which may arise in the re-

sults of either of the two approaches as compared to the KendrickJaycox method occur largely as a consequence of the significant
conceptual and measurement differences between the Census concept
of value added and the BEA measure of gross product.

This differ-

ence is not a reasonable basis for inferring that either method
should be preferred to the original Kendrick-Jaycox procedures, with
the limiting assumptions of the latter being very explicit.
An Extension of the Kendrick-Jaycox Method
The objectives of this section are:

(i) to identify and

demonstrate a potential bias which may be introduced by the

96

Kendrick-Jaycox procedure for estimating the industry gross product
of a state; (ii) to suggest an extension of this procedure which
will correct for this bias and provide a slight improvement in the
accuracy of the estimate; and (iii) to compare the results obtained
from using this extension to those from using the Kendrick-Jaycox
procedure when applied to the State of Oregon.

This extension pro-

poses to estimate state gross product by using available state income data in greater detail, unlike the original Kendrick-Jaycox
procedure which uses national gross product data in greater detail.
The notation developed in Table 111-4 is used extensively in the
following discussion.
The Kendrick-Jaycox Bias
Before addressing the details, the general argument regarding
the bias introduced by the Kendrick-Jaycox method will be outlined.
The assumption underlying the Kendrick-Jaycox method is that the
structure within each industry of the state is similar to that of
the nation, or that the differences are offsetting.

One important

structural difference that may exist is the relative importance of
proprietor income to the total labor and proprietor income.

This

difference can be easily determined on the one-digit SIC level from
available secondary data.

The Kendrick-Jaycox method uses the

state's share of national labor and proprietor income to estimate
the state's share of the components of gross product that are unknown at the state level.

Should the state's share of proprietor
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income be different than its share of labor income, this structural
difference would be incorporated into deriving the state's share of
gross product.

As will be demonstrated, an examination of the un-

known components of gross state product reveals that there is no
valid reason to assume that the state's share of proprietor income
should be pertinent to the estimation of these components.

There-

fore, the Kendrick-Jaycox method may be inconsistent with the assumption upon which it is based.

If, for example, a state's share of

national proprietor income is greater than its share of national
labor income, this structural difference will be used to augment,
rather than to offset, the magnitude of the gross product estimate.
The term bias, as used here, characterizes an estimate derived from the Kendrick-Jaycox method if it overstates, or understates, an alternative estimate which is consistent with the
assumption that there is no structural difference between the
state and nation, except that relating to proprietor income.
To address the details of this argument, it is expedient to
demonstrate the potential bias which may be introduced by the
Kendrick-Jaycox procedure by beginning with the simplified expression of this approach as proposed by Weber identified earlier as
equation (9) and, again, as
LPI*
17

( >

GP

is

=

GP

?nrprf;

•

where the asterisk superscript represents a known value as measured
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by BEA.

Although unpublished, data for the individual components

of labor and proprietors' income are available upon request from
the Regional Economic Measurement Division of BEA on the one-digit
SIC, industry level.

(18)

Recalling that LPI* can be decomposed, i.e.,

LPI* = LI* + PI*

,

equation (17) may therefore be expanded to

(19)

GPis - GPtn

(LI* + PI* )
(LI^ + p^

.

For convenience, let all the components of gross product unknown at
the state level except for employers contribution to social insurance (ES) be represented as

(20)

Uis - RI1s * CP1s ♦ NIis

+

IBTis

+

0Cis

+

CCAis

State and national industry gross product may therefore be respectively expressed as

(21)

6P,S • LIJ, ♦ PI}S + ES1$ ♦ U1$

(22)

GP.in = LI*in + PI*in + ES*in + U*in

and

It is evident from equations (21) and (22) that the unknown portion
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of industry gross product to be estimated consists of employer contributions to social insurance (ES. ), nonproprietor profit type
income (RI.

+ CP.

+ NI. ), and the nonfactor charges and adjust-

ments against gross product (IBT^

+ BTPis + LSis + CCAis).

Substi-

tuting equations (21) and (22) into (19), the Kendrick-Jaycox
method may be expressed as:

K(23)

Litis + PI*is + ES.is + U.is =

'

(\
U1T*

in

+ DT*
P1

in

+ rc*

+

"in

(LI*. + PI* )
Lf
L±T(LI*n + PI]fn)

!j*
u ;)

in

'

Solving for the unknowns of equation (23) yields
(LI

(24)

ESfs + Uis - (ESf,,

+

Utn)

is + PIis>
^
„ p;^)
(LI

.

Assume, for argument, that state and national industries are
structurally similar in the sense that the proportion of labor income to total labor and proprietor income is the same for the state
as for the nation, that is,
(25)

Lite
is
LI? + PI*
is
is

LI*in
" n*
PI*
L1
in + K1
in

or
(26)

l

3L
LI
tn '

LI

is
LI
in

+ PI

fs
tn

+ PI

Substituting the left term of equation (26) into (24) yields

TOO

(27)

ESis

+

Uis = (EStn

28

ES

+ u

Utn) -^

+

,

or

( )

is

(LI*J

= ES

is

(LI* )

+u

TnTrrf7

tnTn^ •

Equation (28) is an intuitively attractive expression in keeping with
the assumption of structural similarity underlying the KendrickJaycox method.

This expression suggests that each of the unknown

components of industry state gross product may be estimated by weighting its national counterpart with the ratio of state to national
labor incomes.

Given no additional information it seems reasonable,

for example, that a state's share of employer contribution to social
insurance may be assessed on the basis of its relative share of
total labor income.
To extend this argument, now consider that it is determined
that the state and national industries are structurally dissimilar
in the sense that the proportion of labor income to total labor and
proprietor income is less for the state than for the nation, that is,
LI

is

LI

.

(29)

Lit + PI*
is
is

(30)

—11 < _Ji

tn

LI* + PI*
in
in

or
Lite

in

LI

tc

in

+ PI

tc

li

in

Alternatively stated, this relation reflects the fact that the proportion of proprietor income to total labor and proprietor income
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of the state is greater than that of the nation.

This may reveal an

important structural dissimilarity between the state and nation.
The inequality may reflect, for example, a lower level of concentration in the industry of the state relative to the nation.

Using the

Kendrick-Jaycox method of estimating the unknown components of gross
product as expressed in equation (24) under the conditions identified in equation (30) yields the following relation:
(LI*. + PI* )

(31)
\i\)

(LI* )

(FS* + U* ) ,■ ■
■—Lf_ > (FS* + U*
) i
v
u
^in + uin'(LIifn + PI*n)
^"in
in; (LI*n)

The question to be addressed at this juncture is not whether this
relation is conditionally plausible, but whether it is a credible
a priori assumption on which to base the estimation of industry gross
state product, supposing that there are no structural dissimilarities
except where they have been identified by equation (29).
The employer contribution to the social security payroll tax is
based upon a flat percentage rate leveled on wages and salaries of
employees up to a ceiling amount.

To suppose that the following con-

dition may hold,

32

< >

ES > ES

is

uiy

tr> iny

one may infer either (1) the proportion of occupations covered under
the social security system is greater for the industry of the state
than for the nation, or (2) the proportion of wages and salaries
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above the ceiling is lower for the industry of the state than for
the industry of the entire nation.

While these conditions may be

plausible it is difficult to conclude they will arise merely because the proportion of proprietor income to total labor and proprietor income is higher for the state than for the nation.

Both

proprietor and corporate enterprises are subject to the same tax
to be paid on employee wages and salaries.

Based upon income gener-

ated from self-employment, proprietors may make payments to social
security in the category of personal contributions.

However, only

the employer contributions, not the personal contributions to
social security made either by proprietors or employees, is included in the measure of gross product.

Therefore, given that no

other structural dissimilarities are identified, it is not reasonable to assume the relation depicted by equation (32) will hold.
Indeed, given no further information, it would seem more valid to
infer from the principle underloing the Kendrick-Jaycox method,
that the state's share of contributions to social insurance should be
estimated on the basis of its relative share of labor income, that is,
(LI* )
(33)

is ■

ES

ES

*in Tnfy

•

If one accepts that equation (33) is the more credible assumption, then, for the inequality expressed in (31) to remain valid, the
remaining unknown portion of gross state product to be estimated must
constitute a larger share of its national counterpart than does labor
income, that is.
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(LI* )

U.

LI*

where
(35)

Uis - RI1s ♦ CPlt

NI.S

+

+

IBTis

+

BTPis

+

LS1s

+

CCA1s

Certainly this includes the most important unknown components of
gross regional product.

Again, however, there is no apparent basis

for considering this to be a reasonable assumption merely because
proprietor income is determined to be a larger proportion of labor
and proprietor income for the industry of the state than for the
nation.

Indeed, given the greater importance of proprietor income

to the state, one would expect that a larger proportion of labor
income would originate from proprietor establishments in the state
as compared to the nation.

Therefore, with all other things equal,

one may expect the ratio of corporate profit (CP) to labor income
(LI) to be smaller for the state than for the nation, rather than
larger.

The most tenable approach would seem to lie with distribu-

ting to the state the unknown portion of industry gross product
according to the state relative share of labor income, that is
(36)

u

is = uinTn^T

•

Therefore, given the determination that proprietor income is
a larger proportion of labor and proprietor income for the state
than for the nation, the particular method of gross product construction proposed originally by Kendrick-Jaycox will violate the
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principle of structural similarity underlying their approach.
this instance an upward bias is introduced in the estimate.

In
Simi-

larly should it be determined that the ratio of proprietor income
to total labor and proprietor income is smaller for the state than
for the nation, then the Kendrick-Jaycox method using labor and
proprietor income ratios will introduce a bias by understating the
industry gross product of the state.

It should also be noted that

Kendrick-Jaycox qualified their assumption of structural similarity
by assuming that any divergencies are offsetting.

As evident in

equation (31) this would not be the case in the example given.
An Unbiased Extension of the KendrickJaycox Procedure
If it may be concluded that equations (33) and (36) provide
unbiased estimates of the unknown components of industry state gross
product consistent with the principle of similar or offsetting
structural differences, independent of differences in the relative
share of proprietor to labor income, then the original KendrickJaycox method as expressed by equation (17) may be modified appropriately by the following:

(37)

GP^MGP^-Piy^+PI^

.

in

Expanding this expression and solving for the unknown components
ES.

and U.
(38)

will yield:
(LI* )
(LltJ
u
ES,is
+
U,
=
ES*
mirT^
U?
C
c
in TLTTT
inTrr^7
is
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This expression is the sum of equations (33) and (36) and is independent of the relative importance of proprietor income to the
state as compared to the nation.
The estimates resulting from this proposed extension are consistent as the term is used by L'Esperance and Fromm.

They ascribe

the property of consistency to methods of gross state product construction for which "... the sum of the 50 GSP's will algebraically
sum to gross national product (GNP)" (L1Esperance and Fromm, 1974,
p. 46).

Excepting the use of Census value added as a direct mea-

sure of gross product, all the methods outlined possess this property.
A Comparison of Results with Application
to Oregon
Presented in Table 111-6 is a comparison of the results of the
proposed extension and the Kendrick-Jaycox procedure when applied
to estimating the 1978 private nonfarm gross product of Oregon.
Columns 2 and 3 identify the ratios of proprietor income to total
labor and proprietor income for Oregon and the U.S. with respect
to the industries identified in column 1.

By dividing column 2 by

column 3, a proprietor income location quotient is derived in
column 4.

This location quotient can be used to evaluate the rela-

tive importance of proprietor income in the Oregon economy as compared to the U.S. by industry.

According to the earlier argument,

if the values of this expression are greater (less) than one, the
Kendrick-Jaycox procedure will introduce a bias that overstates
(understates) the state gross product estimate if it is assumed

TABLE 111-6.

A Comparison of Oregon Private Nonfarm Gross Product, Estimates by Industry, 1978c
Col. 2

ESo

+

U

ESo

U0

+

T

Industry
(1)

PI /LPI

$

S

PI /LP,

n

n

Co1

'

(2)

(3)

(4)

Col. 5

LpI, +

„

+

„

LPI* + ES

+

3

K J Method

"

b

(5)

Extension
b

(6)

Col. 6
(7)

K-J Method
b

Extension

(8)

(9)b

(1)

Ag. Services, Forestry
& Fisheries

.335

.275

1.290

36,296

32,300

1.124

152,021

148,025

(2)
(3)

Mining

.029

.064

.455

74,537

77,293

.964

118,987

121,743

Construction

.236

.163

1.451

212,839

194,183

1.096

1,329,824

1,311,168

(4)

Manufacturing

.017

.008

2.123

1,860,117

1,842,763

1.009

5,811,452

5,794,098

(5)

Transportation, Conmunications & Public Utilities

.046

.033

1.365

1,062,032

1,048,662

1.013

2,250,053

2,236,683

(6)

Wholesale Trade

.064

.067

.948

871,587

874,780

.996

2,004,727

2,007,920

(7)
(8)

Retail Trade

.126

.097

1.304

1,030,339

996,744

1.034

2,825,414

2,791,819

Finance, Insurance, &
Real Estate

.203

.119

1.712

2,569,334

2,322,945

1.106

3,451,055

3,204,666

Business Services

.226

.142

1.597

226,179

203,881

1.109

997,598

975,300

(10) Professional, Social &
Related Services

.252

.203

1.245

255,245

239,382

1.066

1,877,655

1,861,792

(ID

.117

.083

1.409

8,198,505

7,832,931

1.047

20,818,786

20,453,212

(9)

TOTAL - Private Nonfarm

u

TOOOOOO

Subscripts o and n refer to Oregon and the U.S., respectively.
b

l,000's of current $'s.

o
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that there are no other structural dissimilarities between the industry of the state and the nation.

The values of this location

quotient in this table reveal proprietor income is generally of
greater significance in the industries of the Oregon economy than
for the U.S.
The constructed estimates of the unknown components of gross
state product using the Kendrick-Jaycox procedure according to equation (24) are presented in column 5 of Table III-6.

The constructed

estimates of these unknown components using the proposed extension
as represented by equation (38) are depicted in column 6.

A compari-

son between these estimates may be made from column 7 which expresses
the ratio of the two.

Given that proprietor income is a larger pro-

portion of labor and proprietor income for Oregon than for the
nation, the Kendrick-Jaycox method introduces a bias (refer to line 11,
column 7)

toward overstating unknown gross product components of

Oregon's total private nonfarm sector by about 4.7 percent.

For

three of the industries listed in Table III-6, this bias is more
than 10 percent, as may be observed by referring to column 7, lines
1, 8, and 9.
The industry gross product estimates derived by using the
Kendrick-Jaycox procedure and the proposed extension are presented
respectively in columns 8 and 9 of Table III-6.

These estimates

may be computed either by using equations (17) and (37) or simply
by adding the estimates of the unknown components of columns 5 and 6
to the known measure for labor and proprietor income.

The difference
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between the two gross product estimates results only from the difference in the constructed estimates of the unknown components.

It

should be noted that the greater reduction in bias resulting from
the proposed extension is obtained for certain of the nonmanufacturing sectors where proprietor income is of much greater significance.

It is for these very sectors that no viable alternative to

the Kendrick-Jaycox method has been previously proposed.
Table III-7 provides a time-series comparison of the two
methods of gross state product construction over the period 1958-79.
The column headings of this table are the same as for Table III-6,
however, they apply only to estimates for the total gross product
of the Oregon private nonfarm sector for the 22-year period.

During

the past several decades, there has occurred a decline in the proportion of proprietor income to labor and proprietor income for both
Oregon and the nation.
Table III-7.

This trend is evident in columns 1 and 2 of

Interestingly, there is no discernible trend in the

values for the location quotient expressed in column 4.

The ratio

of the two estimates of the unknown components in column (7) would
suggest, with some qualification, that there exists also a secular
trend in the bias introduced by the Kendrick-Jaycox method.

With

three exceptions, there is a general decline in this bias until 1976.
Therefore, for the period 1958-75, the Kendrick-Jaycox procedure
understates the relative growth in the unknown components it estimates as compared to the proposed extension.
Examining the performance of the ratio of the two estimates

TABLE III-7.

A Comparison of Total Oregon Priva te Nonfarm Gross Product
Estimates, 1958-19799
Col. 2
i

Year

1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979

PP;/LPI S

PI*n/LPI*n

Col'. 3

(2)

(3)

(4)

199
193
180
180
175
170
172
171
165
162
153
144
137
134
131
122
119
114
111
117
117
112

.145
.142
.133
.134
.131
.128
.129
.126
.122
.120
.116
.108
.101
.099
.099
.093
.086
.085
.085
.085
.083
.082

1.379
1.354
1.346
1.341
1.341
1.324
1.333
1.352
1.349
1.351
1.327
1.333
1.361
1.353
1.326
1.313
1.389
1.343
1.317
1.364
1.409
1.366

E

0

+ u

0

K-J Method

E

Col. 5

LPI* + ES

+ U

Extension

Col. 6

K-J Method

(6)b

(7)

(8)b

(9)b

(5)b
1,269,704
1,452,501
1,512,337
1,552,126
1,624,280
1,857,035
2,932,927
2,241,695
2,461,970
2,526,856
2,758,728
2,920,144
2,956,955
3,245,876
3,784,654
4,225,868
4,481,288
5,080,974
5,968,007
7,116,202
8,198,505
8,944,204

+ u

LPI* + ES + U
ooo
Extension

0

0

1,178,310
1,356,126
1,418,380
1,460,659
1,539,136
1,758,424
1,932,927
2,171,955
2,348,125
2,415,284
2,646,034
2,815,497
2,867,865
3,136,259
3,659,498
4,100,535
4,381,166
4,994,288
5,808,597
6,815,779
7,832,931
8,613,272

T

1.078
1.071
1.066
1.063
1.055
1.056
1.055
1.032
1.048
1.046
1.043
1.037
1.031
1.035
1.034
1.031
1.023
1.017
1.027
1.044
1.047
1.038

0

0

3,532,254
3,950,476
4,070,973
4,141,431
4,372,500
4,775,967
5,731,973
5,656,159
6,247,607
6,455,543
7,042,258
7,585,431
7,796,619
8,488,889
9,749,319
10,910,300
11,878,173
12,933,542
15,020,465
17,828,301
20,818,786
23,374,770

0

3,440,860
3,854,101
3,977,016
4,049,964
4,287,356
4,677,356
5,125,528
5,586,419
6,133,762
6,343,971
6,929,564
7,480,784
7,707,529
8,379,272
9,624,163
10,784,967
11,778,051
12,846,856
14,861,055
17,527,878
20,453,212
23,043,838

Subscripts o and n refer to Oregon and the U.S., respectively.
VoOO's of current $'s.
o

no

for the period 1973-78 would suggest there may be also a cyclical
pattern inherent in the bias introduced by the Kendrick-Jaycox
method when applied to Oregon.

The marked decline in the ratio of

the two estimates between 1973-75 suggests that this method overstates the slowdown which occurred during this period, while the
increase of the ratio between 1975-78 indicates this method overstates the expansion of this second period.

From this partial

analysis of the evidence, however, it is certainly not conclusive
that there exists a cyclical pattern in the bias introduced by the
Kendrick-Jaycox method.
In summary, the purpose of this chapter was (1) to supplement
the Weber survey and the other literature relating to the methods
of gross state product estimation, by reviewing the concept and
methods of measuring gross national product; (2) to extend Weber's
analysis regarding some of the limitations of these methods; and (3)
to demonstrate a bias which may result from the Kendrick-Jaycox
method and to introduce an extension of this method which will reduce this bias and thereby improve the accuracy of the estimate.
Regarding the accuracy of the various methods for estimating
gross state product, Weber concludes, "Unfortunately, there are no
absolute standards against which to measure them" (Weber, 1979,
p. 238).

This conclusion is appropriate in the sense that there

does not exist a time-series measure for the gross product of any
state which is derived from a data base of comparable accuracy and
detail as that used by BEA to measure gross product on the national

m
level.

Weber's conclusion is not appropriate, however, if it pre-

cludes, as one "absolute standard" against which to measure these
methods, a careful examination of the validity of the assumptions
as they relate to the properties of the data used by each method.
There are very significant differences between the BEA gross
product and Census value added measures of production activity.

It

is not apparent that either the direct or indirect use of the
value added series would necessarily contribute to an improvement
in a state gross product estimate beyond that provided by the
Kendrick-Jaycox method.

Given the data available, there is no

alternative more reasonable than to rely on the basic assumption of
the Kendrick-Jaycox method, i.e., that the structure of the industry
of the state is similar to that of the nation, or that divergences
are offsetting.
It is not necessary to assume, however, a structural similarity between the state and nation as to the relative importance
of proprietor income.

The state and national ratios of proprietor

to labor income can be identified from available data, at least
on the one-digit SIC level.

Should these ratios be different,

then the Kendrick-Jaycox method will introduce a bias.

This bias

exists because this particular structural difference should not
affect the estimate for the unknown components of gross state product.

With the Kendrick-Jaycox method, it does.
The method of state gross product estimation introduced in this

chapter will eliminate the bias which may result for the Kendrick-

112

Jaycox method, should there exist a difference in the relative importance of proprietor income between the state and nation.

While

accounting for this particular difference, the estimates derived
from this method are based on the assumption that structure of
the state and nation are otherwise similar.

This method, in fact,

is an extension of the original Kendrick-Jaycox method.

For certain

nonmanufacturing sectors of the Oregon economy, the differences between the estimates from using the two methods was greater than ten
percent.

For these sectors, no viable alternative to the Kendrick-

Jaycox method has been previously proposed for estimating their
contribution to gross state product.

These conclusions result from

using, as an absolute standard against which to compare the two
methods, a careful examination of the validity of their assumptions
as they relate to the properties of the data they employ.
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IV.

TOWARD THE CONSTRUCTION OF AN ECONOMETRIC
MODEL OF THE OREGON ECONOMY

It was noted in Chapter II that if the development of regional
econometric models parallels the development of national econometric models, frequent changes may be expected in their structure
and specification, and in the techniques used in their estimation.
Many of these changes will be induced by the learning process that
is involved in the construction of these models and in the evaluation of the forecasts they produce.

However, the scope of any

study must be confined within workable limits in regard to time,
cost, and effort.

To the extent that these constraints must be

binding, from the perspective of the researchers involved there
always remains much which should or could be done to improve or expand upon that which was accomplished.

Therefore, as with their

national counterparts, the construction of regional econometric
models is an ongoing process.

When, at some juncture, these models

are presented, in some manner they are portrayed as the intermediate product of such a continuing process. The purpose of this
chapter is to present, as such an intermediate product, an econometric model constructed for the Oregon economy.

Although there

clearly remains much that could and perhaps should be done,within
the workable limits mentioned above, this model represents the
completion of the initial and a major phase of the work involved
toward the construction of an econometric model of the Oregoneconomy.
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Underlying the construction of this model were two major objectives.

First, the model was constructed to develop a plausible

macroeconomic explanation of the annual levels of output, employment, prices, and income of the Oregon economy.

The overall

structure of the model was specified so as to permit the use of
available data and statistical techniques to identify and measure
the principal processes and relationships associated with the
macroeconomic performance of the region.

Second, the model was

constructed so that the forecasts from national macromodels may be
used to develop forecasts of the macroeconomic performance of the
state.
To give perspective, the first section of this chapter will
summarize and describe in general terms the overall structure of
the model.

In the following four sections, a more detailed dis-

cussion of the various equations of the model will be provided in
the context of explaining the construction of each of the four
blocks comprising the model.

Attention will be given in these

four sections to describing the data used, the method of specifying, and some of the problems encountered in estimating the equations of each block.

In the final section, the results obtained

from simulating part of the model will be discussed.
An Overview of the Model and the
Approach to Its Construction
The structure and specification given regional econometric
models characterized in Chapter II as "Glickman's" approach,
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served as the guide for constructing this model.
this approach is

it

The appeal of

attempts to give concession to both the

empirical and theoretical concerns that may be involved developing
the structure and specifying the equations of a regional econometric forecasting model, and it allows for compromise between the
use of constructed and available data in the model's estimation.
It has been noted, however, that there has been a lack of explicit
communication concerning the particular problems encountered and
specific procedures used to specify and estimate a regional model
using this approach.

For example, in his book on the subject

Glickman (1977) is very artful in sketching out the theory "implicit" in the specification of a given block of equations and in
acknowledging that many equations may be misspecified as a result
of data limitations.

He does not, however, commit himself to dis-

cussing specific problems encountered in specifying and estimating
individual equations, to explaining the procedures used to address
these problems, or to interpreting the results obtained.

From the

sketch that Glickman provides of his model, and from the results
he summarily presents, many important details involved in its
construction must be inferred.

Therefore, to implement Glickman's

approach, there are few guidelines for addressing the particular
problems relating to misspecification and data limitations which
he implies must be confronted.
The work involved in constructing a regional econometric model
is, among other things, of an extensive nature.

Compiling and
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becoming familiar with the volume of data involved is, in itself,
an encompassing chore.

In recognition of the magnitude of the task,

the intent of the research was originally only to attempt to implement Glickman's approach, rather than to undertake an agenda for
seeking to improve upon it.
accomplished.

By and large, this is what has been

However, the intention was to seek to improve on

Glickman's communication of the methodology used in specifying individual equations, and to explain the problems encountered and
explicitly identify the procedures used to address them.

Many of

the problems encountered and procedures used to specify and estimate the equations of regional econometric models have already
been discussed in some detail in Chapter II.

Many of the problems

encountered and procedures used to specify and estimate the equations of this model in particular will be illustrated in this
chapter.

Of course, given the size of this model and the extensive

nature of the work involved in its construction, this discussion
must practically be somewhat selective.

This communication will

make more explicit and allow for a more critical assessment of the
limitations of Glickman's approach, which must otherwise be inferred from the sketch he provides of his model.
As structure of this model conforms in general to the basic
structure used by Glickman (1977) in his model for the Philadelphia region, there are four principal components to the model:
a gross product or output block; an average wage or price of
labor block; an employment or labor demand block; and an income
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block.

For the 1960-79 sample period, 148 variables are used in

the model, consisting of 94 endogenous and 54 exogenous variables.
The model contains 102 equations, of which 72 are stochastic, 22
are identities, and 8 introduce regional exogenous variables.

Of

the 4G nonregional exogenous variables, 41 are national variables,
4 are dummy variables, and one a time-trend variable.

Table IV-1

summarizes the nature of the equations for each block of the model.
In general, the structure of the model is block recursive.
The real output (in 1972 dollars) of the principal industries of
the Oregon economy is determined by the equations contained within
the gross product block.

Guided by the methodologies used in

constructing economic base and interindustry models, the equations
of this block are specified in an attempt to capture the major interindustry demand relations.

The output of those industries

judged to be primarily export-oriented and to serve national markets are regressed against national exogenous variables.

The output

of industries considered to serve both export and internal markets
are therefore related to a mix of regional and national variables.
Similarly, the output of industries that serve mainly local or internal markets are related to regional variables.

Many of the

equations of the gross product block are simultaneously interrelated.

However, in terms of the structure of the overall model

the equations of the gross product block are related to the other
blocks recursively.

That is, given values for the exogenous and

predetermined variables of the model, the system of equations esti-
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TABLE IV-1.

Block

Summary of Model Structure

Oregon Exogenous
Stochastic
Equations Identities
Variables
Total

1. Gross Product

27

8

3

38

2. Price and Average
Wage

12

2

0

14

3. Employment

28

8

1

37

5

4

4

13

72

22

8

102

4. Personal Income
Total
Oregon Exogenous Variables
U.S. Exogenous Variables
Other Exogenous Variables

8
41
5

Total Exogenous Variabl es

54

Total Endogenous Variabl es
Total Exogenous/ Variabl es

94
54

Total Variables

148
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estimated for this block can be solved without reference to the
other blocks of the model .
A factor or derived demand approach was adopted to determine
the specification given the equation of the employment block.
Therefore, the industry level equations of the gross product block
are recursively related to the respective industry level equations
of the employment block.

Other variables germane to a derived

demand construct, such as the price of labor and time as a proxy
for technological change, are also used to explain industry employment.

The intent of the specification given the equations of the

average wage block is to explain the supply price of labor for major
sectors of the Oregon economy.

Labor prices regionally are re-

lated to their national counterpart for those sectors whose labor
supply is regarded to be most closely linked to a national labor
market.

Proxies for local labor market conditions, such as the

unemployment rate, are also introduced in the equations of the
average wage block.

Many of the equations of the average wage and

the employment block are simultaneously related and, in turn, recursively related to the income block.

The largest component of

income is total wages and salaries which is determined in the income block as the product of employment and average wages.

Pre-

sented in Table IV-2 are the description and the labels used to
identify all the variables introduced in the model.
The Gross Product Block
The gross product block contains 38 equations of which 27 are

TABLE IV-2.
Label
QKTOTO
GKAGRO
GKAFFO
QKPNAFO
GKMINO
GKCONO
QKMANO
QKMNDO
QKFKPO
QKTAPO
QKPAPO
QKPPNO
QKCHMO
QKPRLO
QKMDUO
QKLWPO
QKFFDO
QKPRMO
QKFRMO
QKMNEO
QKEMIO
QKTREO
QKMOTO
QKSCGO
QKMMNO
QKTRNO
QKCOMO

Variable Labels and Descriptions

Description
Total Gross State Product
Output, Agriculture
Output, Agricultural Services, Forestry, and Fisherip<:
Output, Private Nonfarm Sectors*
Output, Mining
Output, Contract Construction
Output, Manufacturing, Total
Output, Manufacturing, Nondurables
Output, Manufacturing, Food & Kindred Products
Output, Manufacturing, Textile, Apparel, & Related Products
Output, Manufacturing, Paper 8 Allied Products
Output, Manufacturing, Printing & Publishing
Output, Manufacturing, Chemicals & Allied Products
Output, Manufacturing, Petroleum, Rubber, Leather & Related Products
Output, Manufacturing, Durables
Output, Manufacturing, Lumber & Wood Products
Output, Manufacturing, Furniture & Fixtures
Output, Manufacturing, Primary Metal Industries
Output, Manufacturing, Fabricated Metal Products
Output, Manufacturing, Machinery, Except Electrical
Output, Manufacturing, Electrical Machinery, Instruments & Related Prod.
Output, Manufacturing, Transportation Equipment, Excluding Motor Vehicles
Output, Manufacturing, Motor Vehicles & Motor Vehicle Equipment
Output, Manufacturing, Stone, Clay, & Glass
Output, Manufacturing, Miscellaneous Manufacturing
Output, Transportation
Output, Communications

Data Source

Units
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000

72$
72$
72$
72$
72$
72$
72$
72$
72$
72$
72$
72$
72$
72$
72$
72$
72$
72$
72$
72$
72$
72$
72$
72$
72$
72$
72$

BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA

BEA = U.S. Department of Commerce, Bureau of Economic Analysis
BLS = U.S. Department of Labor, Bureau of Labor Statistics
ODHR = Oregon Department of Human Resources, Employment Division
*For this model it is to be noted that the private nonfarm sectors are defined to exclude the agriculture and the agricultural services, forestry, and fisheries sectors.

Key to Abbreviations of Data Sources:

o

TABLE IV-2. (Continued)

Label
GKEGSO
GKSTRO
GKTRDO
GKWHTO
GKRETO
GKFIRO
GKSRVO
GKBSVO
GKPSRO
QKSLGO
QKFEDO

Description
Output,
Output,
Output,
Output,
Output,
Output,
Output,
Output,
Output,
Output,
Output,

Electric, Gas, & Sanitary Services
Services & Trade
Trade
Wholesale Trade
Retail Trade
Finance, Insurace, & Real Estate
Services
Business Services
Professional, Social, & Related Services
State & Local Government
Federal Government

Units
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000

Data Source
72$
72$
72$
72$
72$
72$
72$
72$
72$
72$
72$

BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA

Average Wage Block
AWCMINO
AWCCONO
AWCMANO
AWCMNDO
AWCLWPO
AWCODUO
AWCTPUO
AWCWHTO
AWCRETO
AWCFIRO
AWCBSVO
AWCPSRO
ULCPNAFO
PICPI20

Average Annual Wage, Mining
Average Annual Wage, Contract Construction
Average Annual Wage, Manufacturing
Average Annual Wage, Manufacturing, Nondurables
Average Annual Wage, Manufacturing, Lumber & Wood Products
Average Annual Wage, Manufacturing, Other Durables
Average Annual Wage, Transportation, Communication, & Public Utilities
Average Annual Wage, Wholesale Trade
Average Annual Wage, Retail Trade
Average Annual Wage, Finance, Insurance, & Real Estate
Average Annual Wage, Business Services
Average Annual Wage, Professional, Social & Related Services
Unit Labor Cost s, Private Nonfarm Sectors
Consumer Price Index, Portland SMSA

1,000 $
1,000 $
1,000 $
1,000 $
1,000 $
1,000 $
1,000 $
1,000 $
1,000 $
1,000 $
1,000 $
1,000 $
1 $
1972=1.00

BEA.ODHR
BEA.ODIIR
BEA.ODHR
BEA.ODIIR
BEA,0DIIR
BEA.ODIIR
BEA.ODHR
BEA.ODIIR
BEA.ODIIR
BEA.ODIIR
BEA.ODIIR
BEA.ODIIR
BEA
BLS

TABLE IV-2. (Continued)
Description

Label

Units

Data Source

Labor Demand Block
Total Private Nonfarm
Mining
Contract Construction
Manufacturing
Manufacturing, Nondurables
Manufacturing, Food & Kindred Products
Manufacturing, Textile, Apparel & Related Products
Manufacturing, Paper & Allied Products
Manufacturing, Printing & Publishing
Manufacturing, Chemicals & Allied Products
Manufacturing, Petroleum, Rubber, Leather & Related Products
Manufacturing, Durables
Manufacturing, Lumber & Wood Products
Manufacturing, Other Durables
Manufacturing, Furniture & Fixtures
Primary Metal Industries
Manufacturing, Fabricated Metal Products
Manufacturing, Machinery, Except Electrical
Manufacturing, Electrical Machinery, Instruments & Related Products

ECPNAFO
ECMINO
ECCONO
ECMANO
ECMNDO
ECFKPO
ECTAPO
ECPAPO
ECPPNO
ECCHMO
ECPRLO
ECMDUO
ECLWPO
ECODUO
ECFFDO
ECPRMO
ECFRMO
ECMNEO
ECEMIO

Employment,
EMployment,
Employment,
Employment,
Employment,
Employment,
Employment,
Employment,
Employment,
Employment,
Employment,
Employment,
Employment,
Employment,
Employment,
Employment,
Employment,
Employment,
Employment,

ECTREO

Employment, Manufacturing, Transportation Equipment, Excluding Motor Vehicles

BEA.ODHR

ECMOTO
ECSCGO
ECMMNO
ECTPUO
ECTRNO
ECCOMO
ECEGSO
ECWHTO

Employment,
Employment,
Enlployment,
Employment,
Employment,
Employment,
Employment,
Employment,

BEA.ODHR
BEA.ODHR
BEA.ODHR
BEA.ODHR
BEA.ODHR
BEA.ODHR
BEA.ODHR
BEA.ODHR

Manufacturing, Motor Vehicles & Motor Vehicle Equipment
Manufacturing, Stone, Clay, & Glass
Manufacturing, Miscellaneous Manufacturing
Transportation, Communication, & Public Utilities
Transportation
Conmunication
Electric, Gas, & Sanitary Services
Wholesale Trade

BEA.ODHR
BEA.ODHR
BEA.ODHR
BEA.ODHR
BEA.ODHR
BEA.ODHR
BEA.ODHR
BEA.ODHR
BEA.ODHR
BEA.ODHR
BEA.ODHR
BEA.ODHR
BEA.ODHR
BEA.ODHR
BEA.ODHR
BEA.ODHR
BEA.ODHR
BEA.ODHR
BEA.ODHR

TABLE IV-2. (Continued)

Label

Description

Units

Data Source

1
1
1
1

BEA.ODHR
BEA.ODHR
BEA.ODHR
BEA.ODHR
ODHR
ODHR
ODHR
ODHR

Labor Demand Block - Continued
ECRETO
ECFIRO
ECBSVO
ECPSRO
ECTADO
ECUNMO
DCCLFO
RUNEMO
DCPOPO

Employment, Retail Trade
Employment, Finance, Insurance, & Real Estate
Employment, Business Services
Employment, Professional, Social & Related Services
Total Adjusted Employment
Total Unemployment
Total Civilian Labor Force
Percent of Labor Force Unemployed
Population, Oregon

1,000
1,000
1,000
percent
1,000

BEA

Income Block
YCTOTO
WCTOTO
WCAGRO
WCAFFO
WCPNAFO
WCFEDO
WCSLGO
OCTOTO
XCTOTO
XCAGRO
XCAFFO
XCPNAFO
YCDIRO
YCTRPO
YCCSIO
YCRADO

Total Personal Income
Total Wages & Salaries
Wages & Salaries, Agriculture
Wages & Salaries, Agricultural Services, Forestry, &
Wages & Salaries, Private Nonfarm Sectors
Wages & Salaries, Federal Government
Wages & Salaries, State & Local Government
Other Labor Income
Total Proprietors' Income
Proprietor's Income, Agriculture
Proprietor's Income, Agriculture Services, Forestry
Proprietor's Income, Private Nonfarm Sectors
Dividends, Interest, Rents, & Royalties
Transfer Payments
Personal Contributions to Social Insurance
Residence Adjustment

isheries

Fisheries

1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA

ro

to

TABLE IV-2. (Continued)

Description

Label

Units

Data Source

Dunnny and Trend Variables
YR
DPAPO
DTREO
DTADO
DOCOLI
National
QKCONU
QKMNDO
QKLWPU
QKWDPU
QKPRMU
QKFRMU
QKMNEU
QKTREU
QKMOTU
QKMMNU
QKCOMU
QKTRNU
QKTRDU
QKRETU
QKFIRU
QKBSVU
IKRESU
NHUSU
DCPOPU
DRMOBIU
YCPAIU
PICPI2U
PIFODU

Time-Trend
Dummy Variable, Paper & Allied Products
Dummy Variable, Transportation Equipment, Excluding Motor Vehicles
Dummy Variable, Total Adjusted Employment
Dummy Variable, Other Labor Income
Variables
Output, Contract Construction
Output, Manufacturing, Nondurable
Output, Manufacturing, Lumber & Wood Products
Output, Manufacturing, Lumber, Wood, & Paper Products
Output, Manufacturing, Primary Metal Industries
Output, Manufacturing, Fabricated Metal Products
Output, Manufacturing, Machinery Except Electrical
Output, Manufacturing, Transportation Equipment, Excluding Motor Vehicles
Output, Manufacturing, Motor Vehicles & Motor Vehicle Equipment
Output, Manufacturing, Miscellaneous Manufacturing
Output, Communications
Output, Transportation
Output, Trade
Output, Retail Trade
Output, Finance, Insurance, & Real Estate
Output, Business Services
Residential Investment
New Housing Units Started, U.S.
Population, U.S.
Yield Spread Between Moody AAA Bonds and 3-nionth Treasury Bills
Total Personal Income, U.S.
Consumer Price Index, All Items, U.S.
Consumer Price Index, Food, U.S.

1960-79
1978=1, other years=0
1960-65=0, 1966 -79=1
1960-69=0,,1970 -79=1
1960-76=0,,1977 -79=1
Mil 72 1
Mil 72,
Mil 72;
Mil 72;
Mil 72;
Mil 72;
Mil 72 1
Mil 72;
Mil 72;
Mil 72^
Mil 12\
Mil 72;
Mil 72 \
Mil 72$
Mil 72$
Mil 72$
Mil 72$
1,000
1,000
percent
Mil $
1972=1.00
1972=1.00

BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
ho

TABLE IV-2. (Continued)

Label

Description

Units

Data Source

National Variables - Continued
PDMINU
Output Price Deflator, Mining
PCCONU . Output Price Deflator, Contract Construction
PDMNDU
Output Price Deflator, Manufacturing, Nondurables
PDLWPU
Output Price Deflator, Manufacturing, Lumber S Wood Products
PDODUU
Output Price Deflator, Manufacturing, Other Durables
PDTPUU
Output Price Deflator, Transportation, Communication, & Public Utilities
PDWMTU
Output Price Deflator, Wholesale Trade
PDRETU
Output Price Deflator, Retail Trade
WECCONU Average Weekly Earnings of Production Workers, Contract Construction
WECMNDU Average Weekly Earnings of PRoduction Workers, Manufacturing, Nondurables
WECLWPU Average Weekly Earnings of Production Workers, Manufacturing, Lumber &
Wood Products
WECMDUU Average Weekly Earnings of Production Workers, Manufacturing, Durables
MINWU
Minimum Hourly Wage
ECUNMU
Total Unemployment
XCPNAFU Proprietors' Income, Private Nonfarm Sectors
YCDIRU
Dividents, Interest, Rents & Royalties
YCTRPU
Transfer Payments
YCCSIU
Personal Contributions to Social Insurance

1972=1 .00
1972=1 .00
1972=1 .00
1972=1 .00
1972=1 .00
1972=1 .00
1972=1 .00
1972=1..00

1$
1$
1$
1$
1$
1,000
Mil $
Mil $
Mil $
Mil $

BEA
BEA
BEA
BEA
BEA
BEA
BEA
BEA
BLS
BLS
BLS
BLS
BLS
BLS
BEA
BEA
BEA
BEA

en
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stochastic, 8 are identities, and 3 introduce as exogenous the
gross product of agriculture, the federal government, and state
and local governments.

Of the 27 stochastic equations included

in this block 10 model the real output of durable manufacturing
industries, 6 model the real output of nodurable manufacturing
industries, and 11 model nonmanufacturing industries.

The struc-

ture of the model allows a change in the gross product of almost
any industry to have an impact on the entire rest of the economy
as represented by the other blocks of the model.
Gross State Product Data
The gross state product data used to estimate this block is
constructed from BEA data employing the methods discussed in
Chapter III.

For the manufacturing, transportation, communication,

and public utility industries, current dollar gross state product
estimates were constructed using the Kendrick-Jaycox method described by equation (17) of Chapter III.

Current dollar gross

product estimates for the nonmanufacturing industries were constructed using the proposed extension to the Kendrick-Jaycox method
represented by equation (37) of Chapter III.

In the absence of

regional industry-level price data, the constant dollar (1972 =
100) industry gross product estimates are constructed by deflating
the current dollar gross product estimates with the respective
national industry implicit price deflators reported by BEA.
estimates are presented in the Appendix.
There were two major problems involving the data used to

These
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construct the industry gross state product estimates that deserve
mention.

To avoid disclosure of confidential information regarding

specific firms,wage and salary data are not released by BEA
for some industries in particular years.

For any year data de-

leted for one industry is always paired with data deleted for
another.

This guards against determining the data deleted for a

single industry based on the difference between the various totals
that are reported and subtotals which can be computed.

However,

the missing data for two industries combined may be determined in
this manner.

Therefore, an estimate of the data deleted for each

industry was constructed by distributing to each industry a share
of the total missing data based on its share of this total for
adjacent years when data were reported.
Another data problem involves a change in the Standard Industrial Classification (SIC) used by BEA.

Data reported for years

prior to and including 1974 are based on the 1967 SIC and after
1974 are based on the 1972 SIC.

With this change some industry

subgroups were transferred from one major industry classification
to another.

For Oregon, most major industry classifications were

not affected or only nominally affected by this change.

However,

one change of major significant was the transfer of the industry
subgroup Instruments to Measure Electricity from the Electrical
Machinery classification to the Instruments and Related Products
classification.

This change reclassified Tektronix, Inc., one of

the state's largest single-firm employers.

As a result, the level

of wages and salaries reported for the Instruments and Related
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Products industry increased by roughly threefold.

This reclassifi-

cation introduces an econometric problem relating more to specification error than to measurement error.

This problem was addressed,

if not resolved, by combining the industries affected by the change
of SIC into one.
Specification and Estimation of the
Gross Product Block
The OLS estimated equations of the gross product block are presented in Table IV-3.

The summary statistics appearing in this and

other tables of this chapter describing the stochastic equations of
the model include the "t" statistic for each of the estimated
parameters, the coefficient of multiple determination adjusted for
degrees of freedom (R ), the standard error of the estimate (SE),
and the Durbin-Watson d^ statistic (DW).

As a reminder, the

Durbin-Watson test for serial correlation is valid only for a regression equation not containing lagged dependent variables.
Following the approach used by Glickman (1977), the equations
of the gross product block are intended to represent "implicit"
demand relations.

To specify his equations, Glickman used a priori

information from an existing input-output model of Philadelphia to
distinguish between the basic and nonbasic industries and to
identify key interindustry product flow and demand relations.
Various sources were used in an attempt to glean similar a priori
information for the Oregon economy.

Two sources were a multiple

regional input-output model for the Pacific Northwest constructed

129
TABLE IV-3.

Ordinary Least Square Estimates
and Identities of the Gross Product
Block

1. Total Gross State Product OKTOTO
QKTOTO = GKAGRO + GKAFFO + QKPNAFO + QKFEDO + QKSLGO
2. Agriculture (GKAGRO)
GKAGRO = Exogenous
3. Agricultural Services, Forestry, and Fisheries (GKAFFO)
Variable
Coefficient
t-Statistic
Constant
142252
4.2734
GKAGRO
.063351
2.7901
QKLWPO
.015976
1.7020
GKFIRO(-l)
.064644
7.6794
YR
-3244.74
-4.2734
R2 = .9690

SE = 3473.28

DW = 1.5135

4. Private Nonfarm (QKPNAFO)
QKPNFO = GKMINO + GKCONO + QKMANO + QKTRNO + QKCOMO + QKEGSO
+ GKTRDO + GKFIRO + GKSRVO
5. Mining (GKMINO)
Variable
Constant
QKSCGO
GKMINO(-1)
YR
R2= .7814

Coefficient
33084.7
.460083
.813538
-711.699
SE =3789.79

6. Contract Constuction (GKCONO)
Coefficient
Variable
275996.
Constant
5609.93
IKRESU
3.08101
QKFEDO
1.19358
QKSLGO
-26035.1
DRMOBIU
-81270.0
YR
2
SE = 24820.8
R = .9442

t-Statistic
2.2820
2.9953
6.3610
-2.1564
DW =1.7064

t-Statistic
6.3392
5.7434
9.0989
7.3853
-4.5804
-7.1892
DW = 2.3349

^
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TABLE IV-3. CONTINUED
7. Manufacturing (QKMANO)
QKMANO = QKMNDO + QKMDUO
8. Nondurable Manufacturing (QKMNDO)
QKMNDO = QKFKPO + QKTAPO + QKPAPO + QKPPNO + QKCHMO + QKPRLO
9. Food and Kindred Products (QKFKPO)
Variable

Coefficient

Constant
GKSTRO
YCPAIU/PIFODU

31919.8
.057735
.117023

'R2= .9877

SE = 74867.6

10. Textiles, Apparel and Allied Products (QKTAPO)
Variable
Coefficient
Constant
QKRETU
QKTAPO(-l)

-5499.31
.350149
.296042

R2= .9763

SE = 1626.97

t-Statistic
2.9186
10.4912
3.6051
DW = 1.6317

t-Statistic
-2.5626
4.0248
1.5913
DW = 1.2111

11. Paper and Allied Products (QKPAPO)
Variable

Coefficient

Constant
QKMNDU
QKPAPO(-l)
DPAPO

-53369.5
1.20710
.538156
-28181.4

R2= .9738

SE = 8134.14

t-Statistic
-4.4014
4.8931
4.5788
-3.0762
DW = 1.4810

12. Printing and Publishing (QKPPNO)
Variable

Coefficient

Constant
GKSRVO
GKRETO
DRMOBIU

6167.17
.021883
.046064
-1709.17

R2= .9948

SE = 22899.2

t-Statistic
3.5009
2.0237
4.2068
-4.8378
DW = 1.7192
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13. Chemical and Allied Products (QKCHMO)
Variable

Coefficient

t-Statistic

Constant
GKAGRO '
QKWDPU

-18466.1
.018263
2.48331

-9.7996
3.3027
22.7296

R2= .9854

SE = 1477.44

DW = 1.4627

14. Petroleum, Rubber, Leather and Related Products (QKPRLO)
Variable

Coefficient

Constant
QKFKPO
GKAGRO
NHUSU(-l)

-55263.2
.137980
.061650
6.88277

R2= .9814

SE = 2427.21

t-Statistic
-14.0636
8.8718
4.9498
3.6434
DW = 1.2719

15. Durable Manufacturing (QKMDUO)
QKMDUO = QKLWPO + QKFFDO + QKPRMO + QKFRMO + QKMNEO + QKEMIO
+ QKTREO + QKMOTO + QKSCGO + QKMMNO
16. Lumber and Wood Products (QKLWPO)
Variable
Constant
QKCONU
NHUSU
QKLWPU(-l)
YR
R2= .9629

Coefficient
-1236070.
9.80316
142.079
60.7501
-16644.3
SE = 59463.7

t-Statistic
-3.0045
2.8027
3.0610
2.4571
-3.'004 5
DW = 1.7084

17. Furniture and Fixtures (QKFFDO)
Variable
Constant
YCPAIU/PICPI2U
DCPOPU
DRMOBIU(-l)
YR
R2= .9709

Coefficient
23528.2
.115032
1.49623
872.192
-5663.07
SE = 1206.08

t-Statistic
1.0243
7.3067
7.2548
2.8533
-9.5203
DW = 2.3177
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18. Primary Metal Industries (QKPRMO)
Variables

Coefficient

Constant
QKFRMO
QKPRMU(-l)
DRMOBIU
YR

-163728.
.233086
1.63505
-4417.59
3368.71

R2= .9726

SE = 5603.94

t-Statistic
-3.7593
1.7308
3.0535
-2.8259
3.7496

DW = .9035

19. Fabricated Metal Products (QKFRMO)
Variables

Coefficient

Constant
QKFKPO
GKCONO
QKFRMU(-l)
DRMOBIU

-74830.4
.389253
.053382
2.38578
-2783.26

R2= .9908

SE = 4028.90

t-Statistic
-9.8319
10.6538
3.1170
4.6091
-2.3613
DW = 1.4381

20. Machinery Except Electrical (QKMNEO)
Variables

Coefficient

Constant
QKFKPO
GKAGRO
QKMNEU(-l)
DRMOBIU

-122039.
.663426
.068992
1.56596
-8494.68

R2= .9932

SE = 5316.67

t-Statistic
-16.8510
11.0583
2.5087
2.9866
-7.5694
DW = 1.1180

21. Electrical Machinery, Instruments and Related Products (QKEMIO)
Variable

Coefficient

Constant
QKBSVU
QKCOMU
GKCONO
DRMOBIU
YR

205665.
5.85068
6.57844
.042940
-3302.69
-7678.88

"K2= .9965

SE = 5673.90

t-Statistic
3.0039
3.7851
11.0122
1.8107
-1.5902
-4.2269
DW = 1.4591
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22. Transportation Equipment, Excluding Motor Vehicles (QKTREO)
Variable
Constant
QKTRNU
QKTREU(-l)
DTREO
R2= .9444

Coefficient
-61435.1
1.82022
3.04079
15359.8
SE = 6299.08

t-Statistic
-3.4236
5.0687
3.6484
2.1488
DW = 1.5860

23. Motor Vehicles and Motor Vehicle Equipment (QKMOTO)
Variable
Constant
GKBSVO
QKLWPO
QKMOTU(-l)
DRMOBIU(-l)
YR
R2= .9831

Coefficient
29233.5
.253813
.036001
2.20037
4657.22
-2314.25
SE = 5222.61

-Statistic
.7032

4..1971
2,.6911
3,.3746
3,.1995
-2,.3894
DW = 2.7125

24. Stone, Clay, and Glass (QKSCGO)
Variable

Coefficient

Constant
GKCONO
QKFKPO
NHUSU(-l)

-15642.3
.044781
.095056
6.75044

R2= .9602

SE = 2507.82

t-Statistic
-4.4034
5.5335
3.1782
3.4928
DW = 1.6387

25. Miscellaneous Manufacturing (QKMMNO)
Variable

Coefficient

t-Statistic

Constant
YCPAIU/PICPI2U
GKRETO
QKMMNU(-l)
DRMOBIU(-l)
R2= .9863

-8.155.8.5
.016042
.004575
1.93206
792.498
SE = 795.745

-9.4097
3.8551
1.8743
1.8393
3.5365
DW = 1.7427

Variable

Coefficient

t-Statistic

Constant
QKMANO

19733.9
.128656

26. Transportation (QKTRNO)
5.9668
21.9852
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26. Transportation (Continued)
Variable

Coefficient

t-Statistic

.103160

2.2712

R2= .9866

SE = 12525.6

DW = 1.2667

27. Communication (QKCOMO)
Variable

Coefficient

t-Statistic

GKCONO

Constant
GKRETO
GKFIRO
QKCOMO(-l)
YR
R2= .9985

54290.8
.067479
.042402
.885678
-2112.23
SE = 5020.18

1.4631
2.0799

1.6561
10.5799
-3.1233
DW = 2.4231

28. Electric, Gas, and Sanitary Services (QKEGSO)
Variable

Coefficient

t-Statistic

Constant
GKSTRO
QKEGSO(-l)

17952.5
.010343
.833489

2.2606
1.4945
7.8579

R2= .9826

SE = 8125.05

DW = 2.8096

29. Services and Trade (GKSTRO)
GKSTRO = GKSRVO + GKTRDO

30. Trade (GKTRDO)
GKTRDO

= GKWHTO + GKRETO

31. Wholesale Trade (GKWHTO)
Variable

Coefficient

Constant
QKMANO
GKRETO
YR

-1008470.
.116144
.279926
17263.6

"R2= .9935

SE=23858.8

t-Statistic
-4.5799
2.9851
4.6368
3.7629
DW = .7147
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32. Retail Trade (GKRETO)

Variable

Coefficient

Constant
GKCONO
QKMANO
GKAGRO

-287357.
.253259
.255671
1.40143

R2= .9777

SE = 50188.8

t-Statistic
-3.3880
1.5123
9.4432
6.4446
DW = 1.4966

33. Finance, Insurance, and Real Estate (GKFIRO)
Variable

Coefficient

t-Statistic

885043.
1.16437
.523951
5.82497
-29182.6

1.8006
5.4772
4.61488
1.6724
-2.4920

Constant
GKSRVO
GKCONO
QKFIRU(-l)
YR

f-

.9949

SE = 33876.1

DW = 1.3655

34. Services (GKSRVO)
GKSRVO = GKBSVO + GKPSRO
35. Business Services (GKBSVO)
Variable

Coefficient

Constant
GKFIRO
QKMANO

96548.9
.193899
.018211

R2= .9959

SE = 6883.74

t-Statistic
19.3512
17.9205
2.8487
DW = 1.5204

36. Professional, Social, and Related Services (QKPSRO)
Variable
Constant
QKMANO
GKPSRO(-l)

R2= ,9907

Coefficient
-13500.5
.047461
.914505
SE = 22403.7

37. State and Local Government (QKSLGO)
QKSLGO = Exogenous

t-Statistic
-.7762
1.8209
11.0808
DW = 1.8862
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38. Federal Government (QKFEDO)
QKFEDO = Exogenous
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from secondary data (Wilkins, 1978) and an input-output model for
the U.S. Economy constructed by the Bureau of Economic Analysis
(Ritz, 1979).

The Oregon interindustry transaction table of the

multiregional model was more highly aggregated than the level of
aggregation intended for the gross product block.

Therefore, in-

formation from the more detailed transaction matrix of the inputoutput model for the U.S. economy augmented the information obtained from the regional model.
To identify key interindustry output demand relations for
guiding the specification given the equations of the gross product
block, two other sources of a priori information were also helpful.
Covered industry payroll and employment data are published by the Employment Division of the Oregon Department of Human Resources (ODHR).
The ODHR data are based on tax reports submitted by employers whose
employees are

covered by State unemployment insurance programs,

and are considerably more disaggregated than the industry data published by BEA.

Reference to the ODHR data therefore allows for some

determination of the composition and structure of the various industries modeled in the gross product block by identifying the relatively important industry subgroups.

The Directory of Oregon Manufac-

turers, published annually by the Oregon Department of Economic Development, identifies the names, location, product and number of
employees of manufacturing firms by major industry in Oregon.
Scrutiny of this publication permits some assessment of the structure of each industry in terms of the degree of concentration and
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relative importance of individual firms.

The specification given

the equations of other models was another source of information
used as a guide to specifying the equations of the gross product
block.

In particular, the models constructed by Glickman (1977)

for Philadelphia and by Rubida (1977) for Colorado were given
careful examination because the level of industry disaggregation
used in these models corresponds to the level intended for the
Oregon model.
The manner in which these various sources of a priori informa-tion were used will be discussed specifically by relating to
several of the estimated equations presented in Table IV-3.

The
_2
only stochastic equation of the gross product block having an R
less than .90 is the one for mining (GKMINO), reported as equation
(5).

Despite the relatively poor statistical fit of this equation,

its specification and structural relation to other equations of
the model exemplifies the problems encountered and the methodology
used to construct this block of the model.

An examination of the

transaction matrix constructed for Oregon by Wilkins (1978) revealed that the interindustry demand for mining output was dominated by the stone, clay, and glass products industry (QKSCGO) and
the contract construction industry (GKC0N0).

Perusal of the

covered wage and payroll (ODHR) data revealed that approximately
90 percent of mining earnings were generated from the mining and
quarrying of nonmetallic minerals used in construction and the
making of materials used in construction.

The Directory of Oregon
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Manufacturers revealed that many firms in the stone, clay, and glass
industry are also closely associated with the extraction and processing of nonmetallic minerals.

Most of these firms were relative-

ly small and dispersed widely throughout the state.

From this it

was inferred that mining in Oregon was primarily a nonbasic activity
oriented toward serving a domestic interindustry demand.

Initially,

mining output or gross product was specified as a function of the
output of the stone, clay, and glass products industry and contract
construction to capture this interindustry demand relation.
Wil kins'

transaction table for Oregon gave evidence that firms

within the mining industry purchase from one another, therefore a
lagged dependent variable was also included in the equation to
reflect this intraindustry demand.

Because the estimated parameter

for construct construction was found to be statistically insignificant, this variable was dropped from the equation.

As contract

construction is used to explain the output of stone, clay, and glass
products, it is indirectly related to mining activity in the overall
structure of the gross product block.

Short of devoting consider-

able time to the study of this industry, there was no other apparent basis for improving upon the a priori specification of this
equation.

The trend variable was introduced and was found to im-

prove the statistically explained variation in mining output.

On

the grounds of this admittedly ad hoc procedure, the trend variable
was also included in the equation.
To illustrate the methodology of following the principal
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interindustry linkages within the Oregon economy to specify the
equations of the gross product block, it is appropriate to turn to
a discussion of the output equation for stone, clay, and glass
products given the role of this industry in explaining the output
of mining.

The principal industries purchasing from the stone,

clay, and glass products industry portrayed in Wilkins' transaction table for Oregon are contact construction, food and kindred
products, and lumber and wood products.

From the BEA transaction

table for the national economy, it was inferred that the glass
container and related products component of this industry accounted
for its market relation with the food processing industry.

The

Directory of Oregon Manufacturers disclosed that firms associated
with the production of concrete products, and sand and gravel products, were relatively small and dispersed throughout the state.
Associated with the processing of products from the mining industry, the output of these industries is
tion activity.

primarily used in construc-

Therefore, as depicted by equation (24), the gross

product of the stone, clay, and glass industry was explained by the
output of the food and kindred products and the contract construction industries.

The estimated parameter for the output of lumber

and wood products was insignificant when this variable was included
in the equation.

However, as a proxy for the demand of construction-

related activities, the number of housing starts for the nation
lagged one period was included.

The interindustry linkage speci-

fied in this equation leads to the specification given the output
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equations of the contract construction and food and kindred products industries.
The gross product of the contract construction industry primarily represents investment expenditures within the regional economy.

These expenditures by the business, government, and house-

hold sectors are for plants, office building, roads and highways,
schools, and housing.

It is not surprising that of the major indus-

tries within the Oregon economy the performance of this industry
has been one of the most volatile over the business cycles of the
past several decades.

This volatile performance has occurred as a

result of economic conditions in the nation as well as the state.
Therefore, several national as well as regional exogenous variables
are used to explain the output of contract construction as depicted
by equation (6).

In the absence of available data for residential

investment within the state, the national counterpart of this
variable is used in the equation.

Intending to serve as proxies

for the investment expenditures made by federal and state and
local governments on social infrastructure, the gross product of
these sectors are also included in the equation.

Borrowing from

Glickman (1977, p. 95), a variable intended to serve as a proxy
for credit conditions affecting investment decisions was used to
explain contract construction activity.

This variable was com-

puted as the difference between the Moody bond rate and the rate
on three-month U.S. Treasury Bills for the purpose of representing
the spread between long-term and short-term interest rates.

In
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general, this variable abstracts from the increase in all interest
rates observed over the past decade and a half that has accompanied the rising rate of inflation over this period of time.
Inclusion of this variable contributed in particular to capturing
some of the turning points of this volatile industry.

Based on

its contribution to improving the statistical fit of the equation,
a trend variable was also included in the equation.

In further

work to improve on this model it may be particularly fruitful to
disaggregate contract construction and to separately model the
major industry subgroups that it includes.

Besides explaining the

output of the stone, clay, and glass products industry, elsewhere in
the gross product block contract construction is used to explain
the industry output of fabricated metal products; electrical
machinery, instruments, and related products; retail trade; and
finance, insurance, and real estate.
In its role of processing much of the output of Oregon's agriculture industry, the food and kindred products industry is one of
the leading export industries of the state.

However, much of the

output of this industry is also marketed within the state.

Inspec-

tion of both the state and national transaction tables indicates that
the major purchases from this industry are made by the services and
trade industries and the household sector.

Therefore, in equation

(9), the ratio of national personal income in current dollars to
the price index of food products was used as a proxy of the nation's
demand for food exports from the state to explain the output of food
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and kindred products.

The sum of the gross product of the state's

trade and services industries was included in the equation to
reflect domestic demand.

Introducing state personal income

in this and other equations of the gross product block, to reflect the demand of the household sector regionally, was deliberately avoided.

The rational for this strategy should be explained.

Personal income is estimated in the income block of the model.
Because the equations of this block are determined by those of the
gross product block through the wage and employment block, including personal income as an explanatory variable in the gross product
block would establish a simultaneous relation between almost all
the equations in the model.

Several considerations influenced

the decision in the initial phase of model construction to avoid
developing a very large simultaneous model by establishing a block
recursive structure between the gross product block and the other
blocks of the model.

First, a computer software package capable of

simulating a very large simultaneous equation model was not available when construction of the model was initiated.

Constructing

a block recursive model would permit the simulation of a smaller
set of simultaneous equations included within one block, the results of which could then be used in solving the other blocks of
the model.

Second, not developing a very large simultaneous model

would reduce the cost and render more feasible the estimation of
the parameters of the model using simultaneous equation estimation
procedures, should it be later decided to explore the results
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obtained from using these techniques.

Finally, prescribing a

recursive relation between the equations of the gross product
block and the other blocks of the model facilitates the introduction of a priori information regarding changes in the level of
output of particular industries, and to assess the impact of these
changes through simulation.
Prescribing the block recursive structure and omitting personal income as an argument in the equations of the gross product
block required modification of the interindustry economic base approach to specifying the output equations of certain industries.
To specify equations for the nonbasic industries whose market is
oriented toward serving primarily the household sector, it would
have been most fitting to express their output as a function of
personal income.

However, the underlying determinant of both the

level of personal income and the level of activity of the nonbasic
sectors in the economic base and interindustry models is the level
of activity of the export and exogenously determined sectors.
Therefore, in this model output of nonbasic industries which
serve primarily the household sector is expressed as direct
functions of the basic and exogenously determined sectors.

In

equation (32), for example, the output of retail trade is related
to the output of agriculture, contract construction, and total
manufacturing.

The output of several manufacturing industries,

food and kindred products, for example, are in turn determined
either directly or indirectly by the output of retail trade.
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Accordingly, many equations of the gross product block are
simultaneously related.

In any future work with this model it

may be judged desirable to alter the approach to specifying the
output equations of the nonbasic industries.
The equations of the gross product block discussed thus far
have been selected in order to illustrate the methodology and
a priori information used to specify them individually and their
interrelation collectively.

A discussion of all the equations of

this block in similar terms will be omitted.

However, attention

will be given several other equations of this block either because of the importance of a specific industry or to illustrate
particular problems encountered or procedures used in their specification and estimation.
Lumber and wood products industry is the single largest employer and source of export earnings in the Oregon economy.

In-

spection of the transaction tables for both the Oregon and U.S.
economies reveals that, as may be expected, the contract construction industry is the major purchaser of the output of this industry,
therefore, in equation (16), the output of lumber and wood products
is related to the output of contract construction and the number
of housing starts nationally.

Also, because of the importance of

intraindustry purchases, the gross product of lumber and wood products nationally lagged one period is included in the equation.
This variable was lagged because state industry gross product estimates are constructed from their national counterparts for the same
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period.

The trend variable was also included, which both improved

the statistical fit of the equation and reduced the extent of
serial correlation.

Though these results may be spurious, perhaps

the trend variable effectively serves as a reasonable proxy for
other variables excluded from the equation.

Over the past several

decades Oregon's relative contribution to the total output of the
nation's lumber and wood products industry has been declining.
To entertain one interpretation, this trend may be reflected in
the equation by the negative sign of the estimated parameter associated with the trend variable.

In further work attention may be

given to an explicit treatment of international export demand for
Oregon's timber products as well as declining supplies of timber
resources in Oregon.
Dummy variables were introduced in estimating several equations
of the gross product block to allow a change in the estimated
intercept parameters.

As explained in discussing the gross state

product data, the instruments and related products industry and
the electrical machinery industry were combined because of a change
in the SIC which mutually affected the two.

When combined, these

two industries follow lumber and wood products and food and kindred products with respect to the importance of their contribution
to total manufacturing output.

A dummy variable was included in

both equations to incorporate prior information on the effect of the
SIC change.

While the dummy variable was very significant in the
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two equations, the statistical fits obtained were disappointing.
Because the specification of both equations was very similar as
a result of the importance of the element common to the two industries arising from the SIC change, the output of the two industries was combined and explained in one equation (21).
Dummy variables were introduced and retained in the output
equations estimated for two industries.

In 1978 output and em-

ployment in the paper and allied products industry was curtailed
because of a labor strike.

Therefore in equation (11), the output

of the industry is specified as a function of a dummy variable which
allows for a change in the estimated intercept parameter to incorporate prior information of the occurrence of this strike.

In

equation (22), the output of the transportation equipment excluding motor vehicles industry is expressed as a function of a dummy
variable.

A marked increase in the output and employment of this

industry occurred following 1965.

Though no explanation of this

discontinuous change can be offered here, when included in the
equation the dummy variable was significant and contributed to a
statistical explanation of this phenomenon.
The Average Wage and Price Block
For this model average wages are defined as the ratio of total
annual wages and salaries in current dollars divided by total
average annual employment.

Given this definition, average wages

are derived from and therefore consistent with the employment and
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income data used to estimate the employment and income blocks.
Because variables within this block both determine and are determined by variables endogenous to the employment and income
blocks, the average wage block is pivotal in the structure of the
overall model.

In the employment block, as a measure for the

price of labor, average wages are used as arguments to explain
the demand for labor as a factor of production.

In the income

block, the product of estimated average wages and employment determine an estimate for total wage and salary earnings in the
Oregon economy.
The average wage block contains 14 equations of which 12
are stochastic and 2 are identities.

Eleven of the stochastic

equations explain the average wage of major industry groups.
Average wages in the manufacturing sector and in transportation,
communication, and public utilities are explained at a higher
level of industry aggregation than either gross product or employment.

The remaining stochastic equation estimates an index for

regional consumer prices as measured by the consumer prices index
for the Portland SMSA.
Average Wage and Price Data
The availability of price data on subnational levels is
very limited.

For most large Standard Metropolitan Statis-

tical Areas (SMSA's), a consumer price index (CPI) is constructed from survey data by the Bureau of Labor Statistics (BLS).
Therefore, as a proxy for the CPI of the state, the CPI
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(1972 = 100) of the Portland SMSA is used.

The average wage

estimates used in this model are constructed primarily from
regional income and employment data reported by BEA.

The BEA

employment data were augmented by data made available from the
Oregon Department of Human Resources.

Regional wage data in the

form of average hourly and average weekly earnings for production
workers on manufacturing payrolls are also published by BLS.
However, the earnings and employment data reported by BLS are not
necessarily comparable to that reported by BEA.

In the interest of

maintaining some consistency of measurement for the system of income and employment accounts of the model, only BEA data were
used developing measures for the average wage variables endogenous
to this block.

However, BLS average wage data were used as mea-

sures for several exogenous national variables employed in this
block.
Specification and Estimation of the
Average Wage and Price Block
The estimated equations of the average wage and price block
to which specific reference will be made in this section are reported in Table IV-4.

A somewhat arbitrary determination must

be made as to the level of aggregation that may be appropriate for
explaining average wages.

To the extent average wages reflect

the price of labor, it would be more appropriate if these prices
were in accordance with a labor classification relating to homogeneous occupational skills rather than the industry classifications
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Ordinary Least Square Estimates And
Identities of the Price and Average
Wage Block

1. Mining (AWCMINO)
Variable

Coefficient

t-Statistic

Constant
AWCMANO

.131605
1.09235

.9012
73.5959

R2= .9967

SE = .21836

DW 1.5233

2. Contract Construction (AWCCONO)
Variable
Constant
WECCONU
PICPI20
AWCCONO(-l)
R2= .9962

Coefficient
-.211180
.014285
4.38712
.311231
SE = .20918

t-Statistic
-.9706
2.6421
4.4720
1.6107
DW = 1.2630

3. Manufacturing (AWCMANO)
AWCMANO = [AWCMNDO(ECMNDO) + AWCLWP0(ECLWP0)+ AWCODUO(ECODUO)]/
ECMANO
4. Nondurable Manufacturing (AWCMNDO)
Variable

Coefficient

Constant
WECMNDU
PICPI20
RUNEMO

-.469672
.049658
1.56886
.071929

R2= .9997

SE = .05675

t-Statistic
-7.0813
2.04469
4.7249
7.5436
DW = 1.2221

5. Lumber and Wood Products (AWCLWPO)
Variable

Coefficient

Constant
WECLWPU
PICPI20
RUNEMO

-.570066
.070102
1.00114
-.016091

R2= .9997

SE .06793

t-Statistic
-5.6294
26.6779
2.5807
-1.4345
DW = 2.0705
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6. Other Durable Manufacturing (AWCODUO)
Variable

Coefficient

Constant
WECMDUU
MINWU
PICPI20
RUNEMO

-.593244
.031178
.510816
3.39123
.082946

-3.7844
7.0146
1.4721
3.8594
3.9969

R2= .9986

SE = .12549

DW = .9259

7.

t-Statistic

Transportation, Communication, and Public Utilities (AWCTPUO)

Variable
Constant
AWCMANO
AWCTPUO(-l)
R2= .9992

Coefficient
-.173261
.579379
.539379

t-Statistic
-1.3396
3.0600
2.8479

SE = .11643

DW = 1.5456

Coefficient

t-Statistic

8. Wholesale Trace (AWCWHTO)
Variable
Constant
RUNEMO
AWCWHTO(-l)
R2= .9980

-.289726
-.045942
1.12547

-2.1246
-1.8405
77.8117

SE = .14838

DW = 2.3397

Variable

Coefficient

t-Statistic

Constant
AWCMANO

1.58938
.415402

R2- .9984

SE = .05765

9. Retail Trade (AWCRETO)
41.2261
106.0110
DW = 1.1505

10. Finance, Insurance, and Real Estate (AWFIRO)
Variable
Constant
AWCMANO(-l)
MINWU
AWCFIRO(-l)
R2= .9981

Coefficient
-.038728
.268650
.,371704
1635473
SE = .09987

t-Statistic
-.1493
2.1858
1.5135
3.3248
DW = 2.2176
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11. Business Services (AWCBSVO)
Variable
Constant
AWCMANO
PICPI20
AWCBSVO(-l)

R2- .9993

Coefficient
-.435712
.132736
696008
.550296
SE = .04203

t-Statistic
-7.6909
1.8991
2.1974
3.3912
DW = .9540

12. Professional, Social, and Related Services (AWCPSRO)
Variable

Coefficient

Constant
AWCMANO

-.298613
.674250

R2= .9984

SE = .09453

t-Statistic
-4.7235
104.9330
DW = 1.2814

13. Unit Labor Costs, Private Nonfarm Sector (ULCPNAFO)
ULCPNAFO = WCPNAFO/QKPNAFO
14. Consumer Price Index, Portland, 1972=100 (PICPI20)
Variable
Constant
PICPI2U-PICPI2U(-1)
ULCPNAFO-ULCPNAFO(-l)
PICPI20(-1)
YR
R2= .9996

Coefficient
.107256
.950507
1.09950
.001336
-.002848
SE = .00688

t-Statistic
2.3703
9.2944
57.7745
2.1972
-3.5495
DW = 1.5127
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for which wage and salary data are reported by BEA used in this and
other regional models.

In his Philadelphia model, Glickman (1977)

estimated an average wage equation for only two highly aggregated
sectors, manufacturing and nonmanufacturing.

On the other hand,

he chose to use separate equations to explain employment for eleven
manufacturing industries.

Recalling that total wages and salaries

are determined in the model as the product of average wages and employment, the disparity between the levels of aggregation used by
Glickman to explain average wages and employment appears inappropriate, if only as a matter of empirical concern.

In an attempt to

strike some balance between the levels of aggregation of the average
wage and employment blocks of this model, average wage equations of
11 sectors are estimated to attend the 25 industry employment equations estimated.

In the Oregon economy, roughly 20-25 percent of

total manufacturing wages and salaries are received in the nondurable products industries, 35-43 percent are received in the
lumber and wood products industry, and the remainder are received
in the other durable products industries.

To highlight empirically

the importance of the lumber and wood products industry, average
wages in manufacturing were explained according to these three
classifications.

Further study may suggest alternative classifica-

tions more suitable.

The transportation, communication, and

electricity, gas, and sanitary services industries were aggregated to estimate their average wage in one equation.

Average wages
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of the other nonmanufacturing industries were estimated at the
same level of aggregation used in estimating their output and
employment.

An average wage equation was not estimated for

the agricultural services, forestry, and fisheries industry because consistent time-series employment data were not available
for this industry.

An explanation of the problems encountered

specifically relating to employment data will follow in the section discussing the employment block.
Several different assumptions underly the specification given
the average wage equations of this model.

Glickman (1977) in his

Philadelphia model explained the average wages of both manufacturing and nonmanufacturing using their national counterparts, regional
unemployment, and a lagged endogenous variable.

The national vari-

ables were used based on the assumption that the labor supply of
both sectors are part of a national market.

Therefore, labor

prices regionally must remain competitive with those elsewhere in
the nation.

Some regional labor prices, it can also be added, may

be established by labor contracts negotiated nationally.

Follow-

ing these assumptions, in this model the average wages of four
sectors were determined by the national counterpart:

contract

construction, equation (2); nondurable manufacturing (4); lumber
and wood products (5); and other durable manufacturing (6).

Assum-

ing that local labor market conditions also affect the average
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wage of these sectors, they were also specified as a function of the
unemployment rate of the state and the Portland area CPI.

This

follows a Phillips Curve type specification (Ratajczak, 1974, p. 60),
from which a negative sign is expected a priori of the estimated
parameter for the unemployment rate variable.

Though the sign for

this parameter was negative in the lumber and wood products equation,
it was positive and statistically very significant in the equations
estimated for nondurable manufacturing and other durable manufacturing.

This result may be a consequence of an error in specifi-

cation that bears further examination, perhaps relating to the level
of aggregation or to the phenomena of stagflation.

The unemployment

rate variable was insignificant when included in the average wage
equation for contract construction and was therefore omitted.

The

estimated coefficient for the cost of living variable was positive
and statistically significant in all four of these average wage
equations.

This is consistent with the a priori assumption that

labor's nominal wage demands and expectations are influenced by
the level of nominal consumer prices.

A lagged dependent variable

was also initially included in the estimation of these equations.
The estimated parameter for this variable was marginally significant in the average wage equation for contract construction and
insignificant in the other three.

Because average wages for the

other durable manufacturing industries were observed to be low
relative to other sectors, the minimum wage was included in the
equation (6) for this sector.

It may be noted that the statistical
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significance of the estimated parameter for this variable is very
marginal.
The specification given the other average wages equations of
this block was guided by the approach used by Adams, Brookings,
and Glickman (1975) in constructing a model for Georgia.

As in

Glickman's Philadelphia model, average wages equations were estimated for only manufacturing and nonmanufacturing, a level of high
aggregation.

However, nonmanufacturing average wages were not con-

sidered to be directly determined by national labor market conditions, and therefore they were not specified as a function of
their national counterpart.

However, they were expressed as a

function of the average wages of the manufacturing sector.

Thus,

national labor market conditions are transmitted to the nonmanufacturing sector indirectly through the manufacturing sector.
Alternatively, this may be characterized as a variant of the economic base approach, where average wages of the basic sector determines the average wage of the nonbasic sector.

Given the high

level of aggregation of average wages in the Georgia model, this
approach was convenient to implement.

In this model stochastic

equations were used to explain the average wages of three major
manufacturing subgroups.

Therefore, to estimate the average wages

for all of manufacturing,identity equation (3) is used which computes the weighted sum of the estimated average wages for the three
manufacturing subgroups:

nondurable manufacturing, lumber and wood

products, and other durable manufacturing.

This estimate of
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manufacturing average wages is then used in equations (1), (7),
(9), (10), (11), and (12), to explain those sectors whose average
wage is considered to be determined principally by regional labor
market conditions.

Other variables reflecting regional labor mar-

ket conditions, such as the rate of unemployment, the level of
consumer prices, and the lagged dependent variable were also included in these equations if their estimated parameters were at
least marginally significant statistically.

Also, if marginally sig-

nificant, the minimum wage variable was included in the average wage
equations of those sectors whose average wages were comparatively
low.
The remaining stochastic equation of this block to be discussed
is equation (14), which explains the level of regional consumer
prices as measured by the Portland CPI.

Borrowing from Glickman

(1977), three variables were initially selected to include in this
equation:

the national CPI, unit labor costs, and the dependent vari-

able lagged one period.

The unit labor cost variable is determined

in equation (13), as the ratio of total current dollar private nonfarm wages and salaries to total constant dollar private nonfarm
gross product.

Glickman's consumer price equation was formulated in

first differences and an identity was used to convert the change in
price to an index of absolute magnitude.

With or without using the

first difference formulation, multi coll i nearity resulted in either perverse or insignificant parameter estimates for some of the variables
selected for inclusion.

Formulating the equation in absolute terms
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for the dependent and lagged dependent variable, and in first differences for the national CPI and labor cost variables, resulted in
an estimated equation having a very close statistical fit, improved
further by the inclusion of the trend variable.
The Employment Block
The employment block contains 37 equations of which 28 are
stochastic, 8 are identities, and one which introduces Oregon population as exogenous.

The level of aggregation used to explain indus-

try employment is the same as that used to explain industry output.
In general, the industry employment equations are intended to express labor demand relations.

Also, included in this block are

equations to explain the level and rate of unemployment for the
Oregon economy.
Employment Data
Purportedly, employment is the best and most widely documented
time series measure of regional economic activity available.
Nevertheless, there are innumerable problems that may be confronted
when using employment data for regional econometric modeling.

For

example, at least four different time series measures for Oregon
employment have been encountered in this research.

Several of

these measures of employment are derived, in part, from the other
data series.

An examination of the different measures of Oregon

employment reveal that they are neither necessarily comparable to
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one another nor necessarily consistent in themselves historically.
The use of employment data available from BEA for estimating
this block were preferred because they are intended to complement
the BEA wage and income data used elsewhere in the model.

How-

ever, BEA wage and income data are available from 1958, whereas
BEA employment data are available only from 1967.

In using the

highly disaggregated unpublished employment data made available
from the Division of Economic Research of the Oregon Department of
Human Resources (ODHA), it was possible to compose a more aggregated employment data series from 1960 to 1972 which compares
favorably to the BEA data for those years in which the series overlap.

These composed employment data were used to augment the BEA

data series for the years 1960 to 1966 and where BEA data were
selectively deleted to avoid discosure of confidential information.
It was not possible, however, to compose a comparable data series
for the agriculture and the agriculture services, forestry, and
fisheries industries.

Consequently, employment equations for these

industries were not specified and their wages and salaries are
treated as exogenous in the income block.
Specification and Estimation of the
Employment Block
The estimated equations of the employment block to which reference will be made in this section are reported in Table IV-5.

The

approach used to specify these equations was guided by that used
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Ordinary Least Square Estimates And Identities
of the Employment Block

1. Total Private Nonfarm Employment (ECPNAFO)
ECPNAFO = ECMINO + ECCONO + ECMANO + ECTPUO + ECWHTO + ECRETO
+ ECFIRO + ECBSVO + ECPSRO
2. Mining (ECMINO)
Variable
Constant
GKMINO
AWCMINO/PDMINU
QKSCGO
R2= .9775

Coefficient
735.753
.309866
-101.837
.008854
SE = 44.280

t-Statistic
7.6848
12.0961
-9.6456
5.8627
DW = 1.1629

3. Contract Constuction (ECCONO)
Variable
Constant
GKCONO
ECCONO(-l)
AWCCONO/PDCONU
YR
IKRESU
R2= .9949

Coefficient
36267.7
.045398
.347073
-2377.40
-234.439
59.5701
SE = 507.831

t-Statistic
4.5623
11.6409
4.8757
-7.0754
-3.0074
1.9067
DW = 2.2440

4. Manufacturing (ECMANO)
ECMANO = ECMNDO + ECMDUO
5. Nondurable Manufacturing (ECMNDO)
ECMNDO = ECFKPO + ECTAPO + ECPAPO + ECPPNO + ECCHMO + ECPRLO
6. Food and Kindred Products (ECFKPO)
Variable
Constant
QKFKPO
ECFKPO(-l)
YCPAIU/PIFODU
R = .8855

Coefficient

t-Statistic

11465.5
.018015
.472257
.010812

3.8420
2.0607
2.7545
2.4195

SE = 506.477

DW = 1.9484
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7. Textile, Apparel, and Allied Products (ECTAPO)
Variable
Coefficient
Constant
QKTAPO

.024112
4342.77

R2= .5539

SE = 213.403

t-Statistic
4.8323
18.9730
DW = 1.0903

8. Paper and Allied Products (ECPAPO)
Variable
Constant
QKPAPO
ECPAPO(-l)
AWCMNDU/PDMNDU
YR
DPAPO
R2= .9773

Coefficient
-1526.28
.009433
.737239
-706.113
114.773
-1055.50
SE = 162.151

t-Statistic
-0.7092
1.9287
7.1252
-2.5710
2.0579
-5.2969
DW = 1.0810

9. Printing and Publishing (ECPPNO)
Variable

Coefficinet

t-Statistic

Constant
QKPPNO
ECPPNO(-l)

224.393
.025375
.660611

1.2274
5.9546
8.4851

R2= .9942

SE = 106.372

DW - 1.5353

10. Chemical and Allied Products (ECCHMO)
Variable
Constant
QKCHMO
ECCHMO(-l)
AWCMNDO/PDMNDU
R2= .9465

Coefficient
2192.12
.049267
.235299
-333.122
SE = 60.231

t-Statistic
5.8218
5.3290
2.9249
-4.7391
DW = 1.9946

11. Petroleum, Rubber, Leather and Related Products (ECPRLO)
Variable
Constant
QKPRLO
ECPRLO(-l)
AWCMNDO/PDMNDU

Coefficient

t-Statistic

647.562
.045594
.224755
647.562

2.1840
7.9661
2.1778
1.5410
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11. Petroleum, Rubber, Leather and Related Products (Continued)
R2= .9931

SE = 66.994

DE = 1.6627

12. Durable Manufacturing (ECMDUO)
ECMDUO = ECLWPO + ECODUO
13. Lumber and Wood Products (ECLWPO)
Variable
Constant
QKLWPO
AWCLWPO/PDLWPU
R2 = .7805

Coefficient

t-Statistic

71272.6
.020955
-2520.94

18.6953
7.7191
-4.1017

SE = 2050.779

DW = 1.090

14. Other Durable Manufacturing
ECODUO = ECFFDO + ECPRMO + ECFRMO + ECMNEO + ECEMIO + ECTREO
+ ECMOTO + ECSCGO + ECMMNO
15. Furniture and Futures (ECFFDO)
Variable
Constant
QKFFDO
ECFFDO(-l)
AWCODUO/PDODUU
R2= .9447

Coefficient
2817.16
.100801
.482732
-469.499
SE = 122.587

t-Statistic
8.3220
9.0772
6.3475
-7.7663
DW = 2.6118

16. Primary Metal Industries (ECPRMO)
Variable
Constant
QKPRMO
AWCODUO/PDODUU
YR
R2= .9846

Coefficient
-2954.50
.052507
-1379.91
232.881
SE = 206.220

t-Statistic
-2.2414
8.9802
-4.4951
5.4601
DW = 1.8023

17. Fabricated Metal Products (ECFRMO)
Variable

Coefficient

Constant

-7826.23

t-Statistic
-3.1613
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17. Fabricated Metal Products (Continued)
Variable
QKFRMO
ECFRMO(-l)
YR
GKCONO

Coefficient
.029500
.338374
128.039
.002560

t-Statistic
3.1300
3.3581
3.0235
2.2898

"R2= .9936

SE = 207.538

DW = 1.4492

18. Machinery Except Electrical (ECMNEO)
Variable

Coefficient

Constant
QKMNEO
ECMNEO(-l)
YR

5415.237
.052777
.222318
-83.0688

R2= .9954

SE = 232.619

t-Statistic
2.0393
14.0074
2.7162
-1.7033
DW = 1.7889

19. Electrical Machinery, Instruments and Related Products (ECEMIO)
Variable

Coefficient

Constant
QKEMIO
ECEMIO(-l)
YR

11056.6
.051619
.340653
-147.980

R2= .9912

SE 519.314

t-Statistic
2.2682
10.1959
2.9780
-1.7453
DW - 1.5313

20. Transportation Equipment, Excluding Motor Vehicles (ECTREO)
Variable
Constant
OKTREO
AWCODUO/PDODUU
YR
R2= .9378

Coefficient
-5252.71
.072120
-1419.27
260.150
SE = 414.016

t-Statistic
-2.8865
8.7850
-2.4627
2.9729
DW = 1.8310

21. Motor Vehicles and Motor Vehicle Equipment (ECMOTO)
Variable

Coefficient

t-Statistic

Constant
QKMOTO

6043.03
.027871

2.9550
6.9598
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21. Motor Vehicles and Motor Vechicle Equipment (Continued)
Variable
ECMOTO (-1)
AWCODUO/PDODUU
YR
R2= .9564

Coefficient
.346461
935.994
-203.227
SE = 244.5570

t-Statistic
2.9880
2.9769
-3.6794
DW = 1.3274

22. Stone, Clay, and Glass (ECSCGO)
Variable

Coefficient

Constant
QKSCGO
ECSCGO(-l)

966.301
.029805
.242987

R2= .9778

SE = 61.792

t-Statistic
5.7604
11.6682
2.9416
DW = 2.2927

23. Miscellaneous Manufacturing (ECMMNO)
Variable

Coefficient

t-Statistic

Constant
QKMMNO
ECMMNO(-l)

324.383
.010770
.735585

2.4396
1.1764
5.2745

"R2= .9048

SE = 117.403

DW = 2.2013

24. Transportation, Communication, and Public Utilities (ECTPUO)
ECTPUO = ECCOMO + ECTRNO + ECEGSO
25. Transportation (ECTRNO)
Variable
Constant
QKTRNO
ECTRNO(-l)
AWCTPUO/PDTPUU

Coefficient

'R2= .9727

SE = 370.842

DW = 1.6138

Coefficient
13924.4

t-Statistic
2.5314

13893.6
.032867
.393967
-1237.26

t-Statistic
6.6928
9.0960
4.1460
-5.0315

26. Communication (ECCOMO)
Variable
Constant
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26. Communication (Continued)
Variable
QKCOMD
ECCOMO(-l)
AWCTPUO/PDTPUO
YR
R2= .9822

Coefficient
.009194
.655876
1034.87
-325.284
SE = 258.719

t-Statistic
4.2101
3.5062
2.2827
-2.2047
DW = 1.1432

27. Electric, Gas, and Sanitary Services (ECEGSO)
Variable
Constant
QKEGSO
ECEGSO(-l)
AWCTPUO/PDTPUU
YR

R2= .9351

Coefficient
10195.3
.012634
.215963
138.579
-135.986

t-Statistic
3.4432
2.5146
1.7972
3.9185
-2.9175

SE = 138.742

DW = 2.2876

Coefficient

t-Statistic

28. Wholesale Trade (ECWHTO)

Variable
Constant
GKWHTO
ECWHTO(-l)
AWCWHTO/PDWHTU
R2= .9932

17316.3
.023927
.585951
-2034.67

3.3025
4.3505
4.6754
-3.1685

SE = 872.5863

DW = 1.3083

Coefficient

t-Statistic

29. Retail Trade (ECRETO)
Variable
Constant
GKRETO
ECRETO(-l)
AWCRETO/PDRETU
YR
R2= .9982

3625.09
.054979
.302823
-7510.52
829.425
SE - 1366.763

0.1273
7.1449
2.7928
-2.4392
2.4791
DW = 2.6114

30. Finance, Insurance, and Real Estate (ECFIRO)
Variable

Coefficient

Constant

-18642.5

t-Statistic
-2.0020
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30. Finance, Insurance, and Real Estate (Continued)
Variable

Coefficient

t-Statistic

GKFIRO
ECFIRO(-l)
YR

.009626
.428672
377.237

5.7948
2.7050
2.0168

R2= .9967

SE = 606.276

DW = 1.5976

31. Business Services (ECBSVO)
Variable

Coefficient

Constant
GKBSVO
YR

5876.89
.067849
418.108

R2= ,9954

SE = 602.423

t-Statistic
1.4551
13.9697
4.9570
DW = 1.1178

32. Professional, Social, and Related Services (ECPSRO)
Variable

Coefficient

Constant
GKPSRO
YR

-67725.7
.078895
1114.33

R2= .9974

SE = 1231.46

t-Statistic
4.1711
11.7957
4.1711
DW = 2.3693

33. Total Adjusted Employment (ECTADO)
Variable

Coefficient

Constant
ECPNAFO
DTADO

147.788
.001232
-43.2249

R2= .9953

SE = 9.8291

t-Statistic
9.4271
39.9995
-5.7843
DW = 1.6882

34. Total Unemployment (ECUNMO)
Variable

Constant
ECUNMU
DCPOPO
ECPNAFO
QKPNAFO-QKPNAFO(-l)
ECUNMO(-l)
R2= .9988

Coefficient

-184.354
.006337
.16003
-.000225
-.000016
.338045
SE = 2.45276

t-Statistic
-6.5077
6.3550
5.9329
-4.9092
-5.6271
3.4220
DW = 2.4236
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35. Total Civilian Labor Force (DCCLFO)
DCCLFO = ECUNMO + ECTADO
36. Percent of Labor Force Unemployed (RUNEMO)
RUNEMO = (ECUNMO/DCCLFO) 100
37. Population, Oregon (DCPOPO)
DCPOPO = Exogenous

168

by Glickman (1977) and Adams, Brookings, and Glickman (1975).
Glickman specified industry employment as a simple linear function
of the industry output, the lagged dependent variable, time, and,
if statistically significant, the output of market-related industries.

Glickman characterized this specification as:

"The general-

ized form of ... an inverse production function (labor demand
function)" (Glickman, 1977, p. 86).

Adams et al. attempted to de-

velop a theoretically more rigorous specification for the employment
equations of their model for Mississippi using the labor demand
function derived from a CES production function assuming conditions
of profit maximization.

The derivation of this function is de-

scribed explicitly by Brookings (1975, pp. 70-71).
employment is expressed

Therefore,

as a log-linear function of industry

output, time as a proxy for technological change, the lagged dependent variable to allow for gradual adjustment to changes in output,
and the ratio of average wages to the national implicit price deflator for the industry.

The price deflator serves as a proxy

for the price of the industry product.

The differences between the

two approaches lay with the functional form that is used, the inclusion of an average wage to output price ratio variable by
Adams et al., and the inclusion of variables depicting interindustry demand relations by Glickman.

In specifying the employ-

ment equations of this model, features of both approaches were
incorporated.
Given that the employment equations of the Mississippi model
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developed by Adams et al. were specified as factor demand functions derived from a CES production function, it was theoretically
appropriate to estimate these equations using the log-linear
functional form.

Though similar arguments were used to specify

the employment equations of this model as those of the Mississippi
model, the simple linear form was used.

As was the case in speci-

fying the equations of other blocks of this model, the major consideration underlying the choice of functional form in this
phase of model construction was ease and simplicity.

Certainly,

the log-linear form which may be theoretically more appropriate for specifying the employment equations of this block.
However, to have elected to use the log-linear form for the
equations of this block would have resulted in a mix of functional forms in the overall model.

If it were possible, simulat-

ing models containing equations of different functional forms
would require the construction of a myriad of transformation identities.

Also, to estimate the model using simultaneous equation tech-

niques would be difficult, should this be given future consideration.
Another consideration as to the choice of functional form is the
difference in the empirical results that may be obtained.

No

tests have been conducted to compare the results from estimating
a regional model using a simple linear vs. log-linear specification for the equations.

As an exploratory experiment, several

employment equations were estimated using both a simple linear and
log-linear specification.

To determine if there was a significant
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empirical difference between the results obtained from the two
functional forms, the test proposed by Box and Cox (1967) and reported by Rao and Miller (1971, pp. 108-109) was conducted.

This

test involves standardizing the dependent variable in estimating
the two equations so that their residual sum of squares may be
directly compared.

The results obtained from conducting these

tests, the details of which will not be presented here, provided
no clear evidence that one functional was empirically more appropriate than the other.

These tests were not extensive, and there-

fore the findings they suggest are certainly not conclusive.
Similar to Adams et al., a variable representing the ratio of
factor price to product price was used to specify the employment
or labor demand equations of this block.

Using the same proce-

dure as Adams e,t al., this ratio variable was formed by dividing
average wages by an implicit price deflator.

Theory would suggest

a negative sign for the estimated parameter of this variable in
a labor demand equation.

As the average wage or reciprocal of

product price goes up, for instance, the quantity of labor demanded
may be expected to go down.

However, it should be recalled that

the average wage variable is expressed as the ratio of total wages
to employment.

To regress this expression for factor price

against the related concurrent quantity from which it was constructed may result in a spurious correlation.

As a means of avoid-

ing introducing this spurious correlation, consideration was given
to lagging the average wage to product price ratio variable in
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specifying the employment equations of this model.

The theoreti-

cal rationale for this lagged specification is weak, however, and
it was not used.

There exists, therefore, possible spurious corre-

lation resulting from the inclusion of the average wage to product
price ratio variable in the equations of this model and the model
constructed by Adams et al., which should be explicitly
acknowledged.
Following Glickman, the employment of several industries was
also specified as a function of the variables used to explain industry output when their inclusion improved statistically the
explanatory power of an equation.

It should be noted that the

variables would otherwise appear in the reduced form employment
equations.

In summary, the explanatory variables considered as

candidates for inclusion in the employment equations are:

(1)

industry output or gross product; (2) time; (3) the ratio of average wage to product price; (4) the lagged dependent variable; and
(5) variables explaining industry output.
The stochastic and identity equations for industry employment
are represented by equations (1) through (32) of Table IV-5.

In-

dustry output is an explanatory variable in all twenty-six stochastic equations for industry employment, and the estimated parameter
for this variable is generally very significant statistically.
The time variable was significant and therefore included in 14 of
the 26 stochastic equations.

For 8 of these 14 equations, however,

the estimated parameter for the time variable was positive.

These

172

results are contrary to the a priori expectation usually associated
with this variable as a proxy for productivity change.

Productivity

change is generally assumed to be the result of labor-saving
technological change, and therefore relative to this productivity
change employment is expected to fall.

The estimated parameter

for the average wage-to-product price ratio variable was significant in 15 of the 26 industry employment equations.

Contrary to

a priori expectations the estimated parameter for this variable
was positive in 4 of the 15 equations, specifically equations (11),
(21), (26), and (27).

These results may be a consequence of some

misspecification, for the average to product price ratio variable
in these four equations is more aggregated than the dependent
variables.

The estimated parameter for the average wage-to-product

price ratio variable was negative in the five equations in which
it was significant and where its level of aggregation corresponded
with that of the dependent variable.

This result supports the

suggestion that the difference in aggregation may introduce serious
specification error in those equations where the sign of the estimated parameter for this variable is positive.

Perhaps a further

disaggregation of the average wage block should be explored to
assess whether the misspecification of this variable in these
equations is empirically significant.

Adams et al. suggest that

where they found this average wage-to-product price variable to
be not significant is "... perhaps a reflection of technological
constraints which precludes significant reductions in the use of
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labor as wages rise" (Adams et al., 1975, p. 290).
In five of the stochastic equations of this block, industry
employment was specified as a function of variables used to also
explain industry output.

Equation (3) of Table IV-5 for contract

construction is an example.

The level of real investment in resi-

dential construction (IKRESU) is used in explaining both the
output and the employment of contract construction.

Indeed,

this particular equation contains all categories of explanatory
variables considered as candidates for inclusion in the industry
employment equations.

The same dummy variable used to explain the

discontinuous change in the output of the paper and allied products was also used to explain the corresponding discontinuous
change in the level of employment of this industry, as may be
noted in equation (8).
The equations of the employment block whose specifications
remain to be discussed are (33) to (37).

These equations explain

measures for total employment, total unemployment, and the unemployment rate of the Oregon economy.

Were the model to be ex-

panded, it would be appropriate to include these equations in a
separate demographic block.

Equation (33) is a linking or con-

version equation which relates the total level of employment in
the Oregon economy (ECTADO) as measured (adjusted) by the Bureau
of Labor Statistics (BLS) to total private nonfarm wage and
salary employment as measured by BEA and as estimated by identity
equation (1).

A dummy variable is included in this linking
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equation to capture a discontinuous change in the methodology used
by BLS for measuring total Oregon employment following 1969.

The

level of unemployment (ECUNMO) as measured by BLS is estimated
directly in equation (34).

The specification of this equation

was again guided by that used by Glickman (1977) and Adams et al.
(1975) for similar equations.

The national level of unemployment

is used as an explanatory variable to reflect the influence of
national labor market conditions.

The level of Oregon population

is included as a proxy for the impact on unemployment levels of
the growth of the regional labor force.

The level of private

nonfarm wage and salary employment is intended to serve as a
proxy for the number of jobs available, and the change in total
private nonfarm gross product is included to reflect the change
in the overall level of demand for labor as a factor of production,
A lagged endogenous variable is also included in the equation.
The total civilian labor force of Oregon as measured by BLS is
estimated as the sum of total employment and total unemployment
and stated as an identity in equation (35).

Finally, in equation

(36) the rate of unemployment is determined also by an identity
as the ratio of total unemployment to the total civilian labor
force.

In the models constructed by Glickman and Adams et al.,

the procedure used to estimate the level and the rate of unemployment was reversed from that outlined above.

That is, the

unemployment rate was first estimated directly with a stochastic
equation, then the absolute level of unemployment was estimated

175

indirectly using identity equations.

Though this procedure was ex-

plored, better fitting equations and empirical results were obtained by reversing the procedure they used.
The Income Block
The income block contains five stochastic equations and three
identity equations which are reported in Table IV-6.

Numbered

reference to these equations in this section pertain to this
table.

As an accounting measure, personal income is the sum of

wage and salary dispersements, other labor income, property income,
and transfer payments less contributions for social insurance.

The

determination of personal income in this block completes the construction of the essential core of an econometric model for
Oregon.
Income Data
As with the other blocks of this model, the principal source
of data used to estimate the income block were tables obtained
directly from the Bureau of Economic Analysis.

The employment, and

wage and salary data have been previously discussed.

The data for

the other components of the personal income block are more relevant for completing the derivation of an accounting measure for
regional personal income, than for identifying variables that may
lend themselves to some relevant a priori explanation.

The data

for the various components of personal income are measured in
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TABLE IV-6.

Ordinary Least Square Estimates And
Identities of the Personal Income Block

1. Total Personal Income (YCTOTO)
YCTOTO = WCTOTO + 0CT0T0 + XCTOTO + YCDIRO + YCTRPO
- YCCSIO + YCRADO
2. Total Wages and Salaries (WCTOTO)
WCTOTO = WCAGRO + WCAFFO + WCPNAFO + WCFEDO + WCSLGO
3. Wages and Salaries, Agriculture, Agricultural Sciences, Forestry,
and Fisheries (WCAGRO + WCAFFO)
WCAGRO * WCAFFO = Exogenous
4. Wages and Salaries, Private Nonfarm (WCPNAFO)
WCPNAFO =
+
+
+

(ECMINO)(AWCMINO)
(ECLWP0)(AWCLWP0)
(ECWHT0)(AWCWHT0)
(ECBSV0)(AWCBSV0)

+
+
+
+

(ECCONO)(AWCCONO) + (ECMND0)(AWCMND0)
(ECODUO)(AWCODUO) + (ECTPU0)(AWCTPU0)
(ECRETO)(AWCRETO) + (ECFIR0)(AWCFIR0)
(ECPSR0)(AWCPSR0)

5. Wages and Salaries, Federal Government and State and Local
Government (WCFEDO + WCSLGO)
WCFEDO + WCSLGO = Exogenous
6. Other Labor Income (OCTOTO)
Variable

Coefficient

Constant
WCPNAFO
DOCOLI
YR

857424.
.185749
162237.
-19227.6

R2= .9987

SE = 16266.7

t-Statistic
6.3594
26.6308
6.8759
-8.1894
DW = 1.2463

7. Total Proprietors' Income (XCTOTO)
XCTOTO = XCAGRO + XCAFFO + XCPNAFO
8. Proprietors' Income, Agriculture, Agricultural Service, Forestry
and Fisheries (XCAGRO + XCAFFO)
XCAGRO + XCAFFO = Exogenous
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TABLE IV-6.

CONTINUED

9. Proprietors' Income, Private Nonfarm (XCPNAFO)
Variable

Coefficient

Constant
XCPNAFO
WCPNAFO
YR
R 2 = 9956

777672.
16.1288
.047276
-16182.4
SE = 21025.4

10. Dividends, Interest, Rents and Royalties (YCDIRO)
Variables
Coefficient
Constant
YCDIRU
YCDIRO(-l)
YR
R2= .9995

437538.
4.38656
.847537
-9397.11
SE = 17343.1

t-Statistic
9431
3311
4185
-7.5668
DW = 2.1565
t-Statistic
2.7597
3.3699
8.1097
-3.2870
DW = 1.5826

11. Total Transfer Payments (YCTRPO)
Variable

Coefficient

Constant
YCTRPU
YCTRPO(-l)
YR

479181.
10.7898
.147710
-8237.02

R2= .9996

SE = 18982.7

t-Statistic
3.0133
13.4588
2.2777
-3.1805
DW = 1.4651

12. Personal Contributions to Social Insurance (YCCSIO)
Variable

Coefficient

t-Statistic

Constant
YCCSIU
WCPNAFO
YR

-6305.67

2.9427
8.3949
3.5636
-3.7357

R2= ,9989

SE = 9241.95

DW 1.9862

31369.6
10.9962
.027257

13. Residence Adjustment (YCRADO)
YCRADO = Exogenous
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current dollars.
The Specification and Estimation of the
Income Block
The focus of the Glickman approach to constructing a regional
econometric model is on explaining the level of output, employment, and wage and salary earnings on the industry level.

This

industry-output-income structure is imposed to accommodate a
trade-off between exploiting the use of available regional data
to estimate the model and the application of at least some elements of theory to guide the specification of the model.

At best,

grounds for this trade-off may be found in constructing the output, average wage, and employment blocks; and the wage and salary
portion of the income block of the model.

The data available for

the other components of personal income is generally highly aggregated.

Also, these other components of personal income conform

more closely to an accounting construct for identifying various
sources of regional income than providing meaningful measures of
variables for which some relevant theoretical explanation can be
provided.

Characteristically, an explanation for the specifica-

tion given the equations for these components of personal income
is omitted in the presentation of other regional models.

It is

apparent that the specification given these equations is essentially ad hoc, therefore understandably there is little to meaningfully explain except to explicitly acknowledge this is the
case.

No claim can be made that there has been any advance in
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the procedures used to specify the equations in the model for
these components of personal income.

Indeed, these procedures

were drawn from those used in the other models frequently cited
in this chapter.

Certainly further research is necessary to

improve on these procedures.
Equation (4) of Table IV-6 estimates total wages and
salaries of the private nonfarm sectors of the Oregon economy.
This total is estimated as the sum of the products of the average
wage of each sector as determined in the average wage block, and
the employment of each respective sector as determined in the employment block.

Much of the model as it has been discussed thus

far is encompassed in this single identity equation.

Introduced

as exogenous in this block are the wages and salaries of agriculture; agricultural services, forestry, and fisheries; federal
government; and state and local government.

Of the total wages

and salaries dispersed in Oregon in 1978, approximately 79% went
to employees of the private nonfarm sectors, 19% to employees of
government at various levels, and 2% to employees in agriculture
and agriculture services, forestry, and fisheries.

In turn,

total wages and salaries were about 63% of total personal income
in 1978.
To illustrate the specification given the other components
of the personal income block, some elaboration will be given to
equation (6) explaining other labor income.

In 1978 this cate-

gory of labor income accounted for about 6.7% of total Oregon
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personal income and was roughly equal to the wages and salaries
paid to employees of the lumber and wood products industry.

It

would be preferable to treat other labor income as part of the
price of labor in the average wage block, as it consists mostly
of employer contributions to private pension and welfare funds,
employers' payments for privately administered workmen's compensation insurance, and directors' fees.

However, other labor income

data are not available at the level of industry detail as are wage
and salary dispersements.

Therefore, total private nonfarm wages

and salary dispersements are used to explain other labor income
in equation (6).

Because of their contribution to improving the

statistically explained variation of the dependent variable, a
trend variable and a lagged dependent variable are also included
in the equation.

Between the years 1976 and 1977 the level of

other labor income reported by BEA increased almost one-and-a-half
fold.

This discontinuous change is the result of an only par-

tially complete revision in the data series.

To capture this

discontinuous change a dummy variable was also included in the
other labor income equation.
The specification given the equations for the other components of personal income are generally similar.

These equations

all include the national counterpart of the dependent variable
and the trend variable as explanatory variables.

A lagged depen-

dent variable is included in equations for transfer payments and
dividends, interest, and rent.

Private nonfarm wage and salary
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dispersements for Oregon is used to explain proprietors' income
and personal contributions to social insurance.

BEA introduces

in the regional income accounts a residence adjustment measure
which serves to convert the personal income measure from place of
work to place of residence.

This residence adjustment measure

is introduced as exogenous in equation (13).

Total Oregon

personal income is determined in equation (1) as the sum of its
components.
Work Remaining:

Model Simulation and Validation

It was emphasized at the beginning of this chapter that the
scope of this study, as with any other, must be constrained within
the limits of the time and resources available.

The econometric

model constructed for Oregon as represented by the estimated equations which have been presented and discussed represent the work
accomplished within these binding constraints.

There remains, of

course, much that is both viable and inviting which could be done
to improve and expand upon the model.
directions may be taken.
extensively.

In further work two general

First, the model could be further expanded

For example, additional blocks could be added for

special purpose

forecasting in such areas as population, housing,

government revenue, and energy consumption to mention a few.
Second, the model could be further developed intensively.

Key

sectors could be further disaggregated, for example, and alternative specification and estimation procedures could be explored to
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refine the model.

Some of these alternatives will be discussed

in the following chapter.

However, before consideration is given

to further work of this nature, the overall model should be
tested as it now stands.

It is this important facet of work in-

volving the validation of the model constructed which should and
remains to be accomplished at this juncture.
To validate the overall model the individual equations should
be evaluated as they relate to one another as a complete structural system.

At a minimum, this evaluation would entail testing

the complete model for its ability to replicate the economic
activity of the Oregon economy over the sample period.

Also,

experiments should be conducted to assess the sensitivity and
characteristics of the model's response to exogenous shocks over
the sample period.

Ideally, an empirical test of the model would

also include measuring its goodness-of-fit performance beyond the
sample period by conducting ex post and ex ante forecasts.

To

practically perform these various tests requires the use of a
computer software program capable of simulating a large simultaneous model.

Such a computer software program became available when

the constraints of time and resources severely curtailed further
work.

Therefore, it was possible to conduct an historical simula-

tion of only the gross product block of the model, and to determine its overall goodness of fit over the sample period.

It

would be appropriate to devote another chapter to discussing the
simulation of the entire model in both a historical and a
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forecasting context were these results obtained.

However, given

that the historical simulation of only part of the model was completed, the results will be summarized in this section.
As discussed in Chapter II, simulating a simultaneous model
entails solving, for each time period, the reduced form equations
from the system of estimated structural equations to generate
estimated values of the endogenous variables.

If the model

is linear in both parameters and variables, as is the case for
the gross product block, the reduced form can be calculated analytically.

If the model is nonlinear, as is the case for the

simultaneously related average wage, employment, and income blocks
of the model, numerical methods such as the Gauss-Seidel interative
technique are generally required to determine an approximate solution of the reduced form.
Three different simulations of the gross product block were
conducted over the sample period.

For selected sectors the re-

sults obtained from these simulations in terms of the various
goodness-of-fit measures discussed in the last section of Chapter II
are summarized in Table IV-7.

First a static simulation of the

estimated gross product block was conducted exactly as it is
represented in Table IV-3.

Thus, the estimated values of the

endogenous variables were determined by using actual values for
the exogenous and lagged endogenous variables.

For total gross

state product the mean absolute percent error (MAPE) was 1.29%.
This result reflects, in part, the offsetting of some errors

TABLE IV-7.

Goodness of Fit Measures:

Simulations of the Gross Product Block

SI mulation 1:
Sector

MAPE

Gross State Product

Stati c.
Uncorrected Model
U
RMSE
B
i

SI mulation 2:

S imulation 3:

MAPE

Dynamic,
Uncorrected Model
RMSE
U
B

MAPE

Stat ic.
Corrected Model
B
RMSE
U
,

i

1.29

143400

1.004

.0073

1.31

144400

0.999

.0074

1.18

121400

1.013

.0062

2.81

21660

1.003

.0174

2.81

21660

1.003

.0174

2.81

21660

1.003

2.03

57870

1.000

.0108

1.99

56660

0.998

.0106

2.02

54960

1.005

.0174
.0102

1.90

15140

1.012

.0113

2.00

16290

1.007

.0122

1.49

12740

1.023

.0095

Food and Kindred Products

2.20

9229

1.002

.0106

2.32

.0154

1.91

1.83
2.64

3219

1.002

.0106

1.002

.0106

1.83

3219

1.002

53750

0.998

.0133

1.83
2.56

9773
3219

1.007

Paper and Allied Products
Durable

52510

0.996

.0130

2.67

53340

1.000

.0106
.0133

4.19

53490

0.999

.0225

4.19

53490

0.999

.0225

4.19

53490

0.999

.0225

4.26
3.53
3.44

5005
28580

0.999
1.010

.0161
.0203

4.26
2.31
2.46

5065
21280

51630

0.998
1.009
1.008

.0142

1.009

4.26
3.49
3.44

5065
29080

51540

.0142
.0164
.0203

37560

0.998
1.021
1.057

.0142
.0122
.0148

2.45
1.47

39810
6856

1.003
1.009

.0136
.0081

3.29

59820
11900

0.991

.0205

2.38

0.965

.0140

2.46
1.42

39960
6703

1.003
1.010

.0137
.0089

2.0

21410

1.000

.0138

3.39

30130

0.973

.0194

2.07

21430

1.001

.0138

Contract Construction
Manufacturing
Nondurable

Lumber and Wood Products
Electrical Machinery and
Instruments, etc.
Wholesale Trade
Retail Trade
Finance, Insurance and Real Estate
Business Services
Professional, Social and Related
Services

00
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with aggregation.

The second simulation was dynamic, therefore

following the first time period the estimates obtained for the endogenous variables were obtained using the prior period estimates
of all lagged endogenous variables.

Consequently, errors may be

compounded in simulating the model over the entire sample period.
Dynamic and static simulation results are the same for those sectors that are determined wholly exogenously.

As expected, the

errors generated from the dynamic simulation were generally larger
than those produced by the static simulation.
The third simulation performed was static; however,several
equations of the gross product block were reestimated to explore
the results of correcting for serial correlation.

Specifically,

the gross product equations for primary metal products, wholesale trade, and retail trade were reestimated using the CochraneOrcutt interative technique to correct for serial correlation.
The specification of these equations otherwise remained the same as
in the first two simulations.

In general, the errors generated

from the static simulation of the gross product block when partially corrected for serial correlation were less than those generated from the uncontested mode.
There is no absolute standard against which the various goodness-of-fit measures presented in Table IV-7 may be compared.

As

a somewhat casual criterion Glickman suggests that "econometricians
are generally satisfied if their models record a sample period
MAPE of less than 2% or 3%" (Glickman, 1977, p. 142).

Regretfully,
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the sample period error statistics of regional models which have
been constructed either have not been published or have been published with very little detail.

Table VI-8 compares the mean ab-

solute percent error reported for the gross product selected sectors produced by the sample period static simulation of this model,
Glickman's (1977) Philadelphia model and the Georgia model constructed by Adams et al. (1975)
Shown in Table IV-9 are selected results obtained from the
static simulation of the gross product block, without corrections
for serial correlation, during the seven-year period 1973-1979.
The actual and the simulated annual percent change in the gross
product of major sectors is presented along with the percent error
of the simulated estimate.

This information permits an evaluation

of the error and turning point performance of the model and an
assessment of its ability to exhibit directional changes in the
relative rate of growth of the Oregon economy.

Overall, the model

performs reasonably well to the extent that it captures the turning points in both the absolute and the relative rate of growth
of Oregon's total gross state product.
As characteristic of most econometric models, this model
tends to understate the variation in the level of economic activity.

For example, the slowdown and contraction in the growth of

gross state product occurring in 1974 and 1975 are understated.
The 1975 downturn marked the sharpest decline to that time in the
level of economic activity of the state in the post-war period.

TABLE IV-8.

Comparison of Gross Product MAPE Statistics for Several Regional Models
Oregon

1

(1)

0regon1(2)

Sector

Mississippi2
(Adams et al.,1975)

1.29

1.18

0.94

Construction

2.81

2.81

4.91

Manufacturing

2.03

2.02

3.52

Nondurable

1.90

1.49

4.56

Durable

2.64

2.67

3.53

Trade and Services

2.25

1.66

1.65

Finance, Insurance, and Real
Estate

2.45

2.46

1.88

Gross Regional Product

Philadelphia3
(Glickman, 1977)
0.98
2.19

Sample period 1960-79, Oregon (1) and Oregon (2) are respectfully uncorrected and partially
corrected for serial correlation.
2
3

Sample period 1955-71.
Sample period 1955-70.

CO

TABLE IV-9.

Model Performance * 1973-79:

Sector

Gross Product Block Static Simulation

1973

1974

1975

1976

1977

1978

1979

5.97
6.68
-0.10

0.82
2.02
0.00

-1.35
-1.26
0.27

7.76
4.64
-2.63

8.73
10.70
-0.86

7.79
9.51
0.72

2.96
2.08
-0.14

-2.35
10.35
6.35

1.91
-5.74
-1.26

-9.43
-9.41
-1.26

12.58
15.63
1.42

18.07
14.16
-9.94

11.09
16.00
2.39

4.35
1.31
0.58

6.33
9.13
-0.42

-2.22
-2.78
-0.98

-7.98
-5.95
1.22

11.00
5.25
-4.01

9.63
13.47
-0.69

6.00
8.70
1.86

5.52
3.52
-0.03

7.94
6.98
-4.57

-1.57
4.62
1.45

1.77
-0.36
-0.69

8.48
4.31
-4.54

9.01
13.64
-0.44

8.71
11.45
2.08

2.70
-2.15
-2.74

7.08
8.17
0.18

4.66
4.25
-0.12

2.18
3.42
1.06

6.97
3.66
-2.08

9.07
8.49
-2.35

9.30
9.08
-2.50

2.95
8.04
+2.38

Gross State Product
Actual %A
Simulated %A
% error
Contract Construction
Actual «A
Simulated %A
% error
Manufacturing
Actual %A
Simulated %A
% error
Trade
Actual %A
Simulated %A
% error
Services
Actual %A
Simulated %A
% error

Actual %A

<Yt-vt-i>/yt-i

Simulated %A = (Yt-Yt_i)/Yt_i

% error = (Yt-Yt)/Yt

CO
00
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The model similarly understates the subsequent upturn and positive rate of growth occurring in 1976.

Though the rate of growth

is overstated for 1977, the estimate for the absolute level of
gross state product remains below the actual level.

The decline

in the relative rate of growth occurring in 1978 and 1979 is also
exhibited, though understated for 1978 and overstated for 1979.
A roughly similar pattern of performance characterizes the
model's simulation of variations in the growth of the gross product of the manufacturing, trade, and service sectors over the
period 1973-79.

For the contract construction industry, certain

results obtained do not compare favorably to those presented for
the other sectors.

Given the relatively volatile behavior of this

industry this may be expected.

In particular, the decline in con-

tract construction gross product recorded for 1973, when the rest
of the economy was expanding, is missed by the model.
Other tests of the sample period goodness-of-fit of the model
should also be conducted.

For example, it would be desirable to

compare the results of the static simulation of the model for the
period 1973-79 as they are presented in Table IV-9, to similar
results obtained from a dynamic simulation in which the model is
initialized in 1973.

This would permit some assessment of the

dynamic performance of the model over a shorter time horizon
similar to that for which actual forecasts may be made.

It may

be noted from the static simulation results presented in Table
IV-9 that the marked decline in the rate of growth of Oregon
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gross product occurring in 1979 is well-exhibited by the model.
This would suggest that perhaps the model may capture the recession occurring in 1980.

To conduct an ex post forecast for

1980 would also be an important test that could be performed to
assess the short-run forecasting ability of the model.

Complete

data for 1980 to carry out such a simulation outside the sample
period were available after September 1981.

To use this 1980

data to estimate the model and to develop an ex ante forecast
for 1981 and after would therefore not be possible until the last
quarter of 1981.

Also, to develop ex ante forecasts with this

model as intended requires linkage with a national model to obtain forecasts for the national variables exogenous to the model.
To perform the simulation tests and develop the forecasts discussed in this paragraph is work with this model that remains
to be completed.

Discussed in Chapter II are other tests which

may be conducted to validate the model through simulation that
could also be explored.
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V.

SUMMARY AND DIRECTIONS FOR FURTHER RESEARCH

The purpose of this paper was to present the procedures used
and problems encountered in constructing regional econometric
models in general, and a regional econometric model for Oregon
specifically.

At this juncture a summary of the paper is in order.

In Chapter II, various methodological approaches to constructing regional econometric modes were reviewed.

These approaches

were portrayed within a spectrum of tradeoffs made between the
use of theory and the use of available data.

At one end of this

spectrum are those models whose structure and specification tend
to reflect an empirical concern for exploiting the use of available
data.

At the opposite end of this spectrum are those models whose

structure and specification tend to reflect a concern for what
may be most important from an a priori theoretical view.

Between

these two poles are those models whose structure and specification
give concession to both the empirical and the theoretical concerns, which compromise between the use of available data and
constructed data, and which seek some balance between the specification and the measurement error that may be incurred.

In

consideration of the limited communication in the published literature, the problems encountered in estimating the equations of
regional econometric models and the procedures used to address
them were discussed in some detail.

In the final section of

Chapter II the various modes of simulating and the methods and
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measures for validating regional econometric models were surveyed.
Measures for gross regional product by industry are the constructed data series most widely used in regional econometric
modeling.

There has evolved a considerable body of literature

which addresses the problem of constructing time-series estimates
of the gross product of states and other subnational regions as a
measure of their economic activity and performance.

In Chapter

III, the concept, definition, and methods of measuring gross product on the national level are reviewed.

This review is presented

to give an understanding of the various procedures used to construct
estimates of gross product by industry on the regional level.
procedures were then examined and evaluated.

These

From the analysis

presented, it was concluded that the value added measure reported
by the Bureau of the Census is conceptually inappropriate to use
either as a direct measure or as a means of constructing indirectly
estimates of the gross product of manufacturing for a region.

A

modification to the Kendrick-Jaycox method, the most appealing
existing procedure for constructing industry estimates of gross
regional product, is proposed in the last section of Chapter III.
This modification will serve to eliminate a bias that may arise
from using the Kendrick-Jaycox method should there exist a difference in the relative importance of proprietor income of the region
as compared to the nation.
An econometric model constructed for Oregon is presented in
Chapter IV.

The regional econometric modeling work associated
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with Norman Glickman and Lawrence Klein emanating from the University
of Pennsylvania served as the primary guide for constructing this
model.

The model contains four blocks which comprise the core of

what is characterized as "Glickman's structure":

a gross product

or output block; an average wage and price block; an employment
block; and an income block.

The procedures used and problems en-

countered in assembling the data and in specifying and estimating
the equations of each block are discussed and illustrated.

The

results produced from sample period simulations of the gross product block were presented in terms of various goodness-of-fit
measures and in terms of an examination of its performance over
the 1973-79 period.

To validate and evaluate the performance of

the complete model, there is work that remains to be completed.
The model presented in this paper is not intended to represent
the final product of a completed task.

It is a first approximation

of an econometric model for Oregon and the beginning of what must
entail a continuing process.

Should work with the model continue,

depending upon the concerns of those involved there are, in general,
two avenues that may be taken.

Focus may be given to improving

upon the basic structural core model that has been developed, or
attention may be given to extending the model to include additional
blocks for special forecasting.

Some of the possibilities that may

be considered in pursuing either of these directions will be discussed to conclude this paper.
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To improve upon the existing model there remains, as has been
mentioned, the work involving simulation of the entire model.

This

work may disclose flaws and identify mechanisms in the overall
model which may not be otherwise apparent.

Diagnosis of the simu-

lation results may reveal, for example, that a bias in an estimated
coefficient in a single equation which, when joined with the rest
of the model through feedback and feedforward loops, may result in
certain simulation solution estimates which consistently overstate
or understate, and which may be unstable.

Modification of the model

may be judged appropriate to correct for such flaws in its performance.

To develop forecasts with the model as intended, explicit

linkage with a national model also remains to be effected.

There

also remains the ongoing task of compiling and integrating revised
and more current data into the computer-based information system
that has been developed to support the model.
To improve the existing model certainly more attention could be
given to the specification of individual equations, in particular the
equations for key sectors within the Oregon economy.

Greater dis-

aggregation of key sectors such as contract construction, lumber and
wood products, and food and kindred products may be an appropriate
and perhaps necessary strategy to use.

For example, the heavy con-

struction component of the contract construction industry accounts
for street and highway, bridge and tunnel, and water, sewer, and
utility lines construction.

As these heavy construction activities

are funded predominantly by the public sector, it would be
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appropriate to explore explaining the gross product of this component
of contract construction by government investment expenditures,
for which some time-series data exist.

In further work it may

also be important to close the model with respect to the agricultural sector which is, at present, treated exogenously.

The work of

Brooking (1974), which extends the Mississippi model developed by
Adams et al. (1975), to include a thirty-seven equation submodel
for the agriculture sector, may serve as a useful guide for developing a submodel for Oregon agriculture.

In the past decade, inter-

national exports have increased in importance in the markets of the
lumber and wood products and the agriculture industries of Oregon.
By disaggregating these sectors it may be possible to give some explicit specification to the affect of these exports in explaining their
performance.

Although no guidelines are offered in the existing

literature for addressing the troublesome problem of specifying
the equations for the components of personal income such as other
labor income, proprietors income, and dividends, interest and rent,
the relative importance of these components as a share of total
personal income may warrant further work in their regard.
To improve the existing model, consideration may be given to
exploring the use of simultaneous equation techniques to estimate
the parameters of the model.

Given the comparatively large number

of equations in the model, and given that the exogenous variables
outnumber the sample period observations, the Two Stage Least
Squares procedure using principal components to estimate the first
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stage is the most likely and manageable simultaneous equation
technique to be considered.
Extending the existing model to include additional blocks may
serve to both enrich the core model as well as to allow for its
use in developing forecasts which may be of special interest.
For example, a government block may be added which utilizes estimates of tax-base related activities from the core model, such as
output, employment, and income, to explain government revenue
levels.

The level of government tax revenues would allow for the

estimation of disposable income, which in turn could be useful to
feed back to the core model and serve as a measure of household
demand for explaining the output of nonbasic industries.

The model

may be extended to include a demographic block to explain both in
and out migration and labor force participation rates which influence and are influenced by, among other things, the relative
levels of employment and income in Oregon as compared to elsewhere
in the nation.
The levels of output and employment of the industrial and
commercial sectors of the Oregon economy determines, in part, their
level of energy consumption.

For the purpose of explaining and

forecasting energy consumption in the region, the addition of an
energy block would be a very applicable extension of the model.
Major commercial banks have been concerned with forecasting economic
activity on the regional level.

Similar to Glickman's model for

Philadelphia (1977), a banking block could be integrated into the
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model to explain and forecast deposits, loans and investments of
the banking sector.
Using the model to interface with and drive a substate regional
model constructed for a county or city is another application of
the model that could be explored.

The substate model may serve

as a satellite to the state model in somewhat the same manner
as the state model is designed to serve as a satellite in relation
to a national model.

The model could also be conjoined with models

constructed for other states of the Pacific Northwest.
Input and feedback from persons knowledgeable of the structure
and performance of key industries of the Oregon economy, and from
others experienced in constructing regional econometric models, are
important sources of

a priori information which should be obtained

to improve upon or extend the core model and for developing ex ante
forecasts.

Indeed, a major qualification of regional and national

econometric models and their application in forecasting is that they
cannot stand alone.

That is, they should serve to complement

rather than substitute for personal judgment.

The importance of

the interdependence of personal judgment and an econometric model
is emphasized by Lawrence Klein:
Mechanical application of estimated models in ex ante
prediction is almost sure to produce poor results.
Combinations of a priori information and discernible
bias corrections together with an estimated model can
lead to much improved results—results that apparently
suit the needs of public authorities and large producers. It is a fact of life that purely numerical
methods cannot be used, but must be supplemented by
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special information and personal judgment. On the
other hand, personal judgment alone is not suitable for
prediction of a wide range of variables in a complicated industrial economy. The two must be used together. The objectively estimated model is needed as
a framework in which to interpret special and subjective information (Klein, 1974, pp. 277-78).
The construction of a regional econometric model is a framework for
systematically organizing information which quantifies the economic
processes of a region, for examining and analyzing the relations
between these processes, and for estimating measures of these relations using statistical techniques.

Regardless of how well con-

ceived or complex the constructed model is, it will not capture the
important influence of changing technological, political, social
and psychological trends resistent to measurement and quantification.

BIBLIOGRAPHY

Adams, F. G., Brooking, C. G. and N. J. Glickman. "On the Specification and Simulation of a Regional Econometric Model: A
Model of Mississippi." The Review of Economics and Statistics
57 (1975):286-298.
Ballard, K. and N. J. Glickman. "A Multiregional Econometric Forecasting System: A Model for the Delaware Valley." Journal of
Regional Science 17 (1977):161-177.
Barnard, J. R. and W. T. Dent. "State Tax Revenues--New Methods
of Forecasting." The Annals of Regional Science 13 (1979):
1-14.
Bell, F. A. "An Econometric Forecasting Model for a Region."
Journal of Regional Science 7 (1967):109-128.
Brooking, C. G. A Farm-Oriented Econometric Model of the State of
Mississippi. Unpublished doctoral dissertation, University of
Pennsylvania (1974).
Charlesworth, H. K. "The Measurement Problem: Adequacy and Relevancy." Growth and Change 6 (1972):43-45.
Chen, D. A Tabular Survey of Selected Regional Econometric Models.
Working Paper II, Federal Reserve Bank of San Francisco (1972).
Chu, S. An Econometric Model for the State of Nevada. Research
Report II, Bureau of Business and Economics Research, University
of Nevada (1974).
Conway, R. S. "Simulation Properties of an Interindustry Econometric Model." Papers of the Regional Science Association 43
(1979):45-57.
Crow, R. T. "A Nationally Linked Regional Econometric Model."
Journal of Regional Science 13 (1973):187-204.
Czamanski, S.
Scotia."

"Regional Econometric Models: A Case Study of Nova
Studies in Regional Science (1969):144-180.

Glickman, N. J. "An Econometric Forecasting Model for the Philadelphia Region." Journal of Regional Science 11 (1971):15-32.
. "Son of 'The Specification of Regional Econometric
Models'." Papers of the Regional Science Association 32 (1973):
155-181.

200
. Econometric Analysis of Regional Systems.
Academic Press, Inc. (1977).

New York:

Gutowsky, A. R. and V. V. Yang. "A Regional Econometric Model-Sacramento Metropolitan Area." Paper presented at the
Eighteenth Annual Meeting of the Western Regional Science
Association, Sacramento, California (1979).
Hall, 0. P. and J. A. Licari. "Building Small Regional Econometric Models: Extension of Glickman's Structure to Los
Angeles." Journal of Regional Science 14 (1974):337-353.
Idaho Division of Financial Management, Idaho Economic Forecasts,
issued quarterly.
Isserman, A. "Alternative Economic Base Bifurcation Techniques:
Theory, Implementation, and Results." In Economic Impact
Analysis: Methodology and Application, pp. 32-53. Edited
by Saul Fleeter. Boston: Martinus Nijhoff Publishing (1981).
Jaszi, G. and C. S. Carson. "The National Income and Product
Accounts of the United States: An Overview." Survey of
Current Business 59 (1979):25-34.
Johnston, J. Econometric Methods. Second Edition.
McGraw-Hill Book Company (1972).

New York:

Kendrick, J. W. and C. M. Jaycox. "The Concept and Estimation
of Gross State Product." Southern Economic Journal 32 (1965):
153-168.
Kendrick, J. W. Economic Accounts and Their Uses.
McGraw-Hill Book Company (1972).

New York:

Klein, L. R. "The Specification of Regional Econometric Models."
The Regional Science Association Papers 23 (1969):105-n5.
. Textbook of Econometrics. Second Edition.
CTTffs, N.J.: Prentice-Hall, Inc. (1974).

Englewood

Klein, L. R. and N. J. Glickman. "Econometric Model-Building at
Regional Levels." Regional Science and Urban Economics 7
(1977):3-23.
Kost, W. E. "Model Validation and the Net Trade Model."
tural Economics Research 32 (1980):1-16.

Agricul-

Kort,J. R. Estimating Gross State Product: An Analysis and An
Application to the Tennessee Economy. Center for Business
and Economics Research, The University of Tennessee (1976).

201

Latham, W. R., Lewis, K. A., and J. H. Landon. "Regional Econometric
Models: Specification and Simulation of a Quarterly Alternative for Small Regions." Journal of Regional Science 19 (1979):
1-13.
L'Esperance, W. L., G. Nestel, and D. Fromm. "Gross State Product
and An Econometric Model of a State." Journal of the American
Statistical Association 64 (1969):787-807.
L'Esperance, W. L. and D. Taylor. "Gross Ohio Product (1949-1970)
and the Ohio Economy." Bulletin of Business Research 47 (1972):
1-3.
L'Esperance, W. L. and D. Fromm. "A Note on Estimating Gross State
Product." Growth and Change 5 (1974):46-47.
L'Esperance, W. L. "Optimal Stabilization Policy at the Regional
Level." Regional Science and Urban Economics 7 (1977):25-48.
L'Esperance, W. L. and D. Schutter. "Reconciling Gross Farm Income
and Product at the State Level." The Annals of Regional
Science 11 (1977):107-111.
L'Esperance, W. L., C. A. Baird, and A. Schumay. "A Comparison of
Estimates of Gross State Product." Regional Science Perspective
9 (1979):48-83.
Moody, H. T. and F. W. Puffer. "A Gross Regional Product Approach
to Regional Model-Building." Western Economic Journal 7 (1969):
391-402.
Murphy, J. L. Introductory Econometrics.
Richard D. Irwin, Inc. (1973).

Homewood, Illinois:

Niemi, A. W. "A Re-examination of the Kendrick-Jaycox Method of
Estimating Gross State Product." Review of Regional Studies
(Spring 1972):123-131.
Oregon Department of Economic Development.
Manufacturers, 1978.
Oregon Department of Human Resources.
and Payrolls, issued annually.

Directory of Oregon

Oregon Covered Employment

Oregon Department of Human Resources. Oregon Resident Labor Force,
Unemployment and Employment, issued annually.
Oregon Executive Department, Oregon Economic Forecasts, issued
quarterly.

202

Oregon Executive Department, Oregon Revenue Forecasts, issued
quarterly.
Oregon Department of Human Resources. Statewide Employment, 1967
SIC, 1969-1972. Tabulations available on special request
from Employment Division, Research and Statistics Sections,
Occupational Employment Trends Unit.
Pindyck, R. S. and D. L. Rubinfeld. Econometric Models and Economic Forecasts.
New York: McGraw-Hill Book Company (1976).
Rao, P. and R. L. Miller. Applied Econometrics. Belmont, California: Wadsworth Publishing Company, Inc. (1971).
Ratajczak, D. and R. M. Williams. "The Case for a Gross State
Product Series." Growth and Change 6 (1972):29-31.
Ratajczak, D. "Data Limitations and Alternative Methodology in
Estimating Regional Econometric Models." The Review of Regional
Studies 4 (1974):51-64.
"A Generalized Specification of Regional Labor Markets."
In Economic Impact Analysis: Methodology and Application, pp.
114-139. Edited by Saul Fleeter. Boston: Martinus Nijhoff
Publishing (1981).
Reaume, D. M.
(1981).

The Alaska Econometric Model.

Renshaw, V. "Gross State Product:
(1975):43-46.

Comment."

Alaska Economics, Inc.
Growth and Change 6

Richardson, H. W. "The State of Regional Economics: A Survey
Article." International Regional Science Review 3 (1978):l-48.
Richter, C. "Some Limitations of Regional Econometric Models."
The Annals of Regional Science 6 (1972):28-34.
Ritz, P. M. "The Input-Output Structure of the U.S. Economy, 1972."
Survey of Current Business 57 (1979):34-72.
Rubida, K. W. An Econometric Model of the Colorado Economy. Unpublished doctoral dissertation, University of Colorado (1974).
"The Design of Computer- Simulation Experiments with an
Econometric Model of a Regional Economy: The State of Colorado.
The Annals of Regional Science 12 (1978):41-53.

203

Sal.zman, S. and H. Chi. "An Exploratory Monthly Integrated Regional/
National Econometric Model." Regional Science and Urban Economics 7 (1977):49-81.
Spivey, W. A. and W. E. Wecker. "Regional Economic Forecasting:
Concepts and Methodology." Papers of the Regional Science
Association 28 (1972) :257-274.
Suits, D. B. "Forecasting and Analysis with an Econometric Model."
American Economic Review 52 (1962):104-132.
U.S. Department of Commerce.

Annual Survey of Manufacturers.

U.S. Department of Commerce. Gross Product Originating in Current
and Constant (1972) Dollars, 1958-79. Tabulations available
on request from Bureau of Economic Analysis, National Income
and Wealth Division.
U.S. Department of Commerce.

Business Statistics 21 (1979).

U.S. Department of Commerce. Detailed Components of Annual Personal
Income, U.S. and Oregon, 1958-79. Tabulations available on request from Bureau of Economic Analysis, Regional Economic
Measurement Division.
U.S. Department of Commerce. Annual State Employment, Oregon, 196779. Tabulations available on request from Bureau of Economic
Analysis, Regional Economic Measurement Division.
U.S. Department of Commerce.
monthly.

Survey of Current Business, issued

U.S. Department of Labor, Bureau of Labor Statistics.
Labor Statistics, issued annually.

Handbook of

Washington Office of Financial Management, Economic and Revenue Forecast for Washington State, issued quarterly.
Weber, B. A. Oregon's Fiscal Crises: An Historical Perspective.
Special Report 649, Oregon State University Extension Service
(1982).
Weber, R. E. "A Synthesis of Methods Proposed for Estimating Gross
State Product." Journal of Regional Science 19 (1979):217-230.
Wilkins, 0. P.. . Northwest Energy Policy Projects, Construction of
a Multiregional Input-Output Model for the Pacific Northwest.
U.S. Department of Agriculture, Economics, Statistics, and
Cooperative Service, Natural Resource Economics Division,
Corvallis, Oregon (1978).

204

Zarnowitz, V. "On the Accuracy and Properties of Recent Econometric
Models." (Preliminary draft of paper.) University of Chicago
(1977):l-39.

APPENDIX

<NJ

-D

JD
4J

o
rs

O
s_

■D
Q.
CO

(/)

O
S- ^—
o o
o
c
11

O r-

en
O)

sO CM

o r—

14- cri

w to
(O r—

J'S
o

+J O
V)
LU "4-

-D
TO
l^
3

o c
3
S4J

to o
c -c
O I—

X

o
Q.

o

O

O
LL.

0

u.
h4•x
'^z

^>
CD
C£
O

«

10 rj CJ o o» ^ CM ^ m *— rsi r*i *r o~ o* co G> CO r~^ r~ -o in
oo o r-« o r-j o- « -o ^r m t~* tr tvi »o r^ *r ^r o~ o o- r--. f J
c-.4 co •— •— r-* o> •^ o c^- ro r*. •— o^ -^o 11*3 r-^ 00 m UT *o co *—
UT — inrjr^cs»— mooor\)c<-*o — rN»»— c>."0<r"— rjin
o-*—
~-rvjrN!-<r^t"iooooDD'-o*—• rsi«rinrMmcocMrriii"3
c-jtN4rjp-jrMfMc>irMrvicsir'jronnr»3nrinm^-'!r«r

t>or^
■«•
o
in
~-

ro
o~
r»
-o
r^^
«r
1—

r^ r^
r^ ro
•— —
OD t^
10 o
^r in
•^-f—

L"? in n *r "a- co rM iiT «r "T r-^ r-^ m ^ L-3 cc co
co r-j «r m ro co (vi r» rj u"5 m 00 CNI O --O m co
•— co «»- o ^- «r in r-^ in o CM -C ~O in r-j rr> UT
r-» ■>— o r» in ■^- co r» — — «s- •— co o- r-J m r-j
rj — *— n rv m r^j tsi ts4 in *r r^ »- ir> m -o r-»
r» o rvj ro ro UT >O O r-. o r^t ■^ o- tvi m rv c^^-rJrjr-jr^rjrMCMrMronr^rMromroro

co co o^ r, ro ro ^ «r c» -o CM r-» in o- rsi ro r-j rj o »« "a- o
csr»or^uT»— ooro«o^-oo>— r-^«— — co»-ffiiro
CO
•-^-roCKiiT»-»oii-)'--«roo--oos — m r<i T r*i
os rr^unuT^ro-cxiroiiTo-o-o-tMr-^rsiorjajCKrooo-oo
co — — tsiro~ooD — in-ocK^rro-crooouimrO"— m —
^r «r ^- "»■ HI UT IIT in ~o -o -o r-» r-.. r^ r^ co o~ cr- o

—
co
n
co
ci
ro
—

r30'^-cor^>— o«a-co — oo^r%io-ora-oo-orO'«9-«r
con — o-oi-oo — r%i"a-ocf-o»no~nmo»oi<iic>-»o
rjmo-«<r*r~oc»-ov»oO'0^o-orJcoii-5 03'«-o^c»mr-»
~o e» o- ro r» CJ — co rj o «r -o "o- o» — r-«. co »— o ro "5r orvicoo~o^or-^<5Coo-«>r«a-.— rori — o--oinr-jro«— «r
'o-T^rrrinin'0-0'<i-OMa~oinu"i-oiiT-oin-J3r-CDOO

-<iororoinor-j>— «!rco«—«Tou-JC>-ro — rouTCs"3-t>.
■«^-c^^»^» — ro — c>na3no-oinr--coorjn-o^-rsi
f^) rj ro «o ir> r» o rj ro r-j ro — o^ o-- co >o cr~ o- — «r c m
ii"3«rm^rcorM03«rrvr^roo^-or-jtMoo"a--o«— -o-oin

•«■

:>
"**•
>- ,—
■«■

•^
«—
•«

■^

■•^

«•

a- .n
-0
•0
-0 ro
33 r-j
n
•0 "M 00 in
rj .V 0 CJ in O
■«r <5- :.n
0 -O

<«■

»
*—
ro
•«r

g- t-o —

CNJ

o- <*■ r-j -^

-o '-v

r> «■ 3» o» »«> oa 3> -v NI >■
-»— oopw'fl — — .onn
.n n >• «■ o o »» s«r >»■ :>
■!P'«rfl-in-on<5 v>vi>

— — coo-rjasrj — orocooo^a-c^o^ — co o a *r in m
ro ro o- co fj o >— o r-j n co «a- rj rvj rr> c-i C-J »- o r<i rj o~
•^- •^ ■•r ro iiT o^ co «■ ci o~ rj n ro fO u"5 »o m «— o- CM — r-.
rv»— c>^in»— ^-»oCDrjcocoinoiiT«i-'— M3.— c>»o«r«r
~ororj03rjmr-oeDin'«ri^5'«r — moror^r^CK.o--«'=r
D~«TiiTincr-roci-iiTO»o«r-o-oo~co«r«3-t>j»— rO"!ro
«!rinininin-o-<3r^t^.0D030003C0CKOOO»— r^l^^<r

>■

_ in
w 0
-^ ao 0— 3•n
<o- m •0

•—

r-^ 0 o- m O- ro rj CM in CO ro o in o o CM r-j ~o UT rg co 03
ro r.j 0 -0 O ^0 CO r~ ro in 0 o r~ co «*• c^ ■•r rj m <r c> crr--. o~ «3- 0 r-» in CO CK r^. r-j in os r-j ro o- Hi co — r-- co co r-~
trt
o-- CM in o- «=r -0 0 Cf- -0 «r — «r o -o •« 00 M o- o- tn
c> "a- •«T — «r irT r-, "a- r-j in •«• r-» 00 o- -o -o •«?• 03 00 «=r r-J <r
-rr*r-^-^r*9-«er*=r«r*r<»*«T<r^r'«r-^-<rb">ii"3u"5,<ir--MD

m o r-^ co or-^ r- r-.. r-^ r^

c^- in o ro r-^ n co o »o — o- ro m m o~- r-^ c*. o o- 00 ui -o
b-j ^- o-- •— r*3 r» •— o^ c-i o- «T •- o- rj fv «r r^ •— ~o — r-^ r-oorv.rv.o-«rr^rjf*5^rr^co«J-or-jT-c^c>-r-J03-orcoc9'»"«»-oo»— o»«3-o.m-oo»00'»0-oo»r-s.rj«3-03~ar.r^'^--orjforo~oiniiTnrsi^ocoinro>— ooc>o«rr^
roo-o-— u"5 0-or*3r-^t>-fou"3ino-coint-v-<j-oo»»— -o
-o -o r-^ r» r-~ co OD O^ CK O- CS O O O •— r-j rg rj ro «r -o »o

o^ o >— r-J ro -o- UT -o r^ co cr- o ■■-■ r-j ro
bTJ-O-O-O^O-O-O^O-O^D-O r^ rv. r-» r-^

-l->

c
s3 O) O
O E tO "3 ■!->

o 4J -a

+J s- o

U 4-> 3
3 l/> S.
•O C 4J

4->
ro
-C
-t-J

d)
"O X)
OJ
10 >>
3 re
E

O C
O

O O l/>

-o
c
(0
0
E
o
U QJ
C X)
»—1
XI
1— 1—
ro 3

cow
o -c O)

ir>
0)

re re E

•r- to +J
•4->
re

re
o -a
co
en «£

CD

-o

z:

■»->

1— o_ JZ

x:

■IJ

a>
<u to
re >
s- a;
o D; X)
Q.
re
s-

i.

o • re
u 10 Q.
c c E
o
•f—

s_

(J

•1- O

•M to
O T-

•

E > O CT)
QJ 4- r^
O Scr>
10 r—
^£ 0)
Sai re re c

205

I

CD
X)

c
s_

<D
to
0)
Q.

to
E
O

o

i-

OJ

10

O)

re

XI

a;
re
s_
re
>

X3

J-i

s-

l/l

ai 1*-

<u

o

4J E
re si
E o 4-> O
•1- c l/l 1—
+J O) <U 1—
10 XI
w

E

3

1

tn re
>,

CM

to a. 00 sQJ 1—1

r-

<D

■D

3
C
•r—

c
o

Q

X

a.

o
—i
ct
Cu
i:

o

CL.

«
»—

o
cc
li

o rj c^ o^ --o •— <r o <i CD
r^"irco.— oomcooro
«r <sr <r uT iii UT in in «o -o

— •^iiTr%>ouTOin >0 CK CM -r- *— tO CO — f-~ 111

m -o ci in ••— •«r o m -o »o o -o ID O — r^ m ■^ <r «o r- c-i
inr-J — cr-r-.T — r*}m'Oin'*ro~in~G — -r-r-^-oeDOOin
co in o in o rj in o rv -o -o -o m oo «n m oo T in — -o rsi
o^ •^ rj r-j -"r -o -o rv. co o CM vn <r in ro o o o^ «r- n ^ ill
.-•-■^»-»-.-..-.-«\itMCdfMrjr*j<r^r«s«3 OT»0"0

COC^'«J-.—

I-O PN rj Tv O •- 00 r-- »- "O- r-o m
cs bT o r-i «r r-j r» ^ o- T ro r^
i-^ o^ c> r» o in «o o» en rv o~ o

co — ••r ■•r

o^ to r^ *r ui oi-oro>o-oocMCMr^«r«a-o-0"a-ooo —
r-j ^. «o «— — o-C3-oo><3r'Jou"5m — ror^copjooarj
— inoom — m &* T o* T o* o~ T ^ ci c-i
»o f^5 ^" ro *o
in-<3»o«o-or^ooc>^o*-rjfo — — t'-J^rrorjTr^ o~ o
— rj

o- o~ rj o r-J o rj m r» rj ii"5 e>» co in o- r-v o^ m — "a- •— —
-0'K>-M30cooo-«a-"!rrr)r^03«— ■«r — — oor-jr, o>-ino
o^«!rorjcomor»o-»-ror%i — «or'a'^-o^r«TCN.--c>«
c>~©Of-»v3»-«tr«9-or-jrNO»«— -orJouTO^mrv — o
vaoacorvr^ooo-orjrjrgr-jrMT— tMin-o^r-«s-inrN.co

e> i—
U1 U~)

(NI

o r^
rj
O to

O
sr
a
cu
i;

ii-2 r» -o
<=• o~ in
-r- r-^ r-^
cs ~o rj
t>*
«r r-j or T

o «r o

o
r-~
in
to

o
Cl

o «s- in r^ eo o- rj -o so
c^ fo o -o in o in rg rj
03COO-inr-JC"-iroo«o
&* o- rvj in *— o r-» r- —
<? r-v •— o Li "a- o-- «r -o
— o »- C-J •— r-J r-j ^r "a-

—
r-J
to
r-.
o•—

c^
to
m
o
rj
r-j

ooc
xr
to
o to
c-i c-i

«r o o r-j o- "3- in in o»
fv. t-% iii r- *T -o T OD o^
••s-osto — forofo«»-cj
— O--0~03U_!-<3rvt--CO
coooo-o-o-o — rsiro

^-

r^i to •«r in »c r- CO oco CK O — rj ro tr iiT -o r>. co o- o
r- r^ r- r^
mt"3-O»O~0«O-O-0-O-0VD--0 f-» r-- f-- r~. r •.

,_.

0'r>ir^rg-<3f-^ofOOO-o-ro«rfM O -O f-v —
fO'<rf--rvi«ooorNC>r>irorsiii-3r-j«r o- -o to «o
toiniiTii-j — o-ininr^oo-o-or^in •tr co m ii"5
-o •« C'j <r r- OD to rj T'j in •— r- en •— o «r in m
r^oococooooDo-o — — to^rtouTr-^o-o-t-.

ro r- ^r r- o o» r>) r- r-^ oo in o in
tMfO«roooouTO-f--^rrvio-o
>o 03 -o to -« o tvj «»■ rj rj ■<) — r^
-oo-coo-oin — to-o-ooarNif-,
in in in in -o -« r- r» f, r-- r- oo r--

o- rg o-- rj \n c-i r-, oo «© r- -o to o in o «— -o O- in co — iin
in«rr--CD»Ofor-jfo»oo3ininro — «ooocorx«j-cr-o-co
r^«»-ci-tocCKirci-m»— ino30-r-jf5'«-r-» — -^torgorj-o-ocDo-^-^-tN..— •— «3--otnr--.o«rforjfvf-~.«— c<
— — — —— — rjrjrsiroiorotorofO'«r«r<r'!r'er«j-L-)u"7

ro-r-T.— o*p-.icocoTCO-oinoinr-.i«rinfococ>--'«»-co
tf- u-) co o ci — -o OJ r-^ o- r-j rv r- — "5- oo r- — rj -a- in in
«TC>f00c»cocoo-oor-CKforoin«— incoin — c»cor^
o c^ >— "a- co oa r» "W f- in *— -o o o» o »- rj o- ^o «r co ci
rjco-oto-oinr-jo-rvOincoo-incM-o — motocvi-o
c^ooiC>orN(u"3»or-»ooci--o-o-csio«r'^-»- <r«ococ^
^- .— »— — ^- »—•—»—»— — •—•— Oi r%i r%i rj r-j r-j rj r-j rsi

r^ ro «r <— -o rj co
r-j r^ — tn m r^ in
«rcocf~'«T'o-c>»r>4
o "sr rsi •— r>j r^ v
r-j to o* -o -o o rj
-o r~- •<> -o -o oo o

r-^ r^ o- rj -o UT co o o* r~ -o ro -o r-J co — -o o o* in *r c-i
-=rci^»— r-»c>r-ino»^rm»— O3roo3r»o — ouTdOin
r^r-^^r»— a3mm«»"rDt>'C>>-ocKr-vU"j»o-ou^ror-»«a-ho
incoc!~o^o«— r*3r»o-oo<ro0"— coo-ro^— n^r-ci*r
.— — — ■r-rjrMcMrgrorg>«7r^r>jKJroromfOhot-iroro

Q
XT

o

cs

o

o
a.
■<i
Si

sx.

206

■D

o
o
X

o
Q.

m
ro
o>—
—

oo »— «»■ r-^ rg m
r-» •— <— in rv. p^ f-»ooin — rr)oo<rm
r-» o o~ in -o r-~ «a-r-»co«<>como-o~OD
^r rj o •— "a- rv coin»-inrM'«r«ru-3-o
CMP0«rin»0»000CD^00O — PO'O-bT

r»roin©r\!0"Oo->o-ccD«Ofvr-*-.o»-or'*5rNir'3ooD
r*3 -o u" «»• — c-i r- o «o ii-j ro ro -a -— o r-j o ro o -o r^ «—
oo-mooor-jr^o^'Tro-o — CKoooro^o^u-jcMc-j-o
ooci-.r3iiT"— <— o>— CM o» o» r-* r»mmr~ii-5 0orvo~-L-5
oo'«rii-j-oc>'rjrv.pocoo-«'r-»-mr^in'«rro<— CK — «r
n«T<s-<r«rii-3io»o«orvr..030oo3CKOOO — »- roro

3

CM

CKO~oo«rcM-o©cNC-jroino
CK «a- — ro zo r-~ «r in •— r-4 uo co
©ro — -oin©CD«— ©<rmc»© — — — CM^rroin«or^03CK

m
r»
00
-c

•—
—
ro
tn

in u-)

00
o
—
r^

©©^-ocM-a-r^cMuTcrJin — TJOOC)© — oo^-oiio©
r%i t"s co "ir «r © o- in uo 00 00 CM CO «r o» r- r^ •— CM r^ r-~ r--.
r^o^c-jroro.— o.inmr-^cMOP»CMro-ocD«9-inr»e'©
©©roODCMc>-r»ci~>oroooc'-«9-r-s.«ouo-oO'roc>^©CD
r-4 ru CM CM ro ro -"r "a- r-» r^ 00 00 r-~ f~« 00 o- o- r-» co •« o- co

T-*-

r-jsoinrgro^rr^ — inuoo-© — r^©rO'«rrsjin~o»-o
«r © © ro -o -o r-j in co r-^ r-» © ~o © to -o -o ro © >o r-j uo
»OCM-O»— •— 'O^r-o*— ©ror-^roomoo-orvr, oooouo
©>or-^«o.— -oro«o*T-coo»-- o-r,.*!- — ©.ro-o-c — ro
»— »-cMr-jro<rLO"o-inr~«r-J300c>»cr»-oco — ■•ruo

ODrotn©«TCo-o^rr^
— •— uouor^roo^ — ro«r»-r^«r
•a-«fu_5©o-.«o-ouor^-orvirgroc>»-ocMrocKr-4r^.o-r^
r-~ in CM 00 uo ro r» ro CM O- CM rj in ©> ro m r-» ro to o^ co ~o
— •3-rv.«430«»or^©»— »OM30^ii"3rJo~©<r©»— «r«rcM
rororororo<r>3-miiT«r'«r'>a-«a-u"3in-oinuo«o«or'vOo

rvi<r>o — CMCK«r-oiiTc^
rj<— ro-ooomo-© — co
r^o--o©-or%i©©^r»o» — «r uo CM ro ii-j © — r-j
— CM CM CM CM CM CM ro ro ro

i-oc>-o-'«ro^-or^»oinrop^«rr^»- rO"a-inii-3fMrv-cro
oor-»rj»— corNip^c^«roorocKrr>ooor-.roo~oo-otr»orvi»— •— «j-ror-4rjr^o3C>moor--03CMOoooc>o* ro o •«■ o r» «r o- p^ — — CM © «r r-.. — rg m co in CM
ro ^r in m r-^ © CM r» © o- r>i rj »— © u"> •— •— «o «>• ro co ©
rororoporo«r«r«-in«trinuoininuT-«»oinin-o«or-^

11-3 m— in rj •«r CM «r rj r-^ «r »- CM «— o» r-^ in »— «r <j
■•r — cof-xr*3«— — inot-^oO'-'Oinin o o» 00 ro
rJCf-oo«!rrj«rc>-omO'^--oc»~u"5 —
rj CK UT
^otooosoiiTro — -orocM-oeMo
in IIT o— CMrorouTin-ocao* or>jninr«.c>-CMro-oo^
CMtMCMCMCMCMrorororo

•^- — CM CM CM CM CM CM CM CM CM to CM ro f) fa rr> m

in
•—
c-i
m
O-

E3
o
en
o
rj
r»
«o
o

i;

o fo CM rin CM -o ir>
o* CM -JO -o
r» 03 o> r-^
in r-~ CO

UJ
C5

i;

o
2:
ce
>—
ii
a

C3
C9
CO

5

CD

UJ

en
ce
H—

CJ
P^

rj ro 00 r-, rj
o CM r-.. ro o-Ofo«riior-»
in — P^OCK
00 o» rj tn co
_• —-CMCMt^l

ro -"r UT ~o r^. co or^ p*. r-v. pv p^ p^ p^

o c-i r-4 o- ro «Jrv co CM "a- «— r^
•— rorororj»—
r^©.«r«— rj —
m no -^r o o- o^-■— — ^. _ .^

g-josoiOTininci-tn mcM-sro* — o^iiO'3-cDin»-c>"ar^ 03 '— -o C^J -o ro — r-- -o r-J r.! o~ 03 o- in r^ — cr- >— tn co
co © -o 00 «r rj -T 00 © co ro © r- in in m c-i CM CM «»- ©■ —
coc>»incMO->o-oooincoco«— ©»O«O©^--O©CDM3-O
rj ro T to 'O «o -o 03 »— •— rj ii") «r ro >0 © 1— ©■ ro MD TJ C?•r- — •<— — — •— — r-j rsi r-J r-4 r-j ro ro

— r-, o- •— «J- m CK in r1j ro *c
r-v in TO »o rj 00 -o ro ca ro ©•
ro«o«q■^J^^Jm«o»oln©"—
-oo-c»r-..in — •=r~oinro —
-o -o -o p^ 00 o-- ©. r>j CM ro
— •—»—»—
II-J

co o^- © *— r-j p's ^r in *o p^ 03 o-- © •—
p~- P-.

207

^^^
•o
O)
3
C
•r—
+J

c
o

to

oin-oODTCK«a-or*'«r«r'»o — cj«roc»r-»r-moo —
ro — rvro«trr^r-» — r»t-7CDO-oioo-o«»-iorocj^c>-r<i
m«rT-rM — o<ro~»ororg-ocsin<rco«M'^'r--j5ro —
rj CD •— r-» CM n (M ■•r cs r-» CK ro iii oo •^- o ^ UT •>— 10 -o oo
r-j ro r» o ro r» o iiT — r-j TT r^ •^- iiT »- -o o «o ro m CK »—

r^
m
rsi
r^
T
ir>

o -0 LT ro CD
V—
CN OO o- <r
•o r-j r- *— r-N
CO •<T r>i n -o
r* w in -o Oin «o >o >o O
r^ -o r*i CO
o «— ri o
«•— ro O •=r
<r O -O in
rj f*J o^ lir- r-.. Tv en

in m o CO

oo T p- 03 ro ■<T
CO -o oo r~ c>^ o
© ro c-- r-» P» CO
o- o~ £>» o — —

»— o o P' — r^

-o UT

t>-«rroccioor»orjp»i-o — «r — xninr+icr-mci — *— r-

-o CO
«- o»
o in
rv 00
o^ o
«r ll-j

CD

r^
«D
o
o
co
«r

inr>.ooropo^ofvio«>-ifto»^>o«rr%i«Mroro«roo«Troootn"=ro-oncDinoo~ — ~orvio-iri>«rr>irjee — oo
«a- LT r-^ co c- o •— «— r>j u"5 «r ro m rsi o o r^j CJ rj m -o -o

«r
r-j
oco
UT
-a-

LU

rv
CK
r-j
UT

n
"er

0 — rsi po «»■ \n -0 r-- 02
r%. r-^ f%. r- p^ r^ P~ p~ p..

~o •— r-J -o in rn rj r^ c-i ~o o ro o po rj ro oo rg •^- to *P r-j
roo^'sr.— <rc>-torN.oocr»rjrj«romr'~.occi~«T-»— co
r-«. to in ro ci» ro o~ r--, rj 0 -o m t-» ro o ^- o^ o r^ 11-3 m o
rj o -o o LT in rj r- cw c> — — in 00 •«o r~ »o — 00 — T •«r
•or-j<r«rc>«ro~ocNC>^rjrjrjo^»— — oo«r«cm»orst
r^oaojcoo^o-C'OOO — — •— •-ro^rroo-irsps.coo*

-o ro — «r co rv r-j »— «=r — CD-<3»— oo-^rca — Cf-LTO^'aro t>- ro -o r-j «r o- r-» oot-jMor-.t>-co'«j-inc>o-»J-roro
r..icocoom-o«-in ino«rrj»--oin«r«ror»'rco —
ino^nrgminr^iM •— o-- in r-j r-^ r«. u"3 o o~ o oo rn to •«3*o oo to r-v MD r>. rj ro r--^ »— -o — •— -o "T — o in cs co •^ n
^^ r-^ co cr> c^ t>-o — *— rjrororon^r in -o «o ID o ro «r
>— -^ »- — r-j r-j r-j

u-)
uiPif^-oiriT— >«rnro»— inrNimoooo-oin^T-^roco-- rocococ>~c^<rr-»-ooooo~oor-jt-N.o^in"3--<i«!ro»»o
CD .— o-.«3-co»o«-oo-c>-e> — — ^e«— inmcoooinin-o
•a- rj r-- ro f-J r-. -o rj o UT m oo ro rj — o^ LT C!~ «!• r» r^ r»
cocoO'-o — fomr-»r-%c3CDO-»- rouno-ocaiooiir"
rsirjrjrsinrororoi-jroporom«r"T«r«3-«!rii"5m-o-o

rv
m
o
r^
-o
cp

Lt.
ii

o
Cii
CJ-5

tn

u.

o

=>
to
Ci

CD

o;
►_<
a.

o
i—
UJ
c-:
is
CD

cno^o — rjroTui^or-^ooo-

208

