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CHAPTER I
INTRODUCTION
Introduction

Forecasting economic activity on the regional 1evel has become a
significant facet of regional economic research and study. Regional
policymakers, both on the state and local level, need accurate forecasts
of many important economic variables in order to derive proper plans or
courses of action in the future. These key variables usually involve
output figures, employment cénditions, income levels, and tai revenue
possibilities. |

Two major types of models have been developed and used in the past
to forecast some of these important regional variables. These well-known
techniques are economic base and input-output models. Both techniques
suffer from certain deficiencies which make théir use a difficult matter
in regional analySis.

Economic base theory is developed around the notion that a region's
activity level is determined primarily by its level of exports. The
regional economy is divided into two primary sectors, the basic and
nonbasic. The basiévor export sector is the motivator which allows
exchange to take place with othef regions and ultimately lead to growth
and development in the region. The nonbasic or service sector is seen
as portraying a supportive role to the basic sector and can grow. itself

only in response to expansion in the basic sector. Economic base models

—



are very simble to construct and very inexpensive to undertake but they
are beset with many conceptual and technical problems: the use of
improper units of measurements, imprecise identification of sectors,
weak assumptions concerning the stability‘of the basic/service ratio,
and the problem of lags (24, p. 20).

A second type of model, the input-output variety, is much more
complex in form and structure than the naive economic base model. This
theoretical model states that each producing sector is dependent upon
the activity of every other producing sector in the economy and it uses
fixed technical relationships in its construction. An output of one
sector may be used as an input for another sector and vice-versa. This
model allows one to more closely follow the ripples that are caused b§
an exogenous shock to the economic_system. In contraét, the economic
base model can judge the impact of a shock to an economic system but not
the manner in which effects are passed on from one industry to aﬁother.

Input-output models are also plagued by certain inherent problems.
The use of constant production coefficients or fixed technical relation-
ships between sectors effectively rules out any possibility of economies
of scale. Since localization and urbanization economies should be
accounted for in regional analysis, this assumption presents quite a
perplexing problem to regional analysts (24, p. 34). In the short-run,
the assumption of these fixed relationships is not so serious but with
any desire of long—term forecasting in mind, the seriousness increases.
The amount and type of data needed for construction of an input-output
model also poses potential problems. Data on origination and destination
of sales and purchases for each firm in a region is a prerequisite for

this type of research. Since data of this type is not collected for



regions it must be collected on a primary basis. This can be done only
at a great cost. Substituting national coefficients into a model,
instead, enters a certain amount of bias into a study and may reduce
any results to utter nénsense,

To counteract the deficiencies sqfféfed by the previously mentioned
models, new types of models and modeliﬁg have been established in the
regional area. The most notable of these varieties is the econémetric
model. An econometric model is a structure (sometimes simultaneous in
nature) which estimates macroeconomic‘relationships from historical or
time series data by the use of regression techniques. The valiaity of
the derived relationships are then judged by tﬁe use of special statis-
tical tests.

Eéonometric models are composed of a series of equations which
attempt to quantify cause—effeét relationships among economic variables.

A typical equation can be visualized in the following manner:

= f X .
Yit (th’ kt’ Et) (1.1)
where Yit = the ith endogenous variable in time period t,
. th . . . ;
th = the j endogenous variable in time period t,
th = the kth exogenous variable in time period t, and
et = the random error term in time period t.1

An entire model or system of m equations could be denoted in matrix

notation as:

YB + Xy = E (1.2)

1 . . .
indogenous variables are ones whose values are determined within
the model. Exogenous variables' are pre-determined or determined outside
of the model. .



where B = a mxm nonsingular matrix of coefficients for the endogenous
variables,

Y = a txm matrix of endogenous variables for each time period,

Y = a kxm matrix of coefficients for the exogenous variables,

X = a txk matrix of exogenous variables for each time period, and
E = a txm matrix of random error terms for each time period

(assumed to have the normal regression properties).

By finding the.reduééd form of the model when it is linear in nature
or through the use of iterative techniques when the model form is non-
linear, the model, once estimated, can be used to simulate and forecast
into the future.2 Mandatory to this accomplishment is the availability
of forecasts of future values of the exogenous variables in order to
drive the model. Various assumptions and possibilities can be entered
into an analysis of the future through these exogenous variables. Para-
meter changes in the model can also be an important component of study
in this light.

Econometric models appear fo be a good compromise between economic
base models and input-output models (24, p. 38). Economic base models
are relatively cheap to construét but they relate very small amounts of
information to the analyst. Input-output models, on the other hand, ére
very complex and relate much greater amounts of information but énly at
a much greater cost. Econometric models fit between the two in both
the areas of information generated and costs to undertake.

Econometric models were initially déveloped primarily for national

economies. The Klein-Goldberger Model of the United States (37) was the

2 ' . .

The reduced form of a model involves manipulating the equations
so that each endogenous variable can be written as a function of all
the exogenous variables, '



first of Its kind for thls natfon. It was a broad model of the economy
developed from data over the 1929-1952 period except for the war years.
It has been followed by many other models of the United States' economy
(17) (22) (23) (50) (57) (58). National econometric models also exist
for many of the developed countries and are now being extended and
constructed for many developing countries.

Many of the.national médels of the Uniéed States have been shown
to have very good forecasting credentials (2) (15) (21) (47). This fact
has added prestige to the econometric model in the search for a fore-
casting tool, especially on fhe regional level, that overcomes the defi-
ciencies of other forecasting techniques (like input-output and economic
base models). Norman J. Glickman (25, p. 1) has accented the belief
that econometric models can provide an excellent tool for regional
research by saying: "In part, due to the reasonably good performance of
their national counterparts, regional econometric models have been seen
as a means of fulfilling these needs."

The developmeﬁt and use of forecasts from regional or local econo-
metric models has not seen as muéh usage considering the extensive possi-
bilities. The principal reason for the slower development of the
fegional econometric model has been due to the lack of large amounts of
appropriate data. Consistent time series for regional variables can
usually be collected back for only 20 to 25 years. This is in contrast
to the data accessibilities for national variables which date back 50 to
60 years. Another problem in the regional model area concerns the fact
that some key variables in an economic analysis are not collected at all
on the subnational 1e§el. Data on regional imports, exports, and non-

manufacturing investment are Viftually nonexistent.



Even with these obstacles to regional econometric model building,
some states have now developed ecconometric MOdelé which seem to be quite
good (1) (6) (11) (12). (31) (39) (41) (43). Modeling on the subnational
level has also been extended to the multi-state as well as the sub-state
level (16) (24). The forecasting abilities for many of these sub-
national models are unknown since many of these studies have failed to
report this area of investigation.

Oklahoma has had one previous attempt at modeling the State economy
(42). This model was extremely aggregative‘in nature and did not pro-
vide any private industrial breakdown in its structure. It consisted
of 25 behavioral equations and eight identities. Only one exogenous
variable was present in the model and it involved state population.

This model.involved no interaction with the national economy. This
latter fact removes the possibility of investigating the effects on the
state economy from a change in the national policy of the country. Also,
the extreme aggregative structure of the model prevents the determination
of the effects on each major industry from a state or national policy

change.
~Objectives

There is a.definite need for a good econometric forecasting model
in the State of Oklahoma. Good in the sense that it shows capabie fore-
casting credentials, allows for interactions or influences from éoth
the state and national level, and is disaggregativezenough to trace out
effects on the primary industries. Evidence on the national level and

the findings from various state models show that the econometric model

can do quite well as a forecasting tool.



Such a model could be used to simulate significant functions of the
state's cconomy and provide a method for more accurately forecasting
future economic activity within the state. It could definitely be used
for deducing probable impact effects of various governmmental policy
changes. Such a device should be of great interest to many state
agencies which are involved with important decision making. This study
will attempt tb develop a model which has these characteristics.and is
able to perform these important functionms.

The major objeétives of this study are to:

A. Estimate a Staté,econometric model for Oklahoma. This will

involve:
1. Using standard economic theory in its construction{ and,
2. Performing said estimatiqn with acceptable regressibn
techniques.

B. Test the estimated model to determine its ability to replicate
economic activity. This will include:
1. Ex post simulatioﬁ; and,
2. Ex post forecasting.
C. Use the tested econometric model to produce a future forecast
for the State of Oklahoma.
D. Compare the predictive abilities of the econometric model with

those of alternative time-series techniques like Box-Jenkins.
Organization

Following this introduction, Chapter II discusses the development
and general trend in regional econometric modeling. This discussion

contrasts the national modeling approach with what is practical and



attainable on the regional level. The general structure of the Oklahoma
model is presented in Chapter III. The theory behind the structure of
the blocks in the model is explained at that point. Chapter IV contains
the actual estimated model and the testing of its replication abilities.
A sample forecast of expected future activity is presented in Chapter V.
This forecast derived from national forecasts incorporating 'a possible
energy propoéal. Chapter VI presents an alternative time series esti-
mation procedure for a selectéd number of variables and compares tﬁe
forecasting abilities of this technique with the econometric model.

Chapter VI1 presents the summary and conclusions suggested by the study.



CHAPTER II
TRENDS IN REGIONAI MODELING
Introduction

The national econometric forecasting models evolved from a struc-
ture that closely follows the design of the National Income and Product
Accounts. This design is, of course, Keynesian in nature. The point

from which the modeling format begins is the basic expenditure identity:

Y=C+I+G+X-M (2.1)

it

where Y GNP,

C = consumption spending,

I = investment spending,

G = government Spending,

X = export activity, and

M = import activity.
Some detail is then provided in the explanation of consumption expendi~
tures, investment expenditures, government expenditures, exports, and
imporps. Equations and section blocks can also be found to explain
taxation, production function relationships, wage determination, unem-
ployment conditions, price levels, income variables, monetary and finan-

cial sectors, and other relevant factors in the economy. Data for these

variables are readily accessible on the national level and can many
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times be found on a quarterly basis as well as the usual annual condi-
tions.

While national modeling may seem to be fairly straight forward,
regional modeling is not nearly as cut and dried. The availability of
data as to the type of variable as ﬁell as whether it is recorded on
both a quarterly and annual basis introduces the prospect of many alter-
native forms to the regional modeling effort. Additional possibilities
also enter the picture when the appropriate linking procedure between
regional and national models is considered. Summed up, regional model-
ing is much less clear cut, and, therefore, open to various approaches.

The possibilities that need to be examined when considering regional
econometric modeling can be partitioned into three areas. These areas
need not be mutually exclusive. The first facet of modeling on the
regional level that must be scrutinized involves the question of how the
regional models should be linked to the national models. It turns out
that this is not a veryrbig issue since the origination of modeling on
the national level has essentially decided the matter. The second and
possibly most prominent issue involves the degree to which economic
theory and the national modeling approach are used in the specification
of the regional econometric model. Closely aligned with this issue is
the third matter or question about the availability and the time frame-
work of the data to be used in the modeling effort.

Each of these issues will be examined as to the possibilities it
opens to the regional modeler. After discussion of these questions,
some typical regional models that have been constructed will be briefly
discussed. A list of general characteristics pertaining to regional

econometric models will also be presented.



11
Linking Regional and National Models

In building and developing regional econometric models and tying
them in with national models, the question arises as to whether a
"bottom-up" or "top-down' approach should be taken (36, p. 4). Specifi-
cally, this involves whether you start your linkages at the national
level and work down to the regional step or begin at the regional level
and work up to the national totals.

The "top-down' technique involves constructing regional models so
as to act like satellites to the already existing national models.
Certain variables in the regional model are made dependent on national
variables to make this national-regional linkage. National changes then
flow down from the top through this linkage to interact with the regional
variables. The advantage to this method is that the national models
are already in existence and only the satellite regions have to be spun
off. The disadvantage to this is that no feedback effects are allowed
from the regional model té the national model. For regions that are
fairly small, this disadvantage is not of any consequence. However, for

much larger areas that do have(éusféntial}feedbacks into the national

e

economy, this '"top-down" linkage approach may be quite limiting.

The counterpart technique for linking these models is the "bottom-
up" method. This involves developing models for all regions in the
nation and then summing their findings into national totals. Lawrence
Klein and Norman Glickman (36, p. 5) have noted that, ''This approach
is clearly more satisfying to the regional researcher, since it
enables distance and other spatial variables and relétions to enter the

model in a meaningful way.'  Feedback effects and interdependencies
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play a very strong role in this linkage approach of the regional to the
national level. The priﬁary drawbacks to this construction concern

the availability of regional data. Some variables that are reported on
the national level are not available on the regional level or are of
much poorer quality. This means that by starting with the regional
model and building up, you may have to forego certain crucial variables
on the national level (because the regional counterpart does not exist)
or you may have to use constructed national variables of lower quality
than those actually published (due to the regional data series on which
yoﬁ build being less sound).

0f the two methods,vthe "top-down" approach has been much more
widespread = 1in usage and popﬁlarity. Again, the major strength of this
méthod is the ability to plug in regional models to already established
national models. This is much easier than starting at the bottom and
having to construct all regions before one ever has a national frame-
work. Data constraints on the regional level add to the prestige of
using the.satellite modeling approach on the regional level.

The "top-down' approach to regional modeling has also been espoused
by many of the leading authorities on economic modeling. Lawrence Klein
(35) in his memérable article on specifying regional models, remarked
that:

We have gone far in the building of big systems, at least in

relation to present custodial capabilities, and it seems to

me that we should try to fill the requests for added detail

by building many moderate-size satellite systems instead of

trying to put Walras in numbers (p. 105).

So the issue of the appropriate regionél—national linkage is seem-

ingly already decided. National models already exist and have at their

disposal a wealth of high quality data. The sensible conclusion would
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be to create a "top~down" Interlinkage where the regional model acts as
a satéllite to the existing national structure. Certain regional
spatial factors may be sacrificed by the usage of this approach but the
alternative seems to be even more undesirable. A significant majority

of the existing regional models follow this format.
Alternative Theoretical Specifications

The regional modeler, after having determined the appropriate link-
age to be made with the national framework, must turn his attentions
toward the question of theoretical specification. Since there has
already been much work completed on national models, a theoretical speci-
fication similar to that of the national mobdels might be considered.

If this is not desirable then possible variations concentrating on
regional classifications and interests might be examined. Here, as well
as of interest in other matters, is the importance of the type and
amount of data that is available. Donald Ratajczak (51) has studied
this issue and found that:

Econometricians engaged in regional research have continually

been confronted with the choice of adapting their models to

the available data or constructing data to appropriately

specify their models.. On the one extreme, econometric tech-

niques have been used to explain the historical performance

of available data series. Accounting identities are not used,

nor is a consistent economic system specified. At the other

extreme is the attempt to create subsystem 'Keynesian' expen-
ditures models even if the expenditures data are unavailable

(p. 51).
Although these two extremes certainly present interesting regional
modeling specifications, most of the actual models developed on the
regional level probably exist between these two points.

No two regions, states, or locales are exactly identical as to the

economies they have or to the depth and quality of data they possess
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concerning their economy. This notion makes it very difficult to name
any existing specification or system as the one most appropriate for a
given region's modeling efforts. In fact to compound things, Ratajciak
(51, p. 51) notes fhat; ﬁThe tradeoff between data construction and
model modification varies with the economic system that is used to des-
cribe regional economic activity." In essence, it is no easy matter to
specify a regional model without close scrutinization of what data is
available, what data can be constructed without incurring large measure-
ment error, and what[exacfly is desired as output from the model.1

Even though it seems there would be an infinite number of possibil-
ities for regional modeling specifications (as to data, theory, output,
etc.), Ratajczak (51) is able to group all of the previous regional

econometric modeling efforts into three divisions:

1. An explanation of prevailing data by whatever variables
are available;

2. Strict conformity with specified theory even if sub-
stantial data must be constructed; and

3. Some implicit tradeoffs between theory and data so that
measurement error and specification error are jointly
minimized (p. 56).2

The above categories will be examined individually as to what

advantages and disadvantages they may contain. The first division or

naive form would appear intuitively to be the weakest of the three and

1Measurement error is the error that is introduced into an analysis
from an equation which involves a variable(s) that has not been correctly
measured. This could be due to use of approximating techniques in con-
struction or to mistakes in recording.

2Specification error is the error due to a regression equation mis-
specifying the true relationships or cause-effect condition among vari-
ables. This can be caused by omitting relevant variables or by including
irrelevant variables in the equation.
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without as much substance as a realistic approach. The second grouping
is the one that most clqsely follows the form used in the national
models. It woﬁld be expectéd that the initial attempts at regional
modeling would have used this approach. The third technique incorpor-
ates within economic tﬁéory the fact that‘certain problems with data may
make the national approach unattainable on the regional level. The
costs of constructiﬁg an expenditure framework may far outweigh the

benefits received. This final method represents a more recent approach.
Naive Form

There ﬁave been a small number of regional models that have allowed
the available data the determination of their structure or form (10) (54).
These models seem to be very simple in nature and primarily seem to be
". . . seeking maximizatioﬁ of explained %ariation for each data series"
(51, p. 56). Although some theory is used’ in estimating each equation,
", . . the model is merely a set of single equation estimations" (51,
p. 57). There are usually few‘or no interdependencies in the models
and, therefore, little simultaneity in determination or computation of
the models.

In this manner, the regional endogenous variables are oftén
determined solely‘by national variables without any interaction with

other regional variables. A typical equation would appear as in the

following form:

u, ) (2.2)
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where Yit = the ith endogenous variable in period t,
Zkt = the kth national exogenous variable in period t, and
u, = the error in period t (24, p. 39).

Equations can be found explaining output, personal income, employment,
retail sales, labor force, taxes, and other economic variables of
interest. |

This specification form has the advantage or ease of not having to
construct much data since only what is published is usually used. .Hence,
measurement error should be virtually nonexistent. This simplicity in
development, though, is likely outweighed by the many problems it also
poses. Policy impact analysis is limited in a model like this. Since
no consistent interacting economic system is designed in this approach,
one cannot examine how a change in policy will be transmitted through
various sectors to affect the regional variables. - Also, misspecification
of some equations may occur from not allowing for the éffect of local
conditions in the structural determination. Results can become non-
sensical. These facts, if youf original intent in modeling is to develop
a forecasting and policy analfsis model, make this approach of little

real value.

National Modeling Form

A second modeling form is that of specifying the regional model in
a manner very similar to that of the national models. This form seemed
to predominate in the early regional modeling attempts and was stfongly
advocated by Lawrence Klein in a 1969 article (35). Even though fairly
strict conformity with specified theory is advocated in this approach,

regional models are allowed to incorporate features that are special to
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thelr own region. Klein (35, p. 108) emphasized this by saying, "The
typleal regional macromodel will be similar to the national macromodel
but will have some characteristics of its own." This macromodeling
approach for regions was believed desirable because it could easily be
linked to the national models.

Klein proposed the satellite modeling approach that was previously
mentioned. Regional models designed in this manner could be tied into
national models and would use exogenous variables determined by the
national structure.

As with national models,; Klein adopts an aggregate income-

expenditure approach in a national income accounts framework

for regional constructs whereby gross regional product (GRP)

is the sum of its components: consumption, investment,

government, and net exports (24, pp. 56-57).

This can be visualized as:
GRP = C+ I + G+ (X -M) = GRO = GRI (2.3)

where C = consumption,
I = investment,
G = government,
X = exports,
M = imports,
GRP = gross regional product,
GRO = gross regional output, and

GRI = gross regional income (24, p. 57).

In his suggestion for a regional model, Klein included equations to
explain regional consumption, investment, government expenditures,
exports, imports, direct state and local taxation, indirect state and

local taxation, federal taxation, transfer payments, capital consumption,
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disposable income, production, price levels, export prices, wage rates,
capital stock, nonwage income, and unemployment. It was stated that the
models should be dynamic and that the degree of detail or disaggregation
within each category would depend upon the region.

Simultaneous relationships were specified in this approach. Some
of the interdependencies involved disposable personal income determining
consumption; gross regional product affecting investment, imports, and
indirect regipnal taxation; employment influencing nonwage income,
unemployment, state and local direct taxation, federal taxation, and
gross regional product; and numerous other economic variables. This
specification of these interacting forces gives this model a mére viable{
functioning economy.

The strongest point to this modeling form, ". . . 1is the ability
to use a well developed behavioral theory in regional analysis! (51,

p. 57). Since much theory has been developed on many of the key expendi-
ture components (i.e., consumption, investment, etc.), these beliefs can
be directly incorporated andvtested on the regional level. Other advan-
tages are the ease with which_regionai models can be joinedbto national
models as well as the enhanced ability to directly trace national policy
chanées to the regional level. Ratajczak (51, p. 58) has noted that,

". . . as long és the natidnal changes éffect the region more than the
region's internal activity, the expenditures approach will improve the
degree of anticipating regional changes."

Althoﬁgh this approach seems very good at first sight, it is beset
by one very formidable problem. Data for some of the cémponents of the

expenditure framework do not exist on the regional level. Consumption

expenditures, non-manufacturing investment expenditures, exports, and
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imports rarely exist data-wise on this level of activity. Attempts at
creating such information 'can be made but, ". . . the necessary data
creation is so substantial and the assumptions necessary to develop

such information are so limiting that many of the factors that may cause
differences in regional development cannot be analyzed" (51, p. 57). 1In
short, on the regional level, the national expenditure-income approach
is very fine in theory but not very practical when considering costs and
benefits of implementation. In defense of Klein (35, p. 108), it might
be noted that he stated at the outset of his discussion on the appropri-
ate regional model that, ". . . I shall not recognize, at this stage,

the very real and substantial data problems involved." Unfortunately,

this disclaimer does not help overcome the data problems of this method.

Recent Modeling Form

Since the eafly 1970's, tﬁe growing specification trend in regional
econometric modeling has been one of tempering the national approach
with certain tradeoffs between theory and data. This activity is pri-
marily due to the data problems that are involved in implementing the
national-like approach which Klein advocated. This category could con-
ceivably contain all possible combinations of tradeoffs between theory
and data thét fall in between.the naive and national specification forms.
Although this category could contain an infinite number of tradeoffs
and, therefore, model forms and essentially be only a catchall, it has
been dominated by a central approach. This approach, advocated by
Norman Glickman and many others, suggests that the regional accounts
should ignore the expenditure aspects of the accounting framework and

instead concentrate on those stressing output and income (24, p. 57).
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This recent trend recognizes the fact that many of the components
of the expenditure identity cannot be found on the regional level.
Therefore, the expenditure basis must be omitted from the regionai
specification. The fegional accounts can then be structured around
gross regional output and/ot gross regional income. Although the
national accounts show that gross product, gross income, and gross
output should all be equal, this need not be so with the remaining
elements on the regional level. Since both parties to a transaction

do not have to be located within the boundaries of the state:

GRO = ZXr # GRI = ZFS (2.4)

where Xr output in sector r,

_FS = factor'payment of type s,
GRI = gross regional income, and
GRO = gross regional output (24, p. 58).
Gross regional output and gross regional income need not be equal.
The gross regional output accounting identity sometimes is the
only gross activity level that can be determined for a region. Not
only does the expenditure approach become impossible to compute but the
inability to obtain corporate profits may make the gross regional income
identity uselesé. Three pétential identities for a regional framework
quickly reduce to one and data for it are not achieved easily.
Another change to the model specification proposed by Klein (24,
p. 58), ". . . éoncerns relations befween the region and the rest of
the world." This change, which is in part due to the movemen£ away
from the expenditure accounts approach, involves making impiicit to

the model what Klein specified as explicit. Klein related export
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activity in a region to a national activity variable like GNP while
imports for the region were linked to local activity (i.e., gross
regional output). Since export and import activity is of interest in
a region, the eliﬁination of the expenditure accounts would destroy
these relationships between the nation and the region. This problem
has been overcome in the more recent specification form.

"Instead of specifying such equatioﬁs, research workers have
estimated demand-type equations relating industry output to the rele-
vant output markets" (24, p. 59). Export-oriented industries in the
output sector have equations that are related to national activity,
just as an export equation would in a national model. In a similar
manner, industries that are more local in nature have their outputs
tied to 1§cai activity variables like personal income or gross regional
oufput. Hence, linkages between the nation and the region that wouid
arise due to exporting acfivify are found in the output equations of
the exportingbindustries. Import associations are likewise located
in the output specifications of residentiary industries. "Thus, the
lack of data has resulted in the implicit specification of activity
that ought to be explicit" (24, p. 59).

Although techniques may differ in the way the rest of the key
variables of a regional model are.formulated, the recent approach does
simultaneously model personal income activity, employment by sectbrs,
unemployment, taxation, wage and salary determination, financial cate-
gories, demographic variables, etc. No significant differences (as in
the éxpenditure accounts controversy) separate the forms to modeling

the rest of the economic sectors.
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The most recent trend in regional econometric modeling has been one
of trying to overcome the data deficiencies that mar the national
approach to regional modeling. FExpenditure frameworks and thoughts'of
final demand Information have been replaced by structures that can be
formed with existing data. . Some economic théory must be sacrificed when
using this form but that may be better than not being able to construct
a good regional forecasting model because of the bad quality data used
in its estimation. Little may be lost by centering analyses around
employment and output changes rather than expenditure movements.
Ratajczak (51, p. 62) has possibly best summed up the intent behind the
trend away from the national modeling approach by saying, ". . . while
the creation of a theoretical framework without regard to data factors

may be useful in stimulating the search for new data sources, it provides

little comfort to the regional analyst."
Quarterly vs. Annual Data Use

Another important area of interest when considering the construction
of a regional econometric model involves the chbice of time reference
for the data to be used. Specifically, should annual or quarterly data
be used in the estimation? This decision will be affected by the degree
of theoretical content desired in the model as well as certain desired
statistical and regional features.

Anpual data are very abundant on the regional level for most
economic variables. Quarterly data, while now available for many
economic variables; are not quite as common. The best source of
quarterly data for a state ofregion is provided from statistics on the

insured labor force. Wage rates, employment, and unemployment numbers
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can be located for this group. These figures may unfortunately omit
three other groups: self-employed workers, government employees, and
agricultural workers (51, p. 52). Personal income also exists on a
quarterly basis and most of the wage and salary sector can be formed
from the insured labor force information. Many other significant
economic variables can be located or constructed on a quarterly basis
with one major exception. Output data are only available on an annual
basis. This omission may be Qery crucial in the choice of data selec-
tion for a regional model.

If an explicit output sector is desired in a regional model then
only annual data can be used in the modeling. The issuance of value-
added data for manufacturing as well as the components to construct
gross product originating by industry via the Kendrick-Jaycox tech-
nique (34) are only available on an annual basis. An explicit output
sector precludes the use of quarterly data. If an output sector is not
of upmost importance in the modeling effort then quarterly data may be
considered. The inclusion of an output sector does make for a more
theoretically complete model.

An intéresting question concerning the output sector arises when
considering this quarterly vs. annual data confrontation. Although an
output sector may make a model more solid theoretically in its linkages,
it does involve certain problems. These problems involve the fact that
there is a two to three year lag in the availability of value-added
data on output for the manufacturing sector of the economy. This means
that models which explicitly incorporate Output sectors (of which manu-
facturing is usually very prominent) are actually making four to five

year forecasts in the future when they forecast two to three years from
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the present. As with any model, the longer one forecasts into the
future, the greater ones chance of error and the compounding of it.
The dilemma arises in whether one wants to cut off ones data series two
to three years before most of them end against the ability to have
actual forecasts of output levels in the regional economy. Although
more theoretically satisfying, the inclusion of an output sector may
not only preclude the usage of quarterly data but also reduce the length
of the existing annual data series and enhance forecasting error.

Besides the output consideration, regional modeling can probably
be achieved using quarterly data over annual data with only a few minor
drawbacks. There are certain model characteristics involving various
strengths and weaknesses of each that may aid in the decision of which
data approach is more advantageous. An econometric forecasting model
for the State of Delaware has established a list of the costs or draw-
backs associated with using each approach.

Major drawbacks associated with annual models which are

avoided when quarterly models are constructed include the

following: 1) Annual models have limited numbers of degrees

of freedom because long time series on regional variables

are not available. . . The consequences of a limited number

of degrees of freedom are: a) a reduction in the statistical

reliability of estimated coefficients and b) a reduction in

the number of explanatory variables in any equation . . .-

2) Annual models cannot reflect more rapid than annual adjust-

ments to changing economic conditions and thus obscure the

sensitivity and speed of adjustment of the regional economy

to economic changes . . . 3) Annual models can only adjust

for fiscal year phenomena, such as federal, state, and local

government budgets with some difficulty (39, pp. 3-4).
The annual model problems are then contrasted to those from quarterly
usage.

The consequences of choosing a quarterly specification also

include several costs: 1) Quarterly time series data are
available for fewer economic magnitudes than are annual data.

This is a particularly serious problem when specification of
the model proceeds from a set of regional product accounts
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which require reglional output data that are available only on

an ammual basis . . .. 2) By specifying a quarterly model we

arce forced to provide a much more detailed description of the

behavior of the sectors modeled than an annual model requires

. « « 3) The higher variance of quarterly than annual totals

for many economic magnitudes means that our standard errors

of estimate for some equations will be higher than would be

the case in an annual model (39, pp. 4-5).

The decision on the appropriate usage of annual or quarterly data
swiftly becomes a crucial issue when considering the strengths and weak-
- nesses of each approach. If an output sector is desired (and there are
many good reasons for including one), then the matter is already decided.
Annual data has to be used. If an output sector is not desired, then
the issue is wide open. Reasons for and against can be found for each
technique. The more complete annual models when including the output
sector probably produce more accurate forecasts of impacts on the
regional economy. In contrast, the quarterly models are potentially
more sensitive to short-run cyclical fluctuations and seasonal changes.
Tﬁrning points can probably be better predicted for the economy using
the quarterly model. These issues along with those involving the appro-
priate linkage to the nation and specification alternatives must be

considered together when trying to select the appropriate model form for

a region.
Review of Selected Models

In this section, a brief review will be made of some of the exist-
'ing regional econometric models. The models that were selected to be
discussed here are considered to typify the past and current research
trends in this area. Models will be discussed according to the framework
they have‘dev§loped, the behavioral equationq they estimate, the sample

period they use for data, estimation techniqﬁes, and any other features
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of interest. The regional models to be presented cover areas involving:
Magsachusetts, Ohio, Northeast Corridor, Ceorgia, Mississippi, Tennessee,

and Philadetphia SMSA.5

Massachusetts

The Massachusetts model was developed by Frederick W. Bell (6).

This was one of the earliest regional econometric modeling attempts and
it signifies this by its resemblance to the national forecasting models.
This model is very limited in its features since it is composed of only
14 equations. Of these equations, only eight are behavioral.

Equations were established to explain export income, local consump-
tion income, manufacturing investment, nonmanufacturing investment,
production, expected labor supply, migration and real wage determination.
The model involves very little simultaneity in the determinatién 0% the
endogenous variables and seems to be highly recursive in nature. GNP
plays a large role in the construction of these equations. GNP deter-
mines export income and also indirectly affects local service income.

The investment functions, in turn, are determined by export and service
income. |

The wagekdctermination equation for the region was handled‘in an
interesting manner by making real wages solely a function of time. A
Phillips relation was tested earlier and found to be insignificant. Bell

(6, p. 116) stated that:

3Some of these models are initial attempts in ongoing projects.
As this project is the initial modeling attempt for Oklahoma, it would
seem appropriate to examine these early formulatioms.
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On the basis of the available information, we shall postulate

that real wages will increase secularly on the basis of tech-

nological change and capital-labor substitution and exhibit

no pronounced reaction to unemploymentf
The average growth of real wagés was estimated to be 1.7 percent per
year for Massachusetts.

The model was estimated from annual data over the 1947-1962 time
period. There were 16 observations used for the three estimating tech-
niques that were performed: ordinary least squares (OLS), two—stage
least squares (TSLS), and reduced-form least squares (RFLS). No error
statistics for tests of the ability to replicate economic activity were
listed. Glickman (24, p. 46), in a review over certain regional models,
questioned the ability ofbthis model to forecast and summed up this

"

modeling effort by remarking, ". . . 1t is questionable whether this

work represents a market improvement over the base model."
Ohio

The Ohio model, constructed by W. L. L'Esperance, G. Nestel, and
D. Fromm (41), recognized the data problems involved with the expendi-
ture and income approach to constructing gross state product (GSP)
accounts. Therefore, they resorted to the technique developed by
Kendrick and Jaycox (34) to construct GSP by industry. The GSP accounts
provided the framework upon which this 27 equation model was built.

The Ohio model is composed of three separate blocks. Blocks I and
IIT are recursive while Block IT is simultaneous'in nature. Block II
contains the gross étate product components. GSP is composed of activity
in contract construction; finance, insurance, and real estate; manufac-
turing; services; wholesale and retail trade; federal government; state

and local government; and a category for other industries. Equations
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describing activity in these sectors are found with the exceptions of
the government categories. = Also included in the simultaneous block are
equations for automobile sales, retail sales other than automobiles,
personal income, federal income taxes, and the identities to compute
disposable personal incoﬁe. Included in the recursive blocks are infor-
mation on motor fuels consumﬁtion, automobile registration, retail sales
tak, retail sales, invesfment in plant and machinery for manufacturing,
and internally generated funds in manufacturing.

The most conspicuous omissions from this model are equations for
employment and wage considerations. Nowhere are such matters introduced
into the analysis. Also, not much detail is provided on the state
taxation situa£ion.

The model was estimated using OLS and TSLS. The 16 behavioral
equations and 11 identities were.determined from annual data genéfaliy
occurring from 1949-1963. Tests were made using a Q2 statistic to mea-
surebthe accuracy of fit of the actual and predicted endogénous vari-
ables over the sample period (5). It is hard to determine how well
the Ohio model replicated activity in a relative sense since feﬁ of
the other regional models use this Q2 statistic. In general, the Ohio
model seemed to adequately determine the gross state product aggregate

variables but some of the other variables did not fare as well.

Northeast Corridor

The model for the Northeast Corridor of the United States is the

. X . . . 4 s
largest model in terms of area to be discussed in this section. This

4The Northeast Corridor consists of New Hampshire, Massachusetts,
Rhode Island, Connecticut, New York, New Jersey, Pennsylvania, Delaware,
Maryland, the District of Columbia, and Virginia.
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ten state area plus the District of Columbia model was established by

R. T. Crow (16) in conjunction with a transportation study sponsored by
the U. S. Department of Transportation. This 66 equation model is quite
novel in that it attempts a triple entry accounting structure. Gross
regional product (GRP) is determined through the gross product origina-
ting in each of ten industrial sectors, gross expenditures, and gross
income. This last approach is not quite as fglly specified as the other
two.

The ten industrial sectors determining GRP through the gross product
originating approach are agriculture; mining; contract construétion;
manufacturing; wholesale and retail trade; transportation; communication
aﬁd public utilities; finance, insurance, and real estate; services and
miscellaneous; and government. This ten sector breakdown involves not
only output but also equations for employment and annual wage rates. ‘A
'1arge degree of simultaneity enters into these sectors (output, employ-
ment, and wages) as both thegﬁossproductoriginatingandannualwagerates
act as théprimedeterminantsofemmloymentbysectorwhilethegfossproduct
originating by industry helps determine wage rates by industry.

The expenditure sector of the model involves equations for consump-
tion, non-residential fixed investment; reéidential construction, sﬁate
government purcﬁases, local government purchases, federal government
defense purchases,.and federal government non-defense purchases. These
equations along with a residual catchall determine the GRP expenditure
identity. National and regional variables both play a large role as
determinants in this sector.

Income data comprises other labor income, self-employed income,

property income, employee contributions to social insurance, and transfer
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payments. These variables help compute a personal income and a dispos-
able personal income Qaridblc that interacts many times with other parts
of the model. Miscellaneous equations also encompass population, con-
sumer price indexes, and the full employment labor force. No allowance
seemed to be made for unemployment conditions.

The annual data used for this model ran from 1949 to 1963. The
number of observations was expanded by pooling the 15 observations across
a three region delineation. The esfimation.was done using a TSLS
approach where the first stage was computed by reducing the exogenous
variables into eight principal components. This procedure greatly saved
degrees of freedom. Simulation and forecasting were performed with the
model with very reasonable results. Mean absolute percentage errors
(MAPE) for most variables were acceptable. Since this model was con-
structed with policy-oriented appiications in mind, a simulation was per-

formed for alternative military spending policies.

Georgia

The satellite model for Georgia was originally created by A. Ray
Grimes, Jr. (31). This model is also constructed along a gross state
product framework in which greoss product originating by industry forms
the basic identity. This Georgia effort includes a fairly disaggregated
breakdown of the manufacturing industry which, therefore, affects the
output, employment, and wages equations of the model. This model is one
of the larger ones constructed for a region and it contains 114 equations.
Eighty-one of the equations are stochastic while 33 are identities.

This modeling effort is part of an ongoing project in Georgia and this

presentation was the initial effort in that project.
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' The Georgia model is composed of eight blocks of equations: output;
employment; wages, income and prices; state government; manufacturing
investment; demographic; banking; and retail trade (31, p. 5). Ample‘
feedback and interdependence are allowed for between sectors and exogenous
policy variables alsb play a major role in this construction.

The real output sector of this model is composed of 19 equations.
The traditional industry breakdown into mining; agriculture; contract
construction; wholesale and retail trade; finance, insurance, and real
estate; trénsportation, communication, and public utilities; services;
government; and manufacturing is included. Also, manufacturing is
decomposed into the following two-digit industries: food; textiles;
paper; apparel; chemicals; stone, clay, and glass; fabricated metals;
transportation cquipment; and other manufacturing. ''The output equations
are demand equations with demand being represented by both interindustry
and final demand components" (31, p. 11). Gross state product is deter-
mined by the sum of the output of the basic industries.

Employment.is computed for the same industries and manufacturing
breakdown as in the output sector. The equations are of the labor demand
variety where the major industries are determined by industry output and
industry average annual‘wages. Lack of data for the two-digit manufac-
turing industries' wages prevent.the same specification for the manufac-
turing subseétor. The civilian labor force is also estimated in this
block with unemployment and the unemploymeht?rate determined through
identities.

The wages, income, and prices block involves equations for each.
Average annual wages are computed for the major industries and are re-

lated primarily to the activity in manufacturing. Manufacturing, itself,
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Is determined via natlonal wages In manufacturing and mining. Local
conditions are allowed for in the individual equations by use of the
unemployment rate. vIncome is broken down into other labor, proprietors
except farm, property, transfer, social inéurance, wage and salary, and
agricultural. Each equatibh'is related to the appropriate national and
local activities. Prices in the Atlanta SMSA are also determined.

Another large sector of the Georgia model is the state government
sector. Equations are presented for each of the major revenue services
of state government, intergovernmental revenues, miscellaneous charges,
along with an equation for general expenditures. Most of tﬁe revenue
equations are estimated as a function of some local activity variables
while a few also include a tax rate variable. The revenue areas involve:
generél sales, motor fuels, alcoholic beverage, tobacco, insurance and
other selective taxes, motor vehicle licenses, other license fees,
personal income, corporation income, and other taxes.

Other sectors included iﬁ the model such as manufacturing invest-
meht, demographic, retail sales, banking, aéd miscellaneous seem to play
a supportive role to the rest of the model. Manufacturing investment is
- composed of structures and equipment and both are primarily related to
manufaéturing output. Total population is estimated in the demographic
section while migration is derived by identity. Retail sales are esti-
mated fér automobile and non-automobile saies and these variables enter
back into some of thé output formulations. Banking information is pro-
vided for demand and time deposits as well as commercial loans and
investments.

The model was estimated usipg annual data from 1951-1968. Ordinary

least squares was used as the estimating technique. At the time of this
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publication, the model had not been tested as to its forecasting cap-
abilities. This has been done in later efforts and with quite reasonable

success (40).
Mississippi

The regional econometric model for Mississippi was formulated by
F. Gerard Adams, Carl G. Brooking, and Norman J. Glickman (1). This
model is very similar in its basic construction to the Georgia model
as well as other contemporary modeling efférts. As the authors noted,
and the growing trend in regional modelingiindicates:

In place of the final demand identity in the typical Keynesian

model, the basic account identity for regional model building

is the so-called 'third' or output approach. Gross State

Product (GSP) is the sum of gross output by sectors. This

significant modification in the model structure reflects lack

of certain critical data (p. 286).
The mddél is centered around this key output black with biocks also .
existing for employment, wage'rates and personal income, and taxes.
The Mississippi model consists of 39 equations of which 29 are behavioral
relations. |

The output section consists of equations for the basic industries
of the economy. In addition, the manufacturing sector is divided into
the categories of durables and non-durables. The industries aré split
into export—oriented and internally-oriented and their respective outputs
are determined by the demand for goods produced by them. Export indus-
tries are related to national variables while local conditions determine
the internal industries. Relative unit cost variables also play a
significant role.

Labor demand relationships determine the employment block. Indus-

try employment is a function of industry output and real wages. Time
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variables were also used éo denote technological change. The unemploy-
ment rate equation is related to the national unemployment rate.

Wage rates in the Mississippi model are very aggregative and do
not involve much detail. Wage rates exist for manufacturing, agricul-
ture, and non-manufacturing non-agriculture. Manufacturing wages are
determined by their U. S. counterpart and, in turn, affect the other
two categories. Total wages and salaries along with.other labor income,
property income, proprietors non-farm income, farm income, fransfers,
and social insurance coﬁtributions determine personal income.

The tax sector is determined as a function of a tax rate and tax
base. Proxies for the tax base are‘used since no such precise tax base
information exists. Equations for sales tax, retail sales, fedéral
income tax, income tax effective rate, and income tax on a fiscal basis
compose this section. Not mdch detail is allowed for in this section.

The Migsissippi'model was estimated f%om annual data over the
sample period 1953-1970. The model was log-linearly specified using
ordinary least squares‘(OLS) and iterated instrumental variables (IIV).
The authofs‘noted that, "An analysis of the results indicates that
there is very little gain,'measured by reduced root mean square error,
to be found using IIV" (1, p. 291). The more sophisticated simultaneous -
equation estimation technique did not seem to add anything to the effort.

Simulation error tests were made and the model was found to ". . .
successfully track the growth path of the major economic aggregates in
Mississippi over the sample period" (1, p. 291). Multiplier studies
were made and a control forecast for the Mississippi economy from 1973—
1980 was presentéd. Rapid expansion was predicted for Mississippi

during this time.
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Tennessee

The Tennessee model was constructed by Hui S. Chang (11). This
log~linear model follows the lines of construction that were used by
the Georgia and Mississippi models. GSP is formed by the gross product
originating approach for industries. The model is fairly large and it
contains 77 equations and 120 variables. The major sectors of the
economy are output, employment, wage and nonwage income, tax revenue,
and retail sales.

The same basic industry breakdown is involved in the output,
employment, and wage and salary equations. In addition, government is
divided into a federal component and a state and local component. As
in the Mississippi modei, manufacturing is decomposed into duréble and
nondurable manufacturing for these sectors except for wages and salaries. .
A composite manufacturing wage and salary variable is determired at
that point.

Output equations as in the Mississippi modellare categorized 'as to
whether they are export-oriented or internally-oriented and then related
to the appropriate activity variable. 'Such a distinction of course
cannot be unequivocal" (11, p. 8). Some sectors are affected by both
national and local activities. Employment is Basically specified as a
function of output and real wages in the industry. The wage sector is
centered around activity in manufacturing. Manufacturing wages are
determined by U. S. manufacturing wages and then affect all other
industries' wages. Local labor conditions are also allowed for. These.
specifications in output, employment, and wages are all similar to

those in some of the previously mentioned models.
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The personal income sector of the Tennessee model also folloﬁs a
common theme established by earlier models. Total wages and salaries
are determined by identity and join with‘nonfarm proprietors' income,
farm proptietofs' income, property income, other labor income, transfer
payments, éontributions‘to social insurance, and a resident adjustment
to form total personal income. The income sector also includes a number
of other dimportant income concepts that are computed through identities.z
These concepts include per capita personal incqmé, disposable personal
income, real disposable personal income, per capita disposable incomé,
real per capita disposable income, and disposable income in fiscal years.

The equations for the tax sector primarily involve state tax reve-
nues, however, a federal income tax equation is also estimated. Reve-
nues are generally related to tax bases and tax rates. Proxies for these
features are sometimes substituted. Tax behavioral equations involve
state taxes of the following nature: sales and use, gross receipts,
cigarette, gasoline, alecoholic beverages, corporation excise, motof
vehicles, and other tax revenue.

The retail sales sector is very small and consists of only auto-
mobile and nonautomobile retail sales. Disposable personal income plays
a major role in both equations. Sales tax rates and interest rates
also detefmine automobile sales.

The Tennessee model was éonstructed from annual data over the per-
iod 1952-1972. Some of the employment equations involved shorter per-
iods from 1964-1972., Ordinary least squares was used as the regression
technique. This model was‘rigorously tested for its replication ability
and it proved highly successful. MAPE errors for the Tennessee model

seemed to be slightly lower than those associated with the Mississippi,
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Georgla, and Philadelphia 1V models. Multiplier simulations were made
and, "The results showed that the model correctly reflects the effect
of changes in national and state exogenous variables on the Tenn<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>