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ABSTRACT

A QUARTERLY ECONOMETRIC MODEL OF MICHIGAN

By
Edward H. Robb

The quarterly econometric model of Michigan pre-
sented in this paper provides a mechanism for estimating
and forecasting personal income by major categories. The
model gives special attention to the durable and nondurable
goods manufacturing industries, particularly motor vehicles
and equipment. It also provides an analytical description
of the Michigan economy and, in particular, the interplay
between broad aggregate sectors.

Although the model contains 21 stochastic equations,
only the parameters of those of the personal income subset
were estimated. The equations for consumption and invest-
ment were not estimated due to the lack of data. The equ-
tions which were estimated represent 1l wage and salary
components of personal income and 6 nonwage and salary cat-
egories. 1In addition, the model includes employment in
motor vehicles and equipment among the endogenous variables.

The model contained in the paper was the first state

model to employ a systems method of estimation. The esti-
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mation technique was three-stage least squares. However,
due to the presence of autocorrelation in several equations,
the normal three-stage technique had to be modified to ac-
count for the lack of independence. Given the assumptions
of the model, the technique utilized implies both consistant
and efficient parameter estimates.

Statistically, the results were quite satisfactory.
With the exception of the equation for employment in motor
vehicles and equipment the sample data fit the theoretical
relationships very well. |

As is typically the case, the forecasting results
for some equations were better than others. Fortunately,
hbwever, the results for those components included in tax-
able income were quite good with the exception of nonfarm
proprietors' income. The forecasts for the wage and salary
components were especially encouraging since this portion
of personal income comprises the withholding base for the
Michigan personal income tax.

The development and the presentation of the model
itself was carried out with the explicit aim of making the
study useful to policy makers. Some of the results gener-
ated by the model indicate its utility for planning and
budgeting purposes.

The most common form of forecasting methodology
employed in state government is trend analysis, i.e., the

normal growth pattern. The problem with this method is that
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it fails to account for major swings in the economy and the
pattern of change throughout the forecasting period. As a
test of *his point, the forecasting results of the model were
compared with the forecast generated by assuming a normal five
percent growth. In addition, the forecasting results of a
previous econometric model of Michigan were also tested. The
model presented in the paper yielded far more accurate fore-
casts than either of the other models, with only a 1.8 per-
cent error for the six quarter forecasting period.

In terms of Michigan's major revenue sources, the
individual income and sales taxes, the 1969 forecast generated
by the model had a combined error of only 1.2 percent. An-
other area where the model may prove useful in its ability to
help predict the impact of major strikes in the automobile
industry on personal income and the yield of the State's
personal income tax. The experience of 1970 provided such
an example. The 2 1/2 month strike caused an estimated pro-
duction loss of over 1.2 million units. In terms of the
model this would imply a $205 million reduction in personal
income and nearly a $6 million loss in personal income tax

revenues.
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CHAPTER I
INTRODUCTION

Government has, in the last two decardes, undergone
a tremendous expansion in both the size and scope of its
activities. Accompanying this increased activity has ccme
a concomitant need for increased information, both qualita-
tive and quantitative, to enable the legislative and execu-
tive branches of government to fulfill their functions more
effectively. While this need has not gone unnoticed at the
federal level which each year witnesses more sophisticated
methods of analysis being developed to close the "information
gap," the same cannot be said for most state and local gov-
ernmental organizations.l This lag in the development and
adoption of the newer and more powerful socio-economic tools
on the state and local level is made more disturbing since
the growth of state and local government activity has been
even more pronounced than that at the federal level. Over

the period from 1950 to 1968 total federal government receipts

lWhile it is indeed true that the federal government
has been responsible for the development of the vast majorlty
of new techniques and data, it too has been slow in the im-
plementation of these improvements. The result is that a
mass of sophisticated (and presumably helpful) analyses and
techniques has been filed away far from the individuals
actually making the decisions.

1



and expenditures grew 254 per cent and 345 per cent re-
‘spectively (non-defense expenditures 279 per cent). Total
state and local government receipts and expenditures, mean-
while, grew at respective rates of 402 per cent and 382

per cent.

The lack of both reliable data and comprehensive
analysis in state and local government has been acutely
prevalent from the viewpoint of economic theory and econo-
metrics, two tools which have received only the most meager
attention from state and local governments. While their
underuutilizations (and in a few céses, misuse) represents
a disquieting oversight from an efficiency oriented posi-
tion, in that the predictive powers of these tools have
gone needlessly untapped, it is even more disturbing given
the institutional constraints faced by state and local
governments.,

Unlike the federal government which controls the
money supply, not to mention being able to incur both short
and long-run deficits, state and local governments are not
only denied the use of the presses but are typically pro-
hibited by their constitutions and/or legislative bodies
from operating at a deficit. Given their more restrictive
constraints, it would seem that state and local governments
would have even a greater incentive to avail themeselves of

the growing body of econometric techniques. The adoption



of these tools would not only enable states to forecast
‘their revenues more accurately, but could also make more
efficient the allocation of their revenues between competing
aiternatives.

The State of Michigan has been no exception to the
general rule of inadequate fiscal planning. As Table 1 so
palpably shows, Michigan has displayed the common pattern
of boom or bust. During the period 1950 through 1968,
General Fund-General Purpose expenditures have more than
quintupled, rising from a level of $200 million in fiscal
1950 to $1,153 million in fiscal 1968 an increase of 476.5
per cent or at an average annual rate of 9.1 per cent (6.5
per cent from 1950 to 1964). The increase, however, has
been characterized by a very erratic pattern. Deficit
years have resulted in several "fiscal crises" and the
subsequent enactment of austerity budgets, while surpluses
have usually given rise to pronounced expenditure increases.
In contrast to the average annual increase in expenditures
of $35 million, the period 1952-1954 saw no increases in
expenditures while periods such as 1954 to 1958, 1960 to
1962, and 1965, 1966, and 1967 have seen expenditures in-
creasing at the rate of over ten per cent per year.2 (See

Table 1)

2The respective increases in fiscal years 1965,
1966, and 1967 were at the extremely rapid rates of 22,
24 and 32 per cent.



Table 1.,--State of Michigan, General Fund, general purpose
revenue and expenditures, 1950 to 1968. (Millions

of dollars)

) Accumulated
Fiscal Year Annual Surplus (+) or
Ending Expenditures Revenue Surplus (+) Dgficit (=)

June 30 or Deficit (-) (End of Year)
1950 200.4 156.8 - 43,5 - 21.4
1951 206.0 179.7 - 26.3 - 40.9
1952 223,7 194.1 - 29.6 - 65.3
1953 225.3 240.8 + 15.5 - 31.3
1954 223.1 261.1 + 38.0 + 5.8
1955 252.8 264.6 + 11.8 + 17.0
1956 277.7 286,3 + 8.6 + 25.6
1957 330.9 312.1 - 18.8 + 6.7
1958 367.0 328.7 - 38.3 - 21.2
1959 376.3 298.8 - 77.5 - 95.5
1960 386.2 418.1 + 31.9 - 64.0
1961 429.9 430.6 + 0.7 - 71.7
1962 476 .4 458.8 - 17.6 - 85.6
1963 492.3 564.0 + 71.7 - 22.8
1964 523.5 596.0 + 72.5 + 57.1
1965 650.2 746.3 + 96.1 +153.2
1966 793.9 841.9 + 48.0 +201.2
1967 1,049.2 893.3 -155.9 + 45.3
1968 1,152.5 1,186.8 + 34.3 + 79.6

Source: 1950-1964 figures are taken from Harvey E. Brazer,

"Michigan's Fiscal Outlook," Wayne Law Review, Vol.

2, No. 2 (1967), pp.

430-50.

1965-1968 figures by

State of Michigan, Executive Office, Bureau of the

Budget, Budget Division.



This highly unstable pattern of expenditures not
‘only imposes intense pressures upon state personnel and
programs, but also makes efficient planning and programing
nearly impossible. A further consequence is the difficulty
it causes in attempting to maintain a level and quality of
government services commensurate with the capacity of the
State's economy and the demands of its citizens. With
Michigan's population gréwing at approximately 1.2 per cent
per year and with prices paid by the State (including wages
and salaries of State employees) rising at over three per
cent, the per capita supply of government services of con-
stant quality must necessarily be curtailed or the quality
reduced anytime the year-to-year increase in appropriations
falls below 4 to 4.5 per cent.

The reasons for this pattern of fiscal instability
have been varied. As with any government institution, poli-
tics is inextricably tied to both the level and allocation
of expenditures. Nevertheless, the primary constraint in
determining the level of expenditures has to be the level
of its revenues. Given certain institutional constraints
(including the state's tax structure), the level of expendi-
tures is basically determined by the forecasted level of
its revenues. Given the state's desired minimal level of
services, however arrived at, if the forecasted level of

revenues is at least sufficient to meet the expenditure level



implied by the desired level of services, no further action
~is immediately required. If the forecasted level of reve-
nues falls short of the necessary level of expenditures,
further action, e.g., a rise in tax rates, etc., is indi-
cated. However, a problem many states have experienced in
the past, including Michigan,3 is that of accurately fore-
casting the level of the state's revenues.4 The techniques
employed for this purpose range from the crystal ball at one
extreme to econometric analysis on the other. Unfortunately,
most state and local forecasting has not been at the "other"
extreme or even close to it, with the "normal" pattern, i.e.,
time trend analyses, probably being the most prevalent fore-
casting method. The problem with using this type of analysis

is that in a very real sense it is merely a facade covering

3Michigan has done extremely well in forecasting
total revenue in the last several years as Table 2 indicates.

4The problem of forecasting tax revenues, much the
same as forecasting anything else in a world of imperfect
knowledge, is a difficult one. Forecasting tax revenues,
however, interjects an added phenomenon. Due to the per-
sistent tendency on the part of the individuals doing the
forecasting to be conservative, a tendency which seems to be
accentuated the less sophisticated the methodology and, hence,
the less confident they are with their forecast, most revenue
estimates understate the actual yields. Building in a strong
downward bias to be on the "safe side" is bad enough, espe-
cially from an academic viewpoint, but such a phenomenon, if
at all recurrent, seldom goes unnoticed by state legislators
for very long, and as a result of compensating for the bias,
they in essence do the final forecasting.



Table 2.--State of Michigan, record of revenue estimates,

General Fund budget (in thousands).

Long-Range Estimate
(18 Mos. or More Ahead)

Short-Range Estimate
(6 Mos. or More Ahead)

Fox
F;Zgil General Total General Total
Purpose Fund Pur; Jse Fund
(1) (2) (3) (4)

1949-1950 $ 228,949 384,621 $ 223,491 400,388
150-1951 229,895 400,893 259,505 449,366
1951-1952 265,766 462,191 293,774 505,991
1952-1953 301,888 529,615 304,222 525,240
1953-1954 306,557 532,396 371,081 586,167
1954-1955 365,541 574,826 373,206 588,500
1955-1956 246,171 415,995 287,955 474,662
1956-1957 315,003 505,046 316,364 518,441
1957-1958 335,782 541,286 316,015 524,086
1958-1959 333,542 545,769 290,466 514,551
1959-1960 307,858 539,134 415,882 650,231
1960-1961 409,328 644,852 443,117 686,830
1961-1962 477,921 734,929 452,384 711,082
1962-1963 468,350 733,256 546,353 819,979
1963-1964 560,591 839,164 593,957 887,024
1964-1965 674,570 910,401 727,459 991,570
1965-1966 756,145 1,034,210 816,436 1,174,562
1966-1967 878,036 1,268,155 896,355 1,299,429
1967-1968 932,909 1,358,833 1,159,644 1,619,068
1968-1969 1,337,065 1,864,288



Table 2.--Continued)

Actual Revenue

Percentage Variation
(Actual Over or (Under) Estimate)

General Total
Col. 5 Col. 6 Col. 5 Col. 6
Puig?se F?g? vs 1 vs 2 vs 3 vs 4
232,475 402,492 1.5 4.6 - .4 .5
260,550 460,140 13.3 14.8 .4 2.4
285,172 493,617 7.3 6.8 - 2.9 - 2.4
349,684 577,669 15.8 9.1 14.9 10.0
369,445 581,411 20.5 9,2 - .4 - .8
383,213 605,726 4.8 5.4 2.7 2.9
286,332 473,678 16.3 13.9 - .6 - .2
312,063 502,505 - .9 - .3 - 1.4 - 3.1
328,661 535,639 - 2.1 - 1.0 4.0 2.2
298,784 522,668 -10.4 - 4,2 2.9 1.6
418,103 654,746 35.8 21.4 .5 .7
430,573 676,019 5.2 4.8 - 2.8 - 1.6
458,750 720,469 - 4.0 - 2.0 1.4 1.3
563,993 842,806 20.4 14.9 3.2 2.8
614,008 909,137 9.5 8.3 3.4 2.5
746,337 1,004,283 10.6 10.3 2.6 1.3
841,873 1,171,375 11.3 13.3 3.1 - .3
893,228 1,281,249 1.7 1.0 - .3 - 1.4
1,171,811 1,644,964 a a 1.0 1.6

Source:

aNew tax base.

State of Michigan, Executive Office,
grams and Budget.

Bureau of Pro-



up one's ignorance of the true causes of a given phenomenon.
.On a pragmatic level its use also has the disadvantage of
not enabling one to forecast severe deviations from the
trend, which is the major contributing factor to bad revenue
forecasts.

However, from a broader perspective the seemingly
dominant role of accurate revenue estimation in overall
fiscal planning is often mitigated. This is due to the
separate, though related, problem of the correct time
hiorizon. Most state legislators, and more importantly
members of the executive branch, have exhibited a very
short time horizon with regard to both revenues and ex-
penditures, the most common horizon being one year. The
problem with a one year horizon is that it is not long
enough to insure that the level of governmental services
will be sufficient to meet the present and future demands
of the population. What is needed is not only more ac-
curate revenue forecasts, but in addition revenue (and
expenditure) projections for more than the ensuing fiscal
year.

The under-utilization of economic tools on the part
of state and local governments may be waning, at least as
far as Michigan is concerned. 1In the last few years Michi-
gan has begun to exhibit some signs of closing the informa-

tion gap. Most notable was the state's purchase of an
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Econometric Model of Michigan (more commonly known as the

.Suit's Model) in 1966 and more recently the implementation
of cost-benefit analysis to aid in a better allocation of
state revenues. Although these actions have been encourag-
ing, thexe is still a need for better econometric models,
particularly in light of the fiscal reform package enacted
in 1967 which added two new major revenue sources to the
state's tax system—-a personal and corporate income tax.

In that good forecasts rest ultimately on a good
understanding of the process to be forecasted, it is to be
hoped that the quarterly econometric model presented here
will provide a more accurate description of the economic
framework of Michigan and aid in improving forecasts of
the all important rxrevenue base.

Chapter II of this dissertation reviews previous
state econometric models. Chapter III presents a quarterly4
econometric model of Michigan. The model provides a basis
for estimating currxent levels of personal income by major
components. Due to the special nature of the Michigan
economy, special attention is given to the durable goods
manufacturing industries, particularly motor vehicles and

equipment. Chapter IV contains an evaluation of the re-

sults and some concluding remarks.



CHAPTER II

ANALYSIS OF PREVIOUS STATE ECONOMETRIC

MODELS

In contrast to the situation at the national level,
there has been little work done in the area of state and
regional econometric models. Underscoring this is the fact
that to date only four state income models have been con-

structed.l The first of these was A Quarterly Economic

Model for the State of California developed by Richard P.
Burton and John W. Dyckinan in 1965. The second effort, An

Econometric Model of Michigan, was prepared by the Univer-

sity of Michigan's Research Seminar in Quantitative Economics
under the direction of Daniel B, Suits in 1966. The third

model, An Econometric Forecasting Model for a Region, was

constructed for the State of Massachusetts by Frederick W.

Bell in 1967. The most recent endeavor is An Econometric

Model of Ohio developed by W. L. L'Esperence, G. Nestel,

and D. Fromm in 1968. All four models have as the primary

lThis enumeration does not include a number of
state and regional growth models, e.g., the model of the
Upper Midwest constructed by J. Henderson and A. Krueger
and the growth model of Georgia constructed by H. Thomassen.

11
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goal the estimation and extrapolation of a major indicator

of economic activity--either gross state product and/or the

equivalent of state personal or disposable income. Appen-
dix A provides a general comparison of the overall charac-
teristics of the four state econometric models. In
addition, the models of Michigan, Ohio, and Massachusetts
are reproduced in their entirety.2 (See Appendix A.) How-
ever, because of its size (over 100 equations) the Califor-
nia model is not presented except for a general analysis of

its methodological approach.

California Model

The first major effort at constructing a state

econometric model, A Quarterly Economic Model for the State

of California; was surprisingly the most ambitious of all

the attempts. First of all, it was formulated on a gquar-
terly basis, and secondly, it attempted to do more in the
sense that it carried disaggregation further than either
the Michigan, Massachusetts, or Ohio models. While the
latter three models estimate only total personal or dis-
posable income, the California model estimated personal
income by major sector, including wages and salaries in 59

Standard Industrial Code (SIC) groupings, and five nonwage

2With the exception that the employment subset of
the Michigan model is omitted.
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and salary income sectors exclusive of personal contribu-
. tions for social insurance (other labor income, farm and
non-farm proprietors' income, property income and transfer
payments). A unique feature of the wage and salary subset
is that within each of the 59 SIC groupings payrolls are
further disaggregated into three exclusive and exhaustive
categories--wage and salary disbursements originating from
inter-industry, final local, and export demand--where such
disaggregation was meaningful.3 The model also includes
an employment subset which covers most of the wage and
salary subsectors. In addition, self-assessed taxable
sales by nine categories4 were estimated, as were total
corporate net income for financial and non—-financial insti-
tutions, assessed motor vehicle gasoline gallonage, and
total unemployment. In view of the scope of the model, the
only analysis which will be set forth will be that which is
applicable to the entire model.

In many respects the model is perhaps a little too

ambitious given the data constraints which have and do

31n some instances where inter-industry or local-
final demand was less than five per cent or where inter-
industry demand is generated by many customer industries,
local-final and inter-industry demand were combined.

4Those categories are building supplies and furni-
ture, general merchandise and specialty items, food, auto-
mobiles, gasoline, apparel, business and personal services,
restaurants and bars, manufacturing, wholesaling, contract-
ing, and miscellaneous.
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plague attempts at constructing regional and state models.

- In their effort to circumvent the difficulty imposed by the
scarcity cf data, Burton and Dykeman had to postulate two
more or less tenuous assumptions.

I. That wage and salary disbursements in the ith
industry are reasonably good "surrogate" for that industry's
physical output as measured in value—added terms.

ITI. That the relative proportions of demand in an
industry between inter-industry, local-final, and export
demand are constant over time.

The first assumption was necessitated by the in-
tended scope of the model and the lack of corresponding
data. The second assumption, likewise, was the result of
the limitations of the data (the estimated values of the
individual demand proportions rest upon a single annual
observation).

The question as to the plausibility of the two as-
sumptions aside, the model does contain a blatant and per-
haps damaging fault. The estimation method used was OLS,
which under the assumptions of the general "classical"
linear regression model exhibits all of the desirable
qualities of an estimation technique. The problem regard-
ing the California model is that not all of these assump-
tions are met--namely, that of the independence between
regressor and regressand. For all but a very few exceptions:

the general form of the equations is as follows:



where

X is the wage and salary disbursements in the
s subset (1 = local final, 2 = interindustry,
3 = export)

is the total wage and salary disbursements in

t-1
the xth industry (the sum of local final,
interindustry, export)
AZ is the first difference of any other inde-
et pendent variable
e, is the structural disturbance term,

The authors state that this general type of equa-
tion was chosen in an attempt to eliminate serial correla-
tion, "In this way the mutual dependence of successive
observations, i.e., trend is explicitly taken into account."5

The problem with this methodological approach is
that the ratio of Xst/xt (s = 1,2,3), for all industries
and time periods are constants since the estimates for the
shares in each of three demand subsectors were generated

from a single observation. Hence, the equations could be

rewritten as:

5A Quarterly Economic Model for the State of Cali-
fornia, p. 40.




where

% = =
af al/k and k Xst/xt

However, since the estimation technique employed was OLS,
the necessary independence of regressor and regressand is
not maintained and the estimate of the parameters will be
biased, although still retaining the desirable asymptotic
properties.

If indeed the inclusion of the dependent wvariable
lagged one period among the regressors was for the purpose
of eliminating serial correlation, as stated by the
authors, the correct procedure would entail altering the
estimation technique, replacing the OLS estimates with ones
which were more efficient. This approach would also have
eliminated including independent variables for which no
theoretical justification has been made.

While on the subject of estimation techniques, it
would seem that the entire approach of the California model
is questionable. Although not explicitly specified as such,
the model is a system of simultaneous structural equations.
Furthermore, it reduces to a recursive system as the

variable participation matrix (VPM) of the equations readily
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demonstrates.6 Given the fact that all of the equations

- are over-identified, at least with respect to the order

condition of identification, it would seem that instead
of making the possible heroic assumption that the contem-
porary disturbances between individual equations are not

correlated, i.e., E ¢ = 0 for all t and 1 # j (this

it %5t
is in addition to the usual assumption of a lack of any

serial correlation E €4 = 0 for all i and j and

t %5 (t-s)
s # 0) it would be better to make only the usual assumption
as to the lack of any serial correlation and then employ

either three-stage least squares (3SLS) or full information

maximum likelihood (FIMLE) estimation methods.7

Michigan Model

The model of Michigan present here (or the Suit's
Model as it is commonly known) was taken intact from An

Econometric Model of Michigan, Technical Report No. 3, pub-

lished by the State Resource Planning Division, Michigan
Department of Commerce. In its final published form the
presentation of the model leaves much to be desired from

anything but a very elementary vantage point since the

6This analysis does not apply to the employment
subset. The dimension of the VPM of the rest of the system
is 123 x 123 and therefore is not presented.

7If there is serial correlation, it can be taken
into account by making allowance for it in either of the
two estimation procedures.
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statistics relating to the coefficients and the equations

" were omitted and were not available from other sources. In

an attempt to rectify this inadequacy it was necessary to
re-xrun the data published in the Report to generate the
missing statistics. The parameters were estimated using
OLS, the estimation technigque employed by Suits.

The most salient characteristic of the refitted
equations are the remarkably small values of some of the
coefficients of determination corrected for degrees of
freedom (ﬁQ). While the major equations, especially those
for gross state product (GSP) and gross state product
originating in manufacturing (GSPMFG), exhibit very good

fits, only five other egquations have a R2

statistic greater
than .800, and ten have a §2 statistic less than one-half
(the equation for Michigan retail sales by food stores has
a startlingly low value of only 0.094). From these values
it would seem that utilizing the complete model for fore-
casting purposes would be at a minimum a risky undertaking.
Another characteristic, almost as disquieting, is
the fact that many of the coefficients (13 not including
the constants) are not significant at over the 90 per cent
confidence level. The most notable are the equations for
Michigan Retail Sales of Building, Lumber and Hardware
Michigan Retail Sales of Food Stores where not only is the
constant insignificant at the 90 per cent level (which is

quite common) but neither is the only other independent

variable, United States Automotive Expenditures.
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In addition, there is at least one instance of
‘positive serial correlation, namely in the equation for
retail sales by furniture stores (Michigan Retail Sales
by Furniture Store). The critical levels (lower bounds)
of the Durbin~Watson statistic being respectively 0.59 and
0.82 at the 0.01 and 0.05 confidence levels. 1In addition,
twelve other equations have a Durbin-Watson statistic
which falls between the upper and lower boundaries, and

. . . . 8
hence inferences as to serial correlation are not possible,

Massachusetts Model

The econometric forecasting model of Massachusetts
written by Frederic Bell is the most mathematical of the
four state models and exhibits the strongest ties with
micro-economic theory. It splits the total state received
income into two components--export income and local service
income, thus explicitly delineating the effect of non-
regional forces on the state's economy. Other than the
three income determination equations, the rest of the model

deals with the state's production, investment, population,

8'I‘he other widely used test for serial correlation,
the Von Neumann ratio test of Theil and Nagar is not appli-
cable in this instance since the equations were estimated in
first difference and hence do not meet the requirement that
the first and higher order differences of the explanatory
variable are small compared with the range of the corres-
ponding variables themselves. For a complete exposition on
this point see Theil and Nagar, "Testing the Independence
of Regression Disturbances," American Statistical Associa-
tion Journal, Mar-Apr., 1961, pp. 793-806.
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labor supply and labor demand functions. Hence, in a sense,

‘it represents a miniaturization of the national GNP models.

As the variable participation matrix (Figure 1)
readily demonstrates, the system is an integrated one.
All the equations are over-identified using the order
criterion. The primary estimation technique was 2SLS.
However, since some of the equations are functions of only
predetermined variables, the OLS estimates of their
parameters are also 2SLS estimates since no endogenous
variables appear on the right hand of these equations. The
capital stock equation was estimated using reduced-form
least squares (RFLS).

The production function was also estimated using
OLS. However, the elasticities of factor inputs were esti-
mated by using the geometric means of factor shares which
were taken as unbiased estimates of these parameters., The
constant is the 1947 base value. Hence, the only OLS esti-
mate is that of the rate of technological change--which is
the output residual (i.e., output unexplained by factor

increases).

Ohio Model

The most recent state model, An Econometric Model

of Ohio, represents a vast improvement over the pioneering
efforts of the models for Michigan and California. The

model is truly an econometric one, qualifying to be called



21

Mass.
VDM l1 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17

1. I * *
m

2. Inm * *

3. U * * *

4. S * %

5. Vl * % *

6. v, R

7. L * % *
8. K x k%

9. Ko * *
10. K.m * *
11. N * *
12, NO * * *
13. PO *
14, P *

15. X *

16. M *
17. W *

Figure l.--Variable participation matrix of the Massachusetts
Model.
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such by even the most ardent theoretic behaviorists. Its
-micro and macro-economic underpinnings are solid, as wit-
nessed by the investment and personal income equations.

From the point of being a truly useful analytical
tool and aid for state policy decisions, it is the best of
the four models. In addition, it has among its predeter-
mined variables several policy variables of the U.S. Federal
Government (as does the California model) which allows some
analysis of the impact of changes in these instruments on
the Ohio economy.

From a critical viewpoint, little can be said to
detract from the model other than the qualifications im-
posed by the paucity of data and those enumerated by the
authors themselves. However, as with all the other models,
the estimation technique employed is open to a modicum of
criticism,?

As indicated in Appendix A, the Ohio Model contains
27 equations. Eleven of these are identities. The remain-
ing 16 equations are identified, at least according to the
order condition (a necessary but not a sufficient condi-
tion). The parameters in eight of the equations were

estimated using both 2SLS and OLS. The parameters of the

9The asymptotic properties of an estimator may be
of little comfort, however, in the case of the Ohio and
Massachusetts Model where the number of observations is
small and where the relative small sample properties of
the estimators may be more relevant.
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other eight were estimated solely by OLS since their 2SLS

' estimates are identical with those obtained by OLS. The

causal ordering of the model is reproduced in Figure 2.

The arrows indicate the causal ordering among the
endogenous variables. The interdependence in the model
is due to the interaction among the consumer sector,
income flows and gross state products in services, fi-
nance, insurance, real estate and trade. For example
in Figure 1, sales by new car dealers (A) affects the
annal change in automobile registration (AAR) and
gross state product in trade (GSPt+g) which in turn af-
fects disposable personal income (DPI) which is an
explanatory variable of sales by new car dealers (A).
The interdependence is contained in Block II (Figure
1). Blocks I and III are recursive.lO

It would seem, given this approach, that the authors

are implying that the model is non-irtegrated, i.e., the
three blocks are independent. If this is the case, matrix
of coefficients of the predetermined variables (B) is block
diagonal and the variance-covariance matrix is also block
diagonal having the same size blocks as does B, then the
separate estimation techniques applied to the three delin-
eated blocks would have yielded consistent estimates of the
respective parameters within the equations of those blocks.
However, as the Ohio VPM demonstrates (Figure 3) such is
not the case. Instead of being block diagonal, the R
matrix is integrated.

In summary, the previous state models have suffered

from one of several shortcomings. The least damaging is

lOAn Econometric Model of Ohio, p. 14.




Causal Ordering of the Oi.io Model

Exogenous Variables
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19. GSPgq H oo
20, GEP+g
TGS g7
=22, Ime <
= 23. Isam 4;‘] RCE
» 24, Imma iGF ; Isma ; RTS
Y 25. IGFp2 <4é] ma-1 -7
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Source: An Econometric Model of Ohio, p. 15.

Figure 2.--The causal ordering of the Ohio Mcdel.
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18. GSPfi * % *

19. GSPgo * % *
20. GSPtg * % *
21. GSPcc % ¥

22, Ima x k %

23. Igna * %

24. Iyma _ * *

25 . IGFma * * *|
26. GSPna * %
27. AGSPpg *

W 00 ~JOU i W N =
Q
*
*
*

s s @
o
*
* % %

=
S

* % ¥ F
*

Block II

Block III

Figure 3.--~Variable participation matrix of the Ohio Model.
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the annual format employed in the Massachusetts, Michigan,
‘and Ohio Model. The problem with the annual format is a
pragmatic one in that it does not allow one to readily up-
date the model, nor observe shorter run economic fluctua-
tions which may have serious revenue implication. The
remaining criticisms have to do with the estimation tech-
nigue employed. In the case of the California Model the
method of estimation (OLS) does not yield consistent esti-
mates of the parameters. And more generally, all of the
models fail to utilize the more efficient estimation
techniques available. In order to eliminate these faults
the model of Michigan set out in the following chapter
employs a quarterly format and utilizes 3SLS which given
the assumptions of the model implies both consistent and

efficient parameter estimates.



CHAPTER III

A QUARTERLY ECONOMETRIC MODEL OF MICHIGAN

In contrast to most national, regional, or state
econometric models, the model presented in this paper deals
solely with personal income. Its primary purpose is to
provide a vehicle for forecasting Michigan personal income.

While the model presented here does not contain
either a disposable income or tax subset, it does provide
a starting point for the development of such sectors.

Since the intended goal of this model was to aid in im-
proving the accuracy and current estimates of Michigan's
tax revenues, in particular the income and consumption
taxes, the construction of a quarterly model of personal
income appeared to be the most germane and fruitful first
step.

The general model envisioned for Michigan may be

set out as follows:

(3.1) PI = WS + NWS

(3.2) WS

il

Il e~
=
0
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