
CHAPTER 6 

A Comparison of the Michigan 
and Fair Models 

RAY C. FAIR and LEWIS S. ALEXANDER 

This chapter compares the predictive accuracy of the Michigan and Fair models using 
the method developed in Fair (1980). These models are compared to each other and 
to an eighth-order autoregressive model. The method accounts for the four main 
sources of uncertainty of a forecast: uncertainty due to (I) the error terms, (2) the 
coefficient estimates, (3) the exogenous variables, and (4) the possible misspecifica- 
tion of the model. Because it accounts for these four sources, it can be used to make 
comparisons across models. In other words, it puts each model on an equal footing for 
purposes of comparison. The method has been used to compare the Fair model to 
autoregressive models, vector autoregressive models, Sargent’s classical macroeco- 
nomic model, and a small linear model, but this is the first time it has been used to 
compare two relatively large structural models. 

Ideally, model builders should not be the ones comparing their models to others. 
Although one may try to be objective, there is always the suspicion that one has 
stacked the cards in favor of her or his model. This chapter is not intended to be the 
final word on the relative merits of the Michigan and Fair models. Its primary aim is 
to demonstrate the application of the comparison method to large models. 

As will be seen, the application of the method to the Michigan model reveals two 
potential shortcomings of the method. First, the results for the Michigan model are 
highly sensitive to plausible alternative assumptions about exogenous variable uncer- 
tainty. This makes comparison difficult because there is no obvious criterion for choos- 
ing between the competing assumptions. Second, the Michigan model relies fairly 
heavily on the use of dummy variables, and the part of the method that accounts for 
exogenous-variable uncertainty cannot handle dummy variables. It must be assumed 
that the dummy variables are known with certainty. The method may thus bias the 
results in favor of models that are heavily tied to dummy variables. It is uncertain how 
large this bias might be. 

THE COMPARISON METHOD 

The method was first proposed in Fair (1980), and the latest discussion of it is in 
Chapter 8 in Fair (1984). The following is a brief outline of the method 

Assume that the model has m stochastic equations, p unrestricted coefficients to 
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estimate, and T observations for the estimation. The model can be nonlinear, simul- 
taneous, and dynamic. Let S denote the covariance matrix of the error terms, and let 
V denote the covariance matrix of the coefficient estimates. S is m x m and V is p x 
p. An estimate of S, say $, is (I/T)UU’, where U is an m x T matrix of estimated 
errors. The estimate of V, say p, depends on the estimation technique used. Let iu 
denote a p-component vector of the coefficient estimates, and let Us denote an m- 
component vector of the error terms for period r. 

Uncertainty from the error terms and coefficient estimates can be estimated in a 
straightforward way by means of stochastic simulation. Given assumptions about the 
distributions of the error terms and coefficient estimates, one can draw values of both 
error terms and coefficients. For each set of values the model can be solved for the 
period of interest. Given, say, .i trials, the estimated forecast mean and estimated 
variance of the forecast error for each endogenous variable for each period can be 
computed. Let r, denote the estimated mean of the k-period-ahead forecast of variable 
i, where f is the first period of tbe forecast, and let 6f,k denote the estimated variance 
of the forecast error. y, is simply the average of the J predicted values from the J 
trials, and & is the sum of squared deviations of the,predicted values from the esti- 
mated mean divided by J. 

It is usually assumed that the distributions of the error terms and coefficient esti- 
mates are normal, although the stochastic-simulation procedure does not require the 
normality assumption. The normality assumption has been used for the results in this 
chapter. Let u; be a particular draw of the error terms for period I, and let a* be a 
particular draw of the coefficients. The distribution of u: is assumed to be N(O,$, and 
the distribution of a* is assumed to be N(&,fi. 

There are two polar assumptions that can be made about the uncertainty of the 
exogenous variables. One is that there is no uncertainty. The other is that the exoge- 
nous-variable forecasts are in some way as uncertain as the endogenous-variable fore- 
casts. Under this second assumption one could, for example, estimate an autoregres- 
sive equation for each exogenous variable and add these equations to the model. This 
expanded model, which would have no exogenous variables, could then be used for 
the stochastic-simulation estimates of the variances. The assumption used in this chap- 
ter is in between the two polar assumptions. An eighth-order autoregressive equation 
was estimated for each exogenous variable (with a constant term and time trend in- 
cluded in the equation), and the estimated standard error from this regression was used 
as the estimate of the degree of uncertainty attached to forecasting the exogenous 
variable for each period. This procedure ignores the uncertainty of the coefficient es- 
timates in the autoregressive equations, which is one of the reasc~ns it is not as extreme 
as the second polar assumption. The procedure also assumes that the exogenous-vari- 
able errors are uncorrelated with each other and with the structural errors. 

This assumption is implemented as follows. Let Sj denote the estimated standard 
error from the autoregressive equation for exogenous variable i. Let vj, be a normally 
distributed random variable with mean zero and variance @,, - N(0, $T) for all r. Let 
2. be the “base” value of exogenous variable i for period f. The base values can be d 
either actual values if the period in question is within the period for which data exist 
or guessed values otherwise. If the values are guessed, they need not be the predictions 
from the autoregressive equations. The autoregressive equations are used merely to 
get the values for & 
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Let x, be the value of variable i for period t used for a particular trial. Given the 
above setup. one can assume that the Y;~ errors pertain to forecasting either the level 
of the variable or the change in the variable. If the level assumption is used, the value 
of xz for a given trial is &‘,, + v,!, where vi, is drawn from the above distribution. If the 
change assumption is used, the values are as follows. Let the beginning period be 1 
and assume that the overall prediction period is of length K. The values of x:, (r = I, 

, IQ for a given trial are 

. ^ x,, = xi, + Yi, 

. _ x, = I,* + v,, + vi* 
(1) 

* ^ ,qK = XIK + vi, + “, + + vjr 

where each v,~ (f = I, , K) is drawn from the N(0, $) distribution. Because of 
the assumption that the errors pertain to changes. the error term vi, is carried along 
fmm period I on. Similarly, vB is carried along from period 2 on, and so on. Given 
the way that many exogenous variables are forecast, by extrapolating past trends or 
taking variables to be unchanged from their last observed values, it may be that any 
ermr in forecasting the level of a variable in, say, the first period will persist through- 
out the prediction period. If this is true, the change assumption is likely to result in a 
better approximation of exogenous-variable uncertainty. 

The stochastic-simulation estimate of the forecast-error variance that is based on 
draws of the error terms, coefficients, and exogenous-variable errors will be denoted 
a:,. It differs from 6:k in that it takes into account exogenous-variable uncertainty. 

Estimating the uncertainty from the possible misspecification of the model is the 
most difficult and costly part of the method. It requires successive reestimation and 
stochastic simulation of the model. It is based on a comparison of estimated variances 
computed by means of stochastic simulation with estimated variances computed from 
outside-sample (i.e., outside the estimation period) forecast errors. Assuming no sto- 
chastic-simulation error, the expected value of the difference between the two esti- 
mated variances for a given variable and period is zero for a correctly specified model. 
The expected value is not in general zero for a misspecified model, and this fact is 
used to try to account for misspecification. 

Without going into details, the basic procedure is to estimate the model over a 
number of different estimation periods and for each set of estimates to compute the 
difference between the two estimated variances for each variable and lead time of the 
forecast. The average of these differences for each variable and lead time provides an 
estimate. of the expected value. Let & denote this average for variable i and lead time 
k. The stochastic simulations for this work are with respect to draws of error terms 
and coefficients only, not also draws of exogenous-variable errors. Given &, the final 
step is to add it to B&. This sum, which will be denoted &, is the final estimated 
variance; it takes into account all four sources of uncertainty. Another way of looking 
at 2, is that it is the part of the forecast-error variance not accounted for by the sto- 
chastic-simulation estimate. Some of the specifics of the above procedure will become 
apparent in the discussion of the computations under Calculations of the Results. 
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SOME FEATURES OF THE MODELS 

Table 6.1 provides an outline of the models. The Michigan model has 6 I stochastic 
equations and 50 identities. The Fair model has 30 stochastic equations and 98 iden- 
tities. The following is a brief discussion of some of the differences between the two 
models. 

Even though the Michigan model has more stochastic equations than does the Fair 
model, it has to some extent more reduced-form like equations. For example, the level 
of corporate profits is determined by a stochasdc equation in the Michigan model, 
whereas it is determined by an identity (revenue minus costs) in the Fair model. The 
identity in the Michigan model that would normally determine corporate profits instead 
determines the statistical discrepancy, which is endogenous. (The statistical discrep- 
ancy is exogenous in the Fair model.) Treating the statistical discrepancy as endoge- 
nous is a way of allowing a reduced-form like equation for corporate profits to be 
estimated and used in the model. 

The Michigan model is also more reduced form in its determination of the unem- 
ployment rate. In the Fair model there are three stochastic equations explaining the 
labor force (equations for prime age men, prime age women, and all others), a sto- 
chastic equation explaining the number of people holding two jobs, and a stochastic 
equation explaining the demand for jobs by the firm sector. The unemployment rate is 
determined by an identity. It is equal to one minus the ratio of total employment to the 
total labor force. Total employment is equal to the total number of jobs minus the 
number of people holding two jobs. In the Michigan model the unemployment rate is 
determined by a stochastic equation. It is a function of a dummy variable (DFPR in 
Table 6.2), a time trend, and one minus the employment rate of adult men. The em- 

Table 6.1. The Models 



a Table 6.2. Dummy Variables in the Michigan and Fair Models 

Name Descrimion 

DAPACTM 
DASTKIKE 
DASTRIKE., I 
DAUTCI 

DEX65 

DFPP 

DFKOFP 

DFRZI 
DFRZ2 
DFRZ3 1 

2.08 
6.46, 2.62 

~4.23 
-5.04 

3.30’ 

2.21” 
4.14” 

4.71 
3.02 

-1.83” 
- I .x3” 

4.10” 
-5.04” 

3.56” 
6.63 

- 1.77 

1.73 

-0.61 
-1.97 

- 13.36 

N./L 



_ 
c 





A COMPARISON OF THE MICHIGAN AND FAIR MODELS 175 

ployment rate of adult men is determined by a stochastic equation. It is a function, 
among other things. of real GNP. 

The Michigan model has more disaggregation with respect to the expenditure vxi- 
ables. The differences pertain to consumer durable expenditures and nonresidential 
fixed investment. In the Michigan model durable expenditures are disaggregated into 
four components: new autos, motor vehicles and parts less new autos, furniture and 
household equipment, and all other. There is one stochastic equation for each of these 
components. In the Fair model there is one stochastic equation explaining total durable 
expenditures. Nonresidential fixed investment is disaggregated into four components 
in the Michigan model: structures, producers’ durable equipment in production, pro- 
ducers’ durable equipment in agriculture, and producers‘ durable equipment except in 
agriculture and production. There is one stochastic equation for each of these compo- 
nents. In the Fair model there is one stochastic equation explaining total nonresidential 
fixed investment. There is also a separate equation in the Michigan model explaining 
the number of new car sales, which is used as an explanatory variable in the automobile 
expenditure equation. Considerable work has gone into the Michigan model in explain- 
ing automobile expenditures. 

As noted in the introductory section, there is a fairly heavy use of dummy variables 
in thz Michigan model. Also, many of the dummy variables appear to be subjective. 
The dummy variables in the Michigan model are listed in Table 6.2. This table also 
includes the number of the equation that each variable appears in and the associated I- 
statistic of its coefficient estimate. The description of the variables is taken from Bel- 
ton, Hymans, and Lawn (1981). Two of the more subjective variables are DJGPM, 
which is a dummy variable to reflect increased consumer awareness of gas mileage in 
the cost of running a new car, and DAUTO, which is a dummy variable to reflect auto 
rebates and reaction to higher auto prices. Of the 345 estimated coefficients in the 
Michigan model, 43 are coefficients of nonseasonal dummy variables or variables that 
are a function of nonseasonal dummy variables. 

Dummy variables play a less important role in the Fair model. The dummy vari- 
ables in the Fair model are also listed in Table 6.2. There are 11 dummy variables, 6 
of which account for the effects of dock strikes in the import equation (equation 27). 
The other 5 dummy variables appear in 4 other stochastic equations. Of the 169 esti- 
mated coefficients in the Fair model, 13 are coefficients of dummy variables or vari- 
ables that are a function of dummy variables. 

The fairly heavy use of dummy variables in the Michigan model poses a problem 
for the comparison method. With a few exceptions, it is not sensible to estimate au- 
toregressive equations for the dummy variables, and so they have to be taken as fixed 
for purposes of the stochastic-simulation draws of the exogenous-variable errors.’ The 
method may thus underestimate the uncertainty from the exogenous variables for the 
Michigan model. 

Even where autoregressive equations are estimated for dummy variables, it is not 
clear that the use of these equations is appropriate. Consider, for example, dummy 
variable DFPR, which plays an important role in the stochastic equation explaining 
the unemployment rate. It begins to take on positive values in 1965. I It is 0 before 
1965.1; it is 1 in 1965.1 and increases by 1 each quarter until 1970.4: it is flat until 
1976.1; it increases by 1 from 1976.1 to 1979.4; and it is flat thereafter. The autore- 
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gressive equation for this variable was estimated only over the nonzero observations. 
The estimated standard error was 0.173. This estimated error is quite low, and so it 
means that very little uncertainty is assumed for the variable. It is almost like taking 
the variable to be fixed. 

The DFPR variable links the employment rate of adult men to the overall unem- 
ployment rate. The former is easier to explain than the latter because the labor force 
of adult men fluctuates less than does the labor force of other groups. Thus, the Mich- 
igan model links a relatively easy-to-explain variable to a relatively hard-to-explain 
variable by the use of a time trend and the DFPR dummy variable. If the comparison 
method has underestimated the uncertainty of the DFPR variable, then the uncertainty 
of the unemployment rate forecasts will be underestimated. 

Another example of the dummy variable problem concerns the key price equation 
in the Michigan model, Eq. (A2). which determines PPNF, the private nonfarm defla- 
tor. There are two dummy variables in the equation that pertain to the price freeze, 
and there is a productivity trend variable that is a function of three other dummy 
variables. One of the latter three variables takes on a value of 1 between 1954.1 and 
1967.4 and 0 otherwise; one takes on a value of I between 1968.1 and 1973.4 and 0 
otherwise; and one takes on a value of 1 between 1979.1 and 1979.4 and 0 otherwise. 
The specification of this equation may mean that a fairly large part of the fluctuations 
in the price deflator is explained by the dummy variables, and if this is true, the method 
will underestimate the uncertainty from the price equation. 

The Michigan model has also used what seem to be questionable explanatory vari- 
ables in some of the equations. For example, the discount rate is used as an explanatory 
variable in the bill rate equation. It is by far the most significant variable in the equa- 
tion. On a quarterly basis the two variables are highly correlated, but this is because 
the discount rate generally follows the bill rate with a lag of a few weeks. The discount 
rate is not generally the policy instrument used by the Fed to influence short-term 
rates.2 It is simply a passive instrument. Another example of this type is the use of the 
minimum wage in the wage rate equation. It seems more likely that the aggregate wage 
rate affects the minimum wage rate rather than vice versa. Both the discount rate and 
the minimum wage are exogenous in the model. 

CALCULATIONS OF THE RESULTS 

Many steps were involved in obtaining the final results, and it is easiest to discuss the 
computation of the results in the order in which they were done. The results for the 
Michigan model will be discussed first. 

Duplication of the Basic Estimates 

Data for the Michigan model were taken from the TROLL version of the model that 
was current at the beginning of 1983.’ The specification of this version of the model 
is in Belton, Hymans, and Lown (1981) (BHL). The fust step was to duplicate the 
basic sets of estimates, which we were able to do. For none of the 61 equations were 
the differences between our estimates and the BHL estimates large enough to call into 
question our duplication of the results. 
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Initial Stochastic Simulation Results 

Given the basic coefficient estimates, the Vand S covariance matrices were estimated. 
The number of unconstrained coefficients in the model is 345, and SO V is 345 x 345. 
V was estimated as a block diagonal matrix, with the blocks being the estimated co- 
variance matrices of the coefficient estimates of the individual equations.’ The esti- 
mation of S required more thought (S is 61 X 61 since there are 61 stochastic equa- 
tions). The problem was that estimation periods differ across equations. With three 
exceptions the periods ended in 1979.4, but they generally began with different quar- 
ters. The beginning quarters for the longest and shortest estimation periods were 
1954.1 and 1963.2, respectively. There are two plausible ways to estimate S. One is 
to estimate the full S over the period that all the equations have in common, which is 
1963.2-1979.4. The other is to take S to be a diagonal matrix and to estimate each 
diagonal element using the same estimation period that is used to estimate the corn- 
spending equation. In this case the diagonal elements of S would be based on different 
estimation periods. 

To see how sensitive the results are to alternative estimates of S, three stochastic 

Table 6.3. Initial Stochastic Simulation Results for the Michigan Mod@“ 

Estimated Standard Errors of Forecasts 

0.39 0.55 0.72 
0.43 0.56 0.74 
0.39 0.62 0.76 

0.30 0.43 0.57 
0.29 0.41 0.53 
0.27 0.40 U.51 

0.19 U.30 0.38 
0.22 0.30 0.38 
0.23 0.35 0.44 

0.38 0.46 0.60 
0.34 0.46 O.hZ 
0.41 0.48 0.58 

0.73 1.16 I .49 
0.75 1.32 1.78 
0.76 1.28 ,.,‘I 

0.84 0.94 
0.87 1.01 
0.89 0.98 

0.65 0.78 

0.65 0.75 

0.54 0.7” 

0.44 0.51 
0.45 0.50 
0.54 0.58 

0.72 0.7, 

0.73 0.69 
0.70 0.69 

1.79 2.07 
2.12 2.47 
1.99 2.29 
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simulations were performed. These results are presented in Table 6.3 for selected var. 
ables. The first simulation used the full S estimated for the common period; the second 
used the diagonal S estimated for the common period; and the third used the diagonal 
S estimated using the different estimation periods. The period of the simulation is 
1978.1-1979.4. The number of trials for each stochastic simulation was 250. These 
simulations were with respect to draws from the error terms only, since this is all that 
is of interest with respect to the S m&ix. As can be seen, the results are not very 
sensitive to the alternative S matrices. For the rest of the results in this chapter S has 
been estimated as a diagonal matrix with the estimation period for each diagonal ele- 
ment being the same as the period used to estimate the corresponding equation. 

Although the estimation periods for the Michigan equations ended in 1979.4, the 
data base contained data through 1982.1. Some of the observations for 1982. I did not 
seem sensible, but the data through 1981.4 seemed good. The Michigan model was 
reestimated through 1981.4. Specificallyt new coefficient estimates were obtained 
along with new estimates of V and S. To see how sensitive the stochastic-simulation 
results are to the different estimation periods, two stochastic simulations were per- 
formed using the two sets of estimates. The simulation period for both simulations was 
1978.1-1979.4; both simulations were based on 250 trials and both simulations were 
based on draws of error terms and coefficients. The results for selected variables are 
presented in Table 6.4. These results are also fairly close, which means that it does 
not make much difference which set is taken to be the basic set of estimates of the 
model. We decided to stay with the first set of estimates (i.e., the estimates through 

Table 6.4. More Initial Stc&astic Simulation Results for the Michigan Model” ’ 

0.61 
0.68 

0.40 
0.46 

0.36 
0.35 

0.57 

O.6, 
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1979.4), since this is the set presented in Belton, Hymans, and Low (1981). We did, 
however, use the data through 1981.4 for the successive reestimation and stochastic 
simulation of the model that is discussed below. 

Uncertainty with Respect to the Error Terms and 
Coefficient Estimates 

Table 6.5 contains the main results of this chapter. The values in the a rows are sto- 
chastic-simulation estimates of the forecast standard errors based on draws of the error 
terms only. Tbe values in the b rows are based on draws of both error terms and 
coefficients. The results are based on 250 trials for each of the two stochastic simula- 
tions.i The coefficient estimates and the estimates of S and V that were used for these 
simulations are based on the estimation periods that ended in 1979.4. The simulation 
period is 1978.1-1979.4. In terms of the notation previously given, the b-row values 
are values of ir,,k.O 

Treatment of Exogenous-Variable Uncertainty 

Eighth-order autoregressive equations were estimated for 48 exogenous variables in 
the model. Tbe variables and estimation periods are listed in Table A. 1 in the Appen- 
dix. Of the 39 dummy variables listed in Table 6.2, 5 had equations estimated for 
them. These are indicated by footnote b in Table 6.2. Two stochastic simulations were 
performed with respect to exogenous-variable uncertainty. The first was based on the 
assumption that the errors for the exogenous variables pertain to changes in the vari- 
ables, and the second was based on the assumption that the errors pertain to the levels 
of the variables. These two assumptions are discussed under The Comparison Method. 
Both simulations were based on draws for the error terms, coefficients, and exogenous- 
variable errors, and both were based on 250 trials.’ The results are presented in the c- 
rows in Table 6.5. The results in the left half of the table are for the change assumption, 
and the results in the right half are for the level assumption. In terms of the previously 
given notation, the c-row values are values of @;,k. 

Uncertainty from the Possible Misspecification of the Model 

Fa the misspecification results the Michigan model was estimated and stochastically 
simulated 27 times. For the fmt set, the estimation periods ended in 1974.4 and the 
simulation period began two quarters later in 1975.2. For the second set, the estimation 
periods ended in 1975.1 and the simulation period began in 1975.3. For the final set, 
the estimation periods ended in 1981.2 and the simulation period began in 1981.4. 
The beginning quarters for the estimation periods remained unchanged from those for 
the basic period. The length of the first 20 simulation periods was eight quarters. Since 
the data ended in 1981.4, the length of the twenty-first simulation period. which began 
in 1980.2, was only seven quarters. Similarly, the length of the twenty-second period 
was six, and so on through the length of the twenty-seventh period, which was only 
one quarter. For each of the 27 sets of estimates, new estimates of V and S were 
obtained. Each of the 27 stochastic simulations was based on 50 trials.” 



ii Table 6.5. Estimated Standard Errors of Forecasts for 1978.1-1979.4 for the Three Models” ’ 

Chmge Assumption for Level Assumption for 
Exogenous-Variable Uncertainty Exogenous-Variable Uncertainty 

,978 ,979 1978 ,979 

1 2 3 4 1 2 3 4 1234 I 2 3 4 

0.27 
0.28 
0.30 
Cl.36 

0.38 
0.41 
0.44 
0.68 

I .“1 I .27 
1.13 1.5” 
1.73 2.16 

0.40 0.51 
0.40 Cl.53 
0.46 0.60 
0.46 “.S3 

0.55 U.68 
0.57 U.7” 
0.59 0.68 
1.14 I.54 

KY1 

1.61 
I .86 

0.98 
1.03 
1.34 

2.47 

I .Sh 

1.78 

2.08 

0.59 
0.66 
0.74 

“.,I 

U.77 

0.84 
0.X” 
Z.03 

KY8 1.08 1.13 1.21 
0.99 1.11 1.23 1.w 

2.13 2.73 3.34 3.94 
2.24 2.87 3.91 5.01 

I.54 I .73 1.88 2.01 
2.42 2.71 3.00 3.39 

I.67 1.72 1.75 1.76 
I.97 2.11 2.26 2.34 
I.96 2.08 2.47 2.74 



0.30 
0.34 
0.70 

0.4” 
0.46 
0.58 
1.08 

0.59 
0.61 
0.79 
I .“5 

0.45 
0.50 
1.25 

0.23 
0.25 
0.25 
0.34 

0.24 
0.26 
0.27 
0.39 

0.29 
0.29 

0.31 

0.46 

0.53 

1.18 

0.64 
0.68 
0.93 
1.56 

0.85 
0.89 
1.04 
1.39 

0.69 
0.79 
LX7 

0.35 
0.36 
0.41 
0.56 

0.38 
0.42 
0.43 
0.62 

0.58 
0.56 
0.37 

0.79 0.94 
0.89 1.01 
1.22 1.62 
1.84 1.92 

1.07 1.23 
1.12 1.34 
1.31 I.56 
1.80 2.06 

0.82 0.92 
1.01 1.18 
2.35 2.42 

0.44 0.54 
0.45 0.54 
OSY 0.76 
0.77 0.92 

0.48 0.54 
0.52 0.61 0.70 
0.57 0.67 0.73 
0.89 I.08 

0.81 0.97 
0.83 1.04 
0.39 0.29 

1.11 1.27 1.39 
1.3” I.55 1.78 
3.24 3.75 3.98 

1.00 
1.07 
2.15 
2.4” 

1.15 I .2” 

1.24 I .40 

2.61 3.89 

3.13 4.53 

1.20 
1.52 
3.82 0.53 0.8, 1.01 1.24 ,.38 1.65 LX4 1.90 
5.08 I.05 1.49 1.71 1.61 1.75 2.15 2.97 3.85 

1.36 1.47 1.57 I.62 
1.47 1.70 1.97 2.05 
1.62 2.12 2.50 2.54 0.76 1.06 1.24 1.46 1.71 1.93 2.11 2.21 
2.34 2.55 2.77 2.80 1.03 1.40 1.75 1.98 2.25 2.39 2.43 2.5" 

0.95 1.02 1.15 I.21 
.I.27 1.37 1.49 1.66 
2.58 3.03 3.66 4.1" 

11.58 0.65 0.72 11.76 
0.61 0.66 0.74 0.84 
0.94 1.18 1.46 1.75 0.24 0.37 0.49 0.61 0.69 0.78 0.86 0.06 
1.00 1.1, 1.40 1.87 034 0.53 0.7" 0.80 0.78 0.66 0.76 1.17 

0.61 0.65 0.65 0.68 
0.77 0.78 0.80 
0.X3 0.89 0.92 0.27 0.43 0.52 0.62 0.72 0.79 0.82 0.9, 
1.29 1.36 1.46 0.39 0.62 0.86 1.05 1.17 1.27 1.32 1.46 

1.06 
1.19 

1.5” 

LYY 
3.74 



d 
AR8 

a 
b 
d 

Money supply 
Michigan 

a 
b 
c 
d 

Fair 

a 
b 

d 

0.41 0.48 
0.41 0.57 
“.hl 0.70 
“.78 1.05 

0.71 1.00 
0.73 0.94 
0.72 U.90 
I .37 2.13 

0.52 0.U 
0.54 0.86 
1.52 2.5, 

0.5X 
0.73 

0.97 

1.20 

1.07 
1.04 

I .09 
2.40 

0.92 
1.00 
2.72 

0.70 

0.96 
1.28 
1.52 

1.13 

I .“3 

I.,6 
2.54 

0.9, 
1.11 
3.08 

I .w 
2.6, 
2.85 
3.8, 

1.66 
1.77 
2.03 
2.06 



AR8 
a 0.57 1.11 
h 0.57 1.17 

d 2.1” 3.50 
Cunsumrr expenditures, servicer 

Michigan 
R 0.28 0.39 
h 0.30 0.41 
c 0.28 0.45 
d 0.47 0.76 

Fair 
B 0.3” 0.4” 
b 0.28 0.41 
c 0.28 0.43 
d 0.35 0.56 

AK8 

6 0.28 0.30 0.40 0.44 
d 0.51 0.81 

consumer expenditures. “ondursbles 
Michigan 

a 0.52 0.70 
b 0.52 0.70 
c 0.69 Llh 
d 0.98 1.58 

Fair 
a 0.58 0.73 
b a.70 0.78 
c 0.68 0.93 
d 0.x?. 1.07 

AR8 

; 0.57 O.6, 0.89 0.97 
d 0.88 1.35 

0.47 
0.52 
0.59 

0.97 

0.53 
0.55 
0.6” 

0.90 

0.49 
0.54 
1.05 

11.85 

“.8R 

I .66 
2.10 

0.82 
0.96 
i .rJ* 
1.13 

1.07 

1.10 

1.37 

I.95 
2.33 

5.27 

0.54 
0.62 
0.81 
1.27 

,,.hl 

0.67 

0.76 
1.24 

0.60 
0.04 

1.31 

2.43 
3.08 
5.91 

1.14 
1.14 
3.34 
3.78 

0.99 

3.42 3.92 

4.83 5.77 

8.85 10.39 

0.31 0.44 0.54 0.60 0.69 0.77 0.85 (1.91 
0.49 0.75 0.91 1.14 1.38 1.64 I.96 2.23 

0.07 0.92 L.21 1.49 1.74 1.95 2.22 2.41 
0.96 1.41 1.77 2.08 2.48 2.80 3.34 xx,, 

,continuea 



1.53 
1.93 
2.41 
4.22 

2.44 

3.6R 

2.60 
2.82 

5.54 

3.07 

3.22 
3.51 
8.65 

4.71 
4.83 
4.54 
7.09 

4.99 6.55 

3.15 3.36 

3.39 3.83 
6.39 6.64 

3.10 3.84 4.29 4.87 5.49 

4.80 5.57 6.67 8.16 9.35 



AR8 
a 2.61 4.22 5.92 7.06 
b 2.78 4.68 6.20 7.42 
d 6.43 11.25 12.24 10.89 

Nmmsidential fixed investment 
Michigan 

7.66 
8.53 
9.58 

8.23 
9.42 

12.77 

1.13 1.47 1.71 I.94 2.2” 

1.08 1.57 I.85 2.16 2.56 
1.16 1.6” 2.01 2.51 3.06 
2.56 4.29 5.65 5.90 5.14 

1.72 2.25 2.60 2.92 
1.81 2.56 2.97 3.05 
1.75 2.37 2.89 3.4, 
2.65 3.09 3.94 4.46 

3.24 
3.48 
3.83 
5.48 

3.80 
4.27 
2.69 

2.51 2.79 
2.88 3.22 
3.7” 4.42 
6.69 13.W 

3.32 3.49 
3.77 4.00 
4.21 4.68 
6.36 7.18 

4.21 4.30 
4.92 5.15 
2.03 i 

3.09 
3.40 
5.46 

29.49 

3.66 
4.09 
5.04 
8.09 

4.46 
5.45 

a 

b 

c 
d 

Fair 
a 
b 

c 

d 

AR8 
a 
b 
d 

Inventory investment 
Michigan 

a 
b 

c 
d 

Fair 
a 
b 
c 
d 

AR8 
a 
b 

1.02 1.44 1.84 2.33 2.65 3.05 3.50 4.09 
2.50 4.23 5.59 5.82 4.91 6.35 13.53 29.27 

1.95 2.49 2.82 
2.79 3.18 3.89 

3.23 
4.32 

3.55 3.94 4.IR 4.41 
5.29 6.19 6.86 7.71 

1.24 2.13 2.75 3.29 
1.42 2.05 2.78 3.68 
2.26 2.35 3.41 3.35 

3.86 4.2” 4.38 5.18 5.06 4.81 5.17 
4.59 4.75 4.53 5.10 4.76 5.1 I 5.45 
4.39 4.91 5.16 5.49 5.75 6.95 7.73 
6.14 7.04 7.76 8.12 7.x2 7.71 8.48 

4.66 5.22 5.10 5.52 
4.5” 5.05 5.52 5.60 
4.64 5.34 5.68 6.01 
6.42 8.11 9.13 9.35 

5.54 5.38 
5.93 5.90 
5.95 6.13 
9.67 ,,,.02 

5.22 5.45 5.81 5.72 
5.33 6.18 6.45 6.75 
6.67 7.66 7.92 7.51 

6.12 
4.99 
5.81 
9.66 

5.69 
6.64 
7.7x 

6.41 6.02 6.38 
6.67 6.75 7.32 
x.12 8.18 8.61 

5.33 
5.57 
8.39 4.31 4.70 4.79 5.05 5.02 5.65 5.89 6.12 

6.“R 6.89 7.52 7.84 7.3” 6.56 6.85 7.15 

5.77 

6.23 

6.22 

10.49 

4.57 5.28 5.6X 5.9, 5.53 5.44 5.40 6.23 
6.38 8.07 9.13 9.29 9.49 9.37 9.59 10.49 

is d 



imports 
Michigan 

a 
b 

c 
d 

Fair 

; 
c 
d 

AR.8 

a 
h 
d 

wage nte 
Michigan 

a 
b 
c 
d 

Fair 

a 
h 
c 
d 

ARX 
a 
b 
d 

2.47 3.42 

2.65 3.49 
2.68 3.34 

3.68 4.91 

1.90 2.46 
2.22 2.44 
I .% 2.42 

3.86 5.71 

2.63 3.53 

2.79 3.6, 
5.04 7.54 

3.68 

1.64 

3.67 
5.66 

2.60 
2.66 
2.66 
7.54 

3.98 
4.31 

‘I.hO 

3.80 
3.90 
3.9” 

629 

2.67 

2.76 
2.89 
8.98 

4.64 

4.91 

11.7” 

4.55 4.81 4.82 5.12 
7.07 7.87 9.22 10.84 

0.86 0.99 1.13 1.25 
0.83 0.98 L.12 1.30 





188 COMPARISONS OF MODEL STRUCTURES 

Table 6.6. Root Mean Squared Errors of Outside-Sample Forecasts for 1975.2-1981.4 for the 
Three Mod&- 

I 2 3 4 5 6 7 8 

Red GNP 

Michigan 0.80 I.11 1.37 I .58 2.53 3.62 
Fair 0.x3 1.24 1.66 2.68 2.99 3.40 
AR8 1.14 1.75 2.20 2.38 2.73 3.03 

Private nonfarm deflaulr 
Michigan 0.36 0.46 0.51 0.9s 1.11 1.3” 
Fair 0.69 1.18 I.64 3.03 3.47 3.87 
AR8 0.72 1.26 1.92 4.57 5.09 5.24 

Nominal GNP 
Michigan 1.06 1.46 1.66 1.97 2.84 3.90 
Fair 0.96 1.38 1.86 2.79 ).“I 3.28 
AK8 1.28 1.9” 2.38 3.18 3.82 4.29 

Unemployr”ent ra*e 
Michigan 0.34 0.54 0.7” 0.66 0.78 1.24 
Fair 0.41 0.66 0.93 1.38 1.48 / .62 
AR8 0.34 0.54 0.70 0.93 1.01 I .a7 

Bill rate 
Michigan 0.78 1.04 I.15 1.45 I .42 1.42 
Fair 1.28 2.05 2.3” 2.74 2.90 3.08 
AR8 1.57 2.58 2.75 3.65 3.87 4.04 

Money supply 
MiChiga” 1.60 2.20 2.78 5.15 6.10 6.95 
Fair I .43 1.86 z.09 2.85 3.10 3.02 
AR8 2.22 3.66 4.61 8.23 10.25 11.85 

Consumer expenditures, servlccr 
Michigan 0.46 0.72 0.9” 1.6” I .92 2.19 
Fair 0.40 0.64 0.98 I .87 2.21 2.54 
AR8 0.50 0.80 I .*s 1.92 2.29 2.58 

Consumer expenditures. nondurables 
Michigan 0.89 1.33 1.6, 2.51 2.96 3.42 
Pair 0.82 1.08 I.21 1.59 1.57 I.65 
AR8 0.87 1.34 1.40 l.64 1.86 2.01 

Consumer expenditures, durables 
Michigan 3.58 4.04 5.10 6.79 8.31 9.69 
Fair 3.32 4.14 567 9.67 10.97 12.47 
AR8 4.53 5.84 6.81 8.55 9.74 10.41 

Housing investment 
Michigan 5.6s 9.05 10.3” 16.61 20.41 23.62 
Fair 5.39 8.57 9.69 14.33 15.70 17.12 
AR8 6.88 I I.91 13.26 12.10 14.03 14.43 

Nonresidential fixed investment 
Michigan 2.66 4.58 6.09 7.28 14.99 32.03 
Fair 2.52 3.08 3.99 6.64 7.54 8.51 
AR8 2.32 2.90 4.23 4.61 4.59 4.61 

inventory in”esfnKm 
Michigan 6.14 6.72 7.41 6.25 6.44 7.57 
Pair 6.2” 7.64 8.44 9.24 9.44 9.92 
AR8 6.96 7.95 8.51 8.33 8.79 9.07 9.08 8.98 
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These results produced for the one-quarter-ahead forecast for each endogenous 
variable 27 values of the difference between the estimated forecast-error variance 
based on outside-sample errors (i.e., the squared forecast errors) and the estimated 
forecast-error variance based on stochastic simulation. The average of these 27 values 
was taken for each variable. In terms of the previous notation, this average is &, where 
the i refers to variable i, and the I refers to the one-quarter-ahead forecast. The total 
variance for the one-quarter-ahead forecast of variable i is @,, + C?~, , which in terms 
of the notation is $,,. For the results in Table 6.5, I is 1978.1, and the d-row value for 
1978. I for each variable is the square root of I?:,, The calculations for the two-quarter- 
ahead forecasts are the same except that there are only 26 values of the difference 
between the two estimated variances for each variable. Similarly, there are only 25 
values for the three-quarter ahead forecast, and so on. 

The d-row values in Table 6.5 take into account the four main sources of uncer- 
tainty, and they are the values to be compared across models. This will be done in the 
Discussion. Two sets of d-row values are presented in Table 6.5 for each variable. The 
first is for the change assumption regarding the exogenous variables, and the second 
is for the level assumption. The & values are the same for both sets of results, but the 
c-row values (i.e., the values of Pai) are not. 

Outside-Sample Root Mean Squared Errors 

For the misspecification calculations one has for each variable 27 one-quarter-ahead 
outside-sample forecast errors. 26 two-quarter-ahead outside-sample forecast errors, 
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and so on. From these individual errors, one can calculate root mean squared errors. 
The results of doing this are presented in Table 6.6. The RMSEs in Table 6.6 and the 
d-row values in Table 6.5 differ in two major respects. First, the d-row values take 
into account exogenous variable uncertainty, which the RMSEs do not. The outside- 
sample errors that are used for the RMSE results are all based on actual values of the 
exogenous variables. Second, the d-row values are for a particular quarter-1978. I 
for the one-quarter-ahead forecast, 1978.2 for the two-quarter-ahead forecast, and so 
on. The RMSEs are averages across all the quarters-27 quarters for the one-quarter- 
ahead forecast, 26 quarters for the two-quarter forecast, and so on. The RMSEs do 
not take account of the fact that forecast-error variances vary across time. If the var- 
axes did not vary across time and if there were no exogenous variable uncertainty, 
the d-row values and the RMSEs would be the same except for stochastic-simulation 
error. 

Although the d-row values are better than the RMSEs for comparison purposes, 
the RMSE results in Table 6.6 provide a rough check on the results in Table 6.5. If a 
particular d-row value differs substantially from the corresponding RMSE, it is of 
some interest to determine why this is. 

Results for the Fair Model 

The results for the Fair model in Table 6.5 are taken from the results in Fair (1984). 
For the results in Fair (1984) the d-row values were based on 5 I sets of estimates of 
the model. For the present results only the relevant 27 sets of these estimates were 
used. The values in the a- and b-rows in Table 6.5 for the Fair model are exactly those 
in Table 8-2 in Fair (1984), although in the present case results for more variables are 
tabled. The values in the c-rows in the right half of Table 6.5 differ slightly from the 
C-TOW values in Table 8-2 of Fair (1984) because a different sequence of random draws 
was used for the present results. The differences are thus due to stochastic-simulation 
error. The values in the c-rows in the left half of Table 6.5 are new. The change 
assumption with respect to the exogenous-variable errors was not used for the work in 
Fair (1984). Remember that the & values that are used for the Fair model in Table 6.5 
are different from those used in Table 8-2 of Fair (1984) because they are based on 27 
rather than on 51 sets of estimates. 

Results for the Autoregressive Model (AR@ 

The Michigan data base was used for the autoregressive model. The estimation periods 
are the same as those for the Michigan model.’ The model consists of a set of eighth- 
order autoregressive equations with a constant term and time trend. The equations axe 
completely separate from each other. The same steps were followed for the autore- 
gressive model as were followed for the Michigan model except that 100 rather than 
SO trials were used for each of the 27 sets of stochastic simulations. The results for 
the autoregressive model are also presented in Tables 6.5 and 6.6. There are no c-row 
values for this model because there are no exogenous variables except for the time 
trend. 
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A Digression about Stochastic-Simulation Error 

Some evidence about the size of stochastic-simulation error is available from the 
present results. First, there are two sets of c-row values in Table 6.5. and the one- 
quarter-ahead values for each set should he the same for each variable aside from 
stochastic-simulation error. (The change versus level difference does not affect the 
one-quarter-ahead results.) Different random draws were used for the two sets. As can 
be seen in Table 6.5, the simulation errors are fairly small. Some of the larger errors 
for Michigan are 1.43 vs I. I9 for durable expenditures, 2.40 YS 2.29 for housing 
investment, and 4.26 YS 3.90 for profits. Some of the larger errors for Fair are 2. IO 
vs 2.36 for durable expenditures, 1.75 YS I .95 for nonresidential fixed investment, 
1.96 YS 2.11 for imports, and 6.86 YS 6.34 for pm&s. 

Second, the values in the c-rows in the right half of Table 6.5 for the Fair model 
should be the same as the c-row values in Table 8-2 in Fair (1984) aside from simu- 
lation error. Both sets of results are based on 250 trials, but the random-variable draws 
were different. Tbe comparisons for the eight-quarter-ahead results are I .60 vs I .66 
for real GNP, 1. I3 YS I. 15 for the GNP deflator, 0.82 YS 0.91 for the unemployment 
rate, 1.40 vs I .37 for the bill rate, 2.28 vs 2.44 for the money supply, 1.94 YS I .97 
for the wage rate, and 15.00 vs 13.93 for profits. 

Although simulation error is certainly not close to zero for the present results, it 
seems small enough so as not to affect the basic conclusions that are drawn from the 
results. 

A Digression about Computer Work 

The Fair-Parke program (1984) was used for all the computations in this chapter. Once 
a model is set up in the program, all the estimation and stochastic simulation that are 
needed for the results in Table 6.5 can be done with a few commands. The program 
provides an easy way to debug the setting up of the model, and once this debugging 
has been done, few other errors are likely to arise. 

The computer work was done on an IBM 4341 at Yale. The computer time needed 
for the estimation of the Michigan model was trivial because the estimation technique 
is simply ordinary least squares. With respect to solution times, the time needed to 
solve the model for one quarter was about 0.9 second, although this time could be 
considerably lowered. The Fair-Parke program has an option for efficient coding of 
the subroutines that are needed to set up the model in the program. This option was 
not used for the Michigan model. It was used for the Fair model, and the solution time 
for the Fair model was about 0.2 second per quarter. It is likely that the Michigan time 
could be lowered to about this value with efficient coding. The total time for an eight- 
quarter stochastic simulation using 250 trials at 0.9 second per quarter is 250 x 8 x 
0.9 = 1800 seconds, or about 30 minutes. Each of the a-, b-, and c-row calculations 
for Table 6.5 thus took about 30 minutes for the Michigan model, since there is little 
to the calculations other than solving the model over and over. With efticient coding 
this time could be reduced to about 7 minutes, which is about the time taken for the 
Fair model calculations. 
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DISCUSSION OF THE RESULTS 

Sensitivity to Exogenous-Variable Assumptions 

The Michigan results in Table 6.5 are in general much more sensitive to the two as- 
sumptions about exogenous-variable uncertainty than are the Fair results. The Michi- 
gan c-row values for the change assumption. which are in the left half of the table, are 
in many cases much larger than the corresponding values for the level assumption, 
which are in the right half of the table. This is unfortunate from the paint of view of 
the method because it makes comparisons more difficult. As previously discussed, 
the change assumption may be a better approximation, and we have concentrated on 
the change-assumption results in the following discussion. This is the worst case for 
the Michigan model. Michigan does best for the RMSE results in Table 6.6, which are 
based on the assumption of no exogenous variable uncertainty. The results in Table 
6.5 for the level assumption are in between the RMSE results in Table 6.6 and the 
results in Table 6.5 for the change assumption. 

It should be noted that the sensitivity of the Michigan results to the exogenous- 
variable assumptions is not due to the fact that the model is heavily tied to dummy 
variables. All but four of the dummy variables have been taken to be fixed for the 
calculations. The sensitivity instead indicates that the Michigan model is mope heavily 
tied to nondummy exogenous variables than is the Fair model. This is probably be- 
cause variables such as the discount rate and the minimum wage rate have been taken 
to be exogenous. 

Michigan versus Fair 

The top half of Table 6.7 contains for each variable and quarter the ratio of the Mich- 
igan d-row value in Table 6.5 to the corresponding Fair d-row value. (In what follows 
M denotes the Michigan model and F denotes the Fair model.) The following is a 
discussion of the results in Table 6.7. 

1. In general, the shorter the lead time of the forecast, the better M is relative to 
E For real GNP, for example. M is better than F for the first five quarters and 
worse than F for the remaining three. 

2. The best variable for M is the private nonfarm deflator, where M is about three 
times more accurate than F. M is also more accurate than F for the wage rate. 
although not by as much as for the price deflator. 

3. M is considerably better than F for the bill rate except for the eight-quarter- 
ahead forecast, where F is slightly better. F is considerably better than M for 
the money suppLy (the money supply variable is M,). 

4. With respect to the components of GNP, F is better than M for the three con- 
sumption variables, housing investment, and nonresidential fixed investment. 
M is better than F for inventory investment and imports. F is thus in general 
better than M with respect to the components of GNP. There is, however. more 
error cancellation for M than for F with respect to the predictions of real GNP. 
As noted above, M is actually better than F for the first five quarters for real 
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GNP. For nominal GNP F is better than M for all but the four-quarter-ahead 
forecast. 

5. For the unemployment rate M is better than F for the first six quarters and worse 
for the remaining two. The same is true for profits. 

Michigan and Fair versus Autoregressive 

The bottom half of Table 6.7 presents the M versus autoregressive and F versus au- 
toregressive ratios. (In what follows ARR denotes the autoregressive model.) The d- 
row values in Table 6.5 for AR8 are not sensible for the unemployment rate and non- 
residential fixed investment, It sometimes turns out in the successive reestimation and 
stochastic simulation of the model that the stochastic simulation estimates of the vari- 
antes are on average much larger than the estimates based on outside-sample errors. 
This results in large negative values of &, and these values when added to the square 
of the c-row values (or b-row values in the case of ARS) can yield negative values of 
the total variance, which is not sensible. What this means is that the sample is not 
large enough to produce sensible results. This problem occurred for the unemployment 
rate and nonresidential fixed investment for AR8, and so these two variables have 
been omitted from the bottom half of Table 6.7. 

The results in Table 6.7 in general show that M and F are better than ARK The 
main exceptions are as follows. M is worse than AR8 for real GNP for the last four 
quarters, for nominal GNP for the last three quarters, for nondurable consumption for 
all quarters, and for durable consumption and housing investment for the last four 
quarters. F is worse than AR8 for real GNP for the last five quarters, for durable 
consumption for the last four quarters, and for inventory investment for all but the first 
quarter. 

General Remarks 

If the current results are taken at face value, they are obviously mixed. M and F are 
generally better than AR8, but there is no obvious winner between M and F. M is 
much better than F for the price deflator and the wage rate. M is also much better than 
F for the bill rate except for the last quarter. F is much better than M for nondurable 
consumption, housing investment, nonresidential fixed investment, and the money 
supply. For the other variables the results are closer. 

When all is said and done, however, one may not want to take the current results 
at face value. There are at least three reasons for this. First, the results are sensitive to 
the assumptions about exogenous-variable uncertainty. M is more sensitive than F to 
the exogenous-variable assumptions. If the change assumption has overestimated ex- 
ogenous-variable uncertainty, then the results are biased in favor of F. If, on the other 
hand, the change assumption has underestimated uncertainty, which may be true for 
variables like DFPR (see the discussion under Some Features of the Models), then the 
results are biased in favor of M. 

Second, the heavy use of dummy variables in the Michigan model may have biased 
the results in favor of M. As previously noted, there are a number of dummy variables 
in the Michigan price equation, and at least part of the good showing by M for the 
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price deflator may be due to this. The same problem may also exist for the unemploy- 
ment rate, whose equation is heavily tied to the use of a dummy variable. 

Third, the misspecification estimates are based on only 27 observations, which is 
a fairly small sample. More. observations are clearly needed before any strong conclu- 
sions can be drawn. 

NOTES 

1. This problem pertains, of course, only to the dummy variables that change values over the 
simulation periods. The first simulation period in the work below began in 1975.2. Some of 
the dummy variables in Table 6.2 pertain only to the period kfore this. 

2. Note that if “UI argument here is correct, many of the policy implications of the Michigan 
model are suspect. If the discount rate is treated as exogenous for purposes of policy enp-r- 
iments, the interest rate responsiveness to the policy change is likely to be underestimated. 

3. We are indebted to Edwin Kuh and Steve Schwartz for providing us with a tape of the data. 
We are also indebted to Joan Crazy for answering a number of questions about the model. 
These individuals are not accountable for the results in this chapter. We assume responsibility 
for all errors. 

4. The 345 coefficients include serial correlation coefticients. These coefficients were treated 
as structural coefficients, and so the covariance matrix of the coefficient estimates includes 
them. 

5. It sometimes happens that a particular draw Fails to result in a solution of the model. In this 
case the trial is discarded. There were no failures for the a-row simulation. There was one 
failure for the b-row simulation, and so the number of trials for this simulation was 249 
rather than 250. 

6. As indicated in note c to Table 6.5, most of the errors ax in units of percentage of the 
forecast mean. See the discussion in Chapter 8 in Fair (19X4) for the exact wy in which the 
percentage errors are computed. 

7. There were no failures of the model to solve for the c-row calculations. 
8. Of the 27 x 50 = 1350 trials, 5 failed to result in a solution of the model. 
9. Five of the variables for which autoregressive equations were estimated are determined by 

identities in the Michigan model-real GNP, the GNP deflator, nominal GNP, consumer 
durable expenditures, and nonresidential fixed investment. The estimation period used for 
these variables is 1956.1-1979.4. 
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Table A6.1. Exogenous Variables of the Michigan Model for Which Autoregressive 
Eauations Were Estimated” 


