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THE PREDICTIVE PERFORMANCE
OF QUARTERLY ECONOMETRIC
MODELS OF THE UNITED STATES
RONALD L. COOPER • University of California

1 THEORY AND METHODOLOGY

A. INTRODUCTION

The general plan of this research is to compare :and evaluate the
available quarterly econometric models of the United States with
respect to their performance in prediction. In carrying out this re-
search, we have attempted to answer two basic questions: (1) Which
quarterly econometric model is most satisfactory as a predictive de-
vice? (2) Is any presently available econometric model superior, as a
predictive device, to a purely mechanical forecasting scheme? A mini-
mal standard for performance of an econometric model is that it must
forecast more accurately than a purely mechanical scheme which
incorporates no economic information whatever. Such a mechanical
scheme provides a standard for assessing the validity of the informa-
tion incorporated into an econometric model. The models included in
the study are: (1) Friend-Taubman [24], (2) Fromm [26], (3) Klein
[42], (4) Liu [48], (5) OBE [47], (6) Wharton-EFU [44], and (7)
Goldfeld [31]. All of these models were fitted to data in the postwar
period and are designed specifically to predict, the expenditure com-
ponents of the gross national product, although some are more com-
prehensive in scope.

The work in the present study concentrates exclusively on quar-
terly econometric models. Jon Cunnyngham, at the University of
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genson, James M. Brundy, Marjorie L. Flint, and Jan Seibert. Finally, I wish to express
thanks to the Federal Bank of San Francisco for providing resources necessary to carry
out the research project. Needless to say, views expressed in this paper do not neces-
sarily reflect those of the Federal Reserve Bank of San Francisco.
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Ohio, is engaged in a similar study, in which he is attempting to
evaluate the predictive performance of the available annual models
of the United States economy.

The outline of the present paper is as follows: the rest of this
section is devoted to a description of both the structure and economic
content of the models; a brief discussion of the methodology of
evaluating
for and the

estimation techniques. In Section 2, we pre-
sent empirical results, which are used to compare the econometric
models in the reduced form over the period of fit. We also compare
the models to mechanical forecasting schemes over the period of fit,
in order to provide a minimum standard of performance for the
econometric models. In Section 3, we compare the econometric
models and the mechanical schemes over the period of forecast. In
Section 4, we test each model for structural change. Finally, in Sec-
tion 5, we summarize our findings on the predictive performance of
the available quarterly econometric models and attempt to give
some indication of the direction that future research should take to
improve forecasting ability.

B. EVALUATION OF ECONOMETRIC MODELS

The evaluation of econometric models on the basis of predic-
tive performance has been widely discussed. One line of argument,
due essentially to Friedman [22, 23], is that goodness-of-fit statistics
for a fixed period reflect not only the performance of the model but
the persistence of the investigator. Only tests of alternative models
against bodies of data not used in the specification of these models
can provide an appropriate basis for comparison. None of the quar-
terly econometric models included in our study has been fitted to the
same set of data as any other model. Simply fitting each of the models
to a common set of data will provide important new information for
evaluation of these models in empirical work. Forecasting observa-
tions not actually used in specifying or fitting the models will provide
additional information for this purpose.
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The only previous evaluation of quarterly econometric models of
the United States are two studies: one undertaken by Fromm [27];
and the other, by Stekler [53].' Both studies are based on comparisons
of forecasts published for each model with realized values of the eco-
nomic variables. The models were estimated over different periods,
each model using a different set of data. Second, the length and time
periods of the forecasts varied among the models. Third, the forecast
jointly dependent variables in each model are conditional upon a
different set of predetermined variables. To illustrate the third point,
suppose that we are attempting to compare the forecasts of GNP
between two econometric models, the first model explaining net ex-
ports, while the second assumes that net exports are exogenous.
Obviously, the second model has an advantage over the first in
predicting GNP; hence, it would be inappropriate to compare the
models in forecasting GNP without taking into account their differ-
ing properties. The present study attempts to overcome these de-
ficiencies in order to provide a valid basis for comparison between
the models: (1) by estimating all models from the same set of data;
(2) by forecasting the economic variables for the same period; and
(3), by making sure that the conditional forecasts based on different
sets of predetermined variables are made known, so as not to in-
validate the comparison of forecasts across models.

An earlier study similar to the one undertaken here was carried
out by Carl Christ [6]; he analyzed Klein Model III and, subse-
quently, the first two versions of the annual Klein-Goldberger Model
[7]. He reestimated Klein Model III for the separate periods 1929—
1950 and 1929—1952, and concluded that structural change occurred
in the model between the two periods. For versions one and two of
the K-G Model, Christ compared their ex post predictions to those
based on several naive models. The results favored the naive models.
In another study, Suits [57] compared a later version of the K-G
Model to several naive models and found that its performance in pre-
diction was superior to that of the naive models used by Christ. Re-

However, there has been a great deal of work done by Theil [58, 59] in evaluating
forecasts of the Dutch economy. Theil has performed a very interesting study of econo-
metric forecasting made by the Central Planning Bureau over the years 1953—62. The
forecasting model used by the Central Planning Bureau is based on the Tinbergen Econo-
metric Model.
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cently, Jon Cunnyngham2 compared the predictive performance
of the K-G Model with the performance of those based on auto-
regressive schemes, and he concludes that the results favor the
mechanical schemes. All of the studies just mentioned are confined
to annual models.

In a recent paper by Adams and Evans [1], the record of quar-
terly forecasts based on the Wharton-EFU Model is discussed.
According to Adams and Evans, the ex ante forecasting record of
the Wharton-EFU Model has been more accurate than several judg-
mental forecasts made by leading business economists and forecasters
over the last five years. Also, the predictive performance for business
plant and equipment expenditures is found to be superior to that based
on the McGraw-Hill and OBE-SEC investment surveys. The authors
stress that good econometric forecasting cannot be "mechanistic,"
since a good deal of judgment is involved in preparing an ex ante fore-
cast based on an econometric model. Adams and Evans are quite cor-
rect; the human element is required in making ex ante forecasts based
on an econometric model. It is possible, however—as in this study—to
hold the judgmental element constant by preparing ex post forecasts of
an econometric model and comparing the accuracy of the ex post fore-
casts with those obtained from alternative econometric models and
with purely mechanical models. In this sense, the test of the relative
predictive performance of an econometric model is purely mechanistic
— yet quite meaningful. Once the relative performance of the various
models is evaluated using cx post forecasts, one can proceed to make
ex ante forecasts with the model that predicts best ex post.

Another study, by Jorgenson and Nadiri [37, 38], comparing
alternative models of quarterly investment behavior is also similar
to the current study. Jorgenson and Nadiri first test two versions of
an investment model, based on the neoclassical theory of the firm,
against three alternative investment models put forth by Anderson;
Eisner; and Meyer and Glauber. All of the models are reestimated,
using a consistent set of data over the periods 1949-I through 1960-IV,
and 1961-I through 1964-IV. Goodness-of-fit statistics are compared
between alternative models of investment behavior over each period.
In addition, the goodness-of-fit statistics based on the econometric in-

2 Unfortunately, Cunnyngham's results have not yet been published.
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vestment models are compared with those based on a four-period auto-
regressive scheme, to provide a minimum standard of performance for
each of the four investment models. The results favor one version of
the neoclassical investment model over all others, including the me-
chanical forecasting schemes.

Second, each model is tested for structural change over the two
periods of estimation, and the results indicate that the same version
of the, neoclassical investment model exhibits the most structural
stability over time.

C. METHODS OF ESTIMATION

The estimation methods used by the authors of the models
included in the study differ significantly. For example, in the Klein,
Liu, and Goldfeld Models, the authors experiment with both ordinary
least squares (OLSQ) and two-stage least squares (2SLS) estimation.
Both the OBE and Wharton-EFU Models are estimated by 2SLS,
where for each model an arbitrary subset of the available instru-
mental variables is chosen for estimating the unconstrained reduced-
form. The Friend-Taubman Model was also fitted by 2SLS. But only in
the Friend-Taubman Model are the structural equations estimated by
a 2SLS method which achieves limited information efficiency (LIE).

To achieve LIE for the estimated structural coefficients of a
simultaneous-equations model, a consistent estimator of the reduced
form must be used in the first stage of 2SLS, or limited information
maximum likelihood (LIML)—if we assume that the disturbance
terms in the structural equations are asymptotically normal, with
zero expectation and finite variance. In this study we make the
usual normality assumption about the disturbance terms so that
asymptotically consistent sample statistics may be derived from the
estimators in the models for hypothesis testing.

Since the methods of estimation differ, the models cannot be
compared directly. To make a valid comparison across models, we
must use a method of estimation which is statistically equivalent
across models. The criterion chosen is the use of estimation tech-
niques for all models which are asymptotically equivalent to 2SLS
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or LIML, under the assumption that the error terms are asymp-
totically normal with mean zero and finite variance. Obviously a
more efficient estimator exists for the models, viz., three-stage least
squares or full-information maximum likelihood. The full-informa-
tion methods are not used in this study mainly for two reasons. First,
the project of evaluating the predictive performance of quarterly econ-
ometric models would have taken a great deal longer, even if full-
information methods were feasible for the models, owing to the prob-
lems connected with programing the algorithms necessary for full-
information methods. Second, it is most probable that the included
models each have at least one structural equation which is mis-spe-
cified, and a full-information method of estimation would carry this
mis-specification to all parts of the model. This would make it difficult
to locate the specification error and make it even more difficult to pro-
vide a valid comparison across models for the individual components
of the gross national product. Thus, for these and other reasons, only
limited-information methods are used to estimate the structural equa-
tions of the models.

It is relatively simple to obtain an estimator which achieves
limited-information efficiency in an econometric model with rela-
tively few equations and predetermined variables, but it is difficult
(and sometimes impossible) to obtain an appropriate estimator for
large econometric models with large numbers of predetermined
variables, because: (1) very high multicollinearity exists between
the instrumental variables; or (2) there are too many instrumental
variables relative to the number of available data points. In several
of the models listed above, the authors chose subsets of available
instrumental variables by various arbitrary methods. in each of these
cases the resulting estimators do not achieve limited-information
efficiency. Before discussing the estimation techniques used for the
quarterly econometric models, we shall first discuss several methods
of choosing instrumental variables which have been proposed in the
literature by various investigators.

Several econometricians have explored the problem of choosing
an appropriate set of instrumental variables. Kloek and Mennes
[46] determined such a set in an econometric model by choosing the
set with the least amount of multicollinearity. More recently, Ame-
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miya [2] also investigated the theoretical implications of using smal-
ler sets of predetermined variables than the total number available in
2SLS estimation, and how to determine such sets. Amemiya chose
to find the set of instrumental variables which minimize mean-squared
error over the period of fit. Under the assumption of exact sampling
theory, according to Amemiya, his 2SLS estimator may be more
efficient than the ordinary estimator, since his uses fewer degrees of
freedom. However, if being unbiased is at all important in estimat-
ing the reduced form, then Amemiya's method is less efficient than
ordinary 2SLS. Further, if we generalize the discussion to include
asymptotic sampling theory, then the consistency property of the
reduced-form estimator becomes important in determining the effi-
ciency of the 2SLS estimator. Clearly, if Amemiya's method results
in a choice of a subset of instruments which is strictly less than the
total number available, then Amemiya's method again becomes de-
ficient.

A further difficulty with Amemiya's method (and, for that mat-
ter, with Kloek and Mennes' method) is that it is not clear that one
does not lose degrees of freedom in choosing the appropriate set of
instrumental variables, since the choice of variables involves the ex-
plicit or implicit testing of several hypotheses. Therefore, it is diffi-
cult to determine the usefulness of Amemiya's method.

Franklin Fisher [10] criticized Kloek and Mennes' method of
choosing instrumental variables by pointing out that it supplies no
way of preserving causal information once multicollinearity is elimi-
nated. A similar criticism can be made about Amemiya's method, for
there is no assurance that the set of instrumental variables which min-
imize mean-squared error in the fitted period will do the same in the
forecast period: the low MSE in the fitted period may be due to spurious
correlation.

Fisher's criteria for permitting an instrumental variable to be
used in estimating a particular structural equation of an econometric
model are: (1) that the instrumental variable should directly or in-
directly causally influence the variable to be estimated in a way
independent of the other instrumental variables; (2) that the more
direct such influence is, the better. In general, an instrumental vari-
able should be known to cause the included variables in the equation,
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at least indirectly. No problem in estimation arises if (a) the pre-
determined variables are adequate in number to identify the system;
and (b) the variance-covariance matrix of the predetermined vari-
ables is nonsingular. However, according to Fisher, the latter con-
dition is almost never satisfied in large-scale econometric models.

Fisher develops a method for choosing a set of instrumental
variables to estimate a particular equation in a system which consists
of two steps. First, a lexicographic ordering of the predetermined
variables is obtained, based on the structure of the model. The pre-
determined variables which directly affect the right-hand jointly
dependent variables in an equation are called "first-order" instru-
mental variables. The variables in the order of importance which
indirectly determine the right-hand jointly dependent variables
are referred to as "second-order," "third-order," and so on—causal
instrumental variables. By this procedure, a complete causal-order-
ing, say r, of the predetermined variables is obtained. Then to each
predetermined variable is assigned an r-component vector, where
the predetermined variables of first causal order are given lower
numbers than those of higher causal order. This allows the elements
of the r-component vectors to be ordered lexicographically, the step
being based completely on a priori information contained in the model.

The second step in Fisher's method, given the lexicographic
ordering of the predetermined variables, is to use a posteriori in-
formation to choose a set of instruments for the zero-order right-
hand jointly dependent variables in each structural equation. Suppose
that there are n observations in the sample; Fisher regresses the
zero-causal-order endogenous variables on the first n-2 instruments,
preserving one degree of freedom. Next, the least preferred of these
instruments is dropped. It can then be seen whether or not the co-
efficient of multiple determination (R2)—corrected for degrees of
freedom—drops significantly. If k2 drops significantly, then the
instrument is retained; if it does not, the instrument is eliminated
from the set of possible instruments. The same procedure is applied
to the next preferred instrument, and so forth, until all orders of
predetermined variables are tested.

The two steps just described must be performed for every right-
hand jointly dependent variable determined in the structural equa-
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tions of the model, requiring a great deal of time and effort on the
investigator's part.3 Also, as is true of Amemiya's and Kloek and
Mennes' methods, every regression involves the implicit testing of a
hypothesis, so that many degrees of freedom may be lost in obtain-
ing the appropriate set of instrumental variables. Thus, it is not
clear that the disadvantages of obtaining the best-fitting set of instru-
mental variables, constrained by their lexicographic ordering, would
outweigh the efficiency of choosing an arbitrary set. Also, Fisher's
lexicographic ordering is not valid, for a predetermined variable which
affects a given left-hand jointly dependent variable only indirectly may
have as large (or larger) an effect on that dependent variable as a pre-
determined variable which has a direct effect.

The methods of estimation used in this study—which satisfy
the requirements of limited-information efficiency — are based on three
important observations. First, we observe that all of the available
quarterly econometric models, as we have specified them, are decom-
posable into block-recursive systems, so that the matrix of coefficients
(F) associated with the jointly dependent variables for each model can
be expressed as:

the lowest-order block, can be estimated independently of the
other r-1 blocks; the jointly dependent variables in this block are a
function solely of the predetermined variables contained in the block.
Fitted values from endogenous variables in Block I which appear in
Block 2 can be treated as predetermined to Block 2, with their fitted
values substituted for the variable where they appear in Block 2 so that
the coefficients in Block 2 (F21 F22) are a function of the predetermined

Recently, Fisher's method has been computerized by Bridger Mitchell at Stanford.



822 • ECONOMETRIC MODELS OF CYCLICAL BEHAVIOR

variables in Block 2 and the fitted values from Block 1 (which are
taken as predetermined in Block 2). The procedure of feeding fitted
values from lower-order blocks to higher-order blocks is continued
until all blocks are estimated.

Besides the F matrix being upper-block triangular for each of
the models included in the study, it also happens that for these models
the matrix of parameters associated with the predetermined variables
(B) for each model is either nearly upper-block triangular or nearly
block diagonal. The properties of these two matrices have important
implications for the elements of the reduced-form matrix, obtained
from the product (F1B), since the product of a matrix which is block
triangular and one which is near block triangular (diagonal) is itself
a matrix which is near upper-block triangular. The property of the
reduced-form matrix of being near upper-block triangular has an im-
portant implication for the choice of instrumental variables for pur-
poses of estimating large-scale econometric systems. Since the re-
duced-form matrix is near upper-block triangular, the jth jointly
dependent variable (j = 1,2, . . . , r) can be solved for a set of pre-
determined variables which are strictly less than the total number of
instrumental variables available in the whole system.

A more general implication of the property of upper-block
triangularity of the reduced-form matrix is that it contains restrictions
in the form of known coefficients. The known coefficients discussed
above take the form of zero restrictions on the reduced-form matrix
(H). In this analysis we have also found known coefficients in the form
of collapse restrictions, where a collapse restriction corresponds to two
or more columns of H, being linear combinations of one another, and
allows these instrumental variables to be collapsed into a single pre-
determined variable. Known coefficients in the reduced form were
used to reduce the number of instrumental variables used in the estima-
tion of the Klein, OBE, and Goldfeld Models.

The advantage of taking into account a priori restrictions on the
reduced form in a structural model is that the number of available in-
struments for estimation of the model can be reduced substantially
without any loss of asymptotic efficiency.

The second important observation is that we can obtain an
estimator which is asymptotically equivalent to ordinary two-stage
least squares, based solely 'on repeated least squares techniques —even
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in the case where the available set of instrumental variables exceeds,
the number of data points.4 That is, even if the number of instrumental
variables available to a model is greater than the total number of
observations, we can still obtain an estimator which achieves LIE. To
verify this very important property concerning repeated least squares,
we observe, first, that the efficiency of the two-stage least squares
estimator depends only on the consistency of the unconstrained least
squares estimator, say p, of the reduced form H. Hence, the problem of
finding a consistent estimator of the structural form which has the prop-
erty of LIE is solved if— and only if— we can find a consistent esti-
mator of the reduced form. Suppose now that we choose an arbitrary
estimator for the unconstrained reduced form, selecting an arbitrary
subset of the available instrumental variables in the model. (For ex-
ample, it turned out that in the Wharton-EFU Model the number of
instruments in the model exceeded the number of observations; so for
this model, we selected an arbitrary subset of instruments from it to
estimate the unconstrained reduced form.) The set of instrumental
variables that we selected included only those purely exogenous vari-
ables (lagged dependent variables were excluded) that appeared in the
structural equations of the simultaneous block.

After computing the unconstrained estimates for the jointly de-
pendent variables determined in the structural equations, we feed
these first-stage estimates into the identities of the large simultaneous
blocks occurring in the model and solve them out, obtaining two-stage
estimates for the jointly dependent variables explained in the identities.
Finally, using the unconstrained structural estimates and the two-stage
estimates from the identities, we estimate the structural equations for
each simultaneous block, using 2SLS. If we are able to choose all of
the available instrumental variables in the first stage, and thus obtain
consistent estimates of the unconstrained reduced form, then the
method just described achieves LIE and the estimation is completed.
However, if the first-stage estimator inconsistently estimates the
reduced form because we used fewer than the total number of available
instrumental variables in the estimation, then the repeated least squares
process is carried one step further.

In carrying out this further step, we first compute the constrained
reduced form from the structural estimates, which are prepared by

This method was suggested to me by Dale W. Jorgenson.
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some two-stage method utilizing fewer than the total number of
instruments available in the model. We observe that this reduced-form
estimator, say H, is a consistent estimator of the reduced form, since
plim ti = plim (_á 1_t) = (—plim A)(plim = —BT', since (E,1)
are consistent estimators of (B,T); but by definition H = —BT-', so
plim fT = H. Q.E.D.

Thus, we now have a consistent estimator of the reduced form.
The final parts of this further step are, initially, computation of re-
duced-form fitted values, using the constrained estimator of the re-
duced form, as follows: Y, = where is the matrix of predeter-
mined variables in the jth simultaneous block. The last part consists
of computing revised two-stage least estimates, using the constrained
reduced-form fitted values as the first stage in the two-stage process.
We now have an estimator of the structural form for each simultaneous
block of a model which achieves LIE, and we call this estimator the
repeated, reduced-form estimator (RR)

It is important to note that the method of estimation just discussed
can be used with any choice of first-stage regressions, so long as identi-
fication for each structural equation is achieved. Identification for a
particular structural equation, say the jth, in a set of f linear struc-
tural equations

(C-I) = + + (j = ,f)

is achieved if the rank of the matrix of instruments for the jth struc-
tural equation is at least as great as the rank of the included right-hand
jointly dependent, and predetermined, variables in the equ4tion. Thus,
the smallest number of instruments that can be chosen in estimating

Dhrymes has objected that this estimator is not, in fact, asymptotically equivalent to
the ordinary two-stage least-squares estimator unless a certain orthogonality condition
is satisfied. In general, the condition is not satisfied for the RR estimator.
However, Jorgenson has shown that Dhrymes' objection can be overcome by adding one
additional step to the estimation process. This step consists of again applying least
squares to the structural form of the model, using fitted values of the endogenous var-
iables of the structural form based on the RR estimator. Jorgenson refers to the method
of estimating by repeated least squares to achieve LIE as the "limited information re-
peated structural" method. For a detailed discussion of the orthogonality problem, see
Notes on the Selection of Instruments for Two Stage Least Squares and K Class Type
Estimators of Large Models, by Michael D. McCarthy. Discussion Paper No. 125,
Wharton School of Finance, University of Pennsylvania, September, 1969.
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the jth structural equation is equal to the sum of the included right-
hand variables in the structural equation.

As long as the above rank condition is satisfied, the RR method
can be used in combination with any of the methods for choosing in-
strumental variables that we have discussed above: (1) Fisher's
method, (2) some form of principal components, or (3) the rule of
choosing an arbitrary subset of instrumental variables which includes
no lagged dependent variables. None of these methods for choosing
the initial set of instrumental variables is necessarily preferable to any
of the other methods. Consequently, there is a certain amount of
arbitrariness in obtaining the RR estimator for finite samples. How-
ever, in spite of this difficulty, our method does, at least, take care of
one of the degrees-of-freedom problems that arise in applying repeated
least squares estimation to large econometric systems—viz., the num-
ber of degrees of freedom required for the initial estimate of the re-
duced form. We can, by using the method of RR estimation, make the
loss in degrees of freedom as small as possible, subject to the con-
straint that each structural equation be identified.

The final significant observation that we make — which permits
the use of repeated least squares techniques, and is quite independent
of whether or not the reduced form can be estimated on the first pass —
is that all quarterly econometric models can be made linear in the
variables of the structural equations. This is accomplished by trans-
ferring all nonlinear (and linear nonexclusion-type) restrictions ap-
pearing in the structural equations to the identities, leaving behind
only exclusion-type restrictions. Specifying the structural equations in
this way, reduces the order condition for identification to the simple
case — the number of variables excluded from any structural equation
must be at least as great as the number of included jointly dependent
variables, less one. The rank condition for identification of each struc-
tural equation requires that the Jacobian corresponding to the ex-
cluded variables be nonsingular for every structural equation. An ex-
ample of the linearization process is given by the following model

(C-2) = a +

(C-3) J1=c+
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(C-4)

(C-5) = (1 — +
Since the model is nonlinear [equation (C-3)] in two endogenous
variables—both of which appear separately elsewhere in the model—
we are unable, in its present form, to apply repeated least squares.
Equation (C-3) can be made linear in the variables by adding an addi-
tional identity, as follows

(C-6) = c + +

(C-7) = (—f)

With the structural equations linearized in the variables, and their
rank and order conditions satisfied in each quarterly econometric
model, their parameters can be estimated by simple repeated least
squares techniques, under the following maintained hypotheses:

(C-8) X is a stochastic matrix, distributed independently of

(C-9) X has full rank with probability one

(C-b) E(n1X'X) =
(C-i 1) plim (n1X'X) =
(C-12) E(€) = 0, where E is E stacked

(C-13) V(€) = I positive definite

(C-14) plim (n'X'E) = 0

(C-15)

If we add the additional assumption
(C-16) n1'2[I®X']€

then hypothesis testing can be carried out. We assume (C-8) through
(C- 16) to be valid for the seven econometric models described in this
study.
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D. EVALUATING PREDICTIVE PERFORMANCE

There are many ways to evaluate the predictive performance of
an econometric model. The view taken here is that the predictive per-
formance of an econometric model should be measured relative to its
reduced form, rather than relative to its structural form. This has been
made possible only recently by the development of Holt's SIMU-
LATE program [34]. Most of the econometric models reported in the
literature contain little or no information on the goodness-of-fit of the
reduced form. Goodness-of-fit of the structural form cannot be used
as a test of the over-all predictive performance of an econometric
model. In Section 2, goodness-of-fit in the reduced form of the models
is compared in the mean-squared error (MSE) over the period of fit,
where the MSE is defined as

in
(C-17) MSE= 1/ms (i=1, . . . ,m;j=l, . . . ,p)

where and are the predicted and actual values, respectively, of
the jth dependent variable in the set of p jointly dependent variables.

Theil [58] presented several variants of this statistic for evaluating
forecasts of various types of models, but they are shown by Jorgenson
and Nadiri [36] to be invalid when applied to the linear statistical
regression model.

More powerful evidence of the performance of an econometric
model can be obtained by examining reduced-form MSE's over a
period different from the period used to fit the model. This type of
evaluation can be made rigorous by devising a statistical test for struc-
tural change. In Section 3, the reduced form MSE's are reported; and
in Section 4, the structural stability of each of the alternative models
is given. The statistic used to test the models for structural change is
derived as shown below.

To test the independent equations for structural change in each
quarterly econometric model, we must consider the asymptotic dis-
tribution of the statistic

(D-l) (j = 1,. . . , r)
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where the numerator is the sum of squared residuals in thejth reduced-
fOrm equation over the forecast period, and the denominator is the
reduced-form MSE over the fitted period. The numerator of (D-1) is
equal to plim since plim = plim + — X0fl3)'
(XQH) + — = plim Plim converges in prob-
ability to a random variable distributed x2. This follows from the as-
sumption that is asymptotically normal with mean zero and
variance This implies that has an approximate chi-square
distribution. The denominator of (D- 1) converges in probability to a
constant (os). Thus it is reasonable to assume that (D-1) has an
approximate x2 distribution with 20 degrees of freedom (the number of
quarters in the forecast). Interpreting (D-1) as a likelihood ratio
statistic, we reject the null hypothesis of no structural change for large
values of the statistic. This implies that a one-tail test is appropriate;
for the critical region, we choose 5 per cent.

A multivariate test for structural change, more powerful than the
univariate test, could be devised, taking the following form

(D-2)

where is the reduced-form variance-covariance matrix of errors in
the fitted period, and is the vector of reduced-form errors in the
forecast period. This statistic (D-2) has an approximate x2 distribution
with 20 degrees of freedom. Due to the enormous computational work
involved, the multivariate test is not used in the current study.

In addition to the above tests, it is useful to provide a minimum
standard of performance for the models by comparing their goodness-
of-fit and predictions to those based on auto-regressive time series.
Comparing an econometric to a naive method of forecasting supplies
a technique for assessing the economic information contained in an
econometric model. The defining characteristic of a "naive" forecast-
ing method is that it depends exclusively on purely statistical proper-
ties of economic time series, such as trend, past levels, or past changes.
A naive method does not incorporate any economic information, such
as relationships between consumption and income, or prices and the
quantity of money. Forecasts made by naive methods are then com-
pared with forecasts made by other methods. Forecasting methods
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that cannot do better than a purely mechanical one should be dis-
carded.

Two popular mechanical forecasting methods, previously used to
evaluate forecasting performance, are the "no change" and "same
change" models. In the no-change method, the naive forecast is sim-
ply that each economic time series will equal its own present level.
In the same-change method, the naive forecast is that each economic
forecast will continue to change in the same direction and by the same
amount.

In early work on econometric models, the no-change and same-
change models did provide, at least for a time, quite stringent standards
for their forecasting performance. However, these models have be-
come progressively less important for two First, econometric
work has improved in quality, so that over-all standards of performance
have gone up. Second, recent econometric work has emphasized em-
pirical relationships involving lagged values of dependent variables as
"explanatory" variables. An empirical relationship of this type in-
corporates past levels and past changes of economic variables as ex-
planatory variables. But these are precisely the variables used for
predictive purposes in the no-change and same-change methods;
therefore, econometric forecasting methods can be expected to do
better than these simple mechanical devices.

In this study, a different type of mechanical forecasting method
is employed as an alternative to econometric forecasting methods: the
auto-regressive scheme. An auto-regressive scheme is simply a re-
gression of a variable on its own past values. The basic idea is to
express an economic time series as a weighted sum of its own past
values. The weights in the sum are determined so as to achieve the
greatest possible predictive power. The auto-regressive scheme is a
naive method of forecasting, since it incorporates no economic in-
formation. Forecasting on the basis of auto-regressive schemes is
completely mechanical and depends exclusively on the purely statis-
tical properties of an economic time series.

No-change and same-change forecasting models provide a better
yardstick for measuring forecasting performance than simply postulat-
ing that an economic time series is constant. Similarly, an auto-
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regressive scheme provides a more stringent test of a method of
forecasting than either the no-change or the same-change method. The
no-change model is simply an auto-regressive scheme with weights
equal to one for the most recent past value of the series, and zero for
all other past values. The same-change model is an auto-regressive
scheme with weights equal to two for the most recent past value,
minus one for the next most recent value, and zero for all other past
values. Thus, if either of these methods of forecasting is superior to
other auto-regressive schemes, weights can be chosen from among the
other possibilities. In practice, the weights that maximize predictive
power are not usually those associated with either the no-change or
the same-change methods.

Auto-regressive schemes include a number of other purely
mechanical methods of forecasting as special cases, in addition to the
no-change and the same-change methods. The same-change model,
itself, may be interpreted as a linear trend; that is, the sum of a con-
stant plus a term that is proportional to time. If a linear trend is a
satisfactory representation of an economic time series, the weights of
the auto-regressive scheme can be chosen to make forecasts by trend
extrapolation. As a practical matter, such a representation is not usually
particularly satisfactory. Similarly, an auto-regressive scheme can be
chosen to make forecasts by extrapolation of a geometric trend; that is,
by assuming a constant rate of growth. In the auto-regressive scheme,
a weight equal to one plus the rate of growth is assigned to the im-
mediate past value, and weights equal to zero are assigned to all other
past values.

We conclude that an auto-regressive scheme, though purely
mechanical and depending exclusively on purely statistical properties
of an economic time series, includes a wide variety of naive forecasting
schemes. If the auto-regressive scheme is designed to maximize pre-
dictive power, the resulting yardstick for evaluating forecasting per-
formance is at least as good as the no-change and same-change methods
of forecasting, as good as linear or geometric trends — or any combi-
nation of same. Accordingly, matching the forecasting performance of
an econometric model against the best possible auto-regressive scheme
provides a stringent test of the econometric model. Similarly, matching
the forecasting performance of a judgmental method against an auto-
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regressive scheme provides a stringent test of the judgmental method.
For these reasons, we present the forecasting performance of both an
auto-regressive scheme and each econometric model. By comparing
the results of forecasting by these two methods, the value of the
economic information contained in the econometric models can be
assessed.6

E. THE ALTERNATIVE MODELS

Scope, economic theory, and block-recursive structure in each
of the seven quarterly econometric models will be discussed at this
point.

E-1. Scope
Coverage of the quarterly econometric models is presented in

Table 1.1. Note that the scope of the models differs greatly. For ex-
ample, the Friend-Taubman Model determines no financial variables,
while the Goldfeld Model explains nineteen. As another example, the
income side of the national income and product accounts is totally
lacking, or grossly incomplete, in the Friend-Taubman, Liu, and Gold-
feld Models, but is explained completely in the Klein, OBE, and
Wharton-EFU Models. Fromm [27] and Nerlove [50] give a more
detailed description of the coverage of quarterly econometric models
in tabular form.

Not only do the models differ in coverage, but sometimes what is
endogenous in one model is exogenous in another. This differing prop-
erty of the models poses a serious problem in comparing predictive
performance; one model may attempt to explain what another assumes
to be given. This problem is easily handled if what is endogenous in
one model and exogenous in another appears in the former in recursive
blocks. For example, suppose that net exports are solved in a recursive
block in the Klein Model, and appear as an exogenous variable in the
Friend-Taubman Model. Further, suppose that we wish to compare
these two models in predicting GNP. In this case, the procedure is to

6 The order of the auto-regressive scheme used in this study is determined for each en-
dogenous variable by the scheme which has the smallest residual variance. However,
we set an arbitrary cutoff point of eight quarters.
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TABLE 1.1

Variables Determined in Quarterly Econometric
Models of the United States

Variable
Friend-

Taubman Fromm Liu Klein OBE Goldfeld
Wharton-

EFU

Product Side
Consumption 1 2 3 3 4 2 3
investment 1 1 2 1 I 1 2
Housing I I I I I x I

Inventories I 1 1 1 1 • 1 2
Foreign trade x 1 x 3 2 3 x
Government x x x x x x x

Income Side
GNP x 1 1 1 1 x 1

NNP x 2 1 x I x 4
National income x 2 x 2 3 x 2

Personal income x 7 3 4 4 x 5
Labor Force

Employment x x x 1 1 x .5

Unemployment x 1 x 1 1 x I

Financial Data ,

xBank reserves x x x x 6 x
Loans x x x x x 3 x
Demand deposits x x 2 1 1 3 x
Time deposits x x I x x 3 x
Interest rates x x 3 2 3 4 2

Total 4 19 18 21 24 23 31

drop the net exports equation from the Klein Model by changing net
exports from an endogenous to an exogenous variable. This then pro-
vides a valid comparison of the two models in predicting GNP, since
the basic structure of the Klein Model remains unchanged after
dropping the exports equation. However, suppose that we change the
example by assuming that net exports in the Klein Model are solved in
a simultaneous block. We cannot drop the net exports equation now,
because it is solved simultaneously with the other equations in the
block; dropping this equation would change the structure of the model.
Hence, for this case, the comparison of the two models in predicting
GNP has one-way validity: only if the Klein Mode! predicts GNP
best. If the Friend-Taubman Model gave the best GNP prediction, we
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would be unable to tell whether the outcome was due to net exports
being exogenous or to other factors in the two models.

E-2. Economic Theory
Friend-Taubman Model. This model is similar in structure to

the original underemployment model presented by Keynes. The model
contains no income side and no monetary sector, so Friend-Taubman
assume that interest rates, the money supply, and the employment of.
labor and capital always adjust immediately to support any given level
of aggregate demand. Monetary policy has no place at all. Every
aggregate expenditure variable in the Friend-Taubman Model is de-
termined in real terms, and no explanation of the price level is given.
The Friend-Taubman Model differs from the original Keynesian
underemployment model in that it includes several anticipations
variables. Both the business investment and residential construction
equations contain the OBE-SEC second investment anticipations, and
the inventory equation contains a sales anticipations variable.

The Friend-Taubman Model, established on a semiannual basis,
has been changed to a quarterly basis by making the sum of two
quarterly observations equal to the semiannual observations. In a few
situations, aribitrary approximations were necessary. Finally, the
model was originally formulated in terms of flows rather than levels.
The authors suspected the presence of serial correlation, and first-
differencing the data is a method commonly employed to eliminate this
problem. However, all of the other models of the study are written in
terms of For this reason, the variables of the Friend-Taubman
Model were converted to levels to facilitate the comparison across
models. This change required adding trend terms to the behavioral
equations.

Fromm Model. The Fromm Model is similar to the original
Keynesian Model, although it differs in one significant respect. Whereas
the original Keynesian Model says nothing directly about capacity, the
Fromm Model explains the movement of three paramount variables
in his system—the GNP price deflator, residential structures, and
unemployment—as the difference between actual and capacity output.
Fromm follows the policy of the Council of Economic Advisers by
assuming that capacity output is independent of actual output, so that
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capacity output can be taken as a predetermined variable in the model.
The Fromm Model has no monetary sector, so monetary policy is
assumed to be a powerless tool in the world represented by Fromm's
system. Personal and corporate income, indirect business taxes, and
several transfer items are endogenous to the model, and a production
function relating unemployed workers to the difference between po-
tential and actual output is included. Some expenditure variables are
determined in real dollars and others are explained in current dollars,
with no obvious pattern or rationale. The only price deflator explained
in the model is the GNP price deflator. Finally, the complete income
side of the GNP accounts is determined in the model, including
corporate profits and dividends.

Liu Model. The Liu Model is basically neoclassical in struc-
ture. It takes production of output as given and assumes that the labor
market is always in equilibrium at full employment. However, the Liu
Model does differ from the original neoclassical model with respect to
financial variables, since it includes the real balance, or wealth effect
on cash balances and near-money assets, which, in turn, has an effect
on expenditure variables in the system.

Expenditures on consumer durables, residential and nonresiden-
tial structures, and producers' durable equipment are explained by their
respective capital stocks, as well as by distributed lags in investment
expenditures. In the monetary sector of the model, the long-term
interest rate—itself an endogenous variable, and standing for the cost
of capital services — has great importance in determining residential
and nonresidential construction, as well as business inventory invest-
ment. Inventory investment largely determines changes in the price
level, and is, itself, explained by the demand for cash balances and the
long-term interest rate. The long-term interest rate is determined jointly
— in accord with the expectations theory governing interest rates and
the price-level growth rate. Government expenditures, taxes, and the
money supply are exogenous to the model, and all variables on the
income side of the GNP accounts are explained, with the exception of
personal income. This last is due to the fact that tax items are exo-
genous to the model.

Klein Model. The Klein Model was constructed in the tradition
of Keynes and Tinbergen, and represents a quarterly version of the
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earlier annual Klein-Goldberger Model [45]. The basic characteristics
of the Klein Model are as follows: the consumption and investment
equations are similar to those found in the earlier Klein-Goldberger
system, with the notable exception that the quarterly consumption
and investment equations contain anticipations data in the form of the
Michigan Survey Index of Consumer Attitudes and OBE-SEC first
investment anticipations. A production function, using labor and
capital services as inputs, determines real private GNP; current GNP
is determined in the usual way, as the sum of the current expenditure
components of aggregate demand. The only exogenous expenditure
components are government purchases of goods and services, and the
price deflator for imports. The GNP deflator is explained as the ratio
of real GNP, determined from the production function, and current
GNP, determined on the demand side. In addition, implicit price de-
flators for consumer durables, nondurables, and services; plant and
equipment expenditures; residential structures; and exports are deter-
mined in the model.

The model has a small, primitive monetary sector, in which the
ratio of liquid assets to GNP is explained by the money supply and the
long-term interest rate; the money supply is exogenous to the system.
Taxes and transfer payments are explained in the model, so that the
complete income side of the GNP accounts is determined.

OBE Model. The OBE Model is a variant of the Klein Model.
Thus, both models are similarly structured, with only minor dif-
ferences throughout. For example, a minor difference between the two
is that the OBE Model has a production function which is constrained
to be Cobb-Douglas, with coefficients summing to unity, while the
Klein Model has a general linear form for its production function. An-
other change in the OBE from the Klein Model is that the former has
disaggregated consumer durables expenditures into automobile and
nonautomobile durables, while the Klein Model explains only total
consumer durables. A further difference is that the OBE Model
added an equation to the financial sector explaining the yield on twenty-
five-year-insured homes. Most of the remaining changes are slight
modifications of the individual variables appearing in the structural
equations.

Wharton-EFU Model. The 1965 version of. the Wharton-EFU
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Model [44], like the earlier Klein-type models, has a small monetary
sector. The short-term interest rate is determined by the long-term
interest rate — both current and lagged one period — and the long-term
interest rate is determined by the ratio of excess to required reserves,
an exogenous variable assumed to be under the control of the monetary
authority. The Wharton-EFU Model is far more disaggregated in the
expenditure, capital stock, and inventory variables than the Klein-
NBER Model, but basically determines the expanded set of en-
dogenous variables in a way similar to the original model. By way of
disaggregation, both plant and equipment expenditures and inventory
investment are separated into manufacturing and nonmanufacturing
industries, while real gross product originating, determined from pro-
duction functions, is explained for the following variables: manu-
facturing, nonmanufacturing, and nonfarm residential structures.
Another difference between the Wharton-EFU and Klein Models is
that the services and nondurables components of consumption in the
former model have been combined and expressed as relative, rather
than absolute, terms, due to the observed long-run constancy of the
average propensity to consume services and nondurables. A final
difference between the two models is that the Wharton-EFU has the
consumption and investment equations specified in two different ways.
The first specification, designed for short-term forecasting, includes
anticipatory variables in the consumption and investment equations.
The limit on the short-term forecast is, of course, set by the number of
quarters in the future which are covered by the anticipatory variables.
Alternative consumption and investment equations, which exclude
the anticipatory variables, are used in the model for making forecasts
beyond the coverage of the anticipatory projections. In the current
study, we have chosen the first, rather than the second, specification
of the consumption and investment equations, since we are solely
concerned with making one-period forecasts, which are included in
the coverage of the anticipatory variables.

Goldfeld Model. The Goldfeld Model provides an interesting
comparison with the others, because though it is primarily a financial
model of the commercial banking sector, it includes a few expenditure
equations explaining the broad aggregates: consumption, gross fixed
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investment, inventory investment, and gross national product. All ex-
penditure variables are measured in current dollars and no explanation
of the price level is given. The supply of money and short- and long-
term interest rates are endogenous in the Goldfeld Model, allowing a
more complete tracing out of the effects of changes in monetary policy
than the other models offer. However, the Goldfeld Model does not
permit a complete general equilibrium solution to changes in monetary
policy, since it has no income side. Thus, feedbacks are not possible
between changes in expenditures and changes in income. In the Gold-
feld Model, in addition to the endogenous money supply, several port-
folio assets of the banking sector are determined, such as member
bank short- and long-term holdings of federal government and munici-
pal securities, and commercial loans. Most of these variables are
determined for both country and city member banks.

E-3. Block-Recursive Structure
In Table 1.2 we present a breakdown of the simultaneous and

recursive blocks within the quarterly econometric models. All of the
models are block recursive; i.e., each one contains at least a single
simultaneous block. The OBE and Goldfeld Models both have two
large and two small simultaneous blocks, whereas the rest of the
models have only one such simultaneous block. The Fromm Model
comes closest to being fully recursive, since it has only one simul-
taneous block containing five equations.

The Friend-Taubman, Liu, and Wharton-EFU Models, with well
over half of their equations in simultaneous blocks, are closest to being
completely simultaneous. The Klein and OBE Models, with about one-
half of their equations in simultaneous blocks, are intermediate between
the recursive and simultaneous systems.

Table 1.3 contains a detailed breakdown of the contents of the
simultaneous blocks across quarterly econometric models. A compari-
son of the simultaneous blocks reveals, first, that excepting the Fromm
Model, the expenditure variables on the demand side of the GNP
accounts are solved in the simultaneous blocks of the models. Second,
for models containing production functions, the gross output variables
are solved in simultaneous blocks. The same is also true of the em-
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TABLE 1.2
Breakdown of Simultaneous and Recursive Blocks Within Quarterly Models

Number Number of
of Simul- Variables in Number of

Econometric taneous Simultaneous Recursive
Model Blocks Blocks Blocks

Friend-Taubman 1 6 5
Fromm 1 5 45
Liu 1 26 35
Klein 1 52 25
OBE 2 1—18

2—40
46

Wharton-EFU 1 92 23
Goldfeld 2 1—63

2-4
19

ployment variables for all of the econometric models, other than the
OBE. In the OBE Model, gross output and employment are determined
in the small simultaneous block, ahead of the large simultaneous block
which contains the expenditure variables. Next, with the exception of
the Fromm Model, the income side of the GNP accounts—along
with the implicit price deflators—is solved in the simultaneous blocks
of the quarterly econometric models.

With respect to financial variables, we notice first that in the Liu
Model the short-term rate of interest is determined ahead of the large
simultaneous block by a bank reserves variable and the Federal Re-
serve discount rate; all other interest rates and financial wealth vari-
ables are solved in the simultaneous block. In the Klein, OBE, and
Wharton-EFU Models both the short- and long-term rates of interest
are solved recursively, ahead of the large simultaneous blocks.

In the Goldfeld Model, the short-term rate of interest is solved
in the simultaneous block of the model, along with the real variables.
Bank reserves and the money supply are considered endogenous.
Clearly, the Goldfeld Model is, financially, the most sophisticated of
all the quarterly econometric models.
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TABLE 1.3
Breakdown of Contents of Simultaneous Blocks Across Quarterly Models

Econometric
Models Contents of Simultaneous Blocks

Friend- Expenditure Side Income Side
Taubman
Block

Real consumer expenditures
Real residential structures
Real plant and equipment

itures
Real gross national product

Fromm Block Expenditure Side Income Side
Federal tax payments
State and local tax payments
Personal income
Personal disposable income

Liu Block Expenditure Side Income Side

Real business structures
Real producer's durable equipment
Real consumer durables

Real disposable income
Real corporate profits
Real dividends

Real consumer nondurables
Real consumer services
Real nonfarm inventory investment
Real final sales of goods
Real gross national product

Real depreciation•

Financial Implicit Price Deflators

Moody's corporate AAA bond rate
Yield on time deposits and savings

shares
Real business liquid assets
Real consumer holdings of cur-

rency
Real consumer holdings of time

deposits and savings shares

Rate of growth in GNP deflator

(continued)
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TABLE 1.3 (continued)

Econometric
Models Contents of Simultaneous Blocks

Klein Block Expenditure Side

Real consumption (durables, non-
durables, services)

Real gross national product
Current gross national product
Real private GNP
Real nonfarm inventory investment
Real nonfarm residential structures
Current private GNP

Employment

Unemployed workers
Wage and salary employment
Total civilian labor force
Hours worked per week
Private civilian employment

Income Side
Current retained earnings
Personal income
Nonlabor personal income
Real retained earnings
Real private wages and salaries
Corporate profits
Current wages and salaries
Personal disposable income
Taxes: indirect business, corpo-

rate, and personal
Average private annual wage rate

GNP
Implicit Price Deflators

Exports
Nonfarm residential structures
Plant and equipment
Consumer services
Consumer nondurables
Consumer durables

Financial
None

Goldfeld
Block (1)

Expenditure Side
Current
Current
Current

and services
Current gross national product

Financial

gross fixed investment
inventory investment

consumer nondurables

Excess reserves, city
Excess reserves, country
Borrowings, city
Borrowings, country
Demand deposits, city
Demand deposits, country
Time deposits, city
Time deposits, country

Income Side
Personal disposable income
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TABLE 1.3 (continued)

Econometric
Models Contents of Simultaneous Blocks

Goldfield Financial (continued)
Block (I)
(continued)

Commercial loans, member
Potential demand deposits
Change in class average reserve

requirement, city
Money supply
High-powered money
Commercial loan rate
Long-term government rate
Treasury bill rate
Commercial loans, city
Commercial loans, country

Goldfeld Financial
Block (2) Intermediate

Government rate

OBE Block (1) Production Function Employment
Real private GNP excluding hous-

ing
Real private GNP at full capacity

Ratio of civilian labor force to
population (ages 18—64)

Civilian wage and salary employ-
ment

Private man-hours
Civilian labor force

OBE Block (2) Expenditure Side Income Side

Real consumer automobile ex-
penditures

Real consumer nonautomobile ex-
penditures

Real consumer services excluding
housing

Real inventory investment
Real consumer expenditures cx-

cluding housing

Corporate profits
Rate of growth private wage rate
Dividends
Personal income
Personal disposable income, cur-

rent wages and salaries
Real personal disposable income
Current private wages and salaries

(continued)
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TABLE 1.3 (continued)

Production Function

Real full capacity output in manu-
facturing

Real gross output originating in
residential structures

Real gross output originating in
manufacturing

Wharton School capacity index
Real gross output originating in

nonmanufacturing

Implicit Price Deflators

Consumer nonautomobile du-
rabIes

Consumer automobiles
Plant and equipment
Nonfarm residential structures
Exports
GNP
Consumption
Manufacturing deflator

Econometric
Models Contents of Simultaneous Blocks

OBE Block (2) Expenditure Side (continued) Itnplicit Price Deflators
(continued) .

Current pnvate GNP excluding
housing

Real total consumer expenditures
Current consumer expenditures

excluding housing

.

Pnvate GNP excluding housing
Consumer nonautomobile dur-

ables
Consumer nondurables deflator
Consumer services excluding

housing
Consumer expenditures deflator

Financial
None

EFU
Block

Wharton- Expenditure Side Income Side
Ratio of real consumer nondu-

rabies and services to real dis-
posable income

Real consumer durables excluding
automobiles

Real consumer automobiles and
parts

Real plant and equipment expend-
itures, manufacturing and non-
manufacturing

Nonfarm residential structures
Real inventory investment, manu-

facturing and. nonmanufacturing

Depreciation, manufacturing, non-
manufacturing, and nonfarm res-
idential structures

Taxes: indirect business, corpo-
rate, and personal

Government and business trans-
fer payments

Business income of unincorpo-
rated proprietors

Dividends
Inventory valuation adjustment
National income
Personal income
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TABLE 1.3 (concluded)

Econometric
Models Contents of Simultaneous Blocks

Wharton- Employment Financial
EFU Man-hours in manufacturing None
Block Average hours worked in manu-
(continued) facturing

Man-hours in nonmanufacturing
Average hours worked in nonman-

ufacturing
Employment in manufacturing
Employment in nonmanufacturing

Expenditure Side Income Side
Real imports of crude food, and Corporate profits

materials Real disposable income
Real imports of semifinished goods

and services
Real exports
Current GNP
Real GNP
Real consumer expenditures
Current consumer expenditures
Real plant and equipment expend-

itures
Real nonfarm inventory invest-

ment
Real consumer durables
Real nondurables and services
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2 A COMPARISON OF QUARTERLY ECONOMETRIC
MODELS OVER THE PERIOD OF FIT: 1949-i
THROUGH 1960-iv

THE acid test of any econometric model is how well it predicts in the
reduced form. Reduced-form predictions over the period of estimation
are made for the jointly dependent variables of the quarterly econo-
metric models. Using the reduced-form predictions and the realized
values of the jointly dependent variables, mean-squared errors are
computed for this period.7

It must be pointed out that some comparisons given below are
valid only one way, since in several of the models, exogenous price de-
flators are added to differentiate the current values of economic vari-
ables from their real values. In the rankings below, asterisks appear
after those econometric models in which exogenous deflators have
been added. Thus, for example, a comparison between the Fromm and
the OBE Models in predicting real consumer expenditures is valid only
one way, because the OBE system explains the consumption deflator,
while the Fromm Model does not.

A. CONSUMPTION EXPENDITURES

Mean-squared errors for consumption expenditures and its com-
ponents over the period of estimation appear in Table 2.1 •8 Considering

The sample period for the econometric models includes the Korean War period.
Some of the models were originally estimated for a period which includes the Korean
War years, while the rest were not. Those models that were originally estimated over the
Korean War period included dummy variables in several of their structural equations.
For the models that were originally estimated excluding the Korean War years, we de-
cided not to add dummy variables to any of their structural equations. We do not know
whether or not these model-builders would have added dummy variables to some of
their structural equations if they had included the Korean War in their sample periods.
However, dummy variables typically add only a very small amount to the explained var-
iance of the left-hand variable. We do not feel that adding dummy variables to the equa-
tions of those models that were not estimated over the Korean War period would have
significantly improved their performance. In fact, there is evidence from some research
which I have done recently that the addition of dummy variables produces worse ex post
forecasts than would be obtained by excluding them.

8 Due to the magnitude of this study, every effort was made to eliminate errors, both in"
the computation and in the tabulation of the statistics presented in the tables below.
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in detail the results given in Table 2.1, we observe, first, that both real
and current total consumer expenditures are best predicted by the naive
models. The best performing econometric model for both variables over
the fitted period is the Liu Model: worst performing are the Klein, for
current consumer expenditures; and the Goldfeld, for real consumer
expenditures.

In predicting real and current consumer durables expenditures,
both the Liu and naive models perform well (see Table 2.1). For real
consumer durables, the Liu Model performs slightly better than the
naive model; but for current consumer durables, the naive model pre-
dicts slightly better than the Liu. Both are significantly superior to the
other quarterly econometric models in predicting durables. The poor-
est performance for real and current consumer durables is given by the
Klein, Wharton-EFU, and Goldfeld Models.

Real consumer automobile and nonautomobile expenditures are
explained in the Wharton-EFU and OBE Models. The naive model is
superior in predictive performance to both econometric models, while
the OBE Model is superior to the Wharton-EFU Model for both auto-
mobile and nonautomobile expenditures.

For real and current consumer nondurables and services, the naive
model registers a predictive performance superior to all of the quarterly
econometric models over the period of fit. In predicting real nondura-
bles and services separately, the Liu Model outperforms all other eco-
nometric models. Both the Goldfeld and Wharton-EFU Models ex-
plain nondurables and services together. For this variable we find, in
Table 2.1, that both the Klein and OBE Models slightly outperform the
Liu Model. The Wharton-EFU is the least good of all the econometric
models discussed here in predicting the nondurables-services variable.
We conclude that although in all cases the mechanical schemes out-
perform the econometric models, no ranking among the latter is pos-
sible in predicting nondurables and services —except for the Wharton-
EFU, which ranks last among all the quarterly econometric models
being evaluated. The rank order of the predictive performance of the
components ofconsumption expenditures for the models is summa-
rized in the table which follows.
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Variables Rank Order of Predictive Performance Over Fitted Period

Friend- Whar-
Taub- ton- Gold-

Naive man Fromm Liu Klein OBE EFU feld

Consumer expendi-
tures

Real 1 5 3* 2 6 4 7 8*
Current 1

4* 3 2* 8 7 6 5
Consumer durables

Real 2 1 4 3 5 6*
Current 1 2* 5 3 4 6

Consumer nondu-
rabies

Real 1 2 4 3

Current 1 2* 4 3

Consumer services
Real 1 2 3 4

Current 1 3 2* 4 5

Consumer nondu-
rabies including
services

Real 1 4 3 2 6 5*

Current 1 2* 3 6 5 4

Note: Asterisks indicate addition of exogenous deflators.

B. BUSINESS FIXED INVESTMENT

A comparison of mean-squared errors for both real and current
plant and equipment expenditures over the fitted period reveals that the
Liu Model has a smaller prediction error than all the other quarterly
econometric models and the naive model (see Table 2.2). However, in
predicting current plant and equipment expenditures, a comparison of
the Liu and Friend-Taubman Models with the other models is valid
only one way, because neither of these two models determines the
plant and equipment deflator as an endogenous variable. Also, a com-
parison of the Fromm Model with the other models in predicting real
investment is valid only one way, since the former determines real in-
vestment from current investment through an exogenous deflator. For
current plant and equipment expenditures, the Liu Model again regis-
ters a predictive performance superior to the other econometric models
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and the naive model. Ranking of the models in predicting plant and
equipment expenditures based on alternative quarterly models is shown
here.

Variables Rank Order of Predictive Performance Over Fitted Period

Friend- Whar-
Taub- ton-

Naive man Fromm Liu Klein OBE EFU
Real plant and equip-

ment expenditures 3 5 2* I 6 4 7
Current plant and

equipment expend-
itures 3 5* 2 j* 6 4 7

Note: Asterisks indicate addition of exogenous deflators.

Liu's is the only econometric model included in the study which
explains separately the nonresidential structures and producers' du-
rabIes components of business fixed investment. For both of these
variables, the predictive performance of the Liu Model is superior to
the naive models over the period of estimation. The Liu Model also
predicts current nonresidential structures and producers' durable
equipment better than do the mechanical models.

Although the Wharton-EFU Model does not separate plant from
equipment expenditures, it does disaggregate business fixed investment
into manufacturing and nonmanufacturing investment. For investment
in both manufacturing and nonmanufacturing, the Wharton-EFU
Model registers a predictive performance inferior to that of the naive
models.

The Goldfeld Model explains only gross fixed investment. In
comparing the mean-squared errors across models for both real and
current gross fixed investment, we see that the Liu Model again registers
a predictive performance superior to that of the other models. All of
the remaining econometric models are inferior to purely mechanical
forecasting schemes in predicting gross fixed investment over the
period of fit.
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C. RESIDENTIAL STRUCTURES

Table 2.3 presents mean-squared errors for residential structures
in the reduced forms of the quarterly models over the fitted period.
Considering these results in detail, we observe that the Wharton-EFU
and Liu Models outperform all other quarterly models in predicting
real total and nonfarm residential structures. The mean prediction error
for the Wharton-EFU Model is slightly smaller than that of the Liu
Model.

In predicting current residential structures a comparison among
all quarterly econometric models is valid only one way because the
Klein, OBE, and Wharton-EFU Models determine the housing de-
flator as an endogenous variable, while the other econometric models
treat the housing deflator as an exogenous variable. Rankings of the
quarterly models in predicting real and current residential structures
follow.

Variables Rank Order of Predictive Performance Over Fitted Period

Friend-
Taub- Wharton-

Naive man Fromm Liu Klein OBE EFU
Real residential

structures 3 4 7 2 5 6 1

Current resi-
dential struc-
tures 3 4 7 2 6 5 1

D. IMPORTS AND EXPORTS

Mean-squared errors over the fitted period, based on reduced-
form equations for imports and exports over this period, are presented
in Table 2.4. From the results shown in this table, we observe, first,
that in predicting real imports and exports over the period of fit, the
naive model outperforms all of the quarterly econometric models.
Among the econometric models, the Fromm Model registers the best
predictive performance for real imports, and the Wharton-EFU Model
is superior to the Klein Model in predicting exports.
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TABLE 2.4
Mean-Squared Errors Over Fitted Period for imports and Exports

. Econometric Models
Auto-

regressiveWharton-
Variables Fromm Klein OBE EFU Schemes

Real total imports 0.555 1.043 1.652 0.6051 0.3209
Real imports of crude mate-

rials and foodstuffs + 0.023 0.0.24 0.0218 0.0191
Real imports of semifinished

and finished goods and ser-
vices -f 0.874 1.634 0.4851 0.2437

Current total imports 1.774 0.982 1.652 0.5854 0.4057
Real total exports + 2.35 + 1.8 149 1.02
Current total exports + 2.798 + 1.578 0.9893

In predicting real imports of crude materials and foodstuffs, and
real imports of semifinished and finished goods and services over the
fitted period, the naive model registers a predictive performance supe-
rior to that of the quarterly econometric models. In predicting current-
dollar imports, the naive model is again superior to all of the quarterly
econometric models. However, the Fromm Model now moves from
first place among the econometric models in predicting real imports to
last place in predicting current imports. Rankings of the quarterly mod-
els for imports and exports follow.

Rank Order of Predictive Performance
Variables Over Fitted Period

Whar-
ton-

Naive Fromm Klein OBE EFU
Real imports 1 2 4 5 3

Current imports 1 4 3 2
Real imports of crude materials and

foodstuffs 1 3 4 2
Real imports of semifinished and fin-

ished goods and services 1 3 4 2
Real exports 1 3 2
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In summary, a comparison of prediction results between the eco-
nometric and naive models is unmistakably clear over the fitted period.
The mechanical schemes for every imports and exports variable reg-
ister a superior predictive performance when compared with that of
the quarterly econometric models. The prediction results among the
econometric models themselves are somewhat mixed. The Wharton-
EFU Model does predict disaggregated imports and real exports better
than does any other econometric model.

E. INVENTORIES, ORDERS, AND SHIPMENTS

Table 2.5 presents mean-squared errors based on reduced-form
predictions for inventories, orders, and shipments for the quarterly
econometric models over the fitted period. We observe first that the
Liu Model outperforms all other quarterly econometric models, as well
as the naive model, in predicting constant-dollar inventory investment.
Next in line in predicting real inventory investment is the Wharton-
EFU Model, which performs slightly better than the Fromm Model.
Both econometric models outperform the naive model over the fitted
period. In predicting current-dollar inventory investment, the Liu
Model again outperforms all other quarterly models. Rankings of the
models for real and current inventory investment are given below.

Variables Rank Order of Predictive Performance Over Fitted Period

Friend- Whar-
Taub- ton- Gold-

Naive man Fromm Liu Klein OBE EFU feld
Real inventory in-

vestment 5 8 3 1 6 4 2
Current inventory

investment 6 8 4 1 7 3 2 5

Note that in predicting both real and current inventory investment,
the Klein Model registers the worst predictive performance of all the
quarterly models under consideration.
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F. REDUCED-FORM COMPARISONS FOR GROSS NATIONAL PRODUCT

Table 2.6 presents mean-squared errors for real and current GNP,
determined on the demand side for the quarterly econometric and
naive models over the period of fit. The mean-squared errors for GNP
based on the econometric models are derived from reduced-form pre-
dictions. Detailed consideration of these results shows that in predict-
ing both real and current GNP over the period of fit, the Fromm Model
ranks first, followed by the Liu and naive models. The naive model is
slightly better than the Liu system for predicting real GNP, with pó-
sitions reversed for current GNP. Poorest prediction performances
over the fitted period are registered by the Goldfeld Model for real
GNP; and by the Klein for current GNP, as shown by the following
ranking.

Variables Rank Order of Predictive Performance Over Fitted Period

Friend- Whar-
Taub- ton- Gold-

Naive man Fromm Liu Klein OBE EFU feld

Real G NP 2 7 1 3 5 4 6 8*
Current GNP 3 1 2* 8 4 7 6

Note: Asterisks indicate addition of exogenous deflators.

This ranking of quarterly econometric models is not completely
valid, since the endogenous variables are conditional on different sets
of predetermined variables. However, further inspection of the results

TABLE 2.6
Mean-Squared Errors Over Fitted Period for Gross National

Product Determined on Demand Side

Econometric Modets
Auto-

Friend-
Taub-

Whar-
ton- Gold-

regres-
sive

Variables man Fromm Liu Klein OBE EFU feld Schemes

Real GNP 64.44 18.16 25.95 44.48 31.53 178.5 452.8* 25.50
Current GNP 51.67* 18.75 21.82* 135.2 35.92 129.2 108.3 27.71
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TABLE 2.7

Mean-Squared Errors Over the Fitted Period for
Gross Product Originating

Econometric Models Auto-
regres-

siveWharton-
Variables Klein OBE EFU Schemes

RealprivateGNP 14.36 101.1 178.6 24.41
Real private GNP at full

capacity 19.40 136.2 + 62.16
Real GNP originating in

manufacturing + + 189.1 6.844
Real GNP originating in .

nonmanufacturing + + 23.58 14.05
Real GNP originating in

residential structures + + 0.608 0.7146
Real full capacity output

inmanufacturing + + 456.1 15.26

indicates that the above ranking would hold even after allowing the
models to be conditional on different sets of predetermined variables.

G. GROSS PRODUCT ORIGINATING

Reduced-form mean-squared errors for gross product originating
variables in the quarterly econometric models over the period of fit are
presented in Table In predicting both real actual and full capacity
private GNP, the Klein Model turns in the best predictive performance,
followed by the naive model. Both are superior to the OBE and Whar-
ton-EFU Models, which rank third and fourth, respectively.

Considering the predictive performance over the fitted period for
the mpre disaggregated gross product variables, we observe that the
naive model outperforms the Wharton-EFU Model in predicting actual

The reader may wonder how these models can determine more than one value for
GNP. These models are all overdetermined systems, so that it is possible to determine
GNP both from the demand side and from the aggregate production function. Conse-
quently, more than one value of GNP can be obtained.
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and full capacity output in both manufacturing and nonmanufacturing
sectors.

H. CAPITAL CONSUMPTION ALLOWANCES

Reduced-form mean-squared errors for depreciation over the fitted
period are presented in Table 2.8. We find; with one exception, that the
mechanical models provide the best prediction for both real and ac-
counting depreciation: the OBE model provides the best forecast of the
real stock of plant and equipment.

I. TAX AND TRANSFER ITEMS

In Table 2.9, we present mean-squared errors based on reduced-
form tax and transfer equations over the period of fit. Beginning with
indirect business tax and nontax liability, we observe this category to
be best predicted by the naive model. The best-performing econometric
model is the Wharton-EFU, although the others perform almost as
well.

In predicting corporate profits tax liability over the fitted period,
the naive model outperforms all of the quarterly econometric models.
The Klein Model registers the best predictive performance over the
fitted period for personal tax and nontax liability, although the naive
and OBE models perform almost as well. Rankings of the models for
these variables are as shown.

Rank Order of Predictive Performance
Variables Over Fitted Period

Wharton-
Naive Fromm Klein OBE EFU

Indirect business taxes 1 3 5 4 2

Corporate profits taxes 1 3 4 2 5

Personal taxes 2 4 1 3 5

The Fromm Model explains federal, and state and local, personal taxes
separately; for these two variables, the predictive performance of the
naive models is superior to that of the Fromm Model.
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J. NONLABOR INCOME, CORPORATE PROFITS, DIVIDENDS, AND
RETAINED EARNINGS

Mean-squared errors for nonlabor income and other related items
over the fitted period are given in Table 2.10. Considering these re-
suits in detail, we observe, first, that the Wharton-EFU Model is
superior to all other quarterly models in predicting nonlabor personal
income over the fitted period, while the naive model outperforms the
other econometric models.

In predicting before-tax corporate profits, the Liu Model is supe-
rior to all other quarterly models, while the naive model also outper-
forms them.

In predicting after-tax corporate profits, the naive model out-
performs all econometric models (excluding the Liu Model). In second
place is the OBE Model, which outperforms the remaining econometric
models.

For predicting current retained earnings for the fitted period, the
naive model outperforms all others; the Liu performs best of the quar-
terly econometric models.

In predicting constant dollar retained earnings, the Klein outper-
forms the naive model, but the naive performs better than the Wharton-
EFU in predicting retained earnings in manufacturing.

In predicting current dividends, the naive model narrowly outdoes
the econometric models, all of which perform about equally well, with
the OBE Model showing a slight superiority. Rankings of the models
for current nonlabor personal income and its components are shown
below.

Rank Order of Predictive Performance
Variables Over Fitted Period

Whar-
ton-

Naive Fromm Liu Klein OBE EFU
Nonlabor personal income 2 4 3 1

Before-tax corporate profits 2 4 1 5 3 6
After-tax corporate profits 1 4 3 2 5

Current retained earnings 1 4 2 3 5 6

Current dividends 1 3 4 6 2 5
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Finally, in predicting real dividends, the naive model outperforms
the Liu Model.

K. EMPLOYMENT, HOURS, AND WAGES

In Table 2.11 we present the predictive results over the fitted
period, based on the reduced forms of the various models explaining
hours and wages. Considering these results in detail, we observe, first,
that regarding employment, the Fromm Model best forecasts the num-
ber of unemployed workers. In second place is the naive model, which
outperforms all other econometric models.

Next, we observe for the total civilian labor force, and for total
employment, that the naive model has a smaller prediction error than
either the OBE or Klein Model. In predicting total employment, the
Klein outperforms the OBE Model; but for the total civilian labor
force, the OBE Model performs better than the Klein.

For average hours worked per week in the private sector, the OBE
Model has a smaller prediction error than the Klein Model over the
period of fit.

In predicting current-dollar total civilian and private wages and
salaries, the naive model outperforms all of the quarterly econometric
models. In second place is the Klein Model, which outperforms both
the Wharton-EFU and OBE Models. Rankings for labor force, and
wages and salaries, are as shown.

Rank Order of Predictive Performance
Variables Over Fitted Period

Whar-
ton-

Naive Fromm Klein OBE EFU

Unemployment 2 1 4 5 3

Employment 1 2 4 3

Labor force 1 3 2
•Wages and salaries 1 2 4 3
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In predicting wages and salaries, both in manufacturing and non-
manufacturing, the naive outperforms the Wharton-EFU Model. For
constant-dollar private wages and salaries, the Klein demonstrates a
predictive performance superior to the naive model for the fitted period.

With respect to the total average private wage rate, the naive
model has a smaller prediction error than either the Klein or OBE
Model. For the private wage rate, in both manufacturing and non-
manufacturing, the naive model registers a predictive performance su-
perior to that of the Wharton-EFU Model over the period of fit.

L. IMPLICIT PRICE DEFLATORS

Given in Table 2.12 are mean-squared errors based on reduced-
form predictions for implicit price deflators for GNP and its compo-
nents over the fitted period. In predicting the implicit price deflator for
GNP over the fitted period, the naive is the best performer of all the
models; the Liu, best of the econometric models. Both the OBE and
Wharton-EFU Models determine the private GNP deflator. For this
variable, the Wharton-EFU Model registers a performance superior to
that of the OBE and naive models, the OBE outperforming the naive
model. The total consumption deflator is available only for the OBE
and Wharton-EFU Models. For this deflator, both econometric models
outperform the naive model over the fitted period. However, in predict-
ing each of the deflators over the fitted period, the naive
model outperforms the econometric models: consumer services, con-
sumer nondurables, consumer durables, nonauto durables. Over the
fitted period, the plant and equipment deflator is predicted best by the
naive model. This model again outperforms all econometric models
over the fitted period in predicting the nonfarm residential structures
deflator; the Wharton-EFU outperforms the OBE and Klein Models.
Rankings of some of these deflators are shown here.
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Rank Order of Predictive Performance Over
Variables Fitted Period

Whar-
ton-

Naive Fromm Liu Klein OBE EFU
GNP price deflator 1 3 2 4 5
Plant and equip-

ment deflator 1 4 3 2
Nonfarm residen-

tial structures
deflator 1 3 4 2

Consumer services
deflator 1 2 3

Consumer nondu-
rables deflator 1 3 2

Consumer durables
deflator 1 3 2

Nonauto durables
deflator 1 3 2

The exports deflator is determined by the Klein and Wharton-
EFU Models; but for this variable, over the fitted period the naive
model again outperforms both econometric models. The Wharton-
EFU Model is the poorest-performing of the econometric models.

M. MISCELLANEOUS ITEMS

Reduced-form mean-squared errors for net interest paid by gov-
ernment and consumer, and inventory valuation adjustment over the
fitted period, are presented in Table 2.13. These results show that in
predicting both 1VA and net interest the naive models perform best.

N. INTEREST RATES

Table 2.14 presents reduced-form mean-squared errors for in-
terest rates over the period of estimation. Detailed consideration of
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TABLE 2.13

Mean-Squared Errors Over Fitted Period for Miscellaneous Item.s

Econometric Models
Auto-

regressiveWharton-
Variables EFU Fromm Schemes

Net interest paid by government and
consumers + 0.0265 0.008

Inventory valuation adjustment 3.00 + 1.71

these results shows that over the fitted period, all of the econometric
models yield better predictions of the 4- to 6-month prime commercial
paper rate than does the naive model, with the Liu Model registering
the best predictive performance of all quarterly models. For Moody's
AAA corporate bond rate, the Liu Model again outperforms 'all other
quarterly models. In second place for this variable is the naive model,
which outperforms the remaining econometric models. Rankings of the
quarterly models for these two interest rates are listed here.

Rank Order of Predictive Performance
Variables Over Fitted Period

Whar-
ton-

Naive Liu Klein OBE EFU
4- to 6-month prime com-

mercial paper rate 4 1 2 2 3

Moody's AAA corporate
bond yield 2 1 2 2 3

In predicting the weighted average yield on time deposits and sav-
ings shares, the naive model outperforms the Liu Model. Also, the
naive model predicts the mortgage yield better than the OBE Model.
Finally, in the fitted period, the naive models outperform the Goldfeld
Model in predicting the bill, intermediate-term, and long-term govern-
ment rates.
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To summarize, for the commercial paper rate and private bond
rate the Liu Model outperforms all quarterly models. For the commer-
cial paper rate, all of the econometric models outperform the naive
model. With the exception of the Liu Model, the naive model registers
a performance superior to that of the econometric models in predicting
the private long-term bond rate. Over the fitted period, the naive
models outperform the econometric models in predicting all other
interest rates.

0. OTHER FINANCIAL VARIABLES

Table 2.15 presents reduced-form mean-squared errors over the
fitted period for financial variables other than interest rates. Results
considered in detail show that the Liu outperforms the naive model
in predicting real business liquid assets, and both real and current hold-
ings of consumer demand deposits. The naive outperforms the Liu
Model in predicting current business liquid assets and constant and
current dollar holdings of consumer time deposits and savings shares.

According to Table 2.15, the Liu Model predicts constant-dollar
total consumer liquid assets better than does the naive model. However,
in predicting current-dollar total consumer liquid assets, the Liu is out-
performed by the naive model, being followed, in order, by the Klein
and OBE Models.

The remaining mean-squared errors in Table 2.15 are based on
financial series unique to the Goldfeld Model. Detailed cOnsideration
of these results shows that the naive model outperforms the Goldfeld
Model in predicting city and country member bank excess reserves,
Federal Reserve borrowings, city member bank long-term securities,
and country bank municipal securities. The Goldfeld outperforms the
naive model in predicting city and country member bank holdings of
government securities, country member bank long-term securities,
and city bank municipal securities.

The prediction results for most of the deposit variables largely
favor the naive models. Over the fitted period, they outperform the
Goldfeld Model in predicting total demand and time deposits, city and
country member bank time deposits, commercial loans, and both total
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member and country member bank loans. The Goldfeld Model out-
performs the naive models in predicting city and country member bank
demand deposits, and city member bank commercial loans. It is dis-
tinctly superior in predicting changes in class average reserve require-
ments on city and country member bank deposits.

To summarize, except for short- and long-term government
security holdings, the Goldfeld Model is generally inferior—where the
Klein and OBE Models are definitely inferior—to the mechanical fore-
casting schemes in predicting noninterest rate financial variables. The
Liu Model is generally superior to the naive models for real financial
variables; but for current-dollar financial variables, it is slightly inferior.

P. PERSONAL AND DISPOSABLE INCOME

All of the econometric models, except the Friend-Taubman, de-
termine personal disposable income — with the Liu Model explaining
both real and current. The variable of personal income, however, is
determined only in the Klein, OBE, and Wharton-EFU Models.

The mean-squared errors based on reduced forms for both
personal and disposable personal income over the fitted period are
given in Table 2.16. Considering these results for both personal and
disposable personal income, we find that the naive models register
predictive performances superior to those of all of the quarterly eco-
nometric models—of which, the Fromm Model performs best. A
ranking of performance over the period of fit for both variables follows.

Variables Rank Order of Predictive Performance Over Fitted Period

Whar-
ton- Gold-

Naive Fromm Liu Klein OBE EFU feld
Personal income 1 2 4 5 3

Personal dispos-
able income 1 2 3 4 6 5 7

Q. SUMMARY

This concludes the goodness-of-fit comparisons across economet-
ric models in the reduced form. However, as pointed out by Friedman,
the problem with comparing the goodness-of-fit of econometric models
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TABLE 2.16

Mean-Squared Errors Over Fitted Period for
Personal and Disposable income

Econometric Models

Auto-Whar-
ton- Gold- regressive

Variables Fromm Liu Klein OBE EFU feld Schemes

Personal income 15.56 + 54.80 117.2 18.44 + 1.083
Personal dispos-

able income 11.08 15.29 54.67 88.26 14.37 108.6 6.935
Real personal

disposable in-
come + 19.94 + + + + 9.10

over a fixed period is that they may reflect not only the performance
of the model but the persistence of the investigator. More conclusive
evidence as to the predictive performance of the econometric models
can be obtained by comparing them over a period not used in fitting
the models. To this, we now turn.

3 A COMPARISON OF QUARTERLY ECONOMETRIC
MODELS OVER THE PERIOD OF FORECAST:
1961-I THROUGH 1965-IV

WITH the econometric models and mechanical forecasting schemes
ranked for the period of estimation, we may now evaluate the, pre-
dictive performance of the quarterly econometric models over the
forecast period: 196 1-I through 1965-IV.

A. CONSUMER EXPENDITURES

Mean-squared errors for consumer expenditures over the forecast
period are presented in Table 3.1. Considering these results in detail,
we observe that for real total consumer expenditures the naive model
forecasts better than all of the quarterly econometric models; the best
of which are the Klein and OBE, and the worst, the Friend-Taubman.
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Current consumer expenditures, in contrast, are forecast best by the
OBE, second-best by the naive, and most poorly by the Friend-Taub-
man Model.

In forecasting real consumer durables, the Liu Model outperforms
all other quarterly models, the naive model forecasting better than the
remaining econometric models. Current consumer durables are fore-
cast best by the Klein Model, next best by the naive model. Real con-
sumer durables are separated into auto and nonauto durables in the
OBE and Wharton-EFU Models, both of which forecast these varia-
bles less satisfactorily than does the naive model. In forecasting real
automobile expenditures, the OBE outperforms the Wharton-EFU
Model, while the reverse occurs in forecasting nonauto durables. Real
consumer nondurables are forecast best by the Klein Model, according
to the results presented in Table 3. 1; the naive model outperforms all
other econometric models. The naive model outperforms all econo-
metric models in forecasting current consumer nondurables. Both the
Wharton-EFU and Goldfeld Models determine nondurables and ser-
vices together; for this combined variable, the naive model registers the
best forecast. Rankings for consumption and its components are given
below in tabular form.

Variables Rank Order of Predictive Performance Over Forecast Period

Friend- Whar-
Taut,- ton- Gold-

Naive man Liu Klein Fromm OBE EFU feld
Real consumer ex-

penditures 1 7 5 3 4* 2 8 6*
Current consumer

expenditures 2 8* 4* 6 3 1 7 5
Real consumer

durables 2 I 3 4 5 *

Current consumer
durables 2 3*

1 5 6 4
Real consumer non-

durables 2 3 1 4
Current consumer

nondurables 1 2* 3 4
Real services 1 2 3 4
Current services 1 2* 5 3 4
Real nondurables

(including services) 1 4 2 5 3
Current nondurables

(including services) 1 3* 5 5 4 2

Note: Asterisks indicate addition of exogenous deflators.
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B. BUSINESS FIXED INVESTMENT

Reduced-form forecasts for business fixed investment are given in
Table 3.2. Considering these results, we observe that in forecasting
real plant and equipment expenditures the Fromm Model outperforms
all other quarterly models, with the Liu Model in second place. Cur-
rent plant and equipment expenditures are also forecast best by the
Fromm Model. In second place this time, however, is the naive model,
which forecasts current business investment better than all of the quar-
terly models. The Liu Model explains business structures and pro-
ducers' durable equipment separately. For these variables, expressed
in constant dollars, the Liu Model registers a better forecast for equip-
ment than does the naive model, but the reverse occurs for structures.
The naive models forecast current business structures and producers'
durable equipment better than the Liu Model results. The Wharton-
EFU Model disaggregates plant and equipment expenditures into manu-
facturing and nonmanufacturing. For these. variables, expressed in
real terms, the naive models project better forecasts than the Wharton-
EFU Model. The Goldfeld Model determines gross fixed investment.
Comparing the mean-squared errors across the quarterly models for
the forecast period, we find that the naive model forecasts gross fixed
investment better than any of the econometric models. In the table
below, the models are ranked by investment class.

Variables Rank Order of Predictive Performance Over Forecast Period

Friend- Whar-
Taub- ton- Gold-

Naive man Fromm Liu Klein OBE EFU feld

Real plant and equip-
ment . 5 4 2 6 3 7

Current plant and
equipment : 2 4*

1
3* 6 5 7

Note: Asterisks indicate addition of exogenous deflators.

C. RESIDENTIAL STRUCTURES AND HOUSING STARTS

Total and nonfarm residential structures are forecast best by the
naive models (Table 3.3). In second place in these categories is the
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Wharton-EFU Model, which performs almost as well as the naive
models and substantially better than the other econometric models.
Ranked for real and current residential structures over the period of
forecast, the models appear in the following order.

Variables Rank Order of Predictive Performance Over Forecast Period

Friend- Whar-
Taub- ton-

Naive man Fromm Liu Klein ORE EFU
Real residential

structures 1 3 7 4 6 5 2
Current residential

structures 1
3* 7 4* 6 5 2

Note: Asterisks indicate addition of exogenous deflators.

D. IMPORTS AND EXPORTS

Mean-squared errors for imports and exports based on reduced
forms are presented in Table 3.4. In forecasting both real and current
imports, the Fromm Model outperforms all other quarterly models. In
forecasting real imports of crude materials and foodstuffs, all of the
econometric models outperform the naive model, with the Wharton-

TABLE 3.4
Mean-Squared Errors Over Forecast Period for Imports and Exports

Econometric Models
, Auto-

regressiveWharton-
Variables Fromm Klein OBE EFU Schemes

Real total imports 0.5985 2.691 2.150 0.9181 1.013
Real imports of crude materials

and foodstuffs + 0.0121 0.0147 0.0104 0.0192
Real imports of semifinished

and finished goods and services + 2.707 2.158 0.8709 0.9033
Current total imports 0.619 1 2.740 2.178 0.992 1 1.245
Real total exports + 5.427 + 1.382 3.996
Current total exports + 2.927 + 127.2 3.3 18.
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EFU Model showing the best performance. The Wharton-EFU Model
also surpasses all other quarterly models in forecasting real imports of
semifinished and finished goods and services. In second place in fore-
casting this variable is the naive model. Rankings of the models for
each category of imports are presented below.

Rank Order of Predictive Performance Over
Variables Forecast Period

Whar-
ton-

Naive Fromm Klein OBE EFU
Total imports 3 1 5 4 2
Real imports of crude

materials and food-
stuffs 4 2 3 1

Real imports of semi-
finished and finished
goods and services 2 4 3 1

E. INVENTORIES, ORDERS, AND SHIPMENTS

Reduced-form mean-squared errors for inventories, orders, and
shipments are agiven in Table 3.5. Considering these results for in-
ventory investment first, we observe that the Wharton-EFU Model
provides the best forecast for real, total, and nonfarm inventory in-
vestment. For real total inventory investment, the naive model is in
second place, slightly outperforming the Liu Model. In forecasting
real nonfarm inventory investment, the Liu Model moves to second
place. The Wharton-EFU Model again provides the best forecasts
for current nonfarm and total inventory investment. Both the Liu and
Fromm Models outperform the naive models in forecasting current
total and nonfarm inventory investment. A performance ranking of the
models in predicting the classes of inventory investment over the
forecast period follows.

The Liu Model explains the real stock of nonfarm business
inventories, and in forecasting this variable, it registers a predictive
performance superior to that of the naive model. Unfilled orders in
manufacturing are. explained in the Fromm, Klein, and OBE Models.
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Variables Rank Order of Predictive Performance Over Forecast Period

Friend- Whar-
Taub- ton- Gold-

Naive man Fromm Liu Klein OBE EFU feld
Real nonfarm

inventory
investment 3 7 5 4 6 8 1 2

Real total in-
ventory in-
vestment 4 7 5 3 6 8 1

Current in-
ventory in-
vestment 4 7 3 2 6 8 1 .5

For both unfilled and new orders in manufacturing, fhe naive model
outperforms all others over the forecast 'period. However, the OBE
outperforms the naive model in forecasting unified orders in durable
manufacturing.

F. GNP DETERMINED ON DEMAND SIDE

Real gross national product determined on the expenditure side
of national income and product'accounts is forecast best by the Fromm
Model, as shown in Table 3.6. Current GNP, on the other hand, is
forecast best by the naive model. Rankings of the models in forecasting
real and current GNP are shown here.

Variables Rank Order of Predictive Performance Over Forecast Period

Friend- Whar-
Taub- ton- Gold-

Naive man Fromm Liu Klein OBE EFU feld
ReaIGNP 2 7 1 4 6 5 8 3*
Current GNP 1

7* 3 6* 2 5 8 4

Note: Asterisks indicate addition of exogenous deflalors.

6. GROSS PRODUCT ORIGINATING

Reduced-form mean-squared errors for gross output originating
by various sectors are presented in Table 3.7. Starting with real private



TA
B

LE
 3

.5
M

ea
n-

Sq
ua

re
d 

Er
ro

rs
 O

ve
r F

or
ec

as
t P

er
io

d 
fo

r I
nv

en
to

ry
 In

ve
st

m
en

t, 
O

rd
er

s, 
an

d 
Sh

ip
m

en
ts

m 0 2 0 — 0 r (I
D 0 — 0

Ec
on

om
et

ric
M

od
el

s

Fr
ie

nd
-

W
ha

r-
A

ut
o-

Ta
ub

-
to

n-
G

ol
d-

re
gr

es
si

ve
V

ar
ia

bl
es

m
an

Fr
om

m
Li

u
K

le
in

O
B

E
EF

U
fe

ld
Sc

he
m

es

R
ea

l n
on

fa
rm

 in
ve

nt
or

y
in

ve
st

m
en

t
16

.4
8

9.
26

6
8.

72
7

13
.8

7
65

.7
2

6.
00

5
7.

39
3

7.
80

8
R

ea
l t

ot
al

 in
ve

nt
or

y 
in

-
ve

st
m

en
t

16
.4

8
9.

26
6

8.
72

7
13

.8
7

65
.7

2
6.

00
5

7.
39

3
9.

05
6

C
ur

re
nt

 n
on

fa
rm

 in
ve

n-
.

to
ry

 in
ve

st
m

en
t

19
.8

9.
69

3
9.

08
4

12
.4

7
79

.0
1

5.
76

5
10

.7
0

9.
75

1
C

ur
re

nt
 to

ta
l i

nv
en

to
ry

.

in
ve

st
m

en
t

19
.8

9.
69

3
9.

08
4

12
.4

7
79

.0
1

5.
76

5
10

.7
0

10
.1

8
R

ea
l s

to
ck

 o
f n

on
fa

rm
bu

si
ne

ss
 in

ve
nt

or
ie

s
+

+
+

+
+

+
0.

73
58

R
ea

l u
ni

fie
d 

or
de

rs
 in

m
an

uf
ac

tu
rin

g
+

1.
82

2
+

+
+

+
+

0.
16

7a
R

ea
l n

ew
 o

rd
er

s i
n

m
an

uf
ac

tu
rin

g
+

+
+

0.
01

07
3.

83
2

+
+

R
ea

l s
hi

pm
en

ts
 o

f d
ur

a-
.

bl
e 

go
od

s i
n 

m
an

uf
ac

-
.

tu
rin

g
+

+
+

+
1.

53
41

+
+

0.
82

85
R

ea
l u

nf
ill

ed
 o

rd
er

s o
f

.

du
ra

bl
e 

go
od

s i
n 

m
an

u-
.

.

fa
ct

ur
in

g
+

+
+

.
0.

48
3

,
1.

41
1

+
+

1.
97

4

3



PREDICTIVE PERFORMANCE OF QUARTERLY MODELS • 883

TABLE 3.6
Mean-Squared Errors Over Forecast Period for GNP Determined

on Demand Side

Econometric Models

Auto-
• Friend- What-

Taub- ton- Gold- regressive
Variables man Fromm Liu Klein OBE EFU feld Schemes

Real GNP 386.1 20.87 149.6 279.3 255.2 2380 127.6* 50.6
CurrentGNP 467.9* 136.8 259.0* 65.69 229.0 883.9 224.7 32.67

TABLE 3.7

Mean-Squared Errors Over Forecast Period for Gross
Product Originating

Econometric Models

Auto-Whar-
ton- regressive

Variables Klein OBE EFU Schemes

Real private GNP 379.4 486.7 484.9 44.46
Real private GNP at full

capacity 501.6 692.6 + 94.69
Real GNP originating in

manufacturing + + 82.02 16.25
Real GNP originating in

nonmanufacturing + + 229.3 27.40
Real GNP originating in

residential structures + + 18.28 3.519
Real full capacity output

in manufacturing + + 1860 37.43
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GNP, we observe that the naive model forecasts this variable better
than do the quarterly econometric models, of which the Klein Model
performs best. A ranking for real private GNP can be enumerated as
follows: (1) naive; (2) Klein; (3) Wharton-EFU; and (4) OBE. Real
gross product is explained in the Wharton-EFU Model in the manu-
facturing, nonmanufacturing, and residential construction sectors. For
all three variables, the naive models exhibit a superior predictive per-
formance in the forecast period when compared with the Wharton-
EFU Model.

H. CAPITAL CONSUMPTION ALLOWANCES

Reduced-form mean-squared errors for capital consumption
allowances are given in Table 3.8. Current accounting depreciation
allowances are forecast best by the Fromm Model. In order of per-
formance on current accounting depreciation, the models rank as fol-
lows: (1) Fromm; (2) Liu; (3) naive; and (4) Wharton-EFU.

The Liu Model also explains constant-dollar accounting deprecia-
tion, but in forecasting this variable, it is outperformed by the naive
model. In the Fromm Model, current corporate accounting deprecia-
tion is explained and is better forecast than by the naive model. Finally,
although current accounting depreciation in manufacturing, non-
manufacturing, and nonfarm residential structures is determined in
the Wharton-EFU Model, the naive models perform better in their
forecast.

I. TAX AND TRANSFER ITEMS

Reduced-form mean-squared errors for tax. and transfer items are
given in Table 3.9. Considering these results in detail, we observe, first,
that for indirect business tax and nontax liability, the naive model pro-
vides the best forecast for indirect taxes, the Klein Model being the
best performing econometric model. Corporate profits tax liability is
forecast best by the OBE Model. In second place is the naive model.
The naive model also provides the best forecast for personal tax and
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nontax liability, according to Table 3.9. Of the econometric models, the
OBE Model provides the best forecast of this variable. The rankings
for these variables follow.

Rank Order of Predictive Performance
Variables Over Forecast Period

Whar-
ton-

Naive Fromm Klein OBE EFU
Business tax and non-

tax liability 1 3 2 5 4
Corporate profits tax

liability 2 4 3 1 5
Personal tax liability 1 5 3 2 4

The Fromm Model explains both federal, and state and local, per-
sonal tax and nontax liability. For both variables, the naive models
provide better forecasts than the Fromm Model.

State unemployment insurance benefits are determined in the
Fromm and OBE Models. In forecasting this variable, the naive model
outperforms both econometric models. The Fromm Model also deter-
mines two other transfer items: OASI and veterans' benefits, and relief
payments and other transfers. The naive models forecast both of these
variables better than the Fromm Model. Business and government
transfer payments are explained in the Wharton-EFU Model. In fore-
casting this variable, the naive model outperforms the econometric
model.

J. NONLABOR PERSONAL INCOME, CORPORATE PROFITS, RETAINED
EARNINGS, AND DIVIDENDS

In Table 3.10 reduced-form mean-squared errors are presented
for nonlabor personal income and several of its components. Beginning
with nonlabor personal income, we observe that the naive model reg-
isters a predictive performance superior to that of the econometric
models which explain this variable. Considering the predictive results
for components of nonlabor personal income, we observe that the
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Fromm Model provides the best forecast of current-dollar corporate
profits (before and after tax), retained earnings, and dividends. Re-
tained earnings in manufacturing, which are explained in the Wharton-
EFU Model, are forecast best by the naive model. Finally, real divi-
dends in the Liu system and real retained earnings in the Klein are both
forecast best by the naive models. Here we present the models ranked
according to predictive performance for nonlabor personal income and
its components over the forecast period.

Rank Order of Predictive Performance Over
Variables Forecast Period

Whar-
ton-

Naive Fromm Liu Klein OBE EFU
Nonlabor personal in-

come 1 4 3 2
Before-tax corporate

profits 2 1 5 4 3 6
After-tax corporate

profits 2 1 4 3 5
Dividends 2 1 6 5 3 4
Retained earnings 2 1 3 4 5

K. EMPLOYMENT, HOURS, AND WAGES

Table 3.11 presents reduced-form mean-squared errors over the
forecast period for employment, hours, and wages. Considering these
results, first, for the employment variables, we observe that for un-
employed workers the naive model forecasts better than all of the
econometric models. Among the latter, the Fromm Model performs
best. The naive model also outperforms all other models in predicting
total employment. Next comes the Wharton-EFU, which registers the
best predictive performance of all the econometric models. Employed
workers in manufacturing and nonmanufacturing are determined sepa-
rately in the Wharton-EFU Model but are forecast better by the naive
models. Over the forecast period, current wages and salaries are pre-
dicted best by the naive model. The best performing econometric model
for this variable is the Wharton-EFU. Rankings of the quarterly models
in forecasting these variables are given here.
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Rank Order of Predictive Performance
Variables Over Forecast Period

Whar-
ton-

Naive Fromm Klein OBE EFU
Unemployment 1 2 5 4 3
Total employment 1 3 4 2
Current wages and sal-

aries 1 3 4 2

Real private wages and salaries are explained in the Klein Model,
and for this variable, the model registers a forecast superior to that of
the naive model. Current wages and salaries are explained in the Whar-
ton-EFU Model for both manufacturing and nonmanufacturing. In
forecasting these variables, the naive models outperform the Wharton-
EFU Model.

Average hours worked per week in the private sector are explained
in the Klein and OBE Models, while average hours worked per week in
manufacturing and nonmanufacturing are explained in the Wharton-
EFU Model, in forecasting these variables, the naive outperform the
econometric models.

The private hourly wage rate is determined in the Klein and OBE
Models, the private hourly wage rates in manufacturing and nonmanu-
facturing being explained in the Wharton-EFU Model. Over the fore-
cast period, the predictive performance of the naive models for these
variables is again superior to that of the econometric models.

L. IMPLICIT PRICE DEFLATORS

Table 3.12 presents reduced-form mean-squared errors for im-
plicit price deflators contained in the national income and product ac-
counts. Beginning with the GNP price deflator, we observe that the
Fromm Model registers the best predictive performance of the quar-
terly models. In second place is the naive model. In order of perfor-
mance for the GNP deflator over the forecast period, the models are:
(II) Fromm; (2) naive; (3) Wharton-EFU; (4) Liu; (5) OBE; and (6)
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Klein. The private GNP deflator is forecast best by the naive model,
which outperforms both the OBE and Wharton-EFU Models.

Mean-squared errors for the total consumption deflator are avail-
able in the OBE and Wharton-EFU Models. In forecasting this var-
iable, the Wharton-EFU outperforms the OBE and the naive models.
These last models provide the best forecasts of the consumer nondu-
rables, durables, and services deflators. The implicit price deflator for
consumer nonauto durables is explained by the OBE and Wharton-EFU
Models, but is forecast best by the naive model. The naive models also
furnish the best forecasts for the implicit price deflator corresponding
to the following expenditure items: business investment in plant and
equipment, nonfarm residential structures, and exports of goods and
services.

M. MISCELLANEOUS ITEMS

Table 3.13 presents mean-squared errors for net interest paid by
government and consumers, and IVA. The former variable is forecast
best by the naive models; and the latter, by Wharton-EFU.

N. INTEREST RATES

Table 3.14 presents errors for interest rates based
on reduced-form forecasts. For the econometric models which explain
the 4- to 6-month prime commercial paper rate, we observe that the

TABLE 3.13
Mean-Squared Errors Over Forecast Period for Miscellaneous Items

,

Econometric Models
Auto-

Wharton- regressive
Variables EFU Fromm Schemes

Net interest paid by government
and consumers + .0301 .0281

Inventory valuation adjustment 0.5697 + 1.153
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naive model provides the best forecast. In contrast, Moody's AAA
corporate bond rate is best explained by the Klein and OBE Models.
All of the econometric models forecast this variable better than does
the naive. Rankings of the quarterly models in predicting these two
interest rates over the forecast period are given below.

Rank Order of Predictive
Performance Over Forecast

Variables Period

Klein Whar-
and ton-

Naive Liu OBE EFU
4- to 6-month prime commercial

paper rate 1 4 2 3
Moody's AAA corporate bond

yield 4 3 2 1

The naive models outperform the Liu and OBE Models in fore-
casting the yield on time deposits and savings shares, and the Fl-IA
mortgage yield, respectively. The naive models outperform the Gold-
feld Model in forecasting the following interest rates: the commercial
loan rate, the Treasury bill rate, the intermediate government rate, and
the long-term government rate.

0. FINANCIAL VARIABLES OTHER THAN INTEREST RATES

Reduced-form mean-squared errors for financial variables other
than interest rates are given in Table 3.15. The forecast results strongly
favor the naive models. Of the financial variables explained in the Liu
Model, the naive models provide the best forecasts for all but real
holdings of business demand and time deposits.

Current total consumer liquid assets are determined in the Liu,
Klein, and OBE Models. The naive model registers the best perfor-
mance in predicting this variable, as the ranking shows: (1) naive; (2)
Liu; (3) OBE; and (4) Klein.

According to Table 3.15, the naive model outperforms the Gold-
feld Model in forecasting: city member bank holdings of short-term
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securities; city and country member bank holdings of long-term secu-
rities; commercial loans, and total time and demand deposits; city and
country member bank time deposits; and member bank potential de-
posits. The Goldfeld Model outperforms the naive model in forecasting:
country member bank holdings of short-term securities; city and coun-
try municipal securities; country member bank time deposits; and
changes in class average reserve requirements.

P. PERSONAL AND DISPOSABLE PERSONAL INCOME

In forecasting both of these variables, the naive models perform
best of all, with the Fromm best of the econometric models (as shown
in Table 3.16). Rankings of the models with respect to their perfor-
mance in prediction over the forecast period are listed below.

Rank Order of Predictive Performance Over
Variables Forecast Period

Whar-
ton- Gold-

Naive Fromm Liu Klein OBE EFU feld

Personal income 1 2 4 5 3

Disposabk per-
sonal income 1 2 6 5 7 3 4

The naive model outperforms the Liu Model in forecasting real
disposable income (see Table 3.16).

Q. SUMMARY

Beginning with the expenditures side of the income and product
accounts, we observe that the Fromm Model provides the best fore-
cast of real GNP, but the naive produces the best forecast of current
GNP. The naive model forecasts total consumption better than all of
the econometric models. However, for the durables component of con-
sumption, several of the econometric models outperform it. The Fromm
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TABLE 3.16
Mean-Squared Errors Over Forecast Period for Personal and Personal

Disposable Income

Econometric Models

Auto-Whar-
ton- Gold- regressive

Variables Fromm Liu Klein OBE EFU feld Schemes

Personal income 6.807 + 335.8 717.8 24.23 + 1.265
Personal disposable

income 51.67 399.6 335.3 585.3 66.54 224.7 17.98
Real personal dis-

posable income + 306.9 + ± + + 10.74

Model provides the best forecast of plant and equipment expenditures.
Residential structures are predicted best by the naive model. Finally,
imports, exports, and inventory investment are forecast best by the
Wharton-EFU Model.

The income side of the income and product accounts is dominated
almost entirely by the mechanical forecasting schemes. The naive
models provide the best forecasts of gross product originating, current
wages and salaries, employment, and most tax and transfer items.
However, the Fromm Model does outperform the naive models in fore-
casting several components of nonlabor personal income. The implicit
price deflators and financial variables are consistently forecast best by
the mechanical models.

We conclude that no one model predominates in forecasting the
components of GNP. However, the mechanical models forecast about
30 per cent of the expenditure side — and about 90 per cent of the in-
come side—of GNP accounts better than the econometric models. Fur-
ther, almost 100 per cent of the price deflators and financial variables
are forecast best by the naive models. Thus, as a means of forecasting
economic variables, the naive models stand up well when confronted
with econometric models.
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4 UNIVARIATE TEST FOR STRUCTURAL CHANGE

UNIVARIATE test statistics for structural change in the reduced-form
equations of each quarterly econometric model are found in Tables
4.1 through 4.14.

Considering these test results by sector, we observe from Table
4.1, for consumption expenditures, that structural change has occurred
in most of the equations. Such change has occurred in all of the con-
sumption equations in the Friend-Taubman, Liu, OBE, and Goldfeld
Models. In the Fromm Model, the per capita services over per capita
income equation shows no evidence of structural change. In both the
consumer durables and nondurables equations in the Klein Model, the
null hypothesis of no structural change is accepted. Finally, the null
hypothesis of no structural change is accepted for the ratio of consumer
nondurables and services to disposable income equation in the Wharton-
EFU Model. A ranking of the models with respect to structural
stability appears below.

Per Cent
Showing

Econometric Number of Structural
Model Equations Change

Klein 3 33
Fromm 2 50
Wharton-EFU 3 66
Friend-Taubman 1 100
Liu 3 100
OBE 4 100
Goldfeld 2 100

Test statistics for business fixed investment are given in Table 4.2.
Out of all the investment equations in the econometric models, only
the current plant and equipment equation in the Fromm Model, and
the current gross private domestic investment equation in the Goldfeld
Model, are structurally stable. Ranked for structural stability, the
models appear as follows.
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Per Cent
Showing

Econometric Number of Structural
Model Equations Change

Fromm 1 0
Goldfeld 1 0
Friend-Taubman 1 100
Liu 2 100
Klein 1 100
OBE 1 100
Wharton-EFU 2 100

Structural change statistics for investment in residential structures
are presented in Table 4.3. The results here show that the null hypothe-
sis of no structural change is accepted only for the real total residential
structures equation in the Friend-Taubman Model. Also included in
Table 4.3 are single-family housing starts in the OBE Model. For this
equation, the null hypothesis of no structural change is rejected. A
ranking of the models with respect to structural stability is listed here.

Per Cent
Showing

Econometric Number of Structural
Model Equations Change.

Friend-Taubman 1 100
Fromm 1 0
Liu 1 0
Klein 1 0
ODE 2 0
Wharton-EFU 1 0

Structural change statistics for imports and exports of goods and
services appear in Table 4.4. Consideration of these results shows that
the total current imports equation in the Fromm Model gives no
evidence of structural change. The null hypothesis of no structural
change is accepted for real imports of crude food and materials in the
Klein, OBE, and Wharton-EFU Models. In the OBE Model, the semi-
finished imports equation does not show evidence of structural change,
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TABLE 4.1
Consumption Expenditures: Test for Structural Change

0.05 critical region)

Econometric
Model Variable

Friend-
Taubman Real consumer expenditures 267.8 31.4

Fromm Current per capita consumer expend-
itures 53.3 31.4

Current per capita services over per
capita disposable income 1.1 31.4

Liu Real consumer durables 50.6 31.4
Real consumer nondurables 192.8 31.4
Real consumer services 38.1 31.4

Klein Real consumer durables 27.7 31.4
Real consumer nondurables 12.2 31.4
Real consumer services 83.49 31.4

OBE Real consumer automobile expendi-
tures 63.0 31.4

Real consumer nonauto durables 2,707.9 31.4
Real consumer nondurables 177.0 31.4
Real consumer services (excluding

housing) 151.3 31.4
Wharton-EFU Real consumer automobile expendi-

tures 125.5 31.4
Real consumer nonauto durables 273.6 31.4
Ratio of real consumer nondurables

and services to real disposable in-
come 20.0 31.4

Goldfeld Current consumer durables 41.5 31.4
Current consumer nondurables and

services 56.4 31.4



TABLE 4.2
Business Fixed Investment: Test for Structural Change

(a 0.05 critical region)

Econometric
Model Variable

Friend-
Taubman Real plant and equipment expendi-

tures 138.1 31.4
Fromm Current plant and equipment expend-

itures 19.6 31.4
Liu Real nonresidential structures

Real producers' durable equipment
360.8
101.3

3 1.4
31.4

Klein Real plant and equipment expendi-
tures 577.5 31.4

OBE Real plant and equipment expendi-
tures 105.2 31.4

Wharton-EFU Real plant and equipment expendi-
tures in manufacturing

Real plant and equipment expendi-
tures in nonmanufacturing

98.7

31.9

31.4

31.4
Goldfeld Current gross private domestié in-

vestment 25.56 31.4

TABLE 4.3

Residential Structures and Housing Starts: Test for Structural Change
(a = 0.05 critical region)

Econometric
Model Variable

Friend-
Taubman Real total residential structures 26.0 31.4

Fromm

Liu

Current nonfarm residential. struc-
tures

Real total residential structures
516.9
512.6

31.4
31.4

Klein Real nonfarm residential structures 280.7 31.4
OBE Real nonfarm residential structures

excluding additions and alterations
Single-family housing starts

121.8
199.2

31.4
31.4

Wharton-EFU Real nonfarm residential structures 39.9 31.4



904 • ECONOMETRIC MODELS OF CYCLICAL BEHAVIOR

TABLE 4.4
Imports and Exports: Test for Structural Change

(a = 0.05 critical region)

Econometric
Model Variable XL(2O)

Klein Real imports of crude food and mate-
rials

Real imports of semifinished and fin-
ished goods and services

Real exports

10.5

62.0
46.2

31.4

31.4
31.4

OBE Real imports of crude food and mate-
rials

Real imports of semifinished and fin-
ished goods and services

12.2

26.4

31.4

31.4
Wharton-EFU Real imports of semifinished and fin-

ished goods and services
Real imports of crude foodstuffs and

materials
Real exports

35.9

9.54
15.2

31.4

31.4
31.4

Fromm Current imports of goods and services 23.8 31.4

while structural change occurs for this equation in the Klein and
Wharton-EFU Models. Finally, the null hypothesis of no structural
change for the exports equation is rejected in the Klein Model but
accepted in the Wharton-EFU. Here is a ranking of the econometric
models on the basis of structural stability.

Per Cent
Showing

Econometric Number of Structural
Model Equations Change

Fromm 1 0
Wharton-EFU 3 33
Klein 3 66
OBE 2 100

In Table 4.5 are presented structural change statistics for in-
ventories, orders, and shipments. Considering the results for inventory
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investment first, we observe that the null hypothesis of no structural
change is accepted for the real total inventory investment equations
in the Friend-Taubman, Klein, and OBE Models. Structural change is
rejected in the real nonfarm inventory investment equations in the
Fromm and Liu Models, and in the real manufacturing and nonmanu-
facturing inventory investment equation in the Wharton-EFU Model.
Current inventory investment in the Goldfeld Model accepts the null
hypothesis.

TABLE 4.5
Inventories, Orders, and Shipments: Test for Structural Change

(a 0.05 critical region)

Econometric
Model Variable

Friend-
Taubman Real total inventory investment 16.8 31.4

Fromm Real nonfarm inventory investment 25.7 31.4
Real change in unfilled orders 6.7 31.4

Liu Real change in nonfarm inventory in-
vestment 27.0 31.4

Klein Real total inventory investment 14.9 31.4
Real total manufacturing new orders 41.2 31.4
Real total manufacturing unfilled

orders 92.9 31.4
OBE Real total inventory investment 156.7 31.4

Real shipments of manufacturing du-
rable goods 24.2 31.4

Real new orders manufacturing dura-
ble goods 16.5 31.4

Real unfilled orders manufacturing
durable goods 1.4 31.4

Goldfeld Current inventory investment 25.9 31.4
Wharton-EFU Real inventory investment in manu-

facturing 11.6 31.4
Real inventory investment in nonman-

ufacturing 11.6 31.4
Changes in unfilled orders manufac-

turing 5.596 31.4
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The equation explaining the real change in unfilled orders is struc-
turally stable between the forecast and fitted period; the real unfilled
orders equation also shows no evidence of structural change. In the
Klein Model, both the new and unfilled orders equations exhibit struc-
tural change. In the OBE Model, the null hypothesis of no structural
change is accepted for the real new orders equation. A ranking based
on structural stability is given here for inventories, orders, and ship-
ments appearing in the quarterly econometric models.

Per Cent
Showing

Econometric Number of Structural
Model Equations Change

Goldfeld 1 0
Friend-Taubman 1 0
Fromm 2 0
Liu 1 0
OBE 4 50
Klein 3 66

Considering the test for structural change for gross product origi-
nating, we observe from Table 4.6 that the reduced-form equations
determining real private GNP in the Klein Model, and the log of
private GNP in the OBE Model, both reject the null hypothesis of no
structural change. In the Wharton-EFU Model, the equations for full
capacity, actual output in manufacturing, and output of residential
structures all show evidence of structural change.

Test results for structural change in the depreciation equations
are presented in Table 4.7. From these results, we observe that with
the exception of current depreciation in manufacturing in the Wharton-
EFU Model, the null hypothesis of no structural change is rejected for
all the depreciation equations in the econometric models.

Structural change statistics for tax and transfer items are given
in Table 4.8. With the exception of corporate profits and tax equations,
all of the tax and transfer equations show evidence of structural change.
These results are not surprising, since the tax and transfer rates have
changed at least three times between 1949 and 1965.
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TABLE 4.6
Gross Product Originating: Test for Structural Change

(a = 0.05 critical region)

Econometric
Model Variable

Klein Real private gross national product 528.3 31.4
OBE Log real private GNP at capacity less

log of function of civilian labor force 85.0 31.4
Wharton-EFU Real full capacity output originating in

manufacturing
Real output originating in manufactur-

ing
Real output originating in residential

structures

81.6

69.6

601.2

31.4

31.4

31.4

TABLE 4.7
Capital Consumption Allowances: Test for Structural Change

(a = 0.05 critical region)

Econometric
Model Variable XL(2O)

Fromm Current accounting depreciation
Corporate accounting depreciation

58.3
117.0

31.4
31.4

Klein Real depreciation on nonfarm capital
stock 65.9 31.4

Wharton-EFU Currentdepreciation in manufacturing
Current depreciation in nonmanufac-

turing
Current depreciation in nonfarm resi-

dential construction

632.5

28.6

363.2

31.4

31.4

31.4
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TABLE 4.8
Tax and Transfer Items: Test for Structural Change

(a = 0.05 critical region)

Econometric .

Model Variable xL(2O)

Fromm Indirect business tax and nontax lia-
bility 143.5 31.4

Personal contributions for social in-
surance 1,534 31.4

Corporate profits tax liability 28.5 3 1.4
Personal tax and nontax federal pay-

ments 203.8 31.4
Tax and nontax payments to state and

local governments 95.7 3 1.4
OASI and veterans' benefits 182.1 31.4
Unemployment benefits 56.2 31.4
Relief payments and other transfer

payments 118.8 31.4
Klein Indirect business tax and nontax lia-

bility 57.8 31.4
Corporate profits tax liability 7.7 31.4
Personal tax and nontax liability 120.5 31.4

OBE Personal tax and nontax payments 73.6 31.4
Corporate profits tax liability 5.5 31.4
Indirect business tax and nontax

bility 587.6 31.4
State unemployment insurance

fits 183,5 31.4
Wharton-EFU Indirect business taxes and business

transfer payments 590.2 31.4
Corporate income taxes 136.2 .1,4
Government and business transfer

payments 103.8 31.4
Personal income taxes 59.2 31.4
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Table 4.9 presents structural change statistics for corporate profits,
dividends, retained earnings, and nonlabor income. From these results
we observe that structural change is found in the corporate profits
equations in the Liu, Klein, and OBE Models. The corporate profits
equation in the Fromm Model shows no evidence of structural change.
Structural change occurs for the dividends equations in the Liu and
Wharton-EFU Models. The dividend equations in the Fromm and
OBE Models show no evidence of structural change. The hypothesis
of no structural change is rejected for the nonlabor personal income in
the OBE Model. Finally, structural change occurs in the Wharton-

TABLE 4.9
Corporate Profits, Dividends, and Retained Earnings, and Nonlabor Income:

Test for Structural Change
(a = 0.05 critical region)

Econometric
Model Variable

Liu Real before-tax corporate profits in-
cluding IVA

Real dividends
465.6

66.8
31.4
31.4

Fromm Current before-tax corporate profits,
excluding IVA

Current dividends
14.3
0.197

31.4
31.4

Klein Retained earnings (including JVA):
deflated by plant and equipment
price deflator

Corporate profits before taxes, cur-
rent dollars

328.5

95.6

31.4

31.4
OBE Corporate profits before taxes, cur-

rent dollars
Current dividends
Nonlabor personal income

166.7
22.3

554.0

31.4
31.4
31.4

Wharton-EFU Business income of unincorporated
enterprises

Current dividends
Retained earnings in manufacturing

80.9
39.3
20.95

31.4
31.4
31..4
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TABLE 4.10
Employment, Hours, and Wages: Test for Structural Change

(a = 0.05 critical region)

Econometric
Model Variable XL(20)

Fromm Unemployed workers 192.5 31.4
Klein Real private wages and salaries 52.0 31.4

Private average hourly wage rate 135.8 31.4
Average hours worked per week 192.6 31.4
Total civilian labor force 254.4 31.4

OBE Ratio of labor force to population 28.2 31.4
Private average hourly wage rate 2.0 31.4
Average weekly hours index for pri-

vate employees 0.56 31.4
Ratio of total private man-hours to

private GNP at full capacity 6.8 31.4
Wharton-EFU Private hourly wage rate for manufac-

turing 8.0 31.4
Private hourly wage rate for nonman-

ufacturing 31.9 31.4
Man-hours worked in manufacturing 46.1 31.4
Average hours worked per week in

manufacturing 11.8 31.4
Man-hours worked in nonmanufac-

turing 40.8 31.4
Average hours worked per week in

nonmanufacturing 8.0 31.4
Ratio civilian labor force to civilian

population 65.9 31.4

EFU equations determining retained earnings in manufacturing and
business income of unincorporated enterprises.

The results of testing the employment, hours, and wages equations
for structural change are presented in Table 4.10. Beginning with the
Fromm Model, we observe that the null hypothesis showing no struc-
tural change is rejected for unemployed workers. In the Klein Model,
structural change occurs in all of the equations in the employment,
hours, and wages sector. In the OBE Model, as well, these equations all
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show evidence of structural change. In the Wharton-EFU Model,
structural change occurs in the nonmanufacturing wage rate equation
but not in the manufacturing wage equation. No structural change
occurs in the equations determining average hours worked per week
in manufacturing, but it does occur in the two man-hours equations.
The null hypothesis is rejected for equations in the Wharton-EFU
Model explaining the ratio of the civilian labor force to the civilian
population.

Table 4.111 presents statistics testing the implicit price deflator
equations for structural change. The null hypothesis of no structural
change is accepted for the GNP, and rate of growth in GNP, equations
in the Fromm and Liu Models. The equation determining the private
GNP deflator is structurally stable in the OBE Model. In the Klein
Model, structural change occurs in all of the price equations except the
consumer durables and residential structures price deflators. In the
OBE Model, on the other hand, only the equation explaining the con-
sumer services deflator exhibits structural change. In the Wharton-
EFU Model, all of the price equations are structurally stable between
the fitted and forecast periods. A ranking of the models on the basis
of structural stability is given here.

Per Cent
Showing

Econometric Number of Structural
Model Equations Change

Klein 6 33
OBE 6 83
Liu 1 100
Fromm 1 100
Wharton-EFU 7 100

Test statistics for the miscellaneous economic variables are given
in Table 4.12. From these results, we observe that the equations ex-
plaining net interest paid by government and consumers in the Fromm
Model, and inventory valuation adjustment in the Wharton-EFU, do
not show evidence of structural change. But structural change does
occur for the equation determining the rent and interest component of
national income in the Wharton-EFU Model.
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TABLE 4.11
Implicit Price Deflators: Test for Structural Change

(a = 0.05 critical region)

Econometric
Model Variable

Fromm Implicit price deflator for gross na-
tional product 0.34 31.4

Liu Implicit price deflator for gross na-
tional product 30.0 31.4

Klein Implicit price deflator for:
Consumer durables 0.70 31.4
Consumer nondurables 40.0 31.4
Consumer services 210.0 31.4
Plant and equipment expendi-

tures 144.4 31.4
Nonfarm residential structures 16.0 31.4
Exports 46.7 31.4

OBE Implicit Price deflator for:
Private GNP (excluding housing

services) 108.7 31.4
Consumer nonautomobile dura-

bles 9.13 31.4
Consumer nondurables 11.1 31.4
Consumer services (excluding

housing) 40.0 31.4
Nonfarm residential structures 5.0 31.4
Nonresidential fixed investment 20.0 31.4

Wharton-EFU Implicit price deflator for manufactur-
ing (wholesale price index) 2.5 31.4

Change in implicit price deflator for:
Nondurables and services 9.9 31.4
Nonautomobile durables 4.6 31.4
Automobiles 3.3 31.4
Fixed business investment 6.5 31.4
Nonfarm residential structures 20.0 31.4
Exports 4.0 31.4
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TABLE 4.12

Miscellaneous Variables: Test for Structural Change
(a 0.05 critical region)

Econometric
Model Variable

Fromm Net interest paid by government
consumers

and
22.7 31.4

Wharton-EFU Rent and interest component of
tional income, current

na-
79.9 31.4

The results of testing the null hypothesis of no structural change
for interest rates are given in Table 4.13. Considering these results,
we observe for the Liu Model that all of the interest rate equations
exhibit structural change. In contrast, in the Klein, OBE, and
EFU Models the interest rate equations determining the short and
long rates are structurally stable between the fitted and forecast
periods. In the Goldfeld Model, structural change occurs in all of the
interest rate equations: the commercial loan rate, the spread between
the long-term bond rate and the bill rate, and the difference between the
intermediate rate and the bill rate. Econometric models rank as shown
for interest rates on the basis of structural stability.

Per Cent
Showing

Econometric Number of Structural
Model Equations Change

Klein 2 0
2 0

OBE 3 66
Liu 3 100
Goldfeld 3 100

Table 4.14 presents statistics which test the null hypothesis of no
structural change for financial variables other than interest rates. Con-
sidering these results, we observe that most of the noninterest-rate
financial variables in the econometric models show evidence of
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TABLE 4.13
Interest Rates: Test for Structural Change

(a = 0.05 critical region)

Econometric
Model Variable

Liu Moody's AAA corporate bond rate 59.2 31.4
Short-term rate (4- to 6-month prime

commercial paper) 35.6 31.4
Interest rate on time deposits and sav-

ings shares 185.7 31.4
Klein Average yield, corporate bonds, per

cent 17.4 31.4
Average yield, 90-day commercial

paper 28.4 31.4
OBE Moody's AAA corporate bond rate 17.4 31.4

Rate on 4- to 6-month prime com-
mercial paper, per cent 28.4 31.4

Per cent yield, secondary market,
FHA insured new homes 261.7 31.4

Average yield on 4- to 6-month prime
commercial paper, per cent 24.6 31.4

Moody's AAA corporate bond rate 5.1 31.4
Commercial loan rate 200.6 31.4
Long-term bond rate less treasury

bill rate 76.8 31.4
Intermediate government rate less

treasury bill rate 92.8 31.4

structural change between the fitted and forecast periods. In the Liu
Model, the equations explaining real business liquid assets, real con-
sumer currency and demand deposits, and consumer holdings of time
deposits and savings shares, all show evidence of structural change. In
the Klein Model, structural change occurs in the equation determining
the ratio of consumer liquid assets to GNP; it also occurs in the equa-
tion in the OBE Model explaining consumer liquid assets. Finally, out
of all the noninterest-rate financial equations, only three are found to be
structurally stable: excess reserves at city member banks, short-term
securities, and municipals held by country member banks.
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TABLE 4.14
Financial Variables Other Than Interest Rates:

Test for Structural Change
(a = 0.05 critical region)

Econometric
Model Variable

Liu Real business liquid assets 186.4 31.4
Real personal holdings of currency

and demand deposits 241.9 31.4
Real personal holdings of time de-

posits and savings shares 449.5 31.4
Klein End-of-quarter cash balance divided

by gross national product 116.9 31.4
OBE End-of-quarter liquid assets of house-

holds 595.6 31.4
Goldfeld Excess reserves, city member banks 15.7 31.4

Excess reserves, country member
banks 76.9 31.4

Borrowings, city member banks 42.9 31.4
Borrowings, country member banks 59.5 31.4
Short-term securities, city member

banks 43.6 31.4

Short-term securities, country mem-

ber banks 21.0 31.4

Long-term securities, city member
banks 119.7 31.4

Long-term securities, country mem-
ber banks 70.4 31.4

Municipals, city member banks 79.2 31.4
Municipals, country member banks 4.7 31.4
Currency componentof money supply 29,530.3 31.4
Demand deposits 75.1 31.4
Time deposits 85.0 31.4
Commercial loans, city and country

member banks 42.6 31.4
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5 SUMMARY AND CONCLUSIONS

THE predictive performances of the quarterly econometric models —
for selected variables and over both fitted and forecast periods are
summarized in Table 5 1. Comparing the results reveals that the Fromm
Model provides the best prediction, on the average, for real GNP in
both fitted and forecast periods. The naive model outpredicts the econ-
ometric models for real consumer expenditures in both periods, and
for current expenditures during the fitted period. For cur-
rent consumer expenditures in the forecast period, however, the OBE
Model predicts best. For the components of consumer expenditures,
the Liu Model registers the best prediction for real consumer durables
in both fitted and forecast periods, while forcurrent consumer expendi-
tures, the naive model performs best during the fitted.period— the Klein
excelling it during the forecast period. The naive model gives the best
prediction for both real and current nondurables and services during
fitted and forecast periods.

The Model predicts plant and equipment expenditures better
than the other models during the period of fit, but the Fromm Model is
superior to them in predicting this variable during the forecast period.
The Wharton-EFU Model provides the best prediction for residential
structures in the fitted period; and the naive model, in the forecast
period. Total expenditures on imports are predicted best in the
fitted period by the naive model, but in the forecast period the Wharton-
EFU Model is superior. Best predictions for the two components of
imports are turned in by the naive models during the fitted period, and
by the Wharton-EFU Model during the forecast period.

For both periods, econometric models outperform the naive
models in predicting inventory investment: the Liu Model in the fitted
period; and the Wharton-EFU in the forecast period. For GNP origi-
nating in both periods, however, the naive models register the best
predictive performance.

For capital consumption allowances, the naive model predicts
best over the fitted period, while the Fromm performs best over the
forecast period.

In the forecast period, corporate profits, dividends, and retained
earnings are predicted best by the naive models. In the fitted period,



TABLE 5.1
Predictive Performance of Quarterly Models for Selected

Econometric Variables

Best-Performing Model

Fitted Forecast
Variable Period Period

Real GNP determined on demand side Fromm Fromm
Current GNP determined on demand

side Fromm Naive
Real consumer expenditures Naive Naive
Current consumer expenditures Naive OBE
Real consumer durables Liu Liu
Current consumer durables Naive Klein
Consumer nondurables and services,

current and real Naive Naive
Plant and equipment expenditures Liu Fromm
Residential structures Wharton-EFU Naive
Total imports Naive Fromm
Real imports of crude materials and

foodstuffs Naive Wharton-EFU
Real imports of semifinished and fin-

ished goods and services Naive Wharton-EFU
Inventory investment Liu Wharton-EFU
Gross product originating—private

GNP Naive Naive
Before-tax corporate profits Liii Fromm
Retained earnings Naive Fromm
Dividends Naive Naive
Unemployment Fromm Naive
Total employment Naive Naive
Wages and salaries Naive Naive
Indirect business taxes Naive Naive
Corporate profits taxes Naive OBE
Personal taxes Klein Naive
GNP price deflator Naive Fromm
Plant and equipment deflator Naive Naive
Nonfarm residential structures deflator Naive Naive
Exports deflator Naive Naive
4- to 6-month prime commercial paper

rate Liu Naive
Moody's AAA corporate bond rate Liu Wharton-EFU
Consumer liquid assets Naive Naive
Treasury bill rate Naive Naive
Other interest rates (Goldfeld) Naive Naive
Capital consumption allowances Naive Fromm



918 ECONOMETRIC MODELS OF CYCLICAL BEHAVIOR

corporate profits are best predicted by the Liu Model; retained earnings
and dividends best by the naive models.

Best predictive performances are registered by the naive models
for total labor force and employment over the forecast period; for total
employment in the fitted period; and for wages and salaries in both
fitted and forecast periods. Over the fitted period, best performance
for unemployed workers is turned in by the Fromm Model.

The naive prediction is superior for the GNP deflator over the
fitted period, but the Fromm Model excels during the forecast period.
The econometric models are inferior to the naive models in predicting
all other price deflators in both the fitted and forecast periods.

All of the interest rate variables and consumer liquid assets are
predicted best by the naive models, except for Moody's corporate
AAA bond rate. For this variable, the econometric models are best: the
Liu Model in the fitted period, and the Wharton-EFU Model in the
forecast period.

Conclusions drawn from these results are, first, that no one econ-
ometric model surpasses its counterparts in predicting the components
of the national income accounts. However, for three of the broad ex-
penditure aggregates — real GNP, plant and equipment expenditures,
and imports—the Fromm Model's predictive performance is better
than that of all other quarterly models. Except for current consumer
expenditures and consumer durables expenditures, the naive models
outperform the econometric models in predicting the components of
consumer expenditures. Second, the income side of the national income
and product accounts is almost completely dominated by the naive
models in both the fitted and forecast periods. Finally, in almost all
cases, the naive models outperform the econometric models in pre-
dicting implicit price deflators, interest rates, and other financial
variables.

We can conclude from the univanate tests of the models for struc-
tural change, that except the inventory investment equations, almost all
of the structural equations on the demand side of the GNP accounts
show evidence of such change. Exceptions — other than the inventory
equations — are real consumer durables in the Klein Model; per capita
services and plant and equipment expenditures in the Fromm Model.
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Second, most of the employment and earnings equations show evi-
dence of structural change. Exceptions here are a few equations ex-
plaining average hours worked per week and the private annual wage
rate. Third, all but two of the tax equations show structural change.
This, of course, may happen every time tax rates change—and they
have changed several times during the postwar period.10 Fourth, most
of the equations determining the price deflators show structural
stability over time. Exceptions here are the nondurables, services, and
investment deflator equations in the Klein Model. Finally, almost all
the interest rate and other financial equations in the econometric
models show evidence of structural change.

If the reduced-form equations in which no structural change occurs
are matched with the accuracy of predictions based on these equations,
it appears that for several reasons there is no clear-cut relationship
between the univariate test for structural change of a given reduced-
form equation and its ability to predict economic variables. First, a
univanate test ignores the interdependence between equations. Thus,
a multivariate test for structural change, more powerful than the
univariate test, could easily be devised. Second, the coefficients in
any given structural equation may so change over time that they
provide better reduced-form forecasts than would have been made
without structural change. In this case, structural change is desirable,
since econometric forecasts are improved. Third, the test for structural
change may have failed in some cases; i.e., some Type I errors were
made.

A number of general conclusions may be drawn from the research
undertaken here. First, no single quarterly econometric model included
in this study is overwhelmingly superior to all of the other quarterly

'° Two things should be pointed out concerning the assumption of constant tax rates.
First, in performing actual ex ante forecasting, the model-builders would most likely
have allowed for changes in tax rates. Second, we assume that effective, rather than
statutory, tax rates remain constant. Although statutory tax rates have changed twice
over the period of this study, effective rates have remained relatively constant. For ex-
ample, the corporate effective tax rate ranged from about .41 to .51 over the period 1949
through 1965, with an average of about .46. The personal effective tax rate over this
period ranged from approximately 11.3 to 15.4, with a mean of 12.5 billion. The largest
variations came during the two statutory tax cuts, which occurred in 1954 and 1964. The
range of values of the effective tax rates appears to be small enough so as not to distort
significantly the results or the conclusions of this study.
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models in predicting the components of the national income and prod-
uct accounts.11 Second, the econometric models are not, in general,
superior to purely mechanical methods of forecasting. However, there
are modules of the econometric models which are definitely superior
to purely mechanical models. Third, the econometric models are, in
general, structurally unstable.

A. CURRENT AND PAST RESEARCH COMPARED

The study undertaken here parallels that done many years ago by
Carl Christ [6]. The general conclusions of the Christ project and the
current study are basically the same: existing econometric models
show evidence of structural change, and are not, in general, superior
to purely mechanical models in predicting the components of the
national income and product accounts. The results from both studies
imply that econometric model-building has not been highly successful.
It is as true now as it was at the time of Christ's study that mechanical
forecasting models can be constructed which predict economic vari-
ables about as well as econometric models.

The research presented here has two possible intepretations. First,
it can be considered simply as determining those models which serve
as the best predictive devices. Second, the evaluation of the predictive
performance of the alternative econometric models can be thought of
as an experiment designed to test the underlying theory. Most of the
text here has been devoted to comparing the predictive performance of
alternative models. Further study and analysis are required to evaluate
the underlying theory.

B. THE DIRECTION OF. FUTURE RESEARCH

Since econometric models generally forecast no better than auto-
regressive schemes — and since they are structurally unstable — the

information contained in the structures of these models has little pre-
11 We should mention that revisions have occurred in two of the econometric models

included in this study — the OBE and the Wharton-EFU. In addition, several other econo-
metric models have become available since this study was undertaken. The most note-
worthy of these models are the Brookings-SSRC, the Michigan Quarterly, and the
FRB-MIT.
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dictive value, There is a natural question to ask on the basis of these
results: "How can forecasting performance be improved?" One way
that we might improve forecasting performance is by combining the
instrumental variables from the unconstrained reduced forms of the
econometric models with the auto-regressive schemes, This research
remains to be completed.
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DISCUSSION

STEPHEN M. GOLDFELD
PRINCETON UNIVERSITY

Mr. Cooper has produced an ambitious paper in which he attempts
to run a fair prediction contest between seven quarterly econometric
models. The models are put on more of an equal footing by reestimating
them for the same sample period — an effort clearly prodigious in scope.
The "rabbit" in this prediction race is a mechanical auto-regressive
scheme which has a nasty tendency of outdistancing virtually all of the
competitors in the race—sometimes monumentally. In short, Mr.
Cooper is driven to the conclusion that "econometric models are not,
in general, superior to mechanical methods of forecasting." While at
first blush, the general findings of this paper may be disheartening to
model-builders, I believe that more careful thought leads one to temper
Mr. Cooper's findings significantly. Let me turn directly to some of the
relevant issues.

NATURE OF THE GAME

As indicated above, Cooper finds that an auto-regressive scheme
for each endogenous variable generally outforecasts the econometric
models under examination. It is important, however, to emphasize that
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in each instance Cooper is comparing one-period forecasts. In other
words, for each quarter he assumes as known the lagged values of all
endogenous variables. Given that realistic forecasting situations rarely
involve only one-period forecasts, his conclusions are not terribly dis-
turbing, nor as interesting as they might be.' More particularly, while
continual re-initialization helps an econometric model, in that the root
mean-square errors of one-period forecasts are significantly less than
corresponding errors over longer forecast periods,2 it is clear that this
procedure helps an auto-regressive scheme even more. As is well
known, such schemes can deteriorate badly if used to forecast more
than one period ahead. For example, using a second order auto-
regressive equation for real GNP yields the following average absolute
errors for one-period forecasts through six-period forecasts: 3.60,
6.93, 9.55, 11.39, 13.17, 14.43. The corresponding results for the
OBE Model are as follows: 2.35, 3.58, 4.47, 4.92, 5.42, 5.82. In other
words, the auto-regressive equation produces a six-period forecast
error which is four times the one-period error, while the OBE Model
yields a six-period error which is only 2.5 times as large as the one-
period error.3 In summary, part of the reason for Cooper's pessimistic
findings stems from the limited nature of the comparison he has chosen
to make.

However, even if one wished to play the game according to
Cooper's rules, one additional modification would seem desirable. To
be specific, Cooper took no account, either in estimation or in fore-
casting, of the serial properties of the error terms. Several papers at
this Conference have reported significant improvement in forecasting
accuracy — especially for one-period forecasts — when account is taken
of the most recent residuals. For example, the OBE evidence indi-
cates that the one-period forecast error can be reduced by about 25 per
cent. This suggests that even within the rather restrictive context of

I This is not meant to suggest that existing econometric models have produced satis-
factory forecasts, but that is a separate matter.

2 For example, see the evidence presented in L. R. Klein,An Essay on the Theory of
Economic Prediction (Helsinki, 1968), and 0. R. Green, "Short- and Long-term Simu-
lations with the OBE Econometric Model" (this conference).

3The results cited in the text are for the period 1955-1 to 1966-tv and are in billions
of dollars. They are based on the auto-regression equation found in Green, op. cit. The
author kindly provided me with both sets of numbers.
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Cooper's comparisons, proper handling of the models would have ré-
duced the discrepancies between the models and the naive standard.4

MODEL COMPARISONS

I turn now from contrasting the naive model with the econometric
models to some remarks about the relative performance of the various
models. As we shall see, however, these remarks have implications for
the absolute performance of the models, as well.

As indicated above, Cooper reestimated all of the models over one
sample period: 1949-I to 1960-IV. While this was done to provide a
more equal treatment of the different models, the way in which it was
done may, in some respects, muddy the waters. There are at least two
reasons for this. First, with the exception of the OBE and Wharton ef-
forts, all of the models were originally fitted to data available prior to
1966. In 1966, there was, however, a major historical revision of U.S.
National Income statistics. From various econometric efforts, there is
ample evidence that many of the relationships fitted to prerevision data
are no longer satisfactory when reestimated.5 This is an interesting
finding in its own right and may be worthy of further study. Neverthe-
less, the evidence calls into question the procedure of mechanically re-
estimating the models for prediction purposes, especially since it takes
only one "bad" expenditure function to deteriorate the forecasting abil-
ity of a model significantly. (This mechanical procedure is hardly the
sort of thing that the user of an econometric model is likely to do.)

A related difficulty stems from the fact that some of the models
were originally estimated excluding the Korean War period. Typically,
this was done in the belief that structural shifts had taken place. Indeed,
if the sample originally included the early 1 950's, the ubiquitous "shift
dummy" is often in evidence. This suggests that mechanically including

Also see M. K. Evans, Y. Haitovsky, and G. I. Treyz, "An Analysis of the Fore-
casting Properties of U.S. Econometric Models" (this conference). Of course, one
should make the same corrections for the auto-regressive schemes. However, the basic
ingredient in the technique is the serial correlation coefficient. Since this is biased toward
zero by the auto-regressive schemes, correcting both models and naive standards should
improve the performance of the former relative to the latter.

It is not exactly clear what weight to place on this observation, since the two best-
performing models were fit to prerevision data.
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the Korean period, if it was not originally used, may introduce un-
wanted differences into the model comparisons.6

Aside from problems of this sort, Cooper experienced some other
difficulties in reestimating the models. Given the scope of his task, and
the occasional imprecisions of model-builders in describing such things
as the measurement of their variables, this is certainly understandable.
A few examples may help. In the translation of my own model, for in-
stance, Cooper reestimates all of my expenditure functions in current
dollars, although they were originally estimated in real terms. Similarly,
the investment category used does not correspond to the originally
specified category.7 I am, of course, not as familiar with the details of
the other models but some similar questions come to mind. For ex-
ample, the OBE Model is overdetermined in the sense that it endoge-
nously determines the statistical discrepancy; this appears to have been
ignored. It is also unclear how Cooper treated endogenous revenue
equations (e.g., in the Wharton Model) which have tax-rate parameters
that appear as fixed coefficients.

Aside from these types of difficulty, Cooper explicitly changed the
character of some of the models. For instance, the Friend-Taubman
Model, which originally was a semiannual first-difference model, was
turned into a quarterly model estimated in level form with trend terms!
My own model was originally estimated with data unadjusted for sea-
sonal variation but this format was not preserved. While these types of
change are an attempt to put the models on a comparable basis, I be-
lieve that they point up the fact that the models used are not always
fully consistent with their original versions. This "ownership" difficulty
is compounded by the fact that a number of these models (e.g., OBE,
Wharton) have undergone substantial changes over time.

Passing on from the above types of difficulty, there is a more fun-
damental problem (which Cooper is well aware Of) in comparing the
ex post forecasting performance of different econometric models, in

6 It may be noted that if one is interested in forecasting under conditions.of relatively
low unemployment rates, it could be a mistake to ignore the Korean period in estimation,
for it -provides, aside from recent history, the only other observations in that range.

See S. M. Goldfeld, Com,nercial Bank Behavior and Economic Activity (Amster-
dam, North-Holland Publishing Company, 1966), pp. 165—66, for the statement about
real vs. current dollars. Cooper's erroneous choice for the investment variable is more
understandable, due to my use of some imprecise language, but see p. 202.
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particular, the different models are not based on the same set of pre-
determined variables. There is ample evidence that one can change the
forecasting characteristics of a given model by changing the exogenous-
endogenous status of different variables. Most of this evidence is based
on forecasts of longer than one period, but the same is true in the one-
period case. For example, I generated a series of one-period forecasts
from one version of the FRB-MIT Model (for 1958-I to 1968-1V),
which produced a mean-square error of $12.2 billion for real GNP.
However, throwing out the stock market and the currency equation
produced a mean-square error of $9.9 billion. For a shorter period
(1963-I to 11968-IV), the corresponding results were $9.6 and $12.4
billion.

In other words, making certain variables exogenous in the shorter
period deteriorated performance, whereas it had helped in the longer
period. If one is willing to make more things exogenous (e.g., prices),
even more dramatic shifts could be reported. In short, if the forecasting
ability of a given model varies significantly when different sectors are
made exogenous, what are we to make of different models which have
different sets of exogenous variables?8

SOME ECONOMETRIC DETAILS

Cooper's concern with putting all of the models on a comparable
basis extends to his method of estimation as well. Although, as sug-
gested before, the treatment of autocorrelation might have been a
worthwhile endeavor, Cooper concentrates his efforts on the simulta-
neous-equations problem, and on securing comparably efficient esti-
mates for the different models. His basic estimation method is two-stage
least squares, and the major problem he encounters is that in some of the
models, the number of predetermined variables exceeds the number of
observations. In treating these models, rather than resorting to prin-
cipal components or to some other selection procedure for the first-
stage regressors, Cooper utilizes a method he calls repeated reduced-

8 As another illustration, consider the treatment of strikes. In ex ante forecasting, the
Wharton Model, for example, typically deals with this by intercept adjustments. Other
models may have strike dummy variables. Clearly, this is not a comparable treatment of
the two types of models.
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form estimation (RR).9 For linear models, it appears that this method is
more efficient than any of these selection procedures and than the two-
stage least squares approach itself if the error terms in different equa-
tions are uncorrelated. If the residuals have nonzero covariances,
however, it appears that the RR method can be less efficient than these
other methods.1° Of course, these statements concern large samples.
In small samples, not much is known about comparable properties of
the two methods; this may further confound the nature.of the compar-
ison between models."

Aside from this, however, one remark directed at the repeated re-
duced-form method itself is necessary: namely, this technique will not
in general have the same desirable large-sample properties in the con-
text of nonlinear models. First, consider the linear case. The method
involves calculating consistent two-stage least-squares estimates (using
some subset of the predetermined variables). Employing standard no-
tation, one gets estimates: in yf + = U. Next set U = 0, and
solve for Y = —XBD'. This indirect estimate of the endogenous var-
iables gives us new "corrected" values for these variables, which can
be used to compute a second two-stage least-squares estimate. This
estimate is also consistent but should improve in efficiency, since we
have a consistent estimate of the reduced form on which to base our
final estimates. If the number of predetermined variables exceeds the
number of observations, selecting a subset of the predetermined vari-
ables will not produce such a consistent estimate for the first stage.

Now consider the nonlinear case. Consistent estimates of the struc-
tural parameters are still available.'2 However, we can no longer get a
consistent estimator of the reduced-form coefficients by setting the
error term equal to zero and solving for the endogenous variables. In-

The method has a variety of other names; in Evans, Haitovsky, and Treyz, op.
cit., it is called "regression on predicted values."

10 These findings were communicated to me by Phoebus Dhrymes.
if There is a limited bit of evidence in Evans, Haitovsky, and Treyz, op. cit., that the

RR method works better for one-period forecasts than it does for longer spans. Given the
nature of the comparison discussed above, this may introduce additional complications.
Another problem with small-sample comparisons is that the definition of "large" sample
is not invariant to the specification of the model. For some evidence on this point, see
S. M. Goldfeld and R. E. Quandt, "Nonlinear Simultaneous Equation," International
Economic Review (February, 1968), pp. 113—36.

12 See, for example, H. Kelejian, "Two-Stage Least Squares and Nonlinear Systems,"
Journal of the A inerican Statistical A ssocia lion (forthcoming).
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deed, the very notion of the reduced form needs to be carefully reexam-
ined in the case of nonhinearities. Suppose the model is Yl', + F(Y)f2 +
XB = U, where F(Y) is a set of nonlinear functions in Y. Setting U = 0
gives us one "solution" for Y as a function of X, say y =f8(X). I-low-
ever, the conditional expectation of Y given X, i.e., E(Y/X), will in
general not be equal to fs(X); rather, it will be say. This means
that Y can be written as Y (X) + — + V, where V is an
error term such that E(V/X) = Ø•13 Consequently, simply using =

as in the RR method, does not provide a consistent estimate of
the reduced form.'4 Furthermore, since it throws a term —f8(X)
into the error term of the second two-stage regression, and since this
term will be correlated in general (even asymptotically) with X, the RR
method for nonlinear models may not even give consistent structural
estimates.'5 In short, while the method seems to have much to recom-
mend it for linear models, further investigations are needed to ascertain
its suitability for nonlinear models.

CONCLUSION

From the above discussion, it should be clear that despite the mon-
umental proportions of Cooper's study, it is of only limited relevance
for the rather broad questions to which it is nominally addressed.
Cooper's pessimistic conclusions on the performance of models rela-
tive to a "naive" standard stem from both the mechanical reestimation

For a more detailed discussion of this development, see E. P. Howrey and 1-I. H.
Kelejian, "Dynamic Econometric Models: Simulation vs. Analytical Solution," in T. H.
Naylor, ed., The Design of Computer Simulation Experiments. Durham, Duke Uni-
versity Press, 1969, Pp. 207—23 1.

14 This same point is made in Klein, op. cit.
15 Perhaps a concrete example (taken from Howrey and Kelejian, op. cit.) will help.

Consider the model

Yit = b1X1 +

Y2f b2y1(_1 + b3exp (Yit) + U21

One can write Y2, + b3 exp (b,X1) exp (u11) + Now, E(exp (u11)/X1, =
where is the variance of Consequently, one can write = + where

E(u3jX,, Yit—i) = 0. Hence, Y21 = b2y11_1 + exp (b1X,) + (u21 + Thus, simply
setting u11 = = 0, and solving, would lead to a reduced form which ignored the term

a term which does not vanish.
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of all the models and the use of one-period forecasts. More recent evi-
dence, such as the FRB-MIT results cited earlier and the results with
the OBE Model presented at this Conference, suggests that even for
one-period forecasts, carefully estimated large econometric models
outperform the auto-regressive standards.'6

As for picking the "best" model, given that different models em-
ploy different sets of predetermined variables, it is difficult to do this by
ex post analysis alone. Such types of analysis give undue credit to
models for hard-to-forecast exogenous variables. Clearly, what is
needed for each model is a notion of the sensitivity of prediction errors
to errors in forecasting the exogenous variables. Furthermore, the evi-
dence on ex ante forecasting needs to be examined as it accumulates.17
Finally, we need more systematic procedures for mixing and matching
the best parts of various econometric models so that rather than focus-
ing on picking a "winner" out of a fixed set of models, we can more
generally improve our set of forecasting tools.

MICHAEL 0. McCARTHY
WHARTON SCHOOL

The paper under discussion represents a report on the results of
an obviously massive study. The author is to be congratulated for
having had the courage to undertake such a task. It is clear that he has
thought through many of the problems associated with testing the pre-
dictive performance of competing models (hypotheses). This alone in-
sures that the study has merit as a commendable first effort. Whether or
not it has further merit hinges on whether its striking conclusion, that
econometric models really cannot be expected to be better forecasting
tools than "naive" auto-regressive schemes, is credible. If it is, econo-
metricians are obligated to reconsider their goals.

16 Green, op. cii., reports a root mean-square error for real GNP of $3.1 billion for the
OBE Model, and of about $4.6 billion for an auto-regressive scheme over the same pe-
riod. For the FRB-M1T Model, the numbers cited above are clearly better than either
ihis $4.6 billion or the evidence given by Cooper.

17 This is the thrust of Evans, Haitovsky, and Treyz, op. cit., where it is argued that ex
ante forecasting, with all its ad hoc constant adjustments, often outperforms ex post fore-
casting with known values of the exogenous variables.
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The credibility of the conclusions clearly depends on the quality
of evidence given as support; in deciding on credibility, we seek evi-
dence that the author did a convincingly good job of testing the com-
peting models. Specifically, we seek evidence that (1) taking the model
structure as given, appropriate estimation techniques have been used;
(2) in estimating the models, adequate use has been made of prior
knowledge; and (3) the tests of predictive performance are good tests.
Under Category 3, we require evidence that efficient use was made of
the models in performing the prediction experiments. All of these
categories of evidence are important. Failure in any one area is suf-
ficient to cast doubt on credibility. In the case of the study being dis-
cussed here, it is most tempting to begin by considering the evidence in
Category 2.

In testing competing hypotheses, it is clear that the tests must be
applied to a consistent body of data. The study appears to have satis-
fied this requirement—but much more is required. For instance, in
estimating a model, the sample observations must be drawn from the
same population over time. If observations are drawn from different
populations, the estimates (and forecasts) can be expected to be
seriously biased. One thing we know well is that owing to factors such
as technical change, strikes, government economic policy actions, and
wars, the structure of economic models does shift over time. An un-
critical pooling of time-series data will surely involve sampling from
different populations. Accordingly, under Category 2 we seek evidence
that the author has taken adequate account of prior knowledge con-
cerning shifts in the economic structure. The quarterly sample used
in the study covered 1949 through 1960. During this period a war oc-
curred, and tax laws changed. Moreover, it is known that due to strikes
and technical progress, production functions —and hence, investment
demand functions — and price markup relations probably shifted. These
shifts need not be of a simple exponential sort. The shifts in the tax
laws can also be expected to affect functions other than the equations
for government tax receipts. Depreciation equations shift, and invest-
ment incentives are affected. This is only the beginning of a very long
list of complications due to structural shifts.

It should be clear that building a good forecasting model involves
a great deal of hard work. The economist begins by specifying an initial
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structural hypothesis — a prior or null hypothesis. This prior hypothesis
involves a statement (perhaps probabilistic) about the form of the
structural equations, a statement of what knowledge is available con-
cerning structural shifts, a statement of all prior knowledge about co-
efficient signs and magnitudes, and some statement about the error
properties of the model. (Typically, the prior hypothesis implicitly
involves a statement that some of the equations have stable structures.)
The model is then estimated, using some appropriate method, and some
effort is made to improve on it. This involves testing the prior hypoth-
eses against competing hypotheses suggested by the initial estimates.
Under Category 2, we seek evidence that such testing was undertaken.
If the original state of knowledge dictated that a coefficient was positive,
and a significantly negative estimate was obtained, using an "appropri-
ate" estimator, there are grounds for rejecting (revising) some part of
the prior hypothesis. If the prior hypothesis specified that the errors of
the structural equations were non-autocorrelated, and the calculated
residuals of the estimated equations show strong systematic behavior
with time, this too is justification for rejecting (revising) the prior hy-
pothesis. Rejection of the prior hypothesis involves rejection of one or
more of its component statements. Sometimes attention is focused on
the form of the equations; variables may have been omitted or included
in an inap.propriate fashion. New knowledge (additional data and in-
formation) may suggest a ready answer. In reconsidering the prior
hypotheses, attention is often focused on structural shifts not originally
hypothesized. Here, too, new knowledge (information not available
in the initial data set) is required.

Under Category 2, the most striking thing about the Cooper paper
is the lack of evidence that anything was done other than estimating
the various models, using a consistent body of data. In spite of the
evidence of structural change presented in analyzing the forecasting
properties of the various models — we shall not refer to them as the
Fromm Model, or the Liu Model, or whatever—no evidence is pre-
sented of any effort to take into account the obvious sources of struc-
tural shift over the period 1949-60. There is no evidence that the prior
hypotheses were ever tested against competing hypotheses. In view
of the fact that the body of data used for the study differed from the
bodies of data used by the original authors, such tests are certainly
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called for. What is lacking is evidence that, in constructing his models,
the author gave the same loving care to each one that the authors of
the earlier studies gave when constructing theirs. At this point, we
merely note that if such care is lacking, there is a presumption that the
models tested will yield seriously biased ex post and ex ante forecasts.
(In light of the fact that the author's largest model does not seem to fare
too well in forecasting in comparison with his more aggregative models,
the following seems worth noting: large models, because they make a
great many explicit statements about structure, can be expected to be
more adversely affected by a failure to take great care in equation
specification than are small models. Errors due to the sources dis-
cussed above may well be swamped by the aggregation of the small
models.)

Turning now to the evidence under Category 1, I concur with
Professor Goldfeld's criticism that because of the treatment of non-
linearity used by the author, his estimators do not have the property of
consistency. This problem can be circumvented if the author wishes
to undertake the study a second time.

Next, let us consider the evidence under Category 3. The author
performed a series of one-quarter reduced-form forecasts over the
sample period, and over the span 1961 through 1965. Mean-squared
errors were then computed and compared equation by equation. In-
cluded in this comparison were the mean-squared errors obtained from
the naive auto-regressive models. Because of the bias problems raised
in earlier paragraphs, one might expect the "structural" models studied
by the author to do relatively poorly in comparison with the auto-
regressive models. This is, in fact, true for the sample period forecasts
and for the 196 1—65 forecasts.

Actually, the comparisons in the sample period seem irrelevant. It
is well known that as far as one-period forecasts are concerned, least-
squares auto-regressions provide a convenient device for obtaining as
close a fit to the sample as desired. Moreover, the fit of the one-period
forecasts will be exactly the same as the least-squares fit. To prove that
one can obtain a close auto-regressive fit to the sample proves nothing.

With respect to the forecasts outside the sample, there is an addi-
tional irritation. Model forecasters are well aware of the problem caused
by structural shifts in forecasting outside the sample period, and exert
much effort on measures designed to cope with it. Models are fre-
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quently updated and appropriate tests of structural stability performed.
When shifts are found, corrective measures are taken. In a slightly
different vein, it is also to be noted that the errors of econometric
models often exhibit auto-regressive behavior (in spite of the model-
builders' intuition which suggests that a perfectly specified model should
not have this property). However, there are also well-known techniques
for taking account of the auto-regressive errors in forecasting.

Not surprisingly, the effect of the corrective measures is a signif-
icant improvement in one-quarter forecasts. One striking thing about
this study is the lack of evidence that in performing the one-quarter
forecasts, the author took any such measures. In fact, it appears that
the model used to obtain the forecast for 196 1-I was the same as the
model used to forecast 1965-IV. Apparently, there was not even an
attempt to take account of the most obvious of all the structural shifts
that took place in the forecast period: the tax law changes. This
particular structural shift was one that the forecaster would have been
aware of some time before it actually took place; corrective measures
would have been taken before the fact.

It should also be stressed that a one-period forecast comparison
of the models puts the auto-regressive models in an unduly favorable
light. There is much reason to believe that they would have fared much
worse had the author chosen a four-quarter or eight-quarter forecast.
In fact, for the sample period (in which the naive models inevitably
appear in a favorable light, regardless of their structural significance),
the auto-regressive models appear to perform worse than do the struc-
tural models. For instance, consider the following auto-regressive
model of constant price GNP fit to quarterly data from the period
1948—64.

GNP58= l.443GNP58_1— .4413GNP58_2+ 1.6837
(.1139) (.1150) (4.0264)

SE = Standard Deviation = 5.091

The numbers in parentheses are standard errors. This second-order
scheme was the best auto-regression by the same least-squares stand-
ards as were used in Cooper's paper. One-quarter forecasts of the
Wharton Model over this period yielded a standard deviation for
GNP58 of 7.343. On the other hand, when the two models were used to
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forecast GNP58 for the entire period 1948 through 1964, using only the
initial information available at the start of the period, the standard de-
viation for the Wharton Model was 15.3 billion; and forthe
sive scheme, 17.5. Moreover, the auto-regressive model showed no
cyclical sensitivity over the period, while the Wharton Model GNP
forecasts closely followed the direction of the observed cyclical move-
ments. If the auto-regressive scheme cannot pick out cycles in the
sample period, why should we expect it to do so outside the sample?

The relevance of the one-quarter forecast should also be ques-
tioned. Very few institutions in this society have a planning period as
short as one quarter. Four to eight quarters is a more representative
span.

In summary, the present study leaves too many questions un-
answered (or answered inadequately) to pass the credibility test. The
model builder's attitude is still the following: a model built according
to the principles outlined above will consistently beat an auto-regressive
model in one-period forecasts and, especially, in forecasts for two,
three, and four periods. Cooper's study does not provide a basis for
rejecting such a hypothesis.

COMMENT

GEORGE R. GREEN
MAURICE LIEBENBERG
ALBERT A. HIRSCH

Mr. Cooper undertook a rather ambitious task. Knowing the
enormous work involved in estimating and processing one model, one
can only admire him for taking on the estimation and processing of
seven models. On the other hand, one can question whether Mr.
Cooper undertook too much. First of all, the size of the task apparently
made it impossible for him to develop an adequate text. We find, for
example, that his summary accounts of the various models are quite
inadequate, and it is doubtful whether any reader unacquainted with

NOTE: All of the contributors listed above are staff members of the Office of Business
Economics, U.S. Department of Commerce.
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the models will be able to grasp their essential features. Moreover, one
can find instances of ambiguous, and sometimes incorrect, statements.
For example, we find it somewhat puzzling that output is taken as
given in the Liu Model. Cooper also states that there are only minor
differences between the Klein and OBE Models. Although the OBE
Model can be regarded as a variant of the Klein Model, the differences
are by no means minor.

A more serious difficulty pertains to the absence of an adequate
statement or explanation of the precise procedures followed. To a
reader who is made aware of the rather startling mean-square errors
found by Mr. Cooper, there is particular interest in a detailed account
of his procedures so that results can be in the light of the
methods used. There are a number of instances where such additional
information would be of value. As an example of this, one can mention
the anomalous result that for the OBE Model, the mean-square error
for constant-dollar GNP on the demand side was $31.5 billion; while
for real private GNP, it is somewhat over $101 billion. It is odd that
such results are possible, since the differences can only be due to exog-
enous real government product, which is assumed known. We think
that this result requires something by way of explanation.

Again, referring to the OBE Model, no account is given—either
in the text or in communication with the author— of how the statistical
discrepancy is treated. In that model, we have included equations for
all major income magnitudes instead of adopting the more common
procedure of leaving one income item—usually profits—as a residual.
We avoided the problem of having more equations than unknowns by
defining the statistical discrepancy as a variable which we constrain
to vary only within prescribed limits. This requires that we make ad-
justments to selected income items and then re-solve the entire model
to ensure that the income and product identity holds within the pre-
scribed limits. If Cooper solved the model without regard to the dis-
crepancy, he must, in effect, have removed the importantly constrain-
ing income-product identity. Then, a correct solution is only obtained
fortuitously. In particular, since Cooper did not take into account
serial correlation, we can expect rather wide swings in the discrepancy
if indeed he ignored the problem, as he has apparently done.

Another problem is the rather mechanical refitting of models to a
common sample period. Some of the models were originally fitted to a
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sample period which included the Korean War, while others were not.
Because of the unique conditions which prevailed, dummy variables
were used in some instances. In the Cooper study, the war was also
included in the sample period, but Cooper gives no indication that he
introduced such variables in estimating those models which originally
did not cover the war period. Such a step would have demanded
careful and detailed work on Cooper's part, and we have no inkling of
what was actually done. If this factor was also ignored, efforts to com-
pare the various models would hardly be worthwhile; we would
naturally expect differences both in the errors obtained and in the esti-
mates of the structural parameters.

This brings us directly to the question of whether it is proper to
reestimate a model using a sample period other than that initially used
by the model-builders. To scientific investigators who profess to have
captured basic structure, such a transposition is indeed desirable. To
say that a model is only valid for the period to which it is initially fitted,
would put its worth seriously in question. But we must also admit that
structure can indeed change; our hope is that it changes slowly enough
so that we may obtain useful equations over the short run. Our tolerance
for slow structural change does not mean, however, that we hold our
equations to be valid over periods that include wars, which obviously
bring into play very special factors. Mr. Cooper apparently ignores the
model-builder's preference in this regard. It is impossible to determine
the impact of this point on the results which he obtained, and we can
only register uneasiness. As a minimum, we can say that it is not sur-
prising that Mr. Cooper finds evidence of structural change. We would
expect it; especially in the case of the OBE Model, since we quite
intentionally confined our observations to the post—Korean War period.

Mr. Cooper uses as a standard of comparison a simple auto-
correlative function and concludes that a "minimal standard for per-
formance of an econometric model is that it must forecast more ac-
curately than a purely mechanical scheme which incorporates no
economic information whatever." Mr. Cooper finds that, by and large,
the naive autocorrelative function outperforms the model — a rather
disappointing result from the point of view of model-builders, at least
with respect to the use of models in forecasting. In light of some of the
points raised above, there is some feeling of uncertainty about whether
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his conclusions are indeed valid. But, assuming that they are correct
for single-period predictions, one would have preferred that the exami-

carried out for more than one quarter, since there are reasons
to expect deterioration of the autocorrelative form in multiperiod
predictions.

Both during informal meetings at the Conference and later, the
above finding of Cooper's was mentioned frequently. We noted that the
superiority of the autocorrelative form was frequently quoted, particu-
larly by persons skeptical of model-building. The statement apparently
confirmed their own suspicions that models consist mainly of elaborate
facades with nothing of substance behind them. Once out of the
parental environment of the model-builders and exposed to scientific
scrutiny, they seemed to emerge inferior to even the most primitive
substitute.

It is because of this reaction to the Cooper paper that we include
below a table presenting some results which were obtained using a
later version of the OBE Model — one used in the paper presented by
Mr. Green—which underlies the analysis included in some of the other
papers in this volume. The table gives average absolute errors in real
GNP obtained over the sample period 1955-I through 1966-IV for
one- through six-period forecasts. Figures are given for a second-order
auto-regressive equation, for the model without any adjustment, and for
strictly mechanical adjustments based on considerations of first-order
serial correlation.

Average Absolute Errors in Real GNP Over the 40 Quarters:
1955-I Through 1966-IV (billions of 1958 dollars)

OBE Model

Auto- No Con- Automatic
regressive stant Ad- Constant
Equation justments Adjustments

First quarter forecasts 3.60 3.09 2.35
Second quarter forecasts 6.93 4.28 3.58
Third quarter forecasts 9.55 4.98 4.47
Fourth quarter forecasts 11.39 5.43 4.92
Fifth quarter forecasts 13.17 5.81 5.42
Sixth quarter forecasts 14.43 5.98 5.82
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It can be seen that the OBE Model outperforms the naive auto-
regressive form in every instance; and that the improvement is more
apparent, the larger the horizon over which the forecast is made.

Of course, the results given do not negate, per se, Cooper's findings
with an earlier version of the model, but they should serve to make
model critics somewhat hesitant to generalize from the Cooper findings.

Some final remarks can be made regarding the nature of the
Cooper study, taken as a whole. We think that tests of model per-
formance should indeed be made. We also insist that model perform-
ance must be appraised in terms of post-sample predictions, with exog-
enous variables taken as given. Denying the worth of such an exercise
leaves one deservedly open to criticism regarding the degree to which
models have captured underlying structure. From this point of view,
the usefulness of models in actual forecasting situations — when in the
hands of capable investigators — is not directly relevant.

There is a question, however, whether the research carried
out by Mr. Cooper contributes much to the problem of intermodel
comparisons. Some of the reasons for this reservation have been out-
lined above and others have been included in various comments. What
is required, apparently, is that efforts be expended prior to the building
of various models to achieve a maximum degree of comparability in
regard to such factors as: sample time-period; degree of endogenicity;
use of dummy variables; and the extent to which serial correlation is
taken into account. It is evident that something can be done to lay
down basic ground rules to be observed by all model-builders. Among
those rules, one would include the meticulous observance of whatever
parameter and solution constraints are desired on the part of the model-
builders.

This program, of course, far transcends anything attempted by
Mr. Cooper, who took the models as given and attempted to satisfy
the requirement of identical time-period by undertaking the estimation
himself. We feel that the required task would be made easier if it were
undertaken as a project by an organization such as the National Bureau
of Economic Research. This project would require considerable dis-
cussion among model-builders prior to beginning the actual task of
estimation and testing.
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REPLY

COOPER

Owing to limitations of space, I shall comment only on those
criticisms of my study which I consider to be the most important:
(1) My study, which was carried out on an ex post rather than ex ante
basis, does not adequately reflect the predictive performance of the
alternative econometric models, since using a priori information (e.g.,
anticipated strikes) improves forecasts. Also, not enough attention
was devoted to allowing for factors that the original authors would have
taken into account had they used their respective models for forecast-
ing (e.g., correcting for serial correlation). (2) I did not handle the statis-
tical discrepancy correctly in the OBE Econometric Model. I made the
discrepancy exogenous, while the OBE econometric staff assumed it
endogenous. (3) I should have added dummy variables to those models
that were not originally estimated over periods including the Korean
War, since most of the models that did include it in their original
estimation periods also included dummy variables in some of the struc-
tural equations. (4) Single-period forecasts are not a sufficiently
stringent test for the econometric models, because those models which
do make forecasts do so for more than one period. (5) The asymptotic
properties of the repeated reduced-form (RR) estimator used in the
Wharton-EFU Model are unknown, since the model is nonlinear in
the variables.

(1) We must be extremely careful not to confuse two quite separate
issues. One is the predictive performance of econometric forecasting,
and the other is the predictive performance of econometric models.
This study is concerned not with measuring the performance of econ-
ometric forecasting, but with measuring that of econometric models.
In particular, my study is an attempt to test the specification of the
econometric models. One way to do this is to put all of the econometric
models on a comparable basis, as I have attempted to do, and to com-
pare the ex post predictive performance of the models with that of
naive models, which contain no economic information whatever. This
provides a very stringent test of the economic information contained
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in the econometric models, or alternatively, the form in which the
economic information is entered into the models.

Another way to test the specification of econometric models is to
test them for structural change. This test is equivalent to determining
whether the same specification used in fitting the model for a given
period holds for a different period. Both of these tests were carried
out in my study.

To my knowlege, there are no ways other than the tests mentioned
above for evaluating the specification of an econometric model. Saying
that the authors would have respecified their models, had structural
change occurred, may be good hindsight, but it offers little — if any —
support for making accurate forecasts in the future with econometric
models which have been fitted to historical data. A model that can
properly reflect the structure of the economy during a given period,
but not for another period, cannot be expected to give reliable fore-
casts outside the original period.

It is quite possible that the authors would have tried to take into
account a priori information in forecasting, but I had no possible way of
evaluating how the authors would have adjusted their models in making
forecasts. This is a good reason for evaluating the econometric models
on an ex post, rather than on an ex ante, basis.

(2) As it stands, the OBE Model is an overdetermined system. In
solving their model, the OBE econometric staff attempts to get around
this problem by treating the statistical discrepancy in the national ac-
counts as an endogenous variable. The statistical discrepancy is pre-
vented from exceeding a certain level by distributing its forecast error
to the other variables on the income side of the national accounts.

Since I had no way of determining how the OBE econometric
staff would have distributed the errors of the statistical discrepancy to
other variables in the national accounts, I decided to make the dis-
crepancy exogenous. It is not possible to tell what effect this problem
has on the over-all solution of the OBE Model but I suspect that it is
fairly minor.

(3) Although the answer to this question cannot really be put for-
ward without additional testing, I honestly do not feel that the per-
formance of any model that did not originally include dummy variables
for the Korean War period would have been any better with them than
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without them. There are two reasons for this. First, the dummy vari-
ables in the models that include them explain only a very small per-
centage of the variance of the left-hand variables (usually less than 2
per cent), so that their inclusion over the fitted period probably does
not significantly improve the performance of the model during this
period. Second, the inclusion of the dummy variables during the fitted
period may cause predictions to be biased outside the sample period,
in which case it will produce worse forecasts than would be obtained
without it. I have much evidence, from a piece of unpublished research
which I have done, that this is, in fact, the case. Therefore, I do not
consider the dummy variable problem as serious as some of the
model-builders whose work was included in this study seem to think.

(4) As a consequence of the magnitude of my study, it was neces-
sary for me to place certain limitations on the research. One such limi-
tation was to make single- rather than multiple-period forecasts. We
feel that the one-period forecasts are a reasonable choice, since it is
most likely that a necessary condition for making accurate multiple-
period forecasts is the making of accurate one-period forecasts.
Furthermore, we should point out that although the forecasts are one-
period in the sense that actual values of the lagged endogenous vari-
ables are used, the forecasts over twenty quarters (1961-I through
1965-IV) are based on the same set of coefficients (1949-I through
1960-IV). A twenty-quarter forecast based on one set of coefficients
certainly represents a stringent test of an econometric model's predic-
tive power, even though forecasts are made on a one-period basis.

To buttress this argument, the following table presents MSE's and
performance rankings for the Friend-Taubman and naive models,
using both single- and multiple-period forecasts. The mean-squared
errors are computed over the first eight quarters of the forecast pe-
riod— 196 1-I through 1962-IV.

Considering these results in detail, we notice, first, that with one
exception, the mean-squared errors of the GNP components for both
the Friend-Taubman and naive models are larger for the multiple-
period forecasts than they are for the single-period forecasts. Second,
we observe that, with one exception, the performance rankings of the
Friend-Taubman and naive models do not change for the GNP com-
ponents in going from the single- to the multiple-period forecasts.
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Comparison of Mean-Squared Errors of Friend-Taubman and Naive
Models Over Period 1961-1 Through 1962-1 V

(billions of 1958 dollars)

Single Period Multiple Period

Friend- Friend-
Taubman Naive Taubman Naive

Real GNP 49.97 27.01 2893.0 646.9
Performance rankings 2 1 2 1

Real consumer expenditures 16.66 3.229 2146.0 10.04
Performance rankings 2 1 2 1

Real residential structures 1.503 0.1458 7.747 2.598
Performance rankings 2 1 2 1

Real nonresidential struc-
tures 1.762 1.318 21.08 10.03

Performance rankings 2 1 2 1

Real inventory investment 7.0 10 5.3 18 4.811 9.294
Performance rankings 2 1 1 2

Of course, these results are not conclusive but only suggestive,
since we have carried out a multiple-period forecasting test for just
one of the .seven econometric models included in the study.

In their comment on my paper, Green, Liebenberg, and Hirsch
have presented some results which show that the OBE Model is slightly
superior to that of an auto-regressive scheme in predicting GNP over
both single- and multiple-periods. However, they fail to point out that
these predictive results are obtained within the sample period. As I,
and others, have pointed out, this is not an adequate test of the model,
since the specification of an econometric model typically reflects the
persistence of the investigator as well as the underlying theory. What
they should have done was compare their model's forecasts with those
based on naive models outside the sample period. I might add, also,
that should they decide to do this, they should be careful to keep the
comparison of the econometric with the naive model a fair one. For
example, in making multiple-period ex post forecasts, if they correct
any of their econometric equations for serial correlation, they should
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do this for the corresponding auto-regressive schemes as well. For
practical reasons, it is probably best to make no adjustments to either
the econometric or the naive equations when carrying out the com-
parative ex post forecasting test.

(5) It is difficult to evaluate the validity of this criticism. If an
econometric model is nonlinear in the variables, then it is true that the
asymptotic properties of the RR estimator are unknown. However, it
is also true that the asymptotic properties of any repeated least-squares
estimator are unknown (including the ordinary 2SLS estimator). As
Goldfeld correctly indicates, more research is needed to determine the
asymptotic properties of limited information estimators
when the system is nonlinear in the variables.




