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C
ONSTRUCTI ON O.f large econometric models
began in earnest during the years of
World War II, although some earlier

pioneering examples are available. The past two
decades, however, mark the period of relatively
large and sustained expenditures of energy and
resources on the construction of these models.
Currently, large econometric models are daily
becoming more numerous, more "sophisti
cated," larger, and certainly more popular.
This rising tide of popularity has been tempo
rarily checked from time to time due to the
occasional gross forecasting errors generated by
these models, but on the whole these "credi
bility gaps" have been 'short-lived, and the
increasing popularity of these devices has
flowed on much like GNP and "Ole Man
River." Use of large-scale econometric models
for forecasting is now widespread in both gov
ernment and industry; In addition, these mod
els are used by government policy makers for
the calculation of policy multipliers, the evalu
ation of old policies, and for the ranking of
prospective new ones. Despite the central im
portance some of these models have assumed in
decision making, the process of systematic
model evaluation seems, with some noticeable
exceptions, to have received relatively little
attention. At the very least the problem of
model evaluation has lagged behind the frenetic

* Portions of this paper were originally prepared for the
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activity in the area of model construction. Im
portant early work in model evaluation was
done by Christ [6], Adelman [1], and Theil
[28], among others, and more recently the stud
ies of Zarnowitz, Boschan and Moore [36],
Evans, Haitovsky, and Treyz [11], Haitovsky
and Wallace [16], as well as the current NSF
NBER Seminar on the Comparison and Evalu
ation of U. S. Econometric Models [9], [12],
and the recent (1969) NBER Conference on
Research in Income and Wealth [17], have
added considerably to our understanding of this
area. Nevertheless it remains true that we still
lack a clear and accepted analytical basis for the
selection of proper criteria for model evalu
ation.! Indeed, except for the simplest cases
(nested hypothesis) the problem of evaluation
and verification of single equation models is far
from solved. In this latter area, although there
are many more techniques available to aid in
the process of model evaluation, there seems
to be, among economists, no general agreement
on the meaning and purpose of model verifica
tion.

The purpose of this paper is to help clarify
the notion of model verification, particularly in
the empirical sciences and suggest how these
considerations might "shape" our approach to
the problem of the verification of large econo
metric models. I conclude that it is not possible
to consider establishing either the truth or
falsity of any theory about the structure of our
economic environment, or the models that
represent it, and we should instead, turn our
attention to the purpose of economic theories

1 This state of affairs was, in part, the motivation for the
NBER-NSF seminar on Criteria for Evaluation of Econo
metric Models. For this seminar's statement of the "state
of the art," see Dhrymes, etal. [9].
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and from these objectives develop procedures
for the evaluation of econometric models. The
section below considers the problem of verifi
cation in the empirical sciences; the final section
confronts the issue of model verification with
respect to large econometric models. Hopefully
the discussion will help improve our under
standing of the implications of the battery of
statistical techniques we have been using.

Verification in the Empirical Sciences!

A scientist, whether he is a theorist or an
experimenter ("verifier" or tester), is concerned
with putting forward statements (hypotheses,
propositions) of various types and then testing
them step by step. This paper, however, is not
concerned with the analysis of the act of con
ceiving a new idea, or just how it happens that
a new scientific theory occurs to someone, but
simply with one particular aspect of the overall
procedure of scientific inquiry-the process of
systematically testing new ideas. All new ideas,
of course, must be subjected to some set of
systematic tests if they are to be seriously
entertained. The nature and the implication of
these tests, however, differ markedly in the
empirical sciences (e.g. economics) and the
non empirical sciences (e.g., formal mathematics
and logic).

Testing in the empirical sciences is concerned
with confronting what we may call empirical
theories, or theories that can be characterized
as a set of propositions which are conceivably
capable of being tested by observation and/or
experience. The propositions of an empirical
theory, therefore, are composed of synthetic
statements or statements whose validity de
pends on the facts of experience. The proposi
tions of formal mathematics or logic on the
other hand are composed of analytic statements,
or statements that convey no information about
the world of experience. These propositions are
necessarily true (if free from logical contradic
tions) since they have no factual content. The
validity of nonempirical theories therefore
depends solely on definitions of the symbols
they contain and the rules of deductive logic.
For example, consider the following statement:
"either some firms are monopolies or none
are."! Such a statement conveys no information
at all about firms, and thus no conceivable
experience can refute it. This should not be

2 For a more systematic and learned discussion of this
issue see Ayer [2] and Popper [27].

a This statement has the logical form "either X is true or
X is not true."

taken to mean that all analytic statements are
useless. On the contrary, they very often reveal
usages and relationships which we might other
wise not be conscious of. As a simple example,
consider the following proposition: "If all
households are net savers and all net savers
accumulate capital, then all households accum
ulate capital." Such a statement, while not
logically refutable by any conceivable set of
facts, does point to the derivable relation that
all households accumulate capital. From the
point of view of testing new theories or ideas,
the key distinction between empirical and non
empirical theories is that the former may be
free from logical contradiction and still be false.
That is, empirical theories may fail, not be
cause they are formally defective, but because
they fail other types of criteria based on ob
servation and/or experience.'

Even in the empirical sciences, however, it is
necessary to draw a distinction between practi
cal testing and testing in principle. There are
many empirical propositions which we under
stand and in many cases believe, even though
they have not in fact received any systematic
testing. Many of these could be tested if we
took the trouble, but others we could not test
appropriately, even if we chose, as we lack the
practical means of placing ourselves in the situ
ation where relevant observations can be made.
Thus, although it is not practically possible to
test such propositions at the moment, we can
specify what set of observations would be
necessary to carry out our test, once we are in a
position to make such observations. The propo
sition that, "the inner core of Jupiter is white
hot," is an example of a statement that is test
able only in principle since an actual test must
await our ability to bore into the interior of
that planet. Nevertheless this theory on the
temperature of Jupiter's core qualifies as an
empirical theory as its propositions are, in
principle, testable by observation and ex
perience.

In considering the appropriate set of pro
cedures to test the propositions of an empirical
theory, the first step is to ensure that the theory
(set of propositions) being advanced does in fact

• Metaphysical theories, of course, are not capable of nor
in need of any type of testing. Consider the following meta
physical statement: "the Absolute enters into, but is itself
incapable of evolution and progress" (F. H. Bradley, Ap
pearance and Reality). One cannot conceive of either an
observation which would enable one to determine whether
or not the Absolute did or did not enter evolution and pro
gress, or a logical contradiction of that statement. Such a
statement is not even in principle verifiable.
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fulfill the requirement of such a theoretical
system. It should contain the following char
acteristics:

(1) It should be composed of synthetic,
rather than metaphysical or analytical
statements. That is, the theory should
represent both a noncontradictory and
possible world (i.e., a world of possible
experience) where the validity of each of
the theories or propositions may be
tested by the facts of experience. That is,
it must be possible for the ideas advanced
to be refuted, in some sense, by experi
ence.

(2) The theoretical system must be distin
guishable from other systems that repre
sent the world of experience in the sense
that there will be a recognizable scientific
advance should the propositions "pass"
the various tests.

The initial stage of testing a new theory con
sists of examining its various propositions along
with other relevant statements to determine
what logical relations exist between them such
as equivalence, compatibility, and incompati
bility. The logical form of the theory is then
examined to determine whether it is an empiri
cal, nonempirical, or metaphysical theory.
Should all be in order at this stage, we can then
begin actual testing by way of empirical appli
cations of the conclusions (statements) which
form part of or have been derived from the new,
theory. This next stage involves facing the '
problem of model verification, or the problem of
deciding whether or not the model truly repre
sents some specific aspect of the world of experi
ence; when we conceive of the task of model
verification as the problem of establishing the
truth of a particular set of synthetic statements
(empirical theory), we must next specify what
set of observations will accomplish this task.
However, since our world of observation and/or
experience is necessarily finite, we are faced
with the well-known "problem of induction,"
or the problem of deciding when, in the empiri
cal sciences, singular statements (summaries of
our observations) can lead to universal ones
(those of our theories). It seems clear that one
is never justified in inferring universal state
ments from singular ones regardless of how
numerous are the latter. No matter how many
times we observe that increases in the supply
of money are inflationary, the evidence will
never justify, in a formal sense, the conclusion
that all increases in the money supply are infla-

tionary. Similarly, no matter how many white
swans we see, it does not justify the statement
that all swans are white. However strong the
evidence in favor of a particular set of proposi
tions, there is never a point at which it is impos
sible for further experience to go against it.
None of the empirical propositions of a theory
are absolutely certain in the sense that their
truth either has been or may be absolutely con
firmed. Science, simply does not have the power
to decide the truth of its statements. Moreover,
empirical science cannot, on the basis of obser
vation, establish the falsity of any empirical
theory." The "facts" of experience can never,
on logical grounds, compel us to abandon a
favorite hypothesis. Suppose we have devised
an experiment to test the validity of a certain
theory. All theoretical propositions state that
under certain conditions a certain type of event
(or observation) will occur. Thus when we make
the observation predicted by the theory, it is
not only the particular law that is substantiated
but the existence of the requisite conditions.
If we fail to make the predicted observations,
we may say that conditions were not what they
seemed to be andmay construct a theory to
explain how we were mistaken about them. Any
particular instance in which a favorite hypothe
sis appears to be refuted can always be ex
plained away (particularly, as we shall see be
low, when dealing with nonexperimental models
such as econometric models), although the sci
entist must be careful to retain the possibility
that the hypothesis may ultimately be aban
doned under the "force of circumstances," or
the hypothesis can no longer be considered a
genuine part of an empirical theory. Any em
pirical proposition we are resolved to maintain
in the face of any experience is not a synthetic,
but an analytic proposition.

If empirical theories cannot be verified, we
may also wonder how we can speak of objective
scientific statements in the empirical sciences
i.e., statements that are independent of a par-

5 There is a class of rather uninteresting empirical propo
sitions which can be verified conclusively by observations.
These are propositions which simply convey the content of
a single experience, e.g., "The sun rose yesterday." How
ever, these types of propositions hardly constitute a theory.
Similarly there is a class of empirical theories whose falsity
can, in principle, be established. These are collections of
propositions put forward in the following way: "Under
every conceivable set of conditions the following exact
(nonstochastic) relationship will hold...." In this latter
case a single counter-example establishes the falsity of the
theory. Neither of the two classes of theories, however, has
any importance for the advancement of empirical science.
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ticular investigator's whim. The objectivity of
empirical theories consists only in the require
ment that they be "intersubjectively testable."
Thus in the empirical sciences, scientific objec
tivity is simply interpreted as a methodological
rule. Before a set of statements and tests can
be eligible for introduction into a science, it
must be possible to issue a precise set of instruc
tions that will enable other researchers to repro
duce the results exactly.

If science cannot decide on the truth or falsity
of its theories, how do we determine which hy
potheses shall be "retained" (used to guide ac
tion) and which shall be abandoned? The
answer is' readily available if we consider the
reason for construction of theories and/or hy
potheses in the first place. People may construct
theories for the "fun of it," but scientists con
struct theories in order to help us better antici
pate or forecast some aspect of our world of
experience. The principle objective of new em
pirical theories is to enable us to make more
accurate predictions. To put the matter another
way, empirical theories can be thought of as
rules which govern our expectation of future
events. What I would suggest, therefore, is that
the validity of an empirical hypothesis can be
"tested" (not verified) by seeing whether it
actually fulfills the function for which it was
designed. An experiment designed to "test" a
particular proposition can be considered a
"success" and the hypothesis corroborated if
the results increase our willingness to use the
hypothesis as a guide to future events or asa
guide to action. The scientist's desire to have an
efficient set of rules for prediction induces him
eventually to take notice of unfavorable ob
servations and abandon cherished hypotheses;
Thus logically constructed models and the the
ories they represent cannot be verified in the
empirical science, nor can their falsity be estab
lished. We can, however, think of a theory as
temporarily corroborated if, the tests to which
it has been subjected increase the degree of
confidence with which we await the fulfillment
of "the prediction."? Therefore we should not
speak of verification of econometric models but
of continuous evaluation or corroboration of
models whereby such models are subject to a

6 Needless to say, the increased degree of confidence gen
erated by any "successful" test of a theory will depend on
both the severity of the test (and previous ones) and the
"degree of testability" of the theory (probability of being
refuted). Nothing is simpler than to construct a theoretical
system which is consistent with a certain set of facts, but
this will not, by itself, fulfill the function of theories sug
gested above.

series of evaluative tests specified in the light
of the particular uses to which it is desired to
put the model. At best we ought to think of a
model as being tentatively certified as a reason
able tool until it generates an error serious
enough to shake our confidence or until it is
replaced by a better unverified ("untrue")
model. In this context evalua tion becomes a
problem-dependent or decision-dependent pro
cess, differing from case to case as the proposed
use of the model under consideration changes.
Thus a particular model may be "validated"
for one purpose and not for another. In each
case the process of evaluation is designed to
answer the question: Is this model fulfilling the
stated purpose? We can then speak of the evalu
ation of these models as the process of attempt
ing to validate them for a series of purposes.
Thus the motivation of model-builders or users
becomes directly relevant to the evaluation of
the models themselves. The "success" of a
model can be measured by the extent to which
it enables its user to decrease the frequency and
consequences of wrong decisions. As Zarnowitz
[34] has pointed out, the full application of
even this more limited goal still poses very high
informational requirements: the errors must be
identifiable, the preferences of the decision
maker and the constraints under which,' he
operates must be available, and the cost.of pro
viding the model must be ascertained.

The Evaluation of Large Econometric Models
Construction and evaluation of large econo

metric models can be thought of as composed of
two interrelated stages-formulation and esti
mation of model components and evaluation of
the model as a whole. The first stage consists of
a number of distinct activities. To begin with
there is the formulation of a set of working
hypotheses about the behavior of the system
being modeled. At this point we use all available
information-observations, general knowledge,
relevant theory, and intuition. This stage also
includes the specification of variables and func
tional relationships, sample selection, and the
selection of appropriate estimation procedures. 7

In principle all specification should be done at
this stage, but a priori information may not be

7 Howrey, etal. [19] pointed out that the method of esti
mation itself may also be partially a function of the use to
which the model is to be put. The evaluation of any model
should, of course, include an evaluation of the estimating
procedures used. We do not comment on this aspect of the
evaluation process here. For an interesting discussion of this
issue see [19].
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rich enough to allow us this luxury. Some of the
processes of model specification may have to be
left until the second stage of the procedure
(overall model evaluation). As with specifica
tion, the final determination of sample-size and
estimation procedures may come in one of the
later stages of the model building process as
these latter procedures interact with the speci
fication process. Finally, this stage also includes
attempts to validate the individual hypotheses
on which the model will be based subject to the
limitations of existing statistical tests, and final
decisions regarding the method of estimation.
As noted above, there are many unresolved
problems regarding the appropriate procedures
(including evaluation) in the initial stage, but
this paper does not address these problems.
Rather, we are more directly concerned with the
second stage which considers procedures for
the evaluation of the model as a whole.

Given that model evaluation is a problem
dependent process, we must begin the process
of evaluation by considering the uses to which
the model will be put. For example, one may
accept the Box-Jenkins purpose of model build
ing: "Parametric modeling attempts to discover
the structure of a time series so that the re
siduals, after fitting the model, are purely
random or white noise" [3]. Their suggested
three-stage iterative procedure of specification,
estimation, and residual analysis is exhaustive.
For most economists, however, this approach
would seem too narrow." For most problems.
which economists concern themselves with and
for which they will seek the help of large econo
metric models, it seems hard toescape the con
clusion that the purpose of these models, one
way or another, is to predict some aspect of
reality. Thus we are bound, at least initially,
to be concerned with either the model's retro
spective predictions (historical validation) or
prospective predictions (forecasting). Even
where the model is being used for policy analy
sis with no historical counterpart to the simu
lated series (except for the "control" solution),
our confidence in the result (our willingness to
use the results for decision-making) will almost
certainly depend on the ability of the model to
predict both within the sample and in the post-

8 This paper does not consider directly the important
"optimal predictor" theories of Box and Jenkins [3],
Wiener-Kalmogorov [31J, and Kalman and Bucy [23J,
or the various techniques of exponential smoothing (4J.
Although these techniques have important uses, it does not
seem to this author that at the current time they can have
an important role in the evaluation of economic hypotheses.

sample period. Post-sample simulations are
especially important for the purpose of hy
pothesis testing, as opposed to the procedures of
hypothesis searching which often characterize
the "data mining" of the sample period. Our
tests or evaluation procedures should initially
center on the ability of the data generated by
"historical" simulation experiments to conform
to the actual data. These simulations might be
either deterministic or stochastic and either
static (one period) or dynamic (multiperiod)
in nature. A minimal requirement would be the
comparison of the simulated data generated by
a deterministic single-period simulation with
the data from the actual historical record (both
within and outside the sample period).

However, even if a model "passed" a some
what more demanding test of its ability to
"track" the historical record (e.g., a deter
ministic multiperiod historical simulation),
economists normally also want to investigate
whether or not the model responded to various
types of stimuli in the fashion anticipated or
suggested by economic theory or independent
empirical observation. Quite aside from the in
dividual hypotheses underlying particular equa
tions in the system, economists have certain
(not entirely independent) "reduced form" hy
potheses which they would demand "accept
able" models to conform to. As a profession we
seem to have developed some more or less vague
ideas about the magnitudes of various impact,
dynamic, and steady-state multipliers as well
as some prior notions about other dynamic
characteristics that the model "should" ex
hibit. Despite Haavelmo's early warning [14],
however, we have, at least until the recent work
of Howrey [20], failed to realize just how diffi
cul t such tests are to design and carry out. Al
most all model evaluation procedures to date
have employed nonstochastic simulation (with
respect to both the equation error term and the
sampling distribution of the estimated parame
ters) to generate the experimental data-a pro
cedure which is inadequate in testing dynamic
theories. This set of issues was partly confronted
again at a recent NBER conference concerned
with whether or not an existing set of models
reproduced adequately the cyclical swings ob
served in our economic system." It is difficult
to catalogue what seems to be a minimal set of
demands of this sort as needs and requirements

9 Conference on Research in Income and Wealth, Har
vard University, November 14-15,1969. For a summary in
troduction to these issues as they arose at this conference,
see [17].
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vary according to the preferences and preju
dices of the researcher and the actual needs of
the user. In any case, constraints imposed by
these demands are, given the current state of
knowledge, not overly stringent. Even if we
consider the case of the government expendi
ture multiplier, where a relatively large amount
of evidence has accumulated, "acceptable"
estimates of its magnitude (both impact and
steady-state) vary widely among different
"accepted" models of the U. S. economy (see
Fromm and Klein [12]). I will devote most of
my attention, therefore, to the use of predictive
tests in the evaluation of these models.

We should also briefly consider, however,
whether in all types of experiments the simu
lated data should be generated by stochastic or
nonstochastic simulation procedures. Certainly
stochastic simulation, if we have the necessary
extra information (in practice we often ignore
the problem of obtaining good estimates of the
variance-covariance matrix of the disturbance
process), will yield a more precise characteriza
tion of the model being used and thus increase
the quality of the evaluation procedure. Fur
ther, if the model is nonlinear (most are these
days), then the reduced form of the model is not
the same as the nonstochastic solution [18].
Thus application of nonstochastic simulation
procedures yields results that should not be ex
pected to be consistent with the properties of
the actual reduced form of the model. The ques
tion of whether this difference is large or not
remains to be tested. Preliminary experiments
with the Wharton model suggest the difference
is not great, but a more recent study by Haitov
sky and Wallace [14] suggests the contrary.
When feasible, it seems advisable to use sto
chastic simulation to generate the experimental
data.

Evaluation of the predictive ability of a
model is essentially a goodness of fit problem.
Although there are a number of well developed
statistical techniques ostensibly available for
this purpose (many initially developed in the
experimental design literature), econometric
model builders have mainly restricted them
selves to simple graphical techniques (the fit
"looks good") or simple summary measures
(root mean square error, Theil's U Statistic) 10

10 Howrey, et 01. [19J recently suggested some difficulty
with the root mean square error statistic (where small sam
ple properties are known), particularly when used to com
pare structural versus autoregressive models, or sample
versus post sample performance of a given model. See also
[9, section III].

of the performance of certain key variables
(i.e., GNP)-. In a more recent paper, Haitovsky
and Treyz [15] proposed a very interesting
descriptive decomposition of the forecast error
for an endogenous variable in a large econo
metric model. The decomposition identifies
error components involving: (a) the structural
equation explaining the variable in question,
(b) the rest of the estimated structural system,
(c) incorrect values of lagged endogenous vari
ables (in the case of dynamic simulations), (d)
incorrect guesses about exogenous variables (in
the case of an ex ante forecast), and (e) failure
to make serial correlation "adjustments" for
observed errors. In addition, a recent study by
Muench, Rolnich, Wallace, and Weiler [25]
provides a framework for the study of the ex
post forecast distributions of the reduced form
of large non-linear econometric models and
provides a valuable new addition to our evalua
tive procedures. Some attention has also been
given to the development of a statistic analo
gous to the single-equation R2, to be used to
test the hypothesis that {J=O, where fJ is the
coefficient vector of the system of equations
under consideration. An interesting and com
plete discussion of this issue can be found in
Dhrymes [10, ch. 5]; he defines such a statistic
but finds that it is dependent on the unknown
covariance parameters of the joint distribution
of the error terms of the system. While Dhrymes
also derives an alternate test procedure regard
ing the goodness of fit of the reduced form, this
procedure involves the restriction that the num
ber of variables in the model (endogenous and
exogenous) be less than the total number of
observations-a restriction not generally ful
filled by large econometric models. The trace
correlation statistic suggested by Hooper (based
on estimates of canonical correlations) is closely
related to the statistic suggested by Dhrymes,
but its distribution seems quite untractable
although Hooper has given an approximate
expression for the asymptotic variance of the
statistic. In a paper presented at the European
meetings of the Econometric Society in Buda
pest, 1972, Carter and Nagar [5] suggested a
new measure which makes use of the covariance
structure of the reduced form disturbances and
whose asymptotic distribution is known. This
latter measure is an interesting and useful addi
tion, but many problems still remain.

The principle technique suggested in the ex
perimental design literature for testing goodness
of fit of actual data to simulated data is the
Analysis of Variance. There are, however, a
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number of difficulties in applying these tech
niques to data generated by large econometric
models.

(a) The associated F and Chi-square tests
depend on normality, constant variance, and
statistical independence, conditions not gen
erally satisfied by the data series generated
by econometric models.

(b) Full factorial design for large nonlinear
models (including all levels of the exogenous
variables and the parameters describing dis
tribution of the error term) quickly produces
an unmanageably large number of cells if
more than a few factors are investigated.

(c) It may be difficult to establish un
biased categories for classification of data.
Occasionally a "natural" set of categories
suggests itself. (See Zarnowitz's analysis of
turning point errors [33].)

(d) In most interesting applications with
large econometric models, we have what is
known as a "multiple response problem."
That is, we are interested in more than one
characterization of the outcome of the experi
ment. If one wishes to use the analysis of
variance, there are only two possibilities:
treat the outcome as one of many experiments
each with a single response, or combine all the
responses (endogenous variables of interest)
into a single response. This latter procedure,
of course, involves the explicit formulation
of the utility function of the user-a difficult
but perhaps healthy situation. (For an in
teresting attempt to solve the multiple re
sponse problem see Fromrn-rand Taubman
[13] and Theil [28, 30].)

Other techniques common in experimental
design literature are regression analysis and
spectral analysis. With simple regression an
alysis we simply regress actual values on the
predicted values of a series and test whether the
resulting equations have "zero" intercepts and
slopes not significantly different from unity (see
Cohen and Cyert [7] and Hymans [21]). This
general technique has also been extensively
used by Theil [28], but as usual he has extended
it and forced it to yield additional information.
By regressing predicted values on actual values
and actual values lagged a period, Theil isalso
able to investigate if predicted changes tend to
be biased toward recent actual changes or not.
Theil's inequality coefficient and its decomposi
tioninto elements of bias, variance, and covari
ance is very closely related to this type of analy-

sis (although it refers to a regression of actual
changes on predicted changes) and offers a great
deal more information including some informa
tion on the tendency of the model to make turn
ing point errors. Mincer and Zarnowitz [24]
have provided some further development of
Theil's procedure and have also suggested an
additional measure of forecast error-the rela
tive mean squared error. The latter is particu
larly interesting by virtue of its attempt to com
pare the costs and benefits of forecasts derived
from alternative models of the economic process.

Spectral (cross-spectral) analysis is a statisti
cal technique that can be used to obtain a fre
quency decomposition of the variance (covari
ance) of a univariate (bivariate) stochastic
process. There are several ways in which spec
trum analytic techniques might be used in the
evaluation of econometric models. Naylor, et at.
[26] suggest that the spectra estimated from
simulated data be compared with the spectra
estimated directly from actual data. Howrey
[20] has pointed out that for linear models the
spectrum implied by a model can be derived
directly from the model and the stochastic
simulation of the model is therefore not needed
to make this comparison. Another application
of spectral techniques is to test estimates of the
structural or reduced-form disturbances for
serial correlation, an importantstep in the Box
Jenkins modeling procedure.

Cross-spectral analysis can be used to investi
gate the relationship between predicted and
actual values. That is, Theil procedures can be
extended to the frequency domain using cross
spectrum analysis. This permits statistical test
ing of more general hypotheses about the rela
tionship of actual and predicted values.

An important advantage of spectral analysis
is that it is a nonparametric approach to data
analysis. Thus it is a particularly useful device
in situations in which little prior knowledge is
available about the relationships under investi
gation. In addition, spectral methods do not
depend on the statistical independence of the
generated data points; they only require that
the process generating the data be stationary
to the second order. In order to discriminate
among a number of similar hypotheses, a large
number of observations may be required. More
over, significance tests that are available depend
on the assumption of normality of the underly
ing process or on a sample size that is large
enough so that a form of the central limit the
orem can be envoked. What little empirical
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experience has been accumulated in connection
with the use of spectral analysis to investigate
econometric models suggests that the technique
can be used quite effectively to investigate cer
tain dynamic properties of econometric models.

By way of summarizing this necessaril y broad
discussion, I would like to present, in outline
form, the range of descriptive measures which
have been found to be useful in assessing the
forecasting performance and other relevant
characteristics of large scale econometric mod
els. While some of these measures can. be sub
jectedto classical statistical tests, most are--at
this stage of our knowledge-merely descriptive
and geared to specialized model uses. Many of
these procedures can be traced to the writings of
Zarnowitz and his co-workers [33, 34, 35, 36],
Evans, Haitovsky and Treyz [11], Box and
Jenkins [3], and Theil [28].

An Outline of Nonparametric Measures"

A. Single-variable measures
(1) Mean forecast error (changes and levels)
(2) Mean absolute forecast error (changes

and levels)
(3) Mean squared error (changes and levels)
(4) Any of the above relative to:

(a) the level of variability of the vari
able being predicted

(b) a measure of "acceptable" forecast
error for alternative forecasting
needs and horizons

B. Tracking measures
(1) Number of turning points missed
(2) Number of turning points falsely pre

dicted
(3) Number of under- or overpredictions
(4) Rank correlation of predicted and ac

tual changes (within a subset of 'im
portant" actual movements)

(5) Various tests of randomness

11 This outline is taken from [9}.

(a) of directional predictions
(b) of predicted turning points

C. Error decompositions
(1) Comparison with various "naive" fore

casts"
(2) Comparison with "judgmental," "con

sensus," or other noneconometric fore
casts

(3) Comparison with other econometric
forecasts

D. Cyclical and dynamic properties
(1) Impact and dynamic multipliers
(2) Frequency response characteristics.

The measures outlined have been found to be
suitable for a wide variety of purposes, and
surely a user's confidence in any particular
model would grow in proportion to the number
of positive results yielded by such of these
measures as seem relevant to the use in ques
tion. Several recent studies, [16, 22], and espe
cially the Cooper-Jorgenson study [8], have
made a valuable contribution by standardizing
both the period of fit and the technique of esti
mation across alternative models prior to con
ducting intermodel comparisons." Further, a
recent paper by Fromm and Klein [12] sum
marizes the work of the ongoing NBER-NSF
seminar in The Comparison of Econometric
Models and provides both new information and
new ideas in this area.

Models will be used for decision making, and
therefore their evaluation ought to be tied to
optimization of these decisions. The question
we have to ask ourselves, then, is what series of
tests and!or procedures will be sufficient to
achieve a particular level of confidence in the
use of a model for a certain specified purpose?

12 The procedures of Box and Jenkins [3}may be particu
larly powerful in helping to identify the autoregressive pro
cedures which would best serve as "naive" alternatives to
a structural model.

13 See [19} for arguments regarding the controls needed in
such standardization attempts.
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