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The Care and Feeding

of Econometric Models

IT 1s accuraTE tO State that we are witnessing
the emergence of an econometric model build-
ing industry. Models of internal firm activities,
firms, banks, households, markets, regional
economies, national economies, and even the
world economy have been or are being con-
structed.l In part, the growth in modeling ac-
tivities is due to the fact that mathematical
modeling involves the capability of represent-
ing the interaction of many factors or variables
in an explicit, logically consistent, mathemati-
cal manner.2 Such a mathematical representa-
tion often helps in achieving an understanding
of the system being modeled whether it be a
firm, a market, or a national economy. In addi-
tion, models may be useful in forecasting fu-
ture values of variables such as a firm’s sales or

GNP for an economy,3 and in appraising the
probable effects of alternative policies. That
statistical and computer methods are available
for “checking out” models using empirical data

is also of prime importance since otherwise
models might be mere mathematical flights of
fantasy. By confronting models with actual
data, we are in a position to appraise their
performance.

AS IN orHer areas, it is important to distinguish
between theoretical and applied work in the
modeling area. For example, in the automo-
bile industry we have engineers who design
and help build automobiles. While they utilize
the principles of physics, they are not primarily
concerned with discovering new physical laws
or theories. Rather they are concerned with
applying and adapting known laws of physics,

Footnotes are presented at the end of the paper.
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etc., to enable them to build good automobiles.
Similarly, in the econometric modeling area
there are theoreticians who are concerned with
producing better economic theories, statistical
methods, and computer techniques. While
this work is of fundamental importance, it
should not be confused with the work of ap-
plied econometric modelers who are in the
main attempting to apply and adapt existing
theory and methods to produce useful models.
Often this applied work is very much an art
and involves approximations and ad hoc pro-
cedures to bridge gaps in our economic knowl-
edge and inadequacies of current statistical
and econometric methods.

Frustrating and irritating as these approxi-
mations and ad hoc procedures may be to theo-
reticians, it is accurate to say that they are
needed in many instances because theorists
have not as yet produced solutions to quite a
few problems faced by applied workers build-
ing econometric models. And in fact, it may be
that approximations and ad hoc procedures
which work in practice will be rationalized in
future theoretical work.

In this paper we shall be in the main con-
cerned with the activities of applied econo-
metric model builders who are striving to pro-
duce good models on the basis of currently
available theoretical results, statistical and
computer methods, and data.

Given that we are concerned with the activi-
ties of applied econometric model builders, it
is pertinent to note that such activities can and
do take place in different institutional settings.
Some model builders operate in consulting
firms, some in governmental agencies, some in
academic institutions, and others in private
firms. While the institutional setting and ar-
rangements can have an important influence
on modeling activities, in this paper we shall
merely mention this fact without going into
these considerations in detail. Rather, we shall
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review aspects of model building activities ab-
stracting from many institutional constraints
which can be important in particular instances.
In order to catalogue the various specific ac-
tivities needed in econometric modeling, it is
important to have a good perspective of the
general characteristics of a modeling opera-
tion, including its initiation and subsequent
development.

Overview of Modeling Activities

Often specific problems arise which poten-
tially can be dealt with by a modeling ap-
proach. For example, a firm may be having
personnel problems, and perhaps a personnel
model incorporating its personnel policies (e.g.,
hiring, firing, retirement, and salary policies)
would be helpful in reducing costs and in find-
ing ways to get better performance in other
respects. Or a government may wish to know
how proposed changes in a transport system
may affect economic growth; perhaps a model-
ing approach would be useful in solving this
problem. In these two examples, and in others,
it is important to develop as clear-cut a state-
ment of the problem as possible. Then the
question to be asked is: what are the relative
costs and advantages of alternative approaches
available for solving the problem? Obviously,
for some problems a modeling approach may
not be feasible, perhaps because it is too ex-
pensive relative to the estimated benefits, or
because the requisite knowledge and/or data
needed for a modeling approach are unavail-
able. If, however, a modeling approach is con-
sidered appropriate, then an issue which must
be faced is: should the modeling work be done
“in-house” or by contract with (say) a consult-
ing firm? In making this decision, it is of
course important to assess relative costs and
probabilities of successful problem solution.
This specific problem deserves serious study.
For present purposes, we shall not consider it
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further but shall turn to a description of mod-
eling activities in general .*

T soewstic diagram in Fig. 1 is a useful
representation of some key elements involved
in modeling activities. As shown at the top of
the diagram, in Stage ! it is important, as men-
tioned above, to set forth the problem and ob-
jectives as clearly, simply and specifically as
possible. Then a feasibility study should be
undertaken to determine whether or not the
project is feasible and to appraise alternative
methodological approaches. If a modeling ap-
proach is decided upon, then in Stage 2 a good
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* It is assumed that this study shows the project to be feasible.

t It is assumed that a “modeling” approach is selected.

I The iterative procedure may disclose problems in the origi-
nal formulation of goals, feasibility, and methodology so that
refining and reformulation of the effort may not be confined solely
to the model itself.
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deal of preparatory work must be undertaken.
This will involve a review of the literature
bearing on similar modeling projects, etc., and
preliminary data analysis. This preparatory
work’s object is the formulation of an initial
model, denoted MO. It is understood that the
initial model will be checked for mathematical
consistency and consistency with economic
principles. Then, just as an airplane model is
subjected to wind-tunnel experiments, the ini-
tial model is put on the computer and sub-
jected to simulation testing. In addition,
checks using old and new data are made and
relevant research findings are brought to bear
on the initial model. All of this activity is
aimed at producing an improved version of
the model, say ML Then the whole process is
repeated to obtain a better version, M2, and so
on. In this way we attempt to “iterate in” on
a model which is capable of achieving the ob-
jectives of the model building project. If the
objectives involve operation of the model over
long periods of time, then of course the itera-
tive procedure can be pursued as long as the
model is in use. In addition, as the model
evolves it may be found that it is possible to
broaden the objectives of the project, or it may
be necessary to narrow them.

In the approach to modeling set forth above,
it is clearly the case that many specific activi-
ties are involved which require knowledge
from a variety of disciplines, for example, eco-
nomics, econometrics, statistics, mathematics,
computer sciences, and other disciplines relat-
ing to the problem being analyzed. There will
be a definite need for coordinating and admin-
istering a broad range of activities and a staff
of several specialists and technicians.6 It ap-
pears useful to have a model manager to ad-
minister model building activities. To do this
effectively and to have the whole set of model-
ing activities proceed smoothly and in an or-
derly fashion require most importantly that



the model manager be a good administrator
with respect to planning operations, budget-
ing, and personnel relations. In addition, mod-
eling activities require well-organized systems
of documentation. Some observations on the
specific nature of these latter requirements are
made in the next section.

Documentation and Modeling Activities

Good documentation of modeling activities
is of the utmost importance in providing for
orderly and cumulative progress. In an im-
portant sense, this is similar to the require-
ment that a laboratory scientist record his ex-
periments and work in his lab notebook, or
that a business have an accountant maintain a
good set of books. While it is difficult to gen-
eralize about what records should be kept, it is
thought that a model manager will find it use-
ful to maintain at least the following files:

. Literature File

. Model File

. Data File

. Statistical Inference File

. Forecasting File

. Simulation Experiment File
. Computer Program File

. Budgeting and Planning File

O~NOUTDWN

We shall now discuss the nature of these files.

1. Literature File: As its name implies, this
file includes items from the literature which
are particularly relevant for modeling activi-
ties. Generally speaking, it will be necessary
to include works from the areas of economic
theory, empirical economics, statistical meth-
ods, computer methods, mathematics, etc., in
the Literature File. In addition, the specific
nature of a modeling effort will usually imply
the need for coverage of other areas of the lit-
erature. For example, if the modeling project
is a regional one dealing with water problems,
it will be necessary to have the Literature File
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include relevant works from the areas of re-
gional economics, economics of water, hydrol-
ogy, etc.

To be useful to modelers, the Literature File
should be kept in an orderly and careful man-
ner. In some cases, a special library can be
formed; in others, existing library facilities can
be employed. In either case, it will be useful
to develop a good classification scheme for
works in the Literature File and to have in-
formation relating to items in the file key-
punched on computer cards. Given that this
is done in an intelligent manner, it is pos-
sible to develop bibliographies relating to spe-
cific topics merely by sorting cards. Also, with
the Literature File on computer cards, it is pos-
sible to have copies of the file made easily.

2. Model File: This file contains specific in-
formation regarding the model and model
changes. This file is of great importance since
it incorporates information relating to the
iterative steps taken to improve the initial and
subsequent versions of a model. When the ini-
tial model, MO, has been formulated, its equa-
tions and variables, along with their defini-
tions, should be incorporated in the Model
File, perhaps in the form of a dated computer
listing. As work with the initial model pro-
ceeds, as described above, equations of the ini-
tial model may be changed. Altered versions
should be entered in the Model File, appro-
priately dated and identified with references
to other files wherein explanations and justifi-
cations for changes are provided. For example,
an equation’s coefficients’ values may be
changed as a result of reestimation based on
new data. Reference would then be made to an
entry in the Statistical Inference File (to be de-
scribed below) which provides the details of
the reestimation.

As changes in the initial model accumulate,
a new version, ML will emerge. Its equations
and variables, with definitions, should then be
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entered in the Model File along with future
changes and modifications. As the model be-
gins to “stabilize,” it will become useful to in-
stitute systematic review procedures. For ex-
ample, an annual review of the model can be
scheduled and changes instituted on an annual
basis. Having a basic model available through-
out the year to which continuing work can be
related is important. Also, since it is often the
case that revised national accounts data be-
come available once each year, reestimation
and further testing can be scheduled so as to
utilize this new information when it appears.

The Model File at any point in time will
contain a complete description of the initial
model, subsequent variants, and a detailed de-
scription of various model changes along with
references to other files describing the ration-
ale and reasons for such changes. Having all
this information available in a computer list-
ing is very useful to workers working with the
current variant of a model.

3. Data File: As the name implies, this file
contains the data employed in a modeling
project. Naturally, it is important that the
Data File be kept carefully. Sources of data,
variables’ definitions (including units of mea-
surement), variables’ symbols, etc., should all
be incorporated in the Data File. In addition,
since data are often first available in the form
of preliminary estimates and then revised, it is
important that entries in the Data File reflect
revisions of the data. Then too, the Data File
should be broad enough to include the results
of studies bearing on data accuracy, relations
between provisional and revised estimates, etc.

4. Statistical Inference File: This file is
maintained to provide detailed information
regarding statistical operations with variants
of a model, for example descriptions of statisti-
cal tests and estimation of parameters. It is im-
portant that such operations be fully described.
Among other things, it is relevant to indicate
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and explain the objectives and results of a sta-
tistical operation and the methods, data, and
computer programs utilized. In addition, the
variant of a model under study should be spe-
cified (a reference to the Model File may suf-
fice). With such information entered in the
Statistical Inference File for each statistical
operation, it is possible for current workers to
appreciate what work has been done on sta-
tistical problems in the past and to plan future
work more effectively.

5. Forecasting File: If a model is used for
forecasting, it is extremely useful to maintain
a file containing information about past fore-
casts, forecast errors, and analyses of forecast
errors. Naturally in describing forecasts, it is
necessary to indicate the variant of the model
employed, how and with what data it was esti-
mated, any assumptions utilized in obtaining
forecasts, the way in which forecasts were ob-
tained, the forecast period, etc. Also relevant
here are comparisons of the model’s forecasts
with those provided by other models or by
other methods if they are available. By having
the information systematically entered in the
Forecast File, a model’s forecasting perfor-
mance can be appraised on a continuing basis.

6. Smulation Experiment File: As indicated
in the previous section, simulation experi-
ments are usually performed to provide infor-
mation about the operating characteristics of
a model. They are also performed to appraise
the effects of alternative policies on a model’s
outputs. Since simulation experiments consti-
tute such an important role in modeling activi-
ties, it is critical that they be well-described
and documented. It appears useful to write a
“lab” report for each simulation experiment
and to incorporate such reports in the Simu-
lation Experiment File. These dated reports
should include at least a description of the
simulation experiment’s purposes and objec-
tives, the variant of the model employed, the
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simulation program, the conditions of the ex-
periment, and the results and an interpreta-
tion of them. If a simulation experiment sug-
gests changes in the formulation of a model,
this should of course be noted. The Simulation
Experiment File, properly maintained, can be
of great value to workers attempting to im-
prove a model and using a model for apprais-
ing the possible effects of alternative policies.

Modeling activi-
ties usually involve use of several computer
programs. For example, computer programs
for statistical estimation, for statistical testing,
for accessing data files, for transforming vari-
ables, for performing simulation experiments,
etc., are generally required in modeling work.
It is thus useful to have a Computer Program
File in which programs being employed are
completely described. Then too, changes in
computer programs and studies to evaluate
the numerical accuracy of computer programs
should be well-documented and included in
the Computer Program File. By following such
procedures, the work of those engaged in mod-
eling activities will be made more effective and
efficient.

8. Budgeting and Planning File: This file is
one that a model manager will want to main-
tain so as to insure that modeling activities
proceed effectively and remain within budget
constraints. At any point in time, there will be
a number of sub-projects which must be com-
pleted. The scheduling of such projects and
the assignment of personnel to complete these
projects is a major responsibility of the model
manager. It may be possible for him to devel-
op a flow diagram of the work in progress with
estimates of completion dates for specific sub-
projects. Regular meetings with the modeling
staff, say at monthly intervals, to review prog-
ress and to assess job priorities and scheduling
will probably be useful. The Budgeting and
Planning File should include reports of these
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meetings as well as proposed work plans with
budget allocations. By monitoring modeling
activities in this way, the probability of realiz-
ing the objectives of a modeling effort within
budgetary constraints should be raised.

With these remarks made about aspects of
documentation, we shall now turn to a discus-
sion of available procedures for appraising
model  performance.

Procedures for Appraising Model Performance

The best procedure for appraising a model’s
performance, whether it be forecasting perfor-
mance or policy analysis performance, is a seri-
ous study of the results of its actual perfor-
mance in use.6 Does the model forecast accu-
rately enough? That is, are its forecast errors
small enough to be tolerable? Does it catch
turning points? As regards policy uses of a
model, has the past use of the model been help-
ful in understanding the effects of policy
changes (for example changes in fiscal and
monetary policies at the national level)? For
a model of a firm it is relevant to ask: has the
model been of value in forecasting? Has it
been useful in furthering understanding of
firm operations and producing and evaluating
changes in firm policies and practices?

Answers to the above questions are relevant
for assessing the possible benefits derived from
use of a model. To complete the picture the
cost side must be considered. What are the
costs associated with developing and operating
a model? In this connection, the salary compo-
nent of costs will undoubtedly be a major one.
Competent and resourceful individuals are
needed to develop and operate a model effec-
tively. Thus in appraising the record of a par-
ticular model, which has seen actual use, it is
important to assess salary costs realistically, as
well as other items of cost. In an important
sense, a modeling project should be viewed
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and evaluated as an investment. While certain
costs and benefits may be difficult to estimate,
it is still worthwhile to carry through calcula-
tions to arrive at a rough rate of return for a
modeling project, particularly at the firm level.

IT 1s unorTunaTeE that detailed, long records
of the performance of a number of models are
not available at present. This is due to the fact
that many models have been developed only
recently, and also because records of perfor-
mance are often not made public. More funda-
mentally, “laboratory and field’ experimenta-
tion is usually not possible. While airplane
designers can employ test flights to evaluate
design performance under preassigned condi-
tions, this important procedure is not gener-
ally available in the case of econometric mod-
els. Procedures for checking out the latter
models are somewhat indirect, and hence there
is considerable uncertainty about the actual
performance characteristics of an econometric
model which has not as yet been used exten-
sively in practice.

Some model checks which are currently in
use will now be reviewed. First, and of funda-
mental importance, an econometric model
should be checked for logical consistency. Are
the equations of the model consistent? Does
the model have a unique solution? Are the
units of measurement for variables appropri-
ate? These are basic mathematical considera-
tions which may appear obvious; however, they
are of such vital importance that it is deemed
worthwhile to mention them explicitly.

Second, a model should be analyzed care-
fully to obtain an understanding of how it
works. Then the workings of the model should
be compared with what is known in theory
about the entity being modeled. For example,
a model of a national economy should incorpo-
rate and not be in conflict with established
principles of macroeconomic theory. In addi-



13

tion, the judgment and knowledge of those
who are familiar with the entity being mod-
eled should be utilized to evaluate the basic
model mechanisms.

Third, as mentioned above, simulation ex-
periments can be employed to aid in the un-
derstanding and evaluation of a model.8 For
example, changes in exogenous variables such
as federal government spending, tax rates, etc.,
can be fed into a model to determine its re-
sponses. Are they of reasonable magnitude? Is
the timing of such responses reasonable? Do
any variables assume unusual values? For ex-
ample, if the functional forms of certain rela-
tions are in error, it is possible that an interest
rate variable may assume a negative value. In
addition, simulation experiments designed to
approximate certain historical episodes can be
performed. Does the model yield outcomes
that approximate well the actual outcomes?
Further, it is important to study a model’s per-
formance under extreme conditions (large
changes in exogenous variables, for example).
When the conditions of a simulation experi-
ment are such as to strain a model, some of its
weaknesses become apparent. Also, it is the
case that extreme conditions may be encoun-
tered in using the model in practice. Since
periods of extreme conditions are often vitally
important, establishing a model’s operating
characteristics under such conditions is vital.

Fourth, some statistical procedures are avail-
able for checking a model using actual data.9
Of course, it is often the case that data avail-
able for statistical checks are not as extensive
as desired and do not have the properties that
they would have if we could actually design
and carry through experiments. Be that as it
may, the actual “non-experimental” data that
we do have can often be used fruitfully to
check for possible inadequate or erroneous
formulations. For example, it is good practice
to study the properties of residuals from sta-
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tistically fitted relationships of a model.10 In-
tensive residual analysis can often result in the
discovery that a functional form of a relation-
ship is in error, an important variable may
have been omitted, or a lag structure may have
been misrepresented. When such discoveries
are made, equations of the model will have to
be reformulated and reestimated.

For models that are not too complicated,
formal statistical tests of hypotheses can be car-
ried through. For example, it is often of inter-
est to determine whether or not the coefficients
of a model are constant in value through time.
By splitting the sample in half, with one half
relating to an earlier period and the other to a
more recent period, it becomes possible to test
the hypothesis that corresponding coefficients
have the same value in two periods. Large
sample tests of identifying restrictions are also
available. Unfortunately, the small sample
properties, power, etc., for many test proce-
dures applied to relatively complex time series
models are not known at present. Also, it is the
case that for moderate to large-sized models,
limited data must be used to investigate a
rather broad range of hypotheses, to find good
relations, and to estimate them. When the in-
formation in the data is used for a variety of
tests, etc., results are often not very sharp and
the information in the data will often have to
be supplemented by judgment, theoretical
principles, and other “outside” information.
For example, given the objectives of a model-
ing project, many use a simplicity criterion in
formulating a model-that is, an attempt is
made to formulate the simplest model which
is consistent with accomplishing the objectives
of the project.

Formal statistical methods for comparing
non-nested models are being developed but
have not as yet been perfected1l to the point
where they are operational for models with
(say) 20 or more equations. For such large
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models, the comparison of alternative versions
is still pretty much an art.

Fifth, intensive examination of the fore-
casting experience and policy uses of models
is without doubt the most crucial criterion for
assessing the performance of models. On the
forecasting side, comparisons can be made
with the forecasts yielded by alternative
models and by informal techniques. Where
poor forecasting is encountered, it is impera-
tive that the source or sources of difficulty be
located and the model be improved. On the
policy side, a model should be helpful in
appraising the effects of alternative proposed
policies. A model’s performance in this di-
mension can be checked against outcomes
actually observed in particular historical epi-
sodes and in current episodes as they unfold
in time. For example, with a model of a
national economy, it is relevant to set up
conditions resembling those actually encoun-
tered in a major depression-for example,
the 1929 downturn. Given that the outside
factors or exogenous variables behave as they
did in that downturn, does the model yield
paths for endogenous variables, say GNP, the
price level, interest rates, unemployment, etc.,
which resemble those actually encountered
historically? This sort of testing should be
extended to “credit crunch” periods and
other exceptional historical periods. If there
are failures in approximating the behavior
of the economy in such episodes, this is im-
portant information for evaluating a par-
ticular model.

Summary and Conclusions

In the present paper, we have attempted
to provide an overview of modeling activities.
To have these activities proceed as smoothly
and effectively as possible requires not only
a good and well-trained group of modelers
but also managerial talents of a high order.
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The manager of modeling activities is often
a key person in a modeling effort. His ac-
tivities, as well as those of the modeling group,
will be facilitated by maintaining good docu-
mentation. Various documentation files have
been described above which will probably
be of considerable value in modeling projects.
Then too, emphasis has been placed on spell-
ing out as precisely as possible the objectives
of a modeling project, since the objectives
are important in providing orientation and
guidance for the model builders. Further,
considerable planning of sub-tasks in a mod-
eling activity is needed in order to insure
smooth progress and dovetailing of sub-
projects within inevitable budget, personnel,
and time restrictions.

As regards evaluation of the final product,
the model, various techniques including simu-
lation experiments, statistical methods, and
heuristic and theoretical checks have been
mentioned. However, in the last analysis,
the ultimate check is actual use and per-
formance of a model in performing the tasks,
e.g., forecasting, policy analysis, etc., for
which it has been built. Simply put, the proof
of the pudding is in the eating.

FOOTNOTES

| For a review of a collection of early models of
national economies, see M. Nerlove, “A Tabular
Survey of Macro-Econometric Models,” Interna-
tional Economic Review, May 1966, 127-175. Chap
ter 4 of H. R. Hamilton, S. E. Goldstone, J. W.
Milliman, A. L. Pugh Ill, E. R. Roberts, and A.
Zellner, Systems Simulation for- Regional Analysis,
MIT Press, 1969, provides a review of a number of
regional projection models. The recent economic
literature contains papers dealing with the Brook-
ings-SSRC and Federal Reserve-MIT econometric
models of the U.S. economy.

2 A discussion of mathematical models in the so-
cial sciences, with particular emphasis on economic
models, appears in H. R. Hamilton, et. al., op. cit,,
Chapter 2.
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3 See, e.g., D. B. Suits, “Forecasting and Analysis
with an Econometric Model,” American Economic
Review, March 1962, 104-132, reprinted in A. Zell-
ner (ed.), Readings in Economic Statistics and Eco-
nometrics, Little, Brown and Co., 1968, 583-611.
Suits presents a comparison of actual forecasts of
annual GNP and other items with actual outcomes
for the period, 1953-1960.

4 The description which follows is based on mate-
rial in Ch. 13 of H. R. Hamilton et. al., op. cit.

5 A discussion of these problems appears in H. R.
Hamilton et. al., op. cit., Appendix A, “The Man-
agement of a Multidisciplinary Research Project.”

6 See, e.g., J. Mincer (ed.), Economic Forecasts
and Expectations: Analysis of Forecasting Behavior
and Performance, National Bureau of Economic
Research, Columbia University Press, 1969, and the
references therein for analyses bearing on the ap-
praisal of the forecasting performance of models.

7 G. Fromm and P. J. Taubman, Policy Simula-
tions with an Econometric Model, The Brookings
Institution, North-Holland Publishing Company,
1968, presents a good discussion of policy simula-
tions with references to the earlier literature.

8 There are many unsolved problems in this area
regarding the design and interpretation of simula-
tion experiments. Thus simulation experimentation
in connection with econometric models is still pretty
much an art. See T. H. Naylor, J. L. Balintfy, D. S.
Burdick, and K. Chu, Computer Simulation Tech-
niques, John Wiley and Sons, Inc., 1968, for a use-
ful discussion and references to the literature.

9 The current econometrics texts provide some
results (not as extensive as we would like) on this
point. See, e.g., A. S. Goldberger, Econometric The-
ory, John Wiley and Sons, Inc., 1964; J. Johnston,
Econometric Methods, McGraw-Hill Book Co.,
1963, C. R. Christ, Econometric Models and Meth-
ods, John Wiley and Sons, Inc., 1966; E. Malinvaud,
Statistical Methods Of Econometrics, Rand McNally
and Co., 1966 and the references cited in these
works.

10 Residual analysis for regression models has
been studied fairly intensively. See, e.g., J. Putter,
“Orthonormal Bases of Error Spaces and Their Use
for Investigating the Normality and Variances of
Residuals,” Journal of the American Statistical Asso-
ciation, Sept. 1967, 1022-1036; J. B. Ramsey, “Tests
for Specification Errors in Classical Linear Least-
Squares Regression Analysis,” Journal of the Royal
Statistical Society, B, 31, No. 2, 1969, 350-371, and
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references cited in these works. Procedures for sys-
tematic residual analysis in the context of “simul-
taneous equation” econometric models have not re-
ceived much attention in the literature.

11 See, e.g., G. E. P. Box and W. R. Hill, “Dis-
crimination Among Mechanistic Models,” Techno-
metrics, February 1967, 57-71; H. Thornber, “Ap-
plications  of Decision Theory to Econometrics,”
unpublished doctoral dissertation, U. of Chicago,
1966; and Ch. 10 in A. Zellner, Bayesian Inference
in Econometrics, lecture notes to be published.



