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Some Basic Problems of Empirical
Input-Output Analysis

WASSILY LEONTIEF
HARVARD UNIVERSITY

A. Accuracy of Individual Entries

A voluminous, laboriously compiled collection of statistical data—
and a typical detailed input-output table is nothing if it is not that—
can be approached with many different questions in mind. Some of
the more basic of these are discussed here.

First of all, there is the immediate problem of the numerical ac-
curacy of the individual entries. How closely does the figure stating
the dollar value or tonnage of paints and varnishes produced by the
chemical industry and absorbed in 1947 by the automobile industry
correspond to the actual magnitude it purports to represent? Is the
amount of electricity used in steelmaking correctly stated in the
entry so labeled?

In answering such questions, of course, one first of all has to make
sure that terms such as “paints and varnishes,” “chemical industry,”
or “automobile industry” used by the inquirer refer to the same
things that the corresponding entries in the input-output table are
supposed to refer to.

When it is asked whether the retail price level has actually risen
in a given year by 10 per cent—as the BLS index tells us it has—the
meaning of the term “price level” requires, indeed, considerable
explanation. There is even good reason to doubt whether such an
explanation could ever be unequivocal. The same applies to the
definition of, say, the “physical output of manufactured goods” or
the “annual rate of real investment.”

The less aggregative, the less index-number-like the objects we are
trying to measure, the firmer will be our terminological foothold.
For this reason, the meaning of the label attached to the individual
entry in a reasonably detailed input-output table can be expected
to be more precise than the definition of the broader concepts men-
tioned above. What is even more important, this meaning is bound
to gain in definiteness as the number of rows and columns in such
a table increases, i.e. as the breakdown of the economy into its
separate sectors is progressively refined. To be sure, the index-num-
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ber problem cannot vanish entirely. Everyone who has actually been
engaged in the task of filling the individual cells of the input-output
grid will readily testify to that. With progressive subdivision, how-
ever, the scale of the aggregative indeterminacy is radically reduced;
instead of adding together automobiles and shoes, one has to com-
bine only different kinds of shoes on the one hand and, say, trucks
and passenger cars on the other.

B. Dependence on Indirect Estimating Procedures

The question of numerical accuracy unfortunately cannot be
answered as simply and directly as it can be posed. In order to know
how inaccurate are the figures presented in published tables, one
would have to possess the true measures of the magnitudes in ques-
tion; but if these were available, they certainly should have been
used in the first place. In direct observation, an ‘error known is an
error corrected.

Actually, none of the figures entered in the present input-output
tables were obtained through immediate observation. Most have
been arrived at through application of the usual indirect estimating
procedures to various well-known sets of primary data. It is not
knowledge of the correct answers, but rather past experience with
the use of similar indirect procedures based on the same approximate
assumptions, that enables one to form a more or less definite opinion
concerning the reliability of the final statistical entries.

Compilation of such a large body of organized statistical informa-
tion involves the use of many special techniques that, even if they
are not commonly referred to as theories and hypotheses, still can
be and have been tested by repeated application. I speak here not of
general textbook precepts for statistical procedure but rather of
those informal rules and methods of estimation or interpretation of
information pertaining to specific commodities or industries that are
usually based on detailed and intimate familiarity with the operating
characteristics of these particular sectors of the economy.

On the higher levels of theoretical analysis—in confronting, for
example, the problem of general interdependence or the question of
economic change—the economist is bound to use concepts and to
develop generalizations that are peculiarly his own, and entirely
different from the notions and generalizations evolved for purposes
of practical decision making and for use in everyday economic trans-
actions. Whenever he approaches the consideration of the more
esoteric problems directly from the second floor, so to speak, much
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of the ground-floor experience gained from everyday economic
intercourse and practical decision making, much of the basic factual
information buried in private business records and summarized in
the unwritten rules of thumb followed by engineers, plant managers,
or advertising executives in their particular narrow range of practical
experience, will remain beyond the pale of the organized body of
economic information.

Most of the data presented in the 1947 input-output tables were
produced in what essentially amounts to a second- or even a third-
floor operation. Only in a few instances has disaggregation pro-
gressed far enough to permit the use of direct ground-floor informa-
tion. No high-level data, not even those based on corporate balance-
sheet records, for example, can yield other than very superficial
descriptions of the actual physical structure of various industries.
Only a systematic, painstakingly detailed study of actual plant con-
struction and operation practices seems to yield pertinent quantita-
tive data. In other directions, too, the only practicable line of further
advance seems to lead through disaggregation toward detailed first-
hand information.

C. Application of Formal Statistical Methods

The breakdown of the conventional boundaries that have tradi-
tionally separated the macroeconomic from the microeconomic type
of factual analysis may offer a workable approach toward efficient
use of the methods of mathematical statistics in the service of quan-
titative economic analysis.

I have often been asked why such an ambitious data-gathering
operation as that involved in the construction of a large input-output
table makes no use whatsoever of the great resources of modern
mathematical statistics. Why are our data not presented with proper
appurtenances of standard deviations, coefficients of variation, and
other appropriate measures of statistical reliability? The answer is
that in its present stage this type of quantitative economic analysis
can hardly make efficient use of the powerful, but at the same time
narrowly conditioned in their application, tools of probabilistic ap-
proach.

Quantitative phenomena, as they are observed in various fields of
empirical analysis, can be broadly subdivided into three distinct
types. The first type is exemplified hy problems of classical me-
chanics. These can be formulated in terms of two, three, perhaps
five, or even eight, but in any case a very few, variables. The ob-
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served facts are described in exact, nonstatistical terms, and the
final solution is stated in the same way.

The phenomena belonging to the second type are mass phe-
nomena. They involve very large numbers of variables—thousands,
hundreds of thousands, millions. (In this context, one should count
as separate variables the last elements of the explanatory scheme, not
the representative stochastic variables one might use to summarize
the quantitative behavior of the entire “population.”) The classical
problems of thermodynamics and some actuarial problems in the
study of population are of this kind. Here, the probabilistic approach
finds its most direct, simple, and efficient application.

Finally, there is the third, intermediate type. The theoretical
formulation of problems presented by it involves the use of from,
say, ten to a hundred, or possibly five hundred, distinct variables.
This is very many indeed for exact observation and precise solution
under the usual experimental or observational conditions, but all too
few for efficient stochastic description and reliable statistical analysis.
Many problems in biology and meteorology are of this kind, but it
is in the field of economics, at least in the part of it associated with
the central problems of general interdependence, that this bother-
some third type seems to dominate. This is why the numerous
attempts to describe and explain the operation of a national economy
in terms of a few variables—as if it belonged to the first of the three
types of phenomena mentioned above—have always bogged down
in the morass of index number difficulties and inconstant (hypo-
thetical) structural relationships. On the other hand, even the most
ingenious of the econometric models based on the assumption that
the economic system can be explained as a mass phenomenon, in the
sense that it is reducible to a combination of a few stochastic vari-
ables, have also failed to do justice to the heterogeneity—and what
in these simplified terms appears to be the capricious irregularity—
of that statistical universe. Moreover, it does not seem likely that
some new combination of the same—or perhaps different—five, ten,
or twenty variables, emerging from the application of an even more
refined formal statistical precedure, will do the job.

One might as well be resigned to the fact that the economic system
can be adequately described and its operation satisfactorily ex-
plained only in terms of a conceptual scheme involving a very large
and statistically irreducible number of operationally distinct but
mutually dependent variables. Accordingly, the researcher must
formulate a unified conceptual framework and then proceed with
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the systematic collection and organization of the necessary quanti-
tative factual information.

This is exactly what has been done in recent years in the field of
input-output analysis. The theoretical formulation—I shall return
to it later—and the large-scale computational manipulation required
in this approach apparently do not present insurmountable difficul-
ties. The success or failure of the whole enterprise will depend more
immediately on our ability to master the formidable fact-finding
task that it involves.

One must begin with the simple and direct collection of facts and
figures, stratified in accordance with some unconditionally formu-
lated, over-all theoretical design. The underlying theory may be
erroneous and the figures wrong, but irrespective of that, in this
first and in a sense most critical stage of the game (if the design is
halfway complicated ), formal methods of statistical inference can be
of little use in improving the theory and correcting the figures. To
apply such methods successfully, one must already have provision-
ally accepted some basic theory—the statistician often refers to it as
the basic set of admissible hypotheses—but it is exactly the formu-
lation and empirical implementation of such a conceptual frame-
work that must be accomplished in the first stage.

Mathematical statistics will, however, become very useful, nay
indispensable, in the second stage, which begins after all the princi-
pal parts of the analytical structure have been erected and one can
turn to a more precise fitting and mutual adjustment of its originally
rough-hewn components.

In any case, such seems to have been the experience with the
application of advanced statistical procedures in those fields in which
it has proved to be incontestably successful. In all these instances,
the heavy guns of probabilistic formulation were moved into posi-
tion only after the general layout of the terrain had been thoroughly
explored, and the immediate, strictly limited objective of the sta-
tistical operation very thoroughly and unconditionally defined—be
it the measurement of the effect of a certain fertilizer on the potato
yield or the study of the relationship between the average produc-
tivity of machine-lathe operators and the length of the labor day.
In other words, once this advanced level has been reached, the
problem at hand will more often than not fall within the second of
the three distinct categories mentioned at the beginning of this
paper.

In economic analysis, as in other fields of empirical inquiry, the
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application of formal statistical procedures can be expected to be-
come really effective only after the analytical, as well as the descrip-
tive, stratification of the factual material has progressed to the level
of such specific details that the choice of “admissible hypotheses”
can be passed into the hands of the appropriate specialists—be it
production engineers, merchandising experts, actuaries, or perhaps
social psychologists—and the range of the possible statistical alterna-
tives is thus radically reduced through specific knowledge of the
underlying structures.

This does not mean, of course, that one might not occasionally hit
upon a strikingly simple and constant distribution or a remarkably
persistent correlation well in advance of this particular stage. But
these are freakish exceptions that only reaffirm the general rule, and
are about as well known to economists as the shooting of a fox at the
corner of 42nd Street and Broadway to professional hunters.

D. Theoretical Unification of the Data

After what has been said above, it should be understandable why
the compilation of an input-output table cannot be judged simply as
a strictly descriptive enterprise but, on the contrary, must be inter-
preted as the fact-finding component of a rather elaborate analytical
venture. This is not the proper occasion for undertaking a systematic
survey of all the controversial points that have been raised in the
current discussion of the input-output theory.! I shall take up only
two issues which seem to have immediate bearing on the future
direction of empirical research in that field.

The first of these is the question of the general-purpose versus the
special-purpose approach. Input-output analysis, with its footing in
the classical general equilibrium theory, is definitely oriented toward
the former. In it the explanation of what happens in any one part
or aspect of the economy is systematically connected with the ex-
planation of what happens in each of its other sectors or its other

* One of the discussants of this paper, Rutledge Vining, advances the opinion
that the general conceptual framework underlying input-output analysis and the
corresponding formal system of general relationships between the structural
parameters of the economy, the outputs, prices, final demand, etc., does not
constitute a “theory.” To satisfy his semantic predilection, I gladly would substi-
tute the expression “conceptual framework” whenever I now speak of theory.
But, even if my defenders accepted it with good grace, would not such a change
give my other critics, who both at this Conference and elsewhere find things
wrong with the “input-output theory,” a just reason to complain that in qui
bling about words I try to weasel my way out of a serious discussion of sub-
stantive issues at hand?

14



SOME BASIC PROBLEMS

aspects: the study of the price system is based on the same set of
factual data as the analysis of the. physical quantities; the study of
the locational pattern of economic activities, instead of being set up
as an entirely independent inquiry, has from the outset been inte-
grated into the common theoretical framework, and is based con-
sistently on the same primary quantitative information.

That radical empiricism—as much statistical as institutional—
should be fundamentally opposed to such emphasis on theoretical
unification is quite understandable. But arguments in favor of cut-
to-order theoretical models and corresponding special-purpose in-
quiries have recently gained favor also among analytically inclined
economists—and I have in mind not the sophisticated lovers of
elegant theoretical paradoxes and exotic conceptual formulations
but, on the contrary, some of the pragmatically inclined searchers
for useful knowledge. Any particular policy decision—so runs their
argument—concerns itself primarily, not with the operation of the
economic system as a whole, but rather with a specific relationship
between two particular variables, one of which constitutes the instru-
ment while the other represents the intended objective of the par-
ticular policy decision. To describe and analyze this relationship in
the most economical way, we are advised to construct a special model
and apply it to a specially collected, or at least a purposefully
selected, set of empirical data.

Even if one agreed with the assertion that analytical implementa-
tion of specific policy decisions should constitute the primary objec-
tive of economic inquiry—which I certainly do not—the foregoing
pragmatic argument in favor of a special-purpose approach is open
to serious objection. The purported economy of the proposed partial
approach turns out to be illusory as soon as one visualizes the im-
mense inventory of special-purpose models with their appropriate
complements of specially selected data that one would have to
accumulate in order to keep up with the inexhaustible variety of ends
and means contemplated in contemporary policy discussions. More-
over, the carefully formulated and empirically implemented general-
purpose analytical scheme will be—despite its apparent complexity—
not only a more economical but also a more useful aid to practical
decision making.

One of the most fatal weaknesses of the contemporary policy-
making process is its essential heterogeneity. It results in simulta-
neous promulgation of contradictory, or at least partially incompat-
ible, policy actions. The wage policy often neutralizes the desired
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effects of the price policy, the tariff policy militates against the
avowed objectives of the foreign aid policy, and the tax policy finds
itself at loggerheads with the full employment policy. The clash
usually occurs, not between the principal, direct effects of two spe-
cific policy measures, but rather between the principal objective of
one and the unintended secondary repercussions of the other. The
primary effects of any given policy decision can usually be discussed
and anticipated even without the use of any complicated scientific
aids. To show up the internal contradictions of two or more appar-
ently independent policy decisions, however, one must be able to
trace through their secondary and tertiary repercussions. This is a
job for a professional economist. Truncated special-purpose models,
with their intended neglect of indirect side effects, are eminently
unsuitable for such a task. If the difficult assignment can be fulfilled
at all, it can be done only within the framework of a general all-
purpose analysis, designed along the lines of an unabridged theory
of general interdependence and based on as complete and as de-
tailed a set of empirical data as can possibly be obtained.

This does not mean, of course, that simplified special-purpose
formulations should not be used in appropriate circumstances. The
more they proliferate, however, the more important it becomes to
concentrate an ever-increasing part of our exploratory efforts on the
development of an integrated, and still not overaggregative, analysis
of the economic system as a whole.

E. Advancement toward a Closed Model

In recent years, the development of empirical input-output analy-
sis has been carried much further in some directions than in others.
The use of so-called open models has enabled us to concentrate our
principal attention on the productive parts of the economy—on
manufacturing, agriculture, transportation, and distribution. The
study of households, government, and other sectors temporarily
fenced off within the bill of goods enclosure must now be brought
into line with the rest. Although not yet sufficiently advanced to be
discussed at this Conference, the analysis of the structure of the
labor force, which constitutes the output side of the household sector,
and of the consumption pattern, which represents the input side,
has recently been given considerable attention. As the results of
these new studies become available for incorporation in the national
flow matrix, the entire system will move step-by-step toward greater
closure.
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A systematic investigation of the input-output structure of govern-
mental operations has yet hardly begun. In the traditional national
income analysis, the necessarily summary treatment of the public
sector is explained by the impossibility of applying the usual dollar
yardstick to the description of transactions that, in fact as well as in
principle, are exempt from the control of the price mechanism. The
input-output approach, with its fundamental orientation toward the
study of technical, institutional, and other basic structural relation-
ships that lie below the visible surface of market transactions and
behind the administratively determined operations of public bodies,
does not know this limitation. Without change in pace or method, it
can proceed also with the detailed factual description of the struc-
tural characteristics of those parts of the economic process that
happen to lie within the limits of the public domain. Once such in-
formation is collected, its analytical incorporation into the over-all
matrix of interindustrial relationships presents no special problem.
The internal operations of a substantial part of our military estab-
lishment happen to be the first large nonprivate sector successfully
incorporated into the over-all structure description of the American
economy. Analogous approaches can extend input-output analysis
to other public sectors of the national economy, such as the educa-
tional establishment, health service, and highway construction.

Although within the theoretical framework of the input-output
scheme the price system constitutes the logical counterpart of the
physical flow system, the study of the former has occupied only a
subordinate place in recent research. Such a lag is due first of all to
the fact that the set of equilibrium, or so-called shadow, prices cor-
responding to a given matrix of static flow coefficients represents
only the first, possibly a very remote, approximation to actually ob-
served prices. To arrive at the second approximation, one would first
have to shift the basis of the entire analysis from the static to a
dynamic scheme of interindustrial relationships. This shift involves,
in particular, the introduction of stock-flow relationships and of
structural lags. Furthermore, a definitive input-output analysis of
the price system will require also the incorporation in such a dy-
namic formulation of such purely monetary transactions as are repre-
sented by credit operation, taxes, subsidies, and other unilateral
transfers.

Here again the lack of requisite factual information constitutes
the principal obstacle to actual experimentation with the available
theoretical blueprint. The forthcoming release of the moneyflows
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study by the Board of Governors of the Federal Reserve System
should contribute much to the development of realistic price analysis
within the framework of the input-output approach.

F. Use of Constant Input Coefficients

In the light of an ideal general-equilibrium approach, the theory
of interindustry relations, as it has been applied up to now in
empirical analysis, is indeed very imperfect and quite unsophisti-
cated. The systematic use of constant input coefficients has often
been referred to as its principal limitation. The subject deserves a
few general comments.

First, it has to be clearly understood that practical necessity, rather
than theoretical convenience, is responsible for the dominant posi-
tion assigned to this limiting assumption in all practical applications
of the input-output method as they have been developed up to now.
We simply do not have enough detailed factual knowledge of the
structural relationships within our own, or any other, economy to
warrant any systematic emphasis on changing curvatures—or, more
generally, on variable proportions—for purposes of their quantitative
description. Even the numerous examples that every economist could
cite to the contrary do not change the over-all picture. Many in-
stances of observed nonproportional relationships can, furthermore,
be traced back to the indiscriminate summation of dissimilar linear
components; judicious disaggregation will often make such structures
susceptible to linear description.

Practically, it is an issue of linear approximation. With the im-
provement in the quality of our basic data, nonlinear relationships,
whenever their existence and quantitative significance have been
satisfactorily established, will easily be taken into account.

First, the strict proportionality assumption involved in the use of
constant average input coefficients can be relaxed through the intro-
duction of a “free” constant term. Instead of a strictly fixed input-
output ratio such as is shown in Figure 1, this formulation allows for
constant incremental but variable average proportions as shown in
Figure 2. This, incidentally, is the graphic mathematical expression
of the method by which the “bill of goods” is introduced into the so-
called “open-static” input-output computations.

Variable relationships between the level of output and the amount
of input of any specific factor can be given an even more flexible and
precise description by the use of a broken-line function with discon-
tinuously changing slope, as in Figure 3. The advantage of this
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particular type of approximation lies in the fact that the numerical
solution of systems of simultaneous relationships described in such
terms lends itself to computational manipulations very similar to

Figure 1 Figure 2 Figure 3
- - -
2 2 )
a a a
s < c
(o] output o output (o] output

those that were applied so successfully in the analysis of strictly
linear input-output problems.

G. Dynamic Input-Output Analysis

While the day-to-day and month-to-month operation of a modern
economy is determined primarily by the input-output flows of goods
and services among its mutually interrelated sectors, the exploration
and explanation of its longer-run developments must be approached
through the study of stock-flow relationships, of structural time lags,
and of technological change. The theoretical background of dynamic
input-output analysis has been described elsewhere;? I shall call your
attention here to some of the implications one should draw from it
in mapping the course of empirical investigation in this particularly
difficult area.

The capital matrix, or the somewhat more general stock matrix,
of a national economy should, in the study of economic development,
be assigned the central position occupied by the flow matrix in static
analysis. The analogy is not entirely symmetrical, in that the stock
matrix will always have to be used in conjunction with the corre-
sponding flow matrix. An exact conceptual and statistical alignment
of the two represents, as a matter of fact, the prime requirement of
the purposeful description of economic change.

The principle of disaggregation, which demands detailed classifi-
catory distinction among many different kinds of flows, must accord-

2 See, in particular, Wassily Leontief et al., Studies in the Structure of the
American Economy, Oxford, 1953.
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ingly and to the same extent be applied to the analysis of the capital
structure of the given economy. The stocks of plant and equipment
and the inventories of all kinds should be measured and distin-
guished from each other according to the industry of their origin
and the sector in which they are being used.

The durability of many capital goods necessarily ties the study of
the stock structure of a given economy to the analysis of its techno-
logical—perhaps one should use the more general term structural—
change. In the same way that the layers of mineral formations on the
steep sides of a western canyon reveal the successive stages of its
geological history, the existing plant, equipment, and so-called
permanent improvements accumulated in an industry reflect the
successive stages of its technological history. The assessment of the
productive capacity of an industry (or, for example, of the housing
capacity of a given complex of residential property) is the necessary
empirical complement of any realistic theory of economic change.
Such assessment has to be made in terms of as many separate stock-
flow coefficients as there are significantly different technological
layers incorporated in the structure of that industry’s present capital
stock.

New investment undertaken in any particular year presumably
incorporates the “current best technological practice.” In rapidly
expanding sectors of the economy, such investment would usually
constitute addition to previous capacity. In older industries, replace-
ment, i.e. substitution of the current best practice for the worst—
and probably the oldest—of the past practices still incorporated in
the existing capital stock of the industry, will be of considerable
quantitative importance.

This is the phase of empirical analysis in which the problem of
substitution, i.e. the question of an explicit choice between two or
more alternative sets of stock-flow coefficients, becomes really im-
portant. In explanation of past, and in anticipation of possible future,
technological change, the mathematical procedures developed for
computational solution of substitution problems within linear sys-
tems with multiple alternatives should certainly find important
practical application.

The concept of the “pay-off period,” i.e. the length of time it takes
to pay off the initial investment in new plant and equipment out of
savings achieved through use of the new method of production,
I think, should play an important role in the explanation of techno-
logical change within the framework of input-output analysis. In
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particular, it offers an operational explanation of the changing “mix”
of different technologies that can always be observed in most sectors
of our dynamic economy.

H. Problems of the Product Mix

The question of the “product mix” has also been recognized as
one of the central problems in the analysis of interindustrial flows.
Not only through its empirical setting but also in terms of its theo-
retical (or should I say mathematical) formulation and solution,
this question is very closely related to the explanation of techno-
logical change.

Gradual change in the magnitudes of average input coefficients
of some particular industry as reflected in the input-output tables
showing the state of a national economy in successive years can,
after more detailed examination, be described as a changing mix
of two or more methods of production or of several distinct lines of
finished products. The word “mix” is somewhat ‘misleading as used
in this context, since the individual methods of production (or of
consumption, if we face an aggregation of, say, several types of
households) are frequently being operated, and consequently can
also be described, quite independently of each other.

In some cases the mixing of several heterogeneous products repre-
sents simply an inappropriate statistical classification. To solve the
product-mix problem in such a case means to obtain better direct
information or, if it is not available, to disentangle the artificial com-
binations and reduce them to their elemental components through
the solution of a simple set of linear equations.

In many instances, however, we witness a real shift from one
method of production to another. If the productive stocks happen to
play only a small role in either of the competing technologies, the
substitution will be explainable simply on the basis of current costs,
i.e. through comparisons of the competing sets of technical flow
coefficients—a comparison that may require knowledge of the entire
input-output system, since it will involve the use of corresponding
prices. Very often the changing capital structure will, however, be
of decisive importance. In such cases, the explanation—and possibly
the prediction—of the gradual reduction in the part of the output
based on the old set of stock-flow coefficients, and the corresponding
increase in production based on the new set, will have to be given
in terms of the analysis involving the pay-off period.

The specific circumstances of each case must obviously determine
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to what extent the variation in the output of any particular sector
of the economy will reflect the changes in its internal structural
characteristics as against the indirect influences transmitted through
the input-output structure from the other more or less remote parts
of the economy. Whenever the internal factors have the upper hand
but still are inaccessible to direct observation and explanation, all
one can do is to describe the effects of their operation through the
introduction of some kind of time trend and hope that it will not
reverse itself too abruptly. In such cases the usual methods of time-
series analysis will obviously pay off better, or at least as well as,
intricate input-output computations based on insufficient factual
information,

The transition from the old to the new approach must, of course,
be gradual; after all, it constitutes a kind of technological change
itself, a change in the method of scientific analysis. The new tech-
nique requires a considerably larger volume of much more standard-
ized raw statistical material; it demands considerable investment
in intricate theoretical machinery. It can be applied effectively only
on a comparatively large scale, and demands strict coordination and
delicate alignment of all the theoretical and empirical stages of the
combined operations. In short, input-output analysis brings with it
all the evils of modern enterprise. There is some reason to believe,
I think, that it can also offer comparable advantages.

COMMENT
Avexanper Henperson, Carnegie Institute of Technology

There are many points worth making about the development of
interindustry studies. Two are of outstanding importance and gen-
erality, and I confine my remarks to them.

First is the question of confirmation. Essentially, the system im-
plies an affirmation that, for some important purposes, economic
variables can be forecast without explicit reference to prices, that
future relations between the output of an industry and its inputs
are the important coefficients and can be predicted with reasonable
accuracy, and, finally, that the way to predict them is to start from
past ratios of input to output. These assumptions can be removed
only at the cost of making input-output a particular way of stating
a general, and relatively empty, theory of production.

It is not self-evident that these propositions are true. Relative price
changes may be fundamental, and they must play some role in the
operation of a price system in cases where the “requirements” for
a given level of demand are not available. Techniques are, of course,

22



SOME BASI1C PROBLEMS

available for dealing with these cases, but if they have to be applied
at many points in the system, they destroy simplicity, which is the
main attraction of the formal scheme. Input coefficients may not be
stable, or they may be stable but unpredictable. There may be other,
more stable, relations that are to be preferred for all or most pur-
poses. Finally, prediction of the coefficients may be achieved other-
wise than by looking at past data.

Here, the time required for obtaining the data is highly relevant.
We have in 1953 a matrix relating to 1947; to estimate outputs in
1953, we can either use this matrix of relations as they were five
years ago or we can use other information applying to years up to
early 1953. It is perfectly possible that, if the two types of informa-
tion were of the same vintage, we would prefer the matrix, but that,
since the matrix takes a long time to produce, it may be better to
use the less pertinent but more rapidly available types of data. The
delay in preparing the matrix may well be cut below five years but
hardly as low as that for, say, output or price data.

The techniques of input-output are undoubtedly capable of much
refinement, but we can reasonably ask now that the faith that has
supported the past work be strengthened by a demonstration of its
achievements. It is not necessary to ask that the present system of
calculation be better than alternatives—for it may be capable of
greater improvement than they are. It is necessary to ask that input-
output show its paces. At present it is very difficult to find any rea-
sonable test whereby we can appraise the working of the system.
Indeed, the best seems to be Wassily Leontief’s “prediction” of 1929,
using the 1939 matrix.! No one would be satisfied with just this
example. Yet it is difficult to collect data in the form required for
empirical comparisons without the use of government statistical
services.

Two reasons have been advanced to belittle this lack of a testing
procedure. The first is that there is no way of providing an adequate
comparison. The second is that there is no need for confirmation,
because certain properties of the matrix guarantee that if it is con-
structed with reasonable care it cannot lead us seriously astray. Both
of these contentions are misleading in the extreme form in which
I have stated them.

If we used the system to forecast 1953 levels of activity, it might
be a long time before we could compare the forecast with reality,

1 See Wassily Leontief, The Structure of American Economy, 1919- 1939
2nd ed,, Oxforci’ 1951, pp. 152-162.
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and we could never be certain that, in the case of an apparent dis-
parity, the error lay with the forecast and not with our estimate of
reality. Formally, this problem arises in any scientific experiment,
but rarely in as acute a form as in the present context. The forecast
would be in 1947 producers’ prices and in terms of an industrial
classification other than that normally used for current data. Price
indexes that are appropriate for these prices and these aggregates
are not available, and there is the usual difficulty arising from index
number calculations. These and other difficulties are important, but
they do not justify failure to make any comparisons. If the input-
output technique forecasts magnitudes for 1953 that cannot be
related to anything that can, in fact, be observed in 1953, we must
doubt whether it is doing anything useful. This doubt would remain
even though, around 1956, we could finally come up with figures
to show that the forecasts had proved to be very good. The predic-
tions are valued as a guide to action, and action must be framed with
reference to currently available facts. It is not sufficient to say that
comparison cannot be made; instead, it is necessary to show the
relation of the units in which input-output forecasts are made to
those of currently available data, or to develop new series for this
purpose. '

It would be very misleading to suggest that nothing is being done
in this direction. The BLS is working in the right direction, though it
is gravely hampered by limitations of funds and by security pro-
visions. The emphasis of my remarks is only that the vast statistical
operation that has been undertaken is largely wasted if it is not
linked to techniques whereby predictions and results can be com-
pared. Moreover, the process of assessment is the most valuable tool
for learning how to improve the present system.

I turn now to the other reason for neglecting the problems of
verification. It is often argued that the errors in the matrix are com-
pensating and, therefore, less important than might be expected.
The row sums and the column sums of the interindustry transactions
matrix are known with a high degree of confidence, so that if there
is one error in the matrix there are very likely to be countervailing
errors elsewhere in the matrix. This statement is subject to question,
since the final demand category includes inputs into construction
and investment, and the check figure for the column sum is the
purchase of materials at prices that are not those used in the matrix.
However, it is not the present purpose to question the validity of
the rim totals. If these are taken as right, then the compensation can
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be expressed by saying that, if the value in one cell of the transac-
tions matrix is too large, then the values in at least one other cell in
the same column and one other cell in the same row must be too
small. Thus, if too much of the copper output is allotted to automo-
biles, correspondingly less must have been allotted to other indus-
tries, and some other purchases of the automobile industry will have
been understated. One error implies the existence of at least three
others.

The claim is made that this is an advantage, and that because of
it the answers obtainable from the input-output system are better
than we should expect. It is important to realize the extent to which
the claim is true. The offsetting of errors works only insofar as the
changes in final demand are proportionate for all the industries
whose inputs are affected by a single error.

Suppose we have the basic tables for 1947 and wish to calculate
from them the activity levels [X,] for some different bill of goods
[Y,]. If [Y,] is simply the original bill of goods [Y,] multiplied by
a scalar 8, then we do not need the matrix to obtain the answer;
it is B[X,] = [X,]. If this is not the case, we can decompose the
change of bill of goods by

(1) [Y,] = BIY,] + [y.],

where the sum of the values in the vector [y,] = 0. Then the new
bill of goods can be obtained:

(2) [X,] =8I[X,] + (I _A)-l[,'h] .

Now, the offsetting effect of balancing errors does not apply to the
second element on the right-hand side of (2), since [y,] has a zero
column sum and the overestimate of the inverse of one element will
be accentuated by the underestimate of another element, if the two
elements are to be multiplied by y’s of different sign.?

2 An example of the importance of the proportionate element is to be found
in Jerome Cornfield, W. Duane Evans, and Marvin Hoffenberg, “Full Employ-
ment Patterns, 1950,” Monthly Labor Review, February and March 1947. They
postulate a bill of goods Ys = 1.80Y» + y, where Ywwm = $83.2 billion and
the sum of y (disregarding signs) is $19.5 billion at a 32-industry aggregation.
Thus, in the calculation of the activity levels, the matrix is needed for less than
a quarter of the total bill of goods.

It is possible to calculate the output levels of each industry using the formula
Xiow = 1.80X10m + Iy. This involves using the identity matrix as an approxima-
tion to the inverse of (I — A). This produces results very close to those of the
authors, and only slightly worse if compared with Barnett’s figures of actual
output in 1950 (see Harold J. Barnett, “Specific Industry Output Projections,”
Long-Range Economic Projection, Studies in Income and Wealth, Volume
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In fact, advantage is taken of this property by which errors may
offset each other, because it is easier not to decompose the bill-of-
goods vector into the scalar and the residual parts. But this is not
essential; insofar as there is cancellation of errors we can dispense
with the matrix. Further, if we can expect that the output of those
industries whose inputs are affected by the error will vary in the
same proportion (Xi.) = KX, for all times t), then the error will
make no difference. (The reason is that the industries could have
been aggregated to form a single industry without altering results. )
Hence, good use can be made of the property of the system that
errors may compensate each other. This cannot, however, be used
to justify the system itself, for to the extent that there is compensa-
tion, the system itself is unnecessary.

The point may seem trivial, but it is not. The offsetting of errors
enables fairly reliable forecasts to be made with the help of indif-
ferent data, but we may easily be misled by using the technique in
circumstances where the change in final requirements has been
nearly scalar. The evidence may suggest that both the technique
and the matrix are reliable when, in fact, the matrix itself may have

Sixteen, Princeton University Press for National Bureau of Economic Research,
1954. Using A. W. Marshall’s criterion (Comment on H. J. Bamnett’s “Specific
Industry Qutput Projections,” in the same volume), the distance of the calcu-
lated from the observed result is:

Consumption Model Investment Model

1. Barnett’s multiple regression $5,325

2. Xo= (I —A) — 1Ym0 7,081 $9,919

3. Xuwso = 1.80X10s + Iy 7,354 11 10,299 14
4. Xioso = 1.80Xs + 1.59Iy 7,672 13

5. Xmm = 180X1m + [a]y 7,961 17 10,465 9

The first figure for each model is the “distance” of the predicted from the
observed total output levels for the 28 industries. The second figure is the num-
ber of industries for which the calculated figures are closer to the observed
values than those obtained by using input-output.

The first line gives Bamnett’s forecasts using a linear regression of industry
output on GNP and time with data for the years 1922 to 1941 and 1948. The
second line uses the 1939 input-output matrix. The third line uses the identity
_matrix as an approximation to (I — A) — 1 and applies this to y, the nonpro-
portional element in the change in anticipated final demand. The fourth line
uses 1.59 times the identity matrix for the same purpose, where 1.59 is the
ratio of the aggregate output of all industries to the final demand for all indus-
tries. Finally, the fifth line uses, for each industry separately, the ratio of the
output of that industry in 1939 to final demand in 1939 for the same industry.

It is not known whether the closeness of the results, using the matrix or crude
substitutes for it, is accidental. This is indeed the burden of the complaints
above. However, so far as it goes, these calculations suggest that the gain from
using the matrix is slight—and the additional cost is far from slight.
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had hardly any effect on the result and has not, therefore, been
tested. Difficulty may easily arise when techniques verified under
peacetime conditions are used to estimate wartime changes of
demand. Moreover, we are concerned as to whether the technique
of input-output is of practical value; there would be little point to
developing it if its success lay in estimating changes of a type that
do not require that technique.

My second point concerns the purpose of the system. As I see it,
there are three main purposes that may be sought:

1. Statistical reconciliation of separate data. This is the avowed
purpose of the Dominion Bureau of Statistics in Ottawa.

2. Facilitating the formulation and implementation of economic
planning. In a modified form this seems to be.the objective of the
United States government.

3. Forecasting developments in a free economy, which seems to
be the aim of Leontief and the Harvard Research Project.

All these are legitimate purposes of economic investigation. But
it is doubtful whether an all-purpose system is possible. The more
the system is developed, the less the concepts appropriate to one
purpose are suitable for another. For planning, we are concerned not
with what producers will choose to do but with what they must do
to maintain a given level of future final output; for prediction, we
wish to know what they will do now in response to recent levels of
demand for final output. We may well believe that what producers
must do and what they will choose to do are closely related, if we
consider averages over long enough periods of time, but we must
also recognize that deviations, e.g. abnormal changes in stocks, may
be very important in determining the course of events—for example,
by affecting the timing of a cyclical fluctuation and, hence, the level
of future final outputs. Thus, for these two purposes, substantially
different treatments of the system are required.

Again, consider the entries in the basic transactions matrix. As a
technique of reconciling statistics, these entries are usually the result
of a complete count of the relevant outputs. They are not stochastic
estimates in the usual sampling sense, and their errors are to be
explained as due to conceptual differences or to mistakes of count-
ing. For planning purposes, the same entries are important only as a
basis for estimating the best input coefficients that the planning
authority will be able to achieve at some future point of time. They
are now stochastic variables whose distribution may eventually be
calculable. Furthermore, since they are to represent not any “pos-
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sible” input coefficients, but the “best” from the point of view of
the planning authority, they must reproduce some formal or informal
programing. Finally, for prediction purposes, the matrix represents
an estimate of future input coefficients; again, they are stochastic
variables, but now they represent what will probably happen, not
what can be made to happen. The contrast is still more acute when
we consider a matrix of capital coefficients.

The same distinction between planning and prediction can be
made for the problem of confirmation. Essentially, this means com-
paring the results obtainable from input-output analysis with those
given by alternative methods in terms of their success in estimating
those things we are interested in. If we are interested in good sta-
tistics of the past, then the use of the transactions matrix will lead to
different figures from those we shall get from another technique. For
planning, we need to know the relation between the final demand
and the output for each industry. Here, a particular set of alterna-
tives is available, and comparison must be made between them. For
forecasting purposes there is more difficulty. However good the rela-
tion may be between the final demand and the output of each indus-
try, this is of no avail unless the final demand can be estimated.
Hence, the system may be excellent for planning (where the final
demand categories are decreed rather than foreseen) and yet useless
as a forecasting device. Other relationships that bypass the need for
estimating future final demand may then prove more useful for pre-
diction, though inapplicable to planning problems. Hence, the mean-
ing of the system and its criteria of success are different according
to the uses we wish to make of it.

My impression is that figures used in the input-output studies are
those for which some firm basis can be found, regardless of the
purpose for which they are appropriate. Such figures are defensible
however irrelevant they may be to the purpose at hand. It is worth
emphasizing that a better procedure is to define the purpose to be
achieved by any assemblage of figures and then to decide what con-
cepts are relevant to that purpose. Thereafter, compromise will
generally be needed in finding approximations to the required figures
—but it is often better to use a rough guess of the figure you want
than a good estimate of something else.

I suspect that the input-output technique will prove most useful
as an aid to economic planning if another war should render such
planning necessary. Forecasting the future of an unplanned economy
requires too many predictions that are likely to remain very hazard-
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ous: stock fluctuation, demand changes, types of invention. So far,
perhaps because no occasion for its use exists, little has been done
to assess the ways in which this technique could be used for plan-
ning. The “feasibility testing” now envisaged is only a small part
of what might reasonably be expected. There remain, however,
major difficulties in the way of using this technique, and it remains
to be seen whether they can be overcome.

The concern here is that those working with the system should
decide what they want from it and make sure that it will perform
those functions. Finally, they must reconcile themselves to the knowl-
edge that the same system will not perform all possible functions.

Ruru P. Mack, National Bureau of Economic Research

I would like to bring up the unhappy question of inventories.
Obviously, the importance of the explicit handling of the problem of
inventories differs according to the use to which the analyses are to
be put. I assume that one of the important uses would be the study
of abrupt and large changes in output, such as would occur at the
time of war or other national emergency. Under such circumstances,
the way inventories were calculated would, I believe, make siza-
ble differences in the results—differences, I would guess, of whole
number multiples.

One might choose to use, for example, fixed inventory-output
ratios, ratios that changed in accordance with historic experience in
the short run, ratios that changed in accordance with historic ex-
perience in the long run, or ratios that changed in accordance with
current demand as expressed in industry at the time of the emer-
gency. Which of these various behavior patterns was followed
would, I expect, make significant differences in the final output
figures. Indeed, it seems likely that the differences would be such
as to make questions of whether the analyses had been performed
according to activity analyses, straight-line programing, input-out-
put coefficients, or fixed rather than stable capital coefficients seem
like details.

Davmo RosensLatt, American University, Washington, D.C.

Input-output analysis has made significant contributions and stimu-
lated research in three fields of inquiry: linear model representa-
tions of interdependent economic activities; collation and synthesis
of statistical data into systematic tables of accounts; and, lastly, the
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application of large-scale machine computational methods in the
development of conditional economic projections.

In Wassily Leontief’s paper, empirical input-output analysis is
implicitly defined to embrace interrelated contributions to these
fields. This definition would imply that this form of analysis is
regarded primarily as a way of conducting organized economic re-
search. The principle—indeed, metaprinciple—underlying the organ-
ization of this research is the generalized linear simultaneous treat-
ment of macroeconomic quantities in a national economy. This
treatment, as stated, is characteristically descriptive or phenomeno-
logical, and is motivated by the interest in undertaking conditional
economic projections that satisfy a criterion of “internal consistency.”

To fulfill Leontief’s principle as formulated, there must exist cross-
sections of economic data, systematically organized in accord with
certain conventions, that will afford operational empirical constants.
These empirical constants are to be introduced into generalized
linear representations of an economy in such a manner as to make
“efficient” conditional projections possible. The results of these
projections are to be evaluated, under test conditions, relative to
standard or specially devised statistical reporting systems in accord
with certain conventions.

The research principle itself is stated in a relatively open and
invulnerable form, so that economic and industrial studies developed
under its guidance come to be individually evaluated on pragmatic
and “operating-performance” grounds.

In an effort to maintain the operating performance of a particular
input-output analytic instrument, the research investigator has at
least the following approaches jointly available to him:

1. Development of standard and reproducible means of estimating
operational or structural coefficients for different time periods. In
principle, estimation based upon probability sampling methods
could afford standard estimates and measures of coefficient change,
as well as appropriately defined evaluations of statistical reliability.
In this last connection, such estimates could be further appraised in
relation to the “quality and coverage check” measurements which
have come to be associated with the conduct of censuses and large-
scale sample surveys. From the standpoint of projection efficiency,
determinations remain to be made of the merits of formal statistical
methodologies for the treatment of time series of input-output tables,
assuming that the requisite data were available.

2. Evaluation by formal as well as experimental means (i.e. simula-
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tion studies) of the “accuracy” or “sensitivity” requirements for co-
efficients in certain types of projection computations.

3. In key industries, or defined “macroactivities,” study of the
relations existing between patterns of technological choice and co-
efficient variability, undertaken perhaps with the aid of sponsored
activity-analysis investigations at the intra-industry level. Such inves-
tigations would have to be carefully designed and located in stra-
tegic industrial areas, in view of the complex reporting-system
implications of representing technological and administrative choice
in activity-analysis models of more than trivial dimension.

These approaches enhance but do not assure the performance
prospects of input-output analyses in the sphere of conditional
economic projections. Any given input-output analytic instrument
brings in its train a structure of specialized statistical measures for
the coding of problems and decoding of answers, e.g. systems of
price deflators and production-employment transforms. Some of
these are structurally circular to the analysis, so that the roles of
coefficient assumptions and measurement coding language become
indistinguishable in assessing components of performance in test
projections. Beyond this, the concept of the set of existing statistical
reporting systems as a self-consistent entity must always be recog-
nized as a construction; indeed, a construction not unlike that implied
in the design and synthesis of input-output tables.

The promise of Leontief’s research principle cannot, on the basis
of evidence so far available, be said to be fulfilled, though it has
doubtless enriched the vision and scope of the three fields of
inquiry noted earlier. The history of ideas, it has been asserted,
demonstrates that theoretical constructs eventually come to express
an attribute of reality. In the spirit of this notion, the taxonomy of
Quesnay and the higher geometry of Leontief have attained fruition
in the input-output tables and the projection methodologies of the
present day. In the effort to represent “economic reality,” Leontief’s
research program is as yet incompletely formulated; it remains to
sketch in the role of theory construction in respect to changes in the
defined structural coefficients, and correspondingly to delimit the
logistics of data collection on technological and administrative
choice.

RurLEDGE VINING, University of Virginia

The following remarks are grouped under four headings: the first
part includes a statement of the problem of input-output analysis;
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in the second, I attempt to set down what I understand to be the
claims on behalf of the “input-output approach” made by Wassily
Leontief and his associates; in questioning the bases for these claims,
I discuss in the third part my understanding of the requirements to
be met by a “theoretical model” for analyzing empirical phenomena;
the fourth part includes miscellaneous strictures upon Leontief’s
comments on “accuracy,” “reliability,” and the applicability of sta-
tistical and economic theory in his research.

A. The Problem of Input-Output Analysis

Consider the firm and the family to be specifiable entities, and
regard these as the units of the economic system. Assume that n
classes of these units are defined and that an n-by-n table has been
formed, the n classes being listed at the margins vertically and hori-
zontally in the same order, there thus being n? cells in the table.
Consider the firm and the family as producing something recogniz-
able as “output” and consuming something recognizable as “input,”
and assume that this “input-output” can be quantified in terms of a
common unit of measure. Finally, assume that the output of any
given firm or family over a specified period may be identified, or
accounted for, as parts of the respective inputs of particular firms
and families over this period, so that all outputs may be classified
by consuming firm or family. The outputs of the firms or families
belonging to any one of the n classes of units may now be recorded
in the cells of the table in such a way as to show how much of the
output of any given class for the period in question is consumed as
inputs by the units of any given class; thus, numerical entries may
be made in each of the n? cells of the table.

The n classes of families and firms having been defined, and a rule
having been adopted in accordance with which input-output is to
be quantified, the operation of a system of firms and families is
looked upon as generating numerical data constituting empirical
observations as entries for the n? cells of the table. Now the problem
of input-output analysis, as I understand it, is this: given entries for
m cells, to compute entries for the rest of the cells as estimates of
the entries that will be generated by the working of the economic
system; that is, to discover a “best” procedure or operating rule such
that with m numbers arbitrarily determined, n? — m numbers may
be inferred as predictions of the outcome of an empirical process.
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B. Claims Made for the Input-Output Approach

The extent and nature of the claims that are made in regard to
this problem by the expositors of the input-output approach are not
entirely clear. Many statements made by Leontief and his associates
read as though there is already at hand an “efficient” and “reliable”
instrument for making these predictions. A reader would hardly be
left in doubt in this regard by the discussion of Evans and Hoffen-
berg. They tell us, using the past and present tenses:

“It has been used to trace the dependence of specific industry
production levels on exports from the United States. . . . It is an
appropriate tool for the consideration of both long and short range
resource limitation and development problems. . . . The approach
constitutes an important and powerful new tool for business market-
ing research. . . . Industrial mobilization analysis is virtually a text
book example of the power of and need for interindustry relations
methods. . . . The feasibility of a mobilization program can be
judged only after translation of the projected delivery schedules into
the levels of all supporting activities which they imply. . . . It is this
particular job—the determination of the production levels for all
industries which are consistent with a given schedule of end-product
deliveries—which is done more precisely and in greater detail by the
interindustry relations approach than by any previously available
method. . . . The data available within the Federal government
today, revised currently in various ways, are believed adequate for
their intended uses in general industrial mobilization analysis.”

This seems to say that there now exists a procedure (“powerful
new tool”) for performing particular tasks that has been tested and
analyzed in such a way that the performance characteristics of the
procedure are known, for he speaks of “more precisely” and “in
greater detail” in comparing the performance of the new tool with
that of “any previously available method