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Comments on "Interindustry Economics" by Chenery and Clark¥

by

Alan S. Manne

Abstract

In publishing "Interindustry Economics,"” Hollis Chenery and Paul
Clark have furnished the profession with a uniquely useful work - both
a readable textbook for the beginner, and at the same time & systematic
treatise for the input-output practitioner. It is unfortunate, however,
that the guthors have leaned over backwards to find merits in Leontief's
originel model as compared with the activity anslysis approach to inter-
industry economics. Activity analysis provides a convenient framework
for handling certain kinds of "conceptual” difficulties - import sub-
stitution, processing substitution, labor-capital substitution, and the
output of by-products - difficulties that have arisen in any of the em-
Piricel applications proposed by Chenery and Clark. On balance, their
work provides impressive evidence against the presumption that the
collection of data for a square matrix is cheaper than for s rectangu-

lar one.

* To be presented at the Decennial Logistics Conference, sponsored by
the George Washington University and the Office of Navael Research,
Jamuary 20-22, 1960.
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In publishing "Interindustry Economics,"* Hollis Chenery and

* John Wiley and Sons, New York, 1959.

Paul Clark have furnished the profession with a uniquely useful work.
Within the same covers, they have succeeded in providing both a read-
gble textbook for the beginner, and at the same time a systematic
treatise for the input-output practitioner. Two chapters are to be
singled out for special mention: chapter 6, "Testing the Validity of
Input-Output Assumptions” and chapter 7, "A Survey of Interindustry
Research."” Together, these chapters provide a long-overdue survey of
the literature on empirical implementation of Leontief's model of the
economy. Much of this literature has sppeared only in mimeographed
form, and has not hitherto been generally accessible.

So much for the nice things that deserve to be said about this
volume, and now for my chief complaint: In comparing Leontief's
original input-output formulation of interindustry economics with a
linear programming epproach to the same class of substantive problems,
the authors lean over backwards to find merits in the "square" tebleau
as compared with the "rectangular" one. For example:

The main obstacle to the ready adoption of linear programming
for national planning is the heavy demand that it mekes for data.

The construction of an input-output table of 40-50 sectore, with

a corresponding breskdown of final demand, is & strain on the

statistical resocurces of most countries, and the adoption of ae-

tivity anelysis in a very detailed form is not a feasible task at

the present time. (p. 299)

What the authors seem to be saying here - and in other passages

as well (e.g., pp. 82, 128, 129) - goes something like this: Un-

doubtedly the rectangular matrix form of linear programming provides a
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certain type of theoretical flexibility not inherent in the square
Leontief model. (Alternative processes of production are ruled out
in the latter model and admitted in the former.) However, it is more
expensive to perform the numerical analysis in the case of linear pro-
gramming, and it is also more expensive to collect the data.

In other words, Chenery and Clark have scrupulously refrained from
claiming that the square matrix is defensible on the basis of its theo-
retical or its predictive merits. Instead, they rely upon the very
Pragmatic argument of apparent cost. They have also refrained from
rointing out that some of the best thinking of input-output practition-
ers has been devoted to patching and tinkering with the basic frame-
work - improvisations which could have been largely avoided through activity
anslysis. Because of the constant need for this patching and tinker-
ing, it is to be seriously doubted whether the activity analysis
formulation is really more expensive from the viewpoint of data
collection. Indeed - at asny given level of commodity detail - it is
likely that just the reverse is true. Now to cite some evidence for
these rather dogmatic assertions ~ evidence which is to be found
directly within the covers of the Chenery-Clark book:

(l) Some of the most interesting applicetions of interindustry
analysis to problems of economic development consist of the problem of
choice between importing a given commodity and producing it at home.
(Chapters 10 and 11 contain a fascinating series of such "make-or-
buy" problems based upon the authors® own experience in Italy.) When
the authors ettempted to apply the square tableau formulation to a

1951-56 projection of the entire Italian economy, they fcund it
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necessary to engage in a sﬁbstantial "euxiliery analysis" of imports
- in effect, trying to outguess the solution of their model.

For each of the 200 product classes in the table, a mar-
ginel import parameter ... was estimated. Some of these import
parameters were in fact based on the average import proportions
of the base year, others on a more recent year, still others on
marginal trends in imports from year to year, but in principle
each was an independent estimate of import substitution possibili-
ties for a particular product class. (p. 254)

By contrest, when Chenery and Clark turned to the use of a program-
ming model for their pilot study of Southern Italy, they found it pos-
sible to handle the problem of imports by means of the very straight-
forward device of stipulating world prices, and then permitting the
model itself to adjust the quantity of imports in the light of rela-
tive scarcities throughout the system. (pp. 290-298) Which of these
two epproaches necessitated a greater amount of preliminary date pro-
cessing? It is fairly clear that the advantage lies with the activity
enelysis formulation.

(2) In the 1951-56 projection for the Italien economy, it was
necessary to meke an "auxiliary analysis" of the iron and steel in-
dustry. "... as a result of blast furnace expansion under the Marshall
Plan, the steel industry was using more pig iron relative to scrap, and
appropriate adjustments were made in these coefficients, as well as in
the related input coefficients for iron ore and pyrite ashes." (p. 253)

Would it not have been more straightforward and less time-consuming
to stlipulate several alternstive processes for steel production - some

entailing & large amount of pig iron inputs and others a smell amount -

and then permit the model itself to choose among these, on the basis of
relative scarcities?

(3) In this same Italian projection, it was found desirable to
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make g deteiled sub-study for the major fuels.

domestic natural gas for imported coal.

Here it was clear that a significant technological change
was in progress, centered around widespread substitution of

The situation was com-

plicated further by interrelations with fuel oil and domestic
low-grade coal, ... as well as by differences in the ability
of different consuming industries to make fuel substitutions.

(p. 253)

This example of fuels substitution should serve as additional

evidence in favor of using & rectangular matrix as the basic analyt-

lcal formaet in interindustry studies.

(4) The problem of by-products constitutes an ummitigated

nuisance within a square tableau.

For exsmple, demand for hides by the leather industry may
be portrayed as stimulating the livestock industry to increase
its production of meat, rather than the other way around. A
much better way to handle a by-product is to treat it as s
fictitious intra-industry sale (e.g., hides to the livestock
industry) and to calculate a regular input coefficilent related
to the output of the indusiry itself.

(pp. 145, 146)

That this device will occasionally work maey be seen in the follow-

ing numerical example (positive outputs and negative inputs):

before fictitious sale

domestic
production
of livestock

import
of
hides

after fictitious sale

domestic
production
of meat

import
of

hides

==u=~_—_—=m===hwm

e r—— e —
hides +1 +1, 0 +1
meat +1 0] +1 O
foreign
EXChange “lc - 80 - 20 - 80
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If, however, the foreign exchange coefficient for importing hides
changes from -.80 to -1.20, this method bresks down. The domestic pro-
duction of meat will then be accompanied by & positive by-product of +.20
worth of foreign exchange! Again, this is a "conceptuel" difficulty that
could have been sidestepped by the use of an éctivity analysis format.

To conclude: Activity analysis does little to solve some of the
major problems of interindustry econcmetrics - specifically, the pro-
Jection of final demand, the forecast of technological advances, and
the estimation of caepacity in labor-paced processes. However, activity
analysis does provide & convenient framework for handling certain kinds
of difficulties - import substitution, processing substitution, labor-
capital substitution, and the output of by-products - difficulties that
have arisen in any of the empirical applications proposed by Chenery and
Clerk, On balance, their work provides impressive evidence against the
presumptlion that the collection of deate for a square matrix is cheaper
than for a rectangular one.

As for the relative costs of computing, it is a fair bet that ad-
vances in the art of electronic calculations have already rendered this
an irrelevant issue. (See the Appendix for an estimate of these relative

costs.} The "decomposition" prineiple of Dantzig and Wolfe¥ has opened

* "A Decomposition Principle for Linear Programs," RAND Corporation,
P-154k, November 10, 1958.

up the possibility of dealing with models contalning literaliy thou-
sands of equations and of ectivities. With such tools at our command,
it geemg a rather dubiocus use of expensive labor to insist upon fitting

interindustry studies into squere mstrices. The most likely course of
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evolution will be a progressive increase in the number of sectors
analyzed by means of several alternative activities and a correspond-
ing decrease in the mumber of sectors for which our models contain
Just a single producing activity., It would bhe a serious error to

underestimate the speed at which this evolution is taking place.
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Appendix - Relstive Costs of Computation

To my knowledge, there is no experimental evidence currently
available on the relative computational effori needed in order to
solve a Leontief matrix and a linear programming problem. (The
200-sector matrix for 1947 was inverted on the Univec I, but very
little experience on this machine with general-purpose linear pro-
gramming has ever been reported.) The following theoretical compari-
son lgnores many factors quite significant in actual numericel anal-
yeis, but should at least serve as a starting-point.

In this comperison, it will be agsumed that both the Leontief
matrix and the linear programming matrix have the same number of
rows, m . The number of columns inthe former case will also be n ,
and in the latter case will be denoted by n . (n>m) To facili-
tate this comparison, we shall meke one highly unrealistic assurp-
tion - that all coefficient entries in the origingl matrices are non-
zero. (Sparseness in these matrices will obviously lower the absolute
costs of computing, but should not grossly distort the relative costs. )

In the case of lineasr programming, we shall suppose that the
numerical analysils is performed by means of the revised simplex methed,
and that the basis-inverse is continuelly maintained in its explicit
form. BSince a linear programming sclution remains feasible only with-
in the immediate neighborhood of a particular vector of input avail-
abilities and of "final demands,” it can be argued that such & com-
putation is analogous to & specific solution of a Leontief matrix.
However, since an inverse is obtained by the simplex method end since

thls inverse can be employed for purposes of parametric programming,
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it can also be argued that the inversion of & Leontief matrix - rather
than a specific solution - corresponds more closely to e linear pro-
gramming optimization. This second viewpoint will be the one adopted
here. That is, we shall compare the work involved in a linear Program-
ming solution with that involved in inverting a Leontief matrix.

The comparison will be conducted solely in terms of the number
of multiplications required at each of the major steps in the process.
The number of multiplications is generally regarded as a good indicator
of the total volume of arithmetic and of logical operations.

Under these ground-rules, wc utilize Tvans'! estimates for
input-output calculations. According to Evans - and contrary to popular
impressions - it is more efficient to Invert a Leontief matrix by means
of the old-fashioned "elimination method" rather than "expansion-in-

powers."® By use of elimination methods, the required number of multi-

* See W, D. Evans, "Input-Output Computations" in The Structural
Interdependence of the Economy, T. Barna (ed.), Wiley, 1954, especially
pages T7-01.

Also by Evans, "Letter to the Editor," Econometrica, January 1958.
For a step-by-step explenation of the eliminstion method, see 8. I.
Gass, Linear Programming, MecGraw-Hill, 1958, pages 27-31.

3

plications can be kept down to only m” , rather than something of the

order of the Smﬁ involved in the power series technique.

Turning now to the linear programming algorithm, one major diffi-
culty is that there is no easy way to predict the exact number of basis
changes needed in order to reach an optimal solution. For this reason,
it is convenient to regerd the number of these iterations as a para-

meter r , and to begin by calculating the number of multiplications re-

quired at each iferation.
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Now at each such step, it will be necessary to make 5m? high-
precision multiplications: one set of m? multiplications to deter-
mine the implicit prices, one set to obtain the “representstion" of
the new activity in terms of the previous basis, and one set to trans-

form the previous basis«inverse into the new inverse.* In addition

* For more details on this estimate, see H, M, Wagner, "A Compari-
son of the Original and Revised Simplex Methods," Operations Research,
June, 1957. Also see W. Orchard-Hays, "Evolution of Linear Program-
ming Computing Techniques," Mansgement Science, January 1958,

to these high-precision multiplications, there will be one group of
low-precision operations needed in order to determine which of the

n possible activities ought to be the new one introduced into the
basis. Since these m.n multiplications may be performed with low-
precision arithmetic, they are likely to be the equivalent of only
Eﬁﬂ high-precision operations. The total number of equivalenthigh-

Precision multiplications for a linear programming solution then

works out to be:

4
(number of iterations) X (?umher of multiplication%)
per iterstior
(x) X (u° + B2

Furthermore, RAND's experience suggests that r=: 2m , and that
n=zkm . Inserting these very rough numbers, the total works out as
follows:

(r) (3u® + 2o ) - 8m°

Summing up: This comparison suggests that the amount of computing

effort needed in order to optimize a linear programming problem lies
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eround eight times that required for the inversion of a Leontief matrix,
It is noteworthy that the relative costs are unaffected by the absolute
size of the matrices involved. It is also noteworthy that advances in
the art of computing would today make it possible to invert in less
than 15 minutes the 200-order Leontief matrix of the U. S. - an opera-

tion requiring U8 hours in 1952.



