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Preface

The common subject of the twenty papers assembled in this volume
is input-output analysis and its application to a great variety of eco-
nomic problems. They reflect the past development and the present
state of the art in that general field and in particular the author’s
contributions to it. Written over a period of more than forty years,
the material is arranged, with only a few exceptions, in chronologi-
cal order.

The first chapter provides an introduction to the subject. It
describes the construction of a national input-output table and
explains several concrete examples of how the factual information
contained in the table can be used to trace the direct and indirect
interdependence among the many sectors of a complex modern
economy. The second chapter is devoted to systematic descrip-
tion—with recourse to simple algebra—of basic static and dynamic
input-output models. Written originally for the German Handwoer-
terbuch der Socialwissenschaften, it was revised for the International
Encyclopedia of Social Sciences and quite recently was brought up
to date for inclusion in the International Encyclopedia of Materials
Science and Engineering. Chapter 3 takes up the problem of indus-
trial classification, that is, the choice of variables to be employed in
description of intersectoral relationships within the framework of a
complex multisectoral economy. A similar, although not exactly the
same, methodological problem comes up again in Chapter 13, in
which it is shown how concise analysis of what is usually referred to
as a dynamic economic process can be carried out within the frame-
work of an enlarged, formally “‘static’” input-output model extended
over many successive periods of time.

The analysis of the mutual interrelationships among wages, prof-
its, and prices presented in Chapter 4 is advanced in greater depth
in Chapter 19. The structural significance and role of foreign trade
is explored in Chapters 5, 6, and 7. That subject is taken up again
in Chapter 15, the 1973 Nobel Lecture, in which a very simple mul-
tiregional input-output model is described, which served as a pro-
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totype of the large, multiregional, multisectoral World Input-Out-
put Model constructed in the course of the next four years. Two
special applications of that model are described in Chapter 16,
devoted to an analysis of the relationship between population
growth and economic development—and Chapter 17 in which
detailed input-output projections of interregional commodity flows
are used as a basis for the estimation of the future growth of mari-
time traffic and projections of port facilities needed to accommodate
it.

Chapters 8 and 9 analyze the direct and indirect economic effect
of arms spending. In the second of these papers a multiregional
input-output model is employed to determine the regional distri-
bution of these changes.

Concern for the environmental repercussions of economic activi-
ties, described in Chapter 10, required inclusion in the basic input-
output model of the generation of various polluting agents on the
one hand and, on the other hand, of their elimination by means of
appropriate abatement activities. Chapter 11 places that model
within the framework of the conventional system of national
accounts, while an example of concrete empirical computations
based on it is presented in Chapter 12.

Chapter 16 takes up the question of technological change. The
argument introduced in it is carried further in Chapter 19, which
contains a recently completed study of the relationships among the
return on capital, wage rates, and technological change. The stan-
dard input-output analysis of cost-price relationships is refined in
that paper through a separation of wage income from the returns on
capital, thus opening the way for systematic cost comparison
between “old”” and “new” technologies and providing a firm basis
for fundamental, that is, causal explanation of technological change.

Successful application and development of the input-output
approach depends, more than that of any of the more speculative
methods of economic analysis, on systematic, factual inquiry. There-
fore, it seems appropriate to include in this volume, as its closing
chapter, a paper that emphasizes the critical importance of system-
atic data gathering for efficient decision making in a complex mod-
ern economy.

Each chapter of this volume is self-contained. No attempt was
made to eliminate overlaps or to fill the gaps among the different
papers or to bring up-to-date statistical figures and bibliographic
references. In advancing through these pages and occasionally mov-
ing back and forth to pick up this or that thread of thought at dif-
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ferent stages of its development, the reader should be able to gain
a deeper understanding of the input-output approach-—not only as
a formal theory but also as a research strategy-—than could have
been acquired by effortless advance through a smooth textbook pre-

sentation of the subject.

New York
January 1986 Wassily Leontief
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1

Input-output economics
(1951)

I

If the great nineteenth-century physicist James Clerk Maxwell were
to attend a current meeting of the American Physical Society, he
might have serious difficulty keeping track of what was going on. In
the field of economics, on the other hand, his contemporary John
Stuart Mill would easily pick up the thread of the most advanced
arguments among his twentieth-century successors. Physics, apply-
ing the method of inductive reasoning from quantitatively observed
events, has moved on to entirely new premises. The science of eco-
nomics, in contrast, remains largely a deductive system resting upon
a static set of premises, most of which were familiar to Mill and some
of which date back to Adam Smith’s The Wealth of Nations.
Present-day economists are not universally content with this state
of affairs. Some of the greatest recent names in economics—Léon
Walras, Vilfredo Pareto, Irving Fisher—are associated with the
effort to develop quantitative methods for grappling with the enor-
mous volume of empirical data that is involved in every real eco-
nomic situation. Yet such methods have so far failed to find favor
with the majority of professional economists. It is not only the for-
bidding rigor of mathematics; the truth is that such methods have
seldom produced results significantly superior to those achieved by
the traditional procedure. In an empirical science, after all, nothing
ultimately counts but results. Most economists therefore continue
to rely upon their “‘professional intuition” and “‘sound judgment”

©1951 by Scientific American, Inc.



4 Input-output economics

to establish the connection between the facts and the theory of
€conomics.

In recent years, however, the output of economic facts and figures
by various public and private agencies has increased by leaps and
bounds. Most of this information is published for reference purposes
and is unrelated to any particular method of analysis. As a result we
have in economics today a high concentration of theory without fact
on the one hand, and a mounting accumulation of fact without the-
ory on the other. The task of filling the “empty boxes of economic
theory” with relevant empirical content becomes every day more
urgent and challenging.

This chapter is concerned with a new effort to combine economic
facts and theory, known as interindustry or input-output analysis.
Essentially it is a method of analysis that takes advantage of the rel-
atively stable pattern of the flow of goods and services among the
elements of our economy to bring a much more detailed statistical
picture of the system into the range of manipulation by economic
theory. As such, the method has had to await the modern high-speed
computing machine as well as the present propensity of government
and private agencies to accumulate mountains of data. It is now
advancing from the phase of academic investigation and experimen-
tal trial to a broadening sphere of application in grand-scale prob-
lems of national economic policy. The practical possibilities of the
method are being carried forward as a cooperative venture of the
Bureau of Labor Statistics, the Bureau of Mines, the Department of
Commerce, the Bureau of the Budget, the Council of Economic
Advisers, and, with particular reference to procurement and logis-
tics, the Air Force. Meanwhile, the development of the technique
of input-output analysis continues to interest academic investigators
here and abroad. They are hopeful that this method of bringing the
facts of economics into closer association with theory may induce
some fruitful advances in both.

I

Economic theory seeks to explain the material aspects and opera-
tions of our society in terms of interactions among such variables as
supply and demand or wages and prices. Economists have generally
based their analyses on relatively simple data—such quantities as
the gross national product, the interest rate, price and wage levels.
But in the real world things are not so simple. Between a shift in
wages and the ultimate working out of its impact upon prices there
is a complex series of transactions in which actual goods and services
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are exchanged among real people. These intervening steps are
scarcely suggested by the classical formulation of the relationship
between the two variables. It is true, of course, that the individual
transactions, like individual atoms and molecules, are far too numer-
ous for observation and description in detail. But it is possible, as
with physical particles, to reduce them to some kind of order by
classifying and aggregating them into groups. This is the procedure
employed by input-output analysis in improving the grasp of eco-
nomic theory upon the facts with which it is concerned in every real
situation.

The essential principles of the method may be most easily com-
prehended by consulting Table 1-1, which summarizes the trans-
actions that characterized the U.S. economy during 1947.' The
transactions are grouped into 42 major departments of production,
distribution, transportation, and consumption, set up on a matrix of
horizontal rows and vertical columns. The horizontal rows of figures
show how the output of each sector of the economy is distributed
among the others. Conversely, the vertical columns show how each
sector obtains from the others its needed inputs of goods and ser-
vices. Since each figure in any horizontal row is also a figure in a
vertical column, the output of each sector is shown to be an input
in some other. The double-entry bookkeeping of the input-output
table thus reveals the fabric of our economy, woven together by the
flow of trade which ultimately links each branch and industry to all
others. Such a table may, of course, be developed in as fine or as
coarse detail as the available data permit and the purpose requires.
The present table summarizes a much more detailed 500-sector
master table which had just been completed in 1951 after two years
of intensive work by the Interindustry Economics Division of the
Bureau of Labor Statistics.

111

For purposes of illustration let us look at the input-output structure
of a single sector—the one labeled “‘primary metals™ (sector 14).

Preliminary data for Table 1-1 were compiled by the Bureau of Labor Statistics. Each
number in the body of the table represents billions of 1947 dollars. In the vertical column
at left the entire economy is broken down into sectors; in the horizontal row at the top
the same breakdown is repeated. When a sector is read horizontally, the numbers indi-
cate what it ships to other sectors. When a sector is read vertically, the numbers show
what it consumes from other sectors. The asterisks stand for sums less than $5 million.
Totals may not check due to rounding.
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1 2 3 4 5 6 7 8
agriculture and fisheries 1 10.86 15.70 2.16 0.02 0.19 0.01
food and kindred products 2 2.38 5.75 0.06 0.01 ® o 0.03 b
textile mill products 3 0.06 d 1.30 3.88 0.29 0.04 0.03
apparel 4 0.04 0.20 1.96 0.01 0.02
lumber and wood products 5 0.15 0.10 0.02 ® 1.09 0.39 0.27 ®
furniture and fixtures 6 0.01 0.01 0.01
paper and allied products 7 A 0.52 0.08 0.02 ® 0.02 2.60 1.08
printing and publishing 8 0.04 © 0.77
chemicals 9 0.83 1.48 0.80 0.14 0.03 0.06 0.18 0.10
products of petroleum and coal 10 0.46 0.06 0.03 ® 0.07 d 0.06 L4
rubber products 11 0.12 0.01 0.01 0.02 0.01 0.01 0.01 b
leather and leather products 12 ° 0.05 ® 0.01 hd
stone, clay,and glass products 13 0.06 0.25 L4 @ 0.01 0.03 0.03
primary metals 14 0.01 ® A 0.01 0.11 0.01
fabricated metal products 15 0.08 0.61 @ 0.01 0.04 0.14 0.02 hd
machinery (except electric) 16 0.06 0.01 0.04 0.02 0.01 0.01 0.01 0.04
electrical machinery 17
motor vehicles 18 0.11 © hd
other transportation equipment 19 0.01 b
professional and scientific equipment 20 A 0.01 0.03
miscellaneous manufacturing industries 21 hd 0.01 A 0.26 “ 0.02 0.01
coal, gas, and electric power 22 0.06 0.20 0.11 0.04 0.02 0.02 0.12 0.03
railroad transportation 23 0.44 0.57 0.09 0.06 0.14 0.05 0.22 0.07
ocean transportation 24 0.07 0.13 0.01 0.01 0.01 i 0.02 ©
other transportation 25 0.55 0.38 0.08 0.03 0.14 0.04 0.12 0.03
trade 26 1.36 0.46 0.23 0.37 0.06 0.06 0.18 0.03
communications 27 bt 0.04 0.01 0.02 0.01 0.01 0.01 0.04
finance and insurance 28 0.24 0.15 0.02 0.02 0.08 0.02 0.02 0.02
real estate and rentals 29 2.39 0.09 0.03 0.10 0.02 0.02 0.03 0.06
business services 30 0.01 0.63 0.07 0.10 0.02 0.06 0.02 0.06
personal and repair services 31 0.37 0.12 ® hd 0.04 » ° 0.02
nonprofit organizations 32
amusements 33
scrap and miscellaneous industries 34 0.02 0.25
eating and drinking places 35 hd
new construction and maintenance 36 0.20 0.12 0.04 0.02 0.01 0.01 0.04 0.01
undistributed 37 1.87 0.30 1.08 0.73 0.27 0.17 0.50
inventory change (depletions) 38 2.66 0.40 0.12 0.19 i 0.01 0.09 0.03
foreign countries (imports from) 39 0.69 2.11 0.21 0.28 0.18 0.01 0.62 0.01
government 40 0.81 1.24 0.64 0.38 0.34 0.11 0.50 0.34
private capital formation (gross) 41 DEPRECIATION AND OTHER CAPITAL CONSUMPTION ALLOWANCES
households 42  19.17 7.05 3.34 4,24 2.72 1.12 2.20 3.14
TOTAL GROSS OUTLAYS 4426 4030 9.84 13.32 6.00 2.89 7.90 6.45
Table 1-1

Exchange of goods and services in the U.S. for 1947
6
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g 10 11 i2 13 i4 15 16 17 18 19 20 21 22
1.21 0.05 * 0.01 hd *
0.79 » 0.44 A 4 hd A @ 0.01 0.02 v
0.01 “ 0.44 0.09 0.03 0.01 0.02 0.05 0.15 0.01 0.05 0.08 0.07
0.03 4 * “ i hd 0.10 0.01 - d h
0.04 0.01 0.02 0.02 0.06 0.06 0.09 0.05 0.05 0.03 » 0.06 0.06
d 0.01 0.10 0.03 0.02 ® e
0.33 0.11 0.02 0.05 0.18 @ 0.09 0.04 0.07 0.03 0.02 0.08 0.07 hd
0.02 0.01 0.01 0.01 A #
2.58 0.21 0.60 0.13 0.12 0.18 0.13 0.08 0.20 0.11 0.02 0.05 0.17 0.06
0.32 4.83 0.01 » 0.05 0.90 0.02 0.04 0.02 0.03 0.01 s 0.01 0.47
® i 0.04 0.05 0.01 & 0.01 0.13 0.03 0.50 0.01 & 0.04 g
1.04 hd 0.02 & 0.01 d 0.01 0.01 A
0.26 0.05 0.01 0.01 0.43 0.21 0.07 0.07 0.12 0.19 0.01 0.03 0.06 0.02
0.19 0.01 0.01 hd 0.04 6.90 2,53 2.02 1.05 1.28 0.43 0.07 0.20 0.05
0.13 0.08 0.01 0.02 8 0.05 0.43 0.62 0.34 0.97 0.10 0.07 0.04 &
° 0.01 0.01 0.07 0.28 1.15 0.17 0.63 0.22 0.03 d 0.03
° 0.01 0.05 0.24 0.58 0.86 0.62 0.12 0.03 0.02 0.02
® & @ 0.03 0.03 0.01 4.40 hd 0.01
d ° ® hd i hd 0.01 0.30 "
0.01 A & 0.04 0.04 0.01 0.07 0.02 0.18 0.02 ©
0.03 hd 0.02 0.01 ® 0.02 0.05 0.11 0.02 * 0.03 0.16 M

0.19 0.56 0.04 0.02 0.20 6.35 0.08 0.10 0.05 0.06 0.03 0.01 0.03 1.27
0.29 0,27 0.04 0.04 0.15 0.52 0.13 0.16 0.07 0.23 0.04 0.01 0.03 0.15
0.04 0.09 ¢ @ 0.01 0.08 ® ° d # b ® 0.01 d

0.10 0.47 0.01 0.02 0.07 0.16 0.03 0.04 0.03 0.07 0.01 0.01 0.01 0.03
0.17 0.02 0.05 0.06 0.03 0.36 0.20 0.26 0.14 0.06 0.07 0.04 0.05 0.05

0.02 0.01 0.01 ® 0.01 0.02 0.02 0.03 0.02 0.02 0.01 0.01 0.01 0.02
0.02 0.13 0.01 0.01 0.05 0.08 0.04 0.05 0.04 0.02 0.02 06.01 0.02 0.05
0.03 0.01 0.02 0.02 0.06 0.03 0.04 0.03 0.02 0.02 0.0L 0.03 0.05
0.42 0.04 0.02 0.05 0.01 0.03 0.05 0.09 0.06 0.08 0.01 0.05 0.06 0.01
0.01 0.01 hd hd 0.03 0.01 0.01 0.01 h & b ® ® 0.02
0.01 0.01 0.01 1.11 0.02 0.05 ° bt

0.04 0.03 0.01 0.02 0.03 0.10 0.03 0.05 0.02 0.04 0.02 0.01 0.02 0.27

1.49 0.65 0.27 0.27 0.47 0.32 1.14 1.71 0.89 0.41 0.34 0.19 0.87 0.25

0.14 0.01 i 0.03 ¢ 0.11 hd ® ° 0.01 0.01 0.05 0.16 ®

0.59 0.26 ° 0.04 0.14 0.62 0.01 0.05 h 0.02 0.01 0.05 0.14 0.01

0.76 0.78 0.11 0.14 0.32 0.82 0.48 0.77 0.40 0.66 0.12 0.13 0.19 1.14
ARE INCLUDED IN HOUSEHOLD ROW

3.75 5.04 1.08 1.20 2.35 5.35 4.14 6.80 3.41 3.39 1.95 0.90 2.17 5.11
14.05 13.87 2.82 3.81 4.84 18.69 1040 15.22 8.38 14,27 4.00 2.12 4.76 9.21
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23 24 25 26 27 28 29 30
agriculture and fisheries 1 ® ® 0.01 °
food and kindred products 2 0.08 0.01 0.03 0.07 0.01
textile mill products 3 0.01 0.01 0.03 ° M
apparel 4 ® A @ 0.02 °
lumber and wood products 5 0.01 # 0.03 2 0.14 °
furniture and fixtures 6 # & 0.04 0.08
paper and allied products 7 i » 0.57 & b °
printing and publishing 8 0.04 ® 0.02 0.10 0.03 0.21 2.45
chemicals 9 0.03 0.01 0.02 0.07 hd ® 0.01
products of petroleum and coal 10 0.27 0.09 0.45 0.20 4 0.01 0.78 o
rubber products 11 hd 0.13 0.06 “ 0.01 °
leather and leather products 12 A4 #
stone, clay and glass products 13 0.01 @ i 0.04 i
primary metals 14 0.20 0.01 hd
fabricated metal products 15 0.03 i 0.01 0.06 A e
machinery (except electric) 16 0.06 0.01 0.01 0.02
electrical machinery 17 0.04 0.01 0.01 0.05 0.01
motor vehicles 18 ® 0.13 0.02 ® hd
other transportation equipment 19 0.04 0.08 0.13
professional and scientific equipment 20 A hd 0.01
miscellaneous manufacturing industries 21 # & e 0.01 ® 0.15
coal, gas, and electric power 22 0.44 # 0.09 0.49 0.01 0.06 3.15 °
railroad transportation 23 0.41 hd 0.06 0.08 ® 0.01 0.42 0.03
ocean transportation 24 0.22
other transportation 25 0.19 0.04 0.25 0.31 * » 0.13 0.03
trade 26 0.03 0.01 0.42 0.20 0.01 0.04 0.75 0.14
communications 27 0.02 ® 0.04 0.33 0.086 0.09 0.06 0.43
finance and insurance 28 0.02 0.12 0.30 1.00 = 1.85 0.56 0.02
real estate and rentals 29 0.02 0.01 0.15 1.96 0.05 0.21 0.21 0.06
business services 30 0.02 & 0.03 1.71 0.09 0.14 0.04 0.06
personal and repair services 31 0.11 0.01 0.26 1.42 0.02 0.11 0.03 0.07
nonprofit organizations 32 # o 0.02
amusements 33
scrap and miscellaneous industries 34 0.04 0.39 0.01 0.11 0.03 0.02
eating and drinking places 35 0.01
new construction and maintenance 36 1.12 » ) 0.13 0.18 0.18 0.03 4.08 °

undistributed 37 0.10 0.04 0.03 2.59 0.01 0.71 0.36 0.31

inventory change (depletions) 38
foreign countries (imports from) 39 0.04 0.50 0.08 0.03 0.10

government 40 0.91 0.26 0.77 3.30 0.44 1.11 4.00 0.21

private capital formation (gross) 41

households 42 5.70 0.90 6.20 26.42 2.15 7.93 14.08 1.08

TOTAL GROSS OUTLAYS 9.95 2.29 9.86 41.66 3.17 12.81 28.86 5.10

Table 1-1 (Cont.)
8
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31 32 33 34 35 36 37 38 39 40 41 42
0.12 0.87 0.09 0.17 1.01 1.28 0.57 0.02 9.92 44.26
° 0.25 ® 0.02 3.47 » 0.42 0.88 1.80 0.73 23.03 40.30
0.03 ® 0.01 0.05 0.52 0.06 0.92 0.10 0.02 1.47 9.84
0.02 0.02 ® 0.01 0.02 ° 0.15 0.21 0.30 0.28 v 9.90 13.32
b hd 0.11 0.01 2.33 0.35 0.17 0.17 0.01 0.04 0.07 6.00
h (.20 0.20 0.08 0.03 0.05 0.57 1.46 2.89
0.06 0.03 0.68 0.06 0.17 0.31 0.04 0.15 0.06 0.34 7.90
0.03 0.17 0.01 0.01 0.03 0.68 = 0.07 0.16 0.09 1.49 6.45
0.20 0.22 hd 0.03 0.04 0.64 1.25 0.30 0.81 0.19 1.96 14.05
0.06 0.06 hd 0.01 0.01 0.62 0.36 0.06 0.68 0.18 A 2.44 13.67
0.07 hd ° ® 0.06 0.47 0.09 0.17 0.02 0.01 0.71 2.82
0.03 0.01 0.01 i 0.29 0.11 0.08 0.03 0.02 2.03 3.81
0.02 0.01 ks 0.06 1.74 0.36 0.10 0.21 0.02 0.01 0.34 4.84
® 0.15 d 1.19 1.24 0.16 0.77 0.02 0.02 18.69
0.03 0.01 0.06 0.02 3.09 1.44 0.21 0.39 0.05 0.28 095 1040
0.15 hd 0.07 0.51 2.24 0.37 1.76 0.18 5.82 1.22 15.22
0.09 ® 0.04 0.77 1.27 0.25 0.44 0.17 1.75 0.93 8.38
1.05 @ 0.07 & 0.04 0.67 0.40 1.62 0.15 2.98 3.183 14,27
® 0.01 & 0.46 .02 0.32 1.25 1.20 0.17 4.00
0.05 0.18 0.01 0.02 0.24 0.03 0.18 0.08 0.28 0.62 2.12
0.16 0.05 0.05 0.11 0.02 0.03 0.68 0.04 0.19 0.08 0.51 1.89 4.76
0.31 0.16 0.05 0.22 0.03 0.02 0.03 0.35 0.20 9.21
___0.03 0.05 hd 0.03 0.25 Q.71 0.30 0.08 0.59 0.33 0.27 2.53 9.95
# = 1.16 0.31 0.10 2.29
0.01 0.02 i 0.02 0.10 0.57 0.17 0.04 0.32 0.35 0.10 477 9.86
0.37 0.29 0.01 0.09 1.06 2.52 1.01 0.20 1.00 0.05 2.34 26,82 41.66
0.12 0.07 0.01 0.01 0.04 0.08 0.04 0.15 1.27 3.17
0.12 0.09 0.03 0.07 0.40 0.14 0.03 6.99 1281
0.71 0.40 0.18 0.39 0.08 0.22 0.80 20.29 28.86
0.12 0.02 0.10 0.06 0.13 0.42 b 0.04 0.18 5.10
0.56 0.08 0.02 0.03 0.23 0.82 1.17 0.08 0.27 8.35 14.30
0.09 0.16 5.08 8.04 13.39
0.01 0.39 0.01 0.13 2.40 2.94
I * 0.01 » 0.01 0.03 » 2.13
0.15 13,11  13.27
(.06 0.34 0.02 0.07 0.01 5.20 15.70 0.15 2849
1.13 0.91 0.22 0.59 0.43 21.60
0.40 0.02 4,43
d 0.07 0.01 1.31 1.32 9.52

0.50 0.17 0.32 0.07 1.41 0.47 2.19 0.34 0.83 3.46 0.22 31.55 63.69
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The vertical column states the inputs of each of the various goods
and services that are required for the production of metals, and the
sum of the figures in this column represents the total outlay of the
economy for the year’s production. Most of the entries in this col-
umn are self-explanatory. Thus it is no surprise to find a substantial
figure entered against the item “products of petroleum and coal”
(sector 10). The design of the table, however, gives a special mean-
ing to some of the sectors. The outlay for “‘railroad transportation”
(sector 23), for example, covers only the cost of hauling raw mate-
rials to the mills; the cost of delivering primary metal products to
their markets is borne by the industries purchasing them. Another
outlay requiring explanation is entered in the trade sector (sector
26). The figures in this sector represent the cost of distribution,
stated in terms of the trade margin. The entries against trade in the
primary metals column, therefore, cover the middleman’s markup
on the industry’s purchase; trade margins on the sale of primary
metal products are charged against the consuming industries. Taxes
paid by the industry are entered in the row labeled “government”
(sector 40), and all payments to individuals, including wages, sala-
ries, and dividends, are summed up in the row labeled “households”
(sector 42). How the output of the metals industry is distributed
among the other sectors is shown in row 14. The figures indicate
that the industry’s principal customers are other industries. “House-
holds” and “‘government” turn up as direct customers for only a
minor portion of the total output, although these two sectors are, of
course, the principal consumers of metals after they have been con-
verted into end products by other industries.

Coming out of the interior of the table to the outer row and col-
umns, the reader may soon recognize many of the familiar total fig-
ures by which we are accustomed to visualize the condition of the
economy. The total outputs at the end of each industry row, for
example, are the figures we use to measure the size or the health of
an industry. The gross national product, which is designed to state
the total of productive activity and is the most commonly cited index
for the economy as a whole, may be derived as the grand total of the
five columns grouped under the heading of “final demand,” but
with some adjustments necessary to eliminate the duplication of
transactions between the sectors represented by these columns. For
example, the total payment to households, at the far right end of row
42, includes salaries paid by government, a figure that duplicates in
part the payment of taxes by households included in the total pay-
ment to government.
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v

With this brief introduction lay economists are now qualified to turn
around and trace their way back into the table via whatever chain
of interindustry relationships engages their interest. They will not
go far before they find themselves working intuitively with the cen-
tral concept of input—output analysis. This is the idea that there is a
fundamental relationship between the volume of the output of an
industry and the size of the inputs going into it. It is obvious, for
example, that the purchases of the auto industry (column 18) from
the glass industry (row 13) in 1947 were strongly determined by the
number of motor vehicles produced that year. Closer inspection will
lead to the further realization that every single figure in the chart is
dependent upon every other. To take an extreme example, the
appropriate series of inputs will show that the auto industry’s pur-
chases of glass are dependent in part upon the demand for motor
vehicles arising out of the glass industry’s purchases from the fuel
industries.

These relationships reflect the structure of our technology. They
are expressed in input-output analysis as the ratios or coeflicients of
each input to the total output of which it becomes a part. A graph
of such ratios in Figure 1-1, computed from a table for the economy
as of 1939, shows how much had to be purchased from the steel,
glass, paint, rubber, and other industries to produce $1000 worth
of automobile that year. Since such expenditures are determined by
relatively inflexible engineering considerations or by equally inflex-
ible customs and institutional arrangements, these ratios might be
used to estimate the demand for materials induced by auto produc-
tion in other years. With a table of ratios for the economy as a whole,
it is possible in turn to calculate the secondary demand on the out-
put of the industries that supply the auto industry’s suppliers and so
on through successive outputs and inputs until the effect of the final
demand for automobiles has been traced to its last reverberation in
the farthest corner of the economy. In this fashion input-output
analysis should prove useful to the auto industry as a means for deal-
ing with cost and supply problems.

The graph of steel consumption ratios (Figure 1-2) suggests, inci-
dentally, how the input—-output matrix might be used for the con-
trasting purpose of market analysis. Since the ultimate markets for
steel are ordinarily buried in the cycle of secondary transactions
among the metal-fabricating industries, it is useful to learn from this
table how many tons of steel at the mill were needed in 1939 to
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The output of the steel industry depends heavily on what kinds of goods
are demanded in the ultimate market. This table shows the amount of steel
required to meet each $1000 of the demand for other goods in 1939. The
current demand for the top three items is responsible for the steel shortage.

satisfy each $1000 worth of demand for the products of industries
that ultimately place steel products at the disposal of the consumer,
This graph shows the impressively high ratio of the demand for steel
in the construction and consumer durable-goods industries which
led the Bureau of Labor Statistics to declare in 1945 that a flourish-
ing postwar economy would require even more steel than the peak
of the war effort. Though some industry spokesmen took a contrary
position at that time, steel production in 1951 had been exceeding
World War II peaks, and the major steel companies were then
engaged in a 16-million-ton expansion program which was started
even before the outbreak of the war in Korea and the subsequent
rearmament.

The ratios shown in Figures 1-1 and 1-2 are largely fixed by tech-
nology. Others in the complete matrix of the economy, especially in
the trade, services, and households sectors, are established by cus-
tom and other institutional factors. All, of course, are subject to
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modification by such forces as progress in technology and changes
in public taste. But whether they vary more or less rapidly over the
years, these relationships are subject to dependable measurement
at any given time.

Here we have our bridge between theory and facts in economics.
It is a bridge in a very literal sense. Action at a distance does not
happen in economics any more than it does in physics. The effect of
an event at any one point is transmitted to the rest of the economy
step by step via the chain of transactions that links the whole system
together. A table of ratios for the entire economy gives us, in as
much detail as we require, a quantitatively determined picture of
the internal structure of the system. This makes it possible to cal-
culate in detail the consequences that result from the introduction
into the system of changes suggested by the theoretical or practical
problem at hand.

In the case of a particular industry, we can easily compute the
complete table of its input requirements at any given level of out-
put, provided we know its input ratios. By the same token, with
somewhat more involved computation, we can construct syntheti-
cally a complete input-output table for the entire economy. We
need only a known “bill of final demand” to convert the table of
ratios into a table of magnitudes. The 1945 estimate of postwar steel
requirements, for example, was incidental to a study of the complete
economy based upon a bill of demand that assumed full employment
in 1950. This bill of demand was inserted into the total columns of
a table of ratios based on the year 1939. By arithmetical procedures
the ratios were then translated into dollar figures, among which was
the figure for steel, which showed a need for an absolute minimum
of 98 million ingot tons. Actual production in 1950, at the limit of
capacity, was 96.8 million tons.

\Y

Though its application is simple, the construction of an input-output
table is a highly complex and laborious operation. The first step, and
one that has little appeal to the theoretical imagination, is the gath-
ering and ordering of an immense volume of quantitative informa-
tion. Given the inevitable lag between the accumulation and the col-
lation of data for any given year, the input-output table will always
be a historical document. The first input-output tables, prepared by
the author and his associates at Harvard University in the early
1930s, were based upon 1919 and 1929 figures. The 1939 table was
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not completed until 1944. Looking to the future, a table for 1953,
which is now under consideration, could not be made available until
1957.? For practical purposes the original figures in the table must
be regarded as a base, subject to refinement and correction in
accord with subsequent trends. For example, the 1945 projection
of the 1950 economy on the basis of the 1939 table made suitable
adjustments in the coal and oil input ratios of the transportation
industries on the assumption that the trend from steam to diesel
locomotives would continue throughout the period.

The basic information for the table and its continuing revision
comes from the Bureau of the Census and other specialized statis-
tical agencies. As the industrial breakdown becomes more detailed,
however, engineering and technical information plays a more
important part in determining the data. A perfectly good way to
determine how much coke is needed to produce a ton of pig-iron,
in addition to dividing the output of the blast furnace industry into
its input of coke, is to ask an ironmaster. In principle there is no
reason why the input-output coefficients should not be entirely
derived from “below,” from engineering data on process design and
operating practice. Thus, in certain studies of the German economy
made by the Bureau of Labor Statistics following World War II, the
input structures of key industries were set up on the basis of U.S.
experience. The model of a disarmed but self-supporting Germany
developed in these studies showed a steel requirement of 11 million
ingot tons, toward which actual output is now moving. Completely
hypothetical input structures, representing industries not now oper-
ating, have been introduced into tables of the existing U.S. economy
in studies conducted by Air Force economists.

V1

This brings us to the problem of computation. Since the production
level required of each industry is ultimately dependent upon levels
in all others, it is clear that we have a problem involving simulta-
neous equations. Though the solution of such equations may involve
no very high order of mathematics, the sheer labor of computation

*In November 1964 the U.S. Department of Commerce published a preliminary version
and in September 1965 the final version of the newly compiled input-output table of the
U.S. economy for the census year 1958. It contained 86 producing and 6 final demand
sectors. In releasing these figures the Secretary of Commerce announced that in the
future up-to-date input-output tables would be published ““as an integral part of national
income and product accounts.”



16 Input-output economics

can be immense. The number of equations to be solved is always
equal to the number of sectors into which the system is divided.
Depending upon whether a specific or a general solution of the sys-
tem is desired, the volume of computation will vary as the square or
the cube of the number of sectors involved. A typical general solu-
tion of a 42-sector table for 1939 required 56 hours on the Harvard
Mark II computer. Thanks to this investment in computation, the
conversion of any stipulated bill of demand into the various indus-
trial production levels involves nothing more than simple arithme-
tic. The method cannot be used, however, in the solution of prob-
lems that call for changes in the input-output ratios, since each
change requires a whole new solution of the matrix. For the larger
number of more interesting problems that require such changes,
special solutions are the rule. However, even a special solution on a
reasonably detailed 200-sector table might require some 200,000
multiplications and a greater number of additions. For this reason it
is likely that the typical nongovernmental user will be limited to
condensed general solutions periodically computed and published
by special-purpose groups working in the field. With these the aver-
age industrial analyst will be able to enjoy many of the advantages
of the large and flexible machinery required for government analy-
ses relating to the entire economy.

A demonstration of input-output analysis applied to a typical eco-
nomic problem is presented in Figure 1-3, which shows the price
increases that would result from a general 10 percent increase in the
wage scale of industry. Here the value of the matrix distinguishing
between direct and indirect effects is of the utmost importance. If
wages constituted the only ultimate cost in the economy’, a general
10 percent rise in all money wages would obviously lead to an equal
increase in all prices. Since wages are only one cost and since labor
costs vary from industry to industry, it can be seen in the chart that
a 10 percent increase in wages would have decidedly different
effects upon various parts of the economy. The construction indus-
try shows the greatest upward price change, as it actually did in
recent decades. For each industry group the chart separates the dif-
ferent effect of increases in its own wage bill from the indirect
effects of the wage increases in other industries from which it pur-
chases its inputs. Giving effect to both direct and indirect increases,
the average increase in the cost of living is shown in the chart to be
only 3.7 percent. The 10 percent money-wage increase thus yields
a 6.3 percent increase in real wage rates. It should be noted, how-
ever, that the economic forces that bring increases in wages tend to
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The price increases that would be caused by a 10 percent increase in wages
were computed from the 1939 interindustry table. The increases include
the direct effect of the rise in each industry’s own wage bill (black bars) and
the indirect effect of price increases on purchases from others (shading).

bring increases in other costs as well. The advantage of the input-
output analysis is that it permits the disentanglement and accurate
measurement of the indirect effects. Analyses similar to this one for
wages can be carried through for profits, taxes, and other ultimate

components of prices.
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In such examples changes in the economy over periods of time are
measured by comparing before and after pictures. Each is a static
model, a cross-section in time. The next step in input-output analysis
is the development of dynamic models of the economy to bring the
approximations of the method that much closer to the actual pro-
cesses of economics. This requires accounting for stocks as well as
flows of goods, for inventories of goods in process and in finished
form, for capital equipment, for buildings, and, last but not least, for
dwellings and household stocks of durable consumer goods. The
dynamic input-output analysis requires more advanced mathemati-
cal methods; instead of ordinary linear equations it leads to systems
of linear differential equations.

Among the questions the dynamic system should make it possible
to answer, one could mention the determination of the changing
pattern of outputs and inventories or investments and capacities that
would attend a given pattern of growth in final demand projected
over a five- or ten-year period. Within such broad projections, for
example, we would be able to estimate approximately not only how
much aluminum should be produced but how much additional alu-
minum-producing capacity would be required and the rate at which
such capacity should be installed. The computational task becomes
more formidable, but it does not seem to exceed the capacity of the
latest electronic computers. Here, as in the case of the static system,
the most laborious problem is the assembly of the necessary factual
information. However, a complete set of stock or capital ratios, par-
alleling the flow ratios of all of the productive sectors of the U.S.
economy for the year 1939, has now been completed.

This table of capital ratios shows that in addition to the flow of
raw pig-iron, scrap, coal, labor, and so on, the steel works and roll-
ing mills industry—when operating to full capacity—required
$1800 of fixed investment for each $1000 worth of output. This
would include $336 worth of tools, $331 worth of iron and steel
foundry production, and so on, down to $26 worth of electrical
equipment. This means that in order to expand its capacity so as to
be able to increase its output by $1 million worth of finished prod-
ucts annually, the steel works and rolling mills industry would have
to install $336,000 worth of tools and spend corresponding amounts
on all other types of new fixed installations. This investment demand
constitutes, of course, additional input requirements for the product
of the corresponding capital goods industries, input requirements
that are automatically taken into account in the solution of an appro-
priate system of dynamic input-output equations.
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Input-output analysis
(1985)

Input-output analysis is a method of systematically quantifying the
mutual interrelationships among the various sectors of a complex
economic system. In practical terms, the economic system to which
it is applied may be as large as a nation or even the entire world
economy, or as small as the economy of a metropolitan area or even
a single enterprise.

In all instances the approach is essentlally the same. The structure
of each sector’s production process is represented by an appropri-
ately defined vector of structural coeflicients that describes in quan-
titative terms the relationship between the inputs it absorbs and the
output it produces. The interdependence among the sectors of the
given economy is described by a set of linear equations expressing
the balances between the total input and the aggregate output of
each commodity and service produced and used in the course of one
or several periods of time.

The technical structure of the entire system can accordingly be
represented concisely by the matrix of technical input-output coef-
ficients of all its sectors. It constitutes at the same time the set of
parameters on which the balance equations are based.

I. Input-output tables

An input-output table describes the flow of goods and services
between all the individual sectors of a national economy over a

This article published as the entry on “Input-Output Analysis” in the Encyclopedia of
Materials Science and Engineering, Oxford: Pergamon Press, 1985. Reprinted with per-
mission of the publishers.
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Table 2-1

Simplified input-output table for a three-sector economy

into Sector 1: Sector 2: Sector 3:

from Agriculture Manufacture Households Total Gutput
Sector 1:

Agriculture 25 20 55 100 bushels of wheat
Sector 2:

Manufacture 14 6 30 50 yards of cloth
Sector 3:

Households 80 180 40 300 man-years of labor

stated period of time, say, a year. A simplified example of an input-
output table depicting a three-sector economy is shown in Table 2-
1. The three sectors are agriculture, whose total annual output
amounts to 100 bushels of wheat; manufacture, which produced 50
yards of cloth; and households, which supplied 300 man-years of
labor. The nine (3 X 3) entries inside the main body of the table
show the intersectoral flows. Of the 100 bushels of farm products
turned out by the agriculture, 25 bushels were used up within the
agricultural sector itself, 20 were delivered to and absorbed as one
of its inputs by manufacture, and 55 were taken by the households
sector. The second and third rows of the table describe in the same
way the allocation of outputs of the two other sectors.

The figures entered in each column of the table thus describe the
input structure of the corresponding sector. To produce the 100
bushels of its total output, agriculture absorbed 25 bushels of its
own products, 14 yards of manufactured goods, and 80 man-years
of labor received from the households. The manufacturing sector to
be able to produce the 50 yards of its total output, had to receive
and use up 20 bushels of agricultural—and 6 yards of its own (i.e.,
of manufactured)—products as well as 180 man-years of labor from
households. In their turn, the households have spent the incomes—
which they have received for supplying 300 man-years of labor—
to pay for the consumption of 55 bushels of agricultural and 30
vards of manufactured commodities and 40 man-years of direct ser-
vices of labor.

All entries in Table 2-1 are supposed to represent quantities, or
at least physical indices of the quantities, of specific goods or ser-
vices. A less aggregative, more detailed input-output table describ-
ing the same national economy in terms of not 3 but of 50, 100, or
even 1000 different sectors, would permit a more specific qualita-
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tive identification of all the individual entries. In a larger table, man-
ufacturing would, for example, be represented not by one but by
many distinct industrial sectors; its output—and consequently also
the inputs of the other sectors—would be described in terms of
“yards of cotton cloth,” “tons of paper products,” or even “yards
of percale,” “yards of heavy cotton cloth,” as well as “‘tons of news-
print” and “‘tons of writing paper.”

Input-output tables and national income accounts

Although in principle the intersectoral flows as represented in an
input-output table can be thought of as being measured in physical
units, in practice most input-output tables are constructed in value
terms. Table 2-2 represents a translation of Table 2-1 into value
terms on the assumption that the price of agricultural products is $2
per bushel, the price of manufactured goods is $5 per yard, and the
price of services supplied by the household sector is $1 per man-
year. Thus the values of total outputs of the agricultural, the man-
ufacturing, and the households sectors are shown in the new trans-
lated table as being equal to, respectively, $200 (= 100 X 2), $250
(= 50 X 5) and $300 (= 300 X 1). The last row shows the com-
bined value of all outputs absorbed by each of the three sectors.
Such column totals could not have been shown in Table 2-1 since
the physical quantities of different inputs absorbed by each sector
cannot be meaningfully added.

The input-output table expressed in value terms can be inter-
preted as a system of national accounts. The $300 showing the value
of services rendered by the households over the period of the years
obviously represents the annual national income. It equals the sum

Table 2-2
Simplified input-output table expressed in value terms
into Sector 1: Sector 2: Sector 3: Total
Agriculture  Manufacture Households  Output
from (%) (%) 1)) (%
Sector 1:
Agriculture 50 40 110 200
Sector 2:
Manufacture 70 30 150 250
Sector 3:
Households 80 180 40 300

Total Input ($) 220 250 300
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total of the income payments—shown in row 3—received by the
households for services rendered to each sector; it also equals the
combined value of goods and services—as shown in column 3—
purchased by the households from themselves and from the other
sectors. To the extent to which the column entries (showing the
input structure of each productive sector) cover the current expen-
ditures but not purchases made on capital account, the latter—
being paid out of the net income~—should be entered in the house-
holds column.

All figures in Table 2-2-—except the column sums shown in the
bottom row—can also be interpreted as representing physical quan-
tities of the goods or services to which they refer. This only requires
that the physical unit in which the entries in each row are measured
be redefined as being equal to that amount of output of that partic-
ular sector that can be purchased for $1 at prices that prevailed dur-
ing the interval of time for which the table was constructed.

National input-output tables are now constructed in some 80
countries. Many regional and metropolitan input-output tables have
also been compiled. The number of sectors that describe the eco-
nomic system has increased dramatically in recent years. Some of
the more detailed tables describe a national economy in terms of
500 or 600 separate sectors.

II. Technical coefficients

Let the national economy be subdivided into n + 1 sectors; n indus-
tries, that is, producing sectors and the n + 1* final demand sector,
represented in input-output Tables 2-1 and 2-2 by the households.
For purposes of mathematical manipulation, the physical output of
sector i is usually represented by x; while the symbol x;, stands for
the amount of the product of sector i absorbed—as its input—Dby
sector j. The quantity of the product of sector i delivered to the final
demand sector x;,,, is usually identified in short as y,.

The quantity of the output of sector i absorbed by sector j per unit
of its total output j is described by the symbol a; and is called the
input coefficient of product of sector i into sector j.

=

(2-1) ay ==

X

A complete set of the input coefficients of all sectors of a given econ-

omy arranged in the form of a rectangular table—corresponding to
the input-output table of the same economy—is called the struc-
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Table 2-3
Simplified structural coeflicient matrix of three-sector
economy
into Sector 1: Sector 2: Sector 3:
Jrom Agriculture Manufacture Households
Sector 1:
Agriculture 0.25 0.40 0.133
Sector 2:
Manufacture 0.14 0.12 0.100
Sector 3:
Households 0.80 3.60 0.133

tural matrix of that economy. Table 2-3 represents the structural
matrix of the economy whose flow matrix is shown on Table 2-1. The
flow matrix constitutes the usual—although not necessarily the only
possible—source of empirical information in the input structure of
the various sectors of an economy. The entries in Table 2-3 are com-
puted according to formula (2-1) from figures presented in Table
2-2:

(2-1) ay, = TQ% = (.25 ay; = -.523_3 = (.40 ete.

In practice the structural matrices are usually computed from input-
output tables described in value terms, such as Table 2-2. In any
case, the input coefficients—for analytical purposes described
below—must be interpreted as ratios of two quantities measured in
physical units. To emphasize this fact, we derived the structural
matrix (Table 2-3) in this example from Table 2-1, not Table 2-2.

Static input-output system

The balance between the total output and the combined inputs of
the product of each sector, as shown in our example in Tables 2-1
and 2-2, can be described by the following set of n equations:

(xy — x11) —%Xiz T .. X1 = Yy
(2_2) — X9 + (x2 - x22) e e —Xop = y2
Xt T Xng e + (xn - xﬂn) = yn

A substitution of equations (2-1) in (2-2) yields n general equilib-
rium relationships between the total outputs, x,, x,, . . . x,, of all pro-
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ducing sectors and the final bill of goods, y,, ys, . . . y,, absorbed by
households, government, and other final users:

(1 — ay)x, T QpgXy T .. 81X, = Y
(2_3) —~agx; + (1 - 022>x2 e — QyXy, = Yy
_an]xl - an2x2 T e + (1 - ann)xn = yn

If the final demand, y,, s, . . . , y., that is, the quantities of all the

different kinds of goods absorbed by households and all other sec-
tors whose outputs are not represented by the variables appearing
on the left-hand side of equation (2-3), are assumed to be given, the
system can be solved for the n total outputs, x,, x,, . . ., x,.

The general solution of these equilibrium equations for the
“unknown”” «’s in terms of the given y’s can be presented in the
following form:

x=Any +Apy, + ...+ ALy,

(2-4) X = Anys + Apyy + ..+ Ay

X, = Auyy T Ay + ...+ ALy,
The constant A, indicates by how much the output x; of the ith sec-
tor would increase if y;, that is, the quantity of good j absorbed by
households (or any other final users), had been increased by one
unit. Such an increase would affect sector i directly (and also indi-
rectly) if i = j, but when i # j the output «x; is affected only indi-
rectly, since sector i has to provide additional inputs to all other sec-
tors which in their turn—directly or indirectly—must contribute to
the increase in the delivery y; made by sector j to the final users.
From the computational point of view, that means that the magni-
tude of each coefficient A in the “solution” (2-4) in general depends
on all the input coefficients a appearing on the left-hand side of the
system of equilibrium equations (2-3).
In mathematical language, the matrix

AnAgp .. Ay,
A21A22 LR AZn
AnlAnZ e Ann

of constants appearing on the right-hand side of the solution (2-4) is
identified as the inverse of the matrix

(1 — ay) —dig ... —d,
T ly (] - azz) . —Qy,

Uy Ty .. (1 - aun) ~
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of constants appearing on the left-hand side of equations (2-3). The
computation involved in finding such a solution is called the inver-
sion of the coeflicient matrix of these original equations. The inverse
of the matrix

{(1 — 0.25) —0.40 J
—-0.14 (1-0.12)

based on Table 2-3 is

1.457 0.6623
0.2318 1.2417

Inserted in solution (2-4), this yields two equations:

(2-5) x; = 1.457y, + 0.6623y,
x, = 0.2318y, + 1.2417y,

which permits us to determine what total outputs of agricultural and
manufacturing sectors, x; and x,, would correspond to any given
combination and the deliveries of their respective products, y, and
ys, to the exogenous sector, households. To verify this result by
comparing them with the corresponding entries in Table 2-1, set
y, = 55 and y, = 30 on the right-hand sides of the two equations,
and they will yield x;, = 100 and x, = 50 on the left.

Only if all elements A; of the inverted matrix are nonnegative will
there necessarily exist for any given set of final deliveries, y,,
Y3, - - - » Yn» @ combination of positive total outputs, x, x5, . . . , x,,
capable of satisfying it. A sufficient condition for this is that the
determinant of the matrix,

dyp Qg ... Oy
gy Qg ... g,
- Ay Qpy e [

and of all its principal submatrices,

ay Gz ... Ay,
( ) Ay Qg ... dy,
1 —a - )
1—a,,>0{ " 1 Bi>0... : >0
—ay (1-— azz) . . .
T a“l a’ul A ann o

should be positive. If this so-called Hawkins-Simon condition is sat-
isfied for one arbitrarily numbered sequence of sectors, it is neces-
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sarily satisfied for any other sequence too. The material interpreta-
tion of that condition is that if an economic system in which each
sector functions by absorbing output of other sectors directly and
indirectly is to be able not only to sustain itself but also to make
positive delivery to final demand, each one of the smaller and
smaller subsystems contained in it must necessarily be capable of
doing so too. If even one of them cannot pass that test, it is bound
to cause a leak that will destroy the sustainability of the entire
system.

A simpler sufficient, but not necessary, condition of sustainability
of an economy is that the sum of the coeflicients of each column of
its structural matrix should be less than or equal to 1, with at least
one of the column sums strictly less than 1.

In most cases in which the structural matrix of a national economy
has been derived from a set of actually observed value flows such as
are represented, for example, in Table 2-2, the condition stated
above will be satisfied.

Since in an open input-output system the households are usually
treated as a final, that is, an exogenous sector, its total output, x,.,
that is, the total employment, usually does not appear as an
unknown variable on the left-hand side of system (2-3) and on the
right-hand side of its solution (2-4). After the outputs of the endog-
enous sectors, x;, %, ... , %, have been determined, the total
employment can be computed from the following equation:

(2'6> Tt = Quyr1aX1 +F GupyoXe + 000 F Qi T Yuns

The technical coefficients, a,,,,, @119, . - . , @ui10 represent the
inputs of labor absorbed by various industries (sectors) per unit of
their respective output; y,,, is the total amount of labor directly
absorbed by households and other exogenous sectors. Such an
employment equation constructed for the three sector system with
the structural matrix shown in Table 2-3 is:

(2‘7) X3 = O.80x1 + 3.60x2 + Ys

Households must not necessarily be considered to be part of the
exogenous sectors as they are in the example used above. In dealing
with problems of income generation in its relation to employment,
the quantities of consumer goods and services absorbed by house-
holds can be considered to be structurally dependent on the total
level of employment in the same way as the quantities of coke and
ore absorbed by blast furnaces are considered to be structurally
related to the amount of pig iron produced by them. With house-
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holds shifted to the left-hand side of equations (2-2) and (2-4), the
exogenous final demand appearing on their right-hand side will
comprise only such items as governmental purchases and exports
and, in any case, additions to or reductions in stocks of goods, that
is, real investment or disinvestment.

When all sectors and all purchases are considered to be endoge-
nous, the input-output system is called closed. A static system can-
not be truly closed, since endogenous explanation of investment or
disinvestment requires consideration of structural relationships
between inputs and outputs that occur in different periods of time
(see “Dynamic Input-Output Analysis,” below).

Exports and imports

In an input-output table of a country or region that trades across its
borders, exports can be entered as positive and imports as negative
components of final demand. If the economy described in Table 2-
1 ceased to be self-sufficient and started to import, say, 20 bushels
of wheat and to export 8 yards of cloth—while letting the house-
holds consume the same amounts of both products as before—a new
balance between all inputs and outputs would be established, as
described in Table 2-4.

The input coeflicients of the endogenous sectors, and conse-
quently also the structural matrix of the system and its inverse,
remain the same as before. To form the new column of final demand,
we have to add to the quantity of each good absorbed by the house-
holds the amount that was exported and subtract the amount that
was imported (i.e., imports can be treated as negative exports):

(2-8) yi=x . ,41te, Y=x.,410t 6. .. Yo = Xy T €,

Table 2-4

Final demand

Exports (+) Total

into  Sector 1: Sector 2: Sector 3:  or Imports  Final
from Agriculture Manufacture Households (—=) Demand Total Output
Sector 1:
Agriculture 19.04 22.12 55 —-20 35 76.16 bushels
Sector 2:
Manufacture 10.66 6.64 30 +8 38 55.30 yards
Sector 3:

Households 60.93 199.07 40 40 300 man-years
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The corresponding sectoral outputs can then be derived (see
above) from the general solution (2-4). For the present numerical
example, we can use directly equations (2-5). The total labor
requirement of the economy—300 man-years—remains in this par-
ticular case unchanged after it enters foreign trade, because the
total direct plus indirect labor content of the 20 bushels of imported
wheat happens to be equal to the labor content of the 8 yards of
exported cloth.

If the imports of good i—that is, the negative e—happens to
exceed the final domestic consumption of that good x,, the corre-
sponding “‘net” final demand y, will turn out to be negative. As y,
diminishes, the total output of all sectors and in particular the total
output x; must (ceteris paribus) diminish. At some point, that output
will be reduced to zero, which means that the entire direct and indi-
rect demand for that particular commodity will be covered by
imports. The corresponding domestic industry will be automatically
eliminated from the endogenous part of the input-output table. The
imports of such goods are called noncompeting, particularly
when—as in the case of coffee and certain minerals—even a large
increase in demand does not call forth their domestic production.
The magnitude of total domestic demand for noncompeting imports
can be computed in the same way as the total demand for labor can
be derived from equation (2-6).

Prices in an open static input-output system

Prices are determined in an open input-output system from a set of
equations which states that the price that each productive sector of
the economy receives per unit of its output must equal the total out-
lays incurred in the course of its production. These outlays comprise
not only payments for inputs purchased from the same and from the
other industies but also the value added, which essentially repre-
sents payments made to the exogenous sectors:

(2-9) (1 —an)m APz — ... T AuPe = U
—appr + (1 — agp,— ... = P, = U,
= Q1P T QgpPy T e - + (1 - aml) Pn = 0,

Each equation describes the balance between the price received
and payments made by each endogenous sector per unit of its prod-
uct; p; represents the payments made by sector i—per unit of its
product—to all exogenous (i.e., the final demand) sectors. These
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usually comprise wages, interest on capital and entrepreneurial rev-
enues credited to households, taxes paid to the government, and
other final demand sectors.

In analogy to the solution (2-4) of output equations (2-3), the solu-
tion of the price equation (2-9) permits the determination of prices
of all products from the given values added (per unit of output) in
each sector:

(2"10) P = A“'Ul + Aglvg + ...+ A"IU"
Pa = AIZUI + Aggvg + ...+ AnZDn

P = Ao, + Agvs + ..+ A0,
The constant A; measures the dependence of the price p; of the
product of sector j on the value added, v, earned per unit of its out-
put in sector i.

Each row of the a; coeflicients appearing in the output equations
(2-3) makes up the corresponding column of coefficients appearing
in price equations (2-9); the A, coeflicients appearing in each row
of the output solution equations (2-4) make up the corresponding
coeflicient column in the price solution equations (2-10).

Thus, inserting the inverse computed in the example used above
in solution (2-10) of the price equation, we have:

(2-11) P
P2

1.457v, + 0.23180,
0.662301 + 1241702

I

From Tables 2-2 and 2-3 we can see that in our example the values
added paid out (i.e., the wages) by agriculture and in manufacture
per unit at their respective outputs amounted to $0.8 and $3.6.
According to the two equations above, this yields p, = $2, p, = $5,
which are the prices of agricultural and manufactured products used
in deriving the value figures presented in Table 2-2 from Table 2-1,
which described the input-output flows only in physical units.

The internal consistency of the price and the quantity relation-
ships within an open input-output system is confirmed by the fol-
lowing identity derived from equations (2-4) and (2-9):

(2-12) X0t Xy + L X, =y R yepe + L oy,

On the left-hand side stands the sum total of value added paid out
by the endogenous to the exogenous sectors of the system; on the
right-hand side are the combined values (quantities times prices) of
their respective products delivered by all endogenous sectors to the
final (exogenous) demand. This identity confirms, in other words,
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the accounting identity between the national income received and
the national income spent, as shown in Table 2-2.

For the purposes of more detailed price analysis, the technical
“cooking recipe” for producing, say, one ton of bread not only has
to specify the requisite amounts of current inputs such as flour, milk,
and yeast, but also has to list needed pots and pans and other kinds
of capital goods required for that purpose. Thus the matrix A of
technical flow coeflicients has to be supplemented by a correspond-
ing matrix of capital stock coeflicients, B:

bll blZ L bln
B b.21 b?z c b?,l
by b ... b,

A capital coefficient b, represents the technologically determined
stock of the particular kind of goods—machine tools, industrial
buildings, “‘working inventories’ of primary or intermediate mate-
rials—produced by industry i that industry j has to employ per unit
of its output. In other words, each column of matrix B describes the
physical capital requirements (per unit of its total output) of a par-
ticular industry, in the same way that the corresponding column of
matrix A describes its ““current inputs” requirements.

The price analysis outlined above can be advanced one step fur-
ther by splitting each of the values added, appearing on the right-
hand side of each equation in (2-9), into two parts: the returns on
capital invested in buildings, machinery, and other stocks of goods
required for production of the output in question on the one hand,
and wages on the other. The return on capital can be represented
as the value (price times quantity) of all productive stocks (used per
unit of its output) in each industry multiplied by the given rate of
return.

The relationship between wage rates, the rate of return on capital
(i.e., the “price” of capital), and the price of different goods and
services takes on the following form:

(2-13) P=(1—A~rB)'W

where W is a column vector of wage costs paid by different indus-
tries per unit of their respective outputs.

Insertion in equation (2-13) of the numerical values of the flow
coeflicient matrix A’ as given in Table 2-3 and of capital coefficient
matrix B as given above and inverting the bracketed expression on
the right-hand side yields an explicit solution of that equation for
various values of the rate of return on capital, r. For instance,
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ifr =10% ifr = 20%
p; = 1.55w + 0.26w, ™ 1.65w + 0.30w,
D2 0.76w, + 1.34w, Do 0.87w + 1.45w,

i
I

The magnitudes of all numerical parameters increase as the value
of r is raised from 10 to 20 percent. That means that, with given
wage costs w, and w,, a rise in the rate of return, that is, in the costs
of capital, must obviously result in higher prices p, and p,. With
higher prices, the purchasing power of money wages (i.e., the real
wages) must necessarily fall.

III. Dynamic input-output analysis

The following set of linear difference equations represents dynamic
input-output relationships employed in description and analysis of
the process of economic growth.

(2-14) X(t) — AX(8) — BIX(t + 1) — X(8)] = Y(t)

The column vectors X(t) and X(¢ + 1) represent the output levels of
different industries in time periods ¢ and ¢ + 1, while the column
vector Y(t) represents the amounts of various goods and services
delivered in year t by these producing sectors to households and
other final users. A is the matrix of input coefficients referred to
above, while B is the matrix of capital coefficients described above.

The balance relationship described by equation (2-14) is based on
the assumption that a good added to the capital stock in year ¢ is put
to use in the year t + 1.

In a closed version of this dynamic system, the final demand sec-
tors are treated as if they were absorbing, like ordinary industries,
inputs originating in other sectors and producing outputs—for
instance, labor services—that they, in turn, deliver to other sectors.
The flow and the capital coeflicients reflecting the structure of
households, government, and other final demand sectors appear in
a closed input-output model on the left-hand side of the dynamic
balance equation, side by side with all other industries, so that the
column vector Y(t) becomes zero on the right-hand side, its contents
having been transferred to the left-hand side.

By setting the determinant of the characteristic matrix |1 — A —
B| of the resulting homogeneous system of linear difference equa-
tions equal to zero, we can determine the values of its n character-
istic roots, Ajy, Ay, . . ., A,. By the so-called Frobenius theorem, the
largest of these roots is necessarily simple and positive, and so are
all elements of its characteristic vector.

The reciprocal of that root, 1/, represents the rate at which the
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closed economy described by dynamic equations will expand, while
the relative magnitudes of the elements of the characteristic vector
corresponding to that root represent the relative levels of sectoral
outputs (including the output of labor produced by households) that
have to expand evenly from year to year.

The set of difference equations stating the price relationships cor-
responding to the physical relationships, described by equation (2-
14), has to include, among other cost elements, interest payments
on the stock of capital invested in each industry. The “real” rate of
interest, that is, the money rate adjusted for the change in the gen-
eral price level, turns out to be equal to 1/A,,,, the growth rate of
the economy.

The economy described in the following numerical example has
the flow matrix shown in Table 2-2. The capital requirements of its
three sectors are represented by the following matrix of capital
coeflicients:

0.35 0.05 0.105
B= | 0.01 0515 0.32
0 0 0

The right-hand column of coeflicients describing the capital struc-
ture of a household refers to stocks of agricultural products normally
held in family larders and textile products stored in linen closets.

Unlike agricultural and manufactured goods produced by the first
two sectors, labor services supplied by the third cannot be stored
and consequently cannot, according to the definitions used, be part
of any capital structure. The bottom row of a B matrix therefore con-
tains only zeros, which means that the matrix B is singular and can-
not be inverted.

With only two industries contributing to capital formation, equa-
tion (2-14) can be transformed (by expressing the magnitude of the
third variable in terms of the other two through the use of the third
equation) into a system containing only two linear difference equa-
tions of the same general form. Its two roots are those of the original
system. In the present example they are found to be 0.39252 and
24.981.

The corresponding eigenvectors of the original three-equation
system are

0.26388 —0.041998
0.1821 and 0.25007
1.0 1.00
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The reciprocal of the larger of the two roots is 1/24.981 =
0.04003. That means that the economy as a whole, that is, all its
three sectors, can expand at a rate of 4 percent per annum and that
the relative level of their outputs will be proportional year after
year to the relative magnitude of the three elements of a character-
istic vector corresponding to that root.

The potential growth rate computed on the basis of the reciprocal
of the much smaller second root would be much higher. However,
since some of the elements of the corresponding characteristic vec-
tor have different signs, the output of some sectors would have to
become negative with the passage of time, which of course is phys-
ically impossible.

Tests based on empirically observed sets of flow and capital coef-
ficients have shown that in both the U.S. and the Japanese econo-
mies the relative levels of outputs of different sectors do not deviate
very much from those computed on the basis of the corresponding
closed dynamic models. Nevertheless, for the purposes of most
practical applications, the closed version of the dynamic model has
proved to be too deterministic and too rigid; the input-output anal-
ysis is usually conducted in terms of the open version of the dynamic
model described by equation (2-14). The final bill of goods Y(#) of
successive years is treated in this case as given, that is, prescribed
or projected on the basis of some exogenous information or assump-
tion. Then the vector X(0) describes the total output level of all pro-
ducing sectors in the base year 0. The levels of output for subse-
quent years can be determined by a recursive computation based on
rewriting equation (2-14) in the following form:

(2-15) X(1) = BY(1 — A + B)X(0) — Y(0)]

The following simple example of an open dynamic input-output
model is based on information contained in the coeflicient matrices
A and B used in the example of a closed model above. Since in the
present case the vector of final demand is considered as given, the
structural relation, if it exists at all, between the output and the
input of households is considered to be unknown; only the feedback
relationships between the agricultural and the manufacturing sec-
tors have to be taken into account. Accordingly, what might be
called the dynamic core of the system to be solved is reduced to only
two equations. After insertion of the appropriately reduced matrices
A and B into equation (2-15), starting with the given X(0) and using
in the successive rounds of computation the externally determined
vectors of final demand, Y(0), Y(1) and so on, one can compute, step
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Table 2-5

Simplified example of solution of an open dynamic input-output model

Final Total

demand output Investment Employment
Sector Sector Sector Sector Sector 3
Year 1 2 1 2 1 2 1 2 (Households) Total
0 55 30 115 60 7.3 6.7 92 216 11 319
1 57.7 31.5 134 73 13.6 13.7 107 261 12 380
2 60.6 333 169 99 268 299 135 355 12 502

by step, the levels of output (and investment) of both industries for
all the years. The corresponding employment levels are determined
by a separate subsidiary computation using labor input coeflicients
taken from Table 2-2. Some results are shown in Table 2-5.

IV. Technological change

Since the technological structure of each sector of the economy is
represented by a column vector of input coefficients and the corre-
sponding column vector of capital coeflicients, technological change
can be described concisely as a change in the magnitudes of the ele-
ments of these vectors. Introduction of new commodities or indus-
tries is represented through introduction of new and disappearance
of old commodities (or industries) through elimination of old vectors
from the structural matrix of the economy in question.

The choice between two (or more) alternative processes that
might be available for production of a particular good or service
must obviously be based on a comparison of the effects of a hypo-
thetical shift from one technology to another. For instance, a shift
from coal-generated to atomic energy would affect the cost of pro-
duction, prices, and the level of output and input of goods directly
or indirectly. To determine these effects, several input-output com-
putations have to be carried out, each based on the introduction into
the flow (A) and into the capital (B) matrix of the economy in ques-
tion of coefficient vectors characterizing the alternative technolo-
gies available for the industries in question. In the case where the
choice of appropriate technology can be based on maximizing or
minimizing an explicitly defined function of some variable—such as
the aggregate input requirements for labor or specific natural
resources, investment requirements, or the cost of production of
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various goods (whose magnitudes can be determined by means of
appropriate input-output computations)—it can be formalized and
carried out with the help of an appropriate linear programming
algorithm. George D. Dantzig, the inventor of the well-known Sim-
plex method of linear programming, actually developed it first as a
means of automating input-output computations involving sequen-
tial substitution of alternative column vectors into square input-out-
put coeflicient matrices.

V. The scenario approach

Practical application of input-output analysis often takes the form of
comparisons of the implications—described in terms of complete
projected input-output tables—of several alternative scenarios,
each based on a different set of assumptions concerning the level
and composition of the final demand, changes in the magnitudes of
input coefficients incorporated into various column vectors of the
flow and capital coefficient matrices, or a combination of both.

Shortly before the end of World War 1II, President Franklin D.
Roosevelt asked the U.S. Labor Department to assess the probable
effect on the American economy of the impending transition from
wartime to a peacetime footing. A static input-output model was
constructed on the basis of a matrix of structural input coefficients
derived from the 1939 input-output table of the American econ-
omy, the first such table compiled in the United States under gov-
ernment auspices. A comparison of the output and unemployment
levels attained in all industries under war conditions, with the hypo-
thetical output and employment level computed on the assumption
that a vector of final demand representing normal civilian consump-
tion would be substituted for the vector of final delivery dominated
by military goods, provided a detailed and internally consistent
answer to the question raised. To the great surprise of experts who
predicted a slump in steel—conventionally considered to be a “‘war
industry”’—these input-output computations led to the conclusion
that a substitution of a normal peacetime vector for the wartime vec-
tor of final demand would lead to a sharp rise in output and employ-
ment level in the steel sector. Subsequent development demon-
strated that this conclusion was indeed correct.

Many, if not most, studies aimed at assessment of future energy
demand and the effects of shift from oil to coal or to atomic power
involved the use of supply and demand “elasticities’” derived by
means of simple or multiple correlation analyses applied to time
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series describing past changes in energy input, energy prices, and
prices of other goods. The contribution of an input-output approach
to a consideration of the energy problem consisted, on the other
hand, in the construction of several alternative scenarios, each
involving a different combination of input-output vectors describing
the technical structures of various methods of producing and using
energy.

Such computations have shown, for instance, that while alcohol
distilled from grain does indeed improve the energy balance of Bra-
zil, it would not do so in the United States. Taking into account the
amounts of energy absorbed directly and indirectly in operating
agricultural machinery and producing chemical fertilizer in the
United States, one finds that more than one thermal unit would be
used up to supply one unit in the form of alcohol. A similar com-
putation based on the Brazilian input-output table yields an oppo-
site result.

In this connection it must be pointed out again that such compu-
tations necessarily take into account the entire input-output struc-
ture of the economy in question, including also that of its foreign
trade.

The first practical application of the input-output method to sys-
tematic study of materials flow was carried out at the end of World
War II in the United States by Western Electric Company. Next to
copper, lead was one of the principal materials used at that time to
manufacture electric cable. Anticipating a rapid rise in demand for
its own products, as well as the products of many other industries
depending on supply of that material, the management of that com-
pany carried out an input-output projection of production and con-
sumption a few years ahead and came to the conclusion that short-
ages were bound to develop. On the basis of that finding, Western
Electric initiated a crash research program aimed at substituting
lead with a suitable plastic material in cable manufacture.

A recent application of the input-output methodology to system-
atic study of materials use can be found in The Future of Non-Fuel
Minerals in the U.S. and World Economy (see bibliography at the end
of this chapter). It is based on a modified input-output model of the
American economy imbedded into the previously constructed mul-
tiregional input-output model of the world economy. The core of
the structural matrix consists of the official U.S. input matrix with
the 5 of its 106 sectors which depict production of nonferrous min-
erals expanded to 36 sectors describing production and consump-
tion of 26 nonfuel metallic and nonmetallic minerals. Mine output
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supplemented by product output resulting from other mining oper-
ations and reprocessing of scrap is described in the matrix of tech-
nical coefficients in great detail.

The system of 321 equations containing 328 variables describing
the balance between the total supply including imports, and the
total use including exports, of various goods, among them all non-
ferrous metals in different forms, as well as the generation and elim-
ination of major pollutants and allocation of labor, is presented in a
schematic form below.

The system is described by the following set of equations:

(2-16) (I—A) - 4f + 149 = pf
(2-17) ~B. - ¢’ + (I+C) - ¢¥ + G- qf = pf
(2-18) L. - qf —1-qY = plf
(2-19) M g+ N - gf + H - qf = pf
(2-20) D, - gf S

Equation (2-16) states that the gross domestic output of each com-
modity plus imports minus intermediate consumption must satisfy
final demand. Similarly, equation (2-17) states that the domestic
output of minerals (own industry plus byproduct) plus competitive
imports minus intermediate consumption must equal final demand
for minerals. Equation (2-18) states that the level of imports for each
commodity is equal to a specified fraction of domestic (own indus-
try) output. Equation (2-19) states the same proposition for non-
competitive minerals (primary and scrap). Equation (2-20) states
that the sum of each industry’s value added, labor inputs, and emis-
sions “output” equals the respective total for the economy as a
whole. As explained previously, noncompetitive imports are goods
used to satisfy intermediate or final demand for which there is no
corresponding domestic producing sector.

A solution vector has the following form:

[ g = 2106 X 1 vector of commodity output levels in time r
gy = a 36 X 1 vector of mineral and scrap output levels in
time ¢
Q= < ¢¥ = al106 X 1 vector of commodity imports ievels in time #
¥ = a 39 X 1 vector of mineral and scrap import levels in
time ¢

L

a 34 X 1 vector of value added, labor requirements,
energy consumption, pollution emission and new scrap

generation levels in time ¢
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and:

p{’ = a 106 X 1 vector of final demand components minus
imports for 106 commodities valued in dollars for
time ¢

py =a 36 X 1 vector of final demand components minus

imports for 36 mineral commodities in physical units
J for time ¢

PV = p¥ = a 106 X 1 null vector
p¥ = a 39 X 1 vector with zeros everywhere except in rows

253, 254, 265, and 288, whose elements give final
demand minus import levels for noncompetitive
imports in time ¢

a 34 X 1 null vector

L pY
The symbols used in equations (2-16) through (2-20) follow:

A,  acommodity-by-commodity-matrix of input-output coefficients (106
X 106) whose elements a{f! give dollar amounts of input i required
to produce one dollar’s worth of output j (valued in base year prices).

0 a null matrix or vector.

I an identity matrix.

—B. an input-output coefficient matrix (36 X 106) whose elements b’
give the physical amount of mineral (primary or scrap) input 4
required to produce one dollar’s worth of output j (only minerals
produced in the United States are included in this submatrix).

C, adiagonal byproduct coefficients matrix (36 X 36) whose elements
c give the physical amount of each mineral (primary or scrap) pro-
duced as a byproduct per physical unit of its own-industry output.

G.  astep-diagonal matrix (36 X 40) whose nonzero elements g = 1.

L.  a diagonal import coeflicient matrix (106 X 106) whose elements
Ii’ give the dollar amount of imports per dollar’s worth of j (i = j).

M,  a matrix (39 X 106) whose only nonzero elements appear in IEA-
USMIN rows 253, 254, 265, and 288; the elements of these four
rows, m{’, give the physical or dollar amount of noncompetitive
import i per dollar’s worth of output j(i = j).

N,  a step-diagonal matrix (39 X 36) whose nonzero elements nff give
the physical amount of mineral (primary or scrap) i imported per
physical unit of mineral j’s own-industry output (i = j).

H,  a diagonal matrix (39 X 39) whose nonzero elements A = —1,
except in rows 253, 254, and 288, where h{ = 1.
D,  amatrix (34 X 106) whose elements d; give the amounts in dollars

or physical units of value added, labor, energy, pollution emissions,
and new scrap associated with a dollar’s worth of output of commod-

ity j.
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Such a system of equations was solved (to check its internal con-
sistency) for the base year 1972 and for the years 1980, 1990, 2000,
and 2030. Systematic projections of future changes in all sets of
technological coefficients, particularly those reflecting efficient
methods of extraction and refining and substitution between differ-
ent materials were the most demanding part of that task. The esti-
mates of future changes in the exports and imports (that enter into
the system as vectors of exogenously determined variables) were
obtained by incorporating the system into the multiregional input-
output analysis of the world economy constructed for the United
Nations several years earlier.

Alternative projections were computed, based on 11 different
scenarios. Each of these represented a different combination of spe-
cific assumptions concerning the dependence of the U.S. economy
on imports of nonferrous metals and future rates of technological
change. Final conclusions were summarized in the form of separate
observations on the present and expected future supply and demand
for each nonferrous mineral on the domestic U.S. and international
markets.

One of the most ambitious applications of the input-output
approach was the construction of a multiregional, multisectoral,
dynamic input-output model of the entire world economy referred
to above. That model was employed in the preparation of long-run
projections based on alternative scenarios of prospective develop-
ments of the economic relationship between the developed and less
developed regions. It also provided the basis for long-run projec-
tions of the economic growth (or decline as the case may be) of the
various regions under alternative assumptions concerning popula-
tion growth, technical change—particularly in the field of agricul-
ture and energy production—and in the uncertain supply of various
natural resources.
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An alternative to aggregation
in input-output analysis and
national accounts

(1967)

|

The schematic uniformity of standard input-output computations
accounts for certain practical advantages of that approach as well as
for some of its peculiar limitations. One of the principal advantages
of such uniformity is the opportunity it offers for using the matrix of
technical coefficients, A, as a central storage bin for the basic factual
information used again and again in various computations.

A comparison of the structural properties of two economies—or
of the structural characteristics of the same economy at two differ-
ent points of time—is reduced in this context to a comparison of two
A matrices. The only (and admittedly very serious) difficulty arising
in any attempt to ascertain the differences and similarities between
the magnitudes of individual technical coefficients—or of the whole
rows, or entire columns of such coefficients—in two matrices is
often caused by the incomparability of the sectoral breakdown in
terms of which the two tables were originally compiled.

These differences might turn out to be of a merely terminological
or classificatory kind. This means that, in principle at least, with full
access to all the basic facts and figures, new matrices could be con-
structed that would describe the two essentially comparable eco-
nomic structures in appropriately comparable terms.

The lack of perfect correspondence between the sectoral head-

From The Review of Economics and Statistics 49 (3), August 1967.

I want to express my thanks to the staff of the Harvard Economic Research Project and
particularly to Brooks Byrd for the indispensable assistance in the preparation of the
material presented in this paper. Frankly, the responsibility for the minor errors that
might have crept into it rests with them.
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ings of two input-output tables might, however, frequently reflect
the presence in one of the two economies of some goods or services
that are neither produced nor consumed in the other. In this
instance, reclassification will not help. In the extreme, albeit most
unlikely, case in which the two economies have no goods or services
in common, the very thought of structural comparison would have
to be given up.

More often, when all the justifiable preliminary realignments of
the original classifications have been made, the two matrices will
turn out to have some reasonably comparable sectors, while some
of the other sectors contained in one of them will have no matching
counterparts in the other. Even when such incomparability is known
to be caused only by differences in the commodity and industry clas-
sifications used, the figures centered in those rows and columns
must be treated as describing structures of incomparable kinds.

In current statistical practice, the solution of the difficulties
described above is sought in aggregation. The difference between
copper and nickel vanishes as soon as both are treated as “‘nonfer-
rous metals,” and both become indistinguishable from steel as soon
as the qualifying specification “‘nonferrous” has been dropped too.
The fact that comparability through aggregation is secured at the
cost of analytical sharpness in the description of the underlying
structural relationships is too well known to require explanation.

The method of double inversion described below permits us to
reduce to a common denominator two input-output matrices that
contain some comparable and also some incomparable sectors. In
contrast to conventional aggregation, such analytical reduction is
achieved without distortion of any of the basic structural relation-
ships. The comparability of input-output tables attained through
double inversion is limited in the sense that their respective struc-
tures are described only in terms of input-output relationships
between goods and services of directly comparable kinds. It is,
nevertheless, an overall comparability to the extent that all the
structural characteristics of each of the two systems, including the
magnitudes of the technical coefficients located in the “incompara-
ble”” rows and columns, are taken into account fully without omis-
sion or distortion.

I

To facilitate the intuitive understanding of the transformation that
leads to the construction of what might be called a reduced input-
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output matrix of a national economy, we will ask the reader to visu-
alize a situation in which—for trading purposes—all industries of a
country have been divided into two groups. The industries belong-
ing to group I are identified as ““contracting,” and those in group II
as “‘subcontracting”’ industries.

Each contracting (group I) industry covers its direct input
requirements for the products of other group I industries by direct
purchases, and each group II industry makes direct purchases from
other group Il industries. However, the products of group II indus-
tries delivered to group I industries are manufactured on the basis
of special work contracts. Under such a contract, the group I indus-
try placing an order with a group II industry provides the latter with
the products of all group I industries (including its own), in amounts
required to fill that particular order. To be able to do so, it purchases
all these goods—from the group I industries that make them—on
its own account. The relationship between a contracting (group 1)
and a subcontracting (group II) industry is thus analogous to the
relationship between a customer who buys the cloth himself and the
tailor who makes it up for him into a suit.

In determining the amounts of goods and services that he will
have to purchase from his own and all the other group I industries,
the procurement officer of each group I industry will have to add to
the immediate input requirements of his own sector the amounts to
be processed for it—under contract—Dby various group II indus-
tries. For all practical purposes, such augmented shopping lists now
constitute the effective input vectors of all the group I industries.

The square array of n, such column vectors—each containing n,
elements (some of which may, of course, be zero)-—represents the
reduced table of input coefficients that we seek. It describes the
same system as the original table; however, it describes it only in
terms of goods and services produced by the selected contracting
industries included in group I.

The relationship between the two tables is similar to the relation-
ship of an abbreviated timetable that lists only selected large sta-
tions to the complete, detailed timetable that also shows all the
intermediate stops. The subdivision of all the sectors of an economy
into groups I and II must, of course, depend on the specific purpose
the consolidated system is intended to serve.

Using a reduced table for planning purposes, we can be sure that
if the input-output flows among the group I industries shown in it
are properly balanced, the balance between the outputs and inputs
of all the group II industries omitted from it will also be secured.
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In the process of consolidation, the allocation of so-called primary
inputs will change as well. The new labor and capital coeflicients of
each group I industry must now reflect not only its own immediate
labor and capital requirements but also the labor and capital
requirements of all the group II industries from which it draws some
of its supplies. It is as if, under the imaginary contractual arrange-
ments described above, each group I industry had to provide the
group II industries working for it, not only with the goods and ser-
vices produced by any of the group I sectors, but also with all the
capital and labor required by these group II industries to fulfill these
contracts. Thus, the output levels of all the group I industries, as
projected on the basis of a reduced input-output table (multiplied
with the appropriate consolidated capital and labor coeflicients),
will account not only for the capital and labor requirements of these
group I industries but also for those of all the group II industries
without whose support these output levels could not have been
attained.

111

Not unlike conventional aggregation, the analytical procedure
described below is aimed at a reduction of the number of sectors in
terms of which the particular economic structure was originally
described. It is, however, a “clean”’—not an index number—oper-
ation. It does not involve introduction of weights or any other arbi-
trary constants.

Equation (3-1) describes—in conventional matrix notation—the
relationships between the total output vector, X, of all the sectors
of a particular economy and the corresponding final bill of goods, Y.

(3-1) I—-AX=Y

In equation (3-2), both vectors are split into two parts: the column
vectors X, and Y, represent the total outputs and the final deliveries
of group I industries that produce the n, goods that will be retained
in the reduced matrix, while X, and Y, represent the outputs and
the final deliveries of all the other, (the n,) goods produced by the
group II industries that have to be eliminated.

(3-2) [_U:A?]”) ‘ (1_~AZJ {;(_z] B [%}

The matrix (I — A) on the left-hand side is partitioned, in confor-
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mity with the output vector into which it is multiplied. A,, and A,,
are square matrices whose elements are technical coeflicients that
govern the internal flows between the sectors of the first and of the
second groups, respectively, while A, and A;, are rectangular (not
necessarily square) matrices describing the direct requirements of
industries of the second group for outputs of the first group, and
vice versa.
Equation (3-3) is the solution of (3-2) for X in terms of Y.

= &)=

Matrix B is the inverse of (I — A). It is partitioned in conformity with
the partitioning of (I — A) in equation (3-2). After the multiplication
has been carried out on its right-hand side, equation (3-3) can be
split in two:

(3-4) X, = B, )Y, + B,,Y,
(3-5) X; = ByY, + By,Y,

Premultiplying both sides of (3-4) by B;)', we have:
(3-6) Bi'X; = Y, + Bii'B.,Y,

This equation can be interpreted as a reduced version of the orig-
inal system (3-2). It describes the same structural relationships;
however, it represents them only in terms of the goods and services
produced by the n, industries assigned to group L. The variables con-
tained in vector X,—that is, the outputs of the n, industries assigned
to group II-—have been eliminated by means of two successive
matrix inversions that led from (3-2) to (3-6).

Let a new structural matrix and a new final demand vector be

defined by:

(3-7) fi=1— B
(3-8) Y? =Y, + Bi/'BY,

In this notation (3-6) can be rewritten as:
(3'9) (I - ?1>X1 =Y

In perfect analogy with the original system (3-1), this equation
describes the input-output relationships between the redefined vec-
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tor of final deliveries, Y}, and the corresponding vector of total out-
puts X,." Solved for X, in terms of Y7}, it yields:

(3‘10> Xy = (I - A?I)A]YT

This equation is, of course, formally equivalent to (3-4). A}, is the
structural matrix of the economy that was originally described by A.
However, the same structure is now described in terms of the n,
group I industries alone. The first column of A}, consists, for exam-
ple, of n, technical coeflicients, a7, a3, . . ., a;,, showing the num-
ber of units of each of these n, industries of group I required per
unit of the total output, x,, of the first. Although not referring to
them explicitly, implicitly these coeflicients reflect the input
requirements also of the other n, industries eliminated in the reduc-
tion process.

Let, for example, industry 1 produce ‘“‘steel” and industry 2
“electric energy,” both assigned to group L. In the reduced matrix
A7, the coeflicient a3, thus represents the number of kilowatt-hours
(or a dollar’s worth) of electricity required to produce a ton (or a
dollar’s worth) of steel. This requirement is computed to cover not
only the direct deliveries of electricity from generating stations to
steel plants but also the indirect deliveries channeled through indus-
tries assigned to group II. If “‘iron mining” for instance, were con-
sidered as belonging to group II, the electricity used in extraction
and preparation of the iron ore that went into the production of one
ton (or a dollar’s worth) of steel would also be included in the input
coefficient a3,, and so would electric power absorbed by the steel
industry via all other sectors assigned to group II.

In other words, the array of the input coeflicients (with asterisks)
that make up the first column of matrix A}, describes the combina-
tion of the products of industries included in group I with which the
economy in question would be capable of turning out a ton (or a
dollar’s worth) of steel. Some of these inputs reach the steel industry
indirectly through industries assigned to group II.

The reduced structural matrix A}, describes explicitly only the
input structure of the group I industries and this only in terms of
their own products. Implicitly, it reflects nevertheless the techno-
logical characteristics of all the other industries as well. The rela-
tionship between elements of the reduced and the original matrix is

"The symbol X7 is not used because the reduced system has been derived in such a way
that X, = X3.
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displayed clearly if AT, is expressed directly in terms of the elements
of the partitioned matrix A:*

(3-11) T= A+ Al — Ag) A,

The well-known sufficient conditions for the ability of the given
input-output system to maintain—without drawing on outside
help—a positive level of final consumption, (that is, to possess a pos-
itive inverse (I — A)™', requires that none of the column (or row)
totals of the technical coeflicients in A,, exceed one and at least one
of these sum totals be less than one. This implies that the inverse (I
— A)7! is nonnegative. All components of the second term on the
right-hand side of (3-11) being either zero or positive, each element
a;; of the consolidated structural matrix has to be either equal to or
larger than the corresponding originally given input coeflicient, a,.

The final deliveries on the right-hand side of the reduced system
(3-6) are composed of two parts. Vector Y, is the demand for the
products of the group Iindustries as it appears in the original system
(3-2). Vector Bi'B,,Y; (= Aj(I — Ay)7'Y,) represents the final
demand for the products of the second group of goods translated
into the requirements for inputs of goods belonging to the first. In
the special case in which the final users happen to demand directly
only commodities and services of group I, while group II consists
exclusively of intermediate goods, Y, vanishes and, save for the
omission of its zero components, the final deliveries vector of the
original system would enter without any change into the smaller,
reduced system, too.

v

A primary input, such as labor, a natural resource, or—in a static
system—a stock of some kind of capital goods, can be treated in the
process of reduction as if it were a product of a separate industry
included in group L

%Since B = (I — A)7},
BI—A) =1
In particular:
B(I — Ay) — BipAy =1
—~Bj 1Ay + Bo(I — Ag) = 0
Eliminating B,, and rearranging yields:

Af = 1— B! = A + Ap(l — Ayp) Ay
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The row assigned to each primary factor in the original matrix A
will contain the appropriate technical input coefficients: labor coef-
ficients, capital coefficients, and so on. The columns corresponding
to these rows will consist of zeros, since, in contrast to other goods
and services, the output of a primary factor is not considered to be
formally dependent on inputs originating in other industries.®

The labor, capital, and other primary factor coeflicients appearing
in the appropriate rows of matrix A* will never be smaller—and in
most instances they will be larger—than the corresponding ele-
ments of the original matrix A. As all the other input coeflicients in
the reduced system, they cover not only the immediate require-
ments of each group I industry but also the labor and capital
employed by group II industries (eliminated in the process of ana-
lytical reduction) from which that industry receives all its group II
supplies.

\%

Any static input-output system implies the existence of linear rela-
tionships between the prices of all products and the ““value added”
in all the sectors per unit of their respective outputs. While a
reduction of a structural matrix eliminates some of the prices from
the picture, it leaves the relationship between the remaining prices
and the values added essentially intact.

Let P be the price vector of the original system and V the vector
of values added per unit of output in its n different sectors. The basic
relationships between the two vectors,

(3-12) (I—AP=V

can be solved for the unknown prices in terms of given values added:

‘Pl] { b Bgl} [V}
3-13 R b= e
( ) P, Biy | By \&
The primes above the Bs indicate transposition, that is, permuta-
tion of rows and columns. The partitioning of the two vectors and of

*The matrix (I — A) is nevertheless not singular: its main diagonal contains positive ele-
ments throughout.

“The ““value added” in any industry can, in its turn, be described as a sum of the input
coeflicients of all factors multiplied by their respective prices augmented by the amount
of positive or negative net surplus earned per unit of its output.
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the structural matrix corresponds to a similar partitioning in (3-3)
above. Solving for P, we have:

(3-14) P, = B}, Vi, where
(3'15) Vi=V, + (Bfl)ﬂlBélvz

The last equation shows that, analogous to the reduced final bill
of goods Y7 in (3-8), V7 represents the augmented values-added vec-
tor of the group I industries. Each element of that augmented vector
contains not only the value added—shown for each one of them in
the original table—Dbut also the value added in group II industries
imputed through all the goods and services the particular group I
sector receives from them. In view of (3-7), (3-14) can be rewritten
as:

(3-16) b= (I—-A")'V]

Inserting on the right-hand side the augmented values added in
group I industries, we obtain on the left-hand side a set of prices
identical with those that would have been derived from group I out-
puts from the original (unreduced) set of price equations (3-13)
through (3-15).

Vi

A recently completed study of metalworking industries called for
analysis of interdependence among the several branches of produc-
tion belonging to this group and for an assessment of its position
within the U.S. national economy as a whole. Of the 73 producing
sectors in the 1958 input-output table,” 23 are making or transform-
ing metals, 5 of them supply intermediate ferrous or nonferrous
products, while the other 18 are engaged in the manufacture of
basic materials and finished metal goods.

The immediate technical interdependence among the 23 metal-
working sectors is reflected in the magnitude of the input coeffi-
cients located on the intersections of the 23 rows and the corre-
sponding 23 columns in the large 73-sector table mentioned above.

The production of the nonmetal inputs absorbed by metalworking
industries often requires the use of various metal products in its
turn. The dependence of each metalworking sector upon all the oth-
ers (taking into account such indirect requirements) is described by

5U.S. Department of Commerce, Survey of Current Business 44 (11), November 1964;
and Anne P. Carter, “Changes in the Structure of the American Economy, 1974-1958,
1962,” Review of Economics and Statistics XLIX, May 1967.
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the augmented input coeflicients entered in the 23 rows and col-
umns of the reduced matrix that was obtained through analytical
elimination of all 50 nonmetalworking sectors from the original
table. The full interdependence among the 18 metalworking indus-
tries engaged in the manufacture of raw and finished metal products
can be brought out through further reduction that also eliminates
from the large table the five intermediate metalworking industries.

A row of labor coeflicients and another of (total) capital coeffi-
cients were added at the outset to the original 73-sector matrix.
After reduction, appropriately augmented labor and capital coeffi-
cients appeared in the last two rows of both reduced matrices as
well.

In Table 3-1, the technical coeflicients describing the inputs of
various metal products required by the “motor vehicles and equip-
ment” industry as they appear in the original 73-sector matrix are
shown in the first column. The second column contains the corre-
sponding augmented coefficients as they appear in the reduced
matrix composed of the 23 metalworking sectors. The third column
shows the 18 still more augmented coeflicients as they appear in the
“motor vehicles and equipment” column of a reduced matrix, from
which the five basic metalworking industries were also eliminated.
Appropriate labor and capital coefficients are entered at the bottom
of all three columns.

VII

Table 3-2 is an example of a reduced national input-output table.
This complete but compact flow chart was derived from the official
1958 U.S. table® in two successive steps.

First, 34 of the 83 productive sectors of the original table were
combined into eight groups. The resulting smaller 57-sector table
contained these eight aggregated industries, the 49 sectors carried
over from the original 83-order table, a corresponding column of
final demand, and a value-added row.

This 57-sector table was reduced in a second step, through elim-
ination of all 49 nonaggregated industries, to a compact 8-sector
table. It should be noted that the figures shown in Table 3-2 are total
flows, not input coeflicients. They were obtained through multipli-
cation of all elements of each column of the corresponding reduced

8U.S. Department of Commerce, Survey of Current Business 45 (9), September 1065,
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Table 3-1 Input coefficients describing the requirements of the motor vehicles and equipment industry for products from
other U.S. metalworking industries® in 1958

Input coefficients in the

Sector number in original reduced reduced
the 73-sector 73-sector 23-sector 18-sector
matrix Industry matrix” matrix® matrix
59 Motor vehicles and equipment 0.29757 0.29817 0.29991
37 Primary iron and steel manufacturing 0.08780 0.08874 0.10714
42 Other fabricated metal products 0.03603 0.03713
41 Screw machine products, bolts, nuts, etc., metal stamping 0.03103 0.03137
General industrial and metalworking machinery and
47 equipment 0.02364 0.02456
58 Miscellaneous electrical machinery equipment and supplies 0.01543 0.01557 0.01564
38 Primary nonferrous metals manufacturing 0.01144 0.01205 0.01871
56 Radio, television, and communication equipment 0.00523 0.00557 0.00576
62 Professional, scientific, and control instruments and supplies 0.00438 0.00460 0.00498
55 Electric lighting and wiring equipment 0.00420 0.00441 0.00475
43 Engines and turbines 0.00379 0.00402 0.00437
53 Electrical industrial equipment 0.00217 0.00236
52 Service industrial machinery, household appliances 0.00129 0.00157 0.00208
44 Farm machinery and equipment 0.00105 0.00129 0.00144
40 Heating, plumbing, and structural metal products 0.00102 0.00147
64 Miscellaneous manufacturing 0.00092 0.00201 0.00245
61 Transportation equipment, miscellaneous 0.00089 0.00123 0.00143
57 Electronic components and accessories 0.00079 0.00090 0.00111
45 Construction, mining, oil field machinery and equipment 0.00044 0.00062 0.00094
60 Aircraft and parts 0.00039 0.00086 0.00123
46 Materials handling machinery and equipment 0.00022 0.00027 0.00046
63 Optical, ophthalmic, photographic equipment 0.00005 0.00045 0.00053
51 Office, computing, and accounting machines 0.00000 0.00069 0.00079
Labor 0.02645 0.04729 0.05614
Capital stock 0.24313 0.47495 0.55890

“Units of measurement: for labor coefficients, man-years per $1000 of output; for all other coefficients, 1958 dollars per dollar of output.

bThis matrix is based on the 1958 input-output table published by the Office of Business Economics, Department of Commerce. See Anne Carter, “Changes in the
Structure of the American Economy, 1947--1958, 1962, Review of Economics and Statistics XLIX, May 1967. The labor coeflicients are based on Jack Alterman, “Inter-
industry Employment Requirements,” Monthlfy Labor Review, 88 (7), July 1965. The capital coefficients for manufacturing sectors were obtained from Robert Waddell,
Philip Ritz, John DeWitt Norton, and Marshall K. Wood, C(;ﬁital Expansion Planning Factors, Manufacturing Industries (Washington, D.C.: National Planning Association,
April 1966). For nonmanufacturing sectors, the capital coefficients were compiled at the Harvard Economic Research Project.

°The sectors eliminated through the reduction procedure are those included in the 73-sector input-output table but not represented in this column of augmented
coeflicients.
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Table 3-2 Input-output table of the U.S. economy for the year 1958 reduced to 8 from 57 producing sectors*

Trans.
Equip. &
Food and House- Consum. Gross
Column Drugs wares Machinery Appl. Construction Metals Energy Chemicals Final Domestic

row Industry (1) (2) (3) (4) (5) (6) (7) (8) Demand Output

1 Food and drugs 15,202 547 161 353 513 165 218 386 58,728 76,272
(12,468) (96) (11 (49) (7) (53) (62) (288) (55,320

2 Textiles, clothing, and 347 12,815 92 821 761 171 63 61 21,369 36,500
furnishings (155)  (12,692) a7 (636) (524) (47) (8) (38)  (20,033)

3 Machinery 430 215 2,321 2,061 1,397 819 406 200 13,385 21,233
(28) 105)  (2,186) (1,644) (748) (545)  (141) (150)  (11,293)

4 Transportation equipment 363 158 816 11,791 1,372 485 183 53 38,691 53,912
and consumer appliances (29) (55) (691) (11,196) (753) (101} (29) (5) (32,670)

5 Construction 1,158 218 115 308 48 284 1,541 70 65,117 69,291
(235) (18) (26) (109) (8) 13y (579) 6)  (56,836)

6 Metals 1,033 475 3,073 6,038 6,468 7,959 388 479 2,244 28,158
(46) @77 (2,631) (4,618) (3,650) (7.335)  (110) (389) (—45)

7 Energy 2,158 652 371 805 2,774 1,704 6,888 1,127 23,851 40,330
(783) (293) (226) (404) (1,536) (1,391)  (6,236)  (1,007)  (17,702)

8 Chemicals 1,956 1,030 201 475 1,218 459 713 2,500 3,218 11,770
(1,056) (218) ain (115) (437) (283)  (576)  (2,351) (1,510)

Value added 53,625 20,390 14,083 31,260 54,308 16,112 29,930 6,894 178,912 405,515

(22,252) (12,844)  (10,254) (20,677) (28,937)  (10,509) (15,127)  (4,674)

Total 76,272 36,500 21,233 53,912 69,291 28,138 40,330 11,770 405,515

Labor 8,182 3,929 1,820 3,891 8,581 1,867 1,755 671 26,430 57,146

(2,202)  (2,808)  (1.307) (2,467) (4,847) (1,155)  (1,003) (403)

“Derived from the 83-sector table published in “Transaction Table of the 1958 Input-Output Study and Revised Direct Requirements Data,”” Survey of Current Business
45 (9), September 1969. Each of the 8 sectors of the intermediate 57-sector table retained in this reduced table represents an aggregate of the following industries
identified by the numbers they carry in the original 83-sector table:
(1) Food and drugs: 14, 15, 29; (2) textiles, clothing, furnishings: 16, 17, 18, 19, 34, 22, 23; (3) machinery (only final): 51, 44, 45, 46, 47, 48, 49, 50, 63: (4) transportation
equipment and consumer appliances: 52, 54, 56, 59, 60, 61, 62; (5) construction: 11, 12; (6) metals: 37, 38; (7) energy: 31, 68; (8{ chemicals: 27.

Corresponding entries in tﬂe unreduced 57-sector table appear in parentheses. The units are man-years in the labor row and millions of dollars in all other rows.
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coeflicient matrix by the given total output figure of the industry,
the input structure of which that particular column describes.

Table 3-2 thus depicts the structure of the American economy in
terms of flows of commodities and services among eight industrial
sectors, a value-added row, and a column of final demand, both
reduced in conformity with the rest of the table [see equation (3-8)].
Wages and salaries paid out by various sectors are, of course,
included in the value-added row. In addition, a separate row of labor
inputs, measured in man-years, was carried along through all com-
putations. This row is reproduced separately at the bottom of the
table.

In each cell of the table, below the number describing the appro-
priately augmented intersectoral transaction, another figure,
enclosed in parentheses, is entered. This number represents the
magnitude of the input—from the sector named on the left to the
sector identified at the head of the column—as it appeared in
the unreduced 57-sector table obtained at the end of the first step,
that is, before the 49 unaggregated sectors were eliminated from
the table in the second step.

In the final demand column, the larger entries represent the aug-
mented deliveries to households, government, and other final users,
while the entries in parentheses show the corresponding figures as
they appeared in the 57-sector table. The first entry exceeds, in
each instance, the figure in parentheses below by the amount of the
particular type of goods that was absorbed in the production of
those final deliveries that were eliminated from the original table.
Values added in general-—and labor inputs in particular—that were
absorbed in this way appear now in the final demand.

VIII

The idea that in the description of an economic system some pro-
cesses and outputs can be reduced, that is, expressed in terms of
others, goes back quite far into the history of economic thought.
Adam Smith discussed at length the question of whether corn should
be measured in labor units required to grow it or, on the contrary,
labor measured in terms of corn that a worker needs to live. Fran-
cois Quesnay insisted that various branches of manufacturing should
be represented in his tableau only by the amounts of rough materials
that they transformed into finished products.

The notion of unproductive—as contrasted with productive—
labor, whose product does not deserve to be included in the grand
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total of national product, was still propounded by Stuart Mill. The
Marxist doctrine caused the Soviet official statistician, up until
recently, to exclude transportation of persons and products of many
service industries from national accounts, and, in the West, the out-
put of governmental and other public services is still often treated
in the same way.

In the latter case, the elimination of the output-—as contrasted
with the input—of the public sector from national accounts is jus-
tified, not so much by the distinction between productive and
unproductive activities, but rather by the difficulty of measuring the
output of “public administration,” of “education,” or of “national
defense.”

The number of goods and services that more and more detailed
observation of various processes of production and consumption
would permit us to distinguish is much greater than even an input-
output matrix containing many thousands of rows and columns can
possibly hold. For many purposes, that number might also be larger
than we would need to carry from the first stage of the analytical
procedure to the last. Aggregation, that is, summation of essentially
heterogenous quantities, is one of the two devices that economists
use to limit the number of variables and functional relationships in
terms of which they describe what they observe. The other is reduc-
tion, that is, elimination of certian goods and processes. In this chap-
ter, a systematic procedure has been presented that permits us to
reduce the size of an input-output table through analytical elimi-
nation of any of its rows and columns. A less systematic, intuitive
elimination of a much larger number of variables—considered to be
secondary or intermediate—occurs, however, already during the
collection of the primary statistical information. Thus, even a most
detailed input-output table, as well as the national accounts con-
structed around it, can be said to present the actual economic sys-
tem, not only in an aggregated but also in a reduced form.
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Wages, profits, prices, and taxes
(1947)

Much has been said about wages, profits, and prices in recent
months, and what has been said certainly does not represent the last
word. The problem is so intricate, the number of factors involved so
great, and their interrelationship so complex that personal judgment
must of necessity constitute an important ingredient of any definite
stand taken in the controversy.

To acknowledge the existence of serious gaps in our understand-
ing does not mean, however, to profess complete ignorance. On the
contrary, such an acknowledgment might help us to distinguish
what we already know on the subject from what we have yet to
learn. Nothing can contribute more to the development of sound
judgment on a controversial issue than the delineation of an area of
agreement, however narrow it may be. To present a few factual
observations that may serve as a useful basis for exploration of the
still debatable aspects of the wage-price problem is the principal
purpose of this chapter.

Higher wages, bigger profits, and lower, or at least stable, prices
are a happy combination which can easily win general acclaim. So
long as and to the extent that technological progress, additional
investment, and better management make possible a steadily
increasing flow of commodities and services, the actual realization
of such a program is entirely feasible. A steady rise in productivity
has actually been responsible for the upward trend in the American
standard of living, a trend that incidentally must be measured not

Reprinted with the permission of Dun’s Review, June 1947, © 1947 by Dun & Bradstreet
Publications Corporation.
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only by the increasing per capita output and consumption of various
goods and services but also by the steady reduction in the length of
the normal average working week.

In considering the possibility of a 20 percent increase in wages
and a similar increase in profits and agricultural income combined
with a simultaneous reduction in prices—all of it taking place within
a short span of 6, 12, or even 20 months—it is impossible to rely on
the long but comparatively slow pull of general economic progress.
Within the framework of a given technological structure and of a
constant level of output, one can easily visualize wages, profits, and
prices all moving up or down together; one can also conceive of a
situation with profits rising and wages falling or vice versa; but, on
the other hand, one cannot conceive of constant prices combined
with falling wages and reduced profits.

The reason why some of these combinations seem to be natural
and in a certain sense necessary while others appear improbable or
even impossible in the short run must obviously be sought in the
internal logic of the price-wage-profit relationships. The profit
earned by an automobile manufacturer per unit of output equals the
difference between the selling price of an automobile and its total
unit costs. Given the actual amounts of all materials and services
necessary in production of an average car, the unit costs can be com-
puted by multiplying these amounts by the prices of the respective
goods and services (including the overheads) and combining the
results in a single figure. The labor input multiplied with the appro-
priate wage rates constitutes one of the major components of the
unit costs. Since net profits after taxes fit better in the general
scheme of the subsequent discussion, all business taxes, too, can be
conveniently included as a separate item in unit costs.

Describing the same relationship from another angle, it can be
said that the price of the finished product equals its unit costs,
including the labor and the tax costs, augmented by the amount of
unit profits.

I. Cost-price structure

Passing from individual business enterprise to analysis of the whole
economy, we observe that the prices entered in the cost account of
the automobile manufacturer appear as revenue items in the sales
accounts of steel producers, rubber manufacturers, tool makers, and
scores of other suppliers. At the same time, the price of trucks sold
by the automobile manufacturer will figure as a more or less impor-
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tant item in the unit cost computations of transportation companies,
farmers, and many other businesses. Far from being independent of
each other, the cost-price structures of all the separate industries
are nothing but links in a vast network which embraces the whole
national economy.

If prices of all commodities as well as all wage rates were pre-
scribed by a universal price-fixing authority and business taxes, as
they actually are, were fixed by appropriate authorities, the net
profit or loss margins—as the case might be—would be automati-
cally determined for each and every industry. An increase in any
one price, such as the price of steel, would raise the profit margin
of the steel industry but at the same time correspondingly reduce
the profit margins of all steel-using industries.

If, instead of issuing price regulations, the same authority—ban-
ish the thought—had prescribed wage rates to be paid and profits
to be earned per unit of output by each individual producer, the
application of such a universal “cost plus™ principle would amount
to indirect price fixing, since one and only one system of prices can
actually be compatible with a given wage and profit distribution.
Had the prescribed wage rates in one particular industry been
increased, for example, by 10 percent, a quite definite adjustment
of all individual prices would be required to maintain the profit mar-
gins and the wage rates throughout all other industries at their orig-
inal level.

Such examples demonstrate the existence of an indirect, complex,
but nevertheless very real overall dependence among wage rates,
profits earned, and taxes paid per unit of output in each of the many
separate industries on the one hand and the prices of all different
kinds of goods and services sold by these industries on the other.
These necessary relationships reflect the fundamental nature of an
economy based on a thoroughgoing division of labor. A rigidly
planned economy could not escape the consequences of its opera-
tions any more than a free, competitive system.

Formulated in quite general terms, the proposition about the exis-
tence of such wage-profit-price relationships loses much of its oper-
ational significance. It might be true that a wage rise in the lumber
industry—unless absorbed through compensating profit, wage, or
tax reductions—will lead to some increase in the price of woolens,
but unless one is able to restate this general assertion in at least
approximate dollars-and-cents figures, it has the unreal quality of a
sales display with price tags missing.

The four graphs appearing with this article show the results of a
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Price changes resulting from an assumed 10 percent wage rise in nonagri-
cultural industries, computed on the basis of structural relationships pre-
vailing in the American economy in 1939,

statistical study designed to translate the abstract argument into
actual figures. The effect of an assumed general 10 percent wage
rise in all nonagricultural industries is illustrated in Figure 4-1. Each
bar reveals the impact of such a cost boost on the price of one of the
18 principal groups of commodities and services. The results of a
flat 10 percent increase in all nonagricultural profit margins are rep-
resented in Figure 4-2.

What would happen to prices if the net farm income earned per
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unit of agricultural output were raised by 10 percent while all non-
agricultural profits and wages as well as all business taxes were kept
at their original level is shown in Figure 4-3. The price impact of a
proportional 10 percent rise in all business taxes—computed on the
assumption that none of it is taken out of the net profit or wages—
is demonstrated in Figure 4-4.

The particular analytical technique used in arriving at these

Figure 4-2

Price changes resulting from an assumed 10 percent rise in profits and
other nonwage incomes in nonagricultural industries, computed on the
basis of structural relationships prevailing in the American economy in
1939.
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Price changes resulting from an assumed 10 percent rise in agricultural
wage and nonwage income, computed on the basis of structural relation-
ships prevailing in the American economy in 1939.

results is that of input-output analysis. It is based essentially on sys-
tematic exploitation of factual information contained in a large sta-
tistical double-entry table, showing the distribution of sales of each
industry or sector of the economy in terms of purchases of its prod-
ucts by all the other sectors, namely the other individual industries,
consumers’ households, government, and foreign countries. The
table thus contains information on the amounts of supplies and
materials purchased by any one industry from the other sectors of
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the economy; it indicates also the amount of labor used as well as
profits earned and taxes paid by each industry.

With this information in hand it becomes possible to trace through
and evaluate in quantitative terms the direct and also the indirect
results of any specific “‘primary change’” such as an increase in the
wage rate in one or several industries, a downward or upward
adjustment of profit margins, or a change in taxes. The laborious and
uncertain task of following through the resulting price adjustments

Figure 4-4

Price changes resulting from an assumed 10 percent rise in business and
excise taxes in all industries, computed on the basis of structural relation-
ships prevailing in the American economy in 1939.
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step by step can actually be avoided through the use of streamlined
and much more efficient procedures of modern computational
analysis.

The actual price effects of an assumed 10 percent wage rise could
be predicted with accuracy only if we knew what effect such change
would have on the net profit margins and the tax burden of all the
individual industries. The controversy raised by the so-called
Nathan Report—with its assumptions that even a 25 percent overall
wage rise would actually be absorbed through corresponding all-
around reductions in profits—can serve as ample illustration of this
particular point. The chart dealing with a wage rise in nonagricul-
tural industries (Figure 4-1) shows what would have happened to
prices if wages had been increased by 10 percent while profit mar-
gins and taxes remained the same as before. In other words, the
answer given here to our original question is a conditional one.

Only those who actually believe that neither profits nor tax reduc-
tions would absorb any substantial part of the increased wage costs
can interpret it as a prediction. For others, it simply describes the
probable results of an artificial experiment, an experiment that
nevertheless might contribute to realistic understanding of the
actual happenings and to a reasonable appraisal of various practical
and impractical alternatives. The fact that construction costs prove
to be more sensitive to a general rise in wages than any other of the
18 principal sectors of the economy may help, for example, to
explain the difficulties encountered in solving the housing problem.

On the graph, the effects of the increase in each industry’s own
wage bill are shown separately from cost increases, which are indi-
rect results of parallel wage increases in the other fields. The first
component is usually more conspicuous than the second. The chart
shows, however, that the latter in many instances actually contrib-
utes more to the total effect.

Profits constitute in general a much smaller element of the final
price than wages. Thus, a 10 percent increase in all profit margins
carries with it smaller price effects than a 10 percent wage rise. As
should be expected, service industries lead the procession in the
chart devoted to a profit rise in nonagricultural industries.

I1. Agriculture

The strategic position occupied by agriculture in our national eco-
nomic policies justifies the separate treatment accorded to it in this
analysis. The impact of a primary increase in agricultural income



Wages, profits, prices, and taxes 63

obtained through a 10 percent addition to the amount of net farm
revenue, included in the price of all agricultural products, reaches
other branches of the economy at a very uneven, steeply decreasing
rate. No separation is made here between the direct and indirect
components of the total effects for the simple reason that all of them,
save in agricultural, are of the latter kind.

Under present-day conditions the 1939 tax figures have no other
significance than that of a pleasant memory. The chart reflecting
price changes arising out of tax increases is shown mainly for illus-
trative purposes. It indicates what would have happened in that year
to the prices of various commodities and services if the combined
amount of all business and excise taxes paid by each industry per
unit of its output had been raised 10 percent and ““passed forward”
without reduction in either wage rates or net profit margins. It is
worth noticing that under these conditions the prices of most cate-
gories of goods and services depend more upon the general tax level
in all other branches of production than on taxes paid directly by
the industry at their immediate origin.

Each of the four charts contains a bar labeled “cost of living.”” In
a sense these bars tell us more about the effects of each of the four
kinds of changes discussed above than does the rest of the graph.
The cost of living bar in the wage rises chart measures the combined
impact of all the separate price increases, shown on its left, on the
purchasing power of an average consumer’s dollar. Computed as a
regular cost of living index, it represents the mean of the 18 price
changes. Each of these changes is weighed in proportion to the
importance of the particular item in the average consumer’s budget.

A general, across-the-board 10 percent wage rise adds 3.92 per-
cent to the cost of living. To interpret the significance of this figure
one must remember that it is computed on the assumpton that prof-
its, farm incomes, and taxes remain the same as before. This explains
the 6.08 percent gain in real wages that workers under these cir-
cumstances would obtain through a 10 percent rise in their money
wages. This gain actually represents a transfer of purchasing power
from other groups of the population and from the government, who,
facing higher prices with unchanged money income, must suffer a
corresponding loss. The price system plays here the role of a silent
but powerful redistributing agency.

Similar considerations explain how the 2.30 percent added to the
cost of living through a 10 percent increase in nonagricultural prof-
its leaves the receivers of this income with a 7.70 percent gain in
real purchasing power. The real net gain that the farmer derives at
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the expense of the rest of the population, in consequence of a 10
percent boost in money income, amounts to approximately 9.28
percent. Under the 1939 conditions an additional 10 percent in
business taxes—if not taken out of profits or wages—would have
increased the real income of the government by 8.58 percent.

The leverage that any group of income receivers commands in the
process of setting its own monetary claims against those of the rest
of the community decreases as the share of this particular group in
the total national income goes up, and vice versa. If wage rates, all
profits in industry and agriculture, and all business taxes were simul-
taneously increased by 10 percent, the cost of living would go up
by the combined amount of 8.38 percent, which leaves a meager
real gain of 1.62 percent for each of the parties concerned.

Had the four types of income mentioned above comprised all the
ultimate demands on the nation’s annual net product, the resulting
price rises would add up to exactly 10 percent, and the whole oper-
ation would leave workers, businesspeople, farmers, and the gov-
ernment just where they were before. The apparent windfall gain
of 1.62 percent shown in the above computaton comes from non-
inclusion in the otherwise general inflation of all monetary incomes
of various minor items, of which American payments for foreign
imports are the largest. By having allowed the prices of imported
commodities to escape the general upward trend, by assumption we
have reduced the real purchasing power of foreign countries on the
American market and increased at their expense the combined pur-
chasing power of domestic income receivers.

The significance of the answer given here to some of the questions
raised in the first part of this chapter must be judged in the light of
the general observations made in its opening paragraphs. An uncon-
ditional answer to such questions as “What would happen to prices
if wages were raised by 10 percent?” is, in the present state of our
knowledge, clearly impossible. This does not mean, however, that
we should not venture to make informed guesses. An informed guess
is one that makes efficient use of available information and confines
subjective judgment to those points that, for lack of such informa-
tion, would otherwise remain unanswered. This discussion has pur-
posefully been limited to those aspects of the wage-profit-price
problem of which an economic analyst can give a reasonably reliable
factual account.
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Domestic production and foreign trade:
The American capital position reexamined

(1953)

I. The structural basis of international trade

Countries trade with each other because this enables them to par-
ticipate in and profit from the international division of labor. Not
unlike businesses and individuals, each area specializes in those
lines of economic activity to which it happens to be best suited and
then trades some of its own outputs for commodities and services in
the production of which other countries have a comparative advan-
tage. The word comparative is of particular significance in this
connection.

The United States, for example, exports automobiles and imports
newsprint. It does so because the quantity of Canadian paper we can
obtain in exchange for, say, a million dollars” worth of American cars
is larger than the additional amount of newsprint we would be able
to produce at home if we withdrew the capital, labor, and other
resources now absorbed in the manufacture of one million dollars’
worth of automobiles and used it instead to increase the output of
our domestic paper industry. Canada, for analogous but in a sense
opposite reasons, finds it advantageous to obtain its automobiles
from the United States in exchange for newsprint rather than to
divert resources from their present employment in its paper indus-
try into an increased domestic production of cars.

This essay appeared originally in Proceedings of the American Philosophical Society, vol.
97, no.4, September 1953.
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This explanation of the international exchange of goods and ser-
vices in terms of the comparative advantage of the alternative allo-
cation of resources in each of the trading countries was originally
developed in the writings of David Ricardo and other so-called clas-
sical economists of the late eighteenth and early nineteenth centu-
ries. It still constitutes the basis of the modern theory of interna-
tional trade. The theory of comparative costs—as many other
economic theories—reigns, however, in the pages of college text-
books without actually governing the practice of empirical eco-
nomic analysis,

Until recently, we had so little systematic knowledge of the pro-
ductive structure of our own or of any other national economy that
the application of such general theoretical principles to the analysis
and explanation of actual foreign trade relationships has been prac-
tically out of the question. Most of what has been said on that sub-
ject consisted of reasonable common-sense conjectures or plausible
examples, which—like the automobile and newsprint reference
used above—serve well enough to illustrate the logic of the theo-
retical argument but had hardly any specific base in detailed facts
and figures.'

A widely shared view on the nature of the trade between the
United States and the rest of the world is derived from what appears
to be a common-sense assumption that this country has a compara-
tive advantage in the production of commodities that require for
their manufacture large quantities of capital and relatively small
amounts of labor. Our economic relationships with other countries
are supposed to be based mainly on the export of such ““capital-
intensive”” goods in exchange for foreign products that—if we were
to make them at home—would require little capital but large quan-
tities of American labor. Since the United States possesses a rela-
tively large amount of capital-—so goes this oft-repeated argu-
ment—and a comparatively small amount of labor, direct domestic
production of such “labor-intensive” products would be uneconom-
ical; we can much more advantageously obtain them from abroad in
exchange for our capital-intensive products.

'As an example of the recent empirical studies in that field, see G. D. A. Macdougall,
“British and American Export: A Study Suggested by the Theory of Comparative Costs,”
Econ. Jour. 61 (1): 697-724, 1951: also, G. D. A. Macdougall, “British and American
Exports: A Study Suggested by the Theory of Comparative Costs,” Econ. Jour. 62 (2):
487-522, 1952. A succinct discussion of the theoretical problems involved can be found
in P. A. Samuelson, “International Trade and the Equalization of Factor Prices,” Econ.
Jour. 58: 163-184, 1948; and “International Factor Price Equalization Once Again,”
Econ. Jour. 59: 180-197, 1949.
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Recent progress in the collection and systematic organization of
detailed quantitative information on the structure of all the various
branches of the American economy, accompanied by a parallel
advance in the technique of large-scale numerical computation, now
enables us to narrow the frustrating gap between theory and
observation.®

This is the first preliminary progress report on a study designed
to analyze the structural basis of trade relationships between the
United States and the rest of the world.

II. Direct and indirect input requirements

None of the basic factual information used here had to be collected
especially for this particular inquiry. Both the statistical data and the
analytical procedure employed constitute an integral part of the so-
called input-output or interindustry research program jointly con-
ducted by various agencies of the government and private institu-
tions, including the Harvard Economic Research Project.

The factual information referred to above comprises many sets of
figures of which the largest and in a sense the most important is
organized in terms of a so-called input-output table.® This table
describes the actual flow of commodities and services among all the
different parts of the American economy. Specifically, it shows how
each one of our manufacturing industries, each branch of agricul-
ture, each kind of transportation and distribution—in short, each
sector of the American economy—depends upon every other sec-
tor. A single column of an input-output table shows, for example,
how many steel sheets, steel bars, and other steel products auto-
mobile manufacturers buy from the steel industry for every million
dollars’ worth of cars they produce; it also shows how many yards
(or dollars’ worth) they need of upholstery material, how much
paint from the chemical industry, and so on. Similarly, the “steel
industry”” column of the same table describes the various kinds of
inputs, such as coal, ore, and so on, which the steel industry must
obtain from the other sectors of the economy in order to produce
an additional million dollars’ worth of its own output, which, of
course, consists of various steel products. The table contains as

2For description of the so-called input-output approach to structural economic analysis,
see Chapter 1 of this book.

3W. Duane Evans and Marvin Hoffenberg, “The Interindustry Relations Study for 1947,
Review of Economics and Statistics 34: 97-142, 1952.
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many columns as there are separate industries so that it presents
each link connecting any two sections of the economy.

On the basis of the statistical information contained in an input-
output table, one can determine the effect of any given increase or
decrease in the level of output in any one sector of the economy
upon the rate of production in all the other sectors.

Using the 1947 input-output structure of the American economy
as the basis of such computations, one finds that to produce an addi-
tional million dollars’ worth of automobiles the output of steel
would have to increase by $235,000 and the output of chemicals by

Table 5-1

Capital and labor requirements for the final output of one million dollars’
worth of motor vehicles

Requirements per Requirements per
Million Dollars of Million Dollars of
Qutput Output of Industry Final OQutput of Motor
Requirements® Listed on Left Vehicles
Industry® Capital Labor Capital Labor
1 2 3 4 5 6
(thousands (thousands (thousands
of dollars) of dollars) (man-years) of dollars) (man-years)
26. motor vehicles (145{ 1,457.45¢ 565.8 60.340 824.6 87.942
15, iron and stee 235.14 1,026.3 77777 241.3 18.288
19. other fabricated metal
products 118.25 713.5 95.335 84.5 11.273
16. nonferrous metals 78.69 1,001.6 55,715 78.8 4.384
25. other electrical machinery 75.50 551.1 102.638 41.6 7.749
22, other nonelectric
machiner 60,70 775.7 96.579 47.1 5.862
10. chemicals 57.95 592.7 49.779 34.3 2.885
12, rubber products 56.19 493.1 90.172 27.7 5.067
31. railroad transportation 50.18 3,343.3 153.640 167.8 7.710
11. products of petroleum
and coal 46.85 1,397.2 29.843 65.5 1.398
4, textile mill products 39.29 493.6 110.563 19.4 4.344
14. stone, clay, and glass
products 33.64 1,026.3 128.539 34.5 4.324
8. paper and allied products 31.95 564.1 64.805 18.0 2.071
34. trade 31.82 984.9 165.876 31.3 5.278
30. coal, gas, and electric
power 29.50 2,222.6 99.318 65.6 2.930
1. agriculture and fisheries 27.53 2,524.4 82.025 69.5 2.258
21. metalworking machinery 27.48 1,246.9 130.705 34.3 3.592
33. other transportation 23.88 928.3 121.576 22, 2.903
9. printing and publishing 19.72 436.0 114.038 8.6 2.249
38. business services 18.44 144.5 97.543 2.7 1.799
39. personal and repair
services 18.10 681.8 183.503 12.3 3.321
6. lumber and wood products 15.98 537.9 141.540 8.6 2.262

“See footnote b for Table 5-2.

he output required from each industry in order to produce one million dollars” worth of motor vehicles for

export or domestic consumption. See W.

Study for 1947, Review of Economics and Statistics 34: Table 6, 1952,

Duane Evans and Marvin Hoffenberg, ““The Interindustry Relations
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$58,000, while raising the production of nonferrous metals by
$79,000, of textiles by $39,000, and so on. Even the communication
services—telephone and telegraph—would have to contribute indi-
rectly to the production of a million dollars’ worth of additional
automobiles.

Column 2 in Table 5-1 shows the result of this particular compu-
tation. Without entering into the discussion of technical details, it
may be sufficient to observe that the magnitude of every one of the
entries depends upon all the input-output relationships among all
the sectors of the economy and that the computation of each one of

Requirements per Requirements per
Output Million Dollars of Million Dollars of
Requirements®  Output of Industry Final Output of Motor
Listed on Left Vehicles
Industry® Capital Labor Capital Labor
1 2 3 4 5 6
(thousands (thousands (thousands
of dollars) of dollars) (man-years) of dollars) (man-years)
5. apparel 13.74 262.2 108.795 3.6 1.495
29. miscellaneous
manufacturin 11.26 439.4 100.364 4.9 1.130
37. rental 10.68 8,156.5 16.324 87.1 174
28. professional and scientific
equipment 10.35 841.8 133.129 8.7 1.378
2. food and kindred products 9.98 361.9 43.143 3.6 431
36. finance and insurance 9.83 28.2 92,242 .3 .907
35. communications 6.21 4,645.4 163.097 28.8 1.013
44. eating and drinking places 6.02 688.0 125.365 4.1 755
27. other transportation
equipment 5.11 759.0 122.419 3.9 .626
13. leather and leather
products 5.06 264.0 109.629 1.3 555
23. motors and generators 4.99 404.3 117.771 2.0 .588
24. radios 4.65 449.0 124.097 2.1 BT
7. furniture and fixtures 4.28 485.1 116.923 2.1 500
18. fabricated structural metal
products 3.79 441.9 83.300 1.7 316
20. agriculture, mining, and
construction machinery 3.65 838.6 87.794 3.1 320
17. plumbing and heating
supplies 2.67 509.9 99.388 1.4 .265
40. medical, education, and
nonprofit orgs. 2.05 2,689.5 253.044 5.5 519
3. tobacco manufactures .53 557.6 40.539 3 .021
41. amusements .10 1,082.9 166.899 1 .017
Total requirements in all
industries per million
dollars of é)nal output of
motor vehicles 2,104.8 201.476

“This figure includes the “‘back feed”” within this industry, i.e., the automotive industry’s purchases from itself,
as well as the million dollars’ worth of motor vehicles going to final consumers and the amounts needed by
the various other industries to meet their output requirements. For detailed explantion of the technical point
involved, see W. Duane Evans and Marvin Hoffenberg, 137 and 140.
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these figures is equivalent to the solution of a system of as many
simultaneous equations as there are distinct sectors in the economy.

The more minute the breakdown of industries in the basic input-
output table, the more detailed the final results will be. The follow-
ing analysis is based on a 200-industry breakdown consolidated in
some of its stages—for purposes of computation and simplified pre-
sentation—into 50 sectors (38 of which trade their products
directly on the international market).

III. Capital and labor inputs

The second and third sets of statistical data (columns 3 and 4, Table
5-1) show the direct capital and labor requirements of each indus-
try. These figures are based on detailed information that tells us, for
example, that to produce an additional million dollars” worth of fin-
ished cars, our automobile industry would have to invest in
$175,000 worth of new buildings, $266,000 of additional
machinery, and many other fixed items. It also would have to
increase its inventories of raw materials and “goods in process” by
$124,000. This adds up to $566,000, which represents the total
additional capital (in 1947 prices) that would have to be invested in
the American automobile industry if its capacity were raised so as
to enable us to produce an additional million dollars” worth of cars
per year.

But this is only one part of the total additional capital that would
have to be invested in the American economy in order to enable it
to produce——say, for export purposes—these additional automo-
biles. As we saw before, the input of steel into the automobile indus-
try will have to increase by $235,000 and the input of textile by
$39,000. This, of course, means additional investment in both the
steel and textile industries. The magnitude of each of these capital
requirements can be computed. To do so one must simply multiply
the amount of capital each of these two industries requires per mil-
lion dollars of its capacity by the additional demand for its product
indirectly generated by the million-dollar rise in automobile output.
The amounts of additional capital each one of the various sectors of
the economy would need in order to enable the United States to
increase its automobile export by one million dollars are listed in
column 5 of Table 5-1. These add up to $2,105,000, which is the
total amount of capital the United States economy of 1947 had to
invest for every million dollars” worth of cars produced for export
or final domestic use.
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Like the tip of an iceberg visible above the surface of the water,
the part invested in the automobile industry itself constitutes only a
small portion of the total—26 percent to be exact; the rest is dis-
tributed among the other 42 productive sectors of the economy.
Similar computations have been performed for each category of
commodities and services we export or import (in competition with
domestic output).

Labor is the other primary factor, the availability of which must
obviously have a decisive role in establishing the pattern of special-
ization that determines the composition of our foreign trade. Not
unlike capital, the man-years that go into the production of, say, one
million dollars’ worth of automobiles are partly absorbed by the
automobile industry itself but are partly employed also by all other
sectors of the economy. The computation of such direct and indirect
labor requirements—as entered in columns 4 and 6—is quite anal-
ogous to the computation of the direct and indirect demand for cap-
ital (see columns 3 and 5, Table 5-1).

The summary of total quantities of capital and labor required for
domestic production of each of the many types of commodities
exported and imported by the United States is entered in columns
2 and 3 of Table 5-2. In this table most of the 38 large industry and
commodity groups are broken down into their components,
described in terms of the more detailed 200-industry input-output
classification.

The figures entered in columns 2 and 3 were actually arrived at
in two steps. First, the indirect capital and labor requirements gen-
erated by one million dollars” worth of demand for the product of
each of the composite 38 sectors were computed. This computation
(essentially a solution of corresponding systems of linear equations)
was performed in terms of the consolidated 50-industry input-out-
put table. Next, the total capital and labor requirements, respec-
tively, of each particular commodity type within the sector were
obtained by adding its specific direct requirements to the previously
computed (in a sense, average) indirect requirements of the consol-
idated sector as a whole. Thus, the differences between the total
capital and labor requirements of the industrial products belonging
to the same consolidated sector result entirely from the difference
in their direct requirements, since their indirect requirements are
assumed to be the same.

The main reason for such a two-stage procedure is economic. If
based throughout on the 200 X 200 input-output table, the com-
putation of direct and indirect requirements would cost a thousand



Table 5-2 Capital and labor requirments per million dollars of U.S. exports and import replacements®

GL

Direct and Comparison
Indirect Requirements per Million Dollars of of é’ ort
Requirements per Imports Exports and Import Replacements of and I):rlx’ ort
Million Dollars of Exports per per Average (1947) Composition Requi enl:e s
Final Output Million Million quirements
Dollars of  Dollars Capital Labor
Total of Total Import Import
Industry® Capital° Labor?  Exports Imports Exports replace. Exports replace. Cap. Lab.
1 2 3 4 5 6 7 8 g 10 11
(millions
g (man- (man- (man-
dollars) years) (dollars) (dollars) {dollars) (dollars) years) years)
all industries 1,000,000 1,000,000 2,550,780 3,091,339 182.313 170.004 = =
. agriculture and fisheries (1-10a) 47120  158.710 100,987 957,526 475,851 1,213,463 16.028  40.872
. food and kindred products 105,701 98,045 3,119,593% 3,349,589 159.847 183.508 < <
meat packing and poultry (21) 3.0158  149.032 17,568 7,189 52,982 21,681 2618  1.071
processed dairy products (22) 3.1334  165.081 15,217 2,429 47,681 7,611 2.512 401
canning, preserving, and freezing (23) 3.2287 206.505 11,446 48.043 36,956 155,116 2.364 9.921
rain mill products (24) 3.0375 146.371 45,928 1,522 139,506 4,623 6.723 .223
akery products (25 3.2447  221.331 468 32 1,519 104 104 .007
miscellaneous food products (26) 3.2610 175.271 10,553 8,825 34,413 28,778 1.850 1.547
sugar (127 4.1953 148.850 1,997 12,970 8,378 54,413 297 1.931
alcoholic beverages (28) 3.2923 169.712 2,524 17,035 8,310 56,084 428 2,891
. tobacco manufacturers (29) 3.2887 173.472 13,245 21,439 43,559 70,506 2.298 3.719
. textile mill products 56,810 23,657 2,308,032 2,327,539 213,302 206.662 = >
spinning, weaving, and dyeing (30) 2.3114  215.250 53,758 9,796 124,256 22,643 11.571 2.109
special textile products (31) 2,3420 201.538 684 8,922 1,602 20,895 .138 1.798
jute, linen, cordage, and twine (32) 2.3412 200.639 815 4,728 1,908 11,069 .164 .949
floor coverings (35a) 2.1591 154.206 1,553 211 3,353 456 .239 .033
. apparel 21,129 36,029 1,661,527 2,213,875 233.802 207.139 < >
canvas products (33) 1.6106  237.848 - 174 0 280 0 041 0
apparel except furs (34) 1.6050 250.169 15,493 12,630 24,866 20,271 3.876 3.160
house furnishings, etc. (35b) 1.6492 188.151 4,479 1,814 7,387 2,992 343 341
furs (hunting and trapping) (10b) 2.6176 183.571 983 21,585 2,573 56,501 .180 3.962
. lumber and wood products 10,223 31,787 1,560,785 1,617,910 242.003 231.636 < >
logginﬁ { 1.6383 188.365 378 9,149 619 14,989 071 1.723
sawmills, planning, and veneer mills (37) 1.6383  251.604 7,153 20,435 11,719 33,479 1.800 5.142
Fl wood (38) 1.3366  209.125 863 761 1,154 1,017 .180 159
abricated wood products (39) 1.3465  226.188 1,217 632 1,639 851 .275 143

wood containers and cooperage (40) 1.3491  242.168 612 810 826 1,093 .148 .196



11a.
11b.
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12.

13.

. furniture and fixtures (41-43)
. paper and allied products

pulp mills (44)
paper and paper board mills (45)
converted paper products (46)

. printing and publishing (47)
10.

chemicals

industrial inorganic chemicals (48)

industrial organic chemicals (49)

plastic materials (50

rubber (51

synthetic fiber (52)

explosives (53

drugs and medicines (54)

soap and related products ESS;

paints and allied products (56
um and wood chemicals (57}
ertilizers (48)

vegetable oils 859)

animal oils (60

miscellaneous chemical industries (61)

crude petroleum and natural gas (17)

products of petroleum and coal
petroleum products (62)
coke and products (63)
paving and roofing materia} (64)

rubber products
tires and inner tubes (65)
miscellaneous rubber products (66)

leather and leather products
tanninlg and finishing (67)
other leather products (68)
nonrubber footwear (69)

. stone, clay, and glass products

stone, sand, clay, and abrasives (18)
sulphur (19)

other nonmetallic minerals (20)
glass (70)

cement (71;

structural clay products (72)
pottery and related products (73)
concrete and plaster products (74)
abrasive products 75?

asbestos products (76

other ;niscellaneous nonmetallic minerals

1.6821

1.8611
1.8611
1.5346

1.3216

2.2968
2.8055
2.5614
2.5208
2.9200
2.2814
2.1666
2.1417
2.0430
2.4267
2.3700
2.0071
2.0062
2.2467

3.2118

2.5514
3.8708
2.3237

1.8305
1.7975

1.6900
1.6395
1.6574

2.5821
2.5821
2.5821
1.9293
2.4944
1.7718
1.3682
1.6727
1.4890
1.4890

1.4948

233.687

152.803
167.325
169.389

196.597

171.293
161.081
159.740
141.238
212.841
197.963
184.150
146.365
152,411
184,907
180.631
128.889
136.738
170.497

108.844

94.011
87.760
131.557

185.087
208.989

183.095
271.302
262.612

226.822
139.703
154.790
199.932
167.940
271.334
261.934
205.466
159.882
176.167

179.324

437

103,616
42,732
60,447

437

1,425

105,398
9,748
4,340

97
55,751
2,720
0

3,490

1,726,891
2,488
8,191
6,146

5,721

2,337,851
17,669
20,489

7,894
862
5,078
780
20,212
5,406
7,484

1,817,051
11,064
7,469

1,667,016
3,213
1,228
3,984

1,961,425
852
3,576
2,275
8.526

735

1,859,722
79,529
112,498
671

1,683

2,390,120
22,389
12,176

249
140,537
7,942

8,077
120,031

2,674,929
50,155
7,896

74

1,801,799
90
611

1,668,681
4,761
2,230
2,978

2,345,091
9,851

0
45,073
2,498
0

87
3,389
109
2,628
48

848

485

165.764
.204
736
678

851
167.681

1.148
680

94.110
3,091
119
043

194.823
1.119
868

233.874
.348
203
631

192.211
075
193
136
.883

175
.260
.243
051
180
106

156

102
161.346

.280

147.602
1.670
.699
.015
7.874
579
0
.268
.059
.052
713
.064
2.586
.356
613

4.068

93.465
1.848
179
.004

205.636
.009
071

227151
.516
.369
472

177.794
874
0
2.702
259
0
013
649
013
282
.006

.102

<<

v

IA




Table 5-2 (Cont.)

VL

Direct and C .
Indirect Requirements per Million Dollars of of{n FI‘) arls(;n
Requirements per Imports Exports and Import Replacements of 0 d IXPOI‘rt
Million Dollars of Exports per per Average (1947) Composition Ran mpo .
Final Gutput Million Million equirements
Dollars of  Dollars Capital Labor
Total of Total Import Import
Industry® Capital° Labor?  Exports’ Imports’ Exports replace. Exports replace. Cap. Lab.

1 2 3 4 5 6 7 8 9 10 11
15a. iron ore mining (11) 3.1683 212.434 552 7,675 1,749 24,317 117 1.630

15h. iron and steel 37,732 4,695 2,724,880 2,655,654 181.305 151.438 > >
blast furnaces (78) 2.6394 142.525 396 3,676 1,045 9,702 .056 524
steel works and rolling mills (79) 2.7599  180.703 35,585 955 98,211 2,636 6.430 173
iron foundries (80) 2.0344 232,540 672 32 1,367 65 156 007
steel foundries (81) 2.0349 236.564 90 16 183 33 021 .004
iron and steel forgings (92) 2.0311  179.672 989 16 2,009 33 178 .003

16a. nonferrous metal mining 468 47,154 4,402,991 4,372,254 286.325 281885 = =
copper mining (12} 3.2280  197.862 0 5,263 0 16,989 0 1.041
lead and zinc mining (13) 2.6210  230.618 12 5,360 32 14,049 .003 1.236
bauxite mining (14) 2.6948 221.395 114 3,757 307 10,124 025 .832
other nonferrous mining (15) 5.0347 310.689 342 32,774 1,722 165,007 .106 10.183

16b. processing nonferrous metals 9,516 57,759 2,402,427 2,445,386 149.222 127.461 = =
primary copper 82(; 2.4334 121.184 2,788 22,216 6,784 54,060 .338 2.692
copper rollin and rawing (83) 2.4348  155.831 1,565 49 3,811 119 244 .008
primary lead 2.4340 120.806 40 6,720 73 16,357 .004 812
primary zinc 85 2.4350 166.224 1,379 2,672 3,358 6,506 .229 444
primary metals, n.e.c. (86) 2.4348 131.553 396 18,913 964 46,049 .052 2.488
nonferrous metal rolling, n.e.c. (87) 2.4349  148.977 983 16 2,394 39 146 002
primary aluminum (88 3.2849  144.156 204 761 670 2,500 029 110
aluminum rolling and drawing (89) 2.1816 177.628 1,769 0 3,859 0 314 0
secondary nonferrous metals (90) 2.4355 125.398 282 6,396 687 15,578 .035 .802
nonferrous foundries (91) 2.1821  244.406 120 16 262 35 029 004

17. plumbmg and heatm% supplies 3,202 49 2,048,157 2,046,700 211.118 204.647 = >
metal plumbing an v1treous fixtures (97) 2.0510  223.913 1,085 0 2,225 0 .243 0
heating equipment (98) 2.0467 204.647 2,117 49 4,333 100 433 010

18. fabricated structural metal products 4,053 179 1,748,187 1,796,648 182.087 178.771 < =
structural metal products (99) 1,6954  183.767 2,518 49 4,269 83 463 .009
boiler shop products (100a) 1.8348 178.945 1,535 130 2,816 239 275 .023

19. other fabricated metal products 16,531 1,262 2,011,342 1,971,712 203.738 207.607 = =
tin cans and other tinware (93) 2.1458  174.998 791 32 1,697 69 .138 .006
cutlery (94) 2.0414 241.579 1,229 178 2,509 363 .297 .043
tools and general hardware (95) 2.0421  227.946 3,130 259 6,392 529 713 .059

hardware, n.e.c. (96) 2.0459  228.406 1,811 16 3,705 33 414 .004
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metal stampings (101) 1.8530  202.075 2,075 453 3,845 839 419 .092
0 0

metal coating and engraving (102) 2,0457 264,165 0 0 0 0

lighting fixtures (103% 2.0419 195.244 2,140 16 4,370 33 418 .003
fa%ricated wire products (104) 2.0401 169.167 3,286 49 6,704 100 .556 008
metal barrels, drums, etc. (105) 2.0397 164.918 486 130 991 265 .080 021
tubes and foils (106) 2.0399 206.580 282 32 575 65 .058 007
miscellaneous fabricated metal products

( 2.0406  190.366 258 65 527 133 .049 012
steel springs (108) 2.0397 172.761 0 4] 4] 0 0 4]
nuts, bolts, and screw machine products

(109) 1.8550 216.333 1,043 32 1,935 59 226 007

20. agriculture, mining, and construction
machinery 34,518 5,667 2,083,252 2,115,952 193.059 202.400
tractors (112a) 2.1098 185.783 11,722 1,457 24,731 3,074 2.178 271
farm equipment (113) 2.1183 208.218 5,504 4,194 11,659 8,884 1.146 873
construction and mining machinery (114) 2.0541  188.271 12,081 16 24,816 33 2.275 .003
oil field machinery and tools (115) 2.0541 204.419 5,211 0 10,704 0 1.065 (¢}
21. metalworking machinery (116-117) 2.1793 212.211 12,633 227 27,531 495 2.681 .048
22. other nonelectric machinery 58,836 3,238 1,901,679 1,978,413 195.443 ]192.712
fabricated pipe (100b 1.6724 176.071 4 0 0 0 0 0
steam engines and turbines (110) 1.6334  234.085 1,409 16 2,302 26 330 004
internal combustion engines (111) 1.6334 183.850 6,212 389 10,147 635 1.142 072
industrial trucks (112b) 1.8509  175.047 851 [o] 1,575 4] 149 4]
special industrial machinery (118) 2.1146  202.576 19,684 1,943 41,624 4,109 3.988 .394
pumps and compressors (119 1.8797 179.349 4,335 (¢} 8,149 0 777 0
elevators and conveyors (120) 1.8754  181.040 2,452 0 4,599 0 444 0
blowers and fans (121) 1.8744  182.857 396 0 742 0 072 0
power transmission equipment (122) 1.8749  204.820 162 0 304 0 .033 0
industrial machinery, n.e.c. (123) 1.8748 170.428 2,494 648 4676 1,215 .425 110
commercial machines and equipment,

n.e.c. (124) 1.8185 224.616 7,051 32 12,822 58 1.584 .007
refrigeration equpment (125) 1.6074 169.170 6,697 0 10,765 0 1.133 0
valves and fittings (126) 2.2257  211.626 2,782 0 6,192 0 589 0
ball and roller bearings (127) 2.2110  233.258 1,457 32 3,221 71 .340 007
machine shops (128) 2.2131 212,277 156 0 345 ¢ .033 0
electrical appliances (135a) 1.6404 170.386 2,698 178 4,426 292 .460 .030

23. motors and generators (131) 1.3747  202.568 4,383 97 6,025 133 .888 020

24. radios and related products (139) 1.5768  249.783 6,763 130 10,664 205 1.689 032

25. other electrical machinery 15,794 193 L,767,716 1,771,503 218.121 202.073
‘wiring devices and griphite products

(129) 1.7708 200.531 1,743 16 3,090 28 350 .003
measuring instruments (130) 1.7690  297.422 971 0 1,718 0 .289 0
transformers (132) 1.7678  226.812 726 32 1,283 57 165 007
control apparatus (133) 1.7763  297.568 947 0 1,682 0 282 0
welding apparatus (134) 1.7744  231.621 2,147 32 3,810 57 497 007
heating appliances (135b) 1.7695  154.318 576 16 1.019 28 .089 .002
insulated wire and cable (136) 1.7697  209.119 486 0 860 0 102 4]
engine electrical equipment (137) 1.7742  276.505 923 16 1,638 28 255 004
electric lamps (138(3 1.7748  224.339 714 16 1,267 28 160 .004

tubes (140) 1.7713 204.589 971 0 1,720 0 .199 0

1A

v
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Table 5-2 (Cont.)

Direct and C .
Indirect Requirements per Million Dollars of ofr_xg) anst:n
Requirements per Imports  Exports and Import Replacements of ° d pror ¢
Million Dollars of Exports per per Average (1947) Composition Ran . mportsg
Final Output Million Million equiremen
Dollars of  Dollars Capital Labor
Total of Total Import Import
Industry® Capital° Labor? Exports® Imports’ Exports replace. Exports replace. Cap. Lab.
1 2 3 4 5 6 7 8 9 10 i1
communication equipment 1.7731 214.419 1,679 0 2,977 0 .360 0
storage batteries (142) 1.7717 183.887 1,289 49 2,284 87 237 .009
primary batteries (143) 1.7181 179.511 1,163 Q 1,998 Q .209 0
x-ray apparatus (144) 1.7663 172.350 1,457 16 2,574 28 .251 .003
26. motor vehicles 61,151 1,085 2,104,799 2,104,799 201.779 201.476 = =
motor vehicles (145) 2.1048  201.476 59,892 1,085 126,061 2,284 12.067 219
truck trailers (146) 2.1048 216.227 1,259 0 2,650 0 272 0
automobile trailers (147) 2.1048  210.641 0 0 0 0 0 0
27a. other transportation equipment 20,236 1,247 1,678,459 1,528,148 189.761 169.206 > >
aircraft and parts (148) 1.7328  235.024 7,525 130 13,039 225 1.769 031
locomotives (150) 1.6663 170.126 4,731 16 7,883 27 .805 .003
railroad equipment {151) 1.6663 158.126 6,433 0 10,719 0 1.017 0
motorcycles and bicycles (152) 1.5019 161.216 1,547 1,101 2,323 1,654 .249 177
27b. ships and boats (149) 2.1404 263.615 5,360 810 11,473 1,734 1.413 214
28a. professional and scientific equipment 6,566 11,529 1,844,913 1,840,559 251.904 238442 = >
scientific instruments (153) 1.8465  266.625 3,748 65 6,921 120 999 017
medical and dental instruments and
supplies (155) 1.8437 229.939 2,039 97 3,759 179 .469 .022
watches and clocks (156) 1.8405 238.387 779 11,367 1,434 20,921 186 2.710
28b. optical, ophthalmic, and photo equipment
(1545) 1.8465 311.213 4,707 680 8,692 1,256 1.465 212
29. miscellaneous manufacturing (157-163) 1.4382 186.429 10,762 23,771 15,478 34,188 2.006 4.432
30. coal, ¥as, and electric power 22,083 1,133 1,790,214 3,702,030 209.573 136.805 < >
coal mining (16) 1.7821 209.883 22,011 259 39,226 462 4.620 054
electric light and power (167) 42709  115.066 72 874 308 3,733 .008 .101
natural, manufactured, and mixed gas
168 2.2676 97.194 0 0 0 0 0 0
31. railroad transportation (169) 3.9285 186.879 40,957 0 160,900 0 7.654 0

32. ocean transportation (172) 2.6324  165.090 80,361 40,157 211,542 105,709 13.267 6,630
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33. other transportation 20,068 2,364 2,007,843 2,151,946 165.238 150.592 < >
0

trucking (170) 1.1152 152.922 9,018 0 10,057 0 1.379
warehousing and storage (171) 3.9155  376.255 1,529 0 5,987 0 575 0
other water transportation (173) 4.2776  119.141 3,933 696 16,824 2,977 .469 083
air transportation (174) 1.2650 163.866 4,976 1,668 6,295 2,110 .815 273
ipeline transportation (175) 1.8485 127.555 612 0 1,131 0 078 0
ocal and highway transportation (178) 1.0436 173.106 0 0 0 0 0 0

34. trade 62,302 0 1,417,208 185.452
wholsesale trade (176) 1.4157 185.346 62,158 0 87,997 0 11.521 0
retail trade (177) 2.0683  228.730 144 0 298 0 .033 1]

35. communications 2,272 0 5,097,887 246.360
telephone and telegraph (179) 5.0979  246.360 2,272 0 11,582 0 .560 0
radio broadcasting (186a) .8310 57.460 0 0 0 0 0 0
36. banking, finance, and insurance (181) 4699  134.774 8,106 16,516 3,809 7.761 1.092 2.226
37. business services’ (186b-187) 1.6345  240.990 156 0 255 0 038 0
38. amusement’ (190) 2.2801 237.204 7,687 0 17,527 0 1.823 0

7All figures refer to 1947.

he composite industries are found in W. Duane Evans and Marvin Hoffenberg, “The Interindustry Relations Study for 1947,” Review of Economics and Statistics 34:
97-142, 1952. The component industries are based on Bureau of Labor Statistics, Division of Interindustry Economics, Interindustry Relations Study, 1947 Emergency
Model Classification, 1-25, 1952. In column 1, the numbers in parentheses correspond to this latter classification.

Some of the 200-order industries were split in the process of aggregating them into the 50-order classification. These industries are indicated by a or b following the
200-order industry number. Their composition in terms of the Standard Industrial Classification is as follows:

200-order industry SIC no. 112a tractors 3521
10a fisheries 091 112b industrial trucks 3565
10b hunting and trapping 0741 135a electrical appliances 3621
35a floor coverings 2274, 2295 135b heating appliances 3581, 3583, 3584, 3589
35b house furnishings, etc. 2391-2399 186a radio broagcasting 771
100a boiler shop products 3443 186b advertising 731
100b fabricated pipe 3592

“The derivation of these figures is given in the text. The basic data on the direct capital requirements (capital coefficients) of individual industries were computed by the
Harvard Economic Research Project. For a general description of methods, see Wassily Leontief and members of the Harvard Economic Research Project, Studies in the
Structure (;f the American Economy (New York: Oxford University Press, 1952), chapter 6.
dSc(eie text 0; the derivation of these figures. The direct labor requirements (labor coeflicients) were computed by the Harvard Economic Research Project from B.L.S.
and census data.
*Export figures are based on Bureau of Labor Statistics, Division of Interindustry Economics, ““Table I—Interindustry Flow of Goods and Services by Industry of Origin
andp Destination, Section 6,” October 1952. Exports are valued at producers’ value: transportation, insurance, and trade margins are charged separately as export items.
The totgl value of exports in 1947 was $16,678.4 million; the actual value of the exports of each industry can be 0btaine§ by multiplying each item in column 4 by
16.678.4.
mport figures are based on Bureau of Labor Statistics, op. cit, All import figures refer to competitive imports only. Imports are valued at domestic port value, i.e., foreign
port value plus transportation, insurance, etc., plus duties. The total value of competitive imports in 1947 was $6,175.7 million; column 5 times $6,175.7 gives the actual
value of each type of competitive import.
€The sign > indicates that the export requirement exceeds the correspondir:? requirements for import replacement; < shows the opposite. The signs = and < mark
gilferences accounting to less than 2 percent of the larger of the two italicized figures.
"For the meaning of tﬁe italicized figures, see text.
These two industries are numbered 38 and 41, respectively, elsewhere. They are numbered consecutively here because the intervening industries do not directly
partici%ate in international trade.
JBoth the capital and labor coefficients for ““other nonferrous minin%” (15) must be considered unreliable (too high), since they were based on output statistics that
probably did not include operations performed under the authority of the Atomic Energy Commission.
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dollars more. The errors caused by the shortcut are not likely to be
of decisive importance, since the similarity of their structural rela-
tionship to the rest of the economy constituted the guiding principle
in the aggregation of the individual industries into the larger sec-
tors. Even more important is that any errors that do occur in these
basic computations can have no biasing effect on the final results of
our numerical analysis. The disregard of differences between the
indirect capital and labor requirements of industries belonging to
the same group has, furthermore, a theoretical reason, which will
become clear in the course of the later argument.

IV. Computation of export and of import replacement costs

Now we are ready to find out whether it is true that the United
States exports commodities whose domestic production absorbs rel-
atively large amounts of capital and little labor and imports foreign
goods and services that—if we had produced them at home—would
employ a great quantity of indigenous labor but a small amount of
domestic capital.

Let us imagine a situation in which the United States wanted to
reduce its dependence on foreign countries and, to achieve this end,
decided to decrease both its imports and its exports by one million
dollars each. Let us, in particular, examine the rather plausible case
in which the reduction of exports is to be achieved by an equal pro-
portional cut in each export commodity, so that after the reduction
the percentage composition of exports remains unchanged. The
same procedure can be applied to so-called competitive imports,
imports of commodities that can be and are, at least in part, actually
produced by domestic industries. The level of noncompetitive
imports that conventionally are taken to comprise coffee, tea, jute
(but not rubber, which can be commercially synthesized), and a few
other, minor items, is assumed to remain at the same time
unchanged. Such an exemption obviously has a good common-sense
basis. Moreover, within the context of the present analysis, it also
has the closely related reason that labor and capital requirements
for the domestic production of, say, coffee, cannot be realistically
assessed. For later reference, one might observe that hothouses and
heating installations would in any case require inordinately large
capital investment per million dollars’ worth of competitively pro-
duced Florida or California coffee.

To replace a million dollars” worth of imports, we would have to
raise the output of the corresponding U.S. industries. If competitive
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imports were, as has been assumed, cut proportionally all along the
line, the domestic production of the specific goods involved would
have to expand by the amounts equal to the reduction in the cor-
responding imports, that is, by the same proportional amounts. If,
for example, newsprint constituted 20 percent of all competitive
imports, and woolens were 10 percent, then in replacing the total
of one million dollars” worth of competitive imports, the domestic
output of newsprint would have to be increased by $200,000, and
the production of woolens by $100,000.

Such domestic production for replacing imports would mean
additional direct and indirect capital and labor requirements. These
can be determined in the following way.

The large 200-industry input-output table of the American econ-
omy for the year 1947 shows the competitive imports for that year
classified by the commodity groups into which they would fall if
they had been produced by our domestic industries. Dividing each
of these figures by the aggregate dollar value of all competitive
imports gives us the amounts by which the domestic outputs of these
goods and services would have to be increased if our economy pro-
ceeded to replace commodity by commodity an aggregate million
dollars’ worth of (proportionally reduced) competitive imports. Col-
umn 5 in Table 5-2 shows the composition of an average million dol-
lars’ worth of competitive imports. To compute the total amount of
capital that would be required to produce domestically this partic-
ular collection of commodities, one has only to multiply each of
these figures by the corresponding capital requirements listed in
column 2 and then find the sum total of the resulting products. The
products—one for each kind of the competitive imports—are
entered in column 7.

An analogous computation yields the corresponding labor
requirements. Column 9 shows the number of American man-years
that, in combination with the capital entered in column 7, would
have to be employed to replace the foreign goods and services listed
in column 3 with similar goods produced domestically.*

“For the purposes of the present analysis, we were able to utilize the previously com-
pleted computation, which shows the effects of any given change in “final demand” on
the levels of output of all American industries. (See Evans and Hoffenberg, ibid.) The
results of these original computations must, however, be subjected to a quantitatively not
very significant but in principle very important adjustment.

Common-sense reasoning as well as actual experience shows that whenever any one of
the American industries expands or contracts, the level of its operation tends to increase
{or to decrease) its demand for imported inputs in a way analogous to the increases (or
decreases) in its requirements for materials and services of domestic origin. An increase
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The quantities of capital and labor absorbed by the American
economy per million dollars of its 1947 exports can be determined
in exactly the same way. Column 4 in Table 5-2 shows the compo-
sition of an average million dollars” worth of U.S. exports. The quan-
tities of capital and labor required to produce the indicated amount
of each export—obtained by multiplying each figure in Column 4
by the corresponding figure in column 2 and 3—are entered in col-
umns 6 and 8, respectively.

V. Empirical findings and their interpretation

The principal findings of the quantitative factual analysis described
above are summarized in the figures in Table 5-3. These figures
show that an average million dollars” worth of our exports embodies

in the rate of domestic outputs will, therefore, in general lead to a rise in the volume of
the dependent imports. The usual input-output computations thus present U.S. imports
as depending on the level of final demand, which, in particular, implies that any rise in
exports would necessarily require an increase in imports.

For the purposes of the present analysis, this conclusion should certainly be retained
in respect to inputs that are unlikely to be replaced by a supply coming from domestic
sources. Coffee, jute, tin, and a number of other raw materials can be safely included in
this “noncompetitive” category. In evaluating the effect of increased exports on domestic
capital requirements, it seems reasonable to assume that any additional indirect demand
for the above type of goods that may arise will be satisfied by foreign sources. In other
words, in contemplating any possible changes in the level and the composition of our
exports and imports—as they would result from alternative patterns of American foreign
economic policy—it is reasonable to assume that the volume of such noncompetitive
imports will be, in the future as in the past, directly determined by structurally condi-
tioned domestic requirements.

With the typical competitive imports—such as cars, most other highly manufactured
products, and also some raw materials such as crude oil—the situation is entirely differ-
ent. If the problem of comparative costs, that is, the question of possible alternative pat-
terns of trade, is to have any meaning in respect to such commodities, one must explicitly
consider stepped-up domestic production as being an alternative to imports, and vice
versa. In this context, an increase in final demand and particularly an increase in export
demand should not be assumed to result in an automatic rise in competitive imports. On
the contrary, the domestic repercussion—for example, the change in domestic capital
and labor requirements—of additional exports must first of all be computed on the
assumption that any virtual demand for competitive importation that might arise will be
satisfied entirely and only through expansion of domestic output. The possibility of
increasing the imports of such competitive commodities has to be considered as a sepa-
rate alternative. The capital saving effects of such imports are explicitly taken into
account when one separately postulates the expected changes in the level of specific com-
petitive imports and computes the repercussion of such imports on domestic capital
requirements.

In a very open economy, such as the British, the difference between the domestic reac-
tions computed first on the assumption of an automatically induced change in the level
of competing imports and then without such induced changes might be quite large; in the
case of the United States—the most self-sufficient of the modern western economies—
such discrepancy will be quite small. It was still, however, taken into account in the pres-
ent study.
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Table 5-3

Domestic capital and labor requirements per million dollars of
U.S. exports and of competitive import replacements (of
average 1947 composition)

Import
Exports Replacements
Capital (dollars in 1947 prices) 2,550,780 3,091,339
Labor (man-years) 182.313 170.004

considerably less capital and somewhat more labor® than would be
required to replace from domestic production an equivalent amount
of our competitive imports. America’s participation in the interna-
tional division of labor is based on its specialization on labor-inten-
sive, rather than capital-intensive, lines of production. In other
words, this country resorts to foreign trade in order to economize
its capital and dispose of its surplus labor, rather than vice versa.
The widely held opinion that—as compared with the rest of the
world—the U.S. economy is characterized by a relative surplus of
capital and a relative shortage of labor proves to be wrong. As a mat-
ter of fact, the opposite is true.

What is the explanation of this somewhat unexpected result? The
conventional view of the position the United States occupies today
in the world economy is based—as has been previously explained—

"There exists a good reason to believe that the excess of the labor requirements per mil-
lion dollars’ worth of American exports over the labor requirements for the equivalent
amount of imports replacing output is actually larger than our computations show it to
be.

Part of the labor input entering in both of these figures consists of agricultural labor.
Agricultural employment figures are well known to be biased in the upward direction,
partly because many persons living on farms do not actually work on them and partly
because a very large portion of agricultural labor input is absorbed, one could nearly say
wasted, in marginal subsistence farming,.

Since the agricultural employment contributes less to the labor requirement of our
exports than it does to the replacement requirements for our competitive imports, any
downward revision in that figure would tend to increase the difference between these
two figures.

The labor requirements shown in Table 5-3 are split between the agricultural and all
other labor as follows:

Agricultural and nonagricultural labor requirements per
million dollars of U.S. exports and of competitive import
replacements (of average 1947 composition)

Import

Exports Beplacements
Agricultural labor (man-years) 22.436 40.934
Nonagricultural (man-years) 159.872 129.069

Total 182.308 170.003
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first on an empirical observation and second on a factual assumption.
The observation is that the United States possesses more productive
capital per worker than any other country. This can hardly be
disputed.

To reach the conclusion that this means that there exists a com-
parative surplus of capital and a scarcity of labor in this country, the
conventional argument must combine the foregoing observation
with the implicit assumption that the relative productivity of capital
and labor—if compared industry by industry—is the same here and
abroad. Concretely, this assertion means that if in the United States
we can transform 10 pounds of yarn into a corresponding amount of
finished cloth by using, say, one man-year and $2000 worth of
machinery, and transform a barrel of oil into gasoline by using one
man-year and $20,000 worth of equipment, the corresponding for-
eign industries can perform each of these two operations either with
exactly identical inputs of capital and labor or—if this is not the
case—at least with inputs differing in both (and all other) industries
in the same proportion. So, for example, if in India one could weave
10 pounds of yarn by using two man-years and $4000 worth of
machinery (instead of one man-year and $2000 as in the United
States), the cracking of one barrel of oil could also be accomplished
by using a double quantity of both factors, that is, two man-years
and $40,000 worth of equipment.

Only on the basis of such an assumption will the comparative costs
argument necessarily lead to the conclusion that a country possess-
ing a large stock of capital and a relatively small number of workers
will find it advantageous to specialize in industries that in terms of
its own productive possibilities, require much capital and relatively
little labor.

Let us, however, reject the simple but tenuous postulate of com-
parative technological parity and make the plausible alternative
assumption that, in any combination with a given quantity of capital,
one man-year of American labor is equivalent to, say, three man-
years of foreign labor. Then, in comparing the relative amounts of
capital and labor possessed by the United States and the rest of the
world—a comparison used for the explanation of their respective
specialization in capital- or labor-intensive industries, respec-
tively—the total number of American workers must be multiplied
by three, which would increase our 1947 labor force from 65 mil-
lion to three times that number, or 195 million of “equivalent” for-
eign man-years. Spread thrice as thinly as the unadjusted figures
suggest, the American capital supply per “‘equivalent worker” turns
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out to be comparatively smaller, rather than larger, than that of
many other countries.

This, I submit, is the analytical explanation of the results of our
empirical findings. In terms of the relative production possibilities
here and abroad, the United States is rich in manpower and poor in
capital. This country resorts to foreign trade to save its capital and
to dispose of its relative surplus labor,

Our data obviously cannot explain why American labor is more
productive than foreign labor. The problem of productivity is so
intricate and has been so thoroughly discussed elsewhere that no
casual remarks can possibly advance its solution. The following neg-
ative observation, however, has a direct bearing on the subject of
the present analysis and on the possible interpretation of its princi-
pal findings.

The extent to which the high relative efliciency of American man-
power causes this country to exchange goods that absorb relatively
little capital for those that would require more capital if we chose
to produce them at home cannot be caused simply by the large
amount of capital American industry uses per employed worker.

The fact that workers are frequently replaced by machines cannot
be denied. But such technological substitution, if profitable in the
United States, would in general be profitable also in the correspond-
ing industries abroad. The argument that the comparative shortage
of capital might prevent the use of the same labor-saving technology
by foreign countries would only hold if international trade, that is,
the international division of labor, did not exist. Actually, it does
take place, and if it were simply the problem of substituting capital
for labor, foreign countries could and would imitate the American
production practice industry by industry. At the same time their
production would be concentrated on those commodities that, both
there as well as in the United States, require relatively little capital
and large amounts of labor. The United States would for similar rea-
sons concentrate on capital-intensive industries, and the trade
between it and the rest of the world would consist in an exchange
of American capital-intensive against foreign labor-intensive goods.®
Our empirical findings indicate that, in fact, the opposite is true.
To clarify the internal logic of the argument leading to this assertion, let us consider—
from the point of view of the world as a whole—the double problem of, first, allocating
capital and labor among the various industries and, second, locating the various industries
in specific countries endowed with different relative amounts of capital and labor.

If, in accordance with the conventional argument but in contradiction to the argument

presented in this chapter, one considers the technological possibilities to be the same
throughout the world—that is, if one assumes that with a given amount of capital and a
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Thus, without denying that capital can be substituted for labor,
we must still look for some other reason to explain the high produc-
tivity of labor in America as compared with the labor employed by
similar industries abroad.

Entrepreneurship and superior organization have often been
mentioned in this connection. In accepting this most plausible
explanation, we must, however, make the following comment. Both
of these, as well as such other factors as education or the general
climate of our production-oriented soceity, certainly do make the
American economy more efficient in the sense that it is able to
achieve the same output of finished commodities and services with
smaller inputs of capital and labor. There exists a definite statistical
evidence that the man-hour and capital investments both measured
per unit of output have been reduced in many of our industries
through better utilization of equipment and more rational use of

given number of indigenous man-years every industry in England, in India, or anywhere
else is able to produce an output equal to that which the corresponding American indus-
try could achieve with the same amount of capital and an equal number of (American)
man-years—that double task can be accomplished in the following two steps.

First, considering the total stock of capital and the combined supply of labor of all coun-
tries and taking into account the total world demand for various commodities and ser-
vices, the proverbial “invisible hand”” of competitive adjustment would determine—on
the basis of the uniform technological possibilities of the world as a whole—the proper
amounts of capital and labor that each industry would best use per, say, every million
dollars’ worth of its respective output. Barring certain special, unusual situations, this
decision could and would be made without any regard to the actual distribution of the
combined labor and capital resources of the world among the different countries. This
distribution could be taken into account separately in the next step in which all the indi-
vidual industries would be actually assigned to the separate countries. In accordance with
the “‘comparative supply of factors” considerations described in the first section of this
chapter, this second step will result in placing the industries requiring relatively large
amounts of capital into the countries comparatively well supplied with that particular
factor and in locating the labor-intensive lines of production in the areas having a com-
paratively larger supply of labor.

As a final result of such efficient “comparative costs™ allocation, the capital-rich coun-
tries must specialize on the production and export of capital-intensive goods, while the
labor-rich areas will produce and export labor-intensive commodities, while importing
goods that, when produced at home, would absorb comparatively large amounts of capital
and little labor.

It is particularly important to observe that under the assumption of technological parity
the combination of capital and labor used in each industry-—having been decided in the
first stage of the two-stage allocation procedure described above—will necessarily be the
same in all the countries. For example, any specific textile product requiring much capital
and little labor when made in the United States would also require the same combination
of these two factors if it had been produced in England, in India, or in any other country.
Being short of capital, that is, of the factor that this product uses most, these other coun-
tries would, however, manufacture only relatively small amounts of that particular textile
or even none at all.
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labor.” To explain the comparative surplus of labor which our figures
unmistakably reveal, we must, however, also infer that entrepre-
neurship, superior organization, and favorable environment must
have increased—in comparison with other countries—the produc-
tivity of American labor much more than they have raised the effi-
ciency of American capital.

From the point of view of sheer arithmetic, the American com-
parative capital shortage and labor surplus—as revealed in our fig-
ures—could, of course, be equally well explained if, instead of
assuming that American man-years are more productive than for-
eign man-years, we took the labor productivity to be the same here
and abroad but at the same time assumed the U.S. capital to be less
productive than its dollar equivalent in foreign countries. Such an
alternative explanation, implying an absolute inferiority of the
American productive technology, hardly would pass the test of
empirical scrutiny; it is plainly contradicted by the fact that an aver-
age American man-year receives a much higher remuneration than
the man-year of labor employed in most other countries.

V1. Empirical analysis of subsidiary relationships

Before directing our attention to the wider economic implications
of these general conclusions, it is well to examine once more their
empirical background.

Although computed on the basis of a rather detailed industrial
classification, the amounts of capital and labor used in the produc-
tion of American exports and those required for the replacement of
competitive imports have been compared above only in terms of the
overall averages. If the explanation that has been given to these
quantitative findings is correct, similar relationships should also be
discovered within separate commodity groups.

A visual presentation of the quantitative relationships revealed by
the figures contained in the first four columns of Table 5-2 is given
in Figure 5-1. Since we deal here with essentially four-dimensional
phenomena, they cannot possibly be described in an ordinary two-
dimensional graph. Each one of the black-white blocks on the graph
must be visualized as standing on the flat surface of the paper, not
unlike a diminutive skyscraper rising above the base map in a three-

“See Wassily Leontief, “Machines and Man,” Scientific American 187: 150-60, 1952. A
different point of view is presented in the detailed factual study by L. Rostas, Comparative
Productivity in British and American Industry (Cambridge: Cambridge University Press,
1948).
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dimensional model of New York City. Each block represents a sep-
arate commodity type. Its position, or more exactly the position of
its base, on the flat surface of the map reflects the capital-labor com-
bination per million dollars of output required for its production in
the United States, the capital requirement being measured upward
along the scale marked along the left-hand side of the chart, and the
labor requirements measured horizontally along the man-years scale
entered along the bottom margin.

The length of the black strip in each block (in a truly three-dimen-
sional figure it would be measured by its height above the capital-
labor plane) represents the level of exports, and the white strip rep-
resents the imports of commodities of a particular kind.
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To make it possible to distinguish at a glance the proportions in
which capital and labor are combined in the U.S. production of the
various commodities, slanting lines are entered on the chart showing
the capital/labor ratios of $30,000 per man-year, $17,500 per man-
year, and so on. The capital/labor ratios, that is, the slopes of these
four lines, are chosen so as to include as nearly as possible one-fifth
of the total U.S. foreign trade turnover (i.e., of exports per million
dollars of total exports plus imports per million dollars of total
imports, as listed in column 4 and column 5 of Table 5-2) into each
of the resulting five radial segments in Figure 5-1.

One can clearly see that in the upper left-hand part of the map—
in the sectors containing goods that require for their production
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Table 5-4

Exports and imports compared by sectors with different capital intensity

Capital per Man- Trade Turnover® Percentage of Turnover
year (in dollars) (in dollars) Exports Imports

1 2 3 4

More than 30,000 411,103 27.39 72.61

30,000--17,750 394,465 47.90 52.10

17,750-12,250 372,425 48.31 51.69

12,250- 9,700 395,028 61.76 38.24

Less than 9,700 393,869 69.62 30.38

Aggregate 1,966,890 50.82 49.18

“Turnover within the line segments is not exactly equal since they had to be summed for integral
industries. Aggregate turnover differs from two million dollars due to rounding and omission of the
“other nonferrous mineral mining” industry-—see footnote f, Table 5-2.

larger amounts of capital and comparatively small quantities of
labor—the white parts tend to be taller than the black parts of the
same blocks. As one moves toward the lower right-hand corner, the
black strips tend to become higher than the corresponding white
strips; the tendency to export goods requiring much labor and little
capital for their domestic production and to import those that
demand much capital and little labor can in other words be as clearly
discerned in this detailed picture as it is reflected in the overall aver-
ages presented above.®

The results of this visual examination are substantiated by the
numerical compilation in Table 5-4. It shows that, as the capital/
labor ratio goes down, exports make up an even larger and imports
a smaller fraction of the corresponding foreign trade turnovers.

We have examined the overall choice that the American economy
makes when it allocates its capital and labor to produce a million
dollars’ worth of the average combination of exportable goods
instead of using them to replace an equivalent average combination
of imports. Behind it are subsidiary choices based on differences in
the labor and capital requirements of specific export and import
goods belonging to the same commodity group and, because of that,
directly competing with each other. The presence of direct com-

8The following 10 service industries are omitted from presentation in our figure: railroad
transportation (31), trucking (170), warehousing and storage (171), pipeline transport
(1975), local and highway transportation (178), wholesale trade (176), retail trade (177),
banking, etc. (36), amusements (38), communications (35), and other water transporta-
tion (173). Being essentially nontransportable, the products of these industries cannot
enter into any direct competition with imputed products of the same kind.
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petitive relationships—or at least of more direct competitive rela-
tionships than those that exist among all commodities entering inter-
national trade—is of the essence for the existence of such separate
subsidiary allocation problems. A proper isolation and detailed
quantitative description of such “internally competitive” groups
constitute the necessary prerequisites for their empirical analysis.

The study of this particular aspect of our primary data has not yet
been completed.® A careful perusal of the composition of American
exports and imports as listed in columns 4 and 5 of Table 5-2 enables
us nevertheless to delineate a number of commodity groups that
might reasonably, that is, on the basis of the general knowledge one
has about them, qualify for preliminary analysis. As should be
expected, they correspond rather closely to the 38 consolidated
industries described above. Some of the latter, however, had to be
broken down so as to separate important sets of obviously noncom-
peting operations such as the mining and final fabrication of metals;
from some others, single noncompetitive components had to be
eliminated. A large number of export and import goods (although
all of these, of course, were included in the computation of the over-
all average capital and labor requirements) had to be omitted from
the following analysis either because they did not fall into any def-
inite competitive set or because they formed small sets containing
only two or three items.

Most commodities were actually combined in “internally compet-
ing”” groups, and each set was subjected separately to the same anal-
ysis that was previously applied to all exports and all competitive
imports taken together. The average amount of capital and the aver-
age quantity of labor required to produce a million dollars’ worth of
exports falling within each such commodity group were computed;
similar computations were performed for the corresponding sets of
competitive—in this case, directly competitive—imports. In each
instance the average was obtained by weighting the capital and
labor requirements of an individual product (as listed in columns 2
and 3 of Table 5-2) in proportion to the value of the exports and
imports of that particular product per million dollars of the exports
and imports, respectively, for the group into which it belongs as a

9This study leads directly toward the problems involved in generalized formulation of
interregional input-output theory. The distinction between typically “domestic”” and the
predominantly “‘international” commodities is as fundamental for such analysis as the
lower-order distinction between ‘“‘national” and “‘regional” commodities used in the
study of the regional structure of the U.S. economy. (See Wassily Leontief, et al., Studies
in the Structure of the American Economy, Chapters 4 and 5.)
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whole. The results of these computations are entered in italics in
columns 6, 7, 8, and 9, opposite the names of the groups listed on
the left in column 1.

To facilitate the interpretation of these subsidiary computations,
the results of the comparison of the capital and labor requirements
for export and import replacement within each of the 26 distinct
“internally competitive” groups are shown in the last two columns
(columns 10 and 11) of Table 5-2. The sign > indicates that the
export requirement exceeds the corresponding requirement for
import replacement, < shows that the import replacement require-
ment is the larger of the two. To mark very small differences
(amounting to less than 2 percent of the larger of the two figures),
which should perhaps be interpreted as equalities, we used the signs
> and <.

The box scores in Tables 5-5 and 5-6 summarize the final results,
showing the values of exports and competitive imports that fall
within each of the distinct “comparative cost types”” per million dol-
lars of all exports and competitive imports, respectively. Only 63
percent of all exports and 59 percent of imports fell into specific
competitive groups. The rest, which did not fit into any one of them,
constitute a separate group. On the basis of its comparative labor
and capital requirements for exports and import replacements, this
residual group falls in the lower left box. It is represented by the
figures in parentheses.

The examination of these figures shows that the direct competi-
tion between exports and imports belonging to the same commodity
groups is dominated by our relative capital shortage and labor sur-

Table 5-5 Table 5-6
Exports (unit: $1000)  Competitive imports (unit: $1000)
Capital Capital
= =
< - = > Total < - =1 > Total
< 106 45 0 150 < 98 6 0 104
=< sl =
> 63 78 0 141 £ - 3 50 0 53
|
180 335 330 433
> (rs7ay | 07 S8 (4374 = (+408) | 2| O (+408)
348 . 431
Total (+374) 220 | 58 Total (+408) 155 6
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plus, as is the overall average picture of American foreign trade
which we have considered before. Goods of the type requiring com-
paratively more American man-years (but a smaller amount of cap-
ital) on the export side have a lion’s share ($180,000 + $374,000)
of our exports, while our competitive imports consist primarily of
goods ($330,000 + $408,000) that, if they were produced at home,
would absorb relatively large quantities of capital but smaller
amounts of American labor. Disregarding the labor requirement
entirely, we also see that commodities requiring for their produc-
tion relatively small amounts of capital dominate our exports
($348,000 + $309,000) while the capital-intensive commodities—
irrespective of their labor intensity—are preponderant among com-
petitive imports ($431,000 + $408,000).

Invisible in all these tables but ever-present as a third factor, or
rather as a whole additional set of factors determining this country’s
productive capacity and, in particular, its comparative advantage
vis-a-vis the rest of the world, are the natural resources: agricultural
land, forests, rivers, and rich mineral deposits. Absence of system-
atic quantitative information, similar to what has been collected,
organized, and used in this chapter with respect to capital and labor,
prevents us as yet from introducing this important element explic-
itly into this preliminary analysis.

However, indirect but clear signs of the influence of natural
resources can easily be traced in the capital and labor input figures
presented in Table 5-2 and depicted in Figure 5-1. This influence is
revealed mostly in their deviation from the dominant pattern
reflecting the comparative capital shortage and labor surplus of the
American economy. Without embarking on a detailed but necessar-
ily conjectural examination of such special cases, let me point to
only a few of them as seen in Figure 5-1.

Near its lower right-hand corner we find a few entires in which,
contrary to the general tendency prevailing in that part of the graph,
the white part of the twin block is taller than its black part. Con-
sulting Table 5-2, we find that these labor-intensive and capital-
extensive industries showing such unusually weak position vis-a-vis
competitive foreign imports comprise “sawmill” (37), “pottery”
(73), and “‘leather products other than shoes” (68). All of them are
based on natural materials in which the United States is obviously
short as compared with the foreign countries. On the other side of
the cluster among the capital-intensive and labor-extensive com-
modities of which we import as a rule more than we export, “sul-
phur” (19), “meat packing” (21), and “‘grain mill”” (24) products
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show a considerable export surplus. The United States is apparently
comparatively well situated with respect to the domestic supply of
such specific mineral and agricultural natural resources as are
required in the production of these particular goods.

Without the necessary additional information, any further pursuit
of this line of reasoning is bound to become highly speculative. Con-
jecture about facts is intriguing but—at least in the field of econom-
ics—essentially futile in the long run. Since the facts pertaining to
this particular subject are now being collected and organized, it
might be well to refrain from further speculation, however tempting
it may be.

VII. Some general implications

This study has been designed to ascertain the structural basis of U.S.
trade with the rest of the world. We find that, contrary to widely
held opinion, our exchange of domestically produced goods for
competitive imports serves as a means to compensate for the com-
parative shortage of our domestic capital supply and a correspond-
ing oversupply of American labor.

Without attempting a systematic exploration of the possible wide-
reaching implications of these empirical findings, let me merely
mention here a few questions whose answers might be seriously
affected by the results of this preliminary investigation.

Foremost is the problem of the changing position of the United
States in the natural resources—as compared with capital and
labor—that dominated our early development and our trade rela-
tions with foreign countries up to about 1910. From the fact that at
the present time capital appears to be comparatively more scarce
than labor, one might surmise that this scarcity has dominated our
entire economic development until now. This would mean that—in
terms of a comparison with the rest of the world—our capital sup-
ply, while steadily growing, has still not caught up with the increase
in our labor force, if the peculiarly high effectiveness of that labor
force is taken into account. A larger supply of domestic capital, if
not matched by a corresponding increase in domestic manpower,
will in any case reduce rather than increase the comparative advan-
tage in labor supply on which our present exchange of goods and
services with foreign countries seems to be based. In other words, a
more rapid rise in our average productive investment per worker
would diminish rather than increase the advantage derived by the
United States from its foreign trade. Only a spectacular additional
increase in domestic capital stock could tip the balance of compar-
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ative advantage to the other side and thus bring about conditions
that by common assumption are already supposed to exist, that is, a
situation in which the United States would actually find it advanta-
geous to use its foreign trade as a means to save American labor and
to dispose of surplus American capital. In view of the determined
effort of many so-called backward countries to increase their own
capital stock, such tipping of the scale will take some time. On the
other hand, the factors, whatever they may be, that are responsible
for the peculiarly high relative productivity of American labor
might soon become operative in other economies and thus acceler-
ate the elimination of disparity between the effective comparative
supply of capital and labor here and in foreign countries. This sig-
nifies, of course, a reduced incentive to the continued exchange of
commodities and services between the United States and the rest of
the world.

Since no discussion of foreign trade is considered to be well
rounded without some mention of free trade and protection, I con-
clude with an observation on that timeless subject. An increase in
the U.S. tariff must obviously reduce the volume of our competitive
imports below what it otherwise would have been; by restricting the
effective foreign demand for American goods, it would also bring
about a corresponding cut in our exports. Since the exchange of
goods and services with foreign countries serves as a means to
relieve the pressure of our domestic labor surplus and our capital
shortage, a partial closing of that valve will tend to increase such
pressure. In other words, protectionist policies are bound to weaken
the bargaining position of American labor and correspondingly
strengthen that of the owners of capital.
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Factor proportions and the structure of
American trade: Further theoretical and
empirical analysis
(1956)

X

This is a second report on the progress of a continuing investigation
into the structural basis of the trade relationships between the
United States and the rest of the world. The first report, published
in 1954,! elicited a number of critical comments.? Some of these are,
I hope, at least partly answered by the results of the additional and
more comprehensive analysis presented here. No reasonably con-
clusive replies to others can, however, be given without a much
deeper and wider factual inquiry.

The classical theory of comparative costs, in its modernized ver-
sion which explicitly allows for the existence of more than one
scarce primary resource, makes up the formal background of the
entire study.

For a full-fledged application of a general equilibrium approach

“Domestic Production and Foreign Trade: The American Capital Position Re-Exam-
ined,” Proceedings of the American Philosophical Society 97, September 1953. Also
reprinted in Economia Internazionale vi1, 1954.

2p, T. Ellsworth, “The Structure of American Foreign Trade: A New View Examined”;
Boris Swerling, “‘Capital Shortage and Labor Surplus in the United States” —both pub-
lished in Review of Economics and Statistics xxxvi, August 1954. Stefan Valavanis-Vail,
“Leontief’s Scarce Factor Paradox,” Journal of Political Economy 1x1, December 1954;
Gustaaf F. Loeb, “A estrutura do comercio exterior da America do norte,”” Revista Bras-
ileira de Economia 8, December 1954; David Granick, “The American Capital Position
in Foreign Trade: A comment,” Southern Economic Journal xxu1, October 1955; Norman
S. Buchanan, “‘Lines on the Leontief Paradox,”” Economia Internazionale vii1, 1955.

This chapter originally appeared in the Review of Economics and Statistics, Vol. 38, No.
4, 1956. This study was conducted as part of the research program of the Harvard Eco-
nomic Research Project. Marie McCarthy and Charlotte Taskier, staff members of the
project, were in charge of the statistical and computational work.
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to the explanation of the level and composition of the trade between
this country and the rest of the world, we would have to possess
concrete quantitative information about (1) the endowment of each
of the trading countries with the so-called primary factors of pro-
duction, (2) the shapes of the production functions, that is, of the
input-output relationships that govern in each country the transfor-
mation of these primary resources into various goods and services,
and, last but not least, (3) preferences determining in each area the
choice among alternative bundles of finished commodities it could
actually attain through alternative combinations of domestic pro-
duction and foreign trade.

Such wealth of data, of course, we do not yet possess. The infor-
mation collected in the last 10 years within the framework of the
systematic input-output studies of the American economy lays bare,
however, at least one aspect of the hitherto almost entirely con-
cealed structure—the part of it that can be seen when viewed from
the side of one of the trading countries, the United States.

The formal setting of the problem can be elucidated by a sche-
matic diagram such as Figure 6-1. It describes a situation involving
two countries, two primary factors of production, and two commod-
ities. Fixed amounts of the two factors of production are required
per unit of output of each commodity. These amounts—referred to
also as “‘technical coeflicients” —are not assumed to be the same in
both countries. As a matter of fact, the primary factors available and
actually used in one of them might be entirely different from those
employed in the other. The “final demand’ functions are, however,
taken to be identical in both areas, and by analogy with the produc-
tion functions they are described in terms of a given fixed propor-
tion between the amounts in which the two finished commodities
are to be consumed. The similarity of the two demand functions is
assumed only to simplify the graphic presentation. It is not essential
to the basic argument.®

The upper right-hand quadrant of Figure 6-1 depicts the situation
in country 1. The output of good X is measured—ifrom left to
right—along the horizontal and the output of good Y upward along
the vertical axis. The straight line connecting points y, and «x,
describes all the alternative combinations of X and Y that could be
produced if the entire amount of factor A available in country I were
used up in the production of these two commodities and if factor B

3An algebraic formulation of the model, generalized for any number of commodities and
factors, is presented later in this chapter in Appendix 6-1.
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Y,

Xy

Yu

Figure 6-1

were available in unlimited supply. Analogously, the straight line
yyx, contains all outputs of X and Y that would exhaust all the given
quantity of factor B, provided factor A were free. The combination
of these two limits, one imposed by the given quantity of A and the
other by the available amount of B, yields the broken convex line
y.Pix, which delineates the effective productive capabilities of coun-
try I. The student of earlier literature will recognize it as the familiar
opportunity cost curve of commodity Y in terms of commodity X
and vice versa.

A similar construction in the lower left-hand quadrant describes
the productive capabilities of country II. Its output of good X is also
measured along the horizontal axis but in the opposite direction—
from right to left. The amount of good Y is represented by vertical
distances and is measured downward. The line xy, describes the
limits imposed on the productive capability of country II by the
available amount of the primary factor C, and line x4y, shows the
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limits imposed by the given supply of factor D; x,V,y, constitute
thus the effective boundary of the overall productive capabilities of
country IL.

The total output of X and Y in both countries can now be easily
measured. If point P; describes, for example, the output combina-
tion in country I and Py the corresponding combination in country
I1, the distance between points x, and x, represents the aggregate
output of good X, and the stretch from y, to y, shows the corre-
sponding total output of good Y.

The numerical ratio of the total output of X to the total output of
Y can finally be identified as the slope of the line PP, connecting
point Py with point Pp. Total production within the context of the
argument equals total final consumption, and the slope of the pro-
duction vector PyP; (which could be also identified as the consump-
tion vector) represents accordingly the relative amounts of X and Y
consumed in both countries taken together. If that proportion is
assumed to be structurally determined by the nature of their respec-
tive tastes and independent of the absolute level of consumption,
the question of optimal utilization of the productive capacities of the
two countries is reduced to the problem of fitting the longest pos-
sible production vector of the prescribed slope between the oppor-
tunity cost curves x,Vyy, and y,Pix,.

In the specific configuration of the productive capabilities
described in Figure 6-1, PP, represents the longest production vec-
tor of the required slope that can thus be fitted; any other line par-
allel to it, spanning the distance between the two given opportunity
cost curves, would obviously be shorter.

Now let us introduce a change in the data underlying the original
situation by endowing country I with an additional amount of the
primary factor B.

If both input coeflicients describing the quantities of B required
to produce, respectively, a unit of X and a unit of Y remain the same,
the overall productive capabilities of country I will rise. In the chart
this increase will be reflected through an outward parallel displace-
ment of the line y,x,. Let yjx} be its new position; then y, P;X{ will
represent the new, expanded effective overall capacity of the
economy.

Under these changed conditions PP/ instead of P, P; will be the
best, that is, the longest, production vector of the prescribed slope
attainable by the combined productive capacities of both countries.
This means that in country I the output of X will go from x; to x{
while the production of Y will at the same time be reduced from y,
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to y{. An opposite shift from X to Y will take place in the output
combination of country II.

To show what commodity and how much of it each of the two
countries will trade for the product of the other, we must first
explain the determination of the relative price of X and Y, that is, of
the ratio at which they will be exchanged when the most efficient
production pattern has been established.

Note that the lower end of the optimal production vector PP,
leans against one side of the opportunity cost curve of country II,
while the other fits exactly in the corner, P, of the opportunity cost
curve y,Px, of country I. Such an asymmetrical position must nec-
essarily result whenever one is attempting to fit the longest possible
vector of a prescribed slope between two limits each composed of
straight facets. A vector, both of whose ends abut upon the middle
of such facets, can (if these do not happen to be parallel) always be
lengthened through an upward or a downward shift. That shift must
stop—and the optimal position of the vector will then have been
reached—when either one of its two ends gets into a corner. Only
in a very singular, and because of that exceptional, combination of
structural conditions in the two countries would both ends of the
vector hit such corner positions simultaneously. In all other cases
the production vector, in its optimal position, will touch one of the
opportunity cost curves between which it is stretched, not in a cor-
ner or at a point in which it touches the X or Y axis, but rather at a
point located somewhere along one of its two facets.

In the figure the point of optimal output combination in country
II, Py, is located on the line sy, but not on x.y, This signifies full
utilization of the entire available supply of factor C and only partial
employment of factor D. It follows that in this case D turns out to
be a free good and C that country’s only scarce factor of production.
As a matter of fact, the information on the available supply of factor
D and its required inputs for the production of X and Y in country
IT proves not to be required for the solution of our problem. The
line x4y, which represents on the graph all information pertaining
to factor D, could be erased without affecting—within the given
constellation of all the other structural conditions—the quantitative
determination of the production, consumption, and trading of the
two finished commodities between the two countries. Had factor D,
however, not been available in country 11, that area would obviously
not be able to make for itself or supply abroad any commodities for
the production of which that factor is required. This means that the
availability or lack of some free resources can often explain the pres-
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ence or absence of certain branches of industry or agriculture in a
particular area. At the same time the specific quantitative determi-
nation of the level of output of such industries—in case the factor
is available and the industries exist—would require neither any
knowledge of the total available supply of such a factor nor any
quantitative information concerning the specific requirements for
such factors by the industries concerned. Warm climate, water, cer-
tain types of soil and mineral deposits, possibly even the vague but
obviously important complex of human and social circumstances
defined as entrepreneurship—all of such factors and conditions
which are often available in some areas in great abundance but are
completely absent in many others—might occupy in the quantita-
tive analysis of foreign trade a position similar to that of factor D in
our simple diagram.

The relative prices of goods X and Y in country II must obviously
be equal to the ratio of the amounts of factor C required to produce
these two commodities. On the graph, that ratio is represented by
the slope of the line x.y,; the steeper that slope, the higher the price
of X must be in relation to the price of Y. Unlike the corner position
of P, in country I, the location of production point Py in country II
enables it to shift its primary resources out of the production of X
into that of Y in response to every deviation of the relative prices of
the two commodities from their comparative real costs. That means
that the slope of lines xy, determines that price ratio not only for
country II but also for country I and the trade between the two. The
direction and the composition of that trade can now be ascertained.

Country I, having produced x; units of X and y; units of Y, will
trade to country II y, units of Y in exchange for x, units of X. In the
geometric language of our graph that transaction is described as a
move from point O to point T on the combined production vectors
of the two countries, P;P;. Line OT is drawn parallel to y.x,, which
means that the exchange is transacted in accordance with the price
ratio determined before. The final consumption of X by country I is
represented by the distance from zx, to x, and its consumption of Y
by the distance between y, and y,. Country II's consumption of X is,
on the other hand, measured by the distance between x, and x, and
its consumption of Y by the stretch from y, to y.

In short, the optimal production vector PyP, is divided by the
point T at its contact with the international trade vector OT in two
parts, of which one, TP, represents the final demand (i.e., the con-
sumption) vector of country I and the other, TPy, the final demand
vector of country II.
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The specific configuration of all these magnitudes can thus be
explained in terms of the shapes of the production functions used,
the supply of scarce factors, and the composition of the final demand
in both countries. The effect of a change in any one of these struc-
tural determinants on the production and consumption of both com-
modities in each of the two countries and the trade relationships
between them can, consequently, also be traced.

As has already been shown above, an increase in the supply of
factor B in country I will bring about a shift in the overall production
vector to the new position P;P,. Now it can also be seen that that
shift will be accompanied by a reduction in the length of the trade
vector from OT to OT’, that is, a shrinkage in the volume of inter-
national exchange.

An increase or a decrease in the supply of factor C in country II,
that is, an upward or downward parallel shift of line xy., would
bring about a corresponding displacement of point P; without, how-
ever, producing any change in the position of the upper end, P, of
the aggregate production vector PPy or in the length of the trade
vector OT.

Without further elaboration or generalization of the conceptual
approach exemplified by the two-dimensional graph, it can be seen
that it simply represents a systematic linearization of the conven-
tional neoclassical theory of international trade. All the familiar rela-
tionships and propositions that are usually described and derived in
terms of more general continuous production and consumption
functions appear here in the new garb of angular graphs and linear
equations. Although in purely theoretical inquiry the fad for vec-
tors, matrices, and the other paraphernalia of linear geometry and
algebra does not seem to offer any tangible advantages over the
derivatives and Lagrange multipliers of conventional calculus, for
purposes of empirical analysis the restrictions imposed upon the for-
mal properties of our system by the use of fixed consumption and
production coefficients and linear equations seem to be quite appro-
priate. In the present instance, these restrictions introduce consis-
tently into the conceptual framework of the theory of international
trade the principle of linear approximation on which the following
empirical analysis is essentially based.

A much more serious restriction than that resulting from recourse
to linear approximation has been imposed on this study by the
necessity to limit—at least at its present stage—the empirical inves-
tigation to the description of only one part of the total picture. It is
as if we had observed the slopes and relative position of the curve
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on one side of our diagram, including the shape and length of the
trade vector, but not on the other. In conventional partial supply-
demand analysis an analogous situation arises whenver one is given,
say, the shape of the supply curve and the point of its intersection
with the demand curve without being otherwise informed about
that demand curve’s shape. All operational statements one can make
in such a case in explanation of the observed quantities and prices
must be based on partial conjecture or framed in conditional terms.
Realizing that most of us prefer to make our own conjectures, I will
now turn to facts.

11

The winding course of a comprehensive empirical investigation is
governed by a sequence of tactical decisions. Each one of these is
based on the examination of intermediate results and also is criti-
cally dependent on the flow of primary data as well as the complex-
ity and costs of various computational procedures.

The input-output matrix of the American economy for the year
1947, the corresponding sets of so-called capital and labor coeffi-
cients, and a detailed tabulation in dollar value terms of U.S. exports
and imports—all of these different sets of figures organized and pre-
sented in terms of the same industrial classification—constitute the
factual basis of our entire study. The immediate objective of the
original inquiry was to determine the amounts of capital and labor
required for the production in the United States of a million dollars’
worth of two alternative composite commodities, one defined as the
U.S. 1947 exports and the other as the U.S. 1947 competitive
imports.

In simplified theoretical examples, such as that presented in Fig-
ure 6-1, the quantity of each primary factor absorbed in the pro-
duction of any one of the traded goods is usually assumed to be
immediately observable. In a real national economy—which can be
concisely described only as a system of many interdependent activ-
ities or sectors—this obviously is not the case. The amount of capital
or labor required for the production, say, of an additional million
dollars’ worth of automobiles for export or final domestic use can be
determined only through the summation of as many separate capital
and labor inputs as there are distinct sectors in the economy. Each
industry, for example, participates at least indirectly in the produc-
tion of automobiles and, consequently, contributes at least some
part of its own capital and labor to the total quantities of these two
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factors used by the economic system as a whole for the production
of that final output. The total, that is, direct and indirect, depen-
dence of the output of each industry on the final demand for the
products of any other industry is, in general, determined not only
by the input-output structure of these two industries but also by
those of all other sectors of the economy.

Without entering into the technical details of actual computa-
tions, let me simply observe that the original input-output table
showing the direct input requirements of each industry for the prod-
ucts of other industries can be transformed into a new table called
its inverse. The entries into this, also rectangular, array of figures
indicate by how much the total output of each sector would be
raised to satisfy the total, that is, direct and indirect, requirements
corresponding to, say, one million dollars’ worth of additional deliv-
eries to final demand—of its own products or alternatively the prod-
ucts of any other sector.

Given the quantities of capital, labor, or any other factor
employed by each industry per unit of its output,* these coeflicients
can be multiplied with the appropriate rows of the inverse. Thus, a
new set of tables is obtained which show the additional amounts of
these factors needed by each industry for the satisfaction of the
direct and indirect demand for its output generated by each million
dollars” worth of final deliveries of its own products and alterna-
tively the products of all other sectors. A column-by-column sum-
mation of the entries in each of these tables yields the total quan-
tities of the respective factor absorbed throughout the economy as
a whole per million dollars’ worth of final deliveries made by each
of its productive sectors.®

After the requisite reclassification, the foreign trade statistics
show how many dollars’ worth of the final output of each industry
were in fact exported per average million dollars” worth of aggre-
gate 1947 exports. Since the total labor and capital inputs per dol-
lars’ worth of each kind of final output were previously determined,
the total quantity of either factor absorbed in the production of a
million dollars” worth of the composite commodity defined as ““U.S.
1947 exports” is finally obtained as a weighted sum of the corre-
sponding requirements of each of its many separate components.

The computation of the quantities of capital and labor directly and
indirectly absorbed in the production of the composite commodity
defined as “U.S. 1947 competitive imports” differs from the pro-

*See, in this chapter, Appendix 6-3, columns 1 and 2.
5See, in this chapter, Appendix 6-3, columns 3 and 4.
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cedure just described only in its very last step. The average com-
position of one million dollars’ worth of competitive imports—
instead of the corresponding structure of exports—determines the
weights used in the aggregation of the factor requirements first sep-
arately derived for each of the final outputs.

With its present technology and a given endowment of labor, cap-
ital, and natural resources, this country finds it advantageous to sat-
isfy its entire demand for commodities such as coffee and other trop-
ical products as well as certain minerals by imports from abroad.
These are identified for purposes of the present study as noncom-
petitive imports. The competitive imports comprise all other goods
that, although imported, are also produced in relatively substantial
quantities at home.

In an angular linearized system such as that represented in Figure
6-1, the distinction between the two would be quite clean and
sharp. If, for example, the slope of Py, were steeper instead of flat-
ter than the slope of V)x,, the aggregate consumption vector P, P,
could have been lengthened by an upward shift. And the optimal
equilibrium position would only be attained when either the upper
end of that vector stops at point y, or its lower end stops at x,,
depending on which of these two alternative positions is reached
first. In either case one of the countries would concentrate entirely
on the production of a single good. In terms of the given definition,
the import of the other good into that country would become non-
competitive. Had country I concentrated for this reason entirely on
the production of good YV, its actual input coeflicient of factor A in
the production of good X could not have been observed, since such
production would actually not take place. Neither would the knowl-
edge of the exact magnitude of that coeflicient be required for the
explanation of the effect—on the observed situation—of small
changes in any of the basic data. A limited change in that particular
coefficient itself would have no repercussions whatsoever. Only if it
were to diminish to such an extent as to make the slope of Py, again
flatter than that of Pyx, would the trade vector be reshifted to its
original position. The analogy between these considerations and the
comments previously made on the explanatory role of the so-called
free factor is obvious. What we do not know about methods of pro-
duction that are not actually used and resources that are not fully
employed cannot hurt our ability to explain the observed situation.

The allocation of scarce resources among various industries and
the structure of our foreign trade would hardly change if the actual
costs of cultivating coffee in the United States were cut, say, by 50
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Table 6-1

Domestic capital and labor requirements per million dollars of
U.S. exports and of competitive import replacement of average
1947 composition

Competitive
Exports Imports
Capital (in 1947 prices) 2,550,780 3,091,339
Labor (man-years) 182.313 170.004

or possibly even 80 percent. The question of distinction between
competitive and noncompetitive imports is closely related to the
larger and more important problem of natural resources, that is, pri-
mary factors other than capital and labor. This problem will be taken
up again later.

Some U.S. exports might be noncompetitive from the point of
view of the countries that purchase them. The level of our sales
abroad of such commodities would not, or rather would not directly,
depend on the comparative supply of capital and labor in the United
States, but instead on these other countries’ rigidly determined
demand. The lack of proper quantitative information makes the
development of the full, two-sided general equilibrium analysis
required in this case not yet possible.

The numbers in Table 6-1 summarize the principal findings of the
original computation. In terms of the simple geometry of Figure 6-
1, these figures can be interpreted as follows. On the basis of the
relative quantities of capital required for their production, 1.21 (=
3,091/2,550) units of exports could be substituted in the output of
country I for each unit of competitive imports. In terms of compar-
ative labor costs, the corresponding ratio is 0.93 (= 170/182) units
of exports for each unit of competitive imports. Since the first of
these two rates of substitution is larger than the second, the role of
capital in the American economy of 1947 corresponds to that of fac-
tor B (in country I) in Figure 6-1 and the position of labor to that of
factor A. This means that an increase in the supply of capital would
tend to reduce, and alternatively a rise in the supply of labor would
tend to expand, the volume of our foreign trade.

This conclusion will obviously hold so long as the substitution rate
of exports for competitive imports expressed in terms of their com-
parative capital requirements is larger than the corresponding sub-
stitution rate based on the comparative labor costs, that is, so long
as the quotient 1.21/0.93 (=1.30) exceeds 1. One can determine
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the magnitude of that quotient also by computing separately the
capital-labor input ratios for exports and for competitive imports
and then dividing the first by the second:

Exports, 2,550/182 = $14,010 per man-year
Competitive imports, 3,091/170 = $18,180 per man-year
a = 18,180/14,010 = 1.30

For want of a commonly accepted term, the last number, «, can
be identified as an index of comparative capital-labor intensity in the
production of competitive import and export goods.

The magnitude of this index depends only on the relative—not
the absolute—amounts of capital and labor used per unit of each of
these composite commodities. Thus, it is not affected by a change in
the size of the respective units. Consequently, a variation in the rel-
ative price of the two types of products, that is, an increase or a fall
in the amount of exports that have to be offered in exchange for a
given quantity of competitive imports, cannot affect the magnitude
and the significance of our index; so long, that is, as neither capital
nor labor becomes free. So long as the trade vector OT in Figure 6-
1 remains steeper than the line y,x, but less steep than y,x,, a change
in its slope (i.e., a variation in the terms of trade) will not modify
the basic proposition that an increase in the supply of factor B in
country I would reduce, and an increase in the supply of factor A
would raise, the volume of international trade.

Further analysis, to which we now turn, has strengthened and
widened the factual basis of the original inquiry and refined—
within the still very narrow limits set by the available empirical
data—its theoretical design. I shall first describe one by one the
principal changes in the bases of the data used and the analytical
procedures employed in these more recent computations and then
present the final numerical results.

1

In the original analysis, although it was presented in terms of the
192-industry input-output classification, only the direct capital and
labor inputs were accounted for in detail. The derivation of the indi-
rect requirements was based on the inversion of a smaller, more
aggregative, 50-sector matrix. The two largest of the present com-
putations are based on the complete 192-industry inverse.

The set of input coeflicients which makes up the standard struc-
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tural matrix, the inverse of which was used in the original compu-
tation, reflected only the “current cost” flows among all the sectors
of the economy. The flows of buildings, machinery, and other dura-
bles each industry has to receive in order to maintuin intact the
stocks of fixed capital on which its productive capacity depends are,
for purposes of short-run input-output analysis, always charged—as
part of the gross investment flow—directly to the final bill of goods.
This, however, is essentially a long-run problem, and in the longer
run the flow of goods and services required to maintain its fixed cap-
ital constitutes as much a part of the input structure of an industry
as the flow of fuel and various materials.

To adjust accordingly the basic matrix of the U.S. economy, it was
necessary to estimate the replacement and maintenance inputs of
each sector, specifying the industrial origin of all goods and services
of which they constitute a part. This was done through the multi-
plication of appropriate standard annual depreciation rates with the
“stock coeflicients” showing the amount of every specific kind of
fixed capital used by each industry per unit of its capacity output. If
an industry employs $250 worth of electrical machinery per every
$1000 worth of its annual capacity output and the standard depre-
ciation rate applied to that specific type of equipment is 20 percent,
the estimated maintenance input coefficient describing the yearly
flow of electrical machinery required by that industry to maintain
its stock of that particular type of fixed capital would amount to $50
per unit of its yearly output.

The difference in the durability of various kinds of buildings,
equipment, and other goods that make up the capital stocks of all its
sectors are thus reflected not in the capital stock—but rather in the
flow—matrix of the economy. The less durable the particular
investment item is, the larger the replacement flow required per
unit of its stock.

The complete set of replacement coeflicients, added term by term
to the original table of input coeflicients, yields a complete descrip-
tion of the long-run input-output structure of the American econ-
omy. Since a full inversion of the new 200-by-200 matrix is very
expensive, the original inverse based on unadjusted figures was
instead corrected through a computational procedure involving
only a first- and selected second-order approximation.

The flows that serve to increase, rather than to maintain, the cap-
ital of an economy must, of course, be left out of account in static
comparative cost analysis. This does not mean, however, that such
analysis cannot be used consistently for the explanation of the for-
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eign trade transactions of a growing, developing economy.
Although, as time goes on, its total stock of capital increases, as a
rule so does its labor force. The allocation of this stock at any given
time between alternative productive uses must still be expected to
follow the principle of comparative advantage. As a matter of fact,
the higher its current rate of new investment, the greater will be the
ability of an economy to adjust the specific commodity structure of
its capital-——particularly the composition of its stocks of buildings,
equipment, and other durables—to the changing conditions of tech-
nology, the varying supply of other factors, and the shifting struc-
ture of demand, foreign as well as domestic. In a stationary econ-
omy, in contrast to a developing one, the mobility of capital is, on
the other hand, strictly limited by the magnitude of the current
replacement rates.

Only because and to the extent that such mobility does exist is it
admissible to treat capital as a single homogeneous factor and to
measure its aggregate amount by the combined dollar value of the
stocks of many physically distinct commodities.

A similar problem arises in connection with the measurement of
the other factor, labor. While in the original analysis it was
described in terms of undifferentiated man-years, in certain phases
of the subsequent inquiry a breakdown of labor inputs by major skill
and occupational groups was introduced. The measurement of labor
inputs in terms of wages paid reflects the same distinction, insofar
as it amounts to weighting in the process of aggregation the man-
years of each skill group by its respective average annual wage rate.

A further theoretical refinement introduced in the recent com-
putations concerns the determination of the quantity of exports the
United States must sell in the international market in order to secure
an additional composite unit of competitive imports. In the original
computation the labor and capital employed to produce one million
dollars’ worth of exports were assumed to be sufficient to provide—
through exchange of their product for foreign goods-—exactly one
million dollars’ worth of competitive imports. Such an assumption
disregarded the fact that the production of either type of good in
the United States requires, in addition to labor, capital, and other
domestic factors, inputs falling into the category of noncompetitive
imports. The latter by definition enter into the balance of foreign
trade on the passive side, that is, they must be paid for by an equiv-
alent quantity of exports.

This means that the amount of exports the United States would
have to sell in order to obtain from abroad—instead of producing at
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home—a million dollars’ worth of competitive imports might be
either larger or smaller than “one million dollars’ worth.” On the
one hand, some part of these additional exports will serve to pay for
the noncompetitive imports directly and indirectly required for the
production of the very same exports that pay for them. But the cur-
tailment of the domestic output of competitively imported goods
will eliminate those noncompetitive imports that were previously
absorbed in their production.

Let AY represent an increment in exports; AZ the corresponding
increment in competitive imports; D, and D, the amounts of non-
competitive imports required (directly and indirectly) to produce in
the United States one unit of exports and one unit of noncompetitive
imports, respectively. If P, P,, and Q,, Q. represent the interna-
tional prices of these four categories of goods, the balance of trade
relationship that the two incremental changes must satisfy can be
symbolically described by the following equation:

AYP, = AZP, + D,AYQ, — D,AZQ,

Solved for AY in terms of AZ and the six respective constants, this
yields
- Pz - DZQZ
Py - DIQI

In actual empirical analysis each letter stands, of course, for a
whole set of variables or constants, and the determination of the
relationships between AY and AZ involves solutions of a large set of
simultaneous linear equations.®

In interpreting the meaning of the last formula, one must remem-
ber that for the purpose of input-output computations the physical
units of all commodities have been defined so as to make all base-
year (1947) prices equal 1 (million dollars). In computations related
to other years or to hypothetical conditions in which the prices of
the import and export goods different from those in which the orig-
inal ““per million dollars” units have been defined, the Ps and Qs in
the balance-of-trade equation must be interpreted as indices with
the year 1947 used as a base. As the numerical results of our com-
putations show, for an economy as self-sufficient as that of the
United States, the balance-of-payment correction for noncompeti-
tive imports is very small. It would be much larger for as open an
economy as the British.

The distinction between competitive and noncompetitive imports
can be viewed as the first step toward the extension of the empirical

AY AZ

8See Appendix 6-2 equation 6-14,
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analysis of comparative costs to primary factors other than capital
and labor. Theoretically this involves nothing more than a straight-
forward generalization of the two factors—the two composite com-
modities” analysis presented above.” Absence of comprehensive sta-
tistical information concerning their supply and utilization makes an
explicit inclusion of natural resources in our input-output compu-
tations, along with capital and labor, as yet impracticable. The defi-
ciency in basic information can be remedied only through system-
atic fact-finding research. In the meantime, the effects of natural
resources on the structure of U.S. foreign trade can be assessed only
on the basis of partial information and indirect—and, because of
that, admittedly tenuous—evidence.

We definitely know, for instance, that under present technical
conditions this country does not allocate any of its available
resources to the cultivation of coffee or to the mining of certain ores
not found among our mineral deposits. We know enough about the
potential input requirements of agricultural and mining output to be
certain that even a very drastic change in the domestic supply of
capital and labor would not lead to the establishment of these par-
ticular extractive industries at home. Insofar as such products can
and actually are obtained in exchange for U.S. exports, the level of
noncompetitive imports can be explained, as shown above, in terms
of the requirements, for these foreign products, of established U.S.
industries on the one hand and, on the other, by the demand of the
same industries for domestic factors. Labor and capital are the two
most important among these, but scarce domestic natural resources
could also play a considerable role.

Nothing short of detailed factual inquiry and computations taking
into account these other factors on a par with capital and labor can
show conclusively how important they are in the determination of
the pattern of U.S. foreign trade. In the meantime, the following
tentative attempt has been made to obtain at least a preliminary
answer to that question.

The actual supply of domestic natural resource either can be so
great as to exceed the demand-—in which case it would, of course,
be free—or it might be short and thus impose an effective limit on
the output of the extractive industry or industries that use it as a
direct input. In the latter instance, if the products of these extractive
industries—in contrast to the resource itself—are transportable,
these products will probably be imported from abroad. Thus, the
shortage of domestic mineral deposits is relieved through the use of

“See Appendix 6-1.
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imported ores, and the limited supply of domestic pulpwood is alle-
viated through the purchase of foreign pulp. This means that,
although they seem to compete with corresponding domestic out-
puts in our economy, such imports might play the same role as obvi-
ously noncompetitive imports, such as coffee, and consequently
should be explained also in the same terms. For purposes of our
computations this would simply mean shifting an additional group
of raw and semifabricated imports from the list of competitive into
that of noncompetitive commodities. In interpreting the results of
such a computation (see computation D in Table 6-2) one must,
however, keep in mind that the special theoretical assumptions on
which it is based are very tenuous. The asymmetrical treatment of
exports that should, but could not, be identified as—in the wider
sense—noncompetitive from the point of view of the “other,” that
is, the buying, country is bound to make the result of such analysis
greatly biased.

v

The principal numerical results of computations designed to deter-
mine the quantities of domestic capital and labor required to pro-
duce one million dollars’ worth of U.S. exports or, alternatively, to
replace an equivalent amount of competitive imports, are summa-
rized in Table 6-2.

The basic matrix of input-output coefficients describing the
mutual interdependence of its many individual productive sectors,
as well as the sets of direct capital and labor coeflicients showing the
amounts of capital and labor employed in each one of them per unit
of its respective output, used for all these computations reflects the
internal structural characteristics of the American economy in 1947,
For computations A and D, I have utilized in full the most detailed,
that is, least aggregative, set of data corresponding to the 192-indus-
try input-output classification. All other results were obtained on
the basis of the more aggregative 50-by-50 input-output matrix; the
direct—and contrasted with the indirect—Ilabor and capital
requirements of each one of the 192 distinct kinds of outputs are in
this latter instance adjusted so as to incorporate the more detailed
set of capital and labor coeflicients. Only computations A and D take
into account replacement costs, that is, the differences in durability
of the specific kinds of fixed capital employed in various branches
of the U.S. economy.

The composition of the two aggregative commodities, one defined
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Table 6-2

Capital and labor requirements per million dollars of U.S. exports and competitive import replacements, 1947 and 1951,

computed on the basis of 1947 structural relationships

(Figures in roman type are computed on the basis of the 1947 composition of U.S. exports and competitive imports; those in italic type are based on the corresponding

composition for 1951.)

Capital and labor

requirements
cover . T .
employment in Dlrect'and mdm}ct Cz.apltal Impf)rt
the following Results show requirements o requirements ratio
productive Main conceptual requirements per Capital Labor (man- Labor Export
Computation sectors differences million dollars of ($0000) years)* requirements ratio
(1) (2) (3) {4) (5a) (5b) (6) (7)
A 1-192 The matrix, A, of Competitive imports 224.39 164.28 1.3659
(all sectors) input of all sectors
coefficients —230.34 —167.81 —1.3726
includes capital
replacement.” 1.1757
Exports of all 208.46 179.42 1.1618
sectors (209.29)° (180.14)°¢ (1.1618)
(209.29)° (180.14)° (1.1618)
—225.68 —173.91 —1.2977
(—233.23)° (—179.72)° (~1.2977)
—1.0577
B 1-192 The matrix, A, of Competitive imports 309.13 170.00 1.8184

(aggregated to
50 sectors)

input
coeficients does
not include
capital
replacement.
Capital and
labor
coefficients are
different from
those used in all
other

computations.?

of all sectors

1.2996
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Table 6-2 (Cont.)

Capital and labor

requirements
cover Direct and indirect Capital Import
employment in requirements of requirements ratio
the following Results show q .
productive Main conceptual requirements per Capital Labor (man- Labor Export
Computation sectors differences million dollars of ($0000) years)® requirements ratio
(1) (2) (3) (4) (5a) (5b) (6) (7
Exports of all
sectors 255.08 182.31 1.3992
C, 1-164 The matrix of Competitive imports 220.78 158.89 1.3895
(all commodity- input of all commodity- (225.81)¢ (163.53)¢ (1.3808)¢
producing coeflicients does producing sectors
sectors) not include —230.59 —162.46 —1.4194
capital
replacement.? 1.2205
1.2128)°
Exportsd(?tfall 197.89 173.82 1.1385 (_1_111;
commodity-
producing sectors —214.10 —~167.61 —1.2774
Cy 1-164 As asbove in C;. Competitive imports 198.98 168.19 1.1831
(all commodity- of all sectors (209.69)¢ (166.71)¢ (1.2578)°
producing producing —210.98 —~161.43 —1.3069
sectors) nonagricultural
commodities a 12 ;gg)%
Exports of all 178.24 180.37 L9882 —1.4098
sectors producing
nonagricultural —166.63 —-179.76 —9270
commodities
Cs 10-164 As above in C;. Competitive imports 143.35 123.89 1.1571
(all sectors of all commodity-
producing producing sectors —175.10 —134.02 - 1.3065
nonagricultural
commodities) 1.4850
Exports of all 115.87 148.70 7792 —1.1610
commodity-
producing sectors —153.86 ~136.73 —1.1253
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Cy 10-164 As above in C,. Competitive imports 178.00 157.44 1.1306
(all sectors of all sectors
producing producing —186.82 —150.51 —~1.2412
nonagricultural nonagricultural
commodities) commodities
Exports of all 150.15 165.94 .9048
sectors producing
nonagricultural —156.22 —168.77 —.5256
commodities
D 1-192, As above in A. Competitive imports 185.39 199.62 9287
excluding 1, 7 In addition, 19 of all remaining
through 15, resource sectors —209.27 —206.61 -~ 1.0129
17, 20, 23, 29, industries were
36, 44, 39, 82, removed from
and 86 the main body of
the matrix and
treated as
noncompetitive
imports
Exports of all 227.47 224.63 1.0127
remaining sectors (201.60)° (199.08)° (1.0127)
—~9257.71 —224.23 —1.1493
(—221.89)° (—193.06)° (—1.1493)

1.2496
1.3410

9171

-.8813

aLabor requirements in wage-dollars for 1947 only were obtained in computations C, and Cy:

Wage requirements per million dollars of

Exports Import replacements
G 516,277 436,394
(452,581)
Cg 545,142 475,107
(468.770)

For figures in parentheses, see footnote e below.
bRequirements were computed on the basis of equations (6-11), Appendix 6-2, later in this chapter.

“Figures in parentheses show requirements for exports per million dollars of competitive import replacements, i.e., requirements for the increase in exports accompanies

an increase of $1,000,000 in competitive imports.

For computation A: An increase of $1,000,000 in 1947 competitive imports occasions an increase of $1,004,000 in exports, while an increase of $1,000,000 in 1951

competitive imports occasions an increase of $1,033,433 in exports. Computed from equation (6-14), Appendix 6-2.

For computation D: An increase of $1,000,000 in 1947 competitive imports occasions an increase of $886,267 in exports, while an increase of $1,000,000 in 1951

competitive imports occasions an increase of $861,010 in exports. Computed from equation (6-14), Appendix 6-2.
4Requirements were computed on the basis of equation (6-12), Appendix 6-2.

“Figures in parentheses pertain to import requirements computed with imports of raw cane sugar shifted from 1.C. number 9 to LC. number 27; data were not available

for a similar computation for 1951.
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as exports and the other as competitive imports, reflects the actual
percentage breakdown of U.S. exports and imports, respectively, by
products of the specific input-output industries. The distinction
between the figures that are identified as being related to the year
1947 and those related to the year 1951 (in italic type) reflect only
the difference in the material composition of U.S. exports and
imports in these two years. All the internal structural relationships
used in the computation of the capital and labor requirements for
the production of exports and replacement of competitive imports
for 1951 are based, as I have said above, entirely on 1947 internal
structural relationships.

The use of the 1951 export and import weights is intended to test
to what extent the general results of this analysis might be affected
by the year-to-year changes in the composition of U.S. foreign trade.
Had a complete 1951 input-output matrix, with corresponding sets
of labor and capital coeflicients, been available, it certainly would
have served our purpose even better.

In computations, C,, C,, C;, and C,, both the exports and noncom-
petitive imports are defined so as to include the products of all
branches of the economy other than the service industries. No fig-
ures on the exports and imports of the services of wholesale trade,
transportation, banking, and so on, can be found in official foreign
trade statistics. The input-output table for the year 1947 contains
such information, but for the year 1951 one had to fall back on
rather crude estimates. Thus it was deemed preferable to omit these
categories entirely from most of the computations. Such an exclu-
sion, incidentally, tends to reduce the computed capital require-
ments and to increase the labor requirements per unit of U.S.
exports and has an opposite effect on the corresponding figures for
the replacement of noncompetitive imports.

Agriculture, both as a producer of exports and competitive
imports and as an employer of labor, presents a special problem.
Fluctuations in yields here and abroad—not to speak of goverment
intervention—affect foreign trade in farm products to such an
extent that the amounts of agricultural commodities exported and
imported in a single year can be expected to reflect long-run com-
parative cost conditions much less than in the case for any other
type of good.

The fact that most direct labor used in U.S. agriculture is essen-
tially self-employed makes all measures of agricultural employment
highly speculative and the agricultural labor input coeflicients less
reliable than those of any other major industry. It was thus only nat-
ural to exclude agricultural labor requirements entirely from some
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of our computations. Although the agricultural capital coeflicients
are not open to the same kind of objections, serious (in my opinion
unjustified) doubts have been raised concerning their validity.
Hence, in computations C,; and C,, not only the agricultural labor
inputs but the agricultural capital requirements as well are excluded
from the final figures.

As explained before, the simple assumption that a million dollars’
worth of U.S. exports can be exchanged on the international market
for a million dollars’” worth of competitive imports leaves out of
account the unconditional domestic requirements for noncompeti-
tive foreign imports. A more complete set of theoretical relation-
ships which explicitly satisfies the balance-of-trade conditions (sym-
bolically described in the formulas above) has been used for
computations A and D. The table includes in both these cases two
sets of capital and labor input figures for U.S. exports. One—
enclosed in parentheses—represents the actual requirements per
million dollars’ worth of exports; the other shows the quantities of
the two factors that would be absorbed in the production of that
amount of competitive imports the United States would lose if it had
reduced its exports by one million dollars. As the figures included
in the footnotes to Table 6-2 show, in computation A, which is based
on the regular, narrow, definition of noncompetitive imports, the
balance-of-payment ““correction” is, both in 1947 and 1951, so
small as to be practically negligible. Because of that and also because
this correction, as has been shown before, cannot affect the value of
the « index, which finally reflects the comparative position of U.S.
exports and competitive imports in respect to their relative require-
ments for capital and labor, all the other computations are based on
a simpler formula which neglects the balance-of-payments implica-
tions of noncompetitive imports.

\Y

After the elaborate analysis of the theoretical considerations that
guided this inquiry and a systematic, although admittedly less
detailed, presentation of its factual basis, I can abstain from an
extended discussion of the final findings. They seem to support the
principal conclusion of the original investigation. The United States
exports commodities that, on the average, absorb in their produc-
tion less capital and more domestic labor than would be required for
the production, in this country, of those goods it apparently finds
comparatively cheaper to import. Table 6-3 shows the breakdown
of the total man-year inputs absorbed per million dollars of 1947
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Table 6-3
Labor requirements (by five levels of skill)* per million dollars of exports and competitive import replacements of all
sectors, 1947

Labor required for the exports and imports of

All sectors (1-192) Agricultural sectors (1-9)
Competitive import Competitive import
Exports replacements Exports replacements
Man- Man- Man-
Level of skill Man-years Percent of total  years  Percent of total  years Percent of total years Percent of total

1. professional, etechnical, 23,867 13.75 19,395 12.24 997 7.60 2,488 7.38
and managerial

II. clerical, sales and service 38,307 22.07 26,954 17.00 1,432 10.92 3,326 5.86

III. craftsmen and foremen 26,298 15.15 18,696 11.79 609 4.64 1,542 4.57

IV. operatives 52,158 30.05 44 992 28.38 967 7.37 2,467 7.31

V. laborers 32,941 18.98 48,494 30.59 9,113 69.47 23,911 70.88

Total 173,571 100.00 138,531 100.00 13,118 100.00 33,734 100.00

Labor required for the exports and imports of
Mining and manufacturing sectors (10-164) Electricity, communications, and service sectors (167-192)

1. professional, technical, 15,564 12.74 15,087 13.05 7,306 19.05 1,820 19.88
and managerial

II. clerical, sales and service 24,883 20.38 20,498 17.72 11,992 31.28 3,130 34.19

I, craftsmen and foremen 20,938 17.15 16,397 14.18 4,751 12.39 757 8.27

IV. operatives 42,949 35.17 40,837 35.31 8,242 21.50 1,688 18.44

V. laborers 17,776 14.56 22,824 19.74 6,052 15.78 1,759 19.22

Total 122,110 100.00 115,643 100.00 38,343 100.00 9,154 100.00

“The breakdown of the labor coefficients by skill was developed by Dr. A. H. Conrad, staff member of the Harvard Economic Research Project, in connection with his
investigation of the structure of the U.S. labor force.
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exports and competitive import replacements by five skill and occu-
pational categories. Furthermore, it shows how that employment
was distributed among the three major subdivisions of the U.S.
economy. As should have been expected, the relative excess of man-
years incorporated in one million dollars’ worth of U.S. exports over
the quantity of labor absorbed in the production of an equivalent
amount of domestic goods competing with foreign imports is defi-
nitely concentrated in the higher skills. The lowest, that is,
unskilled, category taken by itself shows, as a matter of fact, a quite
large surplus on the import side in terms of percentage.®

The role that scarce factors other than labor and capital play in
the determination of the structure of U.S. foreign trade still has to
be systematically explored. A comprehensive, two-sided explana-
tion of our economic relationships with the rest of the world will
not, of course, be possible before the internal economic structure of
at least one of the most important of our trading partners has been
studied as fully as that of our own.

My first article on structural determination of the composition of
U.S. foreign trade contained a proposed explanation of the origi-
nally observed facts and also a tentative elaboration of some of its
important implications. Now, after having described in detail the
formal framework of the entire study and presented the results of
further, more comprehensive empirical analysis, I shall not discuss
again these other more speculative questions. New evidence seems
to support, or at least not to contradict, the earlier conjecture that
the very high productivity of American—as compared with for-
eign—Tlabor plays a decisive role in the determination of the com-
position of those U.S. exports and imports that do not reflect directly
the presence or absence in this country of certain natural resources.
So long as one cannot yet present the full array of facts required to
prove—or to refute—it, the reiteration of a controversial position
would serve no useful purpose.

Appendix 6-1

Linearized model of interregional trade

Notation

Outputs of commodities 1, 2, ..., nin
Country i x, x,, . . ., x,
Country IL: yy, ys, . - ., Y,

5These findings confirm and possibly explain the findings of Irving B. Kravis.



118 Input-output economics

Imports of commodities 1, 2, . . . n, from country II to country I:

t,, &, . . ., t,. Negative imports represent exports.
Prices of commodities 1, 2, . . ., n in both countries: p;, ps, . . ., Pa.
Supply of (fully employed) primary factors in:

Country I: F\, F,, . .. , F,,

Country Il: G, G, . .., G5

Each one of these m, + m, quantities might represent a different factor.
Prices of primary factors in:

Country I: qi, qo, - . -, G,

Country IL: v}, vy, . . . , Uy,

Production coeflicients:

Country I: f; Country II: g,

Each coeflicient represents the amount of factor i required directly and
indirectly for the production of one unit of commodity j. The j’s refer to
the same commodities in both countries but the i’s not necessarily to the
same factors.

Consumption coeflicient, that is, the amounts of commodities 2, 3, .. ., n
consumed per unit of commodity 1, in

Country I 1o, 13, . .., 1,

Country II: wy, us, . . ., u,

Equations

Physical relations between the supply of factors and the quantities of

outputs.

Country I:
(6-1) foxy + foxy + 0 - - + fux. = F;

i=1,2,...,m

The number of equations must not exceed the number of unknowns.
(6—2) m, =n

Country II:
(6-3) guth + -+ gl = G
(6-4) i=1,2 ..., m

my =1n

Cost-price relationships:

Country L:
(6-5) fan + fuge + - - - +fmu“7m1 = P
i=1,2...,n
Country II:

(6-6) 210) + oy 0 Zan Uy = P

i=1,2,...,n

L
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Considered together (6-5) and (6-6) constitute a system of 2n linear
homogeneous equations of the first degree in n + m, + m, unknown abso-
lute prices, and it can be solved for n + m, + m, — 1 relative prices only
ifn +my + my — 1 = 2n, that is,

(6-7) m, +my =n-+1
Consumption equations:

Country I:
(6-8) ot t=rn + )

i=23...,n

where x; + #, that is, the domestic output plus the imports (or minus the
exports), represent the amount of the ith commodity available for con-
sumption in country I,

Country IL:

(6"9) =t = ui(xl ~ 1)
i=23...,n

The balance of trade equation:
(6‘10) tlpl -+ tgpg + - + tnpﬂ = 0

The number of equations in the entire system:

Set (6-1) m,
Set (6-3) my
Set (6-5) n

Set (6-6) n

Set (6-8) n—1
Set (6-9) n—1
Set (6-10) 1

Total m, + my, + 4n — 1 equations

The number of unknowns in the entire system (if commodity 1 is chosen to
serve as the numeraire, i.e., if p, = 1):

Commodity pricesn — 1

Factor prices my; + my

Outputs 2n

Amounts traded n

Total m, + my, + 4n — 1 unknowns

In the simple system presented in Chart 1,

n=2 m =2 my, =2
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Appendix 6-2

Input-output computations for the determination of quantities of capital
and labor required for the replacement of competitive imports and
production of an equivalent amount of exports

Notation

X
Xy

i

x = isa column of outputs of the n sectors of the economy.

X

y is the value of total exports of all n sectors in millions of dollars.
z is the value of total competitive imports into all n sectors in millions of
dollars.

is a square matrix of input coefficients; for all

Tan v Gy, subscripts iand j (i,j = 1, 2, ..., n), a; is
the amount of sector i’s product used by sec-
A= . . tor j per unit of output of sector j (physical
: ' unit = unit price, since a physical unit of any
O Gun product is defined as a million dollars’ worth
of that product at base-year prices).
d=ld d, ...,d,)isarow of noncompetitive-import input coeflicients;
for all subscripts i(i = 1, 2, ..., n), d; represents the amount of noncom-
petitive imports into sector i per unit of output of sector i.
b,
b, is a column of export coeflicients; for all i (i = 1, 2,
b= ., n), b, represents the amount of sector i’s exports
. per unit (i.e., per one million dollars) of total exports of
. all n sectors.
L b,
- o -
¢ is a column of competitive import coefficients; for all i
(i=1,2,...,n), ¢ is the amount of competitive
c= imports into sector i per unit (i.e., per one million of
dollars) of total competitive imports into all sectors.
L ¢,
- -
2 is a column of residual constants, each r, (i = 1, 2,
ro= ..., n) representing that part of sector i’s output allo-

cated directly to all final uses other than exports.

n
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r, is that part of total noncompetitive imports allocated to final (as con-
trasted with productive) uses.
k = [k, ky, . . ., k,] is a row of capital coeflicients.

Balance equations

In matric notation, the balance equations of the system are:

ow [

Each of the first n equations of the system (6-11) states that the output of
a sector i plus competitive imports into that sector, that is, its total supply,
is distributed to other sectors (including itself), to exports, and to the resid-
ual sector. The (n + 1)st, that is, the last, equation describes the balance-
of-trade relationship; it states simply that total exports are equal to total
competitive imports plus total noncompetitive imports. If the balance-of-
trade equation is omitted, system (6-11) is reduced to

(6-12) [I — Allx] = [bly + [c]z = [r]
Computation of capital and labor requirements reduced to matrix
operations

SYSTEM (6-11)

The computation of capital requirements per million dollars of competi-
tive import replacements can be best presented as if it consisted of two
stages.

First, the system (6-11) is solved for [;} in terms of the other column

vectors, that is, the square matrix that appears on the left-hand side of that
equation is inverted:

o -l {5 )

Next, system (6-11’) is premultiplied by the row of capital coeflicients, [k0]:

e I S R YR M

The product,

kol [1—A4i-b]"
—-d |1

in which K, is a row matrix and K, is a scalar, shows net capital require-
ments (direct and indirect) per million dollars of competitive import
replacements. Note that the first n elements of this product, that is, [K,] [¢],
before they have been added up, represent requirements of the n sectors,
while the final “foreign trade” term shows requirements for exports per
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million dollars of competitive import replacements. Requirements for
exports per million dollars of total exports can be obtained easily from this.
The last equation of system (6-11’) is a statement of a linear relation
between y and z:

(6-14) y=A +u

where A is the product of the last row of the inverse into the column

-4

and g is the product of the last row of the inverse into the column

H

Hence, if z increases by 1, y increases by A, and

Requirements for exports per
million dollars of competitive

Requirements for exports per _ imports

million dollars of exports A

SYSTEM (6-12)
This system differs from system (6-11) only to the extent that it does not
contain the last, that is, the balance-of-payments, equation.

As with system (6-11), the first step of computation consists of the inver-
sion of the matrix to obtain:

(6-12) [x] = [I — A]"Y{[bly — [c]z + [r]}
Next, system (6-12') is premuitiplied by the row [k]:
(6-13) [kllx] = [k][I — A]"{[bly — [c]z + [r]}

The product [k]{I — a] '{b] gives capital requirements per million dollars
of exports, and the product [k][I — A] '[c] gives capital requirements per
million dollars of competitive import replacements,

Labor requirements per million dollars of competitive import replace-
ments and per million dollars of exports can, of course, be computed for
either of the two systems by the same method as was used for capital
requirements.
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Appendix 6-3
Industrial classification and some of the basic data used in the computation of labor and capital requirements per million
dollars of exports and of competitive import replacements*

. . Competitive imports
Direct Direct cap- P P

labor ital Total direct and Exports per million per million dollars of
g b wa indirect requirements dollars of total total competitive
coefficients coeflicient’ e . X .
jyy per million dollars of exports® (1947 imports® (1947
(man-years ($ million d
, final output dollars) dollars)
per $ per $ mil-
million of  lion of out- Labor Capital
output) put) (man-years)  ($0000) 1947 1951 1947 1951
192 I-C No. (1) (2) (3) 4) (5 (6) ) (8)
Agriculture, fishing, huntin
1 meat animals and products 82.60 1.6114 192.6 398.9 822 422 54747 58116
2 poultry and eggs 82.60 1.6114 213.4 422.9 1277 941 793 542
3 farm diary pro§ucts 82.60 1.6114 164.0 343.6 72 32
4 food grains and feed crops 82.60 1.6114 128.6 338.2 55515 91576 1102 19765
5 cotton 82.60 1.6114 135.4 366.6 23605 67067 8097 4417
6 tobacco 82.60 1.6114 105.7 263.1 5288 17784 32
7 oil-bearing crops 82.60 1.6114 125.8 346.1 2668 7932 25812 86
8 vegetables and fruits 82.60 1.6114 125.6 226.0 9671 6557 23479 16205
9 all other agricultural products 82.60 1.6114 120.4 232.3 2045 1416 138479 15823
10 fisheries, hunting, and trapping 348.41 1.1274 392.0 150.7 1007 1007 26573 18896
Minin
i1 %ron ore mining 105.90 1.4839 139.8 191.7 552 1391 7675 10271
12 c()pCPer mining 94.11 1.5511 139.8 191.7 8 5263 4092
13 lead and zinc mining 126.87 .9441 170.8 150.5 12 51 5360 7046
14 bauxite mining 117.65 1.0179 150.5 144.4 114 77 3757 2763
15 other nonferrous mining 222.37 3.3578 295.1 415.4 342 215 32774 21725
16 coal mining 166.32 8091 197.6 115.0 22011 20002 259 234
17 crude petroleum and natural gas 39.45 1.6005 54.8 179.8 6248 4529 37372 47517
18 stone, sand, clay, and abrasives 151.67 1.5243 194.3 204.5 330 511 3854 10175
19 sulphur 64.55 1.1661 76.4 132.2 1385 1693
20 other nonmetallic minerals 79.64 1.5243 114.1 205.7 881 786 17456 11843
Manufacturing
21 meat packing and poultry 24.54 .0955 187.1 336.0 17568 12128 7189 34062
22 processed dairy products 40.59 2131 174.0 266.9 15217 6799 2429 4840

23 canning, preserving, and freezing 82.01 .3084 202.0 183.8 11446 6722 48043 21985
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; Competitive imports
Direct Direct cap- p p

¥21

1ab tal Total direct and Exports per million per million dollars of
fg or b i;a. " indirect requirements dollars of total total competitive
coethcients C(;e ,cll;n per million dollars of exports® (1947 imports® (1947
(man-years (8 mi ton final output? dollars) dollars)
per $ per § mil-
million of  lion of out- Labor Capital
oulput) put) (man-years) ($0000) 1947 1951 1947 1951
192 1-C No. 1) (2) 3) {4 (5) (6) 0 (8)

24  grain mill products 21.88 1172 130.1 232.0 45928 15832 1522 4079
25 %aker products 96.84 3244 189.1 168.3 468 172 32 198
26 misce{laneous food products 50.78 .3407 145.7 180.0 10553 4653 8825 3904
27 sugar 32.53 .6063 160.1 274.3 1997 1030 12954 61553
28 alcoholic beverages 45.22 3720 127.1 146.1 2524 1120 17035 21301
29  tobacco manufacturers 40.54 .1060 146.9 170.3 13245 3506 21439 12144
30 spinning, weaving, dyeing 115.04 3113 207.9 181.3 53758 28966 9796 39187
31 special textile products 101.35 .3419 183.6 130.3 684 295 8922 7168
32 jute, linen, cordage, and twine 100.43 3411 165.2 114.8 815 1049 4728 5512
33 canvas products 103.70 1204 228.6 1194 174
34 appare]p 116.02 1148 236.6 102.2 15493 7698 12695 11449
35 house furnishings and other nonapparel 54.00 1590 191.9 144.5 6032 2677 2025 1540
36 loggin: 94.67 5299 141.8 97.0 378 415 9149 7961
37 sawmiﬁs, planning, and veneer mills 157.91 5299 235.6 124.3 7153 4650 20435 23317
38 plywood 115.43 2282 202.0 95.6 863 46 761 1678
39 g}. ricated wood products 132.49 .2381 238.3 103.4 1217 818 632 1085
40 wood containers and cooperage 148.47 .2407 280.0 113.2 612 253 810 1313
41 wood furniture 134.26 2160 242.9 105.9 797 408 421 969
42 metal furniture 93.74 5374 203.0 156.2 1127 640 16
43 partitions, screens, shades, etc. 107.95 .2798 219.5 129.6 150
44 pulp mills 51.22 6136 134.8 146.8 1337 3020 42732 34436
45 paper and board mills 65.74 6136 147.0 155.4 4401 5706 60447 49342
46 converted paper products 67.80 2871 160.0 132.8 4005 3419 437 1037
47 printing and publishing 114.04 3940 178.7 104.1 4329 3921 1425 1830
48 industrial inorganic chemicals 60.86 4279 144.8 163.9 7693 6419 9748 13792
49 industrial organic chemicals 50.65 9366 140.2 224.9 7303 5809 4340 10599
50 plastic materials 49.31 6925 154.9 217.2 3082 4009 97 227
51 synthetic rubber 30.81 6519 111.8 212.4 342 454 55751 76136
52 synthetic fiber 102.41 1.0511 165.5 184.3 1739 2532 2720 4868
53 explosive and fireworks 87.53 4125 163.9 125.1 414 324 140
54 drugs and medicines 73.72 2977 153.3 112.6 9329 19699 1457 1944
55 soap and related products 35.93 2728 152.9 173.7 2524 3178 405 1072
56 paints and allied products 41.98 1741 141.8 164.4 3663 3653 340 788
57 gum and wood chemicals 74.48 5578 153.4 162.7 2140 2370 3854 379
58 fertilizers 70.20 5011 177.6 198.2 450 603 356 796
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vegetable oils

animal oils

misc. chemical industries
petroleum products

coke and products

paving and roofing materials
tires and inner tubes

misc. rubber products

leather tanning and fishing
other leather products
footwear (excl. rubber)

glass

cement

structural clay products
pottery and related products
concrete and plaster products
abrasive products

abestos products

other misc. nonmetallic minerals
blast furnaces

steel works and rolling mills
iron foundries

steel foundries

primary copper

copper rolling and drawing
primary lea

primary zine

primary metals, n.e.c.
nonferrous metal rolling, n.e.c.
primary aluminum

aluminum rolling and drawing
secondary nonferrous metals
nonferrous foundries

iron and steel forgings

tin cans and other tin ware
cutlery

tools and general hardware
hardware, n.e.c.

metal plumbing and vitreous fixtures

heating equipment
structural metal products

boiler shop prod. and pipe bending

metal stampings

metal coating and engraving
lighting fixtures

fa%)ricated wire products
metal barrels, drums, etc.
tubes and foils

140.66

135.22
121.59
122.05
114.32
94.05
84.59
79.76
95.72
157.81
88.89
62.81
58.56
100.23

5334
5336

154.2
179.7
166.3

78.0
199.3
154.1
180.9
187.5

79.7
209.8
215.7
190.4
162.4
254.3
234.2
227.7
178.1
174.4
182.1
170.4
182.3
194.0
198.2
155.0
161.5
213.3
165.5
232.8
164.6
135.0
161.9

98.4
210.0
178.4
1923
201.1
204.6
211.7
208.8
204.7
182.5
189.2
198.0
208.1
197.2
186.6
177.7
212.1

293.2
239.4
162.9
243.7
419.2
203.1
156.3
122.7

44.3

63.3
157.5
233.8
141.8

81.5
178.4
134.1
131.8
146.2
366.4
293.6
142.2
124.0
333.4
283.2
355.0
260.8
374.9
280.0
331.6
243.8
196.8
158.6
191.9

121.7
135.9

151.4
124.8

203.0

18881
4130
1584

30332
5157

54

1355
2749
1264
1197
2917

318

3041
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Competitive imports

Direct D‘r‘?Ct cap- Total direct and Exports per million per million dollars of
Iab?r . 1ta! . indirect requirements dollars of total total competitive
coefficients coefﬁ'CIe'nt per million dollars of exports® (1947 imports® (1947
(man-years (8 ""ll“?" final output? dollars) dollars)
per $ per $ mil-
million of  lion of out- Labor Capital
output) put) (man-years)  ($0000) 1947 1951 1947 1951
192 1-C No. (1) (2) (3) (4) (5) (6) (7) (8)

107 misc. fabricated metal products 84.01 .5343 205.8 169.3 258 103 65
108 steel springs 66.41 .5334 188.4 205.4
109 nuts, bolts, and screw machine

products 109.98 .3487 195.4 144.9 1043 608 32 807
110 steam engines and turbines 137.78 .3013 242.4 119.3 1409 1431 16 206
111 internal combustion engines 87.54 3013 203.6 125.7 6212 5759 389
112 farm and industrial tractors 78.74 5188 201.4 158.1 12573 17682 1457
113 farm equipment 101.18 .5273 210.9 159.0 5504 7182 4194 8290
114 construction and mining machinery 81.23 .4631 192.4 141.1 12081 13523 16
115 oil-field machinery and tools 97.38 .4631 185.8 134.8 5211 4230
116 machine tools and metalworking

machinery 128.24 1.0077 222.2 177.7 10972 8833 194 1521
117 cutting tools, jigs, and fixtures 134.36 .2333 210.5 91.0 1661 1338 32
118 special industrial machinery 106.27 7825 196.7 157.9 19684 20315 1943 4027
119 pumps and compressors 83.04 5476 197.4 145.7 4335 3401
120 elevators and conveyors 84.73 .5433 177.8 136.4 2452 1176
121 blowers and fans 86.55 5423 191.3 144.4 396 399
122  power transmission equipment 108.51 5428 190.7 133.1 162 267
123 industrial machinery, n.e.c. 74.12 5427 184.5 153.5 2494 971 648
124 commercial machines and equipment,

n.e.c. 128.31 .4864 200.1 111.1 7117 7985 32 733
125 refrigeration equipment 72.86 2753 189.4 130.4 6697 7674
126 valves and fittings 115.32 .8936 206.2 179.9 2782 1809
127 ball and roller bearings 136.95 .3594 199.0 106.7 1457 1417 32 410
128 machine shops 115.97 8810 197.0 168.5 156 37
129 wiring devices and graphite products 95.10 .3610 196.7 138.5 1745 2376 16 635
130 electrical measuring instruments 118.91 .3650 209.0 105.7 714 739 16
131 motors and generators 117.77 .2008 211.6 105.7 4383 3919 97 1415
132 transformers 99.16 3615 194.5 138.2 971 1163
133 electrical control apparatus 111.84 3633 198.5 110.7 1679 1714
134 electrical welding apparatus 78.46 3619 203.4 134.5 1289 837 49
135 electrical appliances 74.08 .3083 195.8 131.6 3861 3622 194 1828
136 insulated wire and cable 66.92 3565 184.7 201.5 1457 16 47
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137 engine electrical equipment 191.99 .3592 292.9 133.5 971 926

138 electric lamgs 131.38 3580 203.0 107.0 726 701 32 66
139 radio and related products 124.10 2309 241.2 101.7 6763 5813 130 123
140 tubes 227.75 .3665 289.0 114.6 947 1017
141 communication equipment 126.19 3646 224.3 111.1 2147 1566 32
142 storage batteries 48.89 .3597 145.2 169.5 576 488 16
143 primary batteries 103.69 .3599 173.4 128.1 486 911
144 x-ray apparatus 96.42 3644 167.9 93.9 923 434 16
145 motor vehicles 60.25 3877 206.6 168.5 59892 64720 1085 4280
146 truck trailers 75.00 3877 195.6 150.7 1259 429
147 automobile trailers 69.41 .3877 201.8 148.6
148 aircraft and parts 142.44 4063 225.6 113.6 7525 1033 130 1054
149  ships and boats 171.03 8139 254.6 158.7 5360 64 810 115
150 locomotives 77.54 .3398 225.0 146.6 4731 2167 16
151 railroad equipment 65.54 .3398 180.8 150.5 6433 1812
152 motorcycles and bicycles 68.63 1754 178.3 106.5 1547 185 1101 980
153 instruments, etc. 132.03 5819 221.0 131.4 3748 2323 65 9
154 optical, ophthalmic, and photo

equipment 176.62 5819 260.6 134.9 4707 4199 680 2907
155 medical and dental instruments and

supplies 95.35 5791 208.0 164.4 2039 1857 97 534
156 watches and clocks 103.80 .5759 212.7 143.4 779 638 11367 10324
157 jewelry and silverware 107.09 1871 180.2 114.3 1985 1093 14233 10582
158 musical instruments and parts 131.08 .2666 215.2 85.4 432 203 1328 1708
159 toys and sporting goods 133.40 .2666 220.1 103.4 1427 872 777 1328
160 ofgce supplies 112,74 .2666 177.2 84.9 2812 1640 340 156
161 plastic products 86.93 .5570 168.0 144.5 1055 611 49 109
162 cork products 71.43 .2666 142.8 99.4 204 234 453 469
163 motion picture production 81.66 .1489 120.1 49.5
164 misc. manufactured products 88.20 .2666 203.2 120.9 2710 1388 6202 8757
Public utilities and transportation
167 electric light and power 71.50 3.2979 122.5 412.5 72 104 874 722
168 natural, mid, and mixed gas 53.63 1.2946 97.2 234.1
169 railroads 153.64 3.3391 203.5 388.0 40957 50601
170 trucking 106.31 4344 162.9 111.1 9018 11143
171 warehousing and storage 329.64 3.2347 404.6 405.2 1529 1889

trade and services 107.47 1.9027 178.1 263.6 80361 79540 40157 38821
172 overseas transportation 72.52 3.5968 193.7 503.5 3933 4860 696 497
173 other water transportation 117.25 5842 177.4 130.3 4976 7409 1668 4050
174 air transportation 80.94 1.1677 106.5 153.6 612 1334
175 pipeline transportation
176 wholesale trade 139.22 .5840 173.8 106.8 62158 76806
177 retail trade 182.60 1.2366 225.0 208.8 144 178
178 local and highwai» transportation 126.49 .3628 165.4 86.3
179 telephone and telegrapi 120.42 4.3293 274.4 475.8 2272 2741
180 eating and drinking places 125.37 6538 215.8 200.0

181 banking, finance, and insurance 93.85 .0286 132.1 38.9 8106 10017 16516 6711
182 hotels 258.81 1.5443 316.0 263.4
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Competitive imports

ll)';;eCt Dlre.ctlcap ) Total direct and Exports per million per million dollars of
ﬂ‘: or b fga' " indirect requirements dollars of total total competitive
coellicients C(j; Flllffn per million dollars of exports® (1947 imports® (1947
(man-years  (§ million final output? dollars) dollars)
per $ per $ mil-
million of  lion of out- Labor Capital
output) put) (man-years) ($0000) 1947 1951 1947 1951
192 1.C No. (1) ) 3) (4) (5) (6) ) )
183 real estate and rentals 16.32 8.1587 48.7 876.3
184 laundries and dry cleaning 256.99 9791 309.6 174.7
185 other personal services 167.44 1074 235.7 132.6
186 advertising, incl. radio and television 31.52 0624 164.9 98.9 156 193
187 business services 233.33 1074 267.4 58.3
188 automobile repair services and garages 173.07 266.5 127.9
189 other repair services 133.10 213.4 81.3
190 motion picture and other amusements 166.90 1.0737 224.3 211.9 7687 11854
161 medical{)dental, and other professional
services 155.54 1.0182 191.0 161.8
192 nonprofit institutions 331.67 3.6344 367.0 421.5
Total 35914.0 34717.2 1,000,000 1,000,000 1,000,000 1,000,000

“For data used for computation B, see Wassily Leontief, ‘‘Domestic Productioon and Foreign Trade: The American Capital Position Reexamined,” reprinted from Pro-
ceedings of the American Philosophical Society 97, September 1953; the above data were used for all other computations.

b abor coefficients were computed at the Harvard Economic Research Project, under the direction of Alfred H. Conrad.

“Capital coefficients were computed at the Harvard Economic Research Project, by a group headed by James M. Henderson.

4The inverse matrix used was based on the sum of the matrix Dy of 1947 dollar transactions (which does not include capital replacement flows) and a capital replacement
flow matrix obtained at the Harvard Economic Research Project, this inverse was estimated by Marie McCarthy.

“Export and import figures for 1947 are based on Bureau of Labor Statistics, Division of Interindustry Economics, Table I—Interindustry Flows of Goods and Services by
Indusiry of Origin and Destination, Section 6, October 1952. Export and import figures for 1951 are based on U.S. Department of Commerce, Foreign Trade Division of
the Bureau of the Census, Summary of Foreign Commerce of the United States, January—December 1951.
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Multiregional input-output analysis
(1963)

I. A system of multiregional relations

In multiregional input-output analysis the economic system is
described not only in terms of interdependent industries, but also in
terms of several interrelated regions. The output of each region is
defined as a combination of outputs of economic activities carried
on within its geographic boundaries; its input accordingly comprises
the direct inputs of these industries and the goods and services
absorbed directly by the final demand sectors of that region.

The economic interdependence between two regions is the inter-
dependence between the industries located within their respective
boundaries. It is direct to the extent to which commodities and ser-
vices produced in one region are absorbed by the industries or the
final demand sectors of the other; it is indirect (from the regional
point of view) to the extent to which the connection between such
inputs and outputs is established through industries located in some
other regions.

The movement of commodities or services from one region to
another obviously reflects the existence of a direct input-output
relationship between the industries—or an industry and the final
demand sector—Ilocated within their respective boundaries. Indi-
rect regional interdependence gives rise to what is commonly called
triangular or multilateral trading patterns.

Written in collaboration with Alan Strout. From Structural Inter-dependence and FEco-
nomic Development, Tibor Barna (ed.). Reprinted by permission of Macmillan & Com-
pany, Ltd., and St. Martin’s Press, Inc.
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The multiregional input-output scheme described below is not
intended to provide a systematic theoretical description of the many
factors and relationships that ultimately determine the pattern of a
multiregional economic system; it is designed rather as a rough and
ready working tool capable of making effective use of the limited
amount of factual information with which, even in statistically
advanced countries, economists have to work. It is for this reason
that, after having experimented with linear programming models,
we now avoid explicit use of the cost minimization or revenue max-
imization principle in the basic formulation of the multiregional
scheme. As in the case of ordinary input-output analysis, the oppor-
tunities for formal choice between alternative production (and
interregional shipments) patterns can be introduced later, step by
step, as better factual information becomes available.

The peculiar theoretical problem of multiregional input-output
analysis stems from the simple fact that identical goods can be, and
actually are, produced and consumed in different regions. The
regional origin of the particular batch of a given kind of good
absorbed by its users in one particular region is as irrelevant to them
as the ultimate regional destinations their outputs are to producers.
It is as if the producers of a specific commodity or service located in
one particular region had merged their output in a single regional
supply pool, and the users of that commodity or service located in a
given region had ordered and received it through a regional demand
pool. All interregional movements of a particular commodity or ser-
vice within a multiregional economy can thus be visualized as ship-
ments from regional supply to regional demand pools of that good.
In accordance with that overall point of view, the general equilib-
rium system described below consists of a set of regional interin-
dustrial input-output systems of conventional design linked together
in—or rather fitted into—a separately constructed system of
interregional relationships.

The system of equations

We will describe the regional input-output systems first. Let X,,,
represent the total internal input (i.e., production + imports —
exports) of good i in region g, X,,, the output of good j in region g,
and Y, the final demand for good i in region g. The following equa-
tion describes, for any region g, the balance between the total inter-
nal input and output of good i, the output of all other goods and the
internal final regional demand for good i:
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n

(7-1) X =2 lag X0 + Y, i=1,2,...,n

Jj=1

g=1,2,...,m)

The constants a,, are the familiar technical input coeflicients
describing the amount of good i required to produce one unit of
good j in region g.

If the mn final demands are considered as given, the mn equations
of system (7-1) contain 2mn unknowns: mn regional outputs and mn
regional internal inputs. The interdependence between the outputs
and inputs of the different regions is described below.

In an isolated multiregional economy subdivided into m separate
regions, the interregional flows of each good i must satisfy 2m bal-
ance equations of the following kind:

7-2 Xig = X

(7-2) ¢ ,Zl Sl i=1,2...,n)
m = b 2’ 2 m)

7‘3 Xio = Xl’,

( ) .oh gzzl gh —_ , 2’ , m)

The variable X, represents here, as before, the supply pool of good
iin region g, X, the demand pool of good i in region h, and X; 4 the
total shipment of good i from the supply pool in region g to its
demand pool in region h.

A multiregional economy trading with the world outside can be
formally transformed into an isolated system by the simple device
of treating the “outside world™ as its additional internal region. An
alternative, well-known device for closing an open multiregional
system with respect to foreign trade is the inclusion of goods
exported by each region into the region’s final bill of goods; imports
must, of course, be entered on the right-hand side of (7-1) with a
minus sign.

Summing each of these two sets of equations over all regions, we
see that the aggregate supply of good i for the isolated multiregional
economy as a whole equals the aggregate demand for that good:

<7—4> Z/Z Xi.gh = Z Xigo = Z X:‘.oh = Xi_oo (l = 1, 2, v ey n)
g=1 h=1

g=1 h=1

The structural equations that we propose to use in explaining the
magnitude of all interregional flows of any commodity or service i
are of the following general form:
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Xi OX“) (i = 1, 2, c ey, n)
(7-5) Xigh = ‘—;Z“_"h Qi (g=1,2,...,m)
@#hth=1,2.. . m

The flow of the particular good i from region g to any other region
h is assumed to be directly proportional to its total output in region
g and to its total input in region h, and inversely proportional to the
aggregate amount of commodity i,

Xi,uo <= Z Xi.gu = Z Xi.oh)
g=1 h=1

produced and consumed in all the regions of the economy as a
whole. The coeflicients Q,,, are empirical constants; their signifi-
cance and determination will be discussed in sections II and III
below.

The multiplicative form in which the total output of good i in the
exporting regions and its total input in the importing regions enter
into (7-5) permits us to characterize it as a special type of gravity or
potential model. It implies that there can be no flow from region g
to region h if either one of those two magnitudes is equal to zero.
The introduction of the aggregate output of good i into the denom-
inator implies that, if that aggregate output—as well as output X, ,
in region g and total input X, in region h—doubles, the flow of that
good from region g to region h will double too.

If neither X,,, or X,,, nor X;;, or X,,, is equal to zero, and if the
coefficients Q,, and Q,,, are positive, both X, and X;;, will be pos-
itive too; that is, good i will be shipped between regions g and h
simultaneously in both directions. In an ideal system in which both
regions are defined as locational points, in which good i is consid-
ered to be perfectly homogeneous and all shipments are assumed to
result from strictly rational decisions based on perfect information,
cross-shipments, of course, could not occur. In actual empirical
analysis, however, good i will as a rule be defined as an aggregate of
several similar but not strictly identical items, while regions g and h
will often represent more or less extended areas, so that the average
distance (or the average unit costs of transportation) between them
would necessarily conceal the actual diversity of commodity flows
connecting many distinct pairs of sending and receiving points.
Under such circumstances cross-shipments should be expected, and
actually are observed, nearly everywhere. Moreover, the interre-
gional commodity flow ideally should represent rates of flows at one
specific point of time. In fact, they usually refer to an interval of
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time as long as an entire year. Such aggregation over time is liable
to show cross-hauling where there are shipments in opposite direc-
tions in different months.

Thus, the ability of equations (7-5) to allow for the existence of
simultaneous flows of the same good i between two regions in oppo-
site directions should be considered as a desirable characteristic, not
a flaw. In those instances, however, in which the actual conditions
approach the ideal and cross-shipments do not occur or are so small
that they can be interpreted as being accidental, we can, by setting
the appropriate coefficient Q, ,, equal to zero, exclude the possibil-
ities of the appearance of one of the two opposite flows (see section
IT below).

Substituting from (7-5) into (7-2), we obtain:

m

Xi,ga [Xi,orQi.gr] (thg == 0)
(7-6) X = "’"“!Y' + X, (g=1,2,...,m)
(i=1,2...,n)

The term X, ,, the internally absorbed part of the output of region
g, appears on the right-hand side because equations (7-5) pertain
only to interregional flows. The subsidiary condition Q,, = 0
reduces to zero the term X, ,,Q, ..

A substitution from (7-5) into (7-3) yields:

m

X,’_,,h [Xi.roQi,rh] (Qi.hh = 0)
(77 K= ———+Xu  (h=12....m
i.oo (1, = 1, 2, « 5 oe g n)

The multiregional system is now formally complete. It contains
3mn equations and an equal number of unknowns (the final demand
for each good in every region being considered as given). There are
mn equations in set (7-1), which constitutes the intraregional part
of the system, and 2mn equations in its interregional part repre-
sented by sets (7-6) and (7-7). The unknown variables are the mn
outputs X,,, and the mn total inputs X, ,;, of each of n goods in each
of m regions, and also the mn X, ,’s, which represent the internally
absorbed parts of the outputs of each good in each region. The last
group of variables appears explicitly only in the interregional equa-

tions (7-6) and (7-7).
Toward a numerical solution

As a first step toward a numerical solution of the system described
above, the mn variables X, , (or X;;,) can be eliminated and the num-
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ber of equations that have to be treated simultaneously reduced
from 3mn to 2mn.
By substituting g for h, rewrite (7-7) in the notation used in (7-6):

m

X, og [Xi.erim'] (Q =

(7-7a) Xy = ————f—-l)—(————————— + Xy

From (7-6) and (7-7a), we have:

m m

(7_8> XivgoXi.oo —_ Xi.go Z [Xi.nrQi‘gr Xz ngXt oo X:’.og [Xi.roQi.rg]
p= =1

(Qige = 0)
(i=1,2,...,n)
g=1,2,...,m)

Equation (7-4) can be transcribed as,

L2,...,
(7_43') Z Xi.og Z Xt g\ um E n)
g=1

1,2,...,m)

0 ||

8

Now let Z X, be substituted for X,,, on the left-hand side of (7-

g=1

8) and Z X, on its right-hand side; and let the constants Q,,. be
g=1
replaced by new constants L, defined as

(7-9) Ly,=1- Qi (Liy = 1) (i=1,2,...,n)
g=1,2,...,m)

r=1,2,...,m)
Thus, we arrive at the following new set of interregional equations:

<7'10> ngn [XzorLtgr] Xtog Z [eroLt rg] (Li.gg = 1)
! (i=1,2,...,n)
(g=1,2,...,m)

This set contains mn equations and 2mn variables X,,, and X,, (the
X.,.'s having been eliminated). However, n of these equations are
redundant—one in each set of m describing the interdependence
among all the regional outputs and inputs of one particular good i.
To demonstrate this, let us form a new equation by summing over
regions g, the left-hand and the right-hand sides of such a subgroup
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of equations (7-10) corresponding to any one particular commodity
i

m m m m

(7‘1 1) Z; Z} [Xi.gaxi,mLi.gr] = X;Zl {Xt’.ogxi.mLi‘rg]
g=1 r= g=1lr=

This is, in fact, an identity: by interchanging the subscripts g and r
on the right-hand side (which leaves the double sum essentially
unchanged) one can show it to be identical with the expression on
the left-hand side. It follows that any one of the m equations, which
have been added together to form (7-11), can be derived from the
other m — 1 and consequently could be omitted.

From the set (7-10) as a whole we can, for example, omit the n
equations identified by the subscript g = m. This reduces the num-
ber of (independent) equations in that set to mn — n. On the other
hand, the n balance equations (7-4a)—which were redundant so
long as (7-6) and (7-7) were not yet combined into (7-7a)—must
now be considered as imposing additional constraints on our system
and, consequently, must be included in it.

Thus, after elimination of the mn unknowns X, the multire-
gional system in its new compressed form comprises mn regional
input-output equations (7-1), mn — n structural interregional equa-
tions of set (7-10), and n interregional balance equations (7-4a), a
total of 2mn equations. The mn total regional outputs X, ,, and the
mn total regional inputs X,,, make up the corresponding set of 2mn
unknowns.

With the mn final demands Y, ,—for n different goods in m differ-
ent regions—considered as given, a general solution of this system
can show, for example, what effect a change in any one Y;, would
have on the total output and the total input of each good in every
region. Having computed the magnitudes of all the X,,’s and X,,,’s,
we can insert them in (7-6) and (7-7a) to determine the values of
X,,, for any i and g; the magnitudes of all the interregional flows,
X (g # h), can be similarly derived from the basic set of structural
interregional equations (7-5).

The conventional input-output equations of set (7-1), as well as
the interregional balance equations (7-4a), are linear. The interre-
gional structural equations (7-10) are nonlinear; for purposes of
numerical computation they can, however, be linearized by means
of a first-order approximation.

Let the value of each variable be split into two parts, its base-year
magnitude and a deviation of its actual magnitude from that base-
year value. The system can be solved for the deviations of all depen-
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dent variables from their base-year magnitudes, on the assumption
that the base-year magnitudes are known and that the deviations of
the regional final demands Y,, from their base-year magnitudes are
given,

Below we will use a bar to identify the magnitude of each variable
in the base year and, up to the end of this section, the increment
sign A to mark the deviations of all variables from their respective
base-year values.

To obtain a linear approximation of (7-10), we substitute in it
(X, + AX,,,) for X, and (X,,, + AX,,,) for X,,,. In the resulting
expression all terms containing a product of two barred letters will
cancel out, because equation (7-10) holds for the base year, and all
the products of two deviations of variables can be dropped because
they represent second-order terms. Thus, the first-order approxi-
mation of (7-10) takes the form of the following set of linear
relationships:

m

(7'12> Z AXzothgr Z [Axi,mNi,rg] = 0 (1' = 17 2’ « e n)

r=1 T

g=1,2,...,m—1)

The new constants are introduced to simplify the form of these
equations; they can be computed from the previously used constants
and the base-year values of the regional inputs and outputs:’

(7"13> Xi‘g()Li,gr (ifr # g)
Mi,gr = m

’Xi,go - Z [Yi.qr)Li,qg] (ifr = g)
g=1

—X—i.ugLi,rg (Ifr # g)
Ni""ﬂ = m

Yi,og - [Xi,oqLi.gq] (lff' = g)

g=1

In passing from (7-10) to (7-12), we have dropped the n equations

In terms of the constants appearing in basic structural equations (7-5),

Xig{l = Qi) (ifr # g)

g0 — Xioo Z [XioQigd  (ifr = g)
(7-13b) Xioll = Qi) (ifr # g)

g~ Kigo + Z [XioQied  (fr =g
(Qie = 0)

Alim = X

irg T Y
i
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with the subscript ¢ = m because, as demonstrated above, they can
be considered redundant.

Equations (7-1), (7-4a),and (7-12) constitute a complete linear
system which enables us to determine the dependence of changes
in total outputs and total inputs of all goods in all regional subdivi-
sions of a multiregional economy on given changes in the regional
vectors of final demand. The corresponding changes in all intrare-
gional flows AX,,, and interregional flows AX,,, can, of course, be
determined by inserting the previously computed values of AX
and AX,,, into equations (7-5) and (7-6), or (7-7a).

The magnitude of the errors resulting from the linearization of the
nonlinear interregional relationships can be assessed through inser-
tion of the computed AX,,’s and AX,,,s into the original system (7-
10). The differences between the left-hand and right-hand terms of
each equation will indicate how close an approximation has actually
been attained. Since all these quadratic equations are homogeneous
of the first degree, the errors caused by the linear approximation
would be nil (for any given i) if all the computed increments AX,,
and AX;,, happened to be strictly proportional to the base-year lev-
els X,,, and X,,, of the corresponding variable, that is, if AX, /X, ,,
= AX,,/Xi, = M for all g’s where X is some constant. This means
that the linearization error depends not on the absolute but only on
the relative magnitude of incremental changes of these variables.

In case the first-order approximation, by which equation (7-12)
has been derived from the nonlinear set (7-8), proves to be insuffi-
cient, a higher degree of approximation could most likely be
attained through an iterative procedure in which the total value of
the variables obtained in one round of computations is used to
determine their base values for the next round.?

igo

2A purely linear multiregional system is obtained if, instead of deriving its interregional
part from structural equation (7-5), one substitutes for it the following set of analogous
relationships between variables describing each region’s external trade:

X = Lwliian o0y =19, )
(7_5/) i.00 (g P 1’ 2 ..... m)
h=12 " m

Where Z,,, and Z,,;, represent respectively the gross exports of good i from region g and
the gross imports of that good into region h:
Zi,go = Xi.go - Xi.gg

Zioh = Xion — Ximn
From (7-4) it also follows that,

(7-4%) Z Zior = Z Zivo = Xioo — }: Xirr
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II. The interregicnal coefficients

Having presented the analytical basis of the entire system and its
overall design, we turn now to discussion of the constants Q,,
appearing in (7-5) and all interregional equations derived from it.
The three subscripts attached indicate to each of them that equa-
tions describing a system with n goods and m regions will contain
nm?® such constants. They can be best visualized arranged in n square
matrices. Each of these matrices contains the constants character-
izing the structure of the interregional flows of one particular good
and has m rows and columns, the row number g indicating the origin
and the column number A the destination of the specific interre-
gional flow characterized by the particular Q, . Since they all refer
to the same good, the coefficients contained in each such matrix will
naturally have the same i subscript.

Equations (7-5), (7-6), and (7-7), which make up the basis of the
interregional part of our system, can also be conveniently subdi-
vided into n groups, each group containing m® equations from set
(7-5), m equations from set (7-6), and m equations from set (7-7), all
pertaining to one particular good i. All variables in each one of such
subsets of interregional equations must carry the same subscript i as
will the constants Q, ,, that will appear in these equations; these con-
stants will accordingly belong to one of the distinct coeflicient matri-
ces mentioned above.

In the analysis that follows we will be concerned with one such
single group of equations describing the structure and the balance
of the interregional flows of one particular good, say steel or elec-
trical machinery. To simplify notation in the formulas presented in
this section, the subscript i under all variables and constants is omit-
ted; for example, instead of X, we write X, In determining the
numerical magnitudes of various parameters, we will interpret the
observed magnitude of all the different flows as if they represented
the base-year value of the corresponding variables.

In case the available base-year statistics comprise information not
only on regional output and inputs X,, and X,, but also on interre-

When the values of X, ,, as defined by (7-5’) are substituted in (7-2) and (7-3), the interre-
gional balance equations, corresponding to the nonlinear equations (7-6) and (7-7) above,
turn out to be of a linear form:

(7-6) 5 Ziw = 3 (2Ol Q=00 TV
r=1 r=1 = P
(7-7) > Ziw= 7l Qu=0) ETHE 0
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gional flows X, (g # h), a direct estimate of any constants Q,, can
be obtained through insertion of the base-year values of the appro-
priate variables in the corresponding equation (7-5).° This proce-
dure is analogous to that which is conventionally used to derive the
matrix of the technical coefficients a; from an input-output table
compiled for some base year. In section III below, this method of
deriving the magnitude of interregional constants from complete
base-year information will be referred to as the single-point estimate.

Systematic statistical information on the interregional flows of
many, if not most, goods and services is, however, unavailable in
many countries. To overcome this major obstacle to the practical
application of the multiregional input-output system presented in
section I above, an analytical procedure is described in this section
which makes it possible to apply that system even in those instances
for which no base-year information on interregional flows is availa-
ble. The constants Q,, can in this case be estimated indirectly from
the base-year magnitudes of total regional inputs and outputs; sup-
plemental information on interregional distances or, more gener-
ally; on unit transportation costs can also be utilized in these indi-
rect estimates of the structural parameters.

For the purpose of the following analysis, each of the constants
Q. will be described in terms of four subsidiary parameters appear-
ing on the right-hand side of (7-14):

(7'14) Qgh = (Cg + Kh)dghagh (g = 17 2) e m)
th=1,2,...,m)

Equation (7-5) can accordingly be rewritten as:

X goxuh(cg + Kh) dghagh

(7-5a) Xy = < (g # h)
g=1,2,...,m)
th=1,2,...,m)

For the time being, let 3,4, be assumed to be equal to 1. (We shall see
that the only other value assigned to this parameter will be zero.)
The constant d, is intended to be a measure of the inverse of the

3This observation and all that follow apply to cases in which the number of interrelated
regions is greater than three. With only three regions——if the three total regional exports,
X, — X, and the three total regional imports, X, — X}, are given-—the magnitudes of
all six possible interregional flows X, (g, b = 1, 2, 3) can be derived immediately, without
recourse to any structural equations, from the six balance equations (7-2) and (7-3). In
case of only two interrelated regions, even the total exports and the total imports of each
cannot be considered as exogenously given, since from (7-2) and (7-3) it follows that X,
= Xy = Xpp and Xgy = Xy = Xy
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per-unit transportation costs that would be incurred in moving the
good in question from region g to region h. For lack of better infor-
mation, it might, for example, represent the reciprocal of the dis-
tance between these two regions; however, in general, d, is not
necessarily equal to d,.

The constants C, and K, are parameters characterizing in a sum-
mary way the relative position of region g vis-a-vis all other regions
as a supplier, and of region k as a user, of good i. The introduction
of these essentially summary parameters emphasizes the fundamen-
tal difference between this system and the analytically more explicit
and empirically more demanding linear programming models.

The C,’s and K,’s cannot be observed; they can only be computed
indirectly. In partial analysis—in an analysis that does not take into
account the interregional balance equations (7-6) and (7-7)—these
parameters can be derived statistically through the application of
the least squares or some other conventional curve-fitting proce-
dure (see section III below). Within the framework of a consistent
interregional equilibrium system, of which (7-6) and (7-7) constitute
a part, the values of C, and K, can also be determined through solu-
tions of a set of simultaneous linear equations involving the use of
factual information concerning the magnitudes of total output X,,,
inputs X,;, and the internal use of the domestic production Xy, of
the particular good in each region in a given base year.

Let us rewrite equations (7-6) and (7-7) describing all Q,’s in
terms of the four new parameters and substituting for all the
regional inputs and outputs their observed base-year values:

m

(7'63) Xga [Yar(cg + Kr)dgrbgr] = (—‘Ygﬂ - Yﬁg)y“" (6&!5 = O)

=]

g=12,...,m
(7_7b) Yt)h Z [X-ro(cr + Kh)drharh] = (70h - :X—hh)yoa (6hh = O)
r=1

th=1,2,...,m)

The magnitudes of all the X’s can now be considered as given, as
well as the magnitudes of the transportation costs or distances (d,).
The subsidiary conditions §,, = 0 and é;, = 0 correspond to the sub-
sidiary conditions @, = 0 and Qy, = 0 in the original equations (7-
6) and (7-7); for all other subscripts, 8, can still be assumed to equal
1.

Combined together, (7-6a) and (7-7b) can be viewed as repre-
senting a system of 2m simultaneous linear equations with 2m vari-
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ables: the unknown parameters C, and K;. Since the observed base-
year values of the regional outputs and inputs necessarily satisfy the
overall relationship (7-4), one of the 2m balance equations in system
(7-6a) and (7-7b) is redundant. In other words, a set of variables that
can satisfy any 2m — 1 of these equations will necessarily satisfy the
last equation too. This means that one (any one) of these equations
must be dropped, and only if the value of one of the unknowns is
arbitrarily fixed can the remaining 2m — 1 equations be solved for
all the other C,’s and K,’s.

Examining the structural equations (7-5a), we can, moreover, see
that if some particular set of C,'s and K}’s, say C} and K}, can satisfy
them, the set C) + «, K}, — a (where « is an arbitrary constant) will
satisfy them too. This means that if structural relationships of that
form do actually hold, 2m — 1 and not 2m of these parameters could
determine uniquely the magnitudes of all the interregional flows.
Thus, before solving the linear system (7-6a)—(7-7b), we must not
only eliminate one of its component equations but also fix arbitrarily
the value of one of the 2m unknown C,’s or K,’s. We will drop the
first equation (corresponding to A = 1) in (7-7b) and set K, = 0.

For computational purposes, it is convenient to consider not the
parameters C, and K, but rather the products X,,C, and X,;,K,, as our
unknowns. For the same reason, the units in which all X,,’s and X,;’s
are measured can be redefined so as to make the total base-year out-
put X,,(= > X,, = Y X,;) of good i in the entire system equal to 1.

g h

The structure of the resulting system of 2m — 1 linear relationships
can best be shown by writing it as a matrix equation form. The vari-
ables in (7-15) are written out in the form of a horizontal vector on
the top. To each one of them there corresponds a column of con-
stants in the square matrix below. The constants from the right-hand
side of all equations make up the vertical column vector to the right.

The system can be solved and the base-year values of the con-
stants C,and K, (for g, h = 1, 2, . . ., m) determined through inver-
sion of the square matrix on the left-hand side.

The problem of cross-hauling

The fact that within a given network of interregional shipments the
flow from some particular region g to some region h equals zero has
a significance fundamentally different from the observation that
region h imports from one region a small, from another a larger, and
from some other a still larger positive amount. A zero flow is most
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likely to reflect a fairly persistent disadvantage of that particular
delivery route as compared with other delivery routes that compete
with it. Such disadvantage will, more often than not, continue to
exist—that is, the shipment from the particular region g to the par-
ticular h will remain zero-—even after some relatively small shifts in
the magnitudes of the regional pools of demand and of supply in
these two or in some other regions would bring about corresponding
readjustments in the magnitudes of all nonzero (i.e., positive) flows
throughout the entire system. It takes a larger change in the mag-
nitudes of the X,’s and the X,;’s to start new flows where they did
not exist before, or to eliminate entirely some of the existing interre-
gional flows, than to increase or to reduce the levels of previously
existing flows.

The reader familiar with the principles of linear programming and
with its conventional application to transportation problems will
recognize that a change affecting only the (positive) magnitudes of
the existing flows means an adjustment of the “‘solution” without,
however, any shift in the original “base,” while the introduction of
new, or discontinuation of the existing, flows signifies a more radical
adjustment involving a change of base.

In equations (7-6a) and (7-7b), the subsidiary conditions §,;, = 0
and é,,, = 0 serve as a convenient device for eliminating the corre-
sponding terms under the summation signs; all other §,,’s have
been, so to say, completely neutralized by the preliminary assump-
tion that 6,,, = 1,if g # h.

Aslong as all §, s are assumed to equal 1 when g # h, the empir-
ical application of the multiregional system described above would
be based on factual information of two kinds: (1) the base-year mag-
nitudes of the regional supply-and-demand pools X,,, X, and
X, . and (2) the distances-—or some other measures of the relative
costs of transporting each good i—from each region g to every other
region h. This latter information is incorporated into the interre-
gional equations through the magnitudes assigned to the coefficient
d.s

By setting the appropriate 6,,’s equal to zero even when g # h,
we introduce in the empirical basis of our computations a third sig-
nificant and—what is particularly important—easily secured type
of factual information: (3) the knowledge that, for essentially logistic
reasons, good i is not being shipped at all from a particular region g
to another particular region h. Large changes in the other factors
can, of course, modify even a relatively stable logistic pattern. How-
ever, such changes must be very great indeed before, for example,
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even a single ton of bricks will be shipped, in the United States, from
Illinois to Texas.

The mathematical structure of our system is such that its solution
would, in general, contain at least some shipments of each good
from every region to every other region—that is, as long as the cor-
responding é,,’s are not explicitly assumed to be equal to zero. Thus,
whenever the available information indicates that the good in ques-
tion is not actually being shipped from one particular region to
another—and most likely will not be shipped in the future either—
the appropriate 8,4 can be put equal to zero in the structural equa-
tion (7-5a) in all the balance equations derived from it, and conse-
quently also in the structural matrix (7-15). This will affect, of
course, the numerical values of all the constants C, and K, computed
through inversion of that matrix.

In section I above, while discussing the problem of cross-hauling,
we observed that in an aggregate multiregional system nominally
identical-—and even actually identical—goods can be expected to
be moving between two regions simultaneously in opposite direc-
tions. This does not mean, however, that in such a system all goods
must necessarily be traded in both directions between all regions.
Even in setting up an aggregate system, we often know—for reasons
that do not need to be explained in detail-—that a particular good i
can be expected to flow from region g to region h but not from
region h to region g. The simple device of setting the appropriate
6,z = 1 but the corresponding 6,,, = 0 will automatically incorpo-
rate that important kind of factual information in our system of
equations.

Computing procedures

The method of determining for each good i the numerical values of
the interregional constants C,, and K,;, described above is in prin-
ciple similar to the procedure used in computing the technical coef-
ficients a, from a given interindustrial input-output matrix. In both
instances we obtain a single-point estimate from a given set of base-
year figures.

The computation of the interregional parameters does not require
knowledge of the actual base-year interregional flows X, ;. Once the
magnitudes of the C,;’s and K;,’s have been computed, however,
they can be inserted—together with the externally determined
parameters d, ,, and 6,, and with the base-year magnitudes of the
total regional inputs and outputs X, ,,, X, and X, ;,—in (7-5), which
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will then yield the “theoretical’” magnitude of the corresponding
interregional flows X, .

If the actual base-year magnitudes of the interregional flows hap-
pen to be known, they can be compared with the corresponding
indirectly computed theoretical values. Such comparison, as shown
in section III, permits us to test the goodness of fit of at least some
of the interregional equations. On the other hand, instead of being
used for testing purposes, such additional information can be
directly incorporated into the analytical system, thus strengthening
its empirical base. As indicated above, if the actual magnitudes of
the flow X, ,, from region g to region h happens to be known, all four
figures can be inserted respectively on the right-hand and left-hand
sides of (7-5). The magnitude of the corresponding coefficient Q,
can then be determined from that equation directly. This still leaves
open the possibilities of using the method described at the begin-
ning of this section to determine the coeflicients pertaining to all
those interregional flows on which no base-year information is avail-
able. To do so, it will only be necessary to remove in equations (7-
5) and (7-6) the terms containing the directly computed Q,,’s from
under the summation sign and place them separately along with X, ,
and Xi,hh~

In addition to those described above, other procedures could
obviously be used to determine the magnitude of the interregional
coefficients C;, and K,

While presented as a device for conditional projection, the mul-
tiregional input-output system put forth here can also serve as an
instrument of regional, or rather multiregional, economic planning.
Not only can the magnitudes of final regional demand be prescribed
rather than projected, but the values of some of the interregional
parameters can be prescribed too. If, for example, commodity i is to
be produced in region g—in which it has not been manufactured
before—the corresponding column of technical input coefficients
must be included in that region’s internal structural matrix. In case
the new industry is intended to serve only the internal demand of
region g itself, the parameters 6, for that particular g and all A’s
should be set equal to zero; if, on the other hand, exports to some
other region are planned, the corresponding 6, 4, should be set equal
to 1. In either case, the completed multiregional computation will
reveal the effects—on the outputs and inputs of each good in every
region—of the proposed introduction of the new industry i in
region g.

The complexity of all kinds of theoretical schemes that can be
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effectively used in practical empirical analysis is, as a rule, strictly
limited by the nature and the amount of factual information availa-
ble. The multiregional input-output system presented above has
been designed as an “economy model’” that can be used for projec-
tion or planning with a bare minimum of statistical data. As addi-
tional information becomes available, it also will supply a flexible
but at the same time internally consistent general equilibrium
framework into which one can build in more powerful tools of par-
tial analysis, such as linear programming.

III. Empirical solutions

As a first step toward the empirical implementation of the multire-
gional input-output system described above, a few experimental
computations were performed to test its interregional part. Four dif-
ferent estimating methods were used, called the exact solution, the
simple solution, the least squares procedure, and the point estimate
procedure.

In the exact solution, the values of the structural parameters C,
and K;, are determined through solutions of the set (7-15) of simul-
taneous linear equations as described in section II above. Informa-
tion on the magnitudes of the actually observed interregional ship-
ments enter into these computations only to the extent that it helps
us to decide which of the subsidiary constants 6, should be set equal
to zero and which equal to 1.

Inserted into (7-5), together with other exogenously determined
parameters dg, C,’s and K,’s permit us to derive the values of the
corresponding interregional flows. The discrepancies between these
computed and the corresponding actual magnitudes of the interre-
gional flows provide a basis for measuring the effectiveness of the
estimating procedure.

This method of estimating interregional flows yields total esti-
mated exports and imports for each region, which correspond
exactly to the (observed) regional output, input, and internal con-
sumption figures (X,,, X,,, and X,,) used in deriving the values of the
parameters C, and K, inserted on the right-hand side of equation (7-
5). Thus, the resulting estimates can be said to be entirely consistent
with the primary information incorporated into them, at least in the
base year.

The simple solution is what its name indicates. Instead of contain-
ing m* overall—and many more subsidiary—constants as does (7-
5a), the structural equations used in this case contain only one con-
stant (for each good) besides the §,,’s:
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X, X
(7-16) Xy = == bdy (g # h)
(g=1,2,...,m)
(h=1,2,...,m)

The constant b is computed from the observed base-year magni-
tudes of all total regional outputs and inputs X, and X,

m

Y()U - —X‘rr
(7-17) b= —,r‘i”j('—llﬂ; (6, = O when g = h)
gotohOg
g=1 h=1 Xua

With b, the exogenously determined é,’s and the observed
regional outputs inserted on its right-hand side, equations (7-16)
yield the estimates of all the interregional flows X,

The method by which the magnitude of the constant b is deter-
mined guarantees that the grand total of the estimated flows of good
i between all regions will equal the actually observed total of all

regional exports or imports, X,, = ZY,,. However, unlike in the

r=1

case of the exact solution, the estimated total exports and total
imports of each region—obtained through summation of the appro-
priate (estimated) interregional flows—will differ in the case of the
simple solution from the actually observed X,,’s and X,,’s. Because
of that, the simple solution may be said to yield an internally incon-
sistent estimate of unknown interregional flows even for the base
year. Whatever predictive power the simple solution has is due to
the nonlinear expression X,,X,./X,, on the right-hand side of equa-
tion (7-16), which it incidentally shares with the basic structural
relationship (7-5).

Each of the two procedures described above enables us to esti-
mate the interregional flows X, in some particular year without
recourse to information on the actual magnitude of such flows in
that or any other year. In both instances we only need to know the
total regional outputs X,,, inputs X,,, and intraregional flows X, of
the year for which the estimate is being made.

The least squares method, on the other hand, represents a direct
application of the conventional statistical curve-fitting procedure to
the structural equation (7-5a). In addition to information concerning
the values of the external parameters d,, and §, and the observed
base-year levels of all the regional outputs and inputs X,, and X,,
employed in the exact solution, this procedure also requires base-
year information on the actual magnitudes of all the interregional
flows X,
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Let a new auxiliary variableX;, be defined by:

X X{}X()
(7-18) o=k " dydg, (85 = O when g = h)
g=1,2,...,m)
(th=1,2,...,m)

The difference u,, between the observed interregional flow X,;, and
the corresponding flow computed theoretically on the basis of the
structural function (7-5a) is then described by:

(7-19) g = Xg(C, + Ki) — X (g # D)
The sum of the squares of all the u,-—let it be called S—can accord-
ingly be described by:

m m

(7-20) S = Z Z uy, = [Xe(C, + Ki) = Xul* (g # h)

g=1 h=1

To minimize this sum, equate to zero its partial derivative in respect
to each C, and K,

5 o v vo
(7-21) a'c"'zz X4+ KX —XuXol=0@g=1,2,....m)
g h=1

L)
6K,

2 1Kh Z + C gh - -X—ghY;h] = O (h

g=1

(7-22)

il
il

1,2,...,m)

Since the sum totals of the observed regional inputs and outputs,
from which X}, has been computed, balance each other for the sys-
tem as a whole, one of these 2m “‘normal” equations is redundant,
and one of the unknown 2m parameters, say K,, can be set equal to
zero. All the other C,’s and K,’s can be computed through solution
of the system of 2m — 1 simultaneous equations made up of sets (7-
21) and (7-22) with, say, the first equation in (7-21) struck out.

The theoretical estimates of all the interregional flows can be
finally determined from (7-5a). In contrast to the exact model, the
least squares method does not involve the assumption that total
imports and total exports of the good in question as estimated for
each region must necessarily equal the observed values. The impo-
sition of such additional conditions would make the number of esti-
mating equations equal to the number of available observations and
thus transform the least squares into the exact model. Since, in fact,
the estimated regional exports and imports will in this case differ
from the actual, this estimate is internally inconsistent in the same
sense in which the estimate based on the simple solution was said to
be internally inconsistent.
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Similarly to the least squares method, the point estimate proce-
dure requires complete base-year information on interregional
flows. Since such direct derivation of the magnitudes of all param-
eters Q, involves the use of as many degrees of freedom as there
are such flows, it obviously precludes the possibility of any discrep-
ancy appearing between the estimated and the observed figures in
the base-year itself. This is the reason why the point estimate pro-
cedure was not used in computations related to a single year.

Errors of estimation

The errors of estimation entered in the tables given below are com-
puted from the absolute differences (i.e., differences regardless of
sign) between the actual and the estimated magnitudes of the vari-
able considered in each particular instance. Thus, for interregional
flows, the weighted average percentage error is computed as follows:

3D [ B—%{—'?] > 51Xy — Xyl

(7-23) D(Xy) = &=t =
Z Z _Xgh Yoo - Z Xw
g=1 h=1 r=1

(g # h)
The corresponding formulas for the total regional exports and total
regional imports are:

(7-24) D(X,,) = &=

(g # h)
m mn Xgh - th —_— } :n_‘ m _
(7 25) D(X ) o ’; g-—Z; [ Xgh gh _ i%-ll ;[ gh gh]
B ok} = —— - _
Z Z _Xgh Yuo - Z 7,.,
g=1 h=1 e
(g # h)

Absolute errors are used in these formulas rather than their squares
in order to avoid an undue sensitivity of the index to differences in
the sizes of the individual regions. If a large area, for example, is
split in two, the sum total of the absolute deviations between the
actual and the predicted in-and-out flows of the two subareas will
be of the same general order of magnitude as the corresponding dif-
ferences previously computed for the combined region as a whole;
the sum total of their squares would be much smaller than the sum
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total of the squared deviations computed for the larger region as a
whole. Thus, an average of the absolute deviations can be expected
to be less dependent on the size distribution of the economic
regions than a corresponding average of their squares.

The results

Empirical implementation of an analytical model is a slow, laborious
process, particularly when the model is as complex as the interre-
gional system described above. In presenting the results of the com-
putations, we only intend to show what kind of known, partly
known, and unknown data are involved in this type of analysis and
what their orders of magnitude are.

Table 7-1 describes the results of the base-year analysis of interre-
gional flows of four goods: bituminous coal and lignite, portland
cement, soybean oil, and steel shapes (i.e., iron and steel ingots, bil-
lets, blooms, slabs, etc.). The regional breakdowns are rather rough:
for coal the continental United States is subdivided into 13 regions,
for the other three goods into only 9 regions.

A comparison of columns 3 and 4 of Table 7-1 shows that, of the
two estimating procedures that do not require information on the
actual interregional flows, the exact solution yields better estimates
of these flows than the simple solution. The least squares procedure,
which requires for its application full knowledge of the base-year
interregional flows, gives an even closer fit, but when utilized for a
base-year estimate it does not actually yield an estimate of unknown
flows but simply smooths out their observed distribution.

Since the estimated total exports and total imports of each region
are obtained through summation of the corresponding interregional
flows, the errors shown in part B of the table are smaller both for
the simple solution and the least squares method. The exact solu-
tion, when it is applied to the estimation of base-year interregional
flows, permits no discrepancy between the actual and the indirectly
computed totals; hence column 3 in Table 7-1B contains only zeros.

Table 7-2 shows the errors of estimation characterizing the pre-
diction, by various methods, of interregional steel shape movements
in 1950, 1952, and 1958. Structural parameters in every case were
computed from 1954 (base-year) information.

In addition to the three methods of estimation whose results are
shown in Table 7-1, a fourth method based on the direct, single-
point estimate of parameter Q,, was used for the non-base-year pre-
dictions in Table 7-2. For the exact, simple, and least squares meth-
ods of estimation, figures in the 1954 (base-year) column of Table
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Table 7-1

Weighted average errors for base-year estimates, by
commodity and method of estimation®

A. INTERREGIONAL FLOWS (X g # h)

Weighted Average Percentage

Errors?
No. of Least
Nonzero  Exact Simple Squares
Commodity Flows  Solution Solution Procedure
(1) (2) (3) (4) (5)
bituminous coal and lignite 25 27 55 21
portland cement 17° 51 94 37
soybean oil 22 49 51 35
steel shapes 17 14 39 8

B. TOTAL EXPORTS FROM OR IMPORTS TO A REGION

No.of  Weighted Average Percentage

Regions Errors?
with
Exports Least
or Exact Simple Squares
Imports Solution Solution Procedure
Commodity (1) 2) (3) (4) (5)
Exports (ngh; g * h)
h=1
bituminous coal and lignite 8 0 15 8
portland cement 8° 0 40 15
soybean oil 6 0 8 8
steel shapes 6 0 11 6
Imports (}:Xgh; g# h)
g=1
bituminous coal and lignite 12 0 32 5
portland cement 8° 0 64 23
soybean oil 8 0 13 13
steel shapes 8 0 22 2

“For commodity description, regional classification, data sources, etc., see Tables 7-53,
7-6, and section IV. Detailed estimates for an illustrative commodity, steel shapes, are
shown in Table 7-7.

bComputed using equation (7-23).

°A 2 percent near-zero flow criterion was employed in identifying nonzero cement
movements. For details, see Table 7-5 and section IV.

dComputed using equations (7-24) and (7-25).

7-2 are taken directly from Table 7-1; for the point estimate
method, the base-year interregional flows satisfying structural equa-
tions (7-5) must obviously be identical to the observed; that is, the
base-year “errors” will equal zero, and zeros are therefore shown
in Table 7-2 for the point estimate model in 1954,
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Table 7-2

Weighted average errors of estimation,” steel shapes, base-year (1954)
parameters applied to estimates for 1950, 1952, 1958 (in percentages)

Year
Solution method 1950 1952  1954° 1958
(1) (2) (3) 4 5)

A. Interregional movements (X ; g # h)

exact solution 50 43 14 47

least squares solution 54 46 8 51

simple model 36 25 39 69

point estimate model 54 47 0 71
B. Total exports from a region (ZXg ;g #F h>

h=1

exact solution 34 26 0 20

least squares solution 40 32 6 21

simple model 29 22 11 31

point estimate model 37 30 0 36
C. Total imports to a region (ZXH,,; g #* h)

g=1

exact solution 23 18 0 32

least squares solution 24 19 2 35

simple model 25 20 22 51

point estimate model 22 19 0 44

“Computed using equations (7-23)~(7-25). Data sources, etc., are the same as for Table 7-4.
51954 values for all but point estimate model are taken from Table 7-1. Base-year errors for the point
estimate model are zero by definition.

In years other than 1954, Table 7-2 indicates that the simple
model performed best in two of the three years studied. The exact
model gave best results in the third year (1958) and was superior to
both the least squares and the point estimate methods in all three
non-base years. The exact solution also performed better than any
of the others in predicting total regional imports in two of the three
non-base years. The least squares and point estimate procedures,
both requiring more detailed base-year information, had the highest
weighted average errors of prediction of interregional movements.

Table 7-3 gives volume of base-year movements, in terms of both
tons and ton-miles, for the four commodity groups. Inter- and
intraregional movements have been differentiated. Average dis-
tances moved have been computed by dividing ton-miles by tons.

Table 7-4 presents volume-of-movement data for all observed
region-to-region movements of steel shapes in the years covered by
Table 7-2. Each region-to-region flow is described in terms of tons
shipped and of average mileage per ton; this latter figure was
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obtained by dividing the total number of ton-miles moved from the
specific region of origin to the specified region of destination by the
corresponding tonnage figure. An examination of these figures calls
attention to the following two problems that are likely to play a con-
siderable role in further work on empirical application of our mul-
tiregional input-output scheme.

The large variations in the average number of miles that an aver-
age ton of steel had to travel between the same two regions in dif-
ferent years brings up the question of regional aggregation. The
largest of all the tonnages transported between two regions was
shipped from the Middle Atlantic (MA) to the East North Central
(ENCQ) states; the second largest moved in the opposite direction.
The distance, that is, the average mileage, traveled from the first to
the second region in 1954 is only half as long as that from the second

Table 7-3
Volume of observed base-year shipments, all commodity groups tested"
Average
Tons Shortline Distance
Location of Shipped  Ton-Miles Moved®
Commodity Shipments (000’s) (millions) (miles)
1) (2) 3) (4) (5)
portland cement interregional 64.5 18.8 292
intraregional 219.4 26.1 119
total 283.8 44.9 158
steel shapes interregional 21.0 3.5 168
intraregional 50.0 3.9 78
total 70.9 7.5 105
soybean oil interregional 8.6 5.9 688
intraregional 3.0 0.5 162
total 11.6 6.4 554
bituminous coal and lignite® interregional 66.0 20.3 307
intraregional 98.6 17.5 177
total 164.6 37.7 229

“For data sources, regional classification, etc., see Tables 7-5, 7-6, section IV, and footnote °, below.
Volume figures based on Interstate Commerce Commission rail shipments have been inflated for sam-
gle coverage.

Except for coal, the distances have been computed by dividing reported ton-miles by reported tons
shipped. In the case of coal where ton-mile figures were not available, approximate straight-line dis-
tances were first measured between each producing region and each consuming state and then used
to estimate the ton-miles for each reported movement from producing region to consuming state. The
sums of these estimated ton-miles are shown in column 4, and average distances in column 5 have
been computed using the total ton-miles shown.
°Commodity coverage and regional classification for bituminous coal are not the same as used else-
where in this chapter. Coverage, although based upon the same data source as listed in section IV, is
limited to industrial use only. Reported shipments have been reclassified into the same nine regions
used for the other three commodity groups shown, and the interregional-intraregional breakdown is
therefore comparable in all four commodity groups.



Table 7-4

Volume and average distances moved, railroad shipments of steel shapes, by
originating and terminating regions, 1950, 1952, 1954, and 1958*

Regions” 1950 1952 1954 1958

Average  Tons Average Tons  Average Tons Average Tons
From To Miles (000’s) Miles (000’s) Miles  (000°s) Miles  (000’s)
(1) (2) 3) (4) (5) (6) (7 (8) (9)

A. INTERREGIONAL RAILROAD SHIPMENTS

NE MA 255 51 255 39 255 40 377 18
MA NE 438 179 460 117 4359 120 283 189
MA ENC 200 2122 261 1561 186 641 188 391
MA SA 140 1049 195 833 175 44 153 68
ENC NE 669 47 668 42 658 20 727 15
ENC MA 142 1316 162 1227 79 718 113 488
ENC WNC 307 43 357 94 377 43 325 36
ENC SA 286 117 441 232 60 326 45 199
ENC ESC 242 18 630 23 506 4 176 76
ENC WSC 1080 39 1157 32 1076 2 655 7
ENC  Pac. 2094 5 2487 42 2115 3 2219 17
SA NE 333 25 383 18 318 35 292 13
SA MA 210 155 131 112 177 57 108 36
ESC ENC 213 93 176 33 285 14 357 27
ESC SA 0 0 259 5 0
ESC WSC 0 321 21 441 7 469 34
Pac. WSC 0 0 813 18 0
other® 1330 165 1274 242 0 771 40
total
interregional 232 5425 320 4668 169 2096 211 1655
(index 1954
= 100) (137) (259) (189) (223) (100) (100) (125) (79)
B. INTRAREGIONAL RAILROAD SHIPMENTS
NE NE 48 65 82 51 64 67 96 49
MA MA 60 2551 69 2976 67 1832 83 1736
ENC ENC 99 5405 106 4418 79 2988 70 3202
SA SA 11 5 12 10 446 11 16 29
ESC ESC 0 220 30 204 21 94 9
WSC WsC 0 0 265 32 0
Pac. Pac. 70 51 166 91 264 46 97 56
WNC WNC 0 0 0 250 5
Mt. Mt. 0 389 33 0 0
total 86 8077 94 7609 78 4998 75 5088
intraregional
(index 1954 (110) 162)  (121) (152)  (100)  (100) (96)  (102)
= 100)
total 145 13502 180 12277 105 109 6742
shipments
(index 1954 (138) 190y (171) (173) (104) (95)
= 100)

“Saurce: U.S. Interstate Commerce Commission, *“*Carload Waybill Statistics; State-to-State Distribution of Man-
ufactures and Miscellancous and Forwarder (C.L.) Traffic and Revenue,” various years. All average miles shown
are computed by dividing reported shortline ton-miles by reported short tons moved. Tonnage figures shown
have been inflated to represent total Class I railroad shipments. Individual tonnages may not add up to totals
shown because of rounding,

bFor regional designations and descriptions, see Table 7-6B.

“Includes all interregional shipments reported as zero in the base year (1954).
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to the first. Moreover, the distance—from ENC to MA—fell
between 1952 and 1954 by more than 50 percent. The grossly
aggregative definition of trading regions is obviously responsible for
all this. There is good reason to believe that it is also responsible, at
least in part, for the high errors of estimation registered in Tables
7-1 and 7-2.

Can this phenomenon be accounted for within the framework of
the multiregional input-output system presented above, or will its
explanation require a change in the general form of some of the
basic structural equations? Much further empirical and analytical
work will be required before even a tentative answer to such a ques-
tion can be found. Its theoretical implications lead directly to the
important problem of the homogeneity or nonhomogeneity of the
system. In their present form, both the linear equations describing
input-output relationships within each region and the nonlinear
relationships that describe the interdependence of the different
regions are homogeneous (of the first degree). That means that a
proportional change in the magnitude of all the independent vari-
ables of the system, that is, the final demands Y, for all n goods in
all the m regions, would be accompanied by an equal proportional
change in all regional outputs and inputs and in all interregional
flows. In particular, all intraregional and interregional flows will in
this case fall and rise exactly in the same proportions. The dispro-
portionality of the cyclical fluctuation reflected in Table 7-4 could
be explained on the basis of the present homogeneous system only
in terms of uneven, that is, disproportional, fluctuations in the com-
ponents of the final bill of goods.

If, on the other hand, all elements of the final bill of goods do in
fact move strictly in the same proportion, only replacement of at
least some of the homogeneous equations in our system with cor-
responding nonhomogeneous relationships would make it possible
to explain the disproportional fluctuation observed in Table 7-4. In
linear approximation this would require introduction in these equa-
tions of free-standing constant terms. Before resorting to this rather
radical solution, it might be advisable to explore the empirical and
analytical implications of the first possibility.

IV. Sources and organization of data used in the empirical
computations

In the United States, regional production and consumption as well
as interregional shipment figures are available in reasonably com-
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plete form for only one commodity—bituminous coal (including lig-
nite)—and the post~World War II years for which we have data are
1946 and the coal-year 1945-46.* Major movements of coal by rail
and water are included in these figures as shown in Table 7-5. Cov-
erage of truck movements is limited, but the omissions are small in
the aggregate. An important omission from the data is railroad con-
sumption of coal, an amount equal to about one-third of domestic
production in the years covered. Most overseas exports have also
been excluded. We have no information on actual distances moved,
but we do have estimates made by James Henderson of unit coal
transportation costs in the year 1947.° (The distance estimates
shown in Table 7-3 are only rough approximations.) Henderson, in
preparing his estimates, excluded movements of both railroad fuel
and bituminous coal used for coke manufacture.

Movements of bituminous and lignite coal from producing district
to consuming state for the coal year 1945-46 have been aggregated
to a total of 13 regions (see Table 7-6A). Total movements originat-
ing in a region, including shipments terminating within the region,
have been termed regional production (X,,). Total movements ter-
minating in a region, including shipments originating within the
region, have been termed regional consumption (X,;). Not included
in any of the figures are coal for bunker fuel or railroad fuel, coal
used at coal mines, coal exported, certain amounts of coal shipped
by truck, and a moderately large number of shipments whose des-
tination is unknown. Total exclusions amount to about 40 percent of
production.

For the transportation cost term d, the reciprocals of Hender-
son’s 1947 interregional unit transportation costs are used. The only
complicating factor is the need to aggregate Henderson’s regions 2
and 3 to give a 13-region arrangement consistent with that derived
from the Bureau of Mines’ coal movement data.

Of the possible m> — m or 156 interregional flows, actual move-
ments were reported for 55 cases in 1945-46. These included 30
relatively small movements, each of which amounted to less than 2%
percent of both the originating region’s total output and the con-
suming region’s total consumption. In the aggregate, these 30 flows
totaled 1,184,000 short tons, or 0.6 percent of total interregional
movements. These small, near-zero flows were excluded from fur-

4U.8. Bureau of Mines, ““Bituminous Coal Distribution,” Mineral Market Report, M.M.S.
no. 1497 (coal year 1945-46) and no. 1592 (1946).

5James M. Henderson, The Efficiency of the Coal Industry (Cambridge: Harvard Univer-
sity Press, 1958), Table A-4, pp. 130-131.



Table 7-5

A. COMMODITY GROUPS AND COVERAGE

Coverage
Percent of
Domestic
Commodity Name Type of Sample Production Year
1) 2 3) (4)
bituminous coal and lignite ~ monthly dock operators’ 59.8 April 1945~
reports and March 1946

producers’ reports
from mines with
average daily
production of 50 tons
or more per day

cement, natural and 1 percent L.C.C. 53.9 1954
portland (I1.C.C. no. railroad waybill
633) sample
soybean oil (I1.C.C. no. 1 percent 1.C.C. 89.7 1954
515) railroad waybill
sample
steel ingots, billets, 1 percent 1.C.C. 39.5¢ 1950
blooms, slabs, etc. railroad waybill 1952
(I.C.C. nos. 575, 577) sample 1954
1958

B. INTERREGIONAL MOVEMENTS OBSERVED

Number of observations (excluding

intraregional)
No. of Maximum
Regions Possible Zero Near-Zero  Non-Zero

Commodity Year (m) (m* —m)  Flows Flows Flows
1 (2) (3) (4) (5) (6) (7)
coal 1945-46 13 156 101 30 25
cement 1954 9 72 41 17% 14
14° 17
soybean oil 1954 9 72 50 0 22
steel shapes 1950 9 72 52 0 20
1952 9 72 46 0 26
1954 9 72 55 0 17
1958 9 72 48 0 24

“In 1954,

bIncludes all movements equal to or less than 2% percent of both the exporting region’s total produc-
tion and the importing region’s total consumption. (This was the criterion used to identify near-zero
flows for all other commodity groups.)

“Includes all movements equal to or less than 2.0 percent of both the exporting region’s total produc-
tion and the importing region’s total consumption.
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Table 7-6

A. REGIONAL CLASSIFICATION USED FOR BITUMINOUS COAL AND LIGNITE

Regional Designation

This Study Henderson® States Included
1 1 Pennsylvania, Maryland®
2,3 West Virginia,® Virginia,” Kentucky,” District of
Columbia
3 4 Alabama,” Tennessee,” Georgia,” North Carolina, South
Carolina, Florida, Mississippi, Louisiana
4 5 Ohio®
5 6 Ilinois,” Indiana,” Michigan®
6 7 Towa,” Missouri,” Kansas,” Arkansas,? Oklahoma,?
Texas?
7 8 North Dakota,? South Dakota,? Nebraska
8 9 Montana,” Wyoming,? Utah,? Idaho
9 10 Colorado,” New Mexico,? Arizona,? California, Nevada
10 11 Washington,” Oregon”
11 12 Maine, Vermont, New Hampshire, Rhode Island,
Connecticut, Massachusetts
12 13 New York, New Jersey, Delaware
13 14 Minnesota, Wisconsin

B. REGIONAL CLASSIFICATION® USED FOR CEMENT, SOYBEAN OIL, AND STEEL SHAPES

. East South Central

Regions States Included
. New England Maine, New Hampshire, Vermont, Rhode Island,
(NE) Massachusetts, Connecticut
. Middle Atlantic New York, New Jersey, Pennsylvania
(MA)
. East North Central Ohio, Indiana, Illinois, Michigan, Wisconsin
(ENC)
. West North Central Minnesota, lowa, Missouri, North Dakota, South Dakota,
(WNC) Nebraska, Kansas
. South Atlantic Delaware, Maryland, District of Columbia, Virginia, West
(SA) Virginia, North Carolina, South Carolina, Georgia,

Florida
Kentucky, Tennessee, Alabama, Mississippi

(ESC)
. West South Central Arkansas, Louisiana, Oklahoma, Texas
(WSC)
. Mountain Montana, Idaho, Wyoming, Colorado, New Mexico,
(Mt.) Arizona, Utah, Nevada
. Pacific Washington, California, Oregon
(Pac.)

“James M. Henderson, Table 11, p. 44.

bStates that produced bituminous coal or lignite in 1945. See U.S. Bureau of Mines, Minerals Yearbook,
1946, pp. 326-339.

“Census of Manufactures, 1954, Volume I, Industry Statistics, Department of Commerce, Bureau of
the Census.
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ther computations, leaving a total of 25 off-diagonal, nonzero flows
with which to test the interregional trade models.

Although bituminous coal is the only commodity for which rea-
sonably complete information is available on the interregional
movement, the transportation patterns of other commodities trans-
ported largely by rail may be examined using the U.S. Interstate
Commerce Commission’s annual 1 percent waybill sample analysis.®
To obtain this sample, the I.C.C. uses copies of one out of every 100
waybills issued by railroads during the course of a year. These way-
bills are coded by commodity classification, quantity shipped, short-
line distance between the two points involved, and transportation
revenue. The waybill sample is aggregated to show state-to-state
movements by commodity classification. It is this body of data that
forms the basis for most of our current knowledge of U.S. freight
movements and costs of transportation. The sampling error in cases
in which the number of individual shipments observed between two
particular regions is very small—say, between one and four—is
bound to be quite large.

From this body of data for 1954 we selected a moderately high-
value-per-ton, homogeneous commodity group (soybean oil); a low-
value-per-ton, homogeneous commodity group (hydraulic cement);
and a moderately low-value-per-ton, moderately homogeneous
group (steel ingots, billets, blooms, bars, rods, and slabs). The steel
shipments in the year 1954 represented about 40 percent of all
interplant shipments (after inflating for sample coverage but with-
out allowing for possible sample bias arising from the issuance of
two or more waybills for a single movement of freight). Soybean oil
and cement railroad shipments in 1954 represented about 90 and
54 percent, respectively, of total domestic shipments. As in the case
of coal, each region’s production and consumption were set equal
to total shipments originating or terminating within the region.
What bias this may introduce into our calculations has not yet been
investigated; whatever bias exists will, of course, decrease as total
railroad shipments originating or terminating within the region
approach total shipments made by all means of transportation.

As transportation cost constants d,, we used for these last three
commodity groups the reciprocals of weighted average rail dis-

SU.S. Interstate Commerce Commission, Bureau of Transport Economics and Statistics,
“Carload Waybill Statistics: State-to-State Distribution of Manufactures and Miscella-
neous and Forwarder (C.L.) Traffic and Revenue,”” Statement S8-6, each year since 1947.
Excluded from the published data is information on shipments originating or terminating
in Canada and Mexico and on shipments originating in states with less than three shippers.
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tances between two regions. (For steel shapes these average rail dis-
tances are shown in column 6 of Table 7-4.) Weights used in com-
puting regional average distances were actual sample tons shipped
of the particular commodity group. The regional grouping consisted
of the nine regions standard for U.S. Census data. (See Table 7-7B.)

Of the m* — m, or 72, interregional flows that were possible for
each of the three commodity groups, 1954 sample data showed only
22 flows for soybean oil, 17 flows for steel shapes, and 31 flows for
cement. On a near-zero criterion of 2% percent of an exporting
region’s production and an importing region’s consumption, none of

Table 7-7

Estimated parameters and estimated and calculated values of interregional trade in

steel shapes, 1954¢

(steel quantities in thousands of short tons)

Direction of Calculated Shipments
Shipmentb Value of (C, + K3) (Xgh) Difference (Mgh)
Actual
From To Exact Least Shipments Exact Least Exact Least
() (h) Solution Squares (Xgh) Solution Squares Solution Squares
n @ 3 ) (5) (6) gl (8)
NE NE (not estimated) 67.4 n.a. n.a. n.a. n.a.
NE MA 252 253 39.5 39.5 39.5 0 0
MA NE 424 326 119.6 83.2 63.8 ~36.4 ~55.8
MA MA (not estimated) 1831.9 n.a. n.a. n.a. n.a.
MA ENC 87 88 641.1 632.5 641.1 —8.6 0
MA SA 109 70 43.9 88.9 57.3 45.0 13.4
ENC NE 392 343 20.1 83.4 72.9 63.3 52.8
ENC MA 36 37 718.5 691.6 718.5 —26.9 0
ENC ENC (not estimated) 2987.8 n.a. n.a. n.a. n.a.
ENC WNC 652 652 42.6 42.6 42.6 0 0
ENC SA 76 87 326.1 282.8 323.2 —43.3 —-2.9
- ENC ESC 123 123 3.5 3.5 3.5 0 0
ENC WSC 280 72 2.1 9.0 2.3 6.9 0.2
ENC Pac. 253 253 3.4 3.4 3.4 0 0
WNC WNC (not estimated) 0 n.a. n.a. n.a. n.a.
SA NE 741 574 35.1 8.2 6.4 —26.9 —-28.7
SA MA 385 269 57.1 84.0 58.6 26.9 1.5
SA SA (not estimated) 11.2 n.a. n.a. n.a. n.a.
ESC ENC 266 170 14.1 22.7 14.5 8.6 0.4
ESC SA 287 152 4.6 2.9 1.5 —-1.7 —-3.1
ESC ESC (not estimated 21.4 n.a. n.a. n.a. n.a.
ESC WSC 492 137 7.3 0.4 0.1 —6.9 —7.2
WwSC WSC (not estimated) 32.2 n.a. n.a. n.a. n.a
Mt. Mt. (not estimated) 0 n.a. n.a. n.a. n.a.
Pac. WSC 27156 26690 17.8 17.8 17.5 0 -0.3
Pac. Pac. (not estimated) 45.8 n.a. n.a. n.a. n.a.
Total 7094.1 2096.4 2066.7 0 —-29.7

“Excludes all zero flows.
For regional identification and description, see Table 7-6B.
Source: Column (2) Values obtained from solving equation set (7-15).

(3) Values obtained from solving equation sets (7-21), (7-22).

(4} Same as Table 7-4, column 7.

(5), (6) Calculated by inserting Cy + K, values from columus (2) and (3) into equation (7-5a).
{7), (8) Equals column (5) or (6) minus column (4).
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the soybean oil or steel shapes movements falls into the near-zero
category. This was not true for cement, where 17 of the 31 observed
flows could be classed as near zero. For cement, this reduced the
number of observed movements to the point where the least squares
model became overdetermined; that is, the system of equations (7-
21) and (7-22) contained more parameters than were needed to esti-
mate the observed movements. It later became desirable in the case
of cement, therefore, to reduce the near-zero flow rejection crite-
rion from 2% percent to 2 percent. This added three more interre-
gional movements to the list of observed flows and permitted a solu-
tion to be found for the least squares model. (Alternatively, it would
have been possible to reduce the number of solution equations by
1.) The effect of these three additional flows on the exact solution
model was to decrease the calculated goodness of fit slightly.

Finally, in order to test the applicability of base-year parameters
to interregional movements in a second year, railroad shipments of
steel shapes were compiled by regions for the years 1950, 1952,
and 1958. Parameters (C’s + K'’s) are calculated from the 17
interregional movements observed in 1954, which served as the
base year. These parameters are shown in Table 7-7, along with the
calculated 1954 shipments derived from their use in equation (7-
5a). These 1954 parameters were then used to estimate the same 17
movements in each of the other three years. In each of these three
years it turned out that there were interregional flows that had not
been observed in 1954 (and for which, therefore, the estimated flow
in the second year had been automatically set equal to zero). These
are the “other” interregional flows shown in Table 7-4. There were
also a few zero flows in these other years between regions that had
been observed to trade with one another in 1954. (These interyear
differences may very likely arise from the 1 percent coverage of the
I.C.C. sample. In evaluating a model’s goodness of fit in these other
years, however, we have assumed that this type of estimating error
arises entirely from our initial assumption that a zero flow in the
base year implies absence of shipments in all other years.)



3

The structure of development
(1963)

1

Estimates of gross national product, total consumption, income per
capita, rate of investment, and similar indices of economic activity
are now compiled and published by practically all countries. Such
figures give quantitative expression to the otherwise plainly appar-
ent fact that some countries are rich and others are poor. When they
have been plotted over the recent past, they indicate that the gap
between the rich and the poor has been widening. These statistics
do not of themselves suggest any ready explanation of the difference
in overall performance among the national economies. Nor do they
point to any practical ways to narrow the gap.

The earth’s resources are ample for the needs of the present
world population and even for a much larger one. It is true that the
distribution of resources is uneven. It is also true that the poor coun-
tries do not make full use of the resources they have. They raise less
food per acre and per man-hour, and they realize little of the value
of their mineral wealth above the price of the ore or the crude oil
at the dockside. Described in these terms the disparities in the well-
being of nations are nowadays summed up in the somewhat more
useful observation that they reflect differences in degree of
“development.”

For the understanding that must precede any constructive action,
it is necessary to penetrate below the surface of global statistics and
such round terms as development. Each economic system—even
that of an underdeveloped country—has a complicated internal

1963 by Scientific American, Inc.
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structure. Its performance is determined by the mutual relations of
its differentiated component parts, just as the motion of the hands
of a clock is governed by the gears inside. Over the past 25 years
the internal economic gearwork of a large number of countries has
been described with increasing clarity and precision by a technique
known as interindustry analysis, or input-output analysis. Because
the results improve as more fine-grained statistics are fed into it, the
technique has demonstrated its effectiveness largely in the study of
more highly developed economic systems.

II

The data of input-output analysis are the flows of goods and services
inside the economy that underlie the summary statistics by which
economic activity is conventionally measured. Displayed in the
input-output table, the pattern of transactions between industries
and other major sectors of the system shows that the more devel-
oped the economy, the more its internal structure resembles that of
other developed economies. Moreover, from one economy to the
next the ratios between these internal transactions and the external
total activity of the system—true gear ratios in the sense that they
are determined largely by technology—turn out to be relatively
constant.

Recent advances in input-output analysis and in the bookkeeping
of underdeveloped countries have made it possible to apply the
technique to a number of these economies. Their input-output
tables show that in addition to being smaller and poorer they have
internal structures that are different, because they are incomplete,
compared with the developed economies. From such comparative
studies a fundamental analytical approach to the structure of eco-
nomic development is now emerging.

Construction of a national input-output table is a major statistical
enterprise. By now tables for some 40 countries have been pre-
pared. Some countries (among the underdeveloped countries:
Israel, Egypt, Spain, and Argentina) have published comprehensive,
detailed, and quite accurate tables. Others, having just entered the
field, have not yet advanced beyond rather sketchy compilations of
limited accuracy. The growing literature in this field, however, tes-
tifies to the fact that, with the practical know-how gained in the
preparation of the first experimental table, the second- and third-
generation tables become invested with the elaboration and profes-
sional finish required for an effective scientific instrument.
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The input-output table is not merely a device for displaying or
storing information; it is above all an analytical tool. Depending on
the purpose at hand and the availability of reliable information, the
economy can be broken down into any number of industries or sec-
tors. The table for the U.S. economy as of 1947, prepared by the
Bureau of Labor Statistics of the U.S. Department of Labor, has 450
sectors. For purposes of this demonstration, an economy can be bro-
ken down into two industrial sectors: agriculture and manufactures.
(See Table 8-1.) In the table for such a simple model economy the
numbers in the horizontal row labeled “agriculture’” show that this
sector, in the course of delivering 55 units of output as end products
to “final demand” and 20 units as raw materials (for example, cot-
ton) to “manufactures,” delivers 25 units of its own output (for
example, feed grains) to itself. “Final demand” can here be taken as
including the goods and services consigned to investment and
export as well as to current consumption in the households of the

Table 8-1

Input-output table (fop) and input-coeflicient matrix (bottom) show
“internal”” transactions between productive sectors of simple model
economy in relation to ““final demand” and “‘total output” of each sector.
The table displays outputs from each sector in the corresponding
horizontal row, inputs to each sector in the vertical column. In the matrix
the columns display the ratio of each input to a sector and the total
output of the sector.

Input
Sector 1: Sector 2: Final Total
Argiculture Manufactures Demand Output

Sector 1:

Agriculture 25 20 55 100 units
Sector 2:

Manufactures 14 6 30 50 units
Household

Services 80 180 40 300 units

Input/Output Coeflicients

Sector 1: Sector 2:
® Agriculture Manufactures
Sector 1:
Agriculture 0.25 0.40
Sector 2:
Manufactures 0.14 0.12
Household

Services 0.80 3.60
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economy. The total output of 100 units from the agricultural sector
therefore satisfies both the “direct” final demand for its end prod-
ucts and the “indirect’”” demand for its intermediate products. On
the input side the numbers in the column labeled “agriculture”
show that in order to produce 100 units of total output this sector
absorbs not only 25 units of its own product but also 14 units of
input (for example, implements) from ‘“‘manufactures” and 80
units—of labor, capital, and other prime factors—from the sector
called, by convention, “household services.”

111

The great virtue of input-output analysis is that it surfaces the indi-
rect internal transactions of an economic system and brings them
into the reckonings of economic theory. Within each sector there is
a relatively invariable connection between the inputs it draws from
other sectors and its contribution to the total output of the econ-
omy. This holds for an underdeveloped economy, where the input
from “household services’”” necessary to produce 100 units of agri-
cultural output might represent a full 80 man-years of labor, as well
as for a highly developed country where this input would reflect a
larger component of capital and is likely to be offset by inputs of
fertilizers, insecticides, and the like from the industrial sectors. In
fact, for use as an analytical tool, the input-output table must be
recast into a matrix showing the input ratios, or coeflicients, char-
acteristic of each sector. The input-output table for the model econ-
omy, recast into such a matrix, shows that 0.25 unit of agricultural
output, 0.14 unit of manufactures, and 0.80 unit of prime factors
from “household services” are required to produce one unit of total
output from the agricultural sector. (See Table 8-1.)

Each sector or industry thus has its own ““cooking recipe.” The
recipe is determined in the main by technology; in a real economy
it changes slowly over the periods of time usually involved in eco-
nomic forecasting and planning. The input-coeflicient matrix can be
derived, as it is in the present demonstration, from the interindustry
transactions for a given year or from engineering data or from a
combination of these and other sources of information. For any bill
of final demand, the matrix makes it possible to compute the inputs
each industry must absorb from all other industries in the course of
fulfilling the final demand for its output and meeting the indirect
demand for that output generated by the final demands of the indus-
tries to which it in turn supplies inputs. The computation involves
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the iterative solution of a set of simultaneous linear equations. Since
the number of equations increases with the number of sectors, the
computing of a table sufficiently detailed to yield significant infor-
mation is a task for machines.

It was the labor of computation that prompted the first systematic
studies of the structural characteristics of an economy as they are
displayed in an input-output table. During the late 1940s Marshall
K. Wood, George D. Dantzig, and their associates in Project SCOOP
of the U.S. Air Force undertook to rearrange the rows and columns
in a table of the U.S. economy in such a way as to minimize the com-
putation required to yield numerical solutions. Such rearrangement
brought into sharper relief the interindustry and intersectoral trans-
actions that tie industries and sectors together in the subunits of the
total structure of the ecomomy. As more and more countries have
begun to compile tables, comparative studies of their structural
characteristics have begun to appear.

v

Dependence and independence, hierarchy and circularity (or mul-
tiregional interdependence) are the four basic concepts of structural
analysis. The definition and practical significance of each of these
ideas can be demonstrated visually by schematic model tables in
which dark gray squares rather than numbers signify the presence
or absence of interindustry transactions. (See Figure 8-1.) In the
first of these tables a square appears in every one of the 225 boxes
formed by the intersection of the 15 numbered rows and columns
of the industrial sectors. Each industry in such a system is dependent
on all the others; it supplies inputs to all other sectors and draws
inputs from all of them. Translated into mathematical language, this
means that each of the 15 variables representing the output of each
of the sectors figures directly in each of the input-output equations.
In the operation of this economy any increase in the output deliv-
ered by any one sector to final demand (represented by the light
gray square at the right-hand end of the row) would require an
increase in the inputs to this sector (reading down the column) from
all other sectors without exception. Hence a single increase in direct
demand can set up a whole chain of indirect demands, ultimately
increasing the total output of every sector in the system.

A more likely and natural system is represented by the model in
which some boxes are empty. The industry in whose column one of
these empty boxes appears draws no input (or perhaps an insignifi-
cant input) from the industry whose row it intersects at this point.
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Figure §8-1

Internal structures of model economies are revealed by input-output
tables. Dark gray squares signify inputs from the sector in a given horizon-
tal row to sectors in vertical columns intersected by the row; light gray
squares, the input from each sector to ““final demand” (D); black squares,
the total output (T) of each sector; open squares, the inputs of prime factors
from “household services” (H). The table at the upper left shows a com-
pletely “interdependent” economy; the table at the upper right shows a
random pattern of interindustry transactions. The latter table appears at the
lower left with sectors rearranged (note sequence of sector “call num-
bers”); this “triangulation” of the table reveals a hierarchical pattern of
interindustry transactions. The “‘block triangular” model at the lower right
shows interdependence on industries within blocks, as in the first model,
and hierarchical relation between blocks, as in the third.

If the corresponding box formed by the reverse combination of col-
umn and row is empty, then these two sectors can be described as
being independent of each other. Where intersectoral dependence
is indicated by a square in this table, however, one such square may
trigger a whole chain of indirect demands, finally involving both
members of an apparently independent pair of sectors.
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Such relations become clearer in the model in which all the
squares fall below the diagonal running from the upper left corner
to the lower right corner of the matrix. Actually this “triangular”
system was constructed by rearrangement of the rows and columns
of the “natural” system described above, as is indicated by the
sequence in which the call numbers of the sectors now appear. The
highly structured hierarchical relation among the different sectors
was obscured in the first random display—an accidental effect, per-
haps, of the sequence in which the census bureau of this imaginary
economy assigned call numbers to the sectors. In the rearranged
table it can be plainly seen that sector 9, now in the far left column,
absorbs inputs from all the other sectors but delivers its entire out-
put directly to final demand. Sector 8, now in the far right column,
requires for its operation, in addition to a portion of its own output,
only labor, capital, and other prime factors from “household ser-
vices”’; on the other hand, this sector delivers inputs to all other sec-
tors as well as to final demand.

In the hierarchical order of an economy with a strictly triangular
matrix, the sectors above and below the horizontal row of any given
sector bear quite different relations to that sector. Those below are
its suppliers; any increase in final demand for its product generates
indirect demands that cascade down the diagonal slope of the matrix
and leave the sectors above unaffected. The sectors above, however,
are its customers; an increase in final demand for the output of any
one of them generates indirect demand for the output of the sector
in question. An economist charged with the task of computing the
indirect effects of an increase in final demand for the output of this
sector would need to know, therefore, only the input coeflicients for
sectors below it. If the economist wants to compute the indirect
effects on this sector of demand originating elsewhere, he or she
needs to work only with the input coeflicients for this sector and the
sectors above it. In the case of the fourth “block triangular” model,
the economist would find that relations between sectors within each
block are similar to the mutual interdependence that ties together
all the sectors in the first of these model systems, whereas the rela-
tions between the blocks (“multiregional interdependence™) are
analogous to those between the sectors in the triangular model.

v

The convenience of the economist and the computing machine does
not, of course, constitute the sole or the most significant purpose
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served by such rearrangement of an input-output table. The trian-
gulation of the table serves also to expose the internal structure of
the interindustry transactions. These define groups and blocks of
more closely related industries. The forecaster is likely to find that
he or she must reckon with the fortunes of all the industries within
a group in order to plot the future course of one of them. The plan-
ner may discover that the effort to promote the growth of an indus-
try in one block requires the prior development of industries in
another block and may trigger the development of industries in still
another block.

The triangulation of a real input-output table—that is, the discov-
ery of its peculiar structural properties—is a challenging task. It is
complicated by the fact that one must take into account not only the
distinction between zero and nonzero entries but also the often
more important difference between their actual numerical magni-
tudes. The degree to which triangulation reveals significant struc-
tural details depends also on the fineness of the sectoral breakdown.
A single entry in a highly aggregated table may conceal the solid
block of a triangular matrix or a narrow strip of finer intersectoral
relations. Lack of sufficiently detailed information about the internal
structure of groups and blocks of industries may impose severe lim-
itations on attempts to explain the behavior of the economic system
as a whole.

The larger and the more advanced an economy is, the more com-
plete and articulated is its structure. The United States and Western
Europe, respectively, produce about a third and a quarter of the
world’s total output of goods and services. It is not surprising, there-
fore, to discover that their input-output tables yield the same trian-
gulation. Discounting the larger overall size of the U.S. economy,
the similarity between the two sets of intersectoral relations comes
vividly to the fore when the triangulated input-output tables of the
two systems are superposed on each other. (See Figure 8-2.)
Between them they contain—with some well-known but minor
exceptions—a complete array of economic activities of all possible

kinds.

VI

Each of the industries in this combined table has its own peculiar
input requirements, characteristic of that industry not only in the
United States and in Europe but also wherever it happens to be in
operation. The recipe for satisfying the appetite of a blast furnace,
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a cement kiln, or a thermoelectric power station will be the same in
India or Peru as it is, say, in Italy or California. In a sense the input-
coefficient matrix derived from the U.S.-European input-output
table represents a complete cookbook of modern technology. It con-
stitutes, without doubt, the structure of a fully developed economy
insofar as development has proceeded anywhere today.

An underdeveloped economy can now be defined as underdevel-
oped to the extent that it lacks the working parts of this system. This
lack can be explained in narrowly economic terms as resulting from
the amount and distribution of productively invested capital, in
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Figure 8-2

Developed economies of the United States
(black squares and roman numbers) and of
Western Europe (open squares and italic num-
bers) show great similarity in structure when
their input-output tables are ““triangulated” in
the same order and superposed. Areas of black
and open squares overlapping are propor-
tioned to the volume of interindustry transac-
tions, scaling from the largest black square at
row 6, column 5. The diagonal-lined square at
row 14, column 2, indicates transactions too
large for this scale. “Intraindustry” transac-
tions, along the diagonal, are not shown. The
two negative figures in Western European
final demand indicate that imports of the com-
modities in question exceed domestic deliver-
ies to final demand.

social terms as a re