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Basic Facts on Productivity Change
AN INTRODUCTION BY SOLOMON FABRICANT

Importance of the Facts

ProbucTivrty has been much discussed in recent years, and too frequently
misunderstood.

Productivity deserves the attention that it has received, for it is a measure
of the efficiency with which resources are converted into the commodities
and services that men want. Higher productivity is a means to better
levels of economic well-being and greater national strength. Higher
productivity is a major source of the increment in income over which men
bargain and sometimes quarrel. And higher—or lower—productivity
affects costs, prices, profits, output, employment, and investment, and thus
plays a part in business fluctuations, in inflation, and in the rise and decline
of industries.

Indeed, in one way or another, productivity enters virtually every
broad economic problem, whatever current form or new name the problem
takes—industrialization, or research and development, or automation, or
tax reform, or cost-price squeeze, or improvement factor, or wage inflation,
or foreign dollar shortage.

Despite its importance and the wide attention paid it, productivity is a
subject surrounded by considerable confusion. For this there are a number
of reasons. First, people employ the same term but mean different things.
As a consequence, various figures on productivity change come into use,
and these often differ in significant degree. Further, the rate of productivity
change is not a fixed quantity. Professor Kendrick’s figures show that it
varies from one period to another. What the past or current rate of pro-
ductivity change is depends on the particular period for which the
calculation is made. If no referenceis made to the period, and if the period
varies considerably from one context to another, confusion results. In
addition, the statistical information available for calculating productivity

Note. A longer version of this summary was published by the National Bureau in 1959
as Occasional Paper 63. Included here are also some paragraphs from a statement
presented before the Joint Economic Committee of the United States Congress in April
1959.

John W. Kendrick and Thor Hultgren made helpful comments on a first draft, as did
Moses Abramovitz, Jack Alterman, Gary S. Becker, Leon Greenberg, Oswald W. Knauth,
Geoffrey H. Moore, and Theodore W. Schultz. The writer is deeply grateful also to
Maude Pech.
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BASIC FACTS ON PRODUCTIVITY CHANGE

indexes is deficient in various respects. Better or worse—or merely
different—methods of meeting these deficiencies, enumerated below, often
yield results that differ appreciably. Failure to specify the methods and the
assumptions involved in the process of estimation, or failure to understand
them, adds to the confusion.

As has been said, the questions into which productivity enters are
important. They are also difficult. We all have far to go before any of us
can claim to understand fully the process of productivity change, its
causes, or its consequences, or to see clearly the way tp deal with the issues
involved. But surely the way to more effective policy would be clearer if
the basic facts of productivity change were established and widely known.

Establishing important economic facts is an objective of the National
Bureau. Because the facts bearing on productivity are important, the
Bureau has for a long time devoted a portion of its efforts to their determi-
nation and analysis. Its completed studies of national income, capital
formation, production trends, mechanization, employment, and product-
ivity have contributed essential pieces of information.

Currently, the task of cultivating this significant area of economic
knowledge is being undertaken at the National Bureau in a number of
separate, though related, projects: a study of trends in wages and product-
ivity; a study of trends in national product, capital formation, and the
relation between capital and product; and a study of cycles in productivity,
costs, and profits. Some of the results of these current investigations have
already been published (the present report by Professor Kendrick is the
latest to be issued); some are in press; others are in various stages of
preparation.l

Like the other studies, Professor Kendrick’s must be rather technical
in character, devoted as it is to the examination of concepts, the sifting of
evidence, the preparation of estimates, and the analysis of complex results.

1 The reports already published and those soon forthcoming are as follows: John W.
Kendrick, Productivity Trends: Capital and Labor, Occasional Paper 53, New York (NBER),
1956; Solomon Fabricant, Basic Facts on Productivity Change, Occasional Paper 63, New
York (NBER), 1959; John W. Kendrick, Productivity Trends in the United States (the present
volume) ; Clarence D. Long, Wages and Earnings in the United States: 1860-1890, Princeton
University Press (for NBER), 1960; Albert Rees, Real Wages in Manufacturing, 1890-1914,
Princeton University Press (for NBER), 1961; and Albert Rees, New Measures of Wage-
Earner Compensation in Manufacturing, 1914-57, O.P. 75, New York (NBER), 1960.

Also, Simon Kuznets, Capital in the American Economy: Its Formation and Financing,
Princeton University Press (for NBER), in press; Leo Grebler, David M. Blank, and Louis
Winnick, Capital Formation in Residential Real Estate: Trends and Prospects, Princeton Univer-
sity Press (for NBER), 1956 ; Alvin S. Tostlebe, Capital in Agriculture : Its Formation and Financ-
ing since 1870, Princeton University Press (for NBER), 1957; Melville J. Ulmer, Capital
tn Transportation, Communications, and Public Utilities: Its Formation and Financing, Princeton
University Press (for NBER), 1960; Daniel Creamer, Sergei P. Dobrovolsky, and Israel
Borenstein, Capital in Manufacturing and Mining : Its Formation and Financing, Princeton Uni-

versity Press (for NBER), 1960 and Thor Hultgren, Ckanges in Labor Cost During Cycles in
Production and Business, Occasional Paper 74, New York (NBER), 1960.
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AN INTRODUCTION BY SOLOMON FABRICANT

Readers who put Professor Kendrick’s important findings to practical use
will appreciate the care he has taken to expose to their scrutiny the
evidence on which the findings are based.

The more general reader may wish to have a less technical summary of
the main results of this substantial research effort. This introduction is
for him.

Even a summary of facts will have to cover a good deal of territory.
Something needs to be said about each of the following matters: the long-
term average rate of growth of national productivity; the degree to which
growth of productivity has experienced change in pace; productivity
increase in relation to the rise in the nation’s real output; and the extent
to which increase of productivity has been the general experience of the
various industries of the economy. To each of these subjects, therefore, a
brief section is devoted, which lists the main facts and provides such
discussion of concepts, data, alternative measurements and findings as is
necessary to make the results intelligible. We begin with a capsule
statement of the highlights.

The Facts in a Nutshell

The essential facts on productivity and economic growth in the United
States can be put most briefly and simply as follows:

1. During the past three generations, the nation’s real output per
manhour of work done has been rising at a substantial average rate—
between 2 and 2.5 per cent per annum, or about 25 per cent per decade.
This upward movement shows no signs of slowing down. On the contrary,
the trend witnessed by this generation has been higher than the trend
witnessed by earlier generations. Indeed, during the most recent period—
after World War II—national output per manhour rose at a rate of 3 to 3.5
per cent per annum, or 35 to 40 per cent per decade. This means, in
absolute terms, that in ten years there has seen added to an already large
output per hour of American labor an amount that is well in excess of the
fotal output obtained per hour of work in most regions of the earth.

2. The increase in national output per manhour is the outcome, first,
of a heavy investment in business and farm plant and equipment, in public
improvements, and in other tangible capital goods. The volume of tangible
capital per head of the population has increased at an average rate of over
1 per cent per annum, or 10 per cent per decade. A contribution has come,
second, from investment in education and on-the-job training and from
expenditures on research and development and other forms of intangible
capital. No really adequate figures can yet be offered here, but the contri-
bution has undoubtedly been significant. Third has been greatly improved
efficiency in the use of the country’s labor and tangible and intangible
capital resources.
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BASIC FACTS ON PRODUCTIVITY CHANGE

3. A growing fraction of the potential product offered by a higher and
higher output per manhour has been given up by our people in order to
enjoy more leisure. Normal weekly hours of work per employed person,
for example, have been cut by 20 to 30 per cent, on the average, since the
turn of the century; and the practice of paid vacations, and of longer
vacations has beome more widespread. Another fraction of the rising
output per manhour has been used to finance investment in private and
public capital. This fraction, however, has not had to rise to bring the.
great expansion in capital per head of the population to which reference
was made a moment ago. In fact, it may even have fallen a bit. Still
another and growing fraction has been used to meet the increased needs of
national security. Along with this, a much smaller fraction has gone into
technical and military assistance and aid to other countries. The rest,
the great bulk of the rise in output per manhour, has been used by our
people to get the goods and services for which they have worked and saved
—a larger volume and better quality of goods and services, and many new
goods and services. National consumption per capita has grown at a rate
somewhat lower than the rate of increase in output per manhour; but the
rate has nevertheless been very substantial—something like 1.8 per cent
per annum, or 20 per cent per decade, on the average.

4. The gains of productivity have been widely diffused among our
people. Real hourly earnings, including fringe benefits of several sorts,
have grown about as rapidly, on the average, as has output per manhour.
Further, a roughly similar upward trend is visible in the real hourly
earnings of each of the industries for which figures are available. The
rate of return on capital has tended to remain roughly constant, on the
average, but even this horizontal trend reflects a gain from productivity
in an important sense, since the great increase in capital per worker
already mentioned would probably have reduced the rate of return on
capital had not productivity risen.

5. Increased productivity inevitably involves the growth of new indus-
tries and the relative, or even absolute, decline of old ones. So, too, for
different occupations and regions, which also have grown at widely
different rates. In some cases this has meant the painful and difficult
adjustments that constitute one of the costs of economic progress.

To spell out some of these points, and present some of the significant
details, let us now draw on the remarkable record provided by Professor
Kendrick.

The Long-Term Rate of Increase in National Productivity

Over the seventy-year period since 1889—the period which has been
examined most closely and for which presently available statistics are most
adequate—the rate of increase in productivity has been as follows:
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Physical output per manhour in the private economy has
grown at an average rate that appears to be about 2.4 per cent
per annum.

Comparing output with a measure of labor input in which a
highly paid manhour of work counts for proportionately more
than a low-wage manhour yields a measure of productivity for the
private economy that grew at a significantly smaller rate—
about 2.0 per cent per annum.

A measure of productivity for the private economy that
compares output not only with labor input (determined as
before) but also with tangible capital, each weighted by the
market value of its services, grew still less rapidly—about 1.7 per
cent per annum.

All these indexes of productivity in the private economy rose
somewhat more rapidly than the corresponding indexes for the
economy as a whole, including government, when the usual
measurements of government output and input are utilized.

For the total including government, productivity rose about 1.5
per cent per annum.

This list presents the main broad measures of long-term productivity
increase that Professor Kendrick has calculated for the American economy.
It is by no means complete. Kendrick goes to some trouble to provide
still other measures that differ in definition of output or input, in the degree
to which they cover the economy, or in details of estimation. However,
these alternative calculations yield results similar to those just given
(compare, for example, Tables 1, 2, and 3), and we may, therefore,
concentrate on the above measures. They differ enough among themselves
to raise a serious question about the meaning and measurement of
productivity.

Which measure of productivity is appropriate in any case depends, of
course, on the question in mind. Change in output per manhour, for
example, shows the combined effect on the product obtained from an hour
of labor of two groups of factors: first, those causing increases in efficiency;
and, second, those causing changes in the volume of tangible and intangible
capital available per manhour. This measure answers an important
question. But if what is wanted is a measure of increase in efficiency alone
—and it is efficiency on which we are concentrating here—the index of
output per manhour is deficient. A better measure, for our purpose, is one
that compares output with the combined use of all resources.

Information on all resources is not available, however. Until rather
recently, economists interested in measuring the rate of increase in
national productivity had to make shift with labor input alone—first in
terms of number of workers, then in terms of manhours. This is still true
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for most individual industries, narrowly defined, even on a historical basis,
and for both individual industries and the economy as a whole on a
current basis.

For this reason, the most widely used index of productivity—the one
cited first—is simply physical output per manhour. Itis a useful index, if
its limitations are recognized. Because in the economy at large and, as
we shall see, in most—not all—individual industries, labor input is by
far the most important type of input (measured by the fraction of income
accruing to it), the index based on manhours alone is not often in serious
error. It is a fair approximation to a more comprehensive index of effi-
ciency. But as such it is usually subject to an upward bias, as the figures
cited indicate.

The bias in output per manhour results not only from the omission of
capital input. The usual index of output per manhour fails also to take
into account change in the composition or quality of labor.2 That is,
manhours worked by persons of different skills, levels of education, and
lengths of experience are treated as if equivalent, thus ignoring important
forms of human capital that aid in production and contribute to wage and
salary differentials. The index of output per weighted manhour—the
second index cited-—catches some of this intangible capital, for the labor
in industries with high rates of pay is given a heavier weight than that in
low-pay industries. However, the procedure of weighting is only a step
in the right direction. All the labor within an industry is still assumed to
be homogeneous. Perhaps more important, broad advances in education
and the like, which improve the quality of labor in industries generally,
are not taken into account. And differences in labor quality are imperfectly
measured by pay differentials, since these are influenced by such other
factors as the noneconomic advantages and disadvantages of particular
occupations, differences in the cost of living, and uncompleted adjust-
ments to changes in demand and supply. The figures previously given—
the difference between the rate of increase in output per manhour and in
output per unit of labor (weighted manhours), which is 0.4 per cent per
annum—therefore indicate the direction, but not the degree of bias,
arising from the neglect of changes in the quality of labor.

With respect to the volume of tangible capital, we are in a better
position than with respect to the quality of labor. In recent years the
available information on tangible capital has been broadened, worked

2 If the index relates output to manhours of work done only by “production workers”—
which is frequently the case for individual industries—there is a further source of error.
In that case, the index will usually rise more rapidly than output per manhour of work
done by all workers; for “nonproduction workers” have, over the years, generally in-
creased in relative importance. Kendrick’s indexes relate output to the work done by all
workers, including proprietors, supervisory employees, and clerical workers, as well as
wage earners.
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over, pieced out, and put into usable form by Kuznets and his collabor-
ators, and this has helped greatly to expand the coverage of inputs for
productivity indexes. The data on tangible capital are still far from
perfect. In calculating them, difficulties of all sorts are involved—the
treatment of depreciation, the problem of allowing for changes in prices,
and the proper valuation of land, among others. These problems have not
been entirely solved, but we appear to be sufficiently close to a solution
to warrant use of the data. With them, output per unit of tangible capital
may be computed (as in Table 1). This is informative; but, like output
per unit of labor, it is an incomplete index of productivity. It tells only
part of the story.

Indexes of productivity based on the comparison of output with the
input of both labor and tangible capital are better measures of efficiency
than those based on labor input or capital input alone.

Indeed, the best currently available approximation to a measure of
efficiency is such an index. As we have seen (it is the third index cited
initially in the text), it indicates a rate of growth of productivity that is
significantly below the rate for output in relation to labor input alone.
That it is lower will not be a surprise, since it is well known that tangible
capital has increased substantially more than the labor force: tangible
capital per weighted manhour has risen at the average annual rate of
1.0 per cent. Because the services of labor have become more and more
expensive relative to those of tangible capital, there has been a strong
incentive for business firms and other producers to substitute capital for
labor. Yet—and this may be surprising—capital increased less rapidly
thandidoutput. On net balance, output per unitof tangible capital rose by
about | per cent per annum. Technological advance and the other means
to improved efficiency have led to savings of capital as well as of labor.

Surprising, also, may be the fact that the difference between productivity
measured in terms of labor and tangible capital combined and productivity
measured in terms of labor alone is no more than the 0.4 per cent per
annum that we have found. The reason is the relatively high weight
given labor in combining it with tangible capital. Obviously, manhours
cannot be combined with dollars of tangible capital without translating
each of them into comparable units. The appropriate unit is a dollar’s
worth of services in a reference base period. If a manhour of labor
commands $2 in the base period, and $100 of capital equipment commands
$6 of net revenue per year (whether in rent, profits, or otherwise is im-
material), we count the $100 of equipment as equivalent to 3 manhours.
Because, in production, use is made of many more manhours than of even
hundreds of dollars of capital, labor as a whole gets a much greater weight
than does capital. The weights for the private economy are currently as
8 to 2. The index of output per unit of labor and capital combined—
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which rose at the rate of 1.7 per cent per annum in the private economy—
is thus, in effect, a weighted average of the index of output per unit of
labor—2.0 per cent per annum—and of the index of output per unit of
capital—1.0 per cent.

This weighted index was called the best available approximation to the
measure of efficiency that we seek. It is approximate for more reasons
than those already given. One is the problem of measuring output,
which involves combining into a meaningful aggregate a changing variety
of old and new goods. A special difficulty arises in putting a figure on the
quantity of services produced by government to meet collective wants.
This accounts for the greater confidence most statisticians have in the
estimate of productivity for the private economy, exclusive of government,
and explains the plurality of estimates given in Table 2 for the economy
inclusive of government.

A general deficiency of all the measures of output—and thus of product-
ivity—is their failure to take adequate account of change in the quality
of output. This, it is likely, subjects them to a downward bias. And to,
repeat, the indexes of output per unit of labor and tangible capital com-
bined, though broader than any other indexes now available, fail to cover
adequately the investment in education, science, technology, and social
organization that serves to increase production—a point to which we shall
have to return.

The technical questions raised above (which have been selected from
the host to which Kendrick pays attention) are, of course, matters primarily
for the producer rather than the user of productivity statistics. But for the
user it is important to be aware of the sharp differences made in the rate of
growth of productivity by technical choices not always specified: whether
output or input is defined in one way rather than another, or weights of
components of output and input are determined by this rather than that
method, or data are selected or estimated from one or another source.

Measured in any of the ways listed above, however, productivity in the
United States has grown at a remarkable average rate over the past
two-thirds of a century. The more comprehensive indexes, in which
output is compared with both labor and capital input, indicate a doubling
of efficiency every forty years. The index of output per unweighted
manhour indicates a doubling even more frequently—every thirty years.
Not many of the countries for which corresponding records might be
constructed would show average rates as high or higher over so long a
period. Over shorter periods, it is very likely, our long-term rate has been
exceeded in various countries. This has happened here, as well as else-
where, as we shall see in a moment. But it is safe to say that the United
States long-term rate is not low in relation to the experience of other
countries over comparable periods. It may appear low only in comparison
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with aspirations—the long-term rates dreamed of by countries embarked
on ambitious programs of economic development, or the rates some of
our own citizens believe we need to reach and maintain if we are to meet
some of the urgent problems that confront us.

Fluctuations in the Rate of Productivity Increase

Productivity did not grow at an even rate. Its rate of growth was subject
to a variety of changes, which may be characterized as follows:

A distinct change in trend appeared sometime after World
War I. By each of our measures, productivity rose, on the
average, more rapidly after World War I than before.

Over the whole period since 1889, productivity fluctuated with
the state of business. Year-to-year rises in productivity were
greater than the long-term rate when business was generally
expanding, and less (or often, falling), when business was
generally contracting.

The slow rates of increase (or decline) in productivity appear to
have been largely concentrated in the first stages of business
contraction. Productivity rose most rapidly, as a rule, towards
the end of contraction and during the early stages of expansion.

Year-to-year changes in productivity were appreciably
influenced also by random factors.

The change in trend that came after World War I is one of the most
_ interesting facts before us. There is little question about it. It is visible
not only in the indexes that Kendrick has compiled for the private
domestic economy, to which Charts 3 and 4 are confined. It can be found
also in his figures for the whole economy, including government, as well as
in his estimates for the group of industries for which individual productivity
indexes are available. Some readers of the charts might prefer to see in
them not a sharp alteration of trend, but rather a gradual speeding up of
the rate of growth over the period as a whole. The latter reading is not
entirely out of the question, but it seems to fit the facts less well than the
former. By either reading, it is clear, the rate of growth in productivity
witnessed by the present generation has been substantially higher than the
rate experienced in the quarter-century before World War I.

The numerical rates of increase that Kendrick gives in Table 1 help
to sharpen the differences. Alternative choices of the boundary year
(which is rather arbitrarily set at 1919), and of the technical method of
calculating the average rate,3 would not eliminate the difference between
the two periods.

3 Because productivity fluctuates cyclically and otherwise, it is usually somewhat better
to derive rates of increase from averages for several years, rather than from the figures for

single years. For the long periods covered in Table 1, the differences would be negligible,
however.
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The change in trend came in each of the indexes shown, and at about
the same time in each—in output per unit of labor (weighted or un-
weighted), in output per unit of tangible capital, and in output per unit
of labor and capital combined. There is this difference, however: the
quickening of pace was greater for capital productivity than for labor
productivity, though it was by no means negligible for the latter. For
output per unit of labor and capital combined, the rate of growth since
World War I has been as much as 50 per cent higher than during the
earlier period.

The charts show also the cyclical pattern of change in productivity,
insofar as this is revealed by annual figures. As a rule, whenever national
output rose—which is virtually whenever business was generally ex-
panding—productivity grew more rapidly than its trend rate; whenever
output fell, productivity grew less rapidly than its trend rate, or actually
declined.

It is obvious why this is so when input is measured by the resources
available for use, as it is in the case of tangible capital. The total volume
of tangible capital in existence seldom declines even during business
contractions, for net additions to capital have rarely become negative in
this country; nor does the volume of tangible capital rise nearly as rapidly
as output during business expansion, for additions to capital are small
relative to the existing stock. For similar reasons, the labor force—and
even more so, the population of persons of working age—also is very
stable. Output per unit of available resources, whether of labor, capital,
or labor and capital combined, will therefore show pronounced cyclical
fluctuations—as Kendrick illustrates in Chart 5.

Much less obvious is the cyclical fluctuation of output per unit of
resources actually put to use, which can be measured for labor.4 There
were 47 year-to-year rises and 21 falls in general business. Accompanying
these rises and falls in output were the changes in labor productivity shown
in Table 3. The average of the rates of growth in output per weighted
manhour during the years of expansion in output equaled 2.4 per cent.
During the years of contraction in output, the average annual rate of
growth of output per weighted manhour equaled only 1.3 per cent.

4 It is not possible to construct an adequate measure of capital input that takes account
of the rise and fall in the intensity with which capital is used as business improves or
worsens. There is, at present, insufficient information on the opening up or shutting down
of plants or production lines, the movement of stand-by equipment into and out of use,
and the change in number of shifts per day. Nor would using the rate of employment of
the labor force and of hours of work per employee to approximate the rate of use of tangible
capital add anything to what the index of output per manhour tells us.

Even for labor, the measure of actual use leaves something to be desired in the case of
salaried workers. The measure of output, too, probably has some cyclical bias, for a variety

of reasons; for example, it does not cover some types of maintenance and repair to which
workers can be diverted when business is slack.
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Because Kendrick’s annual indexes involve a great deal of estimation
and the piecing out of scanty data, it is encouraging to find some con-
firmation of the results in a sample of individual industries (largely manu-
facturing) that has been compiled by Thor Hultgren for the period since
1933. In gathering these statistics, Hultgren made a special effort to
obtain adequate and comparable data on output and the manhours
worked by wage earners. His sample has the further advantage of provid-
ing information on a monthly basis, far more satisfactory for the study of
cyclical fluctuations than annual data.

Hultgren’s data, set forth in his Changes in Labor Cost During Cycles in
Production and Business, point to a most striking fact, something that we miss
in the annual figures. As was shown by Kendrick’s annual data, inter-
ruption of the rise in output per manhour came mainly during contractions.
But the monthly data suggest, further, that most of the interruption may
have usually been concentrated in the first half of contraction. After
contraction had been under way for a while, and well before general
business revival, output per manhour as a rule resumed its upward march,
and increased at a rate even greater than the rate of increase during the
latter part of expansion.

Hultgren’s results are not altogether consistent, and his sample of
industries and cycles is narrow and needs to be broadened. But if con-
firmed, his findings have interesting implications for the causes and
consequences of productivity change. For example, they suggest that the
most rapid rates of increase in output per manhour appear during that
portion of the business cycle—the last stages of contraction and the early
stages of expansion—when replacement and increase of plant and
equipment are proceeding most slowly, and that during the initial stages of
contraction, decline in output per manhour joins with increase in wage
rates to push unit labor costs up.

Beyond the cyclical fluctuations in the rate of growth of productivity,
other changes may be noticed in Kendrick’s charts. These include
occasional spurts and slowdowns that extend over a period of years.
Kendrick’s estimates, and similar data compiled earlier by Kuznets and
Abramovitz for the full period following the Civil War, suggest the
existence of a long cycle in the rate of change of productivity.5 High rates
of increase in net national product per unit of total input came, it seems,
during periods of a decade or more centered in the late 1870’s, the late
1890’s, the early 1920’s, the late 1930’s, and the late 1940’s or early 1950’s.

5 See Moses Abramovitz, Resource and OQutput Trends in the United States since 1870,
Occasional Paper 52, New York (NBER), 1956. A section of Kuznets’s forthcoming
Capital in the American Economy is devoted to long waves in output, capital, and the ratio
of capital to output. Abramovitz is currently studying this class of phenomena and related

factors; for progress reports see the Thirty-eighth Annual Report of the National Bureau,
1958, pp. 47-56, and the Thirty-ninth Annual Report, 1959, pp. 23-27.
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Low rates of increase came during periods centered in the late 1880’
the late 1910’s, the early 1930’s, and the 1940’s.8

Some of the irregular changes shown in Charts 3 and 4 undoubtedly
reflect inadequacies of the figures. Productivity change is measured by the
ratio of two indexes, each subject to error; and even slight errors in these
will sometimes combine to produce considerable error in the ratio, just
as they will sometimes cancel one another. We cannot be sure whether
or not the change between any particular pair of years is the result simply
of statistical error. On the other hand, that the errors are, on the whole,
not overwhelming is suggested by the fairly systematic business cycle
behavior that we have noticed. We know, also, that some of the irregu-
larities reflect not statistical error but the impact of weather, strikes, and
the other real random factors to which life is subject.

The picture emerging from the information gathered by Kendrick and
Hultgren is one of a persistent and powerful tendency towards improve-
ment in efficiency. Sometimes the outcome was a rapid, sometimes a slow,
rate of growth in productivity. Sometimes the tendency was entirely
offset for a while by cyclical and random factors. But only twice was the
interruption long enough to prevent productivity from reaching a new
high within five years.

Because the rate of increase in productivity has been far from uniform,
the user of productivity figures must know the period to which they relate.
Rates of productivity increase derived from one period will differ, some-
times considerably, from those derived from a longer, or shorter, or alto-
gether different period. The same caution may be noted with regard to
extrapolations of past trends into the future. These, the record suggests,
will always be rather risky.

Productivity and the Increase in National Product

The nation’s product or real income—the terms are interchangeable—may
be said to have grown through increases in the volume of resources avail-
able for use in production, and through increases in productivity, or the
efficiency with which these resources are turned into product. Measure-
ment of these two sources of increase in product suggests their relative
importance over the past sixty-eight years:
Each year’sincrease in productivity accounted, on the average,
for almost half of the year’s increase in product. The other half
reflected, of course, an increase in resources—labor and tangible
capital.
Productivity increase accounted for a larger fraction—about
eight-tenths—of each year’s increase in per capita product, with

6 A word of caution: The dating is very rough; and the levels of peaks in rate of increase
vary greatly among themselves, as do the levels of troughs.
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the rise in per capita resources contributing the other two-
tenths.

Prior to World War I, both per capita resources and product-
vity grew significantly, and thus both contributed to the rise in
per capita product. Since World War I, per capita resources
have fallen slightly; but productivity has risen even more
rapidly than before—rapidly enough, in fact, to keep per
capita product growing at an average rate not far below the
rate for the earlier period.

The full set of statistics for the national economy is set forth in Charts 6
and 7.

These results—and the results presented earlier—can be properly
understood only if certain qualifications are kept in mind.

It is evident, to begin with, that the relative contributions to growth of
product, of productivity on the one hand and of resources on the other,
that emerge from these and similar calculations, depend on what is
included in product and what is included in resources. More exactly,
they depend on the importance and relative growth of the borderline items
that are or are not included in each of these. What is in fact included is in
part influenced by convention and in part by the availability of statistical
data.

With respect to output, we have already noticed the question of
government services. Similar questions arise with respect to certain
expenditures by families—trade union fees and costs of getting to work
are examples; and with respect to certain expenditures by business—for
example, subsidies to factory cafeterias, “expense accounts,”” and medical
services provided employees.” The main problem, however, appears to
be with respect to defense expenditures by government (which has reached
large proportions), and for this reason Kendrick has presented estimates
that differ in the treatment of these expenditures (Table 2; and Appendix
A, “National Product as Estimated by Kuznets”).

More important seems to be the definition of resources. Kendrick has
measured these by weighted manhours of work done and tangible capital
available, and has thus largely excluded intangible capital. This results
in some understatement of the contribution of resources, for it is likely that
intangible capital has risen in relation to the resources he includes. There
is a corresponding overstatement of the rise of productivity. It is possible
that the upward shift in the rate of growth of productivity after World
War I, and the downward shift in the rate of growth in per capita tangible

? For recent discussions, see A Critique of the United States Income and Product Accounts,
Studies in Income and Wealth, Volume 22, and The National Economic Accounts of the

United States : Review, Appraisal, and Recommendations, both issued by the National Bureau in
1958.
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capital at about the same time, reflect some substitution of investment in
intangible capital for investment in tangible capital.

In an important sense, society’s intangible capital includes all the
improvements in basic science, technology, business administration, and
education and training that aid in production—whether these result from
deliberate individual or collective investments for economic gain or are
incidental by-products of efforts to reach other goals. Ifintangible capital
were so defined, it would probably follow that much (not all) of the
increase in product would reflect increase in resources. But so wide a
definition of intangible capital would get us no closer to determining the
causes of increase in product.

With the statistics presently available we have been able to measure the
direct effects on output of the increases in labor time and in volume of
tangible capital. We have been forced to lump together under the heading
of productivity, and to measure as a whole, the indirect effects of the
increases in these resources and the effects of all other causes. The residue
includes the contributions of the several forms of intangible capital
mentioned ; the economies resulting from increased specialization within
and between industries, made possible by growth in the nation’s resources
and in its scale of operations generally; the improvement (or falling off)
of efficiency in the use of resources resulting from changes in the degree of
competition, in the volume, direction and character of governmental
subsidies, in the nature of the tax system, and in other government
activities and regulations; and the greater (or smaller) benefits resulting
from changes in the volume, character, and freedom of commerce among
nations.

The simple calculation presented above does no more than suggest the
high relative importance of the factors grouped under productivity. But
that is significant. Itis, as Abramovitz has pointed out, a ‘“‘measure of our
ignorance” concerning the causes of economic growth, and an “indication
of where we need to concentrate our attention.”® It is well to know how
far short we are of determining the sources of increase in national product.

Productivity in Individual Industries

The rate of growth in the entire economy’s productivity is the prime fact
with which we are concerned. The facts on productivity in individual
industries, to which Kendrick has devoted his last two chapters, are
important, however, because they help us to understand the process by
which national productivity has been raised:
Rise in productivity has been a general industrial phenomenon.
Virtually every individual industry for which a reasonably
adequate index can be calculated shows an upward trend in

8 0p. cit., p. 11.
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output per manhour, and this was almost as universally true of
output per unit of tangible capital and of output per unit of
labor and capital combined.

Among individual industries, as for the economy as a whole,
the rise in output per manhour—the index most commonly
available—nearly always exceeded the rise in productivity with
capital as well as labor taken into account. For some industries
the difference between the two measures was considerable.

Though almost all industries showed rises in productivity,
there was great variation among them in the average rate of rise.
Also, as might be expected, individual industries usually
experienced greater temporal variation in the rate of productivity
increase than did the economy as a whole.

The industries whose productivity advanced more rapidly
than productivity in industries generally were more often than
not also those that expanded their output and employment of
labor and capital more than industry at large. Industries in which
productivity lagged usually had a smaller growth in output and
employment of labor and capital than industry at large—or even
declined.

The generality of rise in productivity is the outstanding fact that emerges
when individual industries are studied. It is illustrated by the detailed
figures for major divisions given in Chart 12, and by the changes between
1899 and 1953 in thirty-three industries or divisions given in Table 35.

It is true that the statistics relate to a limited number of industries.
The thirty-three industries for which individual productivity indexes are
available make up less than half the entire economy, measured either by
output or input. These industries, some narrowly and some broadly
defined, are largely from the commodity-producing sectors of the economy,
and observations are for the period beginning with 1899. Lack of data
prevents giving similar information for earlier years and for other industries
—the service industries, construction, trade, and government, and even
some individual manufacturing, mining, and utility industries.?

However, it is very likely that productivity has increased not only in the
industries for which separate productivity indexes could be calculated,
but also in the others, including the service industries. This is indicated
by Kendrick’s comparison of the productivity rise in the “‘covered”
industries (Table A-XXV) with the rise in the economy as a whole
(Table A-XIX). The implied rate of increase of productivity in the
industries not covered is of the same order of magnitude as the rate for the

8 Kendrick’s index for manufacturing as a whole, like all such indexes, is based on a
sample of manufacturing industries. This is also true, in greater or lesser degree, of the

other industries he could cover.
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aggregate of those covered. Since this estimate is subject to considerable
error, it cannot be conclusive in itself. But what we know of technological
developments and the other immediate causes of productivity change in
the service industries, for example, supports the impression of a rise.10 We
know, too, that the factors that make for increasing efficiency in the use
of resources are general in character and are felt everywhere in the
economy. Virtually all industries use mechanical power and have reaped
some advantages from broadened national markets. More fundamentally,
no industry has been free of the drives that improve efficiency.

Since the indexes for individual industries are often put to specific use,
it is well to recognize that they are often less reliable than the indexes for
the economy at large. In part, the deficiency arises from the diversity of
sources from which the data on output and input come. This causes
discrepancies in the matching of output and input. And other statistical
errors are imbedded, which tend to cancel out in the indexes for the
economy as a whole.

Probably more important is the difficulty created by interindustry
flows of materials, fuel, services, and semifabricated components. For a
single industry, output is generally measured on a gross basis: that is,
output is not only the value (at base-period prices) of work done by labor
and tangible capital on the goods and services supplied by other industries,
but also the sum of the value of the work done and the value (also at
base-period prices) of these supplies from other industries.1! Subtraction
of these supplies from gross output to yield an index of net output (as is in
effect done to get the economy-wide index of output) would solve the
problem. But only a few attempts to measure the net output of individual
industries have been made, and these (except possibly for agriculture)
must be viewed as still largely experimental and subject to considerable
error.12 With output measured gross, the supplies from other industries
constitute an input on a par with the services of the labor the industry
employs and the services of the tangible (and intangible) capital it uses.
Labor and tangible capital alone thus fall short of measuring total input—
much more so than in the case of the private economy as a whole. The
usual productivity index for an individual industry, even if broad enough
to include capital in the measure of resources used, is therefore

10 See, for example, the interesting discussion of developments in trade in Harold
Barger’s Distribution’s Place in the American Economy since 1869, Princeton University Press
(for NBER), 1955.

11 Gross output in this sense is “grosser’ than gross national product, which differs from
net product only by the amount of depreciation and other capital consumption.

12 This and other problems of measurement were discussed in ameeting of the Conference
on Research in Income and Wealth (October 1958). The proceedings have been published
as Volume 25, Output, Input, and Productivity Measurement, Princeton University Press (for
NBER), 1961.
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correspondingly deficient. For many industries, perhaps, the resulting
error is small. But this is by no means always the case, as is indicated by
Kendrick’s figures for agriculture (Tables B-I and B-II).

There is good evidence, further, that improved efficiency in the use of
materials, fuel, and the like had been significant in certain industries—
for example, electric power plants—and for these, the index of productivity
based on gross output relative to input of labor and capital alone will
understate the rise of efficiency. On the other hand, industries have gener-
ally become more specialized, and many now purchase materials and
services formerly produced on their own premises—power used in
manufacturing is an example. This works in the other direction.

Connections of these sorts between individual industries and other
industries not only create difficulties of productivity measurement, but
point also to the sources of productivity increase and diffusion. The
connections provide channels along which new or improved or lower-cost
materials, fuel, power, services, and equipment, as well as ideas, flow in to
improve efficiency. What happens in an industry is influenced by the
diligence, enterprise, and ability of its workers, management, and
investors. It is influenced also by the quality and quantity of what the
industry obtains from the rest of the world, domestic and foreign.

The fact that most of the individual-industry indexes are subject to
greater error than the national indexes partly accounts for the differences
among industries in average rate of productivity increase. It also contri-
butes to the greater temporal variability of the industry indexes as
compared with the fluctuations of the over-all indexes. But these
deficiencies can hardly account for all the variation in average rate or for
all the differences in degree of fluctuation. Technological development
and the other immediate factors that impinge on labor, capital, or total
productivity often affect different industries at different times and in
different degrees. Some of the time and space variation in rate of
productivity increase must be “real.”

Industry differences in the behavior of output per unit of tangible
capital, are especially striking and deserve comment. We noticed earlier
that progress in the economy at large has led to reductions in the quantity
of capital used per unit of product, despite substitutions of capital for
labor. Over the period as a whole the phenomenon has been a general one,
but the exceptions have been many. For example, output per unit of
capital fell in agriculture over the twenty years 1899-1919, and, more
recently, during 1948-53; rose during most of the other years of the period
1899-1953; and remained unchanged on net balance between 1899 and
1953. In manufacturing industries, also, output per unit of capital fell
rather generally during 1899-1919; and in a fair number of them this was
true also for 1948-53; but for the period as a whole, there was a net rise
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in output per unit of capital in the great majority of manufacturing
industries. In the case of the railroads and public utilities, the figures
suggest rather clearly that increase in the scale of operations led to
important economies in the use of fixed capital. The tendency may have
been operating in other industries also, but if so, it was overshadowed by
other developments.

Increased efficiency in the use of supplies, materials, fuel, or equipment,
and substitution of one input for another, already mentioned, altered
relations among industries and caused differences in rates of growth of
output and input. Further, a better-than-average increase in an industry’s
productivity usually meant lower relative costs, lower relative prices (as
we shall see later), and, therefore, a better-than-average increase in its
output (Chart 22). Better-than-average increases in output were usually
accompanied by better-than-average increases in employment of workers
and tangible capital, despite the more rapid rise in productivity. Corres-
pondingly, less-than-average increases in productivity were usually accom-
panied by less-than-average increases (or even decreases) in output and
in the use of labor and capital resources.13

These relations do not exhaust the channels through which productivity
and the forces back of it caused diversity in the growth of industries. The
general increase in productivity and the increased income it brought per
capita raised the demand for the output of industries that produce the
goods and services on which people spend more freely as they grow
richer, and thus helped push their output up more than that of other
industries less favored—even when their productivity lagged behind that
of other industries, and their costs and prices rose. The service industries
are examples.

No one concerned with the rise and fall of industries, or—to single out
a currently discussed problem—with the effects of “‘automation” on .
employment, may ignore these basic facts.

Although I have taken a good deal of space to introduce Professor
Kendrick’s study, I have not been able to include, or even refer to, many
of his results that will interest even the general reader. For Professor
Kendrick has provided us with what is, to the best of my knowledge, the
most comprehensive survey of productivity trends in the United States
ever made. Itis a record that should find many uses.

13 It should be noted that “better-than-average’ in the text above refers to a comparison

with the unweighted median of the thirty-three industry changes covered in the correlation,
not to a comparison with the weighted average for the entire private domestic economy.
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CHAPTER 1

The Significance of Productivity Change :
Introduction and Preview of Study

THE story of productivity, the ratio of output to input, is at heart the
record of man’s efforts to raise himself from poverty. The record for the
United States begins mainly in the latter part of the nineteenth century.
This is a relatively brief segment even of modern history, but it is a period
and a setting in which efforts to raise productive efficiency were notably
successful. Of the fourfold increase in real net national product per capita
between 1889 and 1957, productivity advance accounted for about three-
fourths. This meant not only a large gain in the plane of living, but an
increase in the quality and variety of goods and an expansion of leisure
time, while increasing provision was made for future growth and for
national security. It is the purpose of this volume to describe these United
States productivity trends and to indicate some interrelationships between
productivity change and changes in economic aggregates and the economic
structure.

The Growth of Interest in Productivity

Almost from the beginning of the modern scientific-technological era
economists have been concerned with the effects of technological advance
on economic development. It has only been in the last generation,
however, that concern with productivity advance has become wide-
spread.
Adam Smith gave classic expression to the role of productivity advance
in national economic growth when he wrote:
The annual produce of the land and labour of any nation can
be increased in its value by no other means, but by increasing
either the number of its productive labourers, or the productive
powers of those labourers who had before been employed . . . in
- consequence either of some addition and improvement to those
machines and instruments which facilitate and abridge labour;
or of a more proper division and distribution of employment.t

1 Adam Smith, An Inguiry Into the Nature and Causes of the Wealth of Nations, New York,
Random House, 1937, p. 326. Various mercantilist writers before Smith had noted the
importance of productivity in national economic growth (see E. A. Johnson, Predecessors
of Adam Smith, New York, Prentice-Hall, 1937).

3




INTRODUCTION

David Ricardo and John Stuart Mill, who dominated economic thought
over much of the nineteenth century, likewise recognized the importance
of productivity change in economic development, but did not share
Smith’s optimistic view of the future. They theorized that as population
grew and pressed against limited natural resources, productivity in
agriculture and mining would decline and offset any rise in industrial
productivity, thus tending to check population growth. Ricardo recog-
nized that the “‘stationary state’ might be postponed by technological
advance, but he held that over the long run the tendency towards a
diminishing return in the extractive industries would prevail. Naturally,
some economists disagreed with this dismal prognosis. Henry C. Carey,
John Rae, and Henry George in America, for example, asserted that
productivity advance rather than diminishing returns accompanies
economic expansion. Even Marx clearly recognized the capitalist dynamic
that promotes cost-reducing innovations, although he mistakenly predicted
that workers would not share in productivity gains.2

In speculating about economic change, it is obvious that the theorists
were badly handicapped or misled by lack of economic data. It became
generally apparent by the latter part of the nineteenth century that the
Ricardo-Mill thesis was wrong, at least for relevant time periods. As
Henry Sidgwick judiciously concluded *. . . our evidence does not enable
us to lay down any concrete law.”3

With the development of marginal analysis, the focus of economics
shifted to value theory which, with its assumptions of static technology,
tastes, and resources, does not depend on economic time series for its
content. Yet many economists continued to be intrigued by the “high
theme of economic progress.” Alfred Marshall himself, although one of the
architects of static equilibrium theory, cautioned that ‘“‘economic prob-
lems are imperfectly presented when they are treated as problems of
statical equilibrium, and not of organic growth. For though the statical
treatment alone can give us definiteness and precision of thought . . . itis
yet only an introduction.”4 But major progress in the study of economic
change had to await a new impetus that would spur the development of
the body of economic statistics necessary for fruitful analysis.

That impetus came with the great depression of the 1930’s and was
heightened by subsequent events. Odd as it may seem to the postwar
generation, interest in obtaining data on productivity and related economic

2 “Capital must revolutionize the technical and social conditions of the labour process
itself, before the productivity of labour can be increased.” Karl Marx, Capital, trans. from
4th German edition, New York, International Publishers, 1929, p. 328.

3 Henry Sidgwick, Principles of Political Economy, pp. 154-155 (quoted in Edmund
Whittaker, A History of Economic Ideas, New York and London, Longmans, Green, 1940,
p. 345). .

4 Alfred Marshall, Principles of Economics, 8th ed., London, Macmillan, 1920, p. 461.
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variables arose out of concern with the labor-displacing role of technology
and with the possibility of secular stagnation. With World War II and
the postwar era, concern with technological unemployment and stagnation
evaporated and interest in productivity shifted to its income-expanding
aspect. Strong advances in productivity were recognized as necessary to
increase output and national security potentials during both the war and
the “‘cold war” that followed. Productivity gains were seen as vital for the
reconstruction of war-torn nations and for the development of economically
backward countries in which there was increasing pressure for economic
growth. Productivity advances were also regarded as a means of mitigating
the inflationary tendencies arising from the generally buoyant demand
situation in the postwar era. Union leaders viewed productivity increase
as a major argument for raising wage rates and as the chief means of
increasing real labor income. The establishment of productivity centers
in many countries of the world and the visits of “productivity teams’’ to the
United States to study our practice are evidence of the degree to which
productivity-mindedness has spread in the past decade.

Interacting with the growing consciousness of the important role of
productivity advance in meeting major challenges of the period was the
accelerated development of a body of economic statistics concerning out-
put, inputs, productivity, and related variables. The obvious need in the
1930’s for improved economic intelligence in order better to devise
policies to combat depression led Congress to step up appropriations for
the expansion of statistical work. Of potential importance for productivity
estimation was the beginning of regular official national income estimates
in 1932. The Department of Commerce was aided in this work by tech-
nicians from the National Bureau of Economic Research, which had begun
national income studies more than a decade earlier and had expanded its
own work in the field in the 1930’s. The national income estimates were
later transformed into the broad set of national economic accounts,
including estimates of the real product of the economy and several major
sectors, published in the 1950’s. Price deflation of current values was made
possible by expansion and improvement in the collection of price data
by the Bureau of Labor Statistics, and by the Bureau’s preparation of
detailed index numbers of both wholesale and retail prices. The Bureau
also improved its estimates of current employment and hours, while the
employment data that emerged as a by-product of the social security
programs provided a more reliable continuous basic record than was ever
before available.

Direct studies of productivity trends and technological changes in many
industries of the economy based on census data were undertaken by the
National Research Project of the Works Progress Administration. Upon
liquidation of that agency in 1940, the task of continuing the productivity
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estimates was turned over to the Bureau of Labor Statistics. The Bureau
had made occasional studies previously, but the importance of continuing
estimation and study of productivity change was recognized by the creation
of a Division of Productivity and Technological Developments within the
Bureau.

The National Research Project studies of farm productivity and tech-
nology were carried forward in the Department of Agriculture. The
National Bureau of Economic Research also began in the 1930’s studies
of output, employment, and productivity in various industries of the
economy; and after World War II, it expanded its earlier studies of
capital formation to include real stocks. It is largely from previous
National Bureau and federal government studies that the estimates
underlying this volume were derived. This continuing cumulation of
economic time series is providing the basis for a deeper understanding of
the dynamic processes of economic growth.

The Productivity Concept

The term ““productivity” is generally used rather broadly to denote the
ratio of output to any or all associated inputs, in real terms. Ratios of
output to particular inputs may be termed ‘‘partial productivity”
measures, the most common of which is output per manhour. Partial
productivity ratios, while useful for measuring the saving in particular
inputs achieved over time, do not measure over-all changes in productive
efficiency, since they are affected by changes in the composition of input,
i.e., by factor substitutions. In order to measure net savings in all inputs
and, thus, changes in productive efficiency as such, we have attempted to
relate real product in the economy and in thirty-three major industry
groups to total factor input, as well as to labor and to capital (including
natural resources) separately. This and the following section will develop
in more detail the concept and meaning of total factor productivity.

THE PRODUCTION FUNCTION

Underlying the estimation of output-input relations stands the concept of
the production function, i.e., the notion that the physical volume of output
depends on the quantities of productive services, or inputs, employed in
the production process and the efficiency with which they are utilized.
The output, or real product, of the economy as a whole is generally
measured in terms of final products only. Intermediate goods and services
consumed in the production process are netted out through consolidation
of the accounts of individual producing units. This procedure yields an
unduplicated total, for the value of the intermediate goods is already
included in the value of the final products. The inputs associated with the
national product reduce to the services of the factors of production, which
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can be usefully classified into the two broad groupings of human and non-
human capital.

Industry output, however, is frequently measured gross, in that no
deduction is made for purchases from other industries. In this case, the
associated inputs are the basic factors plus the intermediate-product
inputs. To be consistent with the economy real-product estimates, how-
ever, the purchased intermediate goods should be netted out of the real
gross value of output in order to obtain the net output (value added) or
real product originating in an industry. Then the associated inputs
reduce to the services of the basic factors, as in the economy case.

Change in the “productiveness™ of the services of tangible factors cannot
be measured directly. It can only be indirectly estimated by relating real
output to the time-flow of services of real tangible stocks taken net of
changes in efficiency. The concepts and measures used for outputs and
inputs are explained in greater detail in Chapter 2, since the meaning of
the ratios is obviously influenced by the precise content of the constituent
elements. At this point, however, it is apparent that the productivity
measure reflects, to an important extent, the excluded input of the
intangible capital accumulated in order to increase the efficiency, i.e., the
productive capabilities, of the tangible factors. But this and other qualita-
tive elements cannot be independently measured in a satisfactory way.

Another aspect of production theory that we must note, since it affects
the interpretation of individual productivity ratios (and creates a weight-
ing problem as well), is that the composition of inputs, as well as of
outputs, varies over time. A given quantity of output, with given technical
knowledge, can usually be produced with differing combinations of inputs.
The actual combination used will tend to be the least-cost combination, at
given relative input prices. The combinations are subject to change as
a result of changing relative input prices, changing technical knowledge,
or changing output (if returns to scale are not constant).

Changes in factor combinations mean that ratios of output to particular
inputs, even to a major class of inputs such as labor, cannot be used as
measures of changing productive efficiency. Such partial productivity
ratios are revealing as measures of the saving achieved over time in the
use of particular inputs per unit of output. This meaning is perhaps more
clearly revealed by inverting the ratio to read “input per unit of output,”
in which case the decreasing unit real cost, or the saving in the use of the
input, is indicated by a declining ratio. But changes in the partial product-
ivity ratios are affected by factor substitutions reflected in changing input
combinations, as well as by changes in productive efficiency generally.
Output per manhour, for example, may go up as a result of the substitu-
tion of capital for labor (increased capital per manhour) as well as because
of the increased efficiency of production generally.
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To measure the net saving in factor inputs and thus the increase in over-
all productive efficiency, it is necessary to relate output to all associated
inputs. The effects of factor substitutions cancel out in the total product-
ivity indexes. Output-labor ratios were more adequate measures of
changing efficiency when capital was quantitatively less important than
it has since become. The growth of the real stock of capital in relation to
the labor force means that “labor productivity” measures have an upward
bias as efficiency indexes. However, because capital per worker has grown
in almost all industries, the measures of output per manhour tend to
provide fairly accurate measures of the rankings of the various industries
with respect to productivity change.5 Increasingly in recent years, in-
vestigators have sought to estimate productivity change in terms of a
complete production function. Although regression equations may be
fitted to the output and input data to reveal the coefficient of technological
progress, we have chosen to work in terms of productivity ratios, which
provide greater flexibility for the analysis of movements and of relation-
ships with other variables.®

WEIGHTING

In order to determine the changes in aggregate outputs and factor inputs,
and thus productivity, it is necessary to combine unlike types of output
and of input units by weights that indicate their relative importance for the
purpose at hand. Ifall types of outputs, or of inputs, moved proportion-
ately, weights would make no difference and partial productivity ratios
would measure changes in efficiency. But this case is improbable. With
changing output and input proportions, the extent, or even the direction,
of productivity change cannot be determined without appropriate weights.
As Tinbergen has written:
Technical progress occurs when new combinations become
possible that are cheaper than the cheapest combinations before,
at the given level of prices. . . . The fact of technical progress
can easily be established if there is a reduction in the use of each
of the factors of production ; sometimes, however, a decrease in the
quantity of labor may be accompanied by an increase in the
quantity of capital used. Ifthe increase in capital represents less

5§ Cf. George J. Stigler, “Economic Problems in Measuring Changes in Productivity,”
Output, Input, and Productivity Measurement, Studies in Income and Wealth, Volume 25,
Princeton University Press (for NBER), 1961.

6 References to other works that use a total-productivity approach are contained
in John W. Kendrick, Productivity Trends: Capital and Labor, Occasional Paper 53, New
York (NBER), 1956. A fuller discussion of the theoretical basis of the total-productivity
concept is contained in the author’s doctoral dissertation, The Meaning and Measurement
of National Productivity, George Washington University library, Washington, D.C.,
typescript, 1955.
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sacrifice as measured by current prices than the decrease in the

quantity of labor, there is a net reduction in sacrifice.?

Types of weights. It is generally held that for purposes of productivity
analysis, outputs should be weighted by product prices at factor cost, and
inputs should be weighted by unit factor compensation (factor price).8 By
this method the values of output and of input are equal in the base period;
the unit values of the outputs are proportional to the values of the factor
services required for their production; and the unit values of the inputs are
proportional to the shares of the value of outputs which they obtain for their
services. Under competitive conditions the prices of the factors represent
the relative values of their marginal contributions to output, in equilibrium.

Market price differs from factor cost by the value of capital consumption
and of indirect business taxes less government subsidies.? With factor
cost weights, the relative importance of different goods is not necessarily
proportional to their marginal utilities; rather it is proportional to the
relative volume of embodied factor service.

Under competitive conditions, factor price may be interpreted as repre-
senting the marginal value products of the various types of factor inputs, on
the one hand, and the relative marginal disutility of work or saving, on the
other. The marginal products indicate what the producer can afford to
pay for the quantities used, while the marginal disutilities indicate what he
has to pay in order to induce people to work rather than to enjoy additional
leisure, and to save and invest rather than to enjoy additional consumption
or liquidity. Although productivity analysis has to do with physical
volumes of output and input, we cannot get away from the psychological
elements involved in the mutual determination of prices of both outputs
and inputs since relative prices are necessary to aggregation.

The weight-base. Perhaps the most serious problem of measurement is
introduced by variations in the relative prices of outputs and of inputs.
Inputs in perfectly competitive factor markets are utilized up to the point
at which the values of their marginal products are equal to their prices.
So their prices indicate the ratios at which units of the inputs may be

? Jan Tinbergen and J. J. Polak, The Dynamics of Business Cycles, Chicago, University
of Chicago Press, 1950, pp. 27-28.

8 See J. R. Hicks, “The Valuation of the Social Income,” Economica, May 1940, . 105.

9 In practice, we use market prices for combining the physical volumes of production
of different commodities within the industry and the economy. This is done because of the
statistical difficulties involved in estimating the factor cost of goods. But in the United
States it is probable that for most goods and services relative market prices are not far
different from relative factor costs. And in combining output indexes of industries (see the
Appendixes) we have used value-added or national income originating weights, which
approximate closely factor cost. See John W. Kendrick, “The Estimation of Real National
Product,” A Critique of the United States Income and Product Accounts, Studies in Income and
Wealth, Volume 22, Princeton University Press (for NBER), 1958; and also Introduction
to Output, Input, and Productivity Measurement, Studies in Income and Wealth, Volume 25,
Princeton University Press (for NBER), 1961.
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subsututed for one another at the margin. So long as the relative prices
and marginal rates of substitution are constant, use of relative factor-price
weights yields an unambiguous net change in the total volume of input.
If relative prices change but factor proportions in real terms remain con-
stant, a change in total input can also be measured precisely.

But if, as is generally the case, there occur relative changes in both factor
prices and proportions and these are intercorrelated to any significant
extent, the degree, or even the direction of change, in total input may be
ambiguous. That is, it may not be clear whether production functions
have shifted or whether producers have merely shifted position on a given
isoquant, i.e., have changed factor proportions under existing technical
knowledge. There is, of course, no ambiguity as to direction if the same or
a larger volume of output is produced by a smaller quantity of one or more
of the inputs, and no more of the others. But if one input decreases and
another increases, while their relative prices change in inverse relation,
the direction of movement may also differ depending on whether base-
period or given-period price weights are used. The same problem is
encountered in aggregating different types of output when there have
been relative changes in quantities and prices.

At best, one can compare the changes in aggregate output and input in
two periods using the prices of each as weights in order to bracket the range
of uncertainty. In time-series comparisons, one might make alternative
computations using the most extreme sets of weights. In order to simplify
analysis, we have generally used average prices in the terminal years of
the various subperiods as weights. By this method of periodically changing
weights, productivity changes in each subperiod are made to reflect the
concurrent economic structure. In practice, the differences in movement
of the productivity ratios using alternative weights arc not large relative
to the total change, partly because both output and input are similarly
affected by alternative weight-bases (see Chapter 2). But it should be
kept in mind that proportionate changes in productivity cannot be
measured uniquely, and the changes shown in this study are to some
extent a function of the weighting conventions used.

The Meaning of Productivity Change

Total factor productivity may be thought of as the ratio of real product in
the economy or in component industries (preferably at constant unit
factor cost) to the associated real national income deflated by factor prices.
That this ratio can be used to indicate changes in productive efficiency
was observed by Morris Copeland at the first meeting of the Conference
on Research in Income and Wealth in 1936:
Income derived from an area may be deflated to show
changes in the physical volume of services of labor and wealth
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employed by the economic system from time to time. If we may
neglect net income from abroad as relatively small, the deflated
distributive shares may be compared with the deflated consumed
and saved income to show changes in the efficiency of operation
of the economic system.10

If standard output and input units of a given period (II) are weighted
by the unit factor costs and unit factor compensations (prices), respectively,
of a base period (I), then the meaning of changes in the ratio may be
stated as follows. We are comparing what the outputs of II would have
cost at the factor prices and unit factor requirements of I (real output)
with what they did cost in constant I factor prices but at the II level of
productive efficiency (real input). Alternatively, we are comparing the
actual real output of II with what the output of the factors would have
been in I had the productive efficiency of I (real input) prevailed.

Although we may define changes in total factor productivity as changes
in “productive efficiency,” this is a broad term which needs further
clarification to give it more definite meaning. Productive efficiency may
change as a result of technological innovation, changes in scale of output,
and changes in the rate of utilization of capacity. It may also reflect
changes in inputs of “intangible capital” designed to increase the quality
of the input of the tangible factors, and such change is not readily suscep-
tible to measurement. Mere description of the components of changing
productive efficiency does not, of course, explain the causes of the changes.

For example, the volume of technological innovation designed to reduce
costs is influenced by economic conditions in any given period. But over
longer time periods, the volume of innovation depends essentially on the
quantity and quality of resources devoted to increasing scientific and
technical knowledge and developing commercial applications. Still more
fundamentally, the relative volume of resources devoted to research,
development, and innovation depends on the basic values and motivations
of a people and on the efficacy of the rewards and penalties provided by
prevailing institutions for success or failure in the efforts to improve
productive efficiency.

Some innovations in the organization of production are made possible
by growth in the scale of output of the industry and the economy. That s,
as output increases, certain overhead-type inputs or activities do not need
to be increased proportionately, and the growing specialization of plants
or firms in various industries tends to lower real costs per unit of output.11
Such “external economies” may be offset to some extent by a tendency

10 Morris A. Copeland, “Concepts of National Income,” Studies in Income and Wealth,
Volume 1, New York (NBER), 1937, p. 31.

11 See George J. Stigler, ‘““The Division of Labor is Limited by the Extent of the Market,”
Journal of Political Economy, June 1951.
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towards ‘“‘diminishing return,” in the extractive industries, as land and

other proven natural resources are worked more intensively or as inferior
natural resources are brought into production. Even in the extractive
industries, however, tendencies towards rising unit costs may be countered
by increasing returns from organizational improvements as well as from
autonomous innovation, The productivity ratios for these industries, as
for the whole economy, reflect the net effect of changes in scale as well as
innovations that are not associated with changes in scale.

Changes in the volume of output are a rough measure of the oppor-
tunities afforded for organizational innovations; the associated product-
ivity advance depends on managerial alertness and flexibility in adapting
to the cost-reducing possibilities. Inevitably, some invention is induced
when production is organized on a scale not previously experienced. It
should also be noted that were it not for autonomous innovation, there
would be a slower growth of output and, therefore, fewer attendant
economies of scale. It is not readily feasible, however, to split a given
change in productivity between the part resulting from innovations induced
by changes in scale and the part resulting from autonomous innovation.

The rate of utilization of capacity chiefly affects productivity over the
business cycle. In each plant there is some most efficient rate of utilization
of the fixed capital. Substantial departures from this rate result in in-
creasing costs per unit of output. Productivity in the industry and economy,
as weighted averages of productivity indexes for individual plants, reflect
the net effect of changes in rates of utilization of many plants. The net
effect of this variable between years of high demand should not change
significantly, assuming no great difference over time in entrepreneurial fore-
sight in anticipating demand changes and planning capacity accordingly.

Our analysis of productivity trends is based largely on productivity
estimates for ‘“‘key years” of relatively high-level economic activity in
order to minimize the effect of changing rates of utilization of capacity.
The productivity trends over intermediate and longer time periods thus
reflect primarily the impact of innovation on the organization and
technology of production, including that induced by changes in scale.
Cyclical fluctuations indirectly affect the secular productivity trend,
however, since they affect the cumulative volume of investment in both
tangible and intangible capital. The milder the fluctuations, the higher
the growth rates are likely to be.

The Significance of Productivity Change: Preview and
Plan of Study

Although informed people the world over are more productivity-minded
today than ever before, the social and economic ramifications of product-
ivity change are often not fully appreciated. We shall try to indicate the
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main ways in which productivity is related to other significant economic
variables, reviewing briefly the areas treated in this study and summarizing
some of the findings. This will be done in the same sequence as the material
is developed in the rest of the volume in order to provide a guide for the
reader.

In this chapter we have already discussed the productivity concept in
general terms. But the movement of the productivity ratio will depend on
the precise definitions given to its component output and input terms, the
methods used to estimate the several variables, and the reliability of the
underlying data. Chapter 2, which is a review of these matters, will be of
primary interest to the technician. Although trend movements are more
accurate than shorter-period changes, and estimates for recent decades
are more reliable than those for earlier years, we believe that the estimates
are good enough to support the general picture of productivity change
presented in later chapters. This appraisal is more credible in that the
over-all and relative productivity movements appear to be broadly con-
sistent with the movements of related variables.

AGGREGATE ECONOMIC DEVELOPMENT

Part I1 is devoted to a description of productivity change in the economy
as a whole and its interrelationship with aggregate economic growth.
Chapter 3 is largely a description of productivity movements in the private
domestic economy, since the estimates of real product and productivity
for the private domestic economy are more reliable than those for the
total economy including government.

Between 1889 and 1957 total factor productivity in the private domestic
economy grew at an average annual rate of around 1.7 per cent. Output
per unit of labor input rose considerably faster than the output-capital
ratic, since capital per unit of labor input increased at an average rate of
1 per cent a year. It is nevertheless significant that savings in capital as
well as in labor inputs were achieved—particularly after 1919.

There is some variability in the rates of change in total productivity
from one decade to the next and much more variability in the annual
changes that are shown to be associated with the business cycle. The
variability in the movements of the two partial productivity ratios is
greater than that of the total productivity measure. The most striking
fact to emerge from the time series is a pronounced acceleration in product-
ivity advance to an annual rate of 2.1 per cent beginning around the time
of World War I.

What has been the contribution of productivity advance to aggregate
economic growth, and what are some of the chief developments that have
promoted the technological progress that underlies productivity gains?
These questions are treated in Chapter 4. The contribution of productivity
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to economic growth differs according to the growth measure employed.
Thus, whereas productivity gains account for almost half the increase in
real net national product between 1889 and 1953, they account for three-
quarters of the increase in real product per capita. More complex
measures of economic progress are also analyzed.

Examination of the composition of inputs and outputs yields evidence
as to the causal forces at work in the process of productivity advance.
Estimates are presented showing the marked rise in outlays designed to
increase the quality of productive resources. Growing relative outlays
for education and for health have increased the average productive powers
of the population; and rising outlays for research and development have
improved the organization, processes, and instruments of production.
Consumption of basic materials per unit of output has declined signifi-
cantly.

Rising productivity has meant that the prices of final goods and services
have risen less than the prices (average unit compensations) of the factors
of production. It is in this way that the fruits of productivity advance
have been distributed to those who provided the factor services—the
theme of Chapter 5. The relative shares of labor and capital in the product-
ivity increment have depended on the relative price movements of these
factors. Owing in part to the increase in capital per worker, the relative
price of labor has risen, real average hourly labor compensation has
grown at a somewhat higher rate than productivity, and the labor share of
national income has increased.

CHANGES IN ECONOMIC STRUCTURE

In Part ITI we go behind the national average rate of productivity advance
to look at the different rates of change experienced by major industries and
the effect of these differential rates on the economic structure. The
descriptive material of Chapter 6 makes it clear that there was considerable
dispersion of industry rates of change in total productivity and in the partial
productivity ratios, and that these rates have varied more over time than
indexes for broader aggregates. This has been partly due to the differing
relative amounts of resources devoted to research and development, to
different rates of change in scale of output, to differing degrees of cyclical
fluctuation, and to other factors too complex for complete analysis. But we
should also recognize that almost all industries showed advances, which
testifies to the strength of the basic forces in our economy conducive to
material progress.

The differential rates of productivity advance by industry have had
profound effects on the economic structure—the focus of Chapter 7. Those
industries with larger than average productivity increases have generally
shown relative price declines. Although relative price is only one of several
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factors influencing demand, the output of the more progressive industries
has tended to rise more than the real national product as a whole—and
enough more to provide for the absorption of an increasing proportion of
the labor and capital available to the private economy.

PROSPECTS

Although we do not attempt to project productivity changes into the
future, it is clear that the study is of relevance in this regard. We can be
reasonably certain, for example, that short of the devastation of war, total
. factor productivity will continue to grow in the economy and most of its
industries. Rates of growth will vary from one decade to another, but
major acceleration or deceleration in economy rates of growth is unlikely
unless there are major changes in basic forces not presently apparent.
We can also be reasonably certain that future rates of productivity change
will differ considerably from one industry to another (although narrowing
of dispersion is not unlikely), and that the ranking of industries with respect
to productivity change will differ from one period to another. As long as
competition remains strong, we can expect the technologically more
progressive industries as a whole to continue to grow more than the

average and to continue to absorb an increasing share of available labor
and capital resources.

Uses and Limitations of Productivity Estimates

Productivity estimates have proved useful in economic analyses and
projections as a background for public and private policy decisions.
However, they have also been used for purposes for which they are not
appropriate, or without regard to their inherent limitations. In this

concluding section, we discuss both the uses and possible abuses of the
measures.

USES

The measurement of productivity increases our understanding of an
important aspect of the modern economy. But what “practical” use may
be made of the estimates? The applications of important bodies of statis-
tics develop slowly, and it is likely that new uses for productivity estimates
will continue to evolve. However, we shall suggest some of the major
types of application. These relate to productivity indexes as measures of
performance and thus as a means of motivating improved efficiency; their
use in the analysis of factors that promote productivity advance as a basis
for prediction and policy formation; and their use in the analysis of
dynamic economic relationships, again as a background for prediction and
policy decisions. Increasing use is being made of productivity estimates at
the company level, as well as at the industry and the total economy levels.
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The existence of productivity estimates increases productivity-minded-
ness by inviting comparisons with the historical record or with the records
of other countries or firms. Within the firm, productivity comparisons may
be made of similar plants for use as a management tool. Intercompany
comparisons may reveal unfavorable trends sooner than would the profit-
and-loss statement and may suggest ways in which management can
improve the techonological performance of the business. Comparisons of
national economy and industry productivity trends with those of other
countries may likewise prove the need and provide the motivation for
improved performance. With an increasing body of estimates relating to
other countries, international comparisons will become more important.

Understanding of the interrelationships between productivity and
causal variables is necessary both to project productivity change and to
take appropriate measures to influence it. Quantitative analysis is
probably of limited applicability in this area, but it can be a useful
supplement to qualitative analysis (see Chapter 6). Hitherto, productivity
projections have largely been made by extending past trends, with
reasonably good results.12 But the forecaster should at least be aware of the
complex of factors whose net effect he assumes will be the same in the
future as in the past; he should also be alert for possible indications of
significant changes in important causal factors.

Understanding of the interrelationships between productivity changes
and changes in related economic variables is necessary for consistent
prediction of the related variables, and for the selection of appropriate
measures to influence one or more of the variables. In long-range, macro-
economic models, projections of productivity and factor supplies make
possible projections of the real national product. National product
projections are indispensable for national planning and policy purposes,
and serve as a basis for projecting the sales and output of particular
industries and firms. In short-range national projections, output is usually
forecast on the basis of demand forces, and input requirements are derived
as the quotient of the output and productivity projections. The same
technique is used in long- as well as short-range industry and company
projections. Here, the productivity projection is a means of estimating
requirements for labor, capital, and materials.

Given projections of productivity and factor prices, the implied change
in product prices can be derived. Or, given the productivity and product
price projections (or objectives), the consistent change in factor prices can
be derived. At the industry or company level, the projected relative price
change is, of course, an element that must be taken into account in the
sales and output projections.

12 See James W. Knowles, “An Appraisal of Productivity Projections,” Fournal of the
American Statistical Association, June 1959, p. 580.
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LIMITATIONS

Certain limitations on the use of productivity measures must also be noted.
Such measures are not precision tools of analysis, but are subject to un-
known and probably not inconsequential margins of error. Their meaning
must be interpreted carefully in the light of knowledge as to their con-
struction. Their relationship with other variables must likewise be inter-
preted cautiously, particularly regarding inferences of causality. They are
clearly not “all-purpose’ indexes, but must be used in conjunction with
other measures in order to assess progress in the broader realms of social
and economic efficiency as contrasted with the narrower realm of
technological efficiency.

The question as to the accuracy of productivity estimates is treated in
the next chapter; all we need say here is that significance should not be
attached to small changes or differences in productivity ratios. Our
earlier analysis of the meaning of changes in productivity as it is now
measured indicates clearly the complexity of the variable. Partly as a
supplement to the earlier discussion, this section will point up some of the
things that the indexes do not measure as a warning against some of the
more common misinterpretations.

In the first place, it bears repeating that the partial productivity ratios,
somewhat misleadingly labeled “labor productivity” or ‘“capital product-
ivity,” do not measure changes in the efficiency of a particular resource
nor changes in productive efficiency generally. They are influenced by
the latter factor (of which the former is a part), but also by factor sub-
stitutions.

An even cruder fallacy is to confuse productivity with production or
capacity measures. Total-productivity measures provide an index of
efficiency in the use of resources, but do not allow for the degree of utiliza-
tion of available resources. Productive efficiency may be rising, but if
part of the ~utput potential is lost by underutilization, this is an offset
which must be taken into account in any over-all appraisal of the economic
system. Actually, productivity indexes are affected by cyclical fluctuations,
as noted earlier; but this is only part of the waste involved in lapses from
relatively full employment of resources.

The productivity ratios cannot be used in any simple manner to
indicate the degree to which average hourly labor compensation in the
economy can rise consistent with a stable general price level. As a
matter of fact, real average earnings of employees have risen proportion-
ately more than total factor productivity over the period we have surveyed,
and more than output per unit of labor input in some of the subperiods.
The magnitude of noninflationary wage increases depends, of course, not
only on productivity advance but also on the movement of the return on
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capital relative to changes in the output-capital ratio. Even if real
product per unit of capital were constant, average hourly labor
compensation could increase in proportion to real product per manhour
and still provide a constant rate of return on capital. The complexities of
these interrelationships are discussed in some detail in Chapter 5.13

Measures of productivity also donot provide an index of ““economic effici-
ency” assuch.14 That is, we cannottell from productivity measures whether
or not the various types of resources are employed in their most productive
uses at each given stage of technology, resource development, and wants.
To the extent that there are monopolistic practices or impediments to the
mobility of resources, the relative prices of products differ from those that
would prevail under perfect competition; the.allocation of the factors is
somewhat distorted ; and the factors do not receive the exact value of their
marginal products. Changes in economic efficiency affect productivity
measures only indirectly. Over long periods in a dynamic economy with
as much economic freedom and mobility as prevails in the United States,
the gains to be realized from tightening up economic efficiency are prob-
ably minor compared with those that accrue from the increases in
technological efficiency, which are primarily reflected in the productivity
measures. Nevertheless, a continuing appraisal of economic efficiency
and the adoption of policies designed to promote it remain important
objectives, particularly in less advanced economies.

The productivity index numbers likewise do not measure changes in
economic welfare. Asis demonstrated in Chapter 4, increases in real input
per capita have proceeded at a slow rate in this century; so it is true that
productivity gains have accounted for the bulk of the increases in real
national product per capita. But real product per person cannot be con-
strued as measuring changes in material welfare. In the first place,
changing proportions of real product are devoted to consumption goods,
the type of goods that bears most directly on welfare. Itis true that invest-
ment is designed to promote future welfare and that both national security
and capital outlays absorb resources that could be potentially transferred
to the production of consumption goods. But real product per person, at
best, gives only an indication of changes in the potential welfare of indi-
viduals.

Then there are the many reservations that attach to measures of real
consumption expenditures per capita as indicators of welfare changes,

13 See also John W. Kendrick, “The Wage-Price-Productivity Issue,” California
Mandgement Review, Spring 1960.

14 Tibor Scitovsky has contrasted economic efficiency with technological efficiency.
He defines economic efficiency as production in “‘conformity with the community’s
wishes,” while technological efficiency is ““the achievement of the greatest possible output
with given means or the achievement of a given output with the smallest means” (Welfare
and Competition, Homewood, Ill., Irwin, 1951, p. 148).
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which have been elaborated by welfare economists. Over time, there are
changes in the composition of population, in income distribution, in tastes,
technology, and relative prices, which make it impossible precisely to
quantify changes in the economic welfare of the community—even if it
were legitimate to make interpersonal comparisons of satisfactions.

Even if we could precisely measure changes in the levels of material
welfare of the community, this would illuminate only one aspect of the
welfare or well-being of people considered more broadly. Itisnot necessary
to embroider the theme that the good life is not an automatic consequence
of a life replete with material goods. Itis true that broadening the material
base of life has provided the potential for a better life for an increasing
number and proportion of individuals. The realization of that potential
is a supreme challenge. In at least one important respect, however,
productivity indexes are an indicator of the health of a community, since
rising productivity reflects the expression on the material plane of the
creative forces of individuals.

Finally, it must be remembered that the technological changes upon
which productivity gains rest are bound to have a more or less disruptive
influence on individuals and institutions. The strains on the social fabric
that occur as the limits of adaptability to technological change are
approached may be great and may offset the material advantage of the
last fraction of productivity gain. On the other hand, people and institu-
tions can be very flexible. One of the important problems involved in
accelerating productivity advance (when this becomes a social objective),
is to increase the range of adaptation. This is a problem that requires
continuing research and inventiveness by those in the social and behavioral
sciences.
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CHAPTER 2

The Concepts and Measurement of
Output and Input

IN THE first chapter we saw that there are various productivity concepts
and that the movements of the corresponding measures differ accordingly.
Given the general definition of a particular productivity measure, its
movement will again be affected by the precise definitions given to the
output and input components of the productivity ratios. This forms the
subject matter of the first part of the present chapter. With respect to
national output—the real value of the final goods and services produced
in the nation’s economy—the scope and movement of the measure will
depend on the precise operational meaning given to such key words of the
definition as “final,” “nation,” and ‘“‘economy.” These questions have
been debated at length by national income experts; but we should like to
indicate the significance for productivity analysis of the major issues that
are resolved somewhat differently in the several important sets of available
real product estimates. Industry output measures are likewise conditioned
by industry classifications and output definitions, particularly as regards
the distinction between gross and net output. These points also will be
discussed.

With respect to input, the labor productivity ratios differ depending on
whether the input is defined and measured in terms of employment, or
manhours, or manhours weighted by relative average hourly earnings in
the various occupations or industries. Thus, output per manhour (un-
weighted) generally rises more than output per unit of labor input
(weighted manhours) since there has been a relative shift of manhours to
higher-paying jobs.

Output per unit of capital input will vary in movement depending on
whether capital input is assumed to move proportionately with real
capital stocks or whether capital stocks are adjusted for changes in rates
of utilization. Further, it makes a difference whether reproducible capital
stocks are measured gross or net of depreciation allowances—the net
measures rise less in periods of growth—and whether stocks in the several
industries are separately weighted by the relevant rates of return.

Output per unit of total factor input will, of course, rise less rapidly
than the labor productivity measures to the extent that capital input, as
measured, rises more rapidly than labor input. The relative movements
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of the total and partial productivity measures will also vary depending on
the weights accorded each of the major factor classes, a problem which will
also be discussed later.

Once the operational concepts of output and input are defined, the
reliability of the derived productivity estimates will depend on the quality
of the basic data and will also be influenced by methodology. The second
part of this chapter describes in brief the sources of the data and the
methods used in preparing the economy and industry output and input
estimates. This summarizes the material contained in the appendixes.
An attempt is also made to appraise roughly the accuracy of the estimates
and, thus, to point out the sources of possible weakness. For example,
since the output and some of the input estimates are ‘“benchmarked” on
occasional comprehensive censuses, with estimates for intervening years
interpolated by sample data, it is apparent that the productivity estimates
more accurately portray intermediate and long-term trends than annual
changes. For benchmark years, we have attempted to reconcile direct
estimates of output and of inputs for the private domestic economy with
aggregates of industry estimates. The relative closeness of the two sets of
partially independent estimates attests to the consistency of the economy
and industry figures, although it does not prove the accuracy of either,
since they may have errors in common.

Methodology also affects the movement of the variables. Reference has
already been made to weighting systems. Weights of more recent periods
tend to produce smaller historical increases in aggregates than early-
period weights, owing to a tendency of consumers and producers to shift
their outlays to goods and services that are becoming relatively cheaper.
Fortunately, the effects of alternative weight-bases on outputs and inputs
tend to be partially offsetting with respect to the productivity ratios. Other
methodological questions arise in connection with coverage adjustments,
the choice of physical units, and the direct weighting of physical units as
compared with the deflation of values by price indexes to obtain physical
volume series. No one rule could be followed, but methods were chosen
in particular cases which promised to give better results than alternatives.

The general reader may not wish to read the latter part of this chapter
on sources and methods. The main point to remember is that the move-
ment of the productivity measures depends not only on the definitions
employed, but also on the data and methodology used to prepare the
estimates. Since the basic data leave a good deal to be desired, the pro-
ductivity estimates are not precision instruments in analytical work.
Although they are probably good enough to indicate the general order of
magnitude of trend rates of change, significance should not be attached
to small changes or differences particularly over short periods. It is
nonetheless encouraging that the relationships between the estimates of
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productivity and of associated variables, discussed subsequently, seem
broadly reasonable.

Operational Concepts of Output or Real Product

In this and the following section we shall describe the concepts of the
physical volume of output and of the factor inputs as measured for this study.
Reference will be made to some ways in which the operational concepts
may depart from ideal measures or from possible alternative definitions.

OUTPUT OR REAL PRODUCT

In estimating the physical volume of final output (real product) of the
economy or its various sectors and industries, it is important first to define
the scope of the measure. This meansidentifying “final” goods as contrasted
with intermediate products, which must be excluded to avoid double
counting; delineating the scope of economic activity; and drawing the
boundaries of the geographical area covered and its component sectors.
Then, there are the problems involved in specifying the dimensions of the
physical units of goods and services constituting national or industry
outputs and defining the unit values in terms of which the physical units
may be aggregated or the total values deflated to eliminate the influence
of price change.

Scope of the National or Domestic Product Estimates

Although there are wide areas of agreement, there are also differences of
opinion among national income specialists as to the proper concepts and
definitions to use to guide empirical work.1 Itisnotour purpose intensively
to review national income theory. Rather, we shall indicate several of the
chief conceptual bases of national product estimates, and the main
differences between the product estimates of the Commerce Department
and those of Professor Simon Kuznets, both used in this study.2 Several
different versions of these basic sets of estimates are useful for productivity
estimates and will be described. A few other alternative treatments of
national product will be alluded to in passing, although they have not
been implemented statistically. The point will be clear that there is no
unique, definitive set of national product estimates. The selection depends
on the theoretical predilections of the estimator, the analytical purpose of

1 For literature on concepts, see Bibliography on Income and Wealth, 1937-1947, Inter-
national Association for Research in Income and Wealth, Cambridge, England: Bowes
and Bowes, 1952; recent volumes of Studies in Income and Wealth, Princeton University Press
(for NBER), particularly Volume 22 (1958); and the several volumes of Income and Wealih,
International Association for Research in Income and Wealth, London, Bowes and
Bowes.

2 National Income Supplement, 1954, Survey of Current Business, Dept. of Commerce; Simon
Kuznets, National Income and Its Composition, 1919-1938, New York (NBER), 1941.
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the user, and the availability of data. Each of the alternatives used here
has somewhat different productivity implications, which will be pointed
up in the following discussion and quantified in Chapter 3.

“Net” or final output. The most important judgment underlying the
measurement of national product has to do with the goals of economic
activity, on the basis of which net output is distinguished from gross, or
final product from the ‘“‘intermediate’ products consumed in the process
of producing final goods and services. Economists are not interested in
production without regard to use, and we judge efficiency in terms of the
inputs required to produce outputs that are desired for their own sake by
the community. Obviously, the definition of the final product affects
estimated productivity change, since with a given change in inputs the
resulting change in output depends in part on its definition.

Kuznets distinguishes final products on the basis of individualistic,
welfare criteria, assuming that “the goal of economic activity is to satisfy
wants of individual consumers who are members of the nation, present and
future.”3 “If by social welfare we mean a positive contribution to some
socially determined set of goals, it is clear that “net product™ is an approxi-
mation to net additions to social welfare. I don’t mean to imply that
national income can be an accurate measure of social welfare; but it must
be viewed as an approximation to it. . . . Without final goals there is no
final or ultimate consumer. . . .’

The Department of Commerce and its spokesmen have not elucidated
the conceptual basis of their national product series so explicitly as has
Kuznets. They have, rather, relied more heavily on operational rules of
measurement defined as follows: “An effective criterion for distinguishing
between final and intermediate products can be established by reference to
business practices followed in the production of goods and services. There
emerges a working definition of final product as a purchase that is not
resold, and of intermediate product as one that is resold. ... A final
product is a purchase that is not charged to current cost whereas an
intermediate product is one that is so charged.””3

The practical effect of these approaches is to give quite similar content
to private purchases of goods and services, consisting of consumption
expenditures and capital formation, as estimated by Kuznets and Com-
merce; the major difference appears in the composition of government
output discussed below. A few minor differences between Kuznets and
Commerce on the content of private purchases are noted in Appendix A.
1t should, nevertheless, be pointed out that a different application of their

3 Simon Kuznets, “Government Product and National Income,” Income and Wealth,
Series I, p. 180.

4 Ibid., p. 179.

5 National Income Supplement, 1954, p. 30.

(¥ of
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criteria could result in larger differences. Thus, expenditures incurred
by individuals primarily on account of their work could be excluded,
while expenditures by business concerns designed to promote the welfare
of their employees, which are only indirectly a business “cost,” might be
included in the flow of goods to consumers. Expenditures by individuals
necessary to offset industrial nuisances might also be deducted. Further,
consumer outlays for durable goods could be classed as capital formation,
with an imputed rental (service) value including depreciation counted
in consumption expenditures, as is done with owner-occupied dwellings.
These alternative treatments have not been adopted, partly for statistical
reasons; the movement of existing aggregates would be affected only inso-
far as the adjustments were not offsetting.

In the area of capital formation, the chief differences relate to the
treatment of the consumption of fixed capital. Kuznets presents estimates,
both gross and net of capital consumption, in current and in constant
dollars, of capital formation and of national product. Commerce presents
only gross national product (i.e., gross of capital consumption but net of
intermediate products) in constant dollars, while estimates of capital
consumption are shown in a mixture of current dollars and original cost.

Theoretically, the most meaningful basis for long-run comparisons is net
national product, including only net capital formation. Net additions to
capital stock may be measured after provision is made in each period for
the decline in the productive powers of existing assets. The net additions
alone, and not outlays which offset capital erosion, can be devoted to
consumption “without creating an expectation of being worse off at the
end of the period than at the beginning of it.”8 We have adjusted the
Kuznets estimates of real capital consumption to the Commerce basis,
in order to present net as well as gross national product estimates in
real terms.

National product and capital formation estimates that are gross of
capital consumption continue to be made and used for several reasons.
Gross capital formation can be estimated unambiguously, whereas serious
theoretical and statistical problems are involved in estimating capital
consumption. Moreover, resources devoted to offsetting capital consump-
tion are available for final consumption in the short run in a way that
intermediate products are not.” We also need gross national product
estimates for purposes of comparison with industry output estimates
similarly gross of capital consumption. From a welfare standpoint, how-
ever, it is clear that net national product estimates are conceptually
preferable.

6 This definition of the net national income has been used by Richard Stone in

“‘Functions and Criteria of a System of Social Accounting,” Income and Wealth, Series I, p. 3.
7 Cf. Kuznets, National Product in Wartime, New York (NBER), 1945, pp. 20-24.
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Apart from the fact that Kuznets lumps public and private capital
formation together, whereas Commerce includes the former in government
purchases, the two sets of investment estimates are virtually identical.
As in the case of consumption outlays, however, alternative treatments
are possible. For example, research and development outlays could be
classed as capital formation rather than intermediate product since they
are designed to increase the future income stream. Here, again, statistical
problems would be great.

The chief conceptual difference between the Commerce and the Kuz-
nets series, and the area of greatest controversy generally, arises with res-
pect to government output. In his long-term series, Kuznets counts the
cost of government activities as final output only insofar as these conduce
directly to the ultimate satisfaction of individuals as consumers, or as they
result in durable capital formation (including defense items). The range
of government activities designed to promote the productivity of the
business economy or maintain the social framework generally (including
nondurable national security outlays) are considered to be intermediate
products, the costs of which are excluded from final product.

As an analytical tool for use during World War II, Kuznets introduced
his ‘“wartime concept” of national product, in which total national
security outlays are included. This he justified by placing the goal of
national survival during war on a par with the basic goal of satisfaction of
consumers wants by the economy. By a simple extension of this reasoning
one can maintain that national security is af all times a prime objective of
economic organization—on these grounds we have seen fit to present a
“national security version” of the Kuznets series that includes national
security outlays in all years.

National security outlays may also be thought of as representing
potential output of consumer goods, since the resources devoted to security
could be shifted to consumption if conditions permitted. This is also true
of net capital formation, but not of intermediate products proper, of which
the production is technically a function of the output of final goods. A
great advantage of the national security version is that national product
and the derived productivity estimates are not directly affected in signifi-
cant degree by changes in the proportion of national output devoted to the
goal of national security. The national security version thus accords with
a basic principle of national income measurement—invariance to insti-
tutional changes, if this term be construed to cover changes in international
relations and the resulting changes in the relative emphasis on welfare and
security objectives within the nation. Actually, the two versions of the
Kuznets national product estimates differ but little except in wartime and

in the situation of high security outlays that have characterized the recent
years of “cold war.”
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In contrast to Kuznets (either version), the Department of Commerce
includes in national product the cost of all government purchases as
representing the value of public services. This procedure is justified by
reference to the “rule,” since purchases of goods and services by general
government are not resold in a market sense. Thus, the Commerce
estimators treat as final those ““goods and services provided on behalf of the
community as a whole, which it has been found better to secure collectively
rather than individually.”® In practice, the Commerce estimates and the
national security version of the Kuznets estimates show much the same
broad movements. They differ only to the small degree that the portion
of civilian government purchases judged by Kuznets to be intermediate
has changed relative to the total national product. The movement of the
several aggregate real product and productivity series are compared and
interpreted further in Chapter 3.

The economy. In developed countries, national income and product
estimates have been closely associated with the relevant purchase and sale
transactions of the market place plus the value (at cost) of the services of
general government and of private nonprofit institutions. While the
market criterion is basic for distinguishing between economic and other
activities, certain imputations have traditionally been made in order to
value and include in the national product several productive activities that
do not involve bilateral transactions but have significant market analogues.
The major imputations in both the Commerce and Kuznets estimates are
for the food produced and consumed on farms, the rental value of owner-
occupied houses, and certain payments in kind. Commerce also imputes
a value to the unpaid services of financial intermediaries, which gives rise
to a discrepancy between the Commerce and Kuznets consumer service
estimates (see Appendix A).

It might be possible to go considerably further in the direction of impu-
tations for nonmarket activity. Thus, a value could be attached to the
services of housewives, as well as of domestic employees, and to all the
other productive activities adjudged to be economic by some broader
criterion than that of appearance on organized markets.

The advantage of a broad measure of economic output is that temporal
or spatial comparisons are less affected by institutional changes or differ-
ences than is the case with a predominantly market measure. Over the
long run, there has been a considerable shift of production from households
for own-consumption to business firms for sale in markets.? This means
that national product has an upward bias as a measure of total production.
The bias is less in the case of the productivity measures, however, since the

8 National Income Supplement, 1954, p. 38.

9 Cf. George J. Stigler, Trends in Output and Employment, New York (NBER), 1947,
pp. 13-15.
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inputs are restricted to the same sectors covered by the output measures.
Bias enters the productivity measures only to the extent that productivity
in the uncovered area moves differently from that in the covered (largely
market) area. It seems reasonable to suppose that productivity in house-
hold production has increased less than that in the business sector. So the
national productivity estimates as constructed have some upward bias,
but to a progressively lesser degree as the uncovered sector shrinks in
relative importance. In other words, a total-economy productivity
measure, if we had one, would show a lesser rate of increase than the
existing measures; but the discrepancy would diminish over time.

The disadvantage of an inclusive measure is the difficulty of defining
economic activity apart from market criterial® and of estimating the
magnitudes involved, which is crucial when the objective is productivity
measurement. Aside from the problem of valuing predominantly non-
market activities, it would be impracticable in most cases to make estimates
of the output, as distinct from the inputs, on the basis of existing data.
Measures of output tied predominantly to the market criterion thus give
us more accurate productivity indexes than would broader measures.
The important thing is that the estimates of output and of input cover
essentially the same activities.

From the standpoint of accuracy, there are some advantages in taking
even narrower measures of output than the existing estimates of national
product provide. There is a particular advantage in analyzing the private
economy apart from the output originating in general government
because of the difficulties in measuring output of the public sector.
We therefore estimate real private (domestic) product and productivity,
derived from the Commerce series, as the basis for detailed examination of
productivity changes.

Perhaps the most meaningful aggregate from the standpoint of relatively
reliable productivity estimates would be the real product of the business
economy alone. This sector excludes the areas of households and non-
profit institutions, which also present serious problems of definition and
measurement of output, as well as government. We have not used such
an aggregate; but the possibility is mentioned in order to illustrate further
that the “economy” taken for study may be defined in a broader or a
narrower way, depending on the objectives at hand and the requirements of
accuracy as opposed to those of comprehensiveness. The narrower
measures cannot, however, be taken as substitutes for the broader measures.

The nation or domestic geographical area. Both Kuznets and Commerce
delimit their product estimates geographically with reference to the income

10 See Irving B. Kravis, “The Scope of Economic Activity in International Income
Comparisons,” Problems in the International Comparison of E ic Accounts, Studies in

¢

Income and Wealth, Volume 20, Princeton University Press (for NBER), 1957.
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produced by the factors whose owners reside in the continental United
States.l1 Another possibility is to measure product with reference to the
location of the factors themselves: income paid on the foreign investments of
American residents is excluded, and only the income and product of factors
located here counted, regardless of the residence of their owners. We have
estimated the latter alternative, ““domestic product,” by making appropriate
adjustments as described in Appendix A to the available national product
estimates, This variant is recommended in the United Nations Studies in
Method No. 2, A System of National Accounts and Supporting Tables.12 It is
more appropriate to productivity analysis as such and to comparisons of
economy with industry output and productivity measures.

Scope of the Industry Measures

In theory, we should like to identify industries by meaningful collections
of products. In practice, even when data are collected from relatively
similar establishments, the range of goods produced is often quite hetero-
geneous. It is possible to define an industry in terms of certain groups of
goods or services which are ‘‘primary” to it, in that they are primarily
produced in a certain group of establishments. However, these products
may also be produced in other groups of establishments which primarily
produce other products, and the given industry may also produce ‘“‘second-
ary” products which are primarily produced elsewhere. So the industry
is a matter of classification, and while the concept aids in arranging
establishment data in an orderly way, the operational concept is seldom
clean-cut.

Not only is there some heterogeneity in industry output, but the
boundaries of an industry may change over time both as the functions of
establishments change and as industry definitions change in recognition
of changing industrial structure. For example, the farm industry formerly
produced much of its capital in the form of horses and mules, but now
purchases mechanical tractive equipment from other industries. With
this shift has come a corresponding increase in purchases of motor fuel
relative to the growing of feed. Similarly, whereas farms used to supply
most of their feed and seed directly, they now purchase much of these
commercially.

In manufacturing, many industries at one time had to produce their
own specialized equipment and intermediate products; but with the
growth in scale of output, specialized industries have grown up supplying
these goods. This development has increased the efficiency of production,

11 Tt would also be possible to define the nation in terms of its customs area, for example,
by including the territories and possessions. The resulting product and productivity
estimates would be somewhat less reliable than those presently available.

12 Dept. of Economic Affairs, Statistical Office, New York, 1953.
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but not the efficiency of measurement. Also, as new products have been
developed, these either have increased the range of products characterizing
existing industries, or, if their production warranted it, have given rise to
new industry classifications.

Thus, industry product and productivity statistics may relate to a
somewhat changing range of activities over time. The analyst can live
with this situation so long as inputs and outputs are consistent, recognizing
that average productivity movements in the industry are affected when
efficiency changes in divested activities differ from those in the industrial
“core.”” Real temporal discontinuities in the productivity measures
are introduced, however, if the range of intermediate products produced
and consumed in the industry changes, since this affects input require-
ments but not the amount of gross output. The problem may be
serious for certain minor industry classes, but becomes less important as
the industry grouping is widened to include more of the intermediate
product output. The difficulty disappears in productivity measures for
the economy as a whole.

This problem is overcome in principle if industry output is conceived
of as real value added or product originating. By this concept, the real
value of the purchased intermediate products consumed is deducted from
the real value of the final output of an industry. If the production of a
particular intermediate product is shifted to a different industry, the real
value added in the given industry is reduced by the extent of the additional
real purchases. Since factor input would be correspondingly reduced,
industry productivity would not appear to increase merely as a result of a
shift in the scope of industry activity.

Dimensions of Qutput Units

The physical volume of output may relate to the final goods and services
entering national product or to the intermediate products that are the
outputs of some industries and the inputs of others. In either case, it is
necessary to define the product units in terms of which physical volumes
are measured. It is easy to define types of products broadly; but, strictly
speaking, each quality of a given type of product should be distinguished
if its physical characteristics and price differ at all from those of other
members of the product family.

Specification of most goods and services is generally feasible. In some
cases it may be difficult to visualize the unit underlying the payments for
certain types of services, particularly in the financial area, but close
analysis can usually produce working definitions. In other instances, the
product may not be standardized if produced to the order or requirements
of particular customers, as in residential construction. In this situation,
hypothetical bids can be taken on a standard item in order to reveal what
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the price would have been had the product been standard and price
deflation of the value of production resorted to. Or, if both standard and
custom-built goods are produced by an industry, such as the machinery
industry, the value of the custom-built product can be deflated by the
average price of similar standard items. In these cases, it is apparent
that the physical volume of output is of a somewhat conventional
character, implying at base that the productivity of resources employed
in nonstandardized production shows the same changes as those
in related standardized production, or the same productivity changes
that producers believe they could have effectuated if products were
standardized.

An even more pervasive problem is posed by the fact that the character-
istics of many products change over time. Old models are abandoned and
new models are introduced. In measuring production from the viewpoint
of productivity analysis, the important question is whether the revised
units of a product absorb a different volume of resources than the old units.
If so, the real factor-cost weights of the new units should be adjusted by a
ratio representing the proportion of factor cost required by the new model
to that required by the old in an overlapping time period (or based on
producer’s estimates if there is no overlap). Fortunately, the Bureau of
Labor Statistics, which computes most of the price indexes used in the
deflation work underlying the real-product estimates, whenever feasible
counts as “pure” price change only that change in market price which does
not represent an alteration in the real cost of the materials and services
consequent upon a model change.

There have been, of course, significant changes in the quality of many
products apart from changes in real costs. This, however, is more of
a problem for welfare than for productivity comparisons. There may
be some effect on productivity as the proportion of resource inputs devoted
to product development changes over time. In some industries, this pro-
portion has tended to increase, a development that would impart some
downward bias to the productivity ratio insofar as the associated quality
improvements are not counted in output. A relative shift of production
towards higher-quality goods within product families does increase real
product; but productivity is not affected since the larger output is approxi-
mately offset by the larger volume of factor inputs required to produce the
higher-valued product mix.

A somewhat different problem is introduced by new products. An
advantage of a system of occasionally changing weights is that a new
product can be weighted into the aggregate in the subperiod in which it
appears in terms of its initial relative importance as measured by unit
factor cost. If relative price and cost drop in succeeding subperiods, the
relative weight of the product in the aggregate is reduced.
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INPUTS

The basic inputs of the economy are the productive services of the factors
of production. Input is the time-flow of services of the human and non-
human factors available for use in the productive process; the result of
the productive services is output, which is distributed as income to the
factors. There are thus three dimensions to the various factor inputs:
(1) the stocks of the primary factors available for use in production; (2) the
time periods (usually hours) in which units of the factor-stocks are available
for use in production, in terms of which the flow of services can be measured
and their compensation or cost computed; and (3) the output or income
resulting from their joint use, of which the shares accruing to each factor
for its contribution to production can be used to weight the service-hours.

It would obviously defeat our purpose to measure inputs in terms of
their result in the productive process alone, since we would then have a
measure of output itself. But the changing efficiency of the inputs is
revealed by comparing the available service-time of the real stocks of the
factors, in “standard efficiency units” weighted by their unit shares of
output (income) in a base period, with their actual output in a given
period.13 An ideal measure of input is thus net of any changes in quality
over time, as it must be in order to have a basis for getting at efficiency
changes through comparisons with output.

By weighting the available service-time of the factors by their base-
period compensation, we obtain a measure of what the resources would
have produced had technological and other conditions of efficiency
remained the same as in the base period. By dividing this measure into the
actual output in successive periods, we obtain a measure of the changes
in the efficiency with which factor services are utilized in the processes of
production, i.e., of their productivity, as discussed in Chapter 1.

We referred deliberately to the time periods in which the factors were
available for use in production. This brings out the duality of the factors
of production in a free-enterprise economy. Labor usually contracts to
sell its services for specified time intervals, comprising a given number of
hours per day or week or month. During the period of employment it is
available for use in our sense, although it is not always fully utilized
in production (as witness “stand-by” time in certain industries, not to
mention the varying degrees of utilization of the latent potentials of
employees depending on management or labor policies). But when not
employed, labor is not available in an immediate sense to firms and is not
a direct cost.

13 Cf. Kenneth E. Boulding, “Some Difficulties in the Concept of Economic Input,”

Output, Input, and Productivity Measurement, Studies in Income and Wealth, Volume 25,
Princeton University Press (for NBER), 1961.
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In the case of private capital, however, in principle it is wholly available
during its lifetime, even if in periods of reduced activity some units are not
utilized. It represents a cost which is quite apparent when the capital is
leased, or has been financed by debt. Even when it represents equity there
is a certain implicit average annual return that must be met if new capital
is to be forthcoming. The fullness of utilization of the capital stock is one
aspect of the efficiency of private management which is not relevant to the
labor force outside employment. Itis true that from a social viewpoint the
total labor force is available for production and the degree of its utilization
is an aspect of the efficiency of the economy; in Chapter 3 we construct
one variant of the productivity measure from a social-cost standpoint. But
otherwise our measures are constructed from the standpoint of the private-
enterprise economy existing in this country, i.e., labor is counted as a cost
only when employed, and thus available for use in production, while
capital is counted as a cost when owned and thus available. This accords
with the general treatment of cost in economic theory.

Another difference between the two major factor-stocks, as measured,
is that the “man” provides a rough common denominator of the stock of
labor, whereas in the case of capital the “constant dollar” must be used.
Actually, the value of the capital represented by human beings differs
from one group to another, and this is reflected in the varying rates of
compensation. So instead of artificially estimating the real value of human
capital in the various industries, adjusting for rates of utilization, and
weighting by base-rates of compensation, we can skip a step by directly
weighting manhours. In the case of capital, however, we must estimate
the value of the stocks and weight by rates of return since there is no unit
of capital even superficially uniform. Adjustment for rate of utilization is
not necessary, since capital is available 8,760 hours a year, and the
movement of ‘“‘constant dollar capital-hours” would be the same as that
of the index numbers of the real capital stock.

Labor Input

In the case of human resources, the “‘stock” oflabor available for productive
use is the labor force, of which a varying proportion over time is employed
in the various occupations and industries. The majority of persons engaged
in productive employment are paid by the hour; and manhours can also
be estimated roughly for those not on an hourly rated basis, and their
compensation translated to average hourly earnings for weighting purposes.
Thus, we use manhours worked as the measure of the flow of available
labor services. It is not a direct measure of input, but a measure derived
from estimates of the employed stock of human resources and the average
hours worked per person per year indicating the rate of utilization,
Proprietors and unpaid family workers as well as employees are counted as
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labor. When weighted by average hourly compensation in a base period,
labor input indicates for a given period what the employed manhours
would have contributed to output if productive efficiency had been the
same as in the base period. The measure can also be interpreted in terms
of the marginal disutility of work.

It is assumed that the inherent average physical and mental capacity
of the persons employed in each occupation is constant over time. Insofar
as the composition of persons employed in terms of basic aptitudes or
capacities in relationship to their occupations changes over time, it cannot
be said that the basic units are constant and that manhours would make
the same contribution to output if technology and other dynamic factors
were held constant between two periods. There are variations among
individuals in the same occupations with respect to basic capacity; and
there may be variations in the capacities of the same individual in different
time periods as a result of agingl4 or of changing states of health. But
taking large groups of individuals, the average output potential of the man-
hours worked, with given technical knowledge, should be relatively stable
over time.

Perhaps the chief exception to this generalization is provided by the
effect on potential labor services per manhour of reductions in the work-
week from relatively high levels. In this situation, the energy input and
potential output of 2 manhour may increase somewhat as hours of work
are reduced with no change in technology. But as hours of work are
progressively reduced, as they have been in this century, the effect on the
potential services of a manhour probably becomes progressively smaller.15
We choose to think of the manhour as the basic input unit, with changes
in the length of the workweek or work-year as one of the factors influencing
the output-input relationship. Furthermore, it can be maintained that
reductions in the workweek have affected productivity less by increasing
energy input per manhour than through putting pressure on management
to improve its organization or equipment to offset the increase in hourly
earnings which frequently accompanies a reduction in average hours.18

Since average hourly earnings differ among occupations, roughly
reflecting different contributions to product and thus different “quantities”
of labor service, manhours should be estimated and weighted separately

14 A further discussion of changing average age is contained in Chapter 4, in the sub-
section, “Investment in persons.”

15 See Solomon Fabricant, Employment in Manufacturing, 1899-1939: An Analysis of Its
Relation to the Volume of Production, New York (NBER), 1942, pp. 12-15. Fabricant cautions:
““It is very difficult to determine from the cases described in these and other sources the
extent to which changes in factors other than hours affected labor productivity” (ibid.,
p. 13 n).

16 See Edward F. Denison, ‘“Measurement of Labor Input, Some Questions of Definition
and the Adequacy of Data,” Output, Input, and Productivity Measurement, Studiesin Income and
Wealth, Volume 25.
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for each occupation. But estimates of employment and hours are generally
available over time only on an industry basis; so industry average hourly
compensation estimates are used as weights. The aggregate of industry
real labor input so computed will approximate the results obtained by
weighting manhours worked by occupation so long as the occupational
structures of the various industries are relatively stable.!?

The labor input index thus holds the services per manhour constant
in terms of the real income earned by manhours in each industry in the
base period. This is the desired result, since the purpose of the productivity
ratio is to compare the outputs actually produced in successive time periods
with the outputs that would have been produced had the factor services
not changed in efficiency. The efficiency changes reflect changes in the
skill and degree of utilization of the basic capacities of workers in their
jobs, as well as technological progress generally as reflected in improved
organization and equipment.

This constancy of quality refers only to the same type of factor service,
however. Relative shifts of resources to better-paying industries (in terms
of base-period compensation) show up as an increase in labor input
rather than as an increase in productivity. This result is also desirable,
since from the viewpoint of technological efficiency we are interested in
increases of output relative to input within the various industries. Shifts
of resources among industries are interpreted as involving a changing
quantity of resources, not changing technological efficiency. The propor-
tionate increase in output attributable to a relative shift of resources can be
estimated by dividing weighted inputs by undifferentiated inputs.
However, this ratio would not reflect the effects of intra-industry shifts of
resources, which may also be significant when industries are defined
broadly.

Capital Input

The first step in measuring real capital services is to estimate the real net
capital stock employed in the various industries; the next is to weight these
figures by the base-period rates of return. It is assumed that within each
industry relative prices of different types of real capital are proportionate
to the present value of the anticipated future absolute returns, since rational
management would increase the stock of each type of capital up to the
point at which the final unit of each yielded the same rate of return.
Different rates of return in the various industries presumably reflect

17 “Presumably, there are qualitative differences in labor employed by different indus-
tries, since rather persistent interindustry wage differentials seem to exist” (Jacob
Schmookler, “The Changing Efficiency of the American Economy; 1869-1938,” The
Review of Economics and Statistics, August 1952, p. 216). This accords with our own findings
as reported in Chapter 7 and in Appendixes A and D.
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different estimates of the degree of risk, different amounts of associated
intangible capital resulting from industry investment in technical know-
ledge, or quasi-rents (positive or negative) resulting from superior (or
inferior) adaptation of capital to market potentials. Roughly, we may
say that the capital compensation in the several industries reflects the
relative contributions to output (real income) of the capital stocks in
each except to the extent that monopoly elements are present in differing
degree.

Capital stocks (or capital formation data, from which the stock estimates
are largely derived) are deflated to eliminate the effect of price changes in
such wise that a new unit of a given type of plant or equipment is accorded
the same base-period value, or weight, in all periods. Changes in the
productive efficiency of new models as compared with the base-period
model of a particular item of equipment are not reflected in the real value
of the item (unless more resources are used). This is desirable from the
viewpoint of productivity analysis, for the increased efficiency should show
up in the output-input ratio. Since the units of various types of equipment
are given the same weight over time, it is apparent that no allowance is
made for changing productivity in the capital goods industries; we are
interested in the relationship of outputs to the physical volume of inputs
of base-period efficiency—not to the inputs required to replace other
inputs in a given period. In the latter case, productivity gains would be
double-counted.

Real stocks net of accumulated depreciation allowances are taken as a
better measure of a basic capacity to contribute to production and revenue
than gross stocks (i.e., the number of items in use, each weighted by base-
period price regardless of age). Studies have shown that the gross output
capacity of various types of machinery tends to fall with age, and the
repair and maintenance charges rise so that the contribution to net
revenue falls even more. More significantly, the marginal revenue products
of older types of equipment are less than those of new, improved types
because of technological advance and resulting obsolescence. This
development occurs sporadically as far as a particular type of equipment
is concerned, but may be assumed to occur gradually with respect to all
the capital goods of an industry. The effect on the real marginal revenue
product of groups of items over time is roughly approximated by the
gradual decline in the depreciated real value of stock shown by the usual
depreciation accounting procedures reflected in the national accounts.18

It may be objected that the use of depreciated real stocks seems to
violate our basic principle of measuring stocks of resources employed in
terms of units representing an equal capacity to contribute to output over

18 See George Terborgh, Realistic Depreciation Policy, Chicago, Machinery and Allied
Products Institute, 1954.
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time, assuming base-period technical conditions throughout.1® Butin the
base period itself, newly produced units of a given type presumably had
a larger capacity to contribute to output and net revenue than older
units—and the older the unit, the less the capacity. So, in effect, units are
broken into age classes, and each is given a different value weight (roughly
in proportion to the base-period net revenue produced by the items of
varying age). It is assumed that the rate of technological advance and,
thus, of obsolescence has been roughly the same throughout the entire
period in that the life spans (reflecting both physical and economic factors)
used to calculate depreciation are generally taken to be the same over time
for given types of capital goods. If obsolescence speeded up, the net capital
estimates as computed would have an upward bias, and productivity
would be correspondingly understated.

In the case of land, of course, the depreciation problem is not involved
since it is assumed that maintenance expenditures preserve the capacity
of the various types of land to contribute to output at a constant level in a
given technological framework. To the extent that land deteriorates, this
would be reflected by a decline in the productivity ratios. The real stocks
of land in each industry group are combined with other types of capital
before being weighted by the rate of return to capital as a whole in each
industry. In agriculture, the acreage of various types of land is estimated
separately and combined by the average unit value of each type in order
to get aggregate real stock prior to combination with other types of farm
capital stocks (see Appendix B).

Inventory estimates represent average beginning- and end-of-year
numbers of units of the various types of goods times the average price
in the base period. For agriculture, real stocks of crops and livestock
are estimated directly as described; in other areas, book value estimates
are deflated by price indexes designed to convert to constant, base-year
prices.

Sources of Basic Data and Reliability of Estimates

The sources of the basic data and the methods used for the estimates in this
study are described in some detail in the appendixes. This material will
be summarized here to give the general reader a quick picture of the
statistical foundations of the study, and the technician an introduction to
the appendixes.

An evaluation of the reliability of the productivity ratios rests primarily
upon a qualitative appraisal of the accuracy and consistency of the data
underlying the estimates of the outputs and the inputs in the economy

19 Richard and Nancy Ruggles, “The Conceptual Basis for the Measurement of Real

Capital Stock and Services,” Output, Input, and Productivity Measurement, Studies in Income
and Wealth, Volume 25.

36



CONCEPTS AND MEASUREMENT OF OUTPUT AND INPUT

and in the major industrial groupings. A considerable ‘degree of inter-
dependence between the output and the input data helps offset possible
errors or bias in the sources since these tend to be offsetting in the ratios.
We have compared economy estimates with weighted aggregates of indus-
try estimates for output and the two input classes for all or parts of the
period since 1889. Since the economy and industry estimates are based
to varying degrees on different sources and methods, these comparisons
will be summarized here because they will provide a partial test of accuracy.
The comparisons also afford a check on the consistency of the two sets of
numbers, which is important since in Part IIT we compare industry with
economy trends.

OUTPUT
General Method

If complete basic data were at hand with respect to the physical quantities,
prices, and values of all final transactions in the economy, it would be a
matter of indifference whether the number of units of each type of
commodity or service were weighted by the average final prices prevailing
during the base period, or the current value of production were deflated
by an index of the relevant prices with variable quantity weights. In
terms of a formula, in which Q represents numbers of units of.output;
P, their average prices; and the subscripts ¢ and 1, the base period and the
given period, respectively:

> A
Y PoQu

The same result could be obtained adding the real product (net output)
originating in the various industrial divisions of the economy. If ¢ stands
for the quantities of goods produced by an industry and ¢’ for the quantities
purchased from other industries, while p and p' represent their respective
average prices in the specified time periods, then

Y QiPo=Y QP +

Y. QiPo =; (g100 — ¢'14"0)

The same result is obtained by deflating the value of output and of inter-
mediate-product inputs for all industries by approximate variable-
weighted price indexes and summing the differences.

Actually, although value estimates are generaliy available for the
economy and its industrial divisions, neither quantity nor price data are
complete. The choice of method for arriving at aggregate physical-volume
estimates depends primarily on the representativeness of the sample of
prices as compared with the adequacy of the sample of quantities and of the
imputations involved in the coverage adjustments that are usually made
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to approximate total physical volume. The deflated-value approach has
been used in obtaining the real products of the economy and of several
industry divisions. Price-weighted quantity indexes have been used in the
other industrial groupings. Both methods have advantages and short-
comings, which will be noted in the following summary and appraisal. It
should be mentioned here that only in the farm segment was true net out-
put estimated by deducting real intermediate inputs from real gross output.
In the other industry segments, either the component-industry physical
output indexes were combined with value-added or national income
weights as approximations to net output measures, or the current-value
national product estimates were deflated directly. These two methods
yield the same results as true net output measures only under special
conditions.

Real National Product

The appraisal of the real-product estimates will be treated with respect
first to the current-value estimates, and then to the deflators used to
eliminate the effect of price changes. The current-dollar series from 1929
forward are based on the estimates of the Commerce Department; and
for 1889-1929, on the revised estimates of Kuznets as adjusted. Thesources
and methods underlying both sets of data are basically the same and have
been fully described by the authors;20 we shall merely highlight some of
the possible sources of error and attempt to appraise the general reliability
of the over-all estimates.

The basic commodity flow data underlying the estimates for the im-
portant consumer and producer commodity segments are benchmarked
on the periodic Census of Manufactures. They probably portray trends quite
accurately, although annual changes interpolated from sample data are
less reliable. Kuznets assumed constant distributive margins prior to
1919 because of a lack of readily available data. Later research by
Harold Barger indicates 2 mild increase in margins between 1889 and
1919, so the early current-dollar estimates may have some downward bias,
but this should not affect the constant-dollar series based on deflated
producer values. Also prior to 1919, direct data are lacking for consumer
expenditures for services. Kuznets used ratios of outlays for services to
those for commodities, derived from occasional family budget studies.
These estimates obviously have larger margins of error than the later
estimates benchmarked on the Census of Business (first taken in 1929) and
other direct information. Information on the ‘““invisible” items of the net
foreign balance is also scant before 1919.

Federal government purchase estimates are solidly based throughout.
Data on state and local government purchases gradually improved over

20 See references in Chap. 2, n. 2.
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the period, but prior to the 1890 Census the noneducational outlay
component is estimated indirectly. Practically no data are available on
inventories prior to 1919, and Kuznets estimated net changes from extra-
polation backwards of later relationships between stocks and commodity
expenditures. Even after 1919, the annual net changes are subject to
wide margins of error, although the cumulated net changes give a better
indication of trends. The new-construction estimates, based as they are
on a spreading of the value of construction permit or contract award data
by assumed average monthly patterns of the value of construction put in
place, are also less accurate as indicators of annual changes than of move-
ments over longer periods.
_ Unfortunately, it is not possible to estimate the probable margins of
error of the over-all national product estimates. As Milton Gilbert has
put it: “The reason is that in the complex of factors that might lead to
inaccuracy of the statistics, there are no measures of the errors arising out of
most of them, and hence no way to assign them weights so as to arrive at a
combined margin of error.”?! For some components, knowledge about the
size and characteristics of the universe is lacking, while error due to faulty
reporting, willful misstatements by respondents, or negligent enumeration
is outside the scope of sampling error measurement. The Commerce
Department experts have concluded: “A study of the statistical method-
ology underlying the national income estimates, supplemented by analysis
of the statistical discrepancy and of the revisions, will remain the major
avenue for obtaining an evaluation of their reliability.”’22 Based onits own
appraisal, the Commerce report concluded that “the foregoing survey may
provide a sufficiently definitive basis for the general conclusion that the
estimated annual totals of gross national product, national income, and
personal income are subject to only a small percentage of error. . . .”’23
Our brief review suggests that estimates for more recent years are
probably better than those for earlier years owing to the existence of a
somewhat larger body of census data since 1929, improved sample data
for interpolations, and expanded administrative statistics. If Gilbert is
correct in asserting that for the United States ‘“‘the probability is all
towards under-estimates . . . ,”’24 the improvement in the quality of the
estimates might result in some upward bias over time. A review of sources
does not suggest a major bias, and to the extent that it also affected the
input estimates, it would not affect the productivity ratios. There can be
no doubt that long-term changes in the national product estimates are

21 Milton Gilbert, “Statistical Sources and Methods in National Accounts Estimates
and the Problem of Reliability,” Income and Wealth, Series II1, p. 6.

22 National Income Supplement, 1954, pp. 66-67.

23 Jbid., p. 66.

24 Gilbert, op. cit., p. 7.
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subject to a smaller margin of error than are annual changes, which are
based to a large extent on sample data. This conclusion is borne out by
an examination of the effect of successive revisions on the estimates and by
the movement of the statistical discrepancy between gross product and
national income plus other charges against product.

The accuracy of the price deflators and the real national product
estimates has not been evaluated by Kuznets or the Commerce Depart-
ment, but the margins of error are almost certainly greater than those for
the current values. In the first place, price indexes are not available to
represent all products, even in the market area of the economy. The
indexes are reasonably good for food, clothing, and many of the major
categories of final product; but they are weak for certain types of consumer
services (other than rents), particularly prior to 1935, and for many types
of producer durable equipment before 1939, when the Bureau of Labor
Statistics greatly expanded its price data collection program. At best, the
price indexes used for deflation involve a considerable degree of imputa-
tion of price movements with respect to grades or ‘“‘qualities” of a commod-
ity, to various types of commodities in a given “family,” and to commodity
families within broader product classes. Sampling is also necessary with
respect to types of distributive outlets, localities, and time periods. In
recent years the Bureau of Labor Statistics, the chief source of price index
numbers, has conducted periodic tests of the representativeness of its samples.
It is not clear that price indexes from other sources are as representative
of the product classes to which they are applied or that the imputations
involved in the deflation procedure itself are reasonable. But in view of the
large number of price series used, it is probable that the margins of error in
the deflators for the standardized product groupings in the market area of
the economy do not seriously distort trends in real product. Greater
difficulties are encountered in the nonstandardized and in the nonmarket
areas of the economy.

The price deflators for the value of output of nonstandard products such
as ships and aircraft are unit cost indexes (weighted averages of materials
prices and wage rates), and the construction cost deflators are partially
of this character. The deflators for the estimated value (cost) of output of
households (mainly domestic service) and of nonprofit institutions are of
the same type (primarily average earnings series) as are the deflators for
some types of professional services that are not standardized to any extent,
The Commerce method of deflating the product of general government
explicitly makes no allowance for possible changes in productivity, and
Kuznets’ estimates imply the same result.

Even assuming that productivity has not advanced as rapidly in these
as in other areas of the economy, the relative magnitude of the value of
output deflated by unit cost indexes suggests that the rate of growth of the
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resulting real private product estimates is subject to a downward bias
approaching 10 per cent; while the bias in the growth rate of total product,
including general government, is somewhat greater.

There is also some cyclical bias in the real-product estimates. The price
indexes are usually based on quoted prices and do not take full account of
changes in subsidiary terms of sale—special discounts, trade-in allowances,
credit terms, prices of collateral equipment, and services or extras. “Net
realized” prices tend to fluctuate more than quoted prices over the business
cycle and thus the real-product estimates have a downward bias in
depressed periods and an upward biasin recoveries. Comparisons of periods
characterized by similar degrees of business activity should not be
significantly affected.

Industry Qutput Measures

For our five basic segments and thirty-three industry groups, except for
farming, output measures were obtained by weighting physical units and
adjusting for incomplete coverage when necessary. In farming, although
deflated value estimates are used, the results are virtually the same as those
obtained by weighting quantities owing to the relative completeness and
consistency of the value, price, and quantity data. For trade, we follow
Barger in estimating the deflated value of goods passing through the
various types of distributive outlets and weighting by the base-period
distributive margins in each.?5 In the residual segments (construction,
finance, and services), we have deflated the industry gross-product
estimates since 1929 by the implicit deflators for the final products of
those industries that enter the gross national product.

Data sources. With respect to the five basic segments, periodic industry
censuses are available for agriculture, mining, manufacturing, water
transportation, telephone and telegraph, and electric industries.28 Inter-

% Harold Barger, Distribution’s Place in the American Economy since 1869, Princeton
University Press (for NBER), 1955, pp. 20fF.

26 Census data are available as follows:

Agriculture: Decennial to 1920, quinquennial thereafter. Comprehensive annual data
from sample surveys begin in 1910.

Mining: Decennial to 1939, except that a census was taken in 1902 instead of 1899;
since 1939 censuses have been taken in 1954 and 1958. In addition, the Bureau of Mines
publishes almost comprehensive annual production estimates by type of mineral in the
Minerals Yearbook.

Manufacturing : Decennial to 1839; quinquennial, 1899-1919; biennial, 1919-39; and
1947, 1954, and 1958. Annual surveys of manufactures, conducted by the Census Bureau,
are available beginning 1949 for noncensus years. Additional annual commodity data are
contained in the Census Facts for Industry reports.

Water transportation: 1880, 1889, 1906, 1916, and 1926; estimates brought forward by
relatively good data from the Maritime Commission and other agencies described in
Appendix G.

Telephone and telegraph : 1880, 1890, and quinquennial, 1902-37.

Electric industries: 1882-1937 quinquennially, including electric railways.
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state Commerce Commission annual statistics begin in 1890 for the
railroads, 1936 for pipe lines, and 1939 for intercity buses and motor
trucking.?? Civil Aeronautics Authority (and predecessor agency) data
are available for airlines beginning in 1929. American Transit Association
reports contain annual data for electric railways (used to interpolate and
extrapolate census data) and local bus lines. Annual data on production
of manufactured and natural gas since 1929 come from the American
Gas Association; before 1929, data on manufactured gas production are
contained in the Census of Manufactures, and on natural gas production,
in the Minerals Yearbook. When complete annual data are not available,
we either show estimates for benchmark years only, or interpolate annually
on the basis of sample surveys or fragmentary data. In the latter cases, the
annual estimates are obviously less reliable than the benchmark estimates.

The commodity flow estimates involved in the trade output figures are
based on the Census of Manufactures as processed by William Shaw for
1869-1929,28 and by the Commerce Department thereafter. Distributive
margins were first reported in censuses beginning in 1929; Barger used a
variety of sources to estimate margins in earlier years. The gross product
estimates for construction, finance, and services are based on the estimates
of the Commerce Department that tie into census data first collected in
1929. The price deflators are those implicit in the real gross national
product estimates, and are subject to the biases discussed earlier, particu-
larly as regards construction and services orginating in households and
nonprofit institutions. Our chief purpose in estimating real product and
productivity in these segments was to make explicit the implications of the
over-all estimates.

If the reliability of the benchmark census data is accepted, the accuracy
of the derived estimates will depend largely on the nature of the output
units and the adequacy of coverage adjustments or price imputations. It
is to these matters that we now turn.

Nature of output units. In some instances, there is a choice as to the units
in which production may be expressed, and judgment is required to
determine the unit which would be most meaningful for productivity
comparisons. For example, in the minerals industries, metallic content of
ore was considered a preferable unit to the volume of ore; and in transpor-
tation of freight, ton-miles carried, rather than freight-car miles or tons of
freight, was used.

A more serious problem arises because the available or preferable units
are usually not entirely homogeneous, but comprise a number of qualities

27 Harold Barger’s estimates of pipe lines and intercity motor transport were pushed
back roughly to 1919 on the basis of trade data as described in Appendix G.

28 Simon Kuznets, Commodity Flow and Capital Formation, New York (NBER), 1938, Vol. | ;
and William H. Shaw, The Value of Commodity Output since 1869, New York (NBER), 1947.
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or types of goods that are lumped together for reporting purposes. For
example, although numbers of pairs of leather shoes produced may be
reported under the categories of men’s, women’s, and children’s, there are
many price lines within each of these classes. Shifts of demand and pro-.
duction among price lines would not affect production indexes based on
gross units, but they would affect an ideal index based on a weighted
aggregate of homogeneous units. Insofar as there has been a shift of
demand towards higher qualities of goods over the long run or in cyclical
expansions as real income advances, the gross-unit measures understate
the increase in production. The reverse bias could affect the measures in
contraction periods. In this regard, deflation of values by indexes of the
prices of strictly specified representative goods is a preferable procedure,
since shifts among qualities would show up as changes in the real values.

The probable downward bias in the physical-unit measures has de-
creased over time, however, since in manufacturing there has been a
marked increase in the detail in which quantity data have been collected
in the censuses (see Appendix D, subsection on ‘“Physical units and
weights”). A decreasing downward bias means that the estimates tend to
increase relative to the true figures.

The problem of changes in quality of the same commodity, as distin-
guished from a change in quality-mix, was mentioned in the earlier
conceptual discussion. Here, it should be noted that quality change will
be greater in some industries than in others. Thus, manufactured goods
are more susceptible to quality improvements than are farm products;
and within manufacturing the quality of automobiles and machinery, for
example, has probably improved more than that of lumber and lumber
products. This should be kept in mind in interpreting relative changes in
output and productivity by industry.

Coverage adjustments. A major problem in estimating the physical volume
of production is posed by the fact thatin many industry groups, particularly
in the manufacturing segment, the physical-unit data do not relate to all
of the production of the component industries, whereas the input data are
comprehensive. Since it would be highly questionable to assume that
uncovered output moved with the covered portion of output, F. C. Mills
and Solomon Fabricant developed the technique of adjusting the partial
quantity indexes to full coverage by an index of the ratio of the value of
covered output to the total value of industry production. This involves
the assumption that the average prices of the products for which quantity
data are unavailable move with the average prices of the covered products.
To obtain full coverage of industry groups or of the whole segment, the
coverage adjustment was based on value-added ratios, a procedure which
involves the assumption that unit values added in the covered and un-
covered industries have parallel movements.

43




INTRODUCTION

Since changes in relative price and unit value added reflect primarily
relative changes in productivity over longer periods, the adequacy of the
Mills-Fabricant coverage adjustment indirectly hinges on the assumption
that productivity in the covered and uncovered areas moves similarly.
In adjusting the manufacturing output indexes for 1947 relative to 1939,
the Census Bureau and the Federal Reserve Board moved closer to this
assumption by basing their adjustment factors on the ratios of employment
in the covered area to total employment (see Appendix D). We have,
likewise, used coverage adjustments based on employment ratios in the
transportation and communications and public utility segments.

Tests using only part of the available data indicate that adjusted output
indexes are better than unadjusted indexes. The degree of reliability
depends on the validity of the underlying assumption and the relative
size of the uncovered segment. As to the implicit assumption, it seems
reasonable to suppose that productivity movements of parts of the same
industry or industry group are more similar than productivity (or price)
movements in less closely related areas. It has been suggested that the
coverage adjustment leads to some downward bias since the uncovered
area often includes relatively new products in the production of which
prices tend to fall and productivity tends to rise in relation to the older
products. This would be offset in some industries by the custom-built
products for which unit data are not given since it might be expected that
productivity increase would be less rapid in the case of these items. This
same problem s, of course, present in the deflation of values. Theimputation
of price movements of covered to those of uncovered products has very
similar limitations unless the imputations are periodically checked and
adjusted.

With respect to the magnitude of the area uncovered by physical-
volume or direct price information, a run-down by segment suggests that
it comprises about one-fifth of the value of output in the private domestic
economy in 1929. In farming and mining (except for nonmetallic mining
and quarrying) coverage is virtually complete, whereas in manufacturing
we estimate that about 53 per cent of the total value of production in the
segment was not covered by quantity data in 1899, and 38 per cent in
1947—although these percentages were reduced somewhat by the use of
deflated value estimates for some industries or groups.

In general, the uncovered area has declined over the decades as more
quantity and price information has become available, so whatever bias
is involved in coverage adjustments has tended to grow smaller. In
addition, note that the real capital stock and input series also involve
imputation of price deflators to uncovered items and have similar biases.

A different coverage problem is posed by the fact that certain types of
output are included neither in the physical-unit nor the value measures,
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while the associated inputs enter the input measures. Force account
construction activity, research and development, and in-plant training
are included neither in the industry nor national output measures. Force
account construction is significant in the extractive industries,2? manu-
facturing, and the regulated industries, but its importance is declining.
Research, development, and training are of increasing importance, and a
significant factor in certain industry groups. Some downward bias is
present in output and productivity indexes for these groups.

In some other cases, certain activities were not included in the physical-
volume composites, nor did a basis for coverage adjustment exist—for
example, in the transmission of television programs and in the rental of
private wires by the telephone industry. Usually these outputs are
minor relative to total output, but their omission impairs accuracy if their
movement differs from that of covered output. It is likely that the bulk
of uncovered activities are comparatively new and are growing relatively;
so their omission results in an understatement of production and product-
ivity increase.

Gross and net industyy output. Only the farm real-product estimates are
true net output measures, obtained by subtracting the deflated value of
intermediate-product purchases from the real value of gross output. In
the construction, finance, and service segments since 1929, we deflated
gross product directly. This procedure yields true net output measures to
the degree that output and intermediate input prices show parallel move-
ments. This appears to have been the case in construction (see Appendix
E). In finance and services the importance of intermediate products is
relatively small, so the probable bias is slight. In the other segments,
since we relate the gross output measures to factor inputs, we are assuming
that the movement of gross measures approximates the movement of net
measures. Based on scattered evidence for the United States, net output in
nonfarm industries may have risen somewhat more than gross output as a
result of materials savings and a shift towards more highly processed goods.
Canadian estimates for recent decades, however, do not show much
difference between the movements of nonfarm net and gross output
measures, on balance.30

Comparison of Real Private Domestic Product and the Industry Output Aggregate

A comparison of aggregates of real final expenditures and of industry
outputs in the private domestic economy since 1929 is contained in
Table A-3. To some extent similar sources and methods were used; so the
29 ‘The crude petroleum production index was adjusted to include the construction of
oil wells.
30 V. R. Berlinguette and F. H. Leacy, “The Estimation of Real Domestic Product by

Final Expenditure Categories and by Industry of Origin, Canada,” Output, Input, and
Productivity Measurement, Studies in Income and Wealth, Volume 25.
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comparison is but a partial check on accuracy; it is more meaningful as a
check on the consistency of the economy and the industry measures. Since
consistent value estimates and the same deflators were used in the con-
struction, finance, and service areas, both the economy and the segment
estimates are subject to a downward bias on account of inadequate
deflators. The implications of the real-product estimates with respect to
the output of the trade segment are similar to those made explicit in the
segment estimates. But in the other segments, the economy estimates are
derived as deflated final expenditures while the industry estimates are
generally weighted physical units with coverage adjustment.

It is, therefore, gratifying that relative to 1929, the two sets of estimates
were only 2.2 per cent apartin 1953.31 The higher level of the real-product
estimate supports our surmise that weighted physical units, because of
heterogeneity may have a secular downward bias relative to deflated
values, or that net output estimates outside the extractive industries may
tend to rise more than gross estimates due to reductions in intermediate
materials consumption per unit of output, or that perhaps both explana-
tions may apply. But the discrepancy is small enough to justify the com-
parison of industry and economy output and productivity estimates made
in Part III.

The comparison prior to 1929 is less direct. Since outputestimates for the
finance and service segments are not available, an industry output
aggregate for the other segments was used in conjunction with the real
private domestic product estimates to derive output in the uncovered area
as aresidual. Between 1889 and 1929, the residual estimates of real product
originating in the finance and service segments, when divided by the
corresponding manhours, show virtually the same trend in output per
manhour as do the estimates since 1929 (see Appendix A, end of section
“Comparison of Real Product with an Aggregate of Industry Output”).
This result is sufficiently plausible to suggest that the economy and the
industry output estimates are reasonably consistent in the earlier period.32

LABOR INPUT

Estimates of labor input in the economy as a whole were built up from
industry estimates and are, therefore, consistent. There are decennial
external checks on the economy employment aggregates, and annual

31 There was also close correspondence in a similar comparison for 1947-55, reported
by Jack Alterman and Eva Jacobs, “Estimates of Real Product in the United States,
1947-55," Output, Input, and Productivity Measurement, Studies in Income and Wealth,
Volume 25.

32 Between 1869 and 1889, however, the estimates for finance and services show an
absurdly large increase in output and productivity. This confirms the judgment that the
1869 estimate of national product is seriously understated, a judgment which led to the
decision not to extend the economy analysis back of 1889.
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checks on average hours and total manhours as well as on employment
estimates since 1940. Further, there is throughout a close statistical
interrelation between the output and employment estimates for the econ-
omy and some of the major industry segments.

The total-employment estimates appear to be quite good indicators of
trends throughout the entire period, judging not only from the quality
of the sources but also from their consistency with estimates of the labor
force or the number of “gainful workers,” adjusted for unemployment.
The latter are largely independent of the employment estimates since 1929
and are partially so in earlier decades. Annual employment estimates are
of a high degree of reliability only since 1939 when the Social Security
reporting system began.

The estimates of average hours worked, which enter the manhour
figures, are generally less reliable than the employment estimates.
Correspondence between our industry-composite average hours estimates
and those provided by the annual population surveys since 1940 is fairly
good. The source data, while less abundant prior to the mid-1930’s than
after, provide broad benchmarks back to 1920. Before that date chief
reliance had to be placed on available data relating to standard hours,
which can be roughly adjusted to actual hours worked, and on estimates
based on state data. Margins of error are probably high for the early
decades. Despite its inadequacy, however, the statistical base is still broad
enough to make unlikely any serious bias in the trend of the hours esti-
mates, although estimates of annual changes prior to the mid-1930’s may
be subject to high margins of error. The industry labor compensation
estimates used for weights are good and generally consistent with the
employment data.

Employment

From 1929 forward, the Commerce Department estimates of numbers of
employees and proprietors engaged in the various industries were used
with only minor adjustment. From 1939 on, these are solidly based on
comprehensive annual data provided by Social Security, Railroad Retire-
ment, and federal civil service collections that cover over 95 per cent of
employees, while collateral sources provide relatively good data for the
remainder. Back to 1929, benchmarks are available from censuses
covering almost all industries. The number of unpaid family workers was
estimated back to 1940 on the basis of the Current Population Surveys,
and prior to that date by applying the 1940 ratios to the number of pro-
prietors in the several industry segments in earlier years. These estimates
are weak, but the component is small. The Department of Agriculture
estimates of farm employment were substituted for those of Commerce
since the former include unpaid family workers.
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Primary reliance on the Commerce estimates of persons engaged has
the great advantage of providing a high degree of statistical inter-
dependence with the real-product estimates. The estimates of employee
compensation and proprietors’ net income, derived from the same sources
as the estimates of employees and proprietors, comprise almost three-
fourths of the value of the national product. It is true that we use real-
product estimates built up from expenditures rather than national income
plus other charges; but over the period since 1929 there has been no notice-
able trend in the statistical discrepancy between the two sets of estimates.
For analysis of annual productivity changes, however, there would be
some advantage in adjusting the real-product estimates by the statistical
discrepancy. On the product side there is also interdependence, especially
before 1939, when both output and employment estimates were drawn
from the same censuses. This also applies to the industry output and
employment estimates.

Prior to 1929, the employment estimates for manufacturing, mining,
transportation, and public utilities were extrapolated by series, presented
in National Bureau monographs, based on periodic industry censuses or
agency reports. In some cases we pushed the monograph estimates back
further by use of the same sources. For most of the remaining industry
segments, for which censuses were not taken prior to 1929, it was necessary
to rely on industrial distributions of gainful workers based on occupational
data from the decennial population censuses, as prepared by Daniel
Carson (see Appendix A) and roughly adjusted to an employment basis.
Government employment estimates were based on Civil Service records
and data from the Governments Division of the Census Bureau and from
the Office of Education.

Annual estimates for many industry segments prior to 1929 could be
interpolated between benchmarks on the basis of sample surveys or state
data. For a few segments, interpolation was done on the basis of output
series. For obvious reasons, such estimates are not presented in the
industry productivity tables, but were merely used to build up the economy
employment and manhour totals. Although the annual economy totals
before 1929 are therefore not entirely independent of output series for
intercensal years, they are dominated by independent data.

To combine the employment estimates with average hours estimates
for a number of the segments, full- and part-time averages were appro-
priate. For purposes of showing industrial distributions, as in Table A-V1I,
however, it is more meaningful to express employment in terms of full-
time equivalents. On this basis, the industry aggregates are quite close to
the population census totals for the labor force or for the number of gainful
workers after adjustment to exclude the estimated number of persons
unemployed. More significantly, the trends of the two aggregates between
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1870 and 1950 are not far apart. The industry aggregate rose from 99 per
cent of the adjusted labor force estimate in 1870 (or 100 per cent in 1890)
to 103 per cent in 1950 (see Table A-VIII). Even though about half of
estimated employment prior to 1929 was based on the labor force estimates,
the correspondence between the totals is evidence that the economy trends
are reasonable. The industry trends based on population census data are
probably less accurate since allocation by industry of persons in occupations
common to several industries cannot be precise. It is also evident that
annual changes in the estimates up to 1939 are subject to wider margins of
error than are the trends.

Edward Denison concluded a review of the employment estimates as
follows:

My judgment is that, for the period since 1939, the error
introduced, by errors in the persons engaged series, into the
year-to-year percentage change in gross national product per
person engaged in production is not likely to exceed 0.2 percent-
age points. . . . The estimates from 1929 to 1938 are less reliable,
but given the large productivity changes of that period, probably
are good enough for meaningful year-to-year measurement, and
should certainly be adequate for average changes over three or
four years...at least back to 1880 their quality does not
deteriorate much faster than is offset by the statistical advantage
of a longer time period for computing an average rate of change in
output per man for periods ending with the present.33

Average Hours and Manhours

From 1940 forward, estimates of average hours worked per week are
available for all segments. The majority of the private-industry estimates
are from the Bureau of Labor Statistics establishment surveys, although
average hours worked in manufacturing groups since 1947 are taken from
the Census annual surveys. For finance and services the chief source is the
Census of Population, 1940 and unpublished data from the Current Popu-
lation Surveys. The weighted average of the industry estimates shows
virtually the same trend and movements as the average hours estimates
for the total civilian economy reported in the Census Monthly Report on the
Labor Force (see Table A-XII). The manhours estimates based on the two
sources also showed like trends, but year-to-year correspondence was less
close, primarily because of divergences in annual changes in the employ-
ment estimates. Of the two sets of estimates, those based on establishment
reports were chosen not only because they are statistically consistent with
the output estimates, but also because the estimates based on Current

33 Denison, op. cit.
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Population Surveys rely on a small sample and are subject to wider
margins of error.

In the conceptual discussion, it was noted that manhours worked,
rather than manhours paid for, is the appropriate measure. The difference
between the two concepts is not operationally significant prior to 1939,34
but with the trend toward paid vacations, holidays, and sick leave during
and after the war, the divergence has been increasing. Actually, our
estimates are mixed, although comprising mainly hours worked. The
BLS-based average hours are on a paid-for basis, while the census
estimates (adjusted to exclude “0-hours™) are hours worked. The farming
and federal government manhour estimates are also on an hours worked
basis.

The establishment-based estimates of average hours worked extend back
to the mid- or early 1930’s, and in the case of manufacturing to 1909.
But estimates for most segments are available for 1920-22 from a survey
by W. I. King for the National Bureau of Economic Research. For earlier
years, standard weekly or daily hours estimates are available for manu-
facturing, mining, construction, railroads, and manufactured gas utilities.
These are good trend indicators, although adjustments to an actual hours
worked basis were made by correlations derived from estimates for
periods when both types of estimates are available (see Appendixes A, C,
D, E, and G).

For farming, Department of Agriculture estimates of manhours are
available since 1910, based on technological studies of manhour require-
ments for various types of farm output. Prior to 1910, we accepted Barger’s
judgment that average hours in farming did not change significantly (see
Appendix B). Estimates for most of the other private-industry segments
are based on reports covering a number of states. Since the state data are
fragmentary, the average hours estimates are weak for these segments.
Civil Service Commission reports provide the basis for average hours
worked per year by federal civilian employees. For the economy as a
whole, the basis of the data for the average hours estimates is fairly broad,
even in the latter part of the nineteenth century; but, unfortunately, there
is no good method of subjecting the average hours and manhours estimates
before 1940 to an external check.

Average hours data for some industries, notably manufacturing, relate
to production workers. We imputed the same movements of average hours
to nonproduction workers. Although nonproduction workers comprise a
minor portion of total persons engaged, this assumption introduces
additional possible sources of error, but more so in the annual fluctuations
than in the trends. A similar imputation was made for average hours

34 See Albert Rees, New Measures of Wage-Earner Compensation in Manufacturing, 1914-57,
Occasional Paper 75, New York (NBR), 1960.

50



CONCEPTS AND MEASUREMENT OF OUTPUT AND INPUT

worked by proprietors and unpaid family workers, but an allowance was
made for the higher level of average hours for this group relative to average
hours for employees revealed by unpublished data from recent Current
Population Surveys.

The labor compensation estimates used for weighting purposes are of
the same order of reliability as the employment estimates and are generally
consistent with them. That is, the Commerce Department estimates were
used since 1929 and were extrapolated to 1919 by the Kuznets estimates
after the latter were adjusted for consistency with our employment figures.
The adjustment consisted of multiplying Kuznets’ labor income estimates
by the ratio of our employment estimates to his. In general, the 1919-29
weights were used for earlier subperiods. In any case, relative average
hourly earnings in the various industries did not change very much over
the decades (see Table A-5).

It should be noted that labor compensation includes supplements as
well as wages and salaries. When this value is divided by manhours
worked, the resultant average hourly earnings reflect the effect of changes
in paid leave as well as in other supplements, which is consistent with our
preferred treatment of manhours in the productivity ratios.

REAL CAPITAL STOCKS AND SERVICES

Since capital stock, unlike the labor force, is immediately available for
use at all times, we have not adjusted for rate of utilization, counting this
as an aspect of the efficiency with which the capital is used. Rather,
weighting the real stock by its base-period rate of return, we measure
the input of capital in constant dollars in successive years, assuming
base-year efficiency in use of the instruments. Weighting is discussed in
the next section; here we describe, in summary fashion, the real-stock
estimates,3%

For the major portion of the private nonfarm, nonresidential economy
estimates, we used the reproducible real-wealth estimates prepared by
Raymond Goldsmith for the period since 1896.3¢ Goldsmith’s basic method
was to estimate annual gross outlays for plant and equipment by major
types, deflate to 1929 prices, depreciate the real outlays by the straight-line
method over average lengths of life as prescribed by Bulletin “F” of the
Treasury Department,3? and then cumulate the net additions to stock.

35 A more detailed summary and discussion of the industry capital estimates is to be
found in Daniel Creamer, “An Appraisal of Long-Term Capital Estimates: Some
Reference Notes,” OQutput, Input, and Productivity Measurement, Studies in Income and
Wealth, Volume 25.

36 A Study of Saving in the United States, Princeton, N.J., Princeton University Press, 1956,
Volume III.

37 Income Tax Depreciation and Obsolescence, Estimated Useful Lives and Depreciation Rates,
Rev. Ed. (July 1942), Bureau of Internal Revenue (now Internal Revenue Service), 1942,
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Site land was allowed for by applying the 1929 ratio of land value to value
of structures to the constant-dollar value of the latter throughout. Invent-
ories were estimated separately on a basis consistent with the national
product component. To carry the reproducible stock estimates back of
1896, we successively deducted the corresponding annual net capital
formation estimates contained in Kuznets’ real national product estimates.

Goldsmith compared his “perpetual inventory” estimates with deflated
census-type asset-value estimates, and found a good correspondence of
trend.38 Kuznets likewise compared cumulative totals of his net capital
formation estimates with the deflated Census reproducible wealth estimates
and found much the same net change over long periods, although there
was considerable divergence over shorter periods.3? It is his conclusion that
the cumulative real net investment estimates provide a more reliable
series than the deflated wealth estimates.

For this study, we made a somewhat different type of comparison.
We subtracted the sum of the real fixed capital stock estimates for the
private nonfarm industry segments that were available from the Goldsmith
estimates (excluding residential real estate from both estimates), and
compared the trends of the covered and residual sectors in relation to
manhours worked in each. The estimates for the various groups in mining
and manufacturing are based on deflated Census and Internal Revenue
Service estimates of the value of assets (presumed to be at original cost),
adjusted to exclude financial items.40 Estimates for the groups included in
the transportation, communications, and public utility segments were
obtained chiefly by the method of cumulating real net investment, but
this was done independently of the Goldsmith estimates.4! Itisthese capital
estimates that we use in the productivity estimates for the nonfarm
industry groups.

The results of the comparison for key years beginning with 1899 are
shown in Table A-6. The level of capital and particularly of capital per
manhour in the uncovered sector is considerably lower than in the
covered sector, but the trend of capital per manhour in the uncovered
sector from 1909 on is moderately greater than in the covered sector. These
results do not seem unreasonable (see Appendix A, section ‘“Nonfarm
Nonresidential Capital”), and confirmation of the 1939 level is provided

38 Raymond W. Goldsmith, “A Perpetual Inventory of National Wealth,” Studies in
Income and Wealth, Volume 14, New York (NBERY), 1952, pp. 46-57,

39 Simon Kuznets, National Product since 1869, New York (NBER), 1946, pp. 193-199;
see also Capital in the American Economy : Its Formation and Financing, in preparation.

40 Israel Borenstein, Capital and Output Trends in Mining Industries, 1870-1948, Occasional
Paper 45, New York (NBER), 1954; Daniel Creamer, Capital and Output Trends in Manu-
facturing Industries, 18801948, Occasional Paper 41, New York (NBER), 1954.

41 Melville J. Ulmer, Capital in Transportation, Communications, and Public Utilities: Its
Formation and Financing, Princeton University Press (for NBER), 1960.
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by the results of the Harvard interindustry study group.42 The increase
of capital in the uncovered sector between 1899 and 1909 seems quite high,
however, suggesting that the economy estimate for 1899 may be on the
low side or that the covered-industry aggregate may be high. In general,
the comparison does not indicate that the two sets of estimates are in-
consistent. A similar comparison by Kuznets of the sum of his net invest-
ment estimates with the difference in the sum of industry capital stock
between 1880 and 1922 showed only a 4 per cent discrepancy, although
the correspondence in subperiods was not as close.43

Estimates of the stock of nonfarm residential structures in 1929 prices
are those prepared by Leo Grebler, David M. Blank, and Louis Winnick.44
The latter also cumulated real net additions to stock. Depreciation was
computed by the declining balance method, using a rate of 2 per cent
a year. A base in 1890 was provided by the product of the number of
units in the stock and the deflated average value per unit given by the
mortgage census of 1890.45 The base agrees closely with the Kuznets
independent estimate for this component of wealth. The estimates were
carried back by subtracting Kuznets’ estimates of real outlays for new
nonfarm residential structures. The Grebler-Blank-Winnick estimates for
1950 relative to 1890 are about 5 per cent lower than independent census-
type real-wealth estimates and about 10 per cent lower than Goldsmith’s
estimates. We used the Goldsmith method of applying a fixed percentage
markup to obtain the real value of site land.

The estimates of farm capital other than machinery are those prepared
by Alvin S. Tostlebe for census years 1870-1950,48 interpolated annually
and extrapolated forward by Goldsmith’s estimates. Tostlebe used acres
of farm land in the various states, by type, multiplied by the average value
per acre in the base period. His weighted aggregate increases significantly
less than a simple measure of acreage, reflecting the greater relative increase
in unimproved compared to higher-value improved land. Tostlebe’s
estimates of inventories were obtained by multiplying numbers by average
value per unit in the base period, by state. The changes in the real farm
inventory values as estimated by Tostlebe accord closely with the corres-
ponding gross national product (GNP) component.

Goldsmith’s estimates were also used for the stock of net foreign assets,

42 Research Project on the Structure of the American Economy, “The Capital Structure
of the American Economy,” Studies in the Structure of the American Economy, New York,
Oxford University Press, 1953.

43 Kuznets, Capital in the American Economy, Vol. 11, Part D.

44 Capital Formation in Residential Real Estate: Trends and Prospecis, Princeton University
Press (for NBER), 1956.

45 Census of the United States, 1890, Vol. X1X, Report on Real Estate Mortgages.

48 The Growth of Physical Capital in Agriculture, 1870-1950, Occasional Paper 44, New
York (NBER), 1954.
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mentioned earlier, and as a basis for government-owned capital stock.
In the latter category, we modified his land estimates somewhat; and for
the sake of consistency with national product sectoring, we roughly
estimated the capital stocks held by government enterprises to include
them with the business sector rather than with general government.

It is not easy to appraise the accuracy of the real-stock estimates, given
their conceptual basis.47 The correspondence between long-run movements
of the deflated book value estimates and the cumulated real net investment
series is reassuring as to the basic value data, but these estimates are sub-
ject to common error on two scores. In the first place, the deflators for
capital goods are not entirely satisfactory. This is true of construction
throughout and of equipment particularly in the earlier decades. The
probable downward bias in the plant physical-volume estimates is, of
course, matched by a similar bias in the new-construction component of
GNP. Secondly, the lengths of life of plant and equipment, according to
which the gross capital outlays are depreciated by the perpetual inventory
method, are also implicit in the book value estimates. Insofar as these
are unrealistic, they affect the estimates of stock and associated capital
services; or (more importantly), insofar as actual lengths of life have
changed over the period, the estimates of real capital stock and associated
capital inputs have somewhat distorted movements.

Comparisons of estimates based on the different approaches indicate
that margins of error are probably greater in shorter-term movements
than in the long-run trends. The statistical base of the capital outlay
estimates is generally more solid for recent decades; so it is reasonable to
suppose that the derived real capital stock estimates are more accurate
in recent periods than in earlier years.

THE WEIGHTING SYSTEM

In many American industries, and in the economy, there tends to be a
negative correlation between relative changes in outputs and in prices.
This means that a late-period weight-base results in a smaller increase in
the aggregate industry or economy output than an early-period weight-
base. There is a similar, but less pronounced, tendency characterizing
input aggregates, since capital per unit of labor input has increased, while
unit capital compensation has declined, relative to wage rates. So, as we
shall see, the weighting system makes less difference in the movement of
total factor productivity than it does in the movement of real product.
But the choice of a weighting system is still of consequence.

Ideally, in comparisons of an aggregate between two periods, one should
use the relative weights of each period in order to bracket the difference

47 See Creamer, “An Appraisal of Long-Term Capital Estimates: Some Reference
Notes.”
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in change. This is hardly practical in presenting a long time series, and
certainly not so for the many time series in this study. Accordingly, we
have resorted to the weighting convention used in most of the other
National Bureau studies of output. That is, in comparing movements
between key years we have used arithmetic averages of the unit values
in the two years to weight component units (the Marshall-Edgeworth
formula), and then linked the resulting index numbers for the several sub-
periods in order to form a continuous series, with 1929 as the reference base.

Although there is no unique solution to the index number problem, the
chain index with occasionally changing weights seems to be a reasonable
convention. The relative unit values for each time-segment of the index
are consistent with the contemporaneous structure of production. Usually,
structural changes are gradual enough to warrant only occasional changes
in weights, but the changes cumulate so that over as long a period as we
are studying frequent weight changes seem desirable. In comparing
changes between the key years of the long period (1889-1957), it might be
argued that cross-weights for these two years should be used. But differ-
ences in the nature of product are so great over as long a period as is
considered here that this procedure would be impractical.

We have quantified the difference in movement of the output and input
aggregates and of total factor productivity in the private domestic economy
as a whole by using changing weights as compared with a fixed (1929)
weight-base. With respect to real product, weighting by both systems
was carried out in terms of about 200 product classes from 1929 on, and
several dozen classes in the earlier years. Between 1889 and 1929, the
chain index rose about 5 per cent more than the fixed-weight aggregate
in line with the tendency for relative changes in prices and quantities to be
inversely correlated. There is, however, very little difference between the
two indexes between 1929 and 1953. One would have expected the fixed-
weight (1929) aggregate to show a greater increase over this period, and
its failure to do so seems to be connected with peculiarities of the post-
World War II period (see Appendix A and Table A-XVIII). The input
indexes were alternatively weighted in terms of 47 industrial groupings in
the case of labor, and 25 in the case of capital, and the two broad input
groups were also weighted together using both schemes. The fixed-weight
aggregate rose about 2 per cent less than the chain index up to 1929 and
then by about 1 per cent more between 1929 and 1953.

As a result of the relative movements described above, the productivity
ratio showed less divergence of movement between 1889 and 1929 using
the alternative weighting systems than was the case with real product,
because the divergence of the input indexes was in the same direction as
that of the output indexes up to 1929. Since 1929, however, the diver-
gence was slightly greater, because whereas the fixed-weight input
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aggregate fell a bit relative to the chain index (in line with expectations),
the divergence of the two real-product series was to a slight extent in the
opposite direction (see Tables A-XVII and A-XVIII).

Some other comparisons of the effect of alternative weight-bases are
made in the industry appendixes. In general, it appears that the effect
of alternative weight-bases in groupings as broad as those used in this
study is not great in relation to the large changes in the output and input
aggregates and their ratios. But it is likewise clear that the changes vary
somewhat depending on the particular weighting convention employed.
The differences are minor, however, compared with differences in move-
ment between weighted and unweighted input aggregates.

Finally, two deficiencies of the factor-cost estimates should be noted
which affect their use for the analysis in Chapter 5 as well as for weighting
purposes. They do not relate to the quality of the basic data, which is
relatively good since 1919, but rather to methods of estimation. First,
whereas the labor compensation estimates are based on plant data, in line
with the principle of industry classification, the data on corporate profits
relate to firms. Insofar as firms have establishments in several industries,
there is some distortion since all profits are thrown into the industry in
which the firm’s major activities lie. We have transferred some of the
profits reported for the petroleum refining industry (manufacturing) to
the crude oil and natural gas producing industry (mining); but in several
other cases distortions are probably significant enough to warrant adjust-
ments, which, however, were not made because of lack of a firm statistical
base. Second, whereas profits have been adjusted for the éffect of inventory
revaluation to current prices in the national accounts, a similar adjustment
for depreciation revaluation has not been made. This is not so important
in the relative weights assigned to the real capital stocks in the various
sectors, but it is of somewhat greater importance in the relative weights
accorded to labor and capital. In periods of rising prices, profits and the
relative weight of capital tend to be overstated.
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Productivity in the Total Economy



CHAPTER 3
Productivity Changes in the Economy

ThHis chapter is devoted to a description of average changes in the private
domestic economy since 1889. It provides the background for later analy-
sis of the role of productivity in aggregate economic growth and a standard
for comparison of productivity changes in the individual industries of the
economy. The economy-wide estimates will also be useful for international
comparison and analysis, but this use lies beyond the scope of the present
volume.

Special interest attaches to over-all productivity indexes as the best
available measures of net changes in the productive efficiency of the
economy as a whole. In effect, the index of productivity in the private
domestic economy is a weighted average of productivity indexes for the
various industries. The component-industry measures show considerable
dispersion and irregularity of movement. This is due partly to chance
elements affecting invention, innovation, and the incidence of increasing
returns, but it also reflects changing relative amounts of investment de-
voted to improvement of efficiency in the various industries. Only by
study of the aggregate measure can we see the net effect of industry
productivity changes and the degree of regularity of the forces promoting
improved efficiency in the economy as a whole.

We shall examine both secular trends and shorter-period fluctuations
in total factor productivity and the partial productivity ratios. The
analysis is confined largely to the private domestic economy; the national
product and productivity estimates are subject to some downward bias
because of the method of estimating real product originating in the govern-
ment and in the rest-of-the-world sectors. Since we later use the national
productivity estimates for analysis of aggregate economic growth, however,
we shall compare long-period productivity trends in the private domestic
and total national economies. The differences are relatively minor, for
the private domestic economy accounted for more than 90 per cent in all
peacetime years.

Secular Trends

The long-term growth of total factor productivity and the partial product-
ivity ratios will first be described in terms of average annual rates of
change between 1889 and 1957. Inspection of the time series on an annual
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basis reveals a distinct change in trend about 1919; so rates of growth over
the two segments of the long period will also be computed. More compli-
cated methods of trend fitting are employed, but these give virtually the
same average rates of change as are obtained by use of the simpler com-
pound interest formula.

THE LONG PERIOD, 188g-1957

Total factor productivity—uvariant measures. Between the terminal years of
the period 1889-1957, productivity increased at an average annual rate
of approximately 1.7 per cent in the private domestic economy (see
Table 1 and Chart 1). Since the real private domestic product grew at

TABLE 1

Private Domestic Economy:
Growth Rates in Real Product and Productivity Ratios, 1889-1957
(average annual percentage rates of change)

Real Gross Real Gross Product per Unit of Real Gross Product

Product Total per Manhour
Factor Labor Capital (unweighted)
Input Input Input
1889-1957 3.5 1.7 2.0 1.0 2.4
1889-1919 39 1.3 1.6 0.5 2.0
1919-57 3.1 2.1 2.3 1.3 2.6

Source: Table A-XXII.

an average annual rate of 3.5 per cent over the same sixty-eight year period,
it is evident that about half of the growth in output was accounted for by
additions to real labor and capital inputs, and half was contributed by
increases in the efficiency with which the inputs were utilized, i.e., in
productivity. The relative importance of productivity has been still
greater in recent decades. But even the 1.7 per cent a year secular rate,
when compounded, would result in a doubling of real private domestic
product every forty years due to productivity growth alone; the 3.5 per
cent annual rate of growth of real product as a whole results in a doubling
every twenty years, on the average.

The rate of growth of productivity in the total national economy using
the estimates of either the Commerce Department or Kuznets (national
security version) is lower—1.6 per cent, as shown in Table 2. There is
reason for thinking that these more comprehensive estimates understate
actual productivity gains. The Commerce Department uses explicit
conventions for estimating real product originating in the rest-of-the-world
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CHART 1

Private Domestic Economy: Output, Inputs, and Productivity Ratios, Average Annual
Rates of Change, 1889-1957
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and general government that make no allowance for productivity change
in these sectors (which comprise the difference between the private domes-
tic and total national economies).

Measurement of the physical volume of gross and net government out-
put is not generally practicable; but it seems obvious a priori that the

61



PRODUCTIVITY IN THE TOTAL ECONOMY

productivity of public resources must have increased over the period since
many of the same technological improvements have been introduced in
government as in private industry.l This must also have been true of
real net capital stocks located abroad, but the estimates of real net factor
income from abroad do not reflect it.

TABLE 2

Alternative Economic Sectors and Variant Concepts of National Product:
Growth Rates in Real Product, Input, and Productivity, 1889-1957 -
(average annual percentage rates of change)

Economic Sector Real Gross Total Real Total Factor
Product® Factor Input Productivity
Private domestic 3.46 1.70 1.73
Private national 3.47 1.75 1.69
Total national: 1.92
Commerce concept 3.50 1.55
Kuznets concepts:
National security 3.50 1.55
Peacetime 3.39 1.44

Source: Tables A-XIX through A-XXII.

@ If real net product estimates are used, the growth rates are higher by 0.01 percentage
point in the national security concept of the total economy; 0.02 percentage point higher
in the private national economy; 0.03 percentage point higher in the Commerce national
economy concept; and lower by 0.01 percentage point in the peacetime concept of the
national economy.

Inclusion of the general-government and rest-of-the-world sectors raises
real factor input proportionately more than real product in the total
national economy as compared with the private domestic economy. The
difference in average annual rates of change is 0.22 percentage point for
input and 0.04 for real product.2 Thus, the input of the two sectors rose
even more than private domestic product. Reference to Table 2 indicates
that the rest-of-the-world sector accounted for 0.04 percentage point of the
difference between productivity growth in the private domestic and total
national economies with the larger government sector accounting for the
bulk of the total 0.18 percentage point difference. The proportionate
difference between the two rates of growth differs somewhat by subperiod.

It is apparent that the differences shown are not major. Even if it were
assumed that productivity in the total national economy rose at the 1.73

1 See the experimental measures compiled by Henry Lytton, “Recent Productivity
Trends in the Federal Government: An Exploratory Study,” The Review of Economic
Statistics, November 1959, p. 341.

2 The greater relative discrepancy in the period since 1919 is traceable to our inclusion
of the input of capital as well as of labor commanded by government, whereas the Com-
merce real government product estimates parallel the government labor input measure

alone. Labor and capital inputs showed parallel movements between 1889 and 1919, but
between 1919 and 1957 capital in this sector rose relative to labor input.
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average annual percentage rate calculated for the private domestic
economy instead of 1.55, then real national product would have risen at an
average annual rate of 3.68 instead of at 3.50 as computed.

The Kuznets estimates (national security version) imply about the same
rate of change in total factor productivity as the Commerce estimates,
although there are several conceptual differences between the two series,
as explained in Chapter 2. The chief difference is that Kuznets excludes
estimated public services to business from final product while the Com-
merce Department includes all government purchases of goods and
services. The amount involved is not large, and the conventions used by
Kuznets to measure real government services to consumers and, by
implication, real intermediate services to business result in a relatively
stable ratio of the latter to real national product in the terminal years
(see Appendix A, section on “Private purchases of goods and services”).
Because the two sets of estimates yield much the same secular rate of
productivity advance, it is plain that the Kuznets series also imply no
advance in productivity of the factors employed in the public and foreign
sectors. There is, however, some divergence in subperiod movements
between the two series. Since the Kuznets conventions for excluding
government real-cost services are quite arbitrary, the Commerce estimates
are better suited to the study of productivity movements as such. Kuznets’
estimates (national security version) will, nevertheless, be used for analysis
of the interactions of productivity and economic growth because his
national product estimates permit a complete breakdown by the broad
purposes toward which economic activity is directed.

The rates of change in the Kuznets peacetime version of the national
product are also shown in Table 2. In this version, Kuznets excludes
national security outlays from final product on the grounds that they do
not contribute directly to economic welfare but are merely a precondition
for production and hence may be classed as intermediate. Since the
proportion of total real gross national product devoted to national security
purposes increased from 0.4 per cent in 1889 to 9.2 per cent in 1957, the
average annual rate of growth of real product and productivity by the
peacetime version was 0.11 percentage point lower over the sixty-eight-
year period than by the national security version. Again, the differences
vary by subperiod, depending on the changes in the distribution of the
national product as between national security and civilian purposes.

We do not carry consideration of the peacetime version beyond this
comparison and presentation of the basic estimates on which it is based
{Tables A-I and A-II). Itis only necessary to extend Kuznets’ argument
to read that national security is a goal equivalent to welfare in peacetime
as well as in wartime to justify use of the more inclusive measures. In any
case, from the standpoint of our interest in the productive capacity or
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productivity of resources, it is desirable to use measures that do not
fluctuate with changes in the degree of international tension, since the
resources devoted to national security can be shifted to the production of
consumer or capital goods without substantially affecting total product
inclusive of national security outlays. Subsequent analysis of national
productivity movements is therefore based on national product measures,
including the output of security items in all years.

A final comparison relates to product estimates gross and net of capital
consumption allowances. In the next chapter, we use real net national
product and productivity measures. These are theoretically preferable
since the production of capital goods required to offset that part of the
stock consumed in the production process does not add to welfare any
more than does the output of any other intermediate goods and services.
Actually, the estimation of real capital consumption presents serious
conceptual and statistical problems that make the net measures less
accurate than the gross. Further, since estimates of real capital consump-
tion are not available for most industry groups, our analysis of real
private product (used later for comparison with industry real-product
estimates) is based on the gross estimates. The figures in the footnote to
Table 2 indicate that the broad real gross and net product estimates are
virtually interchangeable if Kuznets’ estimates of real capital consumption
are accepted. Ideal measures of net product, were they available, might
show greater divergence of movement from the gross measures.

The partial productivity ratios. The index of total factor input is a weighted
average of the indexes of the two major inputs, labor and capital, each of
which may also be related to output. Since capital per unit of labor input
increased by about 1 per cent a year on balance between 1889 and 1957,
output per unit of capital input shows a significantly smaller average
annual increase than output per unit of labor input—!1 per cent as com-
pared with 2 per cent (see Table 1).

For reasons adduced in Chapter 2, aggregate labor and capital inputs
were computed by weighting manhours and real capital stocks in the
various industry groups by the compensation per unit of labor and capital
in each. Since both labor and capital inputs have shown a persistent
tendency to increase more rapidly in the higher-paying industries, the
weighted input indexes have increased more than the unweighted. This
is a rough measure of the increasing quality of resources resulting from
interindustry transfers of resources to the extent that relative unit com-
pensations indicate the relative marginal productivities of the resources
in the various uses.

When output is related to unweighted indexes of the two factor inputs,
the productivity ratios rise faster than in the measures we have used.
Output per manhour increases at an average rate of 2.4 per cent a year
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compared with the 2.0 per cent rise in output per unit of (weighted) labor
input; and output per unit of capital (unweighted) increases by 1.1 per
cent a year compared with 1.0 per cent for output per unit of (weighted)
capital input. The ratio of output to a combination of both unweighted
factor input indexes 3 increases at an average annual rate of 2.0 per cent
compared with the 1.7 per cent shown by the preferred total factor
productivity measure.

Qur method of weighting inputs by industry has the distinct advantage
that the productivity ratios are not affected merely by the relative shift
of resources among industries:—the over-all productivity index is thus
conceptually an internally weighted mean of the productivity indexes for
the component industries. It can be compared with the industry indexes
without the necessity of explaining that part of the change in the aggregate
1s due to interindustry shifts since these affect input rather than productivity
by our procedure. The productivity indexes computed by using internal
weights for the inputs are thus a purer measure of changes in technological
efficiency as such. Another advantage is that they better indicate the
extent to which rates of unit factor compensation in given employments
can be raised consistent with stable average product prices. This is not
true of productivity indexes using unweighted inputs since part of the
“productivity” increase accrues to the factors as a result of upgrading.

THE BREAK IN TREND

Annual estimates of real private domestic product and associated factor
inputs are plotted in Chart 2, and the derived estimates of total factor
productivity, in Chart 3. Examination of the annual index numbers of
total factor productivity reveals a distinctly higher trend since World War I
than that which prevailed in the three prior decades. Rates of growth
computed between the terminal years of the two periods are 1.3 per cent
a year for 1889-1919 and 2.1 per cent for 1919-57. Actually, the change
in trend could be interpreted as beginning in 1917, but it is more con-
venient for us to use the key year 1919 as the dividing point. The results
are not substantially affected.

Trend lines fitted by the method of least squares to the two segments of
the time series show the same rate of growth for the more recent period,
but a somewhat lower rate for the early period—1.03 per cent. The
difference arises because productivity in 1889 is below the trend line,
whereas in 1919 it is above, as is apparent in Chart 3. Estimated product-
ivity in both 1919 and 1953 is above the trend line; so the rate computed
from terminal years is the same as that indicated by the method of least

8 Manhours and unweighted capital input are combined by changing shares of national

income in key years (see Table A-XXII).
4 Effects of intra-industry shifts are not eliminated.
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CHART 2

Private Domestic Economy: Real Gross Product and Factor Inputs, 1889-1957
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CHART 3

Private Domestic Economy: Trends in Total Factor Productivity, 1889-1957

Index (1929 =100)

200
180
160

140

T TTTTTTT

120

T

100

y=1ua
r=+0.

1919-53

0 (1.021)*

b

//

{

| I

1

90+
80
70~

50 ilLllll

GOM

llllll

M/mis

Lipelieg lIlIIIIII

-1219

y = 67711010/
r=+0.942

"

llLlIlllJ

=

-

200
180

160
140

FTTTTTTT

120

T

5-year moving

overcy

e

\

111 L

100
90
80
-

50 Illllllll

eo—/—/

|llllllll

_—

A

llllllll 1lll||lll

and

lllllJlll

llllllll

11t

-

1889 1899

squares.> Subsequent estimates for 1953-57 continue to fall around the
trend line, although 1957 is a bit lower relative to the trend than is 1953.

An alternative method of fitting a trend is illustrated, for 1919-53, by
the dashed line in Chart 5. Here, the logarithms of total factor productivity
are related to time and to the ratio of civilian employment to the civilian
labor force. By holding the employment ratio constant at a relatively full
employment level (0.965) the calculated net trend tends to pass through

5 Glover’s method, which minimizes the sum of the squares of arithmetic deviations,
yields the same growth rate for the early period as the usual least squares method, but a
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higher average rate for the recent period (2.23 per cent versus 2.10 per cent).
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the productivity estimates for years of high employment. The indicated
trend rate of increase is 2.0 per cent a year. This type of net trend is useful
for the projection of productivity to years in which full employment is
assumed. The estimating equation indicates that for each 1.0 per cent
decline in the employment ratio, productivity deviates from its calculated
trend value by approximately 0.6 per cent.

Although it is preferable to calculate trend rates of growth by a method
of least squares, we shall generally use the simpler compound interest
formula applied to terminal years of subperiods or long periods. The
differences between the two methods are not great since the terminal years
are years of relatively high economic activity and, in any case, productivity
indexes fluctuate less than most economic variables. The compound
interest calculation is also used because annual estimates are not available
for many of the industry productivity series with which the estimates for
the private domestic economy are compared later.

Less confidence can be placed in estimates for decades prior to 1889,
but it is of interest that the average rate of increase in total factor product-
ivity between the decade averages for 1869-78 and 1889-98 is 1.2 per cent
a year, which is in line with the 1.3 per cent for the subsequent quarter
century. The rate would be somewhat less if correction were made for
the downward bias of the estimates for the first decade, resulting from the
undercount of the Census of 1870. This defect in the national product
estimates results in the appearance of an extraordinarily high rate of
increase in real product and productivity between 1869 and 1879, which
is reduced by the use of the decennial averages. Because of doubts as to
the accuracy of the early estimates, however, we confine the analysis of
productivity changes to the period since 1889.

Between 1889 and 1919, the rates of growth of both of the major partial
productivity ratios were significantly less than in the more recent period
(see Chart 4). Acceleration after 1919 is much more marked in the output-
capital ratio, with the average rate of change in this ratio rising from 0.5
per cent to 1.3 per cent a year. The average annual rates of increase in
output per unit of labor were 1.6 per cent and 2.3 per cent in the two
periods. In the early period, capital stocks, on balance, were being built
up more rapidly relative to the labor force than they were after 1919.
In some industries prior to World War I, capital was growing even faster
than output; since then the reverse tendency has prevailed in almost all
industries (see Chapter 6).

A similar picture emerges from an aggregate of independently estimated
output series, accounting for more than half of the national income origi-
nating in the private domestic economy, in relation to independently
derived capital series and to manhour series which are part of the broader
aggregate. The pertinent growth rates are shown in Table 3. The acceler-
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CHART 4
Private Domestic Economy: Partial Productivity Ratios, 1889-1957 (1929=100)
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ation since 1919 is even more pronounced than it is in the sector as a
whole, which confirms the notion of a distinct break in trend.

Although there is little evidence of further acceleration in total factor
productivity over the years since World War I, the rate of increase in real
private product per manhour since World War II has been higher than
in the interwar period. This is discussed by Fabricant in his introduction,
and in a report by the Bureau of Labor Statistics released as this volume
was being prepared for press.6 Using essentially the same series on real
private product per manhour as is presented here, the BLS report notes
that for 1909-58 a curvilinear trend fits the data better than a straight-
line trend. When, however, the period 1919-58 is used, and when a

8 Trends in Output per Manhour in the Private Fconomy, 1909-1958, BLS Bulletin 1249,
December 1959.
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variable is introduced to represent the rate of utilization of capacity, the
degree of acceleration is sharply reduced. Itis further reduced if the data
back to 1889 are used. For the private nonfarm sector separately, no
acceleration of real product per manhour is apparent after 1919.7

TABLE 3

Private Domestic Economy, Covered-Industry Sector®
Growth Rates in Output and Productivity Ratios, 1889-1953
(average annual percentage rates of change)

Output Output per Unit of
Total
Factor Labor Capital
Input Input Input
1889-1953 3.2 1.7 1.9 1.0
1889-1919 3.1 0.6 038 0.1
1919-53 3.2 2.6 2.8 1.9

Source: Table A-XXV.

@ Aggregate of industry segments for which capital and labor input indexes as well as
output indexes are available: farming, mining, manufacturing, transportation, and
communications and public utilities; trade from 1929 forward.

Acceleration after 1947 in real product per manhour for the private
economy can largely be explained in terms of a much higher rate of
increase in real capital per manhour after World War II than in the inter-
war period. Acceleration is not significant in the total productivity measure
since capital is included in the denominator of the ratio. Any projection of
the postwar rate of increase in real private product per manhour would be
predicated on a continuing high rate of increase in real capital stock per
manhour, other things equal. Butsince this and the other causal forces are
subject to change, any projection of a trend line beyond the historical
period is hazardous.

It is not possible adequately to analyze the factors that may have been
responsible for the change in productivity trend around the time of World
War 1, although it is a subject worthy of further investigation. A step in
this direction can be taken by noting a few changes that occurred about
the same time in associated variables. The scientific management move-
ment, based on the ideas of Frederick W. Taylor, spread widely in the
1920’s; college and graduate work in business administration expanded
rapidly; and it was only after 1919 that organized research and develop-
ment became a significant feature of the industrial landscape (see
Chapter 4). It has also been suggested that the drastic change in national
immigration policy promoted a more rapid increase in the average

7 Ibid., p. 27.
70



PRODUCTIVITY CHANGES IN THE ECONOMY

education of the labor force. That is, since the immigrants had less
schooling, on the average, than the domestic labor force, the mass influx
of workers from abroad prior to World War I had tended to retard the
increase in average education.d

It is tempting to enumerate specific innovations that became important
after 1919, such as mass or “flow”’ production techniques in manufacturing.
Certainly, there was a remarkable acceleration in manufacturing
productivity in the 1920’s. But significant innovations were occurring
throughout the whole period; short of a thorough study of their cost-
reducing impact, it would not be possible to isolate those that contributed
most to the speeding-up of productivity advance.

Temporal Variations in Growth Rates

SUBPERIOD CHANGES

In the private domestic economy as a whole, rates of growth over sub-
periods of approximately a decade in length have been relatively close to
the longer-term trend rates. They are notably more stable than the sub-
period rates in most of the industry groups surveyed later because the
variations of the industry rates tend to be offsetting. The offsetting nature
of divergent industry rates may be in part a result of random factors and
in part a result of interindustry shifts of the resources devoted to techno-
logical progress.

Over the period 1889-1957, the average deviation of the subperiod
rates of change in total factor productivity from the average rate for the
period as a whole is 0.4 per cent—less than one-quarter of the average
annual rate of growth. The average deviations are less, of course, for each
of the two major time-segments into which the trend was broken—0.2 and
0.3 per cent for 1889-1919 and 1919-57, respectively (see Table 4).

Taking the period as a whole again, for the sake of convenience, the
average deviation of subperiod rates of change in output per unit of labor
input is the same as that for total factor productivity—0.4 per cent. The
deviation for output per unit of capital input is absolutely greater, and
relatively much greater—0.7 per cent. Apparently, the forces that deter-
mine the growth of investment and capital stock in relation to output are
comparatively irregular in their operation.

Irregularity in the subperiod rates of change in input proportions—or,
to put it differently, in the rate of substitution of capital for lJabor—may
be due to changes in relative factor prices, in the propensity to save, or in
the nature of technological advance, all of which are interrelated. But the
effect on changes in productive efficiency does not seem to be marked.

8 The author is indebted to Milton Friedman for this suggestion.
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There is, however, a mild tendency for subperiod rates of change in capital
per unit of labor input to be positively correlated with subperiod rates of
change in output per unit of labor input.? This tendency is consistent with
the fact that the average deviation of subperiod rates of change in total
factor productivity from the long-period rate is somewhat less than the
weighted mean of the average deviations of subperiod changes in each of the
partial productivity ratios from their secular rates of change.

TABLE 4

Private Domestic Economy:
Subperiod Rates of Change in Real Product and Productivity Ratios,
with Mean Deviations from Secular Rates, 1889-1957

Real Real Product Per Unit of
Product Total
Factor Labor Capital
Input Input Input

AVERAGE ANNUAL PERCENTAGE RATES OF CHANGE
1889-1899 45 1.6 2.0 0.4
1899-1909 4.2 1.2 1.3 0.8
1909-19 3.0 1.1 1.5 0.3
1919-29 3.7 2.0 2.2 1.4
1929-37 0.1 1.6 1.8 0.9
193748 4.5 2.3 2.2 2.7
1948-57 3.6 2.3 3.1 —0.2

MEAN SUBPERIOD DEVIATIONS FROM LONG-PERIOD RATES

1889-1957 0.9 0.4 0.4 0.7
1889-1919 0.6 0.2 0.3 0.2
1919-57 1.3 0.3 0.4 0.9

Source: Table A-XXII.

ANNUAL CHANGES

Charts 3 and 4 show that annual variations relative to trends are much
greater than the relative subperiod variations. The average deviation of
the yearly percentage changes in productivity from the 1.8 per cent
average annual rate, 1889-1957, is 2.9; the average deviation of the change
in output per unit of labor input is somewhat less, while that for the
change in the output-capital ratio is much greater. The average annual
deviations of percentage changes in total factor productivity and labor
productivity are somewhat smaller when computed from the trend rates
for 1919-57, but they are still large.

In a few cases, the variations in annual productivity changes appear to
be erratic, traceable to random factors or, possibly, to erratic errors in the

9 The cocfficient of rank correlation is +.29 (which is, however, not significant at the
5 per cent level).
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estimates. The sharp rises in 1901 and 1906, followed by partially
offsetting drops, appear to be of this character. The lower-than-trend
values in 1914, 1915, and 1917 may reflect the repercussions of World
War I, although it should be noted that productivity was well above trend
in 1944 and 1945.

Productivity and the business cycle. The major cause of annual fluctuations
in productivity change appears to be short-term changes in the scale of
production. Over those forty-seven years of the period 1889-1957 that
are characterized as reference cycle expansions, the average percentage
change in productivity was 2.8, compared with a 1.8 per cent average of
annual changes over the entire period. Over the twenty-one years
characterized as contractions, productivity fell by 0.5 per cent on the
average (see Table 5). The average deviations of the percentage changes

TABLE 5

Private Domestic Economy:
Change in Real Product and Productivity Ratios,
Years of Expansion and of Contraction, 1889-1957
(average annual percentage change)

Years ‘Real Real Product per Unit of
Covered Product Total
(number) Factor Labor Capital
Input Input Input

Years of expansion

1889-1957 47 6.7 28 2.4 4.0
1889-1919 20 2.8 2.8 2.5 3.5
1919-57 27 6.7 29 2.3 4.4
Years of contraction

1889-1957 21 —-29 —-0.5 1.3 -5.2
1889-1919 10 —1.5 —L5 0.0 —4.9
1919-57 11 —4.1 0.3 2.5 —55

Source: Table A-XXII.

during expansions are absolutely smaller and relatively much smaller than
are the average deviations during contractions. Productivity fell during
half of the contractions, and the fall was particularly marked during major
contractions. But in the other reference contractions, productivity rose.
Productivity rose by more than the trend rates of increase in the postwar
readjustment, 1918-19, and in three subsequent recessions, two of which
were very mild.

With respect to partial productivity, output per unit of labor input rose
only one-half as much in contractions as in expansions. Presumably,
certain types of “overhead’ employees are kept on payrolls when output
falls, but are not so fully utilized as when production is expanding. Also,
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when output falls below the point of the optimum combination of labor
with fixed capital, it is to be expected that the productivity, or output
per unit of each of the factors will decline. A partial offset might be pro-
vided by an increase in the efficiency of individual workers to the extent
that less efficient workers are laid off first and those remaining exert more
effort in view of growing unemployment. It is also probable that the pace
of technological advance falls off a bit in recessions since investment in
new plant and equipment tends to decline and research and development
outlays to slacken despite the greater pressure towards cost reduction
stemming from falling profit margins. On the other hand, some cost
reductions can probably be achieved with little or no new capital and by
concentrating production in more efficient plants.

Output per unit of capital input actually falls in contractions. This is,
in part, a functionof the technique of measuring capital input. We assume
proportionality with real capital stocks, since from the standpoint of
private ownership capital assets represent a real cost or charge regardless
of the intensity with which they are employed. This is certainly the case
when buildings or equipment are subject to long-term lease, or when they
are financed by borrowed funds on which regular interest payments must
be met. Even when equity capital is involved, presumably there must be
some average rate of return over the lifetime of the underlying real assets,
which is an implicit cost during recessions and must be incurred if capital
is to remain in the industry.

Unlike labor, which can be laid off under conditions of declining
activity (and subsequently does not represent a direct cost to private
industry), capital stocks usually continue to increase in mild recessions—
although the rate of increase declines as investment drops. Only in severe

contractions does gross investment drop below capital consumption
causing total capital stock to fall with output. Thus, when output falls,

the output-capital ratio will drop even more, as a rule. This does not
affect the subperiod or long-period changes since these are measured
between years of high activity which give time for capital to be adjusted,
more or less efficiently, to the volume of other inputs and to output.

Annual comparisons are, of course, a blunt instrument for cyclical
analysis. Monthly estimates adjusted for seasonal variation permit a
more refined analysis of changes in economic variables between turning
points and during both expansion and contraction phases. This study has
been confined to annual estimates, but a brief summary of the findings of
Thor Hultgren with respect to movements of output per manhour over.
specific production cycles and the reference business cycle provides an
illuminating supplement to our annual comparisons.10

10 Thor Hultgren, Changes in Labor Cost During Cycles in Production and Business, Occasional
Paper 74, New York (NBER), 1960.
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Hultgren assembled monthly output per manhour estimates for 23
industries for one or more cycles between 1921 and 1956, giving him obser-
vations on 74 expansions and 83 contractions. In terms of the turning
points identified in each industry output series (which mark production
cycles), in 91 per cent of the expansions output per manhour increased,
while in 72 per cent of the contractions output per manhour declined.
There was, however, a declining proportion of increases in output per
manhour during successive phases of expansion (from 88 to 68 per cent)
and an increasing proportion of increases during successive phases of
contraction (from 27 to 43 per cent).

At first glance, the positive relation between output and labor product-
ivity movements seems to contradict our findings based on annual private
domestic economy estimates, according to which output per manhour
rises in contractions as well as in expansions, although in significantly
lesser proportion. But it must be remembered that individual production
cycles frequently do not coincide with the general reference cycle in timing.
When they do not, the extent of the average industry expansion or con-
traction within the reference cycle dates is dampened. This influence is
strong enough to reverse the picture of the relationship in contractions.
In 76 per cent of Hultgren’s 54 observations for. reference expansions,
output per manhour rose—a smaller percentage than prevailed during the
production cycle expansions. But in 69 per cent of the 65 reference
contractions, there was also a net increase in output per manhour as
opposed to # majority of declines in production contractions. In other
words, the adverse effect of declining volume is reduced, and the relative
impact of technological advance is increased. The use of annual averages
further accentuates the tendency towards rising output per manhour in
contractions.

It is interesting to note also the relationships over the phases of the
general business cycle. During expansions the percentage of observations
in which output per manhour rose declined from 76 in the first phase to
63 in the last phase—a less pronounced decline than in individual produc-
tion expansions. In the first phase of contraction, 48 per cent of the
measures of industry output per manhour rose; in the last phase, 69 per
cent were rising.

If monthly estimates of real capital stocks were available, it seems clear
that the positive relation between output and the output-capital ratio
would be more pronounced between turning pointsin the monthly reference
cycle than between turning points on an annual basis. The positive rela-
tion would be still more pronounced over production cycles in which
amplitudesofoutputfluctuation aregreater thanin thegeneral businesscycle.

Variant annual productivity measures. It would be possible crudely to adjust
real capital stock estimates to make allowance for the hours of utilization
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CHART 5
Private Domestic Economy: Trends in Alternative Productivity Measures, 1919-57
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and thus achieve a formal consistency with the treatment of labor input.
If this were done, capital and total factor productivity would probably not
decline in most contractions, although the rate of increase would be re-
tarded, as in the case of labor productivity, since there would be departures
from optimum factor combinations. But such an adjustment to capital
would have a most tenuous statistical basis, and even theoretically would
be purely formal, since in a real sense productive efficiency does decline
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when capacity is utilized at rates significantly below those for which it was
created. In any case, the intermediate and long-term comparisons would
not be affected because there is no clear-cut evidence of a marked trend
in the degree of utilization of capital over time.!1

A more interesting possible variant of the productivity series involves
treating labor from the viewpoint of social cost, and counting unemployed
members of the labor force over and above a normal “frictional” pool
(say 3.5 per cent of the labor force) as part of labor cost. The further
assumption is made that such persons—by definition willing and able to
work—are desirous of working the same average hours as those put in by
employed workers. This variant is shown for the period since 1919 in
Chart 5. It is seen that productivity so calculated falls significantly more
in years of marked depression than does our standard series—indicating
that the efficiency with which society utilizes its potential resources drops
more than does the productive efficiency of industry measured in terms of
private-enterprise costs. The virtual identity in the movements of the
alternative productivity series since World War II is a measure of the
greater efficiency with which our social organization now provides for
high levels of economic activity as compared with the 1930’s and some
earlier depressed periods.

11 See Bert G. Hickman, “Capacity, Capacity Utilization, and the Acceleration
Principle,” Problems of Capital Formation: Concepts, Measurement, and Controlling Factors,

Studies in Income and Wealth, Volume 19, Princeton University Press (for NBER),
1957, pp. 419-468.
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CHAPTER 4
Productivity and Economic Growth

THERE are a number of measures of economic growth, each with its own
meaning and uses. In this chapter, the relationship of productivity change
to three aggregate growth measures is quantified. So also are certain
characteristic trends in the composition of both output and input which
seem to be related to the dynamics of economic growth in general and
productivity advance in particular.

The most direct measure of economic growth is the real net national
product. Increments to real product can be directly partitioned between
increases in inputs and in productivity. The productivity increment is,
of course, the gain in real income accruing to the factors of production,
and the distribution of that gain will be analyzed in the next chapter.

From a broader viewpoint, only if real net product grows proportion-
ately more than the population does is there economic progress. As a
second measure, therefore, real net product per capita is used. We
also look at changes in the ratio of consumption to total net product
to see to what extent output growth has been used to raise potential
economic welfare directly as compared with its use for investment goods
or national security. Since the rise in real net product per capita results, in
part, from an increase in input per capita, changes in the structure of
factor input, and changes in certain types of nonfactor input as well,
will be examined from the view-point of their relation to productivity
advance.

The third type of measure is one that breaks down the real gross national
product of each period between that part required to support the popula-
tion and capital of the prior year, and a “margin over maintenance.”
Some of the margin must go for national security, but the rest may be
used to support population increases, or to increase consumption and
investment per capita as compared with the previous period. This
approach reveals the anatomy of progress better than the conventional
classification of the net national product and permits an appraisal of the
relative importance of productivity gains in economic progress as defined.
Certain significant types of investment are not included or identified as
such in the national product measures, however, and this omission is
repaired in a final section of the chapter.

78



PRODUCTIVITY AND ECONOMIC GROWTH

National Output, Input, and Productivity

In this chapter, the national sécurity version of the Kuznets estimates of
real net national product is employed. It will be remembered that his
measure comprises private and public consumer outlays and net invest-
ment, to which we have added national security expenditures. Although
the statistical basis of Kuznets’ segregation of government output between
final and intermediate products (and thus the implied productivity of
factors commanded by governments) is tenuous, use of his estimates makes
possible a comprehensive analysis of national economic growth in terms of
major social purposes. His estimates include real net income from abroad
that contributes to American planes of living, even though the associated
net capital stock is located abroad.

PARTITIONING OF CHANGES IN TOTAL REAL PRODUCT

Between 1889 and 1953, the real net national product grew from less than
$20 billion to $187 billion (in 1929 prices). This nearly tenfold increase
over the sixty-four years represents an average annual compound rate of
growth of better than 3.5 per cent. As indicated in Table 6, the rate of
growth was highest in the early part of the period and was subject to

TABLE 6

National Economy: Growth Rates in Real Product, Factor Input,
and Productivity, Subperiods, 1889-1957
(average annual percentage rates of change)

Real Net Total Tortal
National Factor Factor
Product® Input Productivity

1889-1953 3.6 2.0 1.6
(1889-1957) 35 19 1.6
1889-1919 42 2.8 1.4
1919-53 3.1 1.3 1.7
1889-99 4.5 2.9 1.5
1899-1909 4.3 3.1 1.1
1909-19 3.8 2.3 1.5
1919-29 3.1 1.6 1.4
1929-37 0.2 —0.9 1.1
193748 4.4 2.2 2.2
1948-53 4.7 2.2 2.4
(1953-57) 2.2 0.7 1.5

Source: Table A-XIX.
e Kuznets’ concept, national security version.
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progressive retardation right up through the prosperous 1920’s. Following
the stagnation of the 1930’s, which saw little net gain in real output, the
rate of growth picked up markedly and through 1953 was comparable
with that of the pre-World War I decades (see Chart 6).

The rate of growth is slightly less when the long period is extended to
1957, as is shown in Table 6, for purposes of comparison with the data
given in Chapter 3. This is due to the indicated retardation in the rate of
growth between 1953 and 1957. At the time of writing, Kuznets® estimates
were available only through 1953, and this terminal date is generally used
in the rest of the chapter. For trend analysis, a few years more or less make
little or no difference in the conclusions.

Over the period 1889-1953, national productivity increased at an
average annual rate of 1.6 per cent a year, accounting for somewhat under
half of the total growth of output. The rest of the expansion is attributable
to the growth of input, which averaged 2.0 per cent a year. Up until 1919,
however, productivity accounted for only one-third of the output increase,
whereas since 1919 productivity has become, on balance, as important an
element as input. This is partly the result of retardation in the rate of
output growth and partly the result of an acceleration in the rate of
increase in productivity. Based on the Kuznets estimates underlying this
analysis, the productivity acceleration shows up after 1937; the growth
rate averaged 1.3 per cent prior to 1937 and around 2.3 per cent thereafter.
Judging from the real private domestic product estimates, however, the
higher rate of growth began at about the end of the World War I.

Table 7 gives the results of a more elaborate attempt to partition the
increments in real product between the factor input and productivity
components. Since we are dealing with increments, averages were taken
of annual changes over the several periods and subperiods. As first
approximations to the input and productivity increments, the percentage
changes in these variables were applied to the real net product of the
previous year; the difference between the sum of these two increments
and the total annual change in real net product (the “joint product’” of
the two components) was split equally between the variables in accordance
with the procedure developed by Frederick C. Mills.1 The general picture
is similar to that obtained by comparing the relative rates of change in
Table 6. Over the period as a whole, productivity is computed to have
accounted for 48.5 per cent, as compared with 44.4 per cent, of the
real-product increments. In a couple of the subperiods, however, the
relative importance of the productivity increase is quite different when
based on results obtained from the more painstaking method underlying
Table 7.

1 Productivity and Economic Progress, Occasional Paper 38, New York (NBER), 1952, p.31,
n. 3. The equal division of the joint product has been criticized as being arbitrary.

80



National Economy: Real Net Product, Factor Input, and per Capita Measures, 1889-1957

220
200

180
160

140
120

100
90 -
80
70

60

50

40

30

20

180
160

140
120

100
90
80

70
60

50

40

PRODUCTIVITY AND ECONOMIC GROWTH

A. Real Net National Product (NNP), Factor Input, and Population
Index {1929=100)

TTTTTTTTd

T

%o,
N NEEN

Population ~

llll‘llll Illllllll J_Llllllll

Illllllll

Illllll

B. Real NNP per Ca

pita and Major Components

TTTTT

T

productivity\ j

~

Lt 111

| Factor input

/,\
- ,"d/\~ ._r"\_\".‘-
;,I‘\“/‘v PN

A

A
_,.»'ﬁ'\\f-"'i Rea! NNP per capita

|
i1l

IlJlllll_lIllllIIlIlIlll

lllllllll

1 1

llllll]

1889 1899 1909

1949

1957

Ratio scales



PRODUCTIVITY IN THE TOTAL ECONOMY

TABLE 7

Partitioning of Increments in Real Net National Product between
Factor Input and Productivity, Subperiods, 1889-1953

PERIOD OF  REAL INCREMENTS ALLOCATION OF PRODUCT INCREMENTS?
ANNUAL NNP8 OF REAL Real Factor Input Productivity
AVERAGE NNP Millions of Per Cent Millionsof Per Cent
Millions of 1929 of 1929 of
1929 Dollars Dollars Total Dollars Total
1889-1953 75,141 2,579 1,329 51.5 1,250 48.5
1889-1918 37,783 1,546 1,133 73.3 413 26.7
1919-53 107,163 3,464 1,497 43.2 1,967 56.8
1889-98 23,651 867 596 68.7 271 313
1899-1908 37,554 1,238 1,142 92.2 96 7.8
1909-18 52,142 2,534 1,661 65.5 873 34.5
1919-28 73,974 2,011 769 38.2 1,242 61.8
1929-36 74,390 150 —698 —465.3 848 565.3
193747 128,829 5,390 2,454 45.5 2,936 54.5
1948-53 166,454 6,774 3,874 57.2 2,900 42.8

@ NNP = net national product. From Table A-XIX (Kuznets’ concept, national
security version); absolute figures estimated from 1929 value and weighted index of
output.

b Estimated by procedure of F. C. Mills, Productivity and Economic Progress, Occasional
Paper 38, New York (NBER), 1952, p. 31, n. 3.

PRODUCTIVITY AND CHANGES IN REAL PRODUCT

Between 1889 and 1953, while output was increasing between nine- and
tenfold, the population of the nation grew from 62.5 million persons to over
160 million—roughly two and one-half times. Thus, output per capita
grew by somewhat less than 300 per cent, which averages out at 2.1 per
cent a year. On this basis, the gain of 1.6 per cent in the average annual
rate of productivity accounts for about three-fourths of the increase in
output per capita. The growth of input per capita accounts for the other
fourth (see Chart 7, Panel A).2

Over the seven subperiods shown in Table 8, the rates of growth of real
product per capita varied considerably; the weighted average deviation
of the subperiod rates from the long-period rate of 2.1 per cent was 0.8 per
cent. The larger part of the variation is traceable to variations in factor

2 Solomon Fabricant has compared productivity changes in the private domestic
economy with changes in real private domestic product per capita in Basic Facts on
Productivity Change, Occasional Paper 63, New York (NBER), 1959, pp. 18-22. Since
productivity rose more and real product less in the private domestic sector than in the

total economy, the relative importance of productivity is greater by Fabricant’s measure
and differs somewhat over the subperiods in comparison with our measure.
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CHART 7

Components of Real Net National Product per Capita, Average Annual Rates of Change,
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input per capita. Productivity gains showed less variation; the average
subperiod deviation from the 1.6 per cent productivity growth rate over
the long period was 0.3 per cent. Theseveral variables are plotted annually
in Chart 6. It will be noted from the chart and table that between 1919
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and 1953 (or 1957) there has been virtually no net change in input per
capita. Thus, productivity increase has accounted for the entire growth
of real product per capita since 1919, on net balance.

TABLE 8

Productivity in Relation to Levels of Living, Subperiods, 1889-1957
(average annual percentage rates of change)

Real Ratio of Real Total Factor Addendum:
NNP Consumer  Consumer Factor Input Population
per Capita® Outlays Outlays Productivity per Capita

to NNP per Capita®
(1) () 3) (4) (5) (6)

1889-1953 2.1 —0.1 19 16 0.5 1

(1889-1957) 2.0 —0.1 1.8 1.6 0.4 1.5
1889-1919 2.4 —0.4 2.0 1.4 1.0 1.8
1919-53 1.8 0.1 1.7 1.7 0.1 1.2
1889-99 2.6 —0.4 2.2 15 11 1.8
1899-1909 2.3 0.1 2.4 11 12 1.9
1909-19 2.3 —1.0 1.3 15 0.8 15
1919-29 1.6 13 2.9 1.4 0.1 15
1929-37 —05 0.5 -0.1 11 -16 0.7
193748 3.2 —05 2.7 2.2 1.0 12
1948-53 3.0 —14 1.6 2.4 0.6 1.6
(1953-57) 0.4 0.1 0.5 15 —1.1 1.8

NNP = net national product.

Source: Real net national product and real consumer outlays: Kuznets’ concepts,
Table A-1, adjusted to conform with internal weighting method. Population: Current
Population Reports, Dept. of Commerce, Series P-25, No. 114; population prior to 1900
extrapolated by Kuznets’ estimates.

@ When 100 is added to the average percentage rates, col. (1) = col. (4) X col. (5);
and col. (3) = col. (1) x col. (2).

Real consumption expenditures per capita increased by slightly less than
2 per cent, since the ratio of consumer outlays to net national product was
significantly lower in 1953 than in 1889 (see Table 8). This was a
concomitant of the much higher proportion of resources devoted to national
security purposes in the latter year. The somewhat erratic fluctuations in
the consumption ratio were chiefly the result of changing requirements for
national security. The main exception occurred during the 1929-37
period, when the proportion of resources devoted to investment declined
substantially. As a result, real consumer outlays showed a negligible drop
relative to population, although real net product per capita was 4.2 per
cent lower in 1937 than in 1929.
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The Changing Structure of Inputs

Although the increase in productivity has been much larger than the
growth of inputs relative to population, it is instructive to look at the
structure of inputs per capita. Total factor input is a composite measure,
and its growth relative to population is the net result of differential rates
of change in the components. Examination of the changing composition
of input not only fills in the arithmetic of economic growth, but also
furnishes some clues as to the sources of productivity advance.

GROWTH OF CAPITAL RELATIVE TO LABOR INPUT
The average annual rates of change in labor and capital inputs per capita
over the long period and the subperiods are shown in Table 9, together
with their relative percentage weights. Total factor input is equal to the

TABLE 9

Labor and Capital Components of Input per Capita,
with Measures of Factor Substitution, Subperiods, 1889-1957
(average annual percentage rates of change and percentage weights)

Total
Factor Labor Input Capital Input Input Ratios
Input Per Weight Per ~ Weight  Capital per Total per
per Capita®  Capita Capita Labor Unit  Labor Unit®
(1) (2) (3) @ (5) (6) Q)
1889-1953 0.5 0.2 70 1.2 30 1.0 0.3
(1889-1957) 0.4 0.1 70 1.2 30 1.1 0.3
1889-1919 1.0 0.6 65 1.9 35 1.3 0.4
1919-53 0.1 —0.1 75 0.6 25 0.7 0.2
1889-99 1.1 0.6 64 2.4 36 1.7 0.5
1899-1909 1.2 0.9 64 1.7 36 0.8 0.3
1909-19 0.8 0.4 67 1.7 33 1.3 0.4
1919-29 0.1 —-0.3 70 1.2 30 1.5 0.4
1929-37 —1.6 —17 75 —1.3 25 0.4 0.1
193748 1.0 1.2 77 0.5 23 —0.6 —0.1
1948-53 0.6 0.1 79 2.5 21 2.4 0.5
(1953-57) —~1L1 -18 79 14 21 3.3 0.8

Source: Table A-XIX and population series from Table 8,

@ When 100 is added to the average percentage rates col. (1) is approximately equal to
cols. (2) plus (4) times their respective weights shown in cols. (3) and (5). Col. (7) equals
col. (6) times col. (5), with allowance for the effects of rounding.

weighted sum of labor plus capital inputs. As between the two broad
factor classes, the growth of capital has been much greater than the
growth of labor input. Even after allowance for the smaller weight
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accorded capital, it accounts for the larger part of the 0.54 per cent a year
average increase in total input per capita (0.36 compared with 0.18).

Changes in inputs on a per capita basis have a somewhat different
relative importance than straight changes. Thus, capital input increased
at an average rate of 2.7 per cent a year, about 60 per cent more than the
1.7 per cent rate of increase in labor input. However, the 1.2 per cent rise
in capital per head is four times the 0.3 per cent rise in labor input per head
(see Chart 6, Panel B).

The relative importance of the factors in total input growth varied
considerably over the subperiods. Whereas capital per unit of labor input
increased by 1.0 per cent a year on the average over the period, the
average deviation of subperiod rates was 0.7 per cent. The highest
average rates of increase in capital per unit of labor input were in the
first decade, 1889-99 (at 1.7 per cent a year), and the recent subperiod,
1948-57 (at 2.8 per cent). The postwar acceleration followed a low rate of
advance between 1929 and 1937 and an actual decline in the 193748
period as a result of wartime restrictions on private investment and of
early postwar capital shortages.

The last column of Table 9 shows the rates of substitution of capital
for labor; the substitution rates are equivalent to average annual percent-
age changes in the index of capital per unit of labor input weighted by the
relative shares of capital in the national income in the several subperiods.
On the average, the share of capital was about 30 per cent, but it declined
over the period, as indicated in column (5) (see Chapter 5 for a discussion
of the relative prices of the factors).

TRENDS IN THE COMPONENTS OF LABOR INPUT

Our estimates of labor input (L) in relation to population (P) can be
derived as the product of the ratio of the labor force (LF) to population,
the ratio of employment (E) to the labor force, average hours worked per
year (MHJE), and the ratio of labor input to manhours worked. In
algebraic terms:

To derive labor input as such, it is merely necessary to multiply both sides
of the equation by population, which means substituting the labor force
itself for the ratio of labor force to population on the right-hand side.

The various elements into which the labor input estimates may be
divided are shown in Table 10 in terms of average annual percentage
rates of change. In general, it is evident that the average increase of 0.2
per cent a year in labor input per capita is fully accounted for by the
relative shift of workers and manhours into higher-paying industries
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(column 5). Unweighted manhours showed a slight downward tendency
relative to population, as the increase in the ratios of labor force and
employment to population was somewhat more than offset by the decline
in average hours worked per year (see Chart 6, Panel C).

TABLE 10

Components of Labor Input per Capita, Subperiods, 1889~1957
(average annual percentage rates of change)

Labor Ratio of Ratio of Average Labor

Input Labor Employment Hours Input
per Force to to Labor Worked per

Capita® Population Force? per Year¢ Manhour4

(1) 2 3 C)] (5)
1889-1953 0.2 0.1 0.2 —0.4 0.4
(1889-1957) 0.1 0.1 0.1 —0.4 0.4
1889-1919 0.6 0.2 0.3 —-0.3 0.4
1919-53 —0.1 0.0 0.1 —0.6 0.4
1889-99 0.6 0.4 0.0 0.0 0.3
1899-1909 0.9 0.4 0.3 —0.3 0.5
1909-19 0.4 0.0 0.5 —0.6 0.5
1919-29 —0.3 0.1 —0.4 —0.1 0.1
1929-37 —1.7 0.2 —0.8 —-1.1 —-0.1
193748 1.2 —0.1 0.9 —0.5 0.9
1948-53 0.1 —-0.3 0.5 -0.7 0.6
(1953-57) —1.8 —0.5 —-0.8 —0.5 —0.1

@ When 100 is added to the average annual percentage rates throughout, col. (1) =
cols. (2) X (3) x (4) X (5).

b This ratio is influenced by the fact that our employment estimates were derived
independently of the labor-force estimates. The rise in a ratio of consistent employment-
to-labor-force figures is less (see Appendix A).

¢ The ratio of total manhours to the average annual employment estimates.

2 The ratio of manhours weighted by average hourly earnings, by industry groups, to
unweighted manhours.

Labor force and employment ratios. The increase in the proportion of the
population participating in the labor force over the period was chiefly the
result of a relative increase in the population of labor-force age. But
even in relation to the population 14 years of age and over, there has been
a slight increase in the labor-force ratio, as the rising participation ratios
of women, especially in the 35-65 age bracket, have more than offset
declines in some of the other brackets. The increasing labor-force partici-
pation of women may be traced in part to increasing productivity in
household operation and to the shift of functions from the household to the
business sector.
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The ratio of employment to the labor force shows a small increase in our
table due to the presumedly lower percentage of employment in 1889 than
in 1953. It should not be inferred, however, that there has been an up-
ward secular trend in the employment ratio. There is considerable
variation from one key year to another. The most marked case is 1937
relative to 1929; the unemployment ratio was still relatively high in 1937,
a year which saw a cycle peak, but not full recovery.

Average hours worked. Manhours worked have increased less than aggre-
gate employment because of the secular trend toward a shorter workweek
and work-year. From close to 54 hours in 1889 (60 in the nonfarm sector),
the average annual workweek fell to 40 hours in 1953-—an average annual
decline of 0.4 per cent a year. The decline was by no means regular,
however. Especially rapid reductions in average hours took place in the
latter part of the 1909-19 decade, reflecting increased union strength in
World War I and the effects of the Adamson Act, which established the
eight-hour day for railroads; reductions took place again during the early
1930’s, when shorter working hours were introduced over much of the
economy as a means of sharing the work.3

It can be argued that reduction in the workweek helps promote
productivity advance. There is some evidence to suggest that labor
efficiency per hour increases as average weekly hours drop, but this force
tends to wane with successive reductions in hours.4 Of possibly greater
importance is that insofar as shortening of standard hours comes at differ-
ent times in different industries and establishments without corresponding
reductions in the weekly wage, management is put under pressure to
increase the degree of mechanization and the efficiency of operations
generally.5 The same reasoning would apply to increases in wage rates,
hours remaining the same. The effect would vary depending upon such
forces as the degree of price elasticity of demand for the products of the
firms or industries affected.

The upgrading of labor. Since the effect of the declining length of the
workweek on manhours offsets the increasing ratio of employment to
population, the rise in labor input per capita may be ascribed to the
impact on labor input of the relative shift of workers and manhours from
lower- to higher-paying industries. It has been our contention that
industry differentials in wage rates reflect, primarily, persistent differences

3 Cf. Leo Wolman, Hours of Work in American Industry, Bulletin 71, New York (NBER),
1938.

4 See Solomon Fabricant, Employment in Manufacturing, 1899-1939: An Analysis of Its
Relation to the Volume of Production, New York (NBER), 1942, p. 13.

& This argument is developed by Edward F. Denison in “Measurement of Labor Input:
Some Questions of Definition and the Adequacy of Data,” Output, Input, and Productivity
Measurement, Studies in Income and Wealth, Volume 25, Princeton University Press (for
NBER), 1961.
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in occupational structures and that wage rates in different occupations
tend to reflect the differential contributions to product of different classes
of workers. Thus, relative shifts of workers to higher-paying occupations
and industries result in a greater “quantity’ of labor input, reflecting the
use of more valuable talents of individuals or a greater investment in
training and development of innate skills. Interindustry shifts have gone
on rather persistently throughout the whole period. The view that these
movements have been associated with increased education per person is
borne out by figures presented in Table 22. Table 11 makes clear that the

TABLE 11
Social-Economic Distribution of the Civilian Labor Force, 1890-1950
(per cent)
Group 1890 1910 1930 1950
Nonfarm 57.4 69.0 79.0 88.1
Proprietors, managers, etc. 6.6 7.5 8.8
Professional persons 3.7 4.4 6.1 8.6
Clerks and kindred workers 6.0 10.2 16.3 19.3
Skilled workers and foremen 11.7 12.9 14.2
Semiskilled workers 14.7 16.4 20.3
Unskilled workers 21.4 19.8 16.9
Farm 42.6 31.0 21.0 11.9
Proprietors, managers 23.1 16.5 12.4 7.5
Laborers - 19.5 14.5 8.6 4.4

Source: Estimates for 1910 and 1930 as compiled by Alba M. Edwards, Census of
Population, 1940, Comparative Occupation Statistics for the United States, 1870 to 1940,
Table XXVII, p. 187; estimates for 1890 based on occupational detail from the same
source. Subgroups of nonfarm workers could not easily be identified except for profes-
sionals (sbid., p. 111) and clerks (Edwards, “The White-Collar Workers,” Monthly Labor
Review, March 1934, p. 504). Estimates for 1950 from Census of Population, 1950, Vol. 11,
Part 1.

shift toward higher-paying industries was indeed associated with relative
shifts of the labor force towards more highly skilled or professional
occupations, and from farms to generally more highly remunerated non-
farm pursuits.®

Within the professional category of the labor force, there is one group
that is of particular importance in germinating new ideas and incorporating
them in improved technology—the scientists and engineers. Estimates are’

8 Another investigator, weighting the numbers of persons in the various socio-economic
groupings by appropriate average earnings, found much the same difference between the
movement of weighted and unweighted gainful workers from 1870 to 1950 that we found
between manhours weighted and unweighted from 1889 to 1953 (see George Tolley,
North Carolina State University, unpublished worksheets; see also his discussion of
Denison’s paper, o0p. cit.).
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presented in Table 12 of the numbers of engineers and chemists, 1890-1950,
and their ratio to the labor force. In 1950, chemists accounted for only
about one-eighth of the total but were still a slightly larger group than the
total of other natural scientists, such as physicists, mathematicians,
biologists, and geologists (but excluding the medical professions), for whom
data are not available prior to 1950. With around 90 per cent coverage,
the estimates give a good general picture of the growth of the technological
professions as a whole.”
TABLE 12

Distribution of Engineers and Chemists® in the Labor Force,
Decennial, 1890-1950

Number of Per Cent of

Thousands Labor Force
1890 33 0.14
1900 52 0.18
1910 105 0.28
1920 169 0.40
1930 273 0.56
1930 277 0.58
1940 338 0.63
1940 363 0.68
1950 . 636 1.08

Source: David M. Blank and George J. Stigler, The Demand and Supply of Scientific
Personnel, New York (NBER), 1957, Tables B-1 and B-2, pp. 14447. The overlap in
1930 rcpresents an adjustment of 1930 ‘“‘gainful workers” to the labor force concept.
The overlap in 1940 represents reconciliation of 1940 and 1950 Census counts of engineers.
For full description and derivation see #bid., notes to Table B-1 and Appendix E.

@ Chemists include metallurgists, and engineers include surveyors. Surveyors cannot be
segregated prior to 1930; they accounted for 0.024 per cent of the labor force in 1930,
0.031 per cent in 1940, and 0.044 per cent in 1950.

Over the sixty-year period, total numbers of engineers and chemists
increased eighteenfold, after adjustment for discontinuities in the estimates
for 1930 and 1940. As a percentage of the labor force, the increase was
about sevenfold. This averages out as a 3.3 per cent a year relative
increase, about double the rate of productivity advance. There is no
retardation as yet apparent in the relative growth of the technological
professions. The marked slowdown in the 1930’s as a result of depressed
economic conditions was virtually made good in the subsequent decade.
It is obvious, however, that this relative growth rate cannot continue
indefinitely.

? See David M. Blank and George J. Stigler, The Demand and Supply of Scientific Personnel,
New York (NBER), 1957, p. 3.
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Median age of labor force. The median age of labor-force participants
increased by more than one-fifth between 1890 and 1955 (see Table 13).
Some observers think that aging of the labor force results in decreased
average personal efficiency, other things being equal, which would tend to
restrain productivity advance. Certainly, people pass the peak of their
physical strength and vigor at relatively early ages. This effect should
tend to be mitigated, if not offset, however, by the shift in skill and
occupational requirements that increases the average age at which indi-
viduals attain top proficiency. Peak earnings of professional people, for
example, are not reached until the middle years or beyond. It would be

TABLE 13

Median Age of the Population and the Labor Force,
Selected Years, 1890-1955

(years)

Total Labor

Population Force
1890 22.0 32.2
1920 25.3 343
1930 26.5 35.5
1940 29.0 36.0
1950 30.2 38.1
1955 30.0 39.1

Source: Economic Report of the President, January 1957, Table C-4, p. 92.

hazardous to make any dogmatic statement about the relationship of
average age to efficiency and to productivity advance in the face of
technological changes that gradually alter the occupational composition
of the labor force. In any case, the marked increase in the birth rate since
1940 has caused the median age of the population as a whole to decline in
recent years, a development that will show up later as a drop in the
median age of the labor force.

TRENDS IN THE COMPOSITION OF CAPITAL

Real capital stocks were weighted by rates of return in a number of sectors
and industry groups to obtain an aggregate measure of real capital input.
As was true of labor, although to a lesser degree, there was a relative shift
of capital over the long period from industries with lower rates of return to
those with higher rates of return on invested capital (see Table A-9).
To the extent that higher rates of return are a result of greater intangible
investment by the firms in an industry (for example the cumulation of
technical knowledge from outlays on research and training), the
weighted series reflects more fully the qualitative aspect of capital services.
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Some of the major changes in the sectoral composition of capital stocks
are shown in Table 14. The relative trends revealed clearly in this table
seem to be typical concomitants of the process of economic development.
Net investment abroad rose from negative figures prior to World War I to
positive amounts in recent decades. The relative importance of the “social
overhead” represented by publicly owned capital more than doubled
between 1889 and 1953. Within the private domestic sector, the per-
centage of farm to total capital declined by almost two-thirds. Residential
structures maintained a relatively constant ratio to total capital throughout,
but showed a mild tendency to decline. Nonfarm, nonresidential plant,
inventories, and equipment underwent a persistent and substantial
relative increase.

TABLE 14
Distribution of Real Capital Stocks by Sector, Key Years, 1889-1953
(per cent)
PRIVATE DOMESTIC
NATIONAL REST- GOVERNMENT
ECONOMY OF-THE- Total Farm Nonfarm
WORLD® Residential ~ Nonresidential
1889 100.0 —4.1 5.5 98.6 389 27.6 32.1
1899 100.0 -3.0 5.4 97.6 30.6 30.1 36.9
1909 100.0 -1.6 6.7 94.9 25.3 28.7 409
1919 100.0 1.4 7.6 91.0 22.2 26.3 42.5
1929 100.0 3.2 9.0 87.8 16.3 28.5 43.0
1937 100.0 1.4 13.2 85.4 15.9 28.3 41.2
1948 100.0 19 13.7 84.4 15.6 25.9 42.9
1953 100.0 1.8 13.1 85.1 144 25.5 45.2

Source: Table A-XV.
4 Net foreign assets.

An analysis (based on Table 15) of real capital stocks by major type is
possible for the domestic economy. Structures and equipment, the two
most important types of capital, each grew almost as much as real net
product until 1929. There were some subperiod variations between the
two output-capital ratios, but the trends were virtually parallel. The
1929-37 change was somewhat atypical, since real product and the stock
of structures showed little change, while the stock of equipment fell
relatively.

It is the trend since the late 1930’s that diverges sharply from previous
experience. Between 1937 and 1953 the stock of equipment showed a
greater increase than real product. But the stock of structures showed
little growth, and the output-structures ratio increased by almost 70 per
cent. Various reasons can be adduced to explain this discrepant behavior;
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for example, the greater relative increase in the cost of buildings than in
the price of machinery and equipment, the development of space-saving
innovations, and greater technological improvements in equipment than
in structures. In some important industries, such as the utilities, fixed
facilities are built up well ahead of demand, so beyond a point output
increases faster than plant as the latter is utilized with increasing intensity.

TABLE 15

Domestic Economy: Major Types of Real Capital Stocks and
Relation to Real Net Product, Key Years, 1889-1953
(1929 = 100)

Land, Farm
and Forest Structures  Equipment Inventories

REAL CAPITAL STOCK BY MAJOR TYPE

1889 73 23 25 34
1899 86 40 33 42
1909 92 59 56 48
1919 98 72 80 73
1929 100 100 100 100
1937 101 101 89 101
1948 100 104 142 157
1953 104 120 203 188
RATIOS OF REAL NET DOMESTIC PRODUCT TO REAL CAPITAL STOCK
1889 32 103 95 68
1899 41 89 107 86
1909 58 91 95 110
1919 75 101 91 100
1929 100 100 100 100
1937 102 102 116 103
1948 165 158 116 105
1953 197 170 101 109

Source: Capital: Table A-XVI; real net domestic product (national security ver-
sion) : Table A-I, col. (7) minus Table A-I11, col. (4).

To the extent that construction-cost deflators do not fully allow for product-
ivity gains, the real-plant estimates obtained by deflation may have a
downward bias. But the possible bias is unlikely to be so large as to account
for a significant part of the divergent movement of the ratios of output to
fixed capital by type.

The ratio of output to inventories has tended upward through most of
the period. Between 1919 and 1953, the increase was about 10 per cent.
The increase between 1889 and 1919 shown by our estimates was con-
siderably greater—but it will be remembered that the private nonfarm
portion of inventories prior to 1919 was not estimated independently of
output. Yet it seems reasonable to suppose that there was a trend toward
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greater economy in the use of inventory stocks throughout the period as
a result of steadily improving transportation and communication facilities
and more efficient stock-control and merchandising methods generally.
The most striking increase was in the ratio of domestic output to land
(farm and forest), which went up more than sixfold over the sixty-four
years. Part of the rise is attributable to the less-than-proportionate increase
in the demand for agricultural products as total real product rose. But
gross farm output itself rose 30 per cent more than the acreage of farm

land employed as crop yields per acre and production per animal unit
were increased.

NONFACTOR INPUT TRENDS

Since the national product is measured net of intermediate products, a
reduction in materials consumed per unit of output is reflected in a higher
rate of increase in national product than would be shown if there were no
economies in materials use. Transactions in semiprocessed goods or
components are only of indirect significance in this connection, since
changes in such transactions relative to the volume of final products
reflect changes in raw materials use plus changes in the number of times
materials change hands prior to final processing. Since the latter factor
is largely a function of changes in the structure of business organization,
we can see the basic phenomena better by Jooking directly at the con-
sumption of raw materials relative to the national product rather than at
the ratio of total intermediate-product purchases to product.

Productivity and raw material economies. Economies in consumption of
materials per unit of output may result from fuller use of materials, a
higher degree of processing, or a decline in the ratio of commodities to the
national product.

Reliable estimates of domestic consumption of raw materials begin in
1900.8 Over the half century 1900-52, total apparent consumption almost
tripled, while real net national product increased close to sixfold. Thus,
the ratio of output to raw materials input has more than doubled
(Table 16), which means an average annual rate of increase of 1.4 per cent.

The foregoing comparison of real product with raw materials input,
however, considerably overstates the contribution of materials economies
to productivity gains since the value of raw materials obviously is much
less than the value of final products. Approximations to the percentage-
point increase in real national product and productivity attributable to
the decrease in raw materials consumption per unit can be calculated in
the following way: By adding the value of raw materials consumed to the
net national product, both in 1929 dollars, we obtain a measure duplicative

8 See Raw Materials in the United States Economy, 1900-52, Bureau of the Census Working
Paper No. 1, 1954. :
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of raw materials input; if we then estimate a hypothetical real net national
product by applying the 1929 ratio of the net measure to the measure
gross of materials, we obtain estimates of what the net national product
would have been had the requirements for raw materials remained constant
at the 1929 proportion. The ratio of the actual to the hypothetical measure
tells us by how much real product increased as a result of more economical

TABLE 16

Consumption of Raw Materials in Relation to Real Net
National Product, Key Years, 1900-52

(1929 = 100)
Real Apparent Consumption of Raw Materials® Real NNP
NNPa Total Physical- per Unit of
excl. Energy structure Raw Materials

Gold Foods Materials Materials Input
1900 36.0 56.5 61.2 43.4 57.3 63.7
1909 52.8 72.2 76.5 56.6 75.9 731
1919 73.3 80.0 84.1 72.3 77.5 91.6
1929 100.0 100.0 100.0 100.0 100.0 100.0
1937 102.9 106.2 105.4 97.4 115.3 96.9
1948 163.7 140.3 131.0 141.7 159.4 116.7
1952 197.2 151.7 142.7 151.0 171.7 130.0

@ NNP = net national product; Kuznets’ concept, national security version
(Table A-I).

b As estimated in Raw Materials in the United States Economy, 1900-52, Bureau of the
Census Working Paper No. 1, 1954.

use of materials—assuming that resources are interchangeable between
raw materials production and other uses without significant effect on
over-all productivity. This computation is carried out in Table 17.

Over the period 1900-1952 as a whole, materials saving and greater
processing accounted for a 0.25 per cent average annual increase in real
net national product—or about one-sixth of the average percentage rate
of increase in total factor productivity. The relative contribution from
this source was more important in the early part of the period—from 1900
to 1919, the relative importance of materials economy was about one-third.
Only in the period 1929-37 was there an increased use of materials per
unit of output and a small negative influence on net product and
productivity advance. Since 1948, the rate of saving in materials has been
somewhat greater than the average over the half century.

Reductions in raw materials consumption per unit of output have also
had an indirect influence on productivity change. If the hypothesis of a
tendency towards diminishing returns in extractive industries is correct,
then productivity advance in these industries and in the economy has been
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greater than would have been the case had raw materials production
risen more nearly in proportion to national output. That is, a sixfold
increase in raw materials production between 1900 and 1952, instead of
the less than threefold increase that actually occurred, would have placed
a greater strain on domestic natural resources and might possibly have
resulted in lower rates of productivity advance than were realized.

TABLE 17

Estimated Effect of Raw Materials Savings on Growth of Real Net
National Product, Key Years, 1900-52

Real Consumption Real Product Hypothetical Effect of Materials
NNPa of Raw Gross of Real NNP Savings on Real NNP
Materials® Materialse at 1929 Average Annual
Materials Rates of
Usaged Index? Change/
(millions of 1929 dollars) (1929 = 100) (per cent)
(1) @) (3) @) (5) (6)
1900 32.8 10.3 43.1 35.9 91.3
1909 48.1 13.2 61.3 51.0 94.2 0.35
1919 66.7 14.6 81.3 67.7 98.5 0.45
1929 91.1 18.3 109.4 91.1 100.0 0.15
1937 93.7 19.4 113.1 94.2 99.5 —0.06
1948  149.2 25.6 174.8 145.6 102.4 0.26
1952  179.7 27.7 207.4 172.8 104.0 0.40

@ NNP = net national product, Kuznets’ concept, national security version
(Table A-I).

b Raw Materials in the United States Economy, 1900-52, Bureau of the Census Working
Paper No. 1, 1954.

¢ Col. (1) plus col. (2).

¢ Product of col. (3) and 1929 of col. (1) divided by 1929 of col. (3).

¢ Col. (1) divided by col. (4).

f Rates of change computed from col. (5) between terminal years of subperiods, ending
with year shown in stub. The average annual percentage rate of change between 1900
and 1952 is 0.25.

Unit consumption by type of materials. The consumption of raw materials
for food rose less in relation to real product than did the consumption of
raw materials for other uses. This is due in part to a smaller increase in
consumer outlays for food than in total real net product, especially prior
to 1929. But there is also evidence that the real value of food production
increased significantly in relation to raw materials input due primarily to
greater processing but also to more complete use of the raw materials.

Economies in the use of physical-structure materials are partly a function
of the increasing proportion of national product going into services rather
than goods. Based on Kuznets’ estimates, consumer services rose from
28 per cent of real net national product (national security variant) in
1900 to 37 per cent in 1929. The trend does not appear to have continued
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since 1929. Based on a careful study by the Commerce Department, the
proportion of real gross national product accounted for by services, as
distinguished from commodities and construction, increased only from 30
per cent in 1929 to 31 per cent in 1953.%

A more important factor in the declining raw materials proportion of
the national product is the increase in the durable goods proportion—for
the ratio of raw materials purchases to total value added is smaller in
durable goods manufacture than in nondurable goods. The Commerce
Department study indicates that durable goods increased from 18 per cent
of the real GNP in 1929 to 22 per cent in 1953.10 Based on the Kuznets
estimates, consumer durables plus producer durable equipment increased
from 13 per cent of real gross national product (national security version)
in 1900 to 16 per centin 1929. But in addition to the greater processing of
goods resulting from technological advance and shifts in the composition
of demand, there was also undoubtedly some saving of materials in the
making of identical goods through reduction of waste, redesign, better
quality controls, and so on.

It is apparent from Table 16 that real product went up considerably
less in relation to energy materials than to physical-structure materials.
A more illuminating picture is obtained by relating the consumption of
energy materials to their direct output, and energy, in turn, to the factor
inputs and real product.

Energy consumption, inputs, and output. While real product went up by
Jess than two-thirds in relation to energy materials consumed between
1900 and 1952, the efficiency of conversion of the energy potential of
inanimate energy resources into work output increased more than fourfold
between 1900 and 1950.11 In relating energy consumption to input and
product, we employ a measure of energy used for work output that includes
only operations which have been or could be performed by muscle power,
and excludes energy used for space heating, lighting, or refrigeration. One
such measure, in terms of horsepower-hours, is shown in Table 18.

In the 1870-80 decade, each manhour was provided with 0.55 horse-
power-hours of animal or inanimate energy; by 1950, over 5 horsepower-
hours were associated with each manhour—almost a tenfold increase over
the seventy-five-year period. The average annual rate of increase in the
ratio was 3.0 per cent, although after a period of accelerating advance
the increase in horsepower-hours per manhour slowed to an average annual

rate of 1.5 per cent in the 1930-50 period.

8 “New Distribution of National Output by Goods, Services, and Construction, 1929-
56,” Survey of Current Business, June 1957, p. 9.

10 Jbid., p. 9.

11 J, F. Dewhurst, America’s Needs and Resources, A New Survey, New York, Twentieth
Century Fund, 1955, Table I, p. 1,113.
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In relation to the real stock of capital, energy consumption more than
tripled over the seventy-five years. Between 1930 and 1950, however,
there was relatively little net increase. In relation to producer durable
equipment the increase was less marked, with a net decline occurring
between 1940 and 1950. Energy consumption per unit of real net product
more than doubled over the entire period, but since 1930 the deceleration
in its rate of increase relative to factor input was reflected in an actual
decline relative to output.

There can be little doubt that the substantial increases in output per
unit of input over the period were due in part to the striking increases
in nonhuman energy relative to input. This trend was promoted by a
decline in the relative price of energy as a result of marked increases in
productivity in the energy-producing industries (see Chapter 6). Certainly,
the increase in energy production was a necessary concomitant of the
increase in equipment per worker and of faster and more powerful
equipment. But the relation of energy to productivity is not a simple one,
as evidenced by the deceleration in recent decades in the rate of increase
in energy consumption per unit of input and a decline in relation to output
at the same time that productivity advanced at a faster rate than it did in
earlier decades.

The Changing Structure of Output

To complement the analysis of inputs as a means of gaining insight into
the dynamics of productivity advance, one can also analyze the composi-
tion of output. Parts of output are devoted tc increasing the quantity and
quality of resources. Not all of these outlays are included or identified in
the national product estimates.

MARGINS OVER MAINTENANCE OF PRODUCT

One helpful way of analyzing the composition of national product is in
terms of the margin that remains after providing for the maintenance of
the population of each previous year at the previous year’s level of con-
sumption and of net capital stock. This margin over maintenance, in turn,
may be broken down into the portions required for national security, for
growth of population, and a final “margin for economic progress” that
may be invested in increasing the tangible or intangible capital per person.
This margin gives us an alternative approach to the measurement of
economic growth or progress. It was suggested, in somewhat different
form, in an earlier National Bureau study by Mills.12

The real product necessary for maintenance of population is shown in
Table 19 (column 2). Itis computed annually as the real consumption of
the previous year plus capital consumption allowances of the current year

12 Qp. cit.
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(averaged over the periods shown). The rest of the current-year real gross
national product (column 3) is 2 margin over and above the requirements
for maintenance of a given population with a constant level of capital and
consumption goods per capita. This margin may be theoretically disposed
of for purposes of growth—growth of population or of output per capita.

Some of the margin, however, is required for national security purposes
—the amount depending on the interaction of international conditions
and national foreign policy. Resources devoted to security purposes are
potentially available to support economic growth (and a small portion of
national security outlays does represent investment). But to calculate the
actual margin available for economic growth (column 5), national security
outlays must be deducted from the margin over maintenance of population.

The margin available for economic growth proper may be divided into
two components—that necessary to support the growth of population, and
that available for increased consumption or investment per capita. The
former (column 6) is obtained by multiplying the net population increment
of each year by the average per capita consumption and reproducible
capital stock of the previous year. By subtracting the real consumption
expenditures needed to support the population increment at the previous
year’s level from the total increment to consumption, that part of con-
sumption outlay which serves to raise per capita consumption is obtained
(column 8); an analagous procedure yields that portion of real investment
which serves to increase capital stock per head (column 9). These last
two components constitute what may be called a margin for economic
progress, if the term is defined as the increase in real net economic output
(excluding munitions) per capita.

Quite consistently for most of the subperiods, approximately 84 per cent
of the real gross product has been required, on the average, to maintain
the real personal consumption level of the previous year and to offset
capital consumption. Of the remaining 16 per cent, national security
required about 2 per cent of GNP, on the average, through 1929, and
almost 14 per cent was available for population growth and economic
progress. A little less than half of this margin over maintenance of popu-
lation and security was needed to support the increase in population; the
rest was devoted to raising real consumption and capital stocks per capita.

The 1930’s were atypical in that there was little margin over main-
tenance of population and capital. Even with very low national security
outlays, only 1.4 per cent of GNP was available for growth and progress
between 1929 and 1937. More than this was required for consumption
purposes by a growing population, and capital stocks per capita fell.

Since the 1930’s, national security outlays have absorbed more than half
the margin over maintenance. If we skip over the war years, and consider
simply the period 1948-53, national security took 9 per cent of gross
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expenditures. Growth of population, while less than in the early decades,
was up from the 1930’s and required 4.5 per cent of GNP. Only 3 per cent
of GNP has been available for economic progress—as compared with
almost 8 per cent before 1929. It is interesting that provision for increased
real consumption per capita has consistently absorbed between 1 and 2
per cent of GNP over the decades (except in the 1930’s); therefore, the
large increase in national security outlays since World War II compared
with earlier periods has been mainly at the expense of the proportion of
product devoted to increasing the capital stock per capita. In fact, there
was no net increase in this component from 1929 until after World War 11 ;
since 1948, about 2 per cent of GNP has augmented capital per head.

This bears out the implications of the total and partial productivity
ratios—rates of increase in capital per head or per manhour have little
relation to rates of increase in total productivity. Productivity growth
accelerated after World War I (after 1937, using the national measures)
while capital per person showed smaller increases than before. A marked
increase in the efficiency of given quantities of capital has been associated
with the acceleration of productivity advance, and significant savings in
capital as well as in labor per unit of output have been realized.

PRODUCTIVITY AND THE MARGIN FOR ECONOMIC PROGRESS

Over the sixty-four-year period, the productivity increment has been just
slightly larger than necessary to provide for increases in real consumption
per capita. AsTable 20 indicates, prior to 1919 the productivity increment

TABLE 20

Productivity Increment
in Relation to Consumption Margin, 1889-1953
(annual averages)

Real GNP Consumption Margin Productivity Increment
Period of  Millions Millions Per Cent Millions Per Cent Per Cent of
Average of 1929 of1929 of GNP 0of 1929 of GNP  Consumption

Dollars  Dollars Dollars Margin
1889-1953 84,291 1,215 1.5 1,250 1.5 103
1889-1919 42,610 580 1.4 413 1.0 71
1919-53 120,017 1,759 1.5 1,967 1.6 112
1948-53 187,230 1,706 0.9 2,900 1.5 170

Source: Table 19.

was smaller, and after 1919 somewhat larger, than the margin for increased
per capita consumption. The more ample relative dimensions of the
productivity increment after 1919 are due to acceleration in its rate of
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growth, since the consumption margin averaged about 1.5 per cent of
GNP in both periods. The much larger relative size of the 1948-53
productivity increment was due both to a greater-than-average rate of
productivity growth and to a consumption margin that was squeezed to
smaller-than-average proportions by high national security outlays and
an expansion of net investment over that of the preceding two decades.
During this period the productivity increment provided almost one-third
of the capital margin in addition to the entire consumption margin.

On the surface, it might seem that there is some contradiction between
Tables 8 and 20. That is, the preceding section indicated that the rate
of productivity gain was less than the rate of increase in real consumption
expenditures per capita—I.6 versus 1.9 per cent a year, on the average.
But this is consistent with the analysis just presented, since the 1.6 per cent
is reckoned on the net national product (NNP) base, which is about one-
sixth higher than the consumption outlay base to which the 1.9 per cent
applies.

If the increase in planes of living largely absorbed most of the product-
ivity increment, the question may be asked as to the source of the rest of
the margin over maintenance of population. First, it should be clear that
the margin over maintenance, which averaged 16 per cent, is much larger
than the average increment to the real national product, which has aver-
aged 3.6 per cent. Productivity and input increments contribute less than
one-quarter to the total margin; the remainder results from the spending-
saving pattern of the community as influenced by the tax and expenditure
policy of governments.

The most striking tendency revealed in Table 19 is the relatively small
proportion of product since 1929 that has gone to increase the stock of
capital per head. Even the 2.0 per cent contribution in 1948-53 is only
one-third of the proportion in 1889-1919. The low ratio has been -asso-
ciated with a relatively high level of national security outlays (especially
since 1939), as is shown in Table 19 and in Chart 8. The method of financ-
ing those outlays has obviously tended to reduce investment relatively
more than consumption. During the war, capital goods were allocated
directly; but since the war, the upward trend of the interest rate has been
indicative of the tight capital supply situation.

It is true that even with the small increases in capital per worker since
the 1920’s, productivity gains have been greater than in the pre-1919
period, when the relative growth of capital was much greater. Widespread
introduction of capital-saving technology has made this possible, but it can-
not be said that productivity gains would not have been greater in recent
years had capital been more abundant. There is the additional circum-
stance that the national accounts as now constructed do not identify, nor
even include, all types of investment. Itis to this matter that we now turn.
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CHART 8

National Product, Margins over Maintenance of the Population at Levels of Previous
Year, 1889-1918 and 1919-53

Percentage of real
gross national product
17

Consumption increase per capita

Capital growth per capita

X :'. Provision for population growth

National security

1889-1918 1919-1953

HIDDEN INVESTMENT

Investment may be defined as the application of resources and the incur-
rence of costs in the current period with the objective of increasing pro-
ductive capacity and income in future periods. By this definition, it is
apparent that some items included in consumption outlays are really
“investment in self,” in personal productive capacity.13 Looked at broadly,
most personal consumption outlays and standards of living generally have
some connection with productive efficiency, from the aspects both of

13 An intensive analysis of this form of investment is being undertaken by Gary Becker
of the National Bureau staff,
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capacity and of incentive. Also, some items charged to current expense in
business accounting, such as exploratory and research outlays, are not
included in national product, although they are really a form of invest-
ment. Government outlays for the same purpose are partially included in
national security outlays; by the Commerce Department concept, total
intangible and tangible public investment are included in government
purchases but are not separately identified.

Investment in persons. The two chief types of personal consumption
expenditures that fit the definition of investment are expenditures for
education and for health services. The Commerce Department estimates
of personal consumption expenditures plus public educational outlays can
be extended back to 1909 by major category to furnish a general picture
of total educational and private health expenditures (Table 21).

TABLE 21
Consumption Expenditures by Major Type, Key Years, 1909-53

Total®>  Food, Clothing, Personal Leisure Medical Education
and Housing® Business®>  Pursuits? Care

CURRENT DOLLARS (BILLIONS)

1909 27.3 219 19 2.2 0.8 0.5
1919 60.3 46.6 6.5 42 1.9 1.1
1929 80.5 54.6 13.3 7.4 29 23
1937 69.0 47.6 10.7 5.7 2.7 2.3
1948 181.4 128.5 25.0 15.1 74 . 5.4
1953 236.6 159.6 38.8 19.6 10.1 8.5
PERCENTAGE DISTRIBUTION OF CURRENT-DOLLAR OUTLAYS
1909 100.0 80.4 7.0 8.0 2.8 1.8
1919 100.0 77.3 10.7 7.0 3.2 1.8
1929 100.0 67.8 16.5 9.2 3.7 2.8
1937 100.0 69.1 15.5 8.2 39 33
1948 100.0 70.8 13.8 8.3 4.1 30
1953 100.0 67.4 16.4 8.3 4.3 3.6
REAL OUTLAYS PER CAPITA (1929 DOLLARS)
1909 446 369 11 40 13 13
1919 508 374 57 41 19 17
1929 670 454 111 62 24 19
1937 654 452 106 54 23 19
1948 880 608 136 78 36 22
1953 958 641 161 91 40 25

# Estimates are those of the Department of Commerce for 1929 and later years, extra-
polated to 1909 by the estimates contained in William H. Shaw, Value of Commodity Output
since 1869, New York (NBER), 1947; and J. F. Dewhurst, America’s Needs and Resources
New York, Twentieth Century Fund, 1947. Estimates of public educational outlay
(see Appendix K) were added to personal consumption expenditures.

b Housing includes household operations; personal business includes transportation;
leisure pursuits include recreation, personal care, religious and welfare expenditures, and
foreign travel.
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Expenditures for education increased from 1.8 per cent of total con-
sumption expenditures in 1909 to 3.6 per cent in 1953. Real educational
outlays per capita went up by 98 per cent over the forty-four-year period,
or at an average rate of 1.6 per cent a year. This probably represents an
understatement—since the price deflator is the average pay of teachers,
deflated expenditures are, in effect, labor input without allowance for
productivity change. Understatement is also suggested by the fact that
deflated educational outlays per capita went up less than total real
consumption expenditures per capita, although the opposite relative
movement is indicated by the current-dollar estimates.

The increasing personal and public investment in education is reflected
in the data relating to school enrollments and degrees earned (Table 22).

TABLE 22

Enrollments and Graduates in Secondary Schools and Institutions
of Higher Education,® Decennial, 1890-1950

(per cent)
Secondary Schools Institutions of Higher Education
Enrollment Graduates Resident Earned Degrees
per 100 Persons per 100 Persons enrollment per 100 Persons

14-17 Years Old 17 Years Old per 100 Persons 21 Years Old
18-21 Years Old

1890 6.7 3.5 3.0 1.2
1900 114 6.4 4.0 1.9
1910 154 8.8 4.8 2.1
1920 323 16.8 8.1 2.7
1930 514 29.0 12.2 5.5
1940 733 50.8 15.3 7.9
1950 76.5 59.0 19.3 18.8

Source: Higher Education for American Deomocracy, President’s Commission on Higher
Education, 1947, Vol. VI; and the Statistical Abstract of the United States, 1956, Dept.

of Commerce.
e Public and private,

Over the sixty-year period 1890-1950, enrollments in institutions of higher
education as a percentage of the relevant age class increased more than
sixfold, while secondary school enrollments per 100 in the 14-17 age class
increased more than tenfold. Numbers of graduates showed much greater
relative increases.

It seems inevitable that this striking advance in the educational attain-
ments of the American people should have increased the skills, efficiency,
and inventive potential of the labor force. It correlates with the picture,
shown earlier, of the relative increase in the skilled and professional groups
in the labor force, and with the relative shift of workers to higher-paying
occupations and industries. To this extent, investment in self is reflected
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in our labor input measure. Within the same occupational groupings
there must have been a trend towards higher educational attainment that
should have increased the efficiency of labor within the various industries,
but this part of the investment in persons does not affect labor input as
measured.

Relative increases in private health outlays have also been striking
(see Table 21). If public health expenditures were included, total levels,
and possibly the increases as well, would be greater. The increasing outlays
for health and related items were not without effect, if life expectancy may
be taken as a criterion. As indicated in Table 23, the average life expect-
ancy at birth in the United States increased from 47.3 years in 1900 to

TABLE 23

Average Length of Life and Survival Rates, by Sex and Color,
Death-Registration States, Selected Years, 1900-55

Total White Nomwhite
Male Female Male Female

ESTIMATED AVERAGE LENGTH OF LIFE (YEARS)

1900 473 46.6 48.7 325 33.5
1909 52.1 50.9 54.2 34.2 373
1919 54.7 54.5 57.4 4.5 4.4
1929 57.1 57.2 60.3 45.7 47.8
1937 60.0 59.3 63.8 48.3 52.5
1948 67.2 65.5 71.0 58.1 62.5
1953 68.8 66.8 72.9 59.7 64.4
1955 69.5 67.3 73.6 61.2 65.9

PROBABILITY OF SURVIVAL TO AGE 65
PER 100 PERSONS ATTAINING AGE 15

1900-02 50.3 54.3 31.9 35.3
1919-21 58.5 61.2 41.3 37.0
193941 62.6 72.7 40.6 45.1
1953 66.9 80.9 50.0 59.6

Source: Abridged Life Tables: United States, 1954, Vital Statistics—Special Reports:
National Summaries, Vol. 44, No. 2, Department of Health, Education, and Welfare,
May 15, 1956, Table 5 and derivation from Table 3.

69.5 years in 1955. The health and efficiency of labor-force members also
probably improved over the period. More important, increasing survival
rates mean that the investment in the birth, upbringing, and education of
individuals yielded higher total returns.

There is a problem of distinguishing between gross and net investment
in personal productive capacity, That part of investment-type outlays
required to maintain the productivity of a given population at its previous
level is akin to tangible investment designed to offset capital consumption.
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The part of real outlays associated with increased population and increased
outlays per person is a rough approximation of the net investment
involved.

Although we have singled out two types of consumption expenditures
for special comment, the rise in per capita consumption expenditures
generally must have had a stimulating effect on personal efficiency and on
productivity. Certainly, increasing per capita outlays for food, clothing,
and shelter, for example, must have had some effect on health in addition
to the effect of higher direct health outlays. More generally, the experience
of rising planes of living, both for oneself and for those around one, must
have raised standards and aspirations and so exerted a strong incentive
effect on individuals to strive for further material progress.14

Intangible investment by business and government. There are several types of
tangible and intangible investment that are charged by business firms to
current expense. The Commerce Department attempts to estimate the
volume of producers’ durable equipment so charged and includes it in
gross private domestic investment. Expenses of oil companies in drilling
oil and gas wells are treated likewise. But several types of intangible
investment, and certain mineral exploratory expenses, are not included in
the national product or, in the case of public investment, are not segre-
gated from other outlays.

Of the intangible investments, probably the most important types are
expenditures for training and other ways of improving the efficiency of
employees, and research and development outlays for the purpose of
devising new equipment, processes, and procedures for increasing efficiency
generally.

Unfortunately, data are not available to show the trend of training and
educational costs incurred by industry. The total is undoubtedly large.
In-plant training and various forms of apprenticeship have been practiced
since time¢ immemorial. If estimates were available for recent times,
however, the general trend shown above by the estimates of public and
private personal educational outlays would probably not be greatly
modified by inclusion of business outlays for the same purpose.

Estimates are available for research and development outlays since 1920.
The figures shown in Table 24 include publicly financed as well as business
outlays. The estimates since 1941 are more reliable and more compre-
hensive than the earlier estimates. Although the two sets of estimates are
not continuous, it is apparent that research and development expenditures

14 This theme has been elaborated by Ruth Mack, “Trends in American Consumption
and the Aspiration to Consume,”” American Economic Review, Papers and Proceedings, May 1956,
pp. 55-68. She writes: “I hold that one cannot adequately explain . . . the growth in
real consumption . . . without recognizing the unusual force of the drive to consume and
its effect in activating productive effort” (p. 58).
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have increased at a significantly higher rate than the net national product.
The ratio of research and development outlays to national product has,
however, not increased at an accelerating rate. The ratio more than
doubled during the 1920’s, doubled in the 1930’s, and increased by one-
half in the 1940’s. On the basis of a McGraw-Hill survey of business

TABLE 24

Research and Development Expenditures in Relation to
Net National Product, Selected Years, 1920-55

RESEARCH AND DEVELOPMENT OUTLAYS

Old Sertes® New Seriest
NNPa Millions Per cent Millions Per cent
Millions of NNP of NNP
1920 $78,100 $59 0.08
1930 77,660 166 0.21
1940 83,915 345 0.41
1941 109,911 $ 900 0.82
1950 239,408 2,870 1.20
19557 326,023 5,400 1.66

? = preliminary.

2 NNP = net national product, Kuznets’ concept, national security version, in current
dollars.

b Estimated from figures shown in Vannevar Bush, Science, the Endless Frontier, A Report
to the President, July 1945, p. 80.

¢ The Growth of Scientific Research and Development, Dept. of Defense, 1953, p. 10, and
preliminary reports of United States National Science Foundation. The estimates com-
prise expenditures by government, industry, and nonprofit institutions for basic and applied
research in the sciences (including medicine) and engineering and for the design and
development of prototypes and processes. Excluded are quality control, routine product
testing, sales promotion or services, and research in the social sciences and psychology.

intentions to spend for research and development,!s it appears that
the ratio will again increase by more than one-half in the 1950’s.

Before World War I, organized industrial research laboratories were
much more the exception than the rule.!® Invention and development
had, of course, been going on in a more or less informal manner for a very
long time. But it was the work of technically minded, and sometimes
trained, individuals working chiefly as individuals—as proprietors or works
managers in larger firms, as professional scientists, inventors, or both,

18 McGraw-Hill Publishing Co., Dept. of Economics, Business® Plans for New Plants and
Equipment, 1958-1961, 11th Annual Survey, New York, undated.

16 The first directory of industrial laboratories appeared in 1920 (Research Laboratories
in Industrial Establishments of the United States, National Academy of Sciences).
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or as production workers. In recent decades, invention and the develop-
ment of innovations have become systematized and routinized, involving
teams of scientists and engineers working in complex laboratories. The
more informal type of innovation continues to be significant, but it is
certainly of declining relative importance. Taking both informal and
organized research and development together, its growth has extended
over a much longer period of time and been more gradual than the growth
of organized research and development alone—as witness the figures
presented earlier on scientists and engineers in relation to the labor
force. Even thelatter comparisons probably overstate the growth of innova-
tional activity, since untrained persons were relatively more important in
earlier days.

Although we cannot measure it precisely, research and development
activity is our best indication of the investment in scientific and techno-
logical advance that sooner or later results in productivity growth. We
should not forget, however, that the volume and relative trend of this type
of intangible investment depends on fundamental social values and
institutions. The effect on productivity also depends partly on the rate at
which cost-reducing innovations spread. This again is a function of social
and institutional factors, such as the degree of competition, the availability
and cost of financing, the availability of properly trained workers, and the
state of long-run expectations.

110



This PDF is a selection from an out-of-print volume from the National
Bureau of Economic Research

Volume Title: Productivity Trends in the United States

Volume Author/Editor: John W. Kendrick, assisted by Maude R. Pech
Volume Publisher: Princeton University Press

Volume ISBN: 0-87014-070-1

Volume URL: http://www.nber.org/books/kend61-1

Publication Date: 1961

Chapter Title: Productivity, Factor Prices, and Real Incomes
Chapter Author: John W. Kendrick
Chapter URL: http://www.nber.org/chapters/c2241

Chapter pages in book: (p. 111 - 130)



CHAPTER 5

Productivity, Factor Prices, and Real Incomes

PropucTiviTY gains provide the increments to real product out of which
the real incomes of the factors are increased. If productivity advances,
wage rates and capital return necessarily rise in relation to the general
product price level, since this is the means whereby the fruits of productivity
gains are distributed to workers and investors by the market mechanism.
The shares of the factors in the productivity increment depend on relative
price movements. Changes in the factor shares in the national income as a
whole depend on changes in the relative quantities of each used in the
productive process as well as on changes in their relative prices.

In this chapter we shall quantify these relationships and attempt to say
something about the forces underlying the divergent movements of the
prices of the factors. We do not delve into the broader analysis of the
dynamics of the price-cost-productivity relationship. The statement that
the general price level always rises less than the average prices of the
factors in proportion to the increase in total factor productivity is neutral
with respect to the question of what causal forces produce price change.
Nevertheless, effective price analysis requires estimates’of the interrelated
variables which this chapter seeks to provide. Our focus is on the increases
in real income made possible by productivity advance and on the distribu-
tion of income and productivity increments between the factors.

The analysis is confined to the private domestic economy. Market
price is the major means of allocating and compensating resources in this
sector, and the estimates are more reliable than for the total economy
including government. Most of the analysis relates to the period since
1919, for which the detailed Kuznets and Commerce estimates of income
as well as product are available. It will be remembered that 1919 marked
the beginning of a higher productivity trend, which has continued into the
1950’s. Occasional reference will be made to changes in the variables
between 1899 and 1919. These are based on current-dollar income
estimates obtained by extrapolating the 1919 figures back by our estimates
of gross national product and the reconciliation items and then splitting
the resulting national income figures by ratios based on estimates by King
and, more recently, by Budd.! The estimates for the earlier period are of

1 See Willford I. King, The National Income and Its Purchasing Power, New York (NBER),
1930. The King estimates were used as a basis for extrapolating the factor proportions
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poorer quality than those for the years since 1919, but the trends and
relationships are similar to those in the later years.

Concepts and Measures

“Factor price” is used in this chapter as shorthand for the compensation
(income) per unit of weighted factor input. Total factor price is obtained
by dividing factor income by the sum of real labor and capital inputs, as
shown in Table 25. Total factor price can be more specifically defined
in terms of its components. The price of labor is the average compensation
per manhour in the various industries, combined by changing manhour
weights. This is a broader measure than wage rates, since it includes
overtime and the cost of “fringe’ benefits. Shifts of manhours among the
forty or so industry groups for which manhours are estimated separately
(see Appendix A) do not affect the over-all price index, but shifts among
industries within these groups would.

The price, or average compensation per unit of capital input, is a com-
pound variable, measuring, in effect, the product of the average price
of capital goods and the average rate of return on the capital stock of the
sector. This measure may also be interpreted as an index of the net rent
earned per hour that the capital stock is available for use. As in the case
of labor, the price of capital is not affected by relative shifts of capital
among the twenty-five or so industry groups for which separate estimates
were made, but it would be affected by intra-industry shifts.

Operationally, the average price of each of the two factor classes is
obtained as the quotient of the total compensation of each and the corres-
ponding real-input measure, as shown in Table 26. The derivation is not
as simple as it may appear from the table. The national income estimates
give employee compensation but do not break down the net income of
proprietors between the returns on the labor and capital services furnished
by proprietors. This we have done by imputing to proprietors of each
industry segment the average hourly compensation of the employees of
that industry. Other conventions, such as imputing the same rate of
return to proprietors’ capital as is earned by small corporations in the
same industry, are possible, but differences stemming from alternative
procedures are not crucial.2

from 1919 to 1909. Extrapolation from 1909 to 1899 was based on estimates from Edward
C. Budd, “Factor Shares, 1850-1910,” Trends in the American Economy in the Nineteenth
Century, Studies in Income and Wealth, Volume 24, Princeton (for NBER), 1960.

2 Kravis has experimented with four different methods of splitting the net income of
proprietors. All methods give him the same general result, i.e., returns from property
ownership have a declining share in the national income since 1900; but the degree of
decline differs somewhat depending on the method (see Irving B. Kravis, “Relative
Income Shares in Fact and Theory,” American Economic Review, December 1959; for a
discussion of the same problem for an earlier period, see Budd, op. cit.).
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Private Domestic Economy:

TABLE 25

Factor Prices, Product Prices, and Productivity, Key Years and

Subperiods, 1899-1957

1899

1919
1929
1937
1948
1957

1899~
1919
1919-57

1919-29
192937
193748
1948-57

1899-
1919
1919-57

1919-29
1929-37
193748
1948-57

Net Domestic Product Factor Factor Average Price
at Factor Coste Input Productivity®
Current 1929 1929 Factors? Products®
Dollars Dollars Dollars®
n @) (3) (4) (5 (6)
MILLIONS OF DOLLARS INDEX (1929 = 100)
13,767 28,438 44,054 64.6 31.3 48.4
60,848 56,628 70,207 80.7 86.7 107.5
82,669 82,669 82,669 100.0 100.0 100.0
66,433 84,240 73,720 114.3 90.1 78.9
203,191 135,991 92,827 146.5 218.9 149.4
318,970 185,592 105,090 176.6 303.5 171.9
LINK RELATIVES
442.0 199.1 159.4 124.9 277.0 222.1
524.1 327.7 149.7 218.8 350.1 159.9
135.9 146.0 117.8 123.9 115.3 93.0
80.4 101.9 89.2 114.3 90.1 78.9
305.9 161.4 125.9 128.2 243.0 189.4
157.0 136.5 113.2 120.5 138.6 115.1

7.7
4.5

3.5
3.2

39
0.2
4.4
3.5

2.4
1.1

B

1
1
2
1

d
A

N v

22
1.7
23
2.1

5.2
3.4

14
—-1.3
8.4
3.7

AVERAGE ANNUAL PERCENTAGE RATES OF CHANGE DERIVED FROM LINK RELATIVES

Note: Table may not be internally consistent due to rounding.

@ Differs from net domestic product at market prices chiefly by the amount of indirect
business taxes. The estimate for 1929 is equal to the national income less income originating
in the general-government and rest-of-the-world sectors.

b Factor input here is derived as the sum of labor and capital inputs in absolute terms
(see Table 26). It differs slightly from the index given in the basic appendix tables, which
represents a variable weighted average of indexes of labor and capital inputs.

¢ Col. (2) divided by col. (3).
@ Col. (1) divided by col. (3).

¢ Col. (1) divided by col. (2) or col. (5) divided by col. (4).
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Capital compensation is total income less employee compensation and
the imputed labor compensation of proprietors. It represents the sum of
net interest, rents, royalties, and profits (corporate and noncorporate).
Since net profits are influenced by the method of depreciation accounting,
it should be noted that the depreciation of nonfarm assets is based on
original cost. Revaluation in terms of replacement cost would give some-
what different, but not substantially different, results. The Commerce
Department did adjust book depreciation figures to eliminate the effect
of the accelerated amortization allowed by the Internal Revenue Service
beginning in 1950.

TABLE 26

Private Domestic Economy:
Input, Cost, and Average Price of Labor and of Capital,
Key Years, 1899-1957
(dollars in millions)

Labor Cost Average Capital Cost Average
Price of Price of
Current 1929 Labor® Current 1929 Capital®

Dollars Dollars (1929 = 100) Dollars Dollars (1929 = 100)

(1 @) 3) ) ) ®)

1899 9,623 33,878 28.4 4,144 10,176 40.7
1919 43,814 51,802 84.6 17,034 18,405 92.6
1929 59,749 59,749 100.0 22,920 22,920 100.0
1937 52,400 52,221 100.3 14,033 21,499 65.3
1948 154,769 66,859 231.5 48,422 25,968 186.5
1957 259,611 68,831 377.2 59,359 36,259 163.7

Source: Current-dollar costs represent total labor compensation plus capital compen-
sation derived as the difference between national income and labor compensation.
Constant-dollar costs are computed from indexes of labor and capital input
(Table A-XXII) multiplied by the 1929-dollar estimates.

e Col. (1) divided by col. (2).

b Col. (4) divided by col. (5).

Finally, since we deflate the compensation per unit of the factor inputs
by an over-all price index to get real incomes, a few words should be said
about the nature of the deflator used. To obtain an index of final-product
prices consistent with the factor price index, it is necessary to compute the
quotient of net private domestic product at factor cost in current prices
and in constant prices. As a “net” measure, the implicit price deflator
accords a smaller weight to the prices of capital goods than would a
deflator of gross product, since the capital outlays required to offset capital
consumption are excluded. By measuring the average prices of national
product ““at factor cost,” the effect of indirect business taxes on market
price is eliminated. In practice, the price index is obtained by dividing
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income in the private domestic economy by the corresponding real net
product at factor cost. The latter variable is computed by extrapolating
base-period income by the index of real net product at market price, since
the deflated net product at factor cost should show virtually the same
movement as deflated net product at market price.3

Total Factor Price and Productivity

Between 1919 and 1957, total factor price more than tripled, which repre-
sents an average annual rate of advance of 3.4 per cent (see Chart 9).
Average product prices went up by almost two-thirds over the same
period, or at an average rate of 1.2 per cent a year. Therefore, the increase
in real income per unit of total factor input amounted to 119 per cent—
2.1 per cent a year on the average. By definition, the increase in real
income per unit of total factor input is identical with the increase in total
factor productivity, and both may be derived as the quotient of average
total factor price and average product price (as defined above).4

Rough estimates for 1899-1919 imply an average annual rate of increase
in total factor price of 5.2 per cent—more than in the succeeding thirty-
eight years. But the average productivity advance of 1.1 per cent a year
in the earlier period was significantly less than the later trend rate, and the
average annual rise in the general-product price level was substantially
greater—4.1 per cent compared with 1.2 per cent. Much of the increase
occurred during the World War I period, but prices were already rising
significantly by the turn of the century.

3 See John W. Kendrick “The Estimation of Real National Product,” A Critigue of the
United States Income and Product Accounts, Studies in Income and Wealth, Volume 22,
Princeton University Press (for NBER), 1958. The implicit price deflators for the net
product at factor cost and at market prices do not diverge substantially over the longer
periods, as shown below. Nevertheless, for short-term analysis, I recommend the use of a
market price index plus a reconciliation index to avoid possible misleading movements.

Implicit Price Deflators for Net Private Domestic Product,
Key Years, 1899-1957
(1929 = 100)

At Market Prices At Factor Cost Ratio

1899 494 48.4 102.1
1919 108.4 107.5 100.8
1929 100.0 100.0 100.0
1937 82.1 789 104.1
1948 144.3 149.4 96.6
1957 172.5 171.9 100.3

4 Let 7 be total income, or product at factor cost, O the corresponding real product,
and [ the real factor input; then O/I = ¥|I =~ ¥/O0.
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CHART 9

Private Domestic Economy: Factor Prices, Product Prices, and Productivity, Selected
Key Years, 1899-1957
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As shown in Table 25 and Chart 9, both price composites have risen
in the subperiods since 1937; in the subperiod 1929-37 both fell; from
1919 to 1929 factor price rose while product price fell. But whatever the
movement of average total factor price, it will exceed the average product
price movement in proportion to the productivity change, which is also
the measure of change in the real income per unit of total factor input.
Conversely, we may say that with any given increase in factor prices, the
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movement of the general price level will be cushioned in proportion to the
increase in productivity.

Although our estimates describe the relative movements of factor price,
product price, and productivity, they do not permit us to explain the
price movements. The latter is, of course, a very complex matter involv-
ing demand forces, monetary factors, supply elasticities, monopolistic
pricing practices in product and factor markets, and other elements. Since
many of the variables are interrelated in the sequence of price change, it
would be very difficult to isolate the effect of individual elements, even
if all the necessary detailed estimates were at hand.

Our estimates do permit us to analyze the movement of relative factor
prices and, thus, relative changes in real income per unit of labor and
capital input and in their shares of the national income and productivity
increments. It is to these matters that the remainder of the chapter is
devoted.

Relative Changes in Factor Prices and Income Shares

The index of total factor price is a composite. Each individual factor price
may have changed by more or less than the weighted average of all.
Average hourly labor compensation has changed in somewhat different
proportions in the various occupational or industry groupings, and the
price of capital has varied in different degree in the several industries.
But the interindustry structures of wage rates and of capital compensation
per unit have been relatively stable over time, in contrast to the marked
difference in movement between the prices of the two major factor classes,
labor and capital.

Between 1919 and 1957, average hourly labor compensation increased
at an average annual rate of 4.0 per cent a year—more than double the
1.5 per cent average increase in the price of capital. The total increase
over the thirty-eight years was 346 per cent in the case of labor rates
compared with 77 per cent in the case of unit capital compensation.
Reflecting the heavier weight of unit labor compensation, total factor
compensation per unit rose by 250 per cent over the period, which
reduces to an average annual gain of 3.4 per cent (sce Table 27).

It will be noted that the 1.5 per cent average annual increase in the
price of capital is somewhat higher than the rate of advance in average
product prices generally. Since there was little trend in the rate of return
on capital, the explanation lies primarily in a somewhat faster rise in the
prices of capital goods as measured (especially plant) than in other final
products. Insofar as the quality of capital goods increased more than the
quality of other goods, the relative price rise is overstated.

In the earlier period, 1899-1919, the 5.2 per cent average gain in total
factor price per year is a weighted average of 5.5 per cent for average
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hourly labor compensation and 4.2 per cent for capital compensation per
unit. Since the relative increase in labor compensation per unit was less
than in the subsequent period despite a faster growth of capital per man-
hour, it may be inferred that innovation tended to be relatively more labor

TABLE 27

Private Domestic Economy:
Relative Factor Prices of Labor and of Capital, Key Years and
Subperiods, 1899-1957

Price per Unit of Factor Input Reciprocal Ratios
Labor Capital Total Labor to Capital
Capital & to Labor ®
) @) 3 (4) (5)

INDEX (1929 = 100)

1899 28.4 40.7 31.3 69.8 143.3
1919 84.6 92.6 6.7 91.4 109.5-
1929 100.0 100.0 100.0 100.0 100.0
1937 100.3 65.3 90.1 153.6 65.1
1948 231.5 186.5 218.9 124.1 80.6
1957 377.2 163.7 303.5 230.4 43.4
LINK RELATIVES
1899-1919  297.9 227.5 277.0 130.9 76.4
1919-57 445.9 176.8 350.1 252.1 39.6
1919-29 118.2 108.0 115.3 109.4 91.3
1929-37 100.3 65.3 90.1 153.6 65.1
193748 230.8 285.6 243.0 80.8 123.8
1948-57 162.9 87.8 138.6 185.7 53.8
. AVERAGE ANNUAL PERCENTAGE RATES OF CHANGE
1899-1919 5.5 4.2 5.2 1.3 ~1.3
1919-57 4.0 1.5 3.4 2.5 —24
1919-29 1.7 0.8 1.4 0.9 —0.9
1929-37 0.0 —52 —13 5.5 —~5.2
193748 7.9 10.0 8.4 —1.9 2.0
1948-57 5.6 —14 3.7 7.1 —6.7 .

Source: Tables 25 and 26. Due to rounding, ratios may not exactly equal quotients of

unit prices as shown.
a Col. (1) divided by col. (2).
b Col. (2) divided by col. (1).

saving in the earlier period. In this earlier period, the price of capital
also showed a slightly greater increase than the general-product price level.

During the decade 1919-29, total factor price rose by 1.4 per cent a
year—less than half'its rate of increase over the whole period. The average
increase in wage rates of 1.7 per cent was twice the average increase in the
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price of capital. Between 1929 and the submerged peak of 1937, wage
rates barely held their own, while the price of capital, reflecting the in-
complete recovery from the great depression, declined substantially. The
next subperiod, 1937-48, was the only one in which therate of increase in the
price of capital exceeded that in the price of labor—10 per cent as compared
with 8 per cent a year—a situation due both to the low 1937 base and
to the postwar shortage of capital still prevailing at the high 1948 peak.

The relationship between factor prices reversed completely in the follow-
ing period. Between 1948 and 1957, while the rate of increase in wage
rates slowed somewhat, to a 5.6 per cent annual average, the price of cap-
ita] declined absolutely as well as relatively. This reflected a decline in the
rate of return on capital, since the prices of capital goods continued to rise.

Despite the decline in the actual average rate of return on capital in the
postwar period, the expected marginal rate of return was still sufficient
to induce a volume of new investment consistent with relatively full
employment. In this connection, it should be noted that the early postwar
rate of return on capital was abnormally high. But it is obvious that the
rate of return could not continuously decline without dampening expecta-
tions and, thus, new-investment demand.

Assuming that the monetary authorities, with due regard for main-
tenance of high-level production, eventually pursue a policy permitting
a stable or rising rate of return on capital, the partial offset to price
inflation provided by a declining rate of return in the decade after 1948
would no longer operate. This would tend to promote a higher rate of
advance in prices than in the 1948-57 period, unless productivity gains
accelerate or the increase in wage rates relative to the price of capital
slows as a result of changes in the variables we shall now examine.

THE INVERSE RELATION OF RELATIVE FACTOR PRICES AND QUANTITIES

Why has the relative price of capital fallen over most of the period under
review? Two major influences stand out—one relating to the rate of
return on capital and the other, to the prices of capital goods; the
product of these two variables equals the price of capital as we define and
measure it.

With respect to the first influence, the amount of net capital formation
has been high enough secularly in this country to result in a significantly
greater increase in real capital stocks and services than in the labor force
and manhours worked. The law of diminishing marginal productivity
states that under these circumstances, and in the absence of technological
advance, the rate of return on capital will decline. Actually, technological
advance has shifted the factor demand curves upwards; so there has been
no pronounced trend in the rate of return to capital, while wage rates
have risen more than the price level.
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The second influence relates to the prices of capital goods. Increasing
productivity in the capital goods industries, as in the economy generally,
means that capital goods prices fall in relation to wage rates (or increase
less), assuming relatively full employmentand competitive conditions which
tend to cause prices to approximate the cost of production per unit, and
result in labor being paid in accordance with its (rising) marginal product-
ivity. Since there has been no corresponding offset, i.e., no rising rate of
return on capital over the long run, the decline in capital goods prices
relative to wage rates is a built-in factor in dynamic economies that
facilitates the substitution of capital for labor.

On the demand side, it is conceivable that inventions might be suffi-
ciently capital-using (that is, require increasing quantities of capital
relative to labor, given constant relative factor prices) to cause the
demand for capital to increase more rapidly than the demand for labor.
But if this has been the case (as distinguished from the substitution of
capital for labor due to changing relative factor prices), the tendency has
not been strong enough to offset the effect on relative price of the greater
increases in the supply of capital than of labor—since the estimates show
that wage rates have consistently risen relative to the price of capital in all
periods when capital per unit of labor was rising.%

FACTOR SHARES IN NATIONAL INCOME

The national income accruing to each factor is the product of the quantity
employed and its price (cost per unit). Aggregate national income is the
sum of the compensations of all the factors. Thus, the share of each factor
in total national income will vary in accordance with the net effect of
changes in the quantity of the factor employed relative to total input, and
in the price of the factor relative to average factor price.

It is apparent from Tables 26 and 29 that the input of capital rose
substantially relative to labor input between 1899 and 1957 and in all
subperiods except 1937-48. Between 1919 and 1957, the ratio of capital
to labor input went up by 48 per cent. Asa ratio to total factor input, the
increase was only 32 per cent—since the marginal rate of substitution of cap-
ital for labor was more than three to one, based on the average weights
accorded the two factors over the period. The ratios of the input of each
factor to total factor input is shown in the first two columns of Table 28.
From 1899 to 1919, the ratio of labor to total factor input had declined from
77 to 74 per cent; between 1919 and 1957 it fell further, to 66 per cent.

The decline in relative labor input was associated with a more than
proportional increase in the price of labor services relative to total factor
price. From 1899 to 1929, the ratio increased by 10 per cent; from 1929

5 See Kravis, op. ¢it., for further discussion of causal forces.
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to 1957, the increase was 24 per cent (Table 28). Only in the subperiod
1937-48 did the relative price of labor decline. But in all subperiods,
relative prices and relative inputs of the two factors moved inversely.
Clearly, it was through relative price movements that the varying supplies
of the two factors were absorbed by the productive system. That is,

TABLE 28

Private Domestic Economy:
Factor Shares of National Income, in Current and Constant Dollars,
Key Years, 1899-1957

Distribution of Relative Factor Distribution of
Real Factor Cost Pricess National Income
in 1929 Prices in Current Prices
Labor Capital Labor Capital Labor? Capitale
(1929 = 100)
(M (2) (3 4 (5) (6)
1899 76.9%, 23.19, 90.7 130.0 69.9%, 30.19,
1919 73.8 26.2 97.6 106.8 72.0 28.0
1929 72.3 27.7 100.0 100.0 72.3 27.7
1937 70.8 29.2 111.3 72.5 78.8 21.2
1948 72.0 28.0 105.8 85.2 76.2 23.8
1957 65.5 34.5 124.3 53.9 81.4 18.6

Source: Tables 26 and 27. Table may not be internally consistent due to rounding.
a Indexes of ratios of individual factor prices to total factor price (see Table 27).

b Col. (1) times col. (3).

¢ Col. (2) times col. (4).

producers achieved cost economies by substituting the factor that was
becoming relatively cheaper for the one that was growing dearer as a
result of changing relative supplies. Over the period since 1919, the ratio of
the percentage change in relative factor inputs to the percentage change
in relative factor prices was —0.2, as shown in Table 29. The elasticity of
substitution varied considerably among the subperiods, however.
Between 1899 and 1919, the coefficient was almost —0.5, whereas in the
two decades since 1937, it has averaged about —0.3.

The last two columns of Table 28 show the net effect on income shares
of the inverse movement of relative factor inputs and prices. There was
little change in shares from 1899 to 1929. But after 1929, the decline in the
relative input of labor was significantly smaller than the increase in
relative labor price, and the share of labor increased from 72 per cent in
1929 to 81 per cent in 1957. The same percentages may be calculated
directly from Table 26. Only in the subperiod 1937-48 did labor’s share
in the national income temporarily decline due to the peculiar circum-
stances described earlier. A picture of the movements of the several
variables in key years since 1919 is given in Chart 10.
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CHART 10

Private Domestic Economy: Relative Changes in Factor Inputs, Factor Prices, and Factor
Shares of the National Income, Selected Key Years, 1899-1957
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Relative inputs and prices are ratios of labor and capital inputs and prices to total factor
input and price, respectively.
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Per cent
100

CHART 10, continued

C. Factor Shares of the National Income
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TABLE 29

1937

Private Domestic Economy:
Relative Changes in Real Inputs and in Unit Compensations of the Factors,
Subperiods, 1899-1957

(link relatives)

1957

Real Factor Inputs Unit Factor Compensations Coeffictent of
Labor Capital Ratio Labor Capital Ratio Substitution®
(1) (2) (3) ) ©) (6) (7

1899-1919 153 181 85 298 228 131 —0.48
1919-57 133 197 68 446 177 252 —0.21
1919-29 115 125 92 118 108 109 —0.89
1929-37 87 94 93 100 65 154 —0.13
193748 128 121 106 231 286 81 —0.32
1948-57 103 140 74 163 88 185 —0.31

Source: Tables 26 and 27. Table may not be internally consistent due to rounding.
a [Col. (3) — 100] = [Col. (6) — 100].
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Relative Changes in Real Factor Compensation

REAL COMPENSATION PER UNIT

Once the prices of the factors have been calculated, it is easy to compute
indexes of the real earnings per unit of each of the factor inputs. This
involves dividing the factor prices (i.e., the current-dollar compensation
per unit) by an index of the prices of products for which factor incomes
are spent, directly or indirectly. For that index, we use the implicit price
deflator for the net domestic product at factor cost. This index is composed
of the prices of new capital goods and goods purchased by government,
as well as consumer goods, although consumer goods have by far the
largest weight. ‘

It could be argued that labor income is distributed among these types of
goods (i.e., among spending, saving, and taxes) somewhat differently
than is the income accruing to the owners of capital; and, therefore, to
measure the purchasing power of each type of compensation, different
price indexes should be employed with weights based on the patterns of
spending characteristic of each type of income. But both types of income
are used for all the major types of final product, and it is statistically
impossible to relate patterns of spending to type of factor income since
most spending units do not receive a pure form of either. In any case,
use of a different deflator would not substantially affect the results. Over
the long period, 1919-57, the consumer price index increased by only 1 per
cent more than our deflator.$

The results of deflating current-dollar factor compensation per unit by
product price are shown in Table 30 in index number form. Since average
hourly earnings increased substantially more than average compensation
per unit of capital, it follows that the real increase in the former would
also be greater. Between 1919 and 1957, real average earnings increased
by 179 per cent, compared with an 11 per cent increase in real compen-
sation per unit of capital. Between 1899 and 1919, the proportionate
increase in real average hourly labor compensation was also much greater.

The gains in the real compensation of each factor can be compared with
the gain in productivity, which may also be termed the gain in real
income per composite unit of factor input (see Table 31 and Chart 11).
The proportionate gain in the real average hourly earnings of labor was
one-fourth greater than the percentage increase in productivity over the
period since 1919, and between 1899 and 1919 the margin was even
larger. The proportionate gain in real unit compensation of capital was

8 Conceptually, a market price index would be preferable to our index at factor cost;

but the differences between the two are minor and our index has the advantage of per-
mitting precise definition of the relationships among productivity, prices, and unit factor

costs.
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CHART 11

Private Domestic Economy: Productivity and Real Income per Unit of Factor Input,
Selected Key Years, 1899-1957
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TABLE 30

Private Domestic Economy:
Derivation of Real Factor Income per Unit, Key Years, 1899-1957

(1929 = 100)
Current Income per Unit Average Real Income per Unit
(Factor Price) Product

Labor Capital Price Labor® Capital®
(n (2) (3 4) (3)
1899 28.4 40.7 48.4 58.7 84.1
1919 84.6 92.6 107.5 78.7 86.1
1929 100.0 100.0 100.0 100.0 100.0
1937 100.3 65.3 789 127.1 828
1948 231.5 186.5 149.4 155.0 124.8
1957 377.2 163.7 171.9 2194 95.2

Source: Tables 25 and 27,
a Col. (1) divided by col. (3).
b Col. (2) divided by col. (3).
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only about one-tenth of the productivity increase from 1919-57 and
about the same in the earlier period.

The marked difference between the increases in real unit earnings of the
two factors relative to the productivity increase reflects the differential
movement in the prices of the two factors (see Table 31). Between 1919
and 1957, for example, the price of capital fell by around 50 per cent
relative to the composite unit factor price. It was this relative decline

TABLE 31

Private Domestic Economy:
Productivity and Real Factor Income per Unit, Key Years and
Subperiods, 1899-1957

Produgtivity® Relative Factor Prices Real Income per Unit
Labor Capital Labor? Capitale
(1) @) 3 #) ©)
INDEX (1929 = 100)
1899 64.6 90.7 130.0 58.7 84.1
1919 80.7 97.6 106.8 78.7 86.1
1929 100.0 100.0 100.0 100.0 100.0
1937 114.3 111.3 72.5 127.1 82.8
1948 146.5 105.8 85.2 155.0 124.8
1957 176.6 124.3 53.9 219.4 95.2
LINK RELATIVES
1899-1919 124.9 107.6 82.2 134.1 102.4
1919-57 218.8 127.4 50.5 278.8 110.6
1919-29 123.9 102.5 93.6 127.1 116.1
1929-37 114.3 111.3 72,5 127.1 82.8
193748 128.2 95.1 117.5 122.0 150.7
1948-57 120.5 117.5 63.3 141.5 76.3
AVERAGE ANNUAL PERCENTAGE RATES OF CHANGE
1899-1919 1.1 0.4 —1.0 1.5 0.1
1919-57 2.1 0.6 —1.8 2.7 0.3
1919-29 2.2 0.2 —0.7 2.4 1.5
1929-37 1.7 1.3 -39 3.0 -23
193748 23 —05 1.5 1.8 3.8
1948-57 2.1 1.8 —5.0 39 —-3.0

Sourck: Tables 25, 28, and 30. Table may not be internally consistent due to rounding.

@ Productivity index here differs slightly from that in the basic appendix tables because
the input series was differently derived (see Table 25, note 5).

b Col. (1) times col. (2).

¢ Col. (1) times col. (3).
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that was associated with a smaller increase in real earnings per unit of
capital than in productivity and made it possible for the real average
earnings of labor to rise substantially more than the proportionate increase
in productivity.?

Apparently, so long as capital services increase more rapidly than labor
services and the price of capital rises less rapidly than wage rates, wage
rates can rise somewhat faster than total factor productivity and still be
consistent with a stable product price level. Beyond a point, however,
increases in wage rates and the price of capital are associated with price
inflation, as is indicated by this historical survey.

TOTAL REAL FACTOR INCOMES

Having estimated real income per factor unit by type, it is only necessary
to multiply these estimates by the real input of each of the factors in order
to obtain the total real incomes of each. The same result may be obtained
by dividing the total current-dollar compensation of each of the factors
by the product price deflator. But the more roundabout procedure of
taking the product of the deflated unit compensations and inputs yields
additional analytical material.

We already know that capital stocks and inputs rose in relation to labor
input over the period under review. In absolute terms, between 1919 and
1957 labor input increased by one-third, while capital input almost
doubled (Table 32). But we also know that relative changes in real in-
come per factor unit were more pronounced and inverse to the relative
input changes. Real capital compensation per unit rose by 11 per cent,
while real unit labor compensation was up by 179 per cent over the thirty-
eight-year period.

Putting the two variables together, we find that total real labor income
rose by 270 per cent from 1919 to 1957, while real capital income rose by
118 per cent. Reduced to average annual rates of change, real labor
income has grown by 3.5 per cent a year, or 1.4 percentage points more
than the rate of growth of real capital income. The faster growth of real
labor income prevailed in all subperiods except that of 1937-48.

The important fact is that the larger relative gains in real unit labor
compensation more than offset the relative decline in labor input, leading
to a greater rise in real labor income than in capital. The proportionate
shares of the factors in real national income can be computed from
Table 32, but these are the same as shown in Table 28 as computed from
current-dollar national income, since the same price deflator was applied
to both shares.

7 For a fuller treatment of the real wage-productivity relation, see John W. Kendrick,
“The Wage-Price-Productivity Issue,” California Management Review, Spring 1960.
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PRODUCTIVITY, FACTOR PRICES, AND REAL INCOMES

Factor Shares of Productivity Gains

The fact that the labor share of national income rose in relation to the
labor proportion of factor input implies that the labor share of productivity
gains during the period was larger than its share of the national income
at the beginning of the period. The estimates in Table 32 permit us to
calculate the factor shares of the productivity increment, as shown in
Table 33 for the period since 1919.

TABLE 33

Private Domestic Economy:
Factor Shares in Productivity Gains, Subperiods, 1919-57
(millions of 1929 dollars)

1919- 1919- 1929- 1937- 1948-
1957 1929 1937 1948 1957

Total

1. Change in real income

(product) +128964 426,041 41,571 +51,751 +49,601
2. Change in factor input  +34,883 412,462 —8,949 419,107 +12,263
3. Productivity gain

1-2) +94,081 +13,579 +10,520 +32,644 +37,338
Labor

4. Changeinrealincome +110,285 18,972 +6,676 437,169 447,468

5. Change in input 417,029 +7,947 —7,528 414,638 +1,972

6. Laborgain (4 — 35) +93,256 411,025 +14,204 422,531 45,496
7.  Laborshare of total
productivity gain

(6 = 3) 99.1%, 81.29%, 135.0%, 69.0%, 121.89,
Capital

8. Change in real income +18,679 +7,069 —5,105 414,582 +2,133

9. Change in input +17,854 44,515 —1,421 44,469 +10,291

10. Capital gain (8 — 9) 4825 +2,554 3,684 +10,113 —8,158
11.  Capital share of total
productivity gain

(10 + 3) 099  18.8% —350%  31.0% —21.8%

Source: Changes in real income and input computed from estimates shown in Table 32,

For this purpose, we may estimate the real income resulting from
productivity advance between two periods as the difference between the
increment to real product and the increment to real factor input (cost).3
Total factor input is an approximation to what real product would have
been in the absence of productivity gain, since the volumes of inputs are
weighted by the constant, base-period product (at factor cost) accruing

8 This procedure is also suggested in the United Nations report, A System of Price and

Quantity Indexes for National Accounts, Economic and Social Council, E/CN.3/C.46, New
York, December 27, 1957 (mimeographed, limited distribution).

129




PRODUCTIVITY IN THE TOTAL ECONOMY

to each type of factor. Thus, to the extent that actual real product rises
more than factor input, the difference represents that part of the increase
in real product resulting from productivity advance.

Similarly, the increment to the real income of each of the factors is
compared with its input increment. Real labor input, for example,
indicates what the real income of labor would have been had there been
no change in real compensation per manhour. The excess of increments to
actual real labor income over increments of real labor input is one measure
of labor’s share in the total gain in real income due to productivity ad-
vance. The same reasoning holds for capital input.

Since the real incomes of each of the factors add up to total real product
at factor cost, and since the inputs of each add to total factor input, the
excess of real income of each factor over the real input adds up to the total
productivity increment. Thus, the real income gain of each factor may be
expressed asa proportion of the over-all productivitygain. Itshould benoted
that one factor may appropriate more than the total productivity gain if
the real unit income of the other factor actually declines in a given period.

Over the entire period, 1919-57, labor obtained 99 per cent of the
productivity increment (Table 33). This is consistent with the increase
in labor’s share of the national income from 72 per cent in 1919 to 81 per
cent in 1957, in contrast to its declining proportion of real factor input.

The only period in which labor’s share of the productivity increment
was less than its share of national income in the initial year was 1937-48.
Between these years, labor commanded only 69 per cent of the productivity
gain, and its share of national income declined from 79 to 76 per cent.
In two of the periods, 1929-37 and 1948-57, labor obtained more than the
total productivity increment. These were periods during which the rate
of return on capital actually dropped—in the first, because of incomplete
recovery from depression, and in the second, because of the readjustment
from a condition of postwar capital shortage to a more normal situation.
The estimates for the early period are not good enough for this sort of
calculation, but the relative factor price movements indicate that the
result would be similar to that obtained for the later period.

The mathematics of this approach indicates that labor would get the
total productivity increment if the real compensation of capital per unit
showed no change. Since the price of capital is the product of the average
price of capital goods and the rate of return on capital, this would happen
under two circumstances: first, if the average price of capital goods showed
the same movement as average final product prices generally; and second,
if the rate of return on capital remained constant. That capital obtained
some of the productivity increment was due to a small relative increase in
capital goods prices, not entirely offset by a slight decline in the rate of
return on capital between 1919 and 1957.
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CHAPTER 6

Patterns of Productivity Change
by Industry Groupings

THE economy productivity measures are, in effect, weighted averages of
productivity indexes for the component industries. Just as it was necessary
to look at the aggregates for the macroeconomic analysis contained in
Part I1, so it is informative to disaggregate and look at the diverse product-
ivity movements in the various industries. Not only do the industry
productivity indexes reveal the sources of national productivity advance
by industry of origin, but relative changes in productivity by industry can
be related to relative changes in other variables in order to increase our
understanding of causal factors and of the impact of productivity changes
on the economic structure (treated in Chapter 7).

This chapter is primarily a summary description of productivity move-
ments in the various industrial groupings of the private domestic economy
between 1899 and 1953 and in the six component subperiods. Estimates of
total factor productivity and the partial productivity ratios are available
for five major segments of the economy and for thirty-three industrial
groups within the five segments. Output per manhour measures are also
available for three other major segments, for many Standard Industrial
Classification 4-digit industries within the twenty manufacturing groups,
for twelve groups within the farm segment, and for additional transporta-
tion industries.

As the analyst leaves the measures of productivity for the total economy
and examines those for the industrial groupings, he is struck first by the
considerable diversity of productivity movement. The industry rates of
productivity change, while tending to cluster about their mean, show a
considerable range of dispersion. The dispersion is markedly greater in the
subperiods than it is over the long period, 1899-1953, and it is somewhat
greater for the two partial productivity ratios than it is for total factor
productivity. As would be expected, dispersion becomes greater the finer
the industry detail that is subjected to analysis.

Consistent with these observations, variations in movements of the
productivity ratios over the subperiods are greater for the industry
groupings than for the economy as a whole; and variability tends to
increase the more detailed the industrial classifications. The total factor
productivity measures, however, tend to show less variability than the
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partial productivity ratios. This indicates a positive correlation between
relative changes in output per unit of labor input and in capital per unit
of labor input.

Yet, despite the diversity of industry productivity movements, one is
impressed by the strength and breadth of the underlying forces promoting
productivity advance. Over the long period, no segment or group and
very few individual industries experienced productivity declines. Even
in the subperiods, productivity gains predominated heavily. Nevertheless,
the difference in rates of productivity change is an intriguing topic for
further investigation. Although we do not attempt a full-scale statistical
explanation of industry differentials, in the concluding section of the
chapter we speculate about some possible causal forces with reference to
exploratory statistical studies.

Total Factor Productivity

SECULAR RATES OF CHANGE

Rates of change in total factor productivity are contained in Table 34.
Over the long period, 1899-1953, the average annual rates of increase in
the major segments range from 1.1 per cent in farming (on a net output
basis) to 3.6 per cent in communications and public utilities. Mining and
manufacturing each show about a 2 per cent yearly rate of advance, as
does the covered sector as a whole, while transportation registers about
3 per cent (see Chart 12). Analysis of the interrelationships between
relative changes in productivity and associated variables is deferred
until the concluding section, but it may be helpful to mention here that
there is a significant positive correlation between productivity and out-
put changes. The ranking of the segments with respect to productivity
change roughly corresponds to their ranking with respect to the growth
of output.

Direct estimates of outputs and total factor inputs are available only
for these five segments and their components; these accounted for 54 per
cent of private domestic income in 1953. Since productivity estimates
are available for the total private domestic economy, however, implicit
estimates for the uncovered sector may be derived. Over the fifty-four-year
period, total factor productivity grew at an average annual rate of 2.1
per cent in the covered sector compared with 1.7 per cent in the private
domestic economy. This implies a 1.3 per cent rate of growth in the
uncovered sector, which consists mainly of trade, finance, services, and
construction. The estimate is necessarily crude, for reasons given in
Appendix A; but the lower rate of growth in the residual area is consistent
with direct estimates of real product per manhour for the component

segmertts.
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CHART 12

Private Domestic Economy: Total Factor Productivity, by Segment, Key Years,
1889-1953 (1929=100)
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TABLE 34

Private Domestic Economy: Average Annual Rates of Change in Total Factor
Productivity, by Segment and by Group, with Measures of Dispersion,
Subperiods, 1899-1953
(per cent)

Mean Deviation
of Subperiod
Pre- 1899- 1909- 1919- 1929- 1937- 1948- 1899—  Rates from
1899 1909 1919 1929 1937 1948 1953 1953  Secular Rate

Farming 09 -02 -03 12 08 27 37 11 1.1
Mining 14 08 14 35 43 10 29 2 1.3
Metals 1.1 22 38 43 23 -26 22 1.3
Anthracite coal —-04 05 00 43 06 —03 07 1.0
Bituminous coal 12 18 24 10 03 39 16 0.8
Oiland gas 1.3 09 55 8.1 05 3.8 3.0 2.5
‘Nonmetals 16 04 59 07 44 12 26 2.0
Manufacturing 14 7 03 53 19 16 25 20 1.3
Foods 03 —04 53 15 1.5 22 17 1.5
Beverages 09 —-56 —02 152 1.7 09 16 4.0
Tobacco 1.2 49 44 63 28 07 35 1.7
Textiles 1.1 09 29 46 25 26 24 1.0
Apparel 07 27 40 25 -—-07 1.3 1.7 14
Lumber products —-04 —-12 25 04 22 38 10 1.5
Furniture —08 —05 42 05 32 1.7 14 1.8
Paper 24 03 47 43 10 16 23 1.5
Printing, publishing 39 30 37 26 06 15 26 1.0
Chemicals 0.7 —-07 74 30 37 41 29 22
Petroleum, coal products 0.7 —1.0 86 27 10 30 24 2.5
Rubber products 23 74 77 40 07 21 4l 2.5
Leather products 01 05 29 36 04 00 12 1.3
Stone, clay, glass 22 07 57 23 20 24 26 1.2
Primary metals 27 —05 55 —-13 32 05 19 2.1
Fabricated metals 23 18 46 10 16 51 26 1.2
Machinery, nonelectric .0 07 29 23 12 26 17 0.8
Electric machinery 06 03 35 32 21 50 22 1.3
Transportation equipment 11 70 84 —04 09 37 35 3.1
Miscellaneous 08 —06 46 29 20 3.0 2.0 1.4
Transportation 33 09 3. 1 41 4.7 3 3.2 0.9
Railroads 18 34 19 1.7 36 27 26 0.8
Local transit LT 27 41 25 52 —43 25 1.8
Residual transport —-12 15 74 88 39 55 4.0 2.9
(continued)
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TABLE 34 (concluded)

Mean Deviation
of Subperiod
Pre- 1899- 1909- 1919- 1929- 1937- 1948- 1899- Rates from
1899 1909 1919 1929 1937 1948 1953 1953  Secular Rate

Communications and

public utilities 1.2 46 37 25 33 43 27 36 0.7
Telephone 48 19 1.6 09 05 20 1.1
Telegraph 15 —-1.2 43 21 21 24 18 1.2
Electric utilities 52 82 25 X 66 50 5.5 1.4
Manufactured gas 41 50 32 16 67 88 47 1.7
Natural gas 00 11 02 37 55 16 20 1.9

Residual sector 0.8 _l_z L5 -—0'_1 08 22 2.3 1.3 0.7

Private domestic economy _1_2 _2 11 __Q E _2_._3_ 27 17 .5

Aggregate of 5 covered

segments 16 07 08 _?i 23 24 29 21 1.0

Mean deviation from
sector rates:
5 segments 05 05 11

09 10 04 05
33 groups 1.0 1.6 .

.1 06

—
@ O
—
w
—
o

Turning to the thirty-three industry groups for which total factor
productivity estimates are available, we find a greater dispersion of trends.
Over the long period, the average annual rates of productivity advance
range from 0.7 per cent in anthracite coal mining to 5.5 per cent in electric
utilities.

Within each of the four segments from which the group detail presented
in Table 34 is drawn, the degree of dispersion is also pronounced (see
Table 46 for statistical measures of dispersion). Within mining, average
annual rates of advance range from less than 1 per cent for anthracite coal
to 3 per cent for crude petroleum and natural gas. In manufacturing, the
range is from 1 per cent for lumber products to 4 per cent for rubber
products. Within transportation, both railroads and local-transit lines
average a gain of about 2.5 per cent a year; but residual transportation,
which includes motor transport, waterways, airlines, and pipe lines,
averages 4 per cent a year. In the public utility segment, the range of the
annual increase is from 1.8 per cent in the telegraph industry to 5.5 per
cent for electric utilities.

A more graphic picture of the dispersion in the average annual rates of
productivity change is given by the frequency distribution in Table 35
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PATTERNS OF PRODUCTIVITY CHANGE

CHART 13

Thirty-three Industry Groups: Divergence of Total Factor Productivity,
1953 Relative to 1899
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(first column) and Chart 13. The average annual rates are concentrated in
the 1.0 to 3.0 per cent class intervals, but the distribution is somewhat
skewed to the right. No group experienced secular declines in productivity,
and six groups had gains that averaged more than 3 per cent a year over
the long period.

PATTERNS OF PRODUCTIVITY MOVEMENT

Although we have been speaking of average annual rates of change, the
course of productivity advance is not a smooth one. Between key years,
rates of productivity change differ in each of the segments to a considerably
greater extent than in the economy as a whole, and variability is even
greater in the industry groups. Nevertheless, the major segment indexes
show no actual declines in any of the subperiods except for a slight sag in
farming prior to 1919. Among the groups, almost half show declines in
one, or occasionally two, of the six subperiods.

As would be expected, annual changes in productivity exhibit still
greater variability than average rates of change in the subperiods; and
declines are more frequent on an annual basis, especially in periods of
business recession. Due to the small number of total productivity series
available on a yearly basis, annual fluctuations of all three productivity
ratios are treated together in a later section of this chapter.

Each industry segment and group has had a unique pattern of product-
ivity movement over the long period. The different group rates of change
in the subperiodshave tended tobe offsetting in their effect on productivity
change in the economy as a whole. The marked acceleration of product-
ivity advance in the economy after 1919, for example, was not the result
of acceleration in all groups at the same time, but rather a matter of
“rolling acceleration” relative to pre-1919 rates of growth.

Thus, in terms of the segments shown in Chart 12, manufacturing and
mining showed pronounced acceleration of productivity advance after
1919; but this lasted for only a decade in manufacturing and until 1937 in
mining. Beginning around 1937, productivity advance accelerated in
farming and in the residual service area, offsetting lower rates of advance
elsewhere. Productivity gains in transportation were strong throughout
the entire period after 1909, and especially so in the World War II
subperiod. Persistently strong advance was already evident around 1899
in the communications and public utilities segment.

Productivity movements have not been graphed for the thirty-three
groups, but to give a little more of the flavor of the industry patterns, we
shall give a short summary of how they conform to or depart from the
broader segment patterns. Variability in productivity changes over the
subperiods was a little greater for the thirty-three industry groups, on the
average, than for the five segments, as shown in Table 34. A few groups
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showed even steadier rates of gain than the segments of which they are a
part; examples include bituminous coal, nonelectric machinery, and the
steam railroads. But, in general, group variability was somewhat higher
and the greater stability in segment rates of advance was due to offsetting
changes in rates of advance of the component groups.

In the mineral industries, the 1919-37 acceleration was widespread.
Deceleration after 1937 was most marked in the metals group, which
showed an absolute drop in total productivity in the 1948-53 subperiod.
Only in bituminous coal was the rate of efficiency gain higher in the last
subperiod than in any preceding. Yet it is too early to say that the ten-
dency towards diminishing returns in the mineral industries is drawing
ahead in the race with technological progress.

About half of the manufacturing groups followed the segment pattern of
a slow rate of productivity advance between 1899 and 1919, marked
acceleration in the 1920’s, and a more moderate upward trend since 1929.
In printing and publishing, however, a high rate of productivity advance
was already evident in the first subperiod, 1899-1909; it continued through
1929, with some deceleration thereafter. Acceleration began in the 1909-
19 subperiod for tobacco manufactures, apparel, rubber products, and
transportation equipment. In the case of the latter two groups, this
obviously reflected the dynamic early phase of the automobile era;
productivity in both groups, showed marked deceleration after 1929,
although there was an improved rate of advance after 1948. The tobacco
and apparel groups continued with higher-than-average productivity
advance through 1937, but with deceleration thereafter. Some groups
have shown their most rapid productivity growth since World War II,
notably electric machinery, chemicals, and lumber products—influ-
enced, no doubt, by high investment demand.

Within the transportation segment, which experienced a rather con-
sistent upward trend, steam railroads showed accelerated average rates
of productivity advance averaging around 3.5 per cent a year in each of the
World War subperiods. Since 1948, the average annual rate of gain has
been 2.7 per cent, close to the secular rate. The local transit group,
consisting of electric railways and bus lines, showed almost as large a long-
run rate of growth as steam railroads; but following acceleration during the
World War II subperiod, there was an actual decline in both productivity
and output after 1948. The residual transportation group has shown rapid
productivity gains since World War I, as motor transportation, pipe lines,
and finally airlines have become of increasing importance relative to water-
ways and the vanishing horse-drawn vehicle. Although rates of gain in
this group are now below the 8 per cent annual average in the interwar
period, the 5.5 per cent average rate between 1948 and 1953 keeps it one
of the most technologically dynamic areas in the economy.
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In the public utility segment, the smallest temporal variations in pro-
ductivity advance relative to trend were in the electric utility group.
Advances were consistently well above the economy average, although a
very high rate of advance between 1909 and 1919 was succeeded by con-
siderable deceleration in the following decade. Variations were also
relatively small in the manufactured gas group, which showed advances
in excess of the economy average in all subperiods after 1899. There was
some deceleration in the 1929-37 subperiod, coincident with a drop in
output. But in the 1948-53 subperiod, when output again declined,
productivity showed its most rapid advance—averaging 8.8 per cent a
year. The greatest relative variability in the segment was shown by the
natural gas group. Production increased sharply after 1899, but product-
ivity showed small gains prior to 1929. Large productivity increases
between 1929 and 1948 were followed by more modest gains.

In the telephone industry, the largest productivity advances came in the
early decades, and the smallest advances have been experienced since
1937—although this may be due partly to incomplete measurement of
output (see Appendix H). Productivity advance in the telegraph industry
has been steadily but moderately upwards since 1889, with the exception of
a drop in the 1909-19 subperiod that was compensated for in the following
decade.

MEASURES OF VARIABILITY AND DISPERSION

If one wishes to pin down the variability of subperiod rates of change in
productivity, it is possible to measure the mean deviation of these rates
from the long-term rate for each group or segment. These measures are
shown in the last column of Table 34 and are summarized in Table 47.
It can be seen that the mean deviation of subperiod rates so defined is
0.5 per cent for the private domestic economy as a whole and 1.0 for the
five-segment aggregate, and averages 1.4 for the groups.

Variability in a few groups, as measured by the mean deviation of sub-
period rates of change from the secular rate, was as high or higher than
the secular rate itself. This was the case in anthracite coal mining, lumber
products, products of petroleum and coal, primary metals, and beverages.
In the case of beverages, however, variability was largely the result of the
depressing effect of prohibition on productivity followed by the temporary
stimulation of repeal. There is a tendency for the coeflicients of variation
to be inversely correlated with the secular mean rates of productivity
change in the groups and segments.

That variability of productivity advance has not been uniform among
the various groups, but has tended to be offsetting, suggests a larger
dispersion of segment and group rates of change in the subperiods than
over the period as a whole. In fact, as shown in Tables 34 and 46, the
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mean deviation of segment and group productivity changes in the sub-
periods from their average are approximately twice as great as the mean
deviations from secular rates of change. Mean deviations of group rates
of change relative to rates of change for the segment to which the groups
belong are also approximately twice as great in the subperiods, on the
average, as for the long period. The greater dispersion of subperiod rates
of change is roughly what one would expect from the law of averages.

A graphic picture of dispersion in the subperiods compared with the
period as a whole can be seen in the frequency distributions in the first
panel of Table 35. It is apparent that there are more extreme rates of
change in the subperiods than over the long period. Subperiod rates range
from negative values to values exceeding 8 per cent a year. There is much
less concentration of rates of change in the 1.0 to 3.0 per cent class intervals
than is the case with the secular rates of change.

The question naturally arises as to whether the degree of dispersion of
group rates of change from their mean has tended to lessen over the sub-
periods. If so, this would be some indication of a more rapid rate of
diffusion of innovations from one group to others, or of more similar rates
of innovation arising within the several groups, or both. The answer
seems clear-cut with respect to the mean deviations of the segments or
groups as percentages of the rates of change in the covered sector, i.e.,
the coefficients of variation. For convenience, the coefficients of variation,
based on the data underlying Table 34, are given in Table 36. By the
last two subperiods, 1937-53, the coefficients had fallen sharply from their
values for the first two subperiods, 1899-1919. The decline was relatively

TABLE 36

Trends in Relative Dispersion (Coefficient of Variations) of Changes in
Total Factor Productivity, Subperiods, 1899-1953

(per cent)
Groups by Segment
Covered Sector Communi-
Segments  Groups Manu- Mining Trans- cations and
facturing portation Public
Utilities
1899-1909 0.66 1.39 1.26 0.34 1.05 0.38
1909-19 1.31 - 2.02 6.07 0.45 0.21 0.51
1919-29 0.42 0.48 0.28 0.42 0.60 0.50
1929-37 0.41 0.59 0.76 0.60 0.56 0.16
193748 0.42 0.42 0.56 0.89 0.06 0.38
1948-53 0.15 0.39 0.42 0.69 0.46 0.63

a Coefficients show mean deviations of segment and group rates of productivity change
from sector rates of change as ratios to the latter.
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(