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PREFACE TO VOLUME III: THE
CAMBRIDGE ECONOMIC HISTORY
OF THE UNITED STATES

By the date of publication of this volume the entire twentieth century will
have passed before our eyes and become a reputable period for historical
study. The fact that the essays in this volume are concerned with recent
events means that they sometimes reach conclusions more tentative than
those in earlier volumes, where more of the historical dust has settled and
the long-term implications of certain events and changes are reasonably
clear. While the terminal dates of most papers are similar — World War I
and the ending of the century — some cover the period from the start of
the century. There is also some discussion of the twentieth century in two
of the chapters in the preceding volume, Freyer on business law and
Fishlow on transportation.

Volume III differs from the earlier volumes in that it contains two chap-
ters on specific events, having no clear precedent in the previous volumes,
but that were crucial in shaping the twentieth century. These events have
social, political, and economic impacts influencing not only the United
States but the entire world. The century was marked by one severe, world-
wide depression lasting about one decade and two major world wars
involving numerous countries and drawing heavily upon human and non-
human resources. Among the consequences of the Depression of the 1930s
and World Wars I and II has been the greatly expanded role of the national
government in the economy. The expanded nature of fiscal and monetary
institutions, the greater use of deliberate policy controls, and the increased
regulation of businesses and individual behavior were among the most dra-
matic changes of this century, making the U.S. economy of year 2000 very
different from the economy of 1900. Because of the nature of worldwide

vii
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viii Preface

linkages and their changes, by the end of the century there were greater
financial and trade flows among nations and also shifts in the composition
of international population flows. From a recipient of capital inflows late
in the nineteenth century the United States became a major source of
capital outflows to the rest of the world throughout almost the entire twen-
tieth century. Immigration became restricted and controlled in the early
part of this century, and when it again reached high levels late in the
century it was with a very dramatic change in the source of immigration
from earlier. While never fully independent as an economic agent in the
world economy in earlier centuries, the extent to which the United States
became increasingly dependent on other economies in the twentieth
century has been striking.

We begin, as in Volume II, with descriptions of the pace and pattern
of economic change, of the changing structure of the American economy,
and of the changing pattern of income distribution. The discussion of U.S.
twentieth-century growth is placed in a comparative perspective, relative
to the experience of other centuries, as well as to that of other countries.
The chapter on twentieth-century Canadian economic growth continues
the nineteenth-century story from the preceding volume, and, as before,
also provides a comparison with the U.S. experience. For example, for both
nations growth without an open western frontier left its mark upon the
nature of economic change.

There are some differences in the discussion of factors of production
from those in the previous volumes; neither capital nor land receive the
separate treatment, each with its own chapter, that was given in Volume
II. Nevertheless, these topics are discussed throughout the volume in
various chapters. There are some discussions that are direct continuations
of the chapters dealing with nineteenth-century patterns, such as the
chapters on population and labor. These variables are analyzed as influ-
ences upon economic growth and consequences of economic changes.
There is one chapter on the agricultural sector, that in the North;
Southern topics are distributed among the chapters. There is, however,
no specific chapter on the manufacturing sector, although, again, much
information is presented throughout other chapters, such as the one on
structural change.

There are two essays that deal with aspects of economic growth. The
rise of the so-called “corporate economy,” with the increased scale of firms
leading to organizational innovations allowing for growth, is one central
aspect of twentieth-century change. Similarly, technological changes,
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Preface ix

increasingly based on the application of scientific principles, have meant
accelerated rates of invention, innovation, diffusion, and development in
many sectors throughout the economy.

As before, we have selected those authors we believed best qualified to
deal with the topics and have made no attempt to get authors to agree
on interpretation with either the editors or with the authors of other
chapters. Differences in interpretation generally reflect the current state
of scholarship and present-day analytical and empirical debates. These
volumes are a guide to the present stage of scholarship rather than a source
of definitive answers to specific questions.

This volume, like all Cambridge histories, consists of essays that are
intended to be syntheses of the existing state of knowledge, analysis, and
debate. By their nature, they cannot be fully comprehensive. Their purpose
is to introduce the reader to the subject and to provide her or him with a
bibliographical essay that identifies directions for additional study. The
audience sought is not an audience of deeply experienced specialists, but
of undergraduates, graduate students, and the general reader with an
interest in pursuing the subjects of the essays.

The title of Peter Mathias’s inaugural lecture (November 24, 1970)
when he took the chair in economic history at Oxford was “Living with
the Neighbors.” The neighbors alluded to are economists and historians.
In the United States, economic history is not a separate discipline as it is
-in England; economic historians find places either in departments of eco-
nomics and or of history — most often economics, these days. The problem
of living with the neighbors nonetheless exists, since economic historians,
whatever their academic affiliations, must live the intellectual life together,
and since historians and economists come at things from somewhat
different directions. Another way to look at the matter is to regard
living with the neighbors not as a problem but as a grand opportunity,
since economists and historians have much to teach one another. None-
theless, there is a persisting intellectual tension in the field between the
interests of history and economics. The authors of the essays in these
volumes are well aware of this tension and take it into account. The editors,
in selecting authors, have tried to make room for the work of both
disciplines.

Volume I was published according to schedule. That is, unfortunately,
not true of Volume III. Despite the editors’ strong resolve to be ruthless
in defense of our deadlines, we were obliged to delay publication to assure
a comprehensive volume. On behalf of those whose dilatory ways slowed
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the publication of the volume, we apologize to those who conscientiously
met their obligations and whose contributions saw the light of pub-
lication later than should have been the case. The slow sailors should
apologize to the fast sailors for slowing the convoy.

During the preparation of this volume we have been helped by the
Department of Economics, University of North Carolina, the Department
of Economics, University of Rochester, and the Faculty of Economics and
Politics, University of Cambridge. From the very beginning we have ben-
efited from the help, guidance, and general expertise of our editor, Frank
Smith. In the final stages of production we have had the expert manage-
ment of Camilla Knapp. The copyediting was done by John Kane and the
indexing by Glorieux Dougherty.

An expanded version of Chapter 14, by David C. Mowery and Nathan
Rosenberg, was published under the title, Paths of Innovation: Technological
Change in 20th-Century America (Cambridge, England, 1998).

Robert E. Gallman and I worked as co-editors of the three volumes
of The Cambridge Economic History of the United States from their conception
through to the publication of Volume I and the submission of final
versions of the chapters for volumes II and III, prior to his death in
November 1998. The contributors, as well as myself, greatly benefited
from his knowledge, insights, and good nature in the preparation of chese
volumes.

Stanley L. Engerman
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AMERICAN MACROECONOMIC
GROWTH IN THE ERA OF
KNOWLEDGE-BASED PROGRESS:
THE LONG-RUN PERSPECTIVE

MOSES ABRAMOVITZ AND PAUL A. DAVID

OVERVIEW AND ORGANIZATION OF
THE CHAPTER

This chapter focuses on the nature of the macroeconomic growth process
that has characterized the United States experience, and manifested
itself in the changing pace and sources of the rise of real output per capita
in the U.S. economy during the past two hundred years. Our main inter-
est is, indeed, in the twentieth century, but we believe that its major char-
acteristics and the nature of the underlying forces at work are most cleatly
seen in comparisons between the century just past and the one that came
before.

A key observation that emerges from the long-term quantitative eco-
nomic record is that the proximate sources of increases in real gross domes-
tic product per capita in the century between 1889 and 1989 were quite
different from those which obtained during the first one hundred years of
the American nactional experience. Baldly put, the national ecomomy
moved from an extensive to an increasingly intensive mode of growth, and
its development at the intensive margin has become more and more depen-
dent upon the acquisition and exploitation of technological and organiza-
tional knowledge.

Our first objective, therefore, must be to assemble and describe the com-
ponents of the U.S. macroeconomic record in some quantitative detail, in
a manner that exposes the nature and dimensions of the contrast between
the nineteenth and twentieth centuries. We approach this task within the
well-established framework of “growth accounting.” This enables us to
show the secular acceleration that occurred in the growth rate of total

I
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2 Moses Abramovitz and Paul A. David

factor productivity, which is the weighted average of the productivities of
capital and labor, and the growth in the importance of total factor pro-
ductivity as a source of labor productivity and per capita output increases.
Further, by taking account of changes in the quality of the productive
inputs, we arrive at “refined” measures of total factor productivity growth,
which highlight two contrasts between the eras preceding and following
the transitional decades, 1879—1909.

The first of these is the enlargement of that element in the long-term
growth rate of labor productivity that remains unexplained by the factor
inputs we can measure and thus is associated, but not identical, with
advances in technological knowledge — including the knowledge pert-
mitting realization of economies of large scale production. The second
major contrast between the nineteenth and twentieth centuries is the
diminished relative importance of conventional tangible capital accumu-
lation in the twentieth century and the rising role of intangible capital
formarion through investments in education and training, on the one
hand, and the organized investment in research and development (R&D)
on the other.

After the turn into the twentieth century, the substitution of fixed
capital for labor was governed by conflicting forces. It was strengthened
for many decades by slower growth of labor supply and a concomitant ten-
dency for wages to rise more substantially than they would otherwise have
done. These developments stemmed in part from demographic changes,
including the immigration restrictions following World War I, in part
from the downward trend in hours of work and in part from the length-
ening years of education. At the same time, there were also important new
opportunities to reduce costs by developing methods of intensifying the
utilization of fixed facilities.

This was a strategy that was first implemented in the late nineteench
and early twentieth century by consolidation of railroads, by the techno-
logical innovations designed to increase train speeds and power utiliza-
tion, and by the growth of continuous process industries, notably
petroleum extraction, transport, and refining, and its extension to petro-
chemicals. Its roots also can be found, as Alfred Chandler, Jr. has pointed
out, in the high throughput manufacturing regimes that appeared after
1870 when production and direct-selling by manufacturers were extended
to serve increasingly wide markets.

The challenges of operating greatly enlarged technological and com-
mercial systems on a continental scale contributed to the rising demand
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Growth in the Eva of Knowledge-Based Progress 3

for a more formally educated breed of managers, as well as workers with
higher levels of literacy and numeracy. They also called forth new control
technologies, which played a role in initiating the pioneering U.S.
advances in communications and information technologies, beginning
with the telegraph system’s close relationship to railroad operations in the
mid-nineteenth century, and leading on to the development of the tele-
phone system, and the computer systems of the twentieth century.

Thus, however distinct and different was the new technological spirit
of the twentieth century, we may see that the way in which a succession
of general-purpose technologies came to be elaborated and implemented
in the United States during the twentieth century — how electricity,
telecommunications, the gasoline-powered internal combustion engine,
and, most recently, the digital computer have reflected the interplay of
global developments that were exptessed, first and most fully, in Ameri-
can circumstances, and so took forms that owed much to the particular
legacy of America’s nineteenth-century development.

Our second purpose, therefore, is to advance an interpretation of the
forces underlying the ascent of the U.S. economy to its internationally
dominant position in the twentieth century, and to account for the trans-
formations that have occurred in the relationships among the proximate
sources of America’s macroeconomic growth. The principal elements of our
interpretation can be identified under two headings. First are those forces
that can best be regarded as generic, global tendencies, linked to interna-
tionally shared advances in science and technology broadly construed. The
emergence of new and greater potentiality for knowledge-based economic
development during the twentieth century, and the working out of its
implications for production methods and the endogenous growth of pro-
ductive resources in the context of the United States, is thus to be under-
stood not as a unique, national phenomenon. Rather, these form part of a
much broader set of tendencies, far more global in their ultimate mani-
festations, which took an early and particularistic form in the American
setting.

We read the available evidence as indicating that the overall bias of
innovation during the nineteenth century was strongest in the direction
of labor-saving changes; that the latter were not only relatively more pro-
nounced than the tendency towards natural resource-saving, but were
markedly stronger than the impacts on use relative to usage of tangible
reproducible capital-inputs. Indeed, we contend that technological pro-
gress in the nineteenth century was characterized by an absolute capizal-
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4 Moses Abramovitz and Paul A. David

using bias.! By contrast, from the experience of the U.S. macroeconomy it
appears that the twentieth century has been characterized by a bias towards
innovation of an intangible capital-using kind, and the emergence of
tangible capital-saving technical change alongside ordinary labor-saving
innovation — albeit with a bias in favor of the latter that represents a con-
tinuation of what had been experienced in the preceding century.

Among the second broad category of forces are some that may be held
to constitute more specifically American national characteristics, condi-
tions which at the opening of the present century properly could be
viewed, and were cited by contemporaries as responsible for the differences
they perceived between the ways that production and distribution were
organized and conducted in the U.S., compared with the economic prac-
tices prevalent in the Old World. Some of these had their roots in the tra-
jectories of resource exploitation and technological adaptations that were
established previously, during the extensive developmental phase of the
preceding era. Others certainly reflected features of the socio-economic
structure, political institutions, and cultural ethos that were peculiar to or
most prominently displayed by the young society that had taken shape in
this region of recent European settlement. The ways in which the tech-
nologically driven demand-side forces in the faccor markets elicited the
supply-side responses necessary for the formation of new, and non-
conventional, stocks of intangible capital, and the specific demographic
and institutional developments that also contributed to shifting factor
supply conditions to account for the salient features distinguishing the
U.S. growth path in the twentieth century from the preceding course of
macroeconomic development. Nevertheless, in the continuing accumula-
tion of capital at a pace which has exceeded the rate of growth of output,
the long-run dynamics of the contemporary economy displays an impor-
tant element of continuity with its past experience.

Third, we turn from the U.S. growth performance in the twentieth
century to that of the preceding epoch, and examine the American path of
development in relation to the contemporaneous experiences of the other
industrial nations. The twentieth century’s opening half had witnessed the
U.S. ascent to a position of international economic leadership in regard to
the average level of real income enjoyed by members of the population.
This, as will be seen, was based upon the early establishment and further

! Because the associated concepts are central to the interpretation advanced in this chapter, it is impor-
tant at the outset that the terms “factor-saving” and “factor-using” should be understood to be
defined relatively, i.e., in relation to output.
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Growth in the Era of Knowledge-Based Progress 5

widening of the country’s productivity lead vis-a-vis the other industrial-
ized and industrializing nations. Consequently, the years immediately
following World War II found the United States at the pinnacle of com-
parative affluence and preponderance in the international economy, a posi-
tion that soon began to be eroded by the recovery of other, war-torn
economies, and the emergence of strong tendencies among the industrial
economies not only to converge in their levels of productivity but to “catch
up” with the United States, and in some instances to forge ahead. These
international perspectives on the American growth experience are devel-
oped more fully later, where we offer a broad account of the key forces that
have worked to alter the economy’s relative position on the global stage. A
number of the important elements that had contributed to the creation of
“American exceptionalism” in both the material and technological domains
subsequently lost their former significance — having been either trans-
formed at home, or come into existence more ubiquitously among the
world’s industrially advanced societies in the course of the twentieth
century. Such developments, especially those that came to fruition in the
post-World War II era, will be seen to help account for the modifications
that have occurred in the U.S. position of industrial leadership.

A STATISTICAL PROFILE OF AMERICAN
GROWTH SINCE 1800

Problems of Measurement

Output per head of a nation’s population, said A. C. Pigou in a classic
study, is the “objective, measurable counterpart of [its} economic welfare.”
Output per head is only part of the content of economic welfare, but it is
with this in mind that we make the growth of per capita output the focus
of this chapter. Our purpose here is two-fold: first, to draw a statistical
picture of American growth and of the proximate elements or sources from
which it derived; and, second, to search for the conditions or forces that
controlled the strength of these elements and their changes. We identify
the proximate sources of growth in the manner of John Stuart Mill:

We may say, then, . . . that the requisites of production are Labour, Capital and
Land. The increase of production, therefore, depends on the properties of these
elements. It is the result of the increase either of the elements themselves, or of
their productiveness.” (Principles of Political Economy, Ashley Edition, 156)
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6 Moses Abramovitz and Paul A. David

We shall in the end search for the forces that lie behind the increase of the
“elements” and their “productiveness.” But our search is a limited one. It
goes as far as our own understanding and the length of this chapter allow.
We draw attention at this early point, therefore, to the deepest causes of
growth that lie in America’s attitudes and aspirations. in the institutions
that govern the operation of the American economic system and in the
incentives that support work, capital accumulation, enterprise and the
advance of practical knowledge; but we cannot attempt a systematic
exploration of these fundamental conditions. Our first task is simply
descriptive.?

The growth with which we can deal with some degree of assurance is
the growth as it appears in the available statistics. The growth rates of
aggregate and per capita output that appear in the statistics are the growth
that can be measured; with few exceptions that means the outpur that
flows through commercial markets. Such measures are neither compre-
hensive nor unbiased. The goods and services that are produced in the
home or on farms burt that never reach the market must be included, if
they can be, on the basis of rough estimates or else neglected entirely. Sig-
nificant parts of total output - land clearing and drainage, timber felling
and sawing, barn raising, food preparation and canning, the care of chil-
dren, the sick and the aged, the repair of equipment and furniture, the
provision of knowledge and entertainment — have moved from the house-
hold to the market and sometimes back again and so biased measures of
growth either upward or downward. There are analogous troubles with our
measures of the sources of ourput growth. In particular, the contributions
of the various sources, which appear in the tables as if they acted on growth
independently of one another, are, in fact, to some unknown but signifi-
cant degree the result of the joint action of two or more sources. Perhaps
most important of all, the great advances in the quality and variety of
goods and services register quite inadequately in our measures of output.
Whether bacterial pneumonia is treated with poultices or penicillin makes
no difference to our measures of output so long as their unit cost in the
base years of the GDP indexes is the same. And so with communication
by pony express, by telegraph, telephone or E-mail. A quality adjusted
measure of output would on this account rise faster than the existing mea-

? Several chapters in Volume II of The Cambridge Economic History of the United States deal with the
same subjects. See in particular the chapters by Robert E. Gallman, “Economic Growth and Struc-
tural Change in the Long Nineteenth Century” and by Robert A. Margo, “The Labor Force in the
Nineteenth Century.”
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Growth in the Era of Knowledge-Based Progress 7

sures. But existing measures also neglect the disamenities and costs of
growth, for example the congestion, pollution, noise, and crime of cities
— to be balanced, of course, against their cultural wealth, intellectual vigor,
and stimulation. No one can say exactly how a truly comprehensive
measure of growth would look and there is no utterly objective way to
provide one. These real difficulties must be set aside, but not lost to mind.
We return to them later. Meanwhile we study the growth of output per
capita because it is the only measure of the aggregate of goods and ser-
vices available to people on the average over long periods of time.

The growth we study in this chapter refers to the long-term or sustained
increase in national product. This means the growth that persists, not only
across the inevitable year-to-year ups and downs of business activity, but
also across the more extended fluctuations that reverse themselves only
over a period of years. In the American economy of the nineteenth and
early twentieth centuries, these fluctuations took two forms. One was the
familiar “business cycle,” which until the 1960s typically had a duration
in this country of about five years. When, however, the effects of such busi-
ness cycles are attenuated by calculating growth rates between the average
levels or peak years of successive cycles, a second wave of longer duration
emerges. In the American experience, these “long swings” succeeded one
another at intervals of fifteen to twenty-five years from early in the nine-
teenth century until about 1930 and, with some differences in mechanism,
thereafter as well. To measure the trends of sustained growth properly,
therefore, we must calculate growth rates between similar phases of long
swings and choose years to represent those phases that are comparable in
their business-cycle position.

There was a remaining element of irregularity. It was especially impot-
tant during the long-swing intervals of 1855 to 1871 and 1929 to 1948.
The first spans the Civil War and its disturbed aftermath. The second spans
the Great Depression of the 1930s and the intense but war-directed activ-
ity of World War II. Both were marked by large and anomalous slowdowns
in output growth. The Depression of the thirties, which discouraged
investment, and the war, which imposed restrictions on civilian invest-
ment, caused a serious reduction in private capital accumulation and
retarded normal productivity growth. The effect of the Civil War was even
more pronounced. The extraordinary upsurges of output, capital accumu-
lation, and productivity growth in the periods that followed these wars
and depressions were, in part, rebounds based on exploiting backlogs of
postponed investment and technological innovation and, in the case of the
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8 Moses Abramovitz and Paul A. David

Table 1.1. The ountput growth rates of the national economy and the U.S.
private domestic economy, 1800—1989 (average compound rates over “Long
Periods,” in percent per annum)

Intensive growth

fraction

Per capita rates (percentages)
Periods GNP GPDP Population (GNP/P) (GPDP/P) GNP GPDP
1. The Nineteenth Century
1800-55 3.99 3.93 3.03 0.93 0.87 23 22
1855-90 4.00 3.92 2.41 1.55 1.47 39 38
1890-1927 3.56 3.50 1.73 1.80 1.74 51 50
I1. The Twentieth Century
1890-1927 3.76 3.70 1.73 2.00 1.94 53 52
1929-66 3.18 3.05 1.30 1.86 1.73 58 57
1966-89 2.69 2.86 1.00 1.67 1.84 62 64

Note: Here and in Tables 1.2—1.4, the dates 1855, 1890 and 1927 are the midpoints of five-year aver-
ages ending with the peak year of a “long swing”. Thus the period 1855~90 is more properly 1853—57
to 1888—92. Other terminal years are single years chosen to represent the peaks of long swings.
Sources: See Sratistical Appendix.

Civil War, gradually overcoming the great wartime and post-war disrup-
tion of the economy of the South. Combining the records of the disturbed
periods with the rebounds that followed offers a better view of the under-
lying long-term trends of economic advance. Table 1.1 and similar tables
in the text are designed to do that.

Finally, the figures throughout are afflicted by errors of estimation, but
we judge that these are more serious before the Civil War than after. To
get a more accurate picture of long-term growth, it seems better, there-
fore, to view the pre-Civil War development as a whole. The result is the
long period 180055, which appears in Table 1.1 and in later tables. We
call the figures in Table 1.1 and in analogous later tables “Measures Across
Long Periods.”

The scope of output on which the chapter focuses attention is the
“private domestic economy.” This is somewhat smaller than the national
product as a whole in that the former excludes “government product,”
which is the payments made by governments directly to the factors of pro-
duction. Essentially that means the compensation of government employ-
ees, because the national accounts treat government interest payments, not

Cambridge Histories Online © Cambridge University Press, 2008



Growth in the Eva of Knowledge-Based Progress 9

as factor compensation, but as transfers. In order to produce a total product
made by factors working within the country, the private domestic economy
also excludes net factor incomes from abroad, that is, the excess of incomes
earned by the labor and capital of U.S. nationals employed abroad over the
incomes earned by foreign nationals and foreign capital situated in the
United States. Neither item was of significant size in the nineteenth
century. And while government product has become of much greater
importance since, the long-term rates of growth of aggregate national
product and private domestic product have remained quite similar.

Private domestic product, nevertheless, is a better basis for productiv-
ity measurement than is the aggregate national product. That is because
the real, inflation-corrected, product of government is obtained by deflat-
ing current dollar wage payments by an index of nominal wages per
worker. Real government product, therefore, emerges essentially as a
measure of the growth of government employment. The productivity
change, presumably the increase in productivity, of government workers,
disappears, which introduces a downward bias into measures of the pro-
ductivity of national rather than private scope.

The first section in each table deals with the nineteenth century, the
second section with the twentieth. The sources and, to some degree, the
methods of estimate of the output figures are somewhat different in
the two frames. The tables, ctherefore, show figures for overlapping periods
around the turn of the century on both bases. The figures in the first section
for the turn of the century are better for comparisons with earlier years;
the figures in the second section for the same period are better for com-
parisons with later years.

The output figures in Table 1.1 and in most later tables represent gross
product before allowance for depreciation. Net product after depreciation
would, indeed, be a better measure of output relevant to economic welfare.
The long-term growth rates of net and gross output, however, are not sig-
nificantly different, and gross output is a better basis for the measurement
of productivity.

Output, Population, and Output per Capita

Table 1.1 and Tables 1.2 to 1.4 that follow encapsulate the main features
of nearly two centuries of American development as it appears in the pace
of measured output growth and its proximate sources. These numbers can
be only the beginning of a search for the forces governing growth, but
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they are a useful beginning, a framework that suggests the quantitative
outlines of the American experience.

When we look at the record across the long periods of Table 1.1, it
appears that the 1800s were a century of 4 percent growth of aggregate
product. And this was true whether we look at growth in the national
economy (GNP) or in the private domestic economy (GPDP). Beginning
around the turn of the century, however, the pace began to fall off. From
the 4 percent growth of the last century, it has gradually declined until in
the most recent quarter-century it was under 3 percent a year. Both the 4
percent rate of the 1800s and the gradual slowdown in the 1900s, however,
were the outcome of divergent movements in the components of aggre-
gate output growth, that is, population growth and per capita output
growth.

Population growth in the first half of the last century was very rapid.
With few reversals it has slowed down ever since. The transient baby boom
years of the 1950s and early 1960s were a notable exception. Per capita
output growth, however, speeded up. It did so in two steps, a large one
between the first and second halves of the last century, a smaller but still
substantial one between the second half of the nineteenth century and the
first quarter of the twentieth. The rate of about 1.8 or 1.9 percent a year
that was achieved in private domestic product per capita between 1890
and 1927 was then roughly maintained, when viewed over suitably long
periods, for the rest of the century. It was, indeed, a remarkably rapid pace.
Sustained so long, it was enough to make the measured level of private
output per head nearly six times as high in 1990 as it had been a century
earlier.

With population growth declining, the big step-up of per capita growth
during the last century was enough to sustain the pace of growth of the
aggregarte in the 1800s. With population growth declining still faster in
the 1900s, the smaller step-up in per capita growth across the turn of the
century, « fortiori its stability since that time, was not. So aggregate output
growth measured over long periods, has declined steadily since the begin-
ning of the present century.

This is the big picture. Within the long periods of Table 1.1, however,
economic growth suffered fluctuations that deserve notice. The more
important of these emerge in the measures across long-swing intervals. For
example, the private per capita growth rate in the cross-Civil War inter-
val (1855—71) fell to a pace approaching zero, while in the 1870s and
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1880s, during the rebound from the war, the growth rate was higher
than in any similar interval before or since. There then followed a slow-
down, the seriousness of which is perhaps muted by the timing of long-
swing intetvals. The impact of the Great Depression and World War II,
taken together, however, emerges clearly; and so does the rebound that
followed.

If we look beyond the simple arithmetic of Table 1.1, it is clear that
output per capita and population growth interact. The outcome has turned
on a balance of offsetting influences. On the one side, powerful influences
connected with the rise of per capita product and productivity and, more
especially with the technological progress behind it, made for a decline in
mortality. The migration to the cities, however, where death rates were rel-
atively high, at first tended to raise mortality. Beginning around 1870, a
movement to improve sanitation, together with a gradual betterment of
nutrition, served to curb disease and morbidity generally. Still more impor-
tant, the advance of knowledge that supports productivity growth included
the germ theory of disease. It persuaded people to accept the expensive proj-
ects needed to bring clean water to the growing cities and to remove their
wastes. Building on the anti-bacterial work of Robert Koch and Louis
Pasteur in the 1870s and 1880s, growing knowledge also led to the greet
reductions of small pox, diphtheria, scarlet fever, and measles made possi-
ble by vaccination and the inoculation of anti-toxins. Later in the twenti-
eth century came the dramatic improvements in the cure of infections with
antibiotics. Increasing knowledge also brought valuable ways of detecting
and treating cancers and avoiding and curing cardiac disease.’

High and rising levels of income and, mainly in the nineteenth century,
cheap land attracted immigrants. And a large flow of immigrants did,
indeed, account for a considerable part of the total increase of population
from early in the nineteenth century to World War I. From the 1840s
until World War I, approximately a quarter of the growth rate of total
population was attributable directly to immigration. The children of
immigrants added still more. Between the early 1920s and about 1970,
the flow of immigrants, restricted by federal legislation, was much less
important. It made up only some 11 percent of the rate of population
growth. In the last 25 years, however, migration, legal and illegal, has
again risen in importance.

3 See Richard Easterlin, chap. 9 in this volume. See also Easterlin, “Industrial Revolution and Mor-
tality Revolution: Two of a Kind?" Evelutionary Economics, 5 (1995), 393—408, and Michael R.
Haines, chap. 4 in vol. II of this series.
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It is the birth rate, however, that has been most weighty in governing
changes in the growth of population. It is true that rising levels of income,
taken by themselves, make it easier for young people to marry early and
to raise large families. Other circumstances accompanying income growth
itself have, nevertheless, worked in the opposite direction and produced
the long-term trend toward lower birth rates and a decline in the rate of
population growth. In the nineteenth century, the intensification of set-
tlement gradually raised the price of land and made it difficult to estab-
lish numerous children on nearby farms. Industrialization attracted people
to the cities where the costs of space were higher and where children were
less well able to contribute to family income. It also weakened the eco-
nomic bonds between generations that family farms and other family busi-
nesses create. So it reduced the economic security that children offered to
parents and in that way undercut the attractions of a large family. It
enlarged the opportunities of women for paid work outside the home and
so raised the costs of devoting effort and attention to family. Remunera-
tive and attractive employment in this century came to depend increas-
ingly on higher levels and longer years of education, which again raised
the costs of bringing children to adulthood. The technical progress on
which, as we shall see, per capita output growth largely rests, included
progress in the means of contraception. And the spread of education helped
to diffuse knowledge of contraceptive techniques and made people more
ready to use them. In sum - the decline in population growth and thus
in aggregate output growth stemmed in large part from the rising level
of per capita output, or, better, from the forces that support it and the con-
ditions of life that go with it.?

There are also reverse influences that run from population growth to the
rise of per capita output. An increase in population, if it presses on scarce
resources, tends to reduce output per capita. In the conditions of land and
resource abundance characteristic of the United States, however, the chief
effect of population growth has been to raise the level of aggregate output
by its effect, subject to a lag, on the growth of the labor supply. By its
effect on the size of the domestic market it opened the way to a larger
exploitation of the economies of large-scale production and so to higher
output per capita as well. In these circumstances, the declining rate of pop-
ulation growth in the present century would have acted to limit the poten-

4 Easterlin, chap. 9 in this volume, and his “The American Population” in Lance E. Davis, Richard
A. Easterlin, William N. Parker, et al., American Economic Growth: An Economist’s History of the United
States (New York, 1972), chap. 5.

Cambridge Histories Online © Cambridge University Press, 2008



Growth in the Eva of Knowledge-Based Progress 13

tial contribution of the economies of scale to the growth of productivity
and per capita income. The twentieth century’s declining population
growth rates may, therefore, have been a constraint on aggregate
output growth, not only because they tended to reduce the growth rate of
the labor force but also because they held back the growth of labor pro-
ductivity. But labor productivity rose for other reasons, and these must
still be explored. We turn first, however, to review the course of labor
input.

The Changing Contribution of Labor Input per Capita

Per capita output growth may be viewed as the sum of the growth rates
of the annual number of hours of work per year per head of the popula-
tion and of output per hour.

During the nineteenth century, per capita labor input rose at a rate
somewhat under one-half percent a year (Table 1.2). This seemingly
modest pace, however, amounted to more than 50 percent of the still low
growth rate of per capita output in the first half of that century. But even
in the second half, when per capita output growth had risen toward rates
more familiar now, about a quarter of the advance was still derived from
the growth of labor input per head.

In the twentieth century, by contrast, things were quite different. The
input of labor hours began to decline on a per capita basis and did so at
an accelerating pace. Given the high and steady rate of per capita output
growth, this implies that long-term labor productivity growth was accel-
erating, at least through the first three quarters of the century
(1890-1966). And then there was a reversal. During the quarter-century
since 1966, the growth of per capita labor input jumped again to the
higher rates characteristic of the nineteenth century, while labor
productivity growth fell back to a slow pace not seen since the turn of
the century, perhaps earlier. The two developments were, to some degree,
connected.

The growth of labor hours per capita can itself be decomposed, and this
is done in Table 1.3. Here the growth of labor hours per head is viewed
as the sum of the growth rates of the labor force per head of the popula-
tion, of full-time equivalent persons at work (“persons engaged”) per
member of the labor force, and of hours of wotk pet person engaged. The
sum of the latter two rates is the growth rate of hours per member of the
labor force.
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Table 1.2. Contributions of labor input and labor
productivity growth rates to the growth rate of output
per capita: U.S. private domestic economy, 1800—1989
(average compound rates over “Long Periods,” in percent
per annum)

Output per Manhours per Output per
Periods capita capita manhour

I The Nineteenth Century

1800-1855 0.87 0.48 0.39
1855-1890 1.47 0.41 1.06
1890-1927 1.74 —0.26 2.01
I1. The Twentieth Century

1890-1927 1.94 —0.07 2.00
1929-1966 1.73 —0.78 2,52
1966-1989 1.84 0.60 1.23

Sources: See Statistical Appendix.

Table 1.3. Decomposition of the growth rate of manhours per capita: U.S.

private domestic economy, 1800-1989 (average compound rates over “Long
y 8

Periods,” in percent per annum)

Persons engaged Manhours

Manhours Labor Force pet member of per person
Periods per capita per capita the labor force engaged
I. The Nineteenth Century
1800-1855 0.48 0.19 0.14 0.15
1855—-1890 0.41 0.33 0.07 0.02
1890-1927 —0.26 0.16 —0.17 -0.26
I1. The Twentieth Century
1890-1927 —0.07 0.16 0.01 -0.24
1929-1966 -0.78 —0.09 -0.24 -0.44
1966-1989 0.60 1.12 —0.11 =0.37

Sources: See Statistical Appendix.
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The strong growth of per capita labor input during the nineteenth
century was due in part to the first of these components, that is to the
faster growth of the labor force than of population. This is traceable partly
to the effect of immigration, which brought in more people of working
age than it did children, women, and old dependents, and partly to the
manner in which population growth declined. Because birth rates fell
faster than death rates, the proportion of dependent children and youth
declined relative to adult groups, and the population of working age rose
compared with the general population.

The growth of labor input, especially in the first half of the nineteenth
century, was bolstered as well by increases in the ratios of employment to
labor force and of hours per person employed. Both developments were
connected with the shift of population and employment from farming and
rural life to the towns and cities and to employment in the growing non-
farm sectors. Urban life gave women a better chance for paid (and, there-
fore, recorded) employment outside the home. And full-time annual hours
of work on the farms, because of its seasonal nature, were only some 75
percent as much as annual hours in the non-farm sector.’

As one moves into the twentieth century, the balance of forces changed,
producing first a slow, then a very rapid decline in labor input per head,
which continued into the 1960s. Both long-term and transitory factors
were at work. In the first third of the century, from about 1890 through
1929, the same balance of demographic developments, the relative growth
of the population of working age, reflecting the decline of birth rates and,
therefore, of dependent children, and until World War I, the continued
flow of immigrants in large numbers produced a continuing rise in the
importance of the working-age population and in the ratio of labor force
to population. This was more than offset, however, by a more rapid drop
in non-farm hours of work. The hours decline took place especially rapidly
during World War I when workers took advantage of tight labor markets
to gain shorter hours without a drop in pay. By 1919, this drop in average
non-farm hours, together with a smaller rise in average annual farm hours,
had made annual hours per worker in the two sectors about equal. The
farm-non-farm shift no longer worked to support the growth of labor
input.

Apart from these long-term developments, an important feature of the
years since 1929 was a large and protracted fluctuation in labor input per

* John W. Kendrick, Productivity Trends in the United States (Princeton, 1961), Table A-IX, and Paul
A. David, “Real Income and Economic Welfare Growth in the Early Republic” (1996).
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capita. The decline, which had begun in the early part of the century, accel-
erated between 1929 and 1966 and proceeded at a multiple of its earlier
pace.’ And then it turned around; for the last quarter century, it has been
rising almost as fast as it fell during the preceding four decades. Without
the decline of labor input per capita in the middle decades of the century,
the rate of advance of per capita output during the post-war growth boom
would have been still more rapid; without the rise in the 1970s and 1980s
the severe slowdown of labor productivity growth would have produced a
marked decline in output per capita as well.

The sources of the large fluctuation in the growth of labor input per
capita in the twentieth century are complex. Some of the considerations
are suggested in Table 1.4. Here we view the growth of labor-force per
(the labor-force ratio) as the sum of the growth rates of the working-age
ratio — that is, the ratio between the working-age and the total popula-
tion — and the gross participation rate, that is, the ratio between the
number of persons in the labor force and the working-age population. We
call it the gross rate because it reflects changes both in the participation
rates of specific groups, distinguished by age, sex and other characteris-
tics, and in the importance of the groups.

In the first period, from 1929 to 1948, the growth of the working-age
ratio was modest. This was a direct consequence of the birth rate reversal,
from the low and declining rates that prevailed during the late twenties
and the decade of the Great Depression, to the higher fertility levels that
accompanied the tightening of labor markets during the forties. The
depressed birth rate cut the fraction of children in the population and so
pushed up the working-age ratio, whereas after 1945 the beginnings of
the baby boom reversed the process.

The two decades following World War II saw no reversals of compara-
ble magnitude in the fertility of Americans: the birth rate and the general
fertility rate climbed rapidly to a peak at the end of the 1950s, and held
at high levels for some years thereafter. Consequently, the proportion of
the population made up of young dependents rose rapidly and the
working-age ratio dropped sharply over the period 194866, as may be
seen from Table 1.4. While this was partially offset by a modest rise in
the participation rate, the net effect was that labor force per capita fell
rapidly during that interval.

¢ The size of the more severe retardation is uncertain. Comparing 1929—66 with our own estimate
for 1890—1927 (shown in Frame I) puts che retardation ac 0.5 percent a year. Using Kendrick’s esti-
mate for 1890-1927 (Frame II) makes the difference even greater.
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Table 1.4. Components of change in the growth of the labor force participation
rate, 1929—89 (average compound growth rates in percent per annum)

Labor force Working-age Gross participation
Periods per capita population ratio rate
1929-1948 0.19 ©o017 0.02
1948-1966 —0.38 —0.57 0.19
1966-1989 1.12 0.48 0.64

Sources: Underlying data from: Population: Economic Report of the President, Jan. 1993, Table
B-29 (Resident population 1929—48; total population including armed forces overseas after
1948.) Working-age population: 14id. Table B-2¢ (Population, ages 16—64). Labor force:
1bid, Table B-30 (Civilian labor force aged 16+.).

Toward the close of the 1960s, however, birth rates started their recent
dramatic decline and thus ushered in the latest period when the working
age ratio rose almost as rapidly as it had dropped in the two decades after
World War II. The turnaround, which raised the growth rate of the
working-age ratio by a full percentage point (from —0.57 to +0.48 percent
a year) accounted for 70 percent of the marked increase in the growth of
labor force per capita.

The large fluctuation in birth rates and the accompanying decline and
then increase in the growth rates of the working-age and labor-force ratio
have been well explained by Richard Easterlin.” On his hypothesis, fluc-
tuations in birth rates are caused by changes in the economic circumstances
and prospects of young adults in their most fertile years, taken in con-
junction with the expectations they had earlier formed in their parents’
households. Given the twenty-year or so lag between birth and entry into
labor force and marriage, a kind of cycle is generated. Thus the cohort who
came of age during the Great Depression, and who carried with them
expectations formed in the prosperous 1920s, married late and had few
children. By contrast, the young adults of the 1950s and early 1960s were
a much smaller cohort, reflecting the low birth rates of the 1930s and early
1940s. This small supply of young workers, meeting the buoyant labor
market of the post-war years, found good jobs and enjoyed early promo-
tion and rising wages. And given the modest expectation they had formed
in the depressed 1930s, they married early and generated the baby boom.

7 See Easterlin’s chapter in this volume, and Richard Easterlin, Population, Labor Force, and Long Swings
in Economic Growth: The American Experience New York, 1968).
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They then spawned the large cohort of young people whose expectations
were consistent with the happy state of their parents’ households. And
these then entered the labor force in the 1970s and 1980s where they met
the recent slowdown of productivity growth, the accompanying stagna-
tion of real wages, and slower promotion. A rapid decline of birth rates
followed.

A competing hypothesis lays greater stress on the long-term trend
towards lower birth rates to explain the low rates of recent decades. It sees
the baby boom as an aberration and the more recent decline in the birth
rate as primarily a response to the forces controlling the long-term trend.
There is, in fact, much to be said about the sources of the long-term trends
that have helped bring birth rates to their present low levels. The eco-
nomic and social conditions of that century have, indeed, made children
more expensive to raise and perhaps reduced the benefits that parents may
derive from them. Children can no longer contribute to the ordinary
family’s work and income as they did on the farms of a century ago. They
occupy more costly house room in the city. They require long years of
increasingly expensive medical care and education. They compete for the
time, effort, and income of their mothers when the world of paid employ-
ment has been opened to women. As adults they live separated from their
parents by independent employment and often by long distances; they
cannot offer the support and care for the elderly that they once did. And
the parental support they used to provide is now far less important when
the elderly can depend on Social Security and private pensions, on
Medicare and on retirement communities. Young adults, therefore, are less
likely to see the benefits and virtues of large families.

Still, there are birth rate effects that stem from disjunctures between
labor demand and supply. When they occur, they have effects that echo a
generation later. Moreover, they may echo once again, perhaps with dimin-
ished force, until a new disjuncture of independent origin occurs and starts
the process once more. The Eastetlin echo effects have been an important
component of the growth of labor input in the twentieth century and
earlier, and we may see them again.

Labor Productivity Growth and Its Sources

Between the first half of the nineteenth century and the second half (count-
ing the years from about 1855 to about 1890 as the “second half ), the pace
of labor productivity growth more than doubled. Then between the second
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half of that century and the first chird of the twentieth century (1890-1927),
it doubled again (Table 1.5). And between the first and second thirds of the
twentieth century, it increased still again, by 26 percent. Counting, there-
fore, from the slow rate of the first part of the nineteenth century to the far
more rapid pace of the middle decades of the twentieth, there were more
than a hundred years of accelerating long-term labor-productivity growth.
True, this record of unbroken acceleration emerges when growth is mea-
sured over the long periods identified in Table 1.5. Within these long
periods, across the “long swing intervals” they span, there was a succession
of slowdowns and accelerations. And if we broke the record into still shorter
intervals, the fluctuations of the labor productivity growth rate would be
still more marked. Wars, depressions, post-war rebounds and booms, the
vagaries of the pace of technological progress have all counted. Still, the
record of long-term acceleration is clear enough.

Against this accelerating trend of labor productivity growth rates, the
quarter-century from 1966 to the end of the twentieth century is some-
thing of an anomaly. The occurrence of a slowdown is not in itself strange.
As said, there have been many precedents. It is the severity of the current
retardation and its duration which give this latest episode its special char-
acter. Compared with the preceding long period between 1929 and 1966,
the rate of advance fell 51 percent. Compared with the booming growth
of the post-war years (1948-66), the rate declined no less than 60 percent.
Not since the second half of the nineteenth century, if we depend on the
long-period measures, has the pace of labor productivity growth been
so slow.

It is sometimes argued that the slowdown in the years since the late
1960s, is not in itself evidence of long-term retardation. In this view, the
slowdown may be only a transitory matter, comparable with the declines
in productivity growth that accompanied serious depressions in the past.?
The slowdown that began after 1966, however, had by the close of the
1980s, gone on for almost a quarter-century, which is longer than the full
long swings of the past, their contractions plus their expansions. Signs of
a faster long-term growth rate in the years since 1989 are still uncertain.
The decline of the labor productivity growth rate between the previous
long swing (1948-66) and the period of slowdown (1966-89) is 1.9
percentage points. Earlier in the twentieth century, the most drastic
slowdown was that between the prosperous twenties and the depressed

8 This is che contention of William J. Baumol, Sue Ann Batey Blackman, and Edward N. Wolff, Pro-
ductivity and American Leadership: The Long View (Cambridge, MA, 1989), chap. 4.
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Table 1.5. The sources of labor productivity growth, U.S. private domestic economy, 1800—1989 (soutces in percentage points measured
across long periods)

I. Nineteenth Century

II. Twentieth Century

1800-1855 1855-1890 1890-1927 1890-1927 1929-1966 1966-1989

1. Output per manhour 0.39 1.06 2.01 2.00 2,52 1.23
Sources
2. Capital stock per manhour 0.19 0.69 0.62 0.51 0.43 0.57
3. Crude total factor productivity 0.20 0.37 1.39 1.49 2.09 0.66
4. Labor quality — — 0.15 0.15 0.40 (0.30) 0.31 (0.16)
5. Capital quality — — — — 0.24 0.31
6. Refined total factor productivity 0.20 0.37 1.24 1.34 1.45 (1.55) 0.04 (0.19)
Addenda
7. Gross factor share weights

a. Labor 0.65 0.55 0.54 0.58 0.64 0.65

b. Capital 0.35 0.45 0.46 0.42 0.36 0.35
8. Vintage effect — — 0.04 (0.05) 0.00 (0.01)
9. Age-neutral refined — — 1.41 (1.50) 0.04 (0.18)

total factor productivity

Sources: See text discussion and Statistical Appendix.
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thirties; the decline in the growth rate then was much less — 0.75 points.
Yet the recent period was not one of severe depression. The average
civilian unemployment rate from 1966 to 1989 was 6.1 percent; from
1929 through 1939, it was nearly 17 percent. The future may well see a
return to the labor productivity growth rates of the earlier twentieth
century. But even if that does happen, the slow growth from 1966 to 1989
and perhaps longer will still remain as an episode of severe retardation that
persisted for a significantly long period.

What were the elements from which the long acceleration of produc-
tivity growth arose and then the recent slowdown followed? The most ele-
mentary decomposition of labor productivity growth is one that divides it
into two sources. One is the increase in productivity attributable to the
enlargement of the stock of tangible capital that is available to aid each
worker per hour of work (Table 1.5, line 2). We sometimes call this the
contribution of the growth of “capital intensity.” The other element is the
remainder of the increase of labor productivity. We call it the growth of
“crude total factor productivity” (or “crude TFP”). It appears in line (3) of
Table 1.5. We term it “crude” because it is a remainder or residual, which
is itself an amalgam of various elements. These are discussed and, to some
extent, measured in the lines of the Table 1.5.

The formula for carrying out such a decomposition, commonly called a
“growth account”, was presented years ago by Robert Solow. As applied
to a decompostition of aggregate output, it reads:

Y*=€eyx K¥ + € L*¥ + A%, (1)

In the formula, Y stands for output, L for labor hours, and K for tangible
capital stock (including land). The asterisk (*) denotes the per annum rate
of increase over a trend interval; so Y* stands for the growth rate of output
over a period of years, and similarly for L* and K*. The coefhicient € is
the elasticity of output with respect to capital and represents the weight
to be attached to the growth of capital in contributing to the growth of
output. It is measured by the fraction of the value of total output that con-
stitutes the compensation of the owners of capital stock for the use of their
property: Ox = €. The “property income share” is the sum of before tax
interest, rents, dividends, and the retained profits of corporations plus an
allowance for the compensation of capital in non-corporate business. In the
gross terms in which we make our output calculations, it also contains
an allowance for the depreciation (or retirement) of reproducible capital
goods.
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Because at any given time, and subject to certain assumptions, the (before-
tax) earnings of capital and labor exhaust the total product, the weight to
be attached to the growth of labor is, analogously €, = 0, = (1 — 0).°
Over time, however, the growth of capital and labor inputs weighted as
above does not necessarily exhaust the increase in total product, especially
not when technological progress is raising the productive efficiency of the
combined bundle of inputs. So the residue of the proportional growth of
output, A*, that is, the part not accounted for by the sum of the weighted
factor inputs, measures the contribution of the proportionate growth in
crude total factor productivity (TFP) — along with that of any inputs left
out of the accounting altogether, and also the net effect of errors in
the data.

Under the same assumptions an alternative formula can be derived by
simply rearranging the terms in Equation (1):'°

A* =0 (Y *—K *)+(1—-0g)(Y *—L*). (2)

This equation tells us that A¥*, that is, crude TFP, is the weighted sum
of the growth of output per unit of capital and of output per unit of labor.
And that is why it is called tora/ factor productivity growth. Technologi-
cal progress, the advance of economically useful knowledge actually incor-
porated into production, is presumably an important component of total
factor productivity. But there are other contributors to this remainder.

An expression for the growth rate of real output per unit of labor input
can also be obtained directly from Equation (1):

(Y*-L*¥)=A*+0Qg(K*-L*). (3)

Since (K* — L*) represents the growth rate of capital stock per labor
unit, Equation (3) gives us a formula for partitioning the proportionate
growth of labor productivity into two components, the contributions of
the capital intensity growth and those made by the growth of crude TFP.
This relationship is applied in making the growth accounting calculations
underlying Table 1.5.

The decomposition of labor productivity growth, that appears in the
second and third lines of Table 1.5, crude as it is, reveals a striking
difference between the growth records of the nineteenth and twentieth

% See publications by Robert Solow and others cited in the bibliographic essay at the end of this
volume.

' Under the assumption that aggregate production relations are characterized by constant returns to
scale we obtain this by making use of the restriction that the elasticity coefficients sum to unity,
and hence: Y = (€, + €)Y.
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centuries. The twentieth century, for most of its course, not only enjoyed
a much faster rate of labor productivity growth than did the nineteenth
century, but drew its advance from largely different sources. So far as
these measurements can tell us, the labor productivity growth of the nine-
teenth century, and particularly its second half, found its source primarily
in an enlargement of the tangible capital stock at the disposal of workers,
and it owed its acceleration between the eatlier and later parts of the
century chiefly to a speed-up of such capital accumulation. In the twenti-
eth century, on the other hand, the major sources of both labor produc-
tivity growth and its period-to-period changes were the elements of
advance that together account for crude total factor productivity growth.
The figures in Table 1.6, derived from Table 1.5, bring out these conclu-
sions plainly.

The contrast between the two centuries is real, but, to a degree, over-
drawn. Crude TFP, which became the predominant part of twentieth-
century growth, is less an answer to our search for the sources of growth
than a question that presses for answer. The growth account at the level
of lines (2) and (3) in Table 1.5 is, to begin with, incomplete. It leaves out
of account the contributions made by changes in the composition of labor
input and capital input which alter the effectiveness of hours of labor or
units of tangible capital.

Table 1.6. The relative importance of crude TEP growth among the sources of
labor productivity growth in the U.S. private domestic economy, 1800—1989

Percentage of labor Percentage of interperiod
productivity growth change in labor productivity
rate due to growth rate due to change in:
Capical Crude Capital Crude
intensity TFP intensicy TFP
Period growth rate  growth rate growth rate  growth rate
I: 1800-1855 49 51
I: 1855-1890 65 35 1800/1855 to 1855/1890 75 25
I: 1890-1927 31 69 1855/1890 to 1890/1927 -7 107
1I: 1890-1927 25 75
II: 19291966 17 83 1890/1927 to 1929/1966 -15 115
I1: 19661989 46 54 1929/1966 to 1966/1989 -11 111

Notes and Source: Computed from lines 1, 2, 3 of Table 1.5; inter-period changes within Frame 1 and
Frame II.
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Labor hours are not homogeneous. They differ from one another because
of differences in three major characteristics of the workers who provide
them: their experience, which is a function of their age, their sex, and their
level of education. If we may judge marginal productivity by earnings,
the productivity of workers rises with length of schooling and, for most
workers, with their age. By the same test, an average woman is less effec-
tive than the average man of the same age and level of education. By clas-
sifying worker hours according to the levels of education of the workers
who provide them and weighting the hours of each class by their relacive
average earnings, one obtains a measure of labor input that takes account
of differences in education. If levels of education have been rising, such
a weighted measure of labor input will rise faster than the unweighted
index of labor hours, And the difference between the growth rates of the
weighted and unweighted indexes is a measure of the growth of labor input
attributable to the rising level of education. By analogous methods, one
obtains measures of the growth of labor input due to changes in the age
and sex composition of labor hours employed in production. We call the
sum of the three growth rates attributable to age, sex, and education the
input growth of labor quality. Weighted by labor’s share of total income,
labor quality growth then enters the account as a source of labor produc-
tivity growth.

The composition of tangible capital per manhour presents similar prob-
lems. The annual gross returns to units of capital stock, for example, vary
among assets of different classes. Structures with a long service life carry
a smaller gross rate of return than does shorter-lived equipment; the depre-
ciation rate on structures is naturally lower. Nondepreciable assets such as
land and inventories have still lower gross returns. Differential tax treat-
ment causes the gross rate of return before tax to differ according to the
legal form of the organizations employing the capital: corporate business,
unincorporated business, households, and so on. Differences in risk
produce differences in gross returns across industrial sectors. Dale Jorgen-
son and his collaborators have made indexes of capital stock weighted by
average gross return to capital in cells differentiated jointly by all three
characteristics: asset class, legal form of organization and industry.!’ Again
the difference between the growth of the resulting index of weighted

! Laurits R. Christensen and Dale W. Jotgenson, “Measuring Economic Performance in the Private
Sector,” in Milton Moss (ed.), The Measurement of Economic and Social Performance, Studies in Income
and Wealth, vol. 38 (Chicago, 1973), 233—351. See also Dale W. Jorgenson, Frank Gollop, and
Barbara Fraumeni, Productivity and U.S. Economic Growth (Cambridge, MA, 1987).
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capital stock and that of unweighted capital stock is a measure of input
growth attributable to changes in the composition or quality of the capital
stock. As such, it enters into the growth account subject to capital’s share
of total income. It should be understood that when we speak of the growth
of capital quality, we do not refer to the important changes in the charac-
teristics of capital goods which raise their productivity but are the result
of technological progress. That effect, for which there are no direct mea-
sures, remains embedded in the TFP residual.

Of the several sources of change in capital’s composition, that by asset
class was by far the most important at least since 1948. According to Jor-
genson’s estimates, the shift of capital among asset classes, principally the
relative growth of short-lived, high gross rate-of-return equipment com-
pared with structures, accounted for over 8o percent of the total growth
of capital quality from all sources between 1948 and 1966.

The contributions of labor and capital quality growth were still small
in the early part of the twentieth century. Although high school enroll-
ments speeded up, their effect on the educational level of the workforce
itself remained limited until the 1920s. As for capital quality we argue
below that its contribution in the nineteenth century was very small and
confined to the years from 1870 to 1900, and the same appears to be true
in the early twentieth century because the rapid growth of the relatively
short-lived equipment fraction of the capital stock does not begin until
the 1940s.

After the 1920s, however, growth in the quality of factor inputs made
notable contributions. The schooling level of the labor force rose more
rapidly and somewhat later there was a rapid increase in the relative impor-
tance of equipment. Taken together, the two developments accounted for
25 percent of labor productivity growth in the long period from 1929 to
1966 (Table 1.5).

In the most recent quarter-century — in the period of slowdown — there
were further changes. The contribution of the two quality sources taken
together remained quite unchanged, but, of course, they were responsible
for a larger fraction of the much-reduced growth of labor productivity.
This outcome was the result of offsetting developments in the components
of quality growth. The rise in the level of education of the labor force went
on apace. Changes in age and sex composition, however, both worked to
reduce the measured productivity of workers. The coming-of-age of the
baby boomers brought large additions of young, inexperienced workers
into employment. The entry of women into the paid labor force speeded
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up. Taking age, sex, and education together, the growth of labor quality
became slower. On the other hand, the impact of the slowdown on invest-
ment fell more heavily on structures than on equipment, so the pace of
improvement in capital quality became faster.

The figures for quality change in Table 1.5 refer entirely to the twen-
tieth century. Yet we believe that contributions to growth because of
change in the composition of capital input must have been quite small
during most of the nineteenth century, probably smaller than seems to
have been the case even in the early years of the twentieth century. There
may, however, have been a modest rise in capital quality between 1870
and 1900.

We argue as follows, starting with labor quality. In the twentieth
century, its principal element has been the rise of the educational level of
the workforce. In the nineteenth century, however, this was growing far
more slowly and making a much smaller contribution to growth. At mid-
century, in 1850, the fraction of young people, aged 5-19, enrolled in
schools at some time during the year stood at just under 50 percent, and
for these, the average number of school days per year was still small.
The fraction enrolled was probably not a great deal lower in 1800, and
hardly rose between 1850 and 1870. There was, indeed, a significant
increase between 1850 and 1870 in the number of days spent in school
by a student, and this would have raised the effective schooling of
those workers who as children had attended schools in those years — essen-
tially those who entered the workforce after 1870. There was also a rise in
enrollments during the 1870s; by 1880 the fraction enrolled reached 58
percent.

These developments after 1850 could, indeed, have yielded some con-
tribution to productivity growth between 1870 and 1890, but it would
have been small. Because an increase of days in attendance took place
only after 1850 and that of enrollments only after 1870, they could have
affected only the younger workers of the post-1850 years and then mainly
after 1870. The bulk of the labor force whose school-age years had been
passed before mid-century would have been unaffected. Moreover, the rise
in schooling remained confined to the elementary level. As late as 1890,
only 1.6 percent of all students in public day schools were enrolled in sec-
ondary schools.'? This means that the effect of higher enrollments on labor

2 US. Bureau of the Census, Historical Statistics of the United States, Colonial Times to 1970
(Washington, D.C., 1975), Series H-420 and 424.
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quality is proportionate only to the earnings differential between those
workers with some elementary schooling and those who had not attended
school and hardly at all to the higher differential between such unschooled
workers and those with a secondary school education.

Whether there was also some significant change in the age and sex com-
position of the workforce taken together is hard to say. The average age of
workers was rising slowly under the influence of falling birth rates; but
immigration, which brought in a disproportionate share of young adults,
was an offsetting force. The median age of the whole population, however,
was rising very slowly. To what degree the effect of the rise in age, what-
ever it was, may have been offset by an increase in the proportion of women
in paid work is also not clear. Movement off the farm and the rise of non-
farm employment surely enlarged women’s opportunities for work outside
the home, and the expense of urban life would have pressed women to take
such work. The rate of rise of persons engaged per member of the labor
force is consistent with such a development (Table 1.3). Having regard to
these various considerations, we believe that the contributions of labor
quality change to productivity growth in the second half of the nineteenth
century would have been smaller than even the quite low contributions
suggested by our estimates for the early years of the twentieth century.
(Table 1.5).

Turning to capital quality, it appears that there may have been a small
contribution from this source in the years between 1870 and 1900. In the
first half of the century, the total capital stock consisted almost entirely of
long-lived assets, cleared and improved land, houses, and other structures.
Equipment made up only a small and stable fraction of all assets — between
5 and 7 percent of the total. By 1870, however, the equipment fraction
had become 11 percent of the total, and then grew rapidly to 28 percent
in 1900."

The rate of rise in the equipment fraction (in constant prices) from 1870
to 1900 was 2.8 percent per year. This was more rapid than the compara-
ble rate of rise between 1929 and 1948 (1.85 percent)*
for the contribution of capital quality begin. This slower growth applies,
however, to an equipment fraction some 39 percent larger than it was in
1900. The impact of the relative growth of short-lived capital, therefore,

when our figures

'3 This is based on the estimates of Robert E. Gallman. See chapter 1 in Vol. II, of The Cambridge
Economic History of the United States, Table 1.13.

" The figure for 1919—48 is from Raymond Goldsmith, A Study of Savings in the United States, vol. 3
(Princeton, 1956), Table V-3.
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would have been little different in the two periods. And on this basis
we judge that the contribution from the growth of capital quality to
the growth of labor productivity was of the order of only one-tenth of
one percent a year from 1870 to 1900. Having in mind these con-
siderations regarding both labor quality and capital quality, we think it
reasonable to regard the nineteenth century estimates of crude TFP as at
least roughly comparable with the more refined figures for the twentieth
century.

What do these estimates of refined TFP growth represent? We regard
them mainly as measures of technological progress actually incorporated
into production together with the gains from economies of scale — insofar
as the two can actually be usefully separated. As a residual, however,
the figures also include the effects on growth of whatever other factors we
may have failed to identify and measure and which have operated through
channels other than those we have measured. As a residual, moreover,
refined TFP is the inheritor of all the errors that may reside in the data or
lack of data and in the estimating procedures by which they are put
together.

We obsetve, finally, that the technological progress that moves refined
TFP is the technological progress (and the economies of scale) that is “actu-
ally incorporated into production.” Even in a progressive economy such as
the United States, however, the pace of actual incorporation may differ
from the underlying rate of advance in practical knowledge. The main
reason for such a difference in the United States stems from the fact that
a portion, probably a major portion, of advances in knowledge must be
embodied in tangible equipment and structures and often placed in new
locations. Similar changes are needed to exploit the potential gains from
economies of scale. True, not all advances of knowledge require such
embodiment; some take the form of changes in managerial policies and
procedures that require little or no new capital. Better control of inven-
tories may be an example. But new, redesigned, or relocated equipment
is needed to realize a large, presumably the major, share of advancing
knowledge.

Suppose we take it that the gross capital investment of each year — at
least in twentieth-century America — embodies the most advanced tech-
nology available to the investing firms of the year. If so, the average level
of technology actually in use during a year depends on whether the capital
stock that has accumulated is made up more or less largely of recent or
older, partly obsolete “vintages” of capital and so of embodied technology.
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In short, it depends on the average age of the capital stock. It follows
that the growth rate of technology actually incorporated into production
depends on three factors: (1) the fraction of new technology that requires
embodiment; (2) the growth rate of “age-neutral” embodied technology
(that is, the rate at which embodied technology would be incorporated
into production if the average age of capital stock remained constant); and
(3) a “vintage effect,” which is the change in the rate of embodiment
because of the change per year in the average age of the capital stock over
a period of time. For any given rate of age-neutral embodied progress, mea-
sured progress will be faster if the age of capital is declining, but slower
if age is rising. As between two periods, the growth rate of measured
progress would be retarded if average age rises faster or declines more
slowly in the second period than in the firsc.

The main lesson we draw from our calculations is that the vintage effect
may be of considerable size in comparisons between TFP in particular suc-
cessive “long-swing intervals.”'* When a combination of Great Depression
and Great War produced a dramatic decline in the growth of the private
capital stock, its average age rose markedly and refined TFP, expressing
the actual rate of incorporation of technological progress, was driven below
the presumptive underlying rate of advance of knowledge. With the return
of peace and prosperity, the growth rate of the capital stock rebounded,
the average age of capital fell, and the rate of incorporated progress
exceeded the rate of underlying progress. Before allowing for the vintage
effect, the rate of refined TFP growth from 1948 to 1966 stands higher
than that from 1929 to 1948. Allowing for the vintage effect, the reverse
seems to have been true. But the two intervals offset one another, and the
long-period measure of the vintage effect from 1929 to 1966 is essentially
zero (Table 1.5). And, for reasons given above, we prefer the figures of the
long period from 1855 to 1890 rather than those for its component shorter
periods, the long-swing interval across the Civil War and the interval of
rebound from 1871 to 1890.

What Measured Growth Fails to Measure

Readers were warned early in this chapter that the output growth that is
measured in the GDP is an imperfect approximation to the growth we
really seek to measure and understand. Besides many minor problems, the

'* Our formula was first derived and presented by Richard Nelson, “Aggregate Production Functions
and Medium-Range Growth Projections,” American Economic Review, 54 (1964), 575~606.
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GDP, as it has been measured until now, largely misses the additions to
consumer satisfactions made by new types of goods and services as they
enter the market, gradually spread, and come to account for latger shares
of consumer expenditures. Nor does the GDP successfully take account
of improvements in the quality of pre-existing goods and services. These
failures stem from the fact that the price deflators, which transform the
value of aggregate output in current prices into measures of real output in
constant prices, are themselves measures of the change in the cost over a
period of a bundle of goods and services of constant composition and
qualicy.'®

The composition in each period of the priced bundles does, indeed, cor-
respond to the proportions in which consumer expenditures were divided
among the various objects of expenditure in either the initial or terminal
year of each measurement period. In American data, these have been
periods of ten years or even longer in the earlier data; they are five-year
periods now. Yet, even within these periods, the composition of expen-
ditures on the types and qualities included in the standard bundle
changes. More important, the quality of goods within bundles generally
rises and new types of goods appear on the market. The improvement
in quality has been caught quite inadequately for most of our two cen-
turies and the true significance of new goods for consumer satisfaction not
ac all.

Between periods, the composition of the bundles measured is changed.
But the growth rates of one period are then linked to those of a preced-
ing period in a way that does not recognize the higher capacity of the new
or improved products that are represented in the second bundle to meet
the basic needs that consumers seek to satisfy — except insofar as the new
goods have higher base-year prices per unit than those of the products they
replace. Thus, as said, if a unit of penicillin has the same base-period price
as a mustard plaster, the two count equally. Yet the penicillin can save the
life of a patient with bacterial pneumonia, while the poultice is at best
harmless. For the same base-period price per hour of service, electric light
bulbs provide more light than the gas mantles, kerosene lamps, and wax
candles they replaced. They eliminated the need to trim wicks, clean
globes, and maintain the supply of kerosene — and they reduced the fire

'€ This simple statement exaggerates the difficulty somewhat. For some goods, but not for all, price
indexes have tried to account for quality change insofar as the change consists of an identifiable
physical component whose base-year cost can be established or estimated.
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hazard. The length of the useful day was extended. Electric-powered
washers, dryers, and refrigerators reduced the drudgery and fatigue of
housework; they freed women for a more varied and interesting life.
Together with automobiles and extended hours for marketing, the new
household appliances helped women enter paid employment. To that
extent, the growth of measured output is raised. Lictle of the value of these
new products or a myriad other examples of new goods and services is
caught by the standard measures of output.

Suppose their true value could be captured, how would the growth rates
of output over the two centuries be changed? We can be confident that
output growth rates would look higher in both centuries. But would the
twentieth-century rates be raised more than those for the nineteenth, or
vice versa? In the absence of true and comprehensive measures, we cannot
say with assurance, but we can make a tentative judgment. We think that
the twentieth century saw the appearance and spread of more new and
improved products and services of benefit to consumers than did the
nineteenth.

A representative consumer of 1800, if transported forward to, say, 1870
would have found the composition of consumer expenditures familiar
in many ways. About 74 petcent of consumer expenditures still went for
food, clothing, and shelter.'” The percentage was still as high as 65 in
1890. By 1989, it was only 37. Much of the decline, of course, represents
only the inelasticity of demand for basic necessities as income rises. But
the point is that it is within the rising matgin for expenditure on prod-
ucts beyond the provision for these basic necessities that the great changes
in the character of goods and services and in the quality of products has
taken place, and these are largely the developments of the twentieth
century.

Major twentieth-century developments in transportation, communica-
tions, information, and entertainment and, most important of all, in the
provision of health care and the length of life itself transformed the char-
acter and quality of life for people. A few summary figures in Table 1.7
are enough to suggest the importance of the changes brought by new goods
and services in the twentieth century.

With the benefit of vaccines and antibiotics, the incidence of the more
serious infectious diseases (other than AIDS) has declined over the last

'7 See Simon Kuznets, National Product since 1869 (New York, 1946), Tables II-11 amd II-16.
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Table 1.7. Private transportation and communications equipment in U.S.
households, 1899—~1990

1899 1920 1950 1990
Passenget cats per household — 0.33 0.93 1.54
Telephones per 1,000 people 13.3 123.4 258.17 n.a.
Households with telephones (%) —_ 35.0 58.2° 93.3
Households with radios (%) —_ 0.2? 92.8 99.0
Households with TV (%) — — 8.9 98.2
Households with computers (%) — — — 15.7

Notes: '1948; 2 1922.
Sources: Bureau of the Census, Historical Statistics and Statistical Abstract of the United States,
1994.

century to almost insignificant levels. With these developments and with
the advances in the treatment of malignancies and of diseases of the liver
and heart, death rates have declined rapidly and the length of life has been
greatly extended. The expectation of life had begun lengthening in the
second half of the nineteenth century as the better provision for pure water
and for sewage systems and waste disposal reduced urban death rates. But
the rate of increase of life expectancy at birth doubled during the first half
of the twentieth century and then continued to rise. At the turn of that
century, a new-born infant could expect to live till 48. By 1991, this figure
had risen to 73, a gain of a quarter-century. At later ages, the gains in
length of life came later. At 40, expected life was about the same in 1930
as in 1900, but since 1930, expected life at 40 has increased 22 percent
and at 70 by s1 percent.

One way to integrate the improved expectations of survival with the
picture of rising average material well-being is to consider what they imply
for the expected lifetime increase in average (real gross) income that might
be experienced by the members of the cohorts of white males born at
successive dates between 1800 and 1991. For those born at the opening
of the nineteenth century the expected lifetime improvement was 54.8
percent, whereas the representative member of the cohort born in 1855
could have anticipated a 101 percent increase in average real GNP per
capita within his lifecime. By 1900—2 the mean lifetime rise in average
real income for new-born males had increased further, to 126 percent, and,
for those forming the cohort born just as the world was sliding into the
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Great Depression, that is, in 1929—31, the average gain experienced over
an expected lifetime was as great as 188 percent.'®

There were, of course, other new products with transforming signifi-
cance: such as the household appliances already mentioned that helped
free women from household drudgery, and the air conditioners that made
the South more attractive both for w