International Comparisons of the Sources of Economic Growth

By CHRYS DOUGHERTY AND DALE W. JORGENSON *

The early 1970’s marked the emergence of
a rare professional consensus on economic
growth, articulated in two strikingly dissimilar
books. Simon Kuznets, the greatest of 20th-
century empirical economists, summarized his
decades of research in Economic Growth of
Nations (1971). Robert Solow’s slender vol-
ume, Economic Growth (1970), also sum-
marized decades of research, including his
seminal paper, ‘‘A Contribution to the Theory
of Economic Growth’’ (Solow, 1956).

Kuznets’s (1971 p. 73) international com-
parisons attributed economic growth to the
Solow (1957) residual; his assessment of the
empirical evidence was unequivocal:

[Gliven the assumptions of the accepted
national economic accounting frame-
work, and the basic demographic and in-
stitutional processes that control labor
supply, capital accumulation, and initial
capital—output ratios, this major con-
clusion—that the distinctive feature of
modern economic growth, the high rate
of growth of per capita product is for the
most part attributable to a high rate of
growth in productivity—is inevitable.

The allocation of growth to its sources is crit-
ical for the explanatory power of growth
theory. Endogenous components of growth
within Solow’s neoclassical model are cate-
gorized as substitution (e.g., substitution be-
tween capital and labor inputs that results from
the growth of wages). Similarly, substitution
among different types of labor results from
changes in relative wages induced by changes
in the composition of the work force, while
substitution among different types of capital is
the consequence of changes in relative rates of
return resulting, for example, from alterations
in tax policy.
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By contrast, productivity growth is exoge-
nous within the simplest version of Solow’s
model. If productivity greatly predominates
among the sources of economic growth, as in-
dicated by Kuznets (1971) and Solow (1957),
most of growth is exogenously determined.
From this perspective, reliance on the Solow
residual as an explanatory factor is a powerful
indictment of the limitations of the neoclassical
framework. This viewpoint was first expressed
by Moses Abramovitz, who memorably char-
acterized the residual as ‘‘a measure of our ig-
norance’’ (Abramovitz, 1956 p. 11).

L. Conceptual Framework

Kuznets’s empirical findings have been
endlessly corroborated in investigations that
identify output with real NNP (net national
product), labor input with hours worked, and
capital input with real capital stock. Steven
Englander and Andrew Gumey (1994) pro-
vide a recent illustration, and numerous addi-
tional references are presented by Jorgenson
(1995). This suggests the question: what ex-
plains the Solow residual? Attempts to provide
a convincing explanation have led, inexorably,
to a complete unraveling of the consensus of
the 1970’s.

In this paper we depart from the national-
accounting framework of Kuznets and Solow.
We combine different types of hours worked
into a constant-quality index of labor input,
considerably broadening the concept of sub-
stitution employed by Solow (1957). Our
classification of labor inputs by demographic
characteristics is presented in Table 1. While
Solow modeled substitution between capital
and labor inputs, we extend this concept to in-
clude substitution among different types of la-
bor inputs as well. This alters, irrevocably, the
allocation of growth between substitution and
productivity.

We also employ a constant-quality index of
capital input, treating different types of capital
inputs as separate factors of production. Our
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TABLE 1—DISAGGREGATION OF CAPITAL
AND LABOR INPUT

A. Disaggregation of Capital by Asset Type and Owner

Asset type:

. Equipment

. Nonresidential structures
. Residential structures
Nonfarm inventories
Farm inventories
Consumer durables

. Residential land
Nonresidential land

. Agricultural land
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Ownership sector:
1. Corporations and government enterprises
2. Unincorporated businesses
3. Households and nonprofit institutions
4. General government

B. Disaggregation of Labor by Demographic
Characteristics

Sex (2 categories)

Educational attainment (5 categories):
1. 1-8 years grade school
2. 1--3 years secondary school
3. Completed secondary school
4. 1-3 years college
5. 4 or more years college

Employment status (2 categories):
1. Business sector employee
2. Self-employed or unpaid family worker

classification of capital inputs by asset type
and form of ownership is presented in Table
1. We combine these inputs into a constant-
quality index by identifying the prices of in-
puts with rental prices, rather than asset prices,
which are appropriate for the measurement of
capital stock. This makes it possible to incor-
porate differences in returns due to the tax
treatment of different types of capital income
into a constant-quality index of capital input.

Our measurement conventions were intro-
duced by Jorgenson and Zvi Griliches (1995)
and have now been incorporated into the of-
ficial U.S. statistics on multifactor productiv-
ity, published by the Bureau of Labor Statistics
(1994). Initial estimates by BLS were based
on GNP rather than NNP and included a
constant-quality index of capital input, dis-
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TABLE 2—PERCENTAGE OF QUTPUT GROWTH
ATTRIBUTABLE TO CAPITAL, LABOR, AND PRODUCTIVITY,

1960-1989
Percentage of output
growth
Source U.S. Canada  Japan
1. Capital stock per capita 333 452 39.0
2. Capital quality 83 54 -15
3. Labor hours per capita 13.7 13.0 1.4
4. Labor quality 18.5 14.6 114
5. Productivity 26.2 21.8 49.8
6. Output per capita 100.0 100.0 100.0
7. Capital input per capita 417 50.6 375
8. Labor input per capita 322 275 12.7

Percentage of output growth

Source France UK. Italy Germany
1 442 46.3 34.6 475
2 22 35 10.2 6.2
3 -204 -184 —4.0 -20.2
4 14.5 114 34 8.9
5 59.6 573 55.8 576
6 100.0 100.0 100.0 100.0
7 46.4 49.8 44.8 53.7
8 -59 -7.1 -0.6 -113

pensing with two of the key conventions
of the national-accounting framework of
Kuznets and Solow. The Bureau of Labor
Statistics has recently released a new multi-
factor productivity measure that incorporates
constant-quality indexes of labor input and in-
vestment goods output as well.

II. International Comparisons

Laurits Christensen et al. (1995a) presented
annual estimates of sources of economic
growth for the United States and its major
trading partners. These estimates covered
the period 1960-1973 for Canada, France,
Germany, Italy, Japan, Korea, The Nether-
lands, and the United Kingdom and various
subperiods of 1947—1973 for all countries
except Korea. The estimates employed GNP
rather than NNP and included constant-quality
indexes of capital and labor input for each
country.

In Table 2 we update the estimates pre-
sented by Christensen et al. (1995a) through
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1989 for the G7 countries: Canada, France,
Germany, Italy, Japan, the United Kingdom,
and the United States. For Canada and the
United States, productivity accounts for only
26.2 percent and 21.8 percent of per capita
growth over the period 1960-1989, respec-
tively. The results for the United States are
comparable to those for 1945—1965 presented
by Jorgenson and Griliches (1995). We attri-
bute slightly less than half of Japanese per cap-
ita growth during the period 1960-1989 to
productivity growth, while the proportions for
this period for the four European countries
(France, Germany, Italy, and the United King-
dom) approximate 55—60 percent of per capita
growth.

The contribution of capital input is the most
important source of per capita growth for Can-
ada and the United States over the period
1960—1989. Capital stock makes a positive
contribution for all the G7 countries, while the
contribution of capital quality is positive for
all countries except Japan. For Canada and the
United States the contribution of labor input is
next most important as a source of growth. For
all seven countries the contribution of labor
quality to economic growth is positive, but
hours worked decline over the period for the
four European countries: Germany, France, It-
aly and the United Kingdom.

Christensen et al. (1995b) provided level
comparisons of output, inputs, and productiv-
ity for all nine countries; in Table 3 we update
these comparisons. The United States led
the G7 countries in gross domestic product per
capita in 1960 and 1989. The United States
also led these countries in productivity in
1960, but Canada achieved parity with the
United States in 1970, while U.S. levels were
attained by France and Italy in 1974, and by
the United Kingdom in 1983. Since 1982, rel-
ative productivity levels among the G7 coun-
tries have been stable, with Canada, Italy, the
United Kingdom, and the United States at sim-
ilar levels, while France is almost 15 percent
higher, and Germany and Japan are around 15
percent lower.

The question that remains is: how did the
United States retain its preeminence in product
per capita after losing its edge in productivity?
The explanation is, quite simply, that the
United States maintained its relative lead in
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TABLE 3—LEVELS COMPARISONS BETWEEN THE UNITED
STATES AND OTHER COUNTRIES IN 1960 AND 1989

Level relative to United States

(percentage)
Canada Japan
Source 1960 1989 1960 1989
Capital stock 74.8 104.1 35.0 54.1
Capital quality 96.4 93.1 114.6 94.1
Labor hours 88.3 939 153.6 140.7
Labor quality 90.3 94.3 79.1 93.5
Productivity 99.1 102.0 56.8 83.5
Output 734 942 28.8 75.3
Capital input 72.1 96.9 40.1 50.9
Labor input 79.7 88.6 121.5 131.6
Level relative to United States
(percentage)
United
France Kingdom
Source 1960 1989 1960 1989
Capital stock 48.8 74.8 35.9 46.0
Capital quality 99.2 90.6 110.0 101.6
Labor hours 115.3 753 121.0 89.4
Labor quality 67.7 70.5 100.7 94.7
Productivity 794 114.7 80.4 98.1
Output 50.8 67.2 65.0 66.5
Capital input 48.5 67.8 39.5 46.7
Labor input 78.1 53.1 121.8 84.7
Level relative to United States
(percentage)
Italy Germany
Source 1960 1989 1960 1989
Capital stock 39.6 73.8 39.6 71.0
Capital quality 80.5 98.4 117.8 117.5
Labor hours 98.0 824 132.2 89.9
Labor quality 88.7 79.0 96.1 91.2
Productivity 65.1 101.9 63.3 87.9
Output 42.7 69.3 57.2 72.8
Capital input 319 72.6 46.6 834
Labor input 86.9 65.1 127.1 820

Note: Capital stock, capital input, labor hours, labor input,
and output are expressed in per capita terms.

capital input per capita, despite gains by all six
of the other members of the G7. In addition,
the United States improved in labor input per
capita relative to the four European countries.
The U.S. gains included improvements in






