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11.1 Introduction I

11.1.1 Introduction
The purpose of this paper is to provide an international comparison

of postwar patterns of aggregate economic growth for the United States
and eight of its major trading partners—Canada, France, Germany,
Italy, Japan, Korea, the Netherlands, and the United Kingdom. Our
study covers the period 1947—73 for the United States and as much of
this period as is feasible for each of the eight remaining countries. We
compare growth in real product, real factor input, and total factor pro-
ductivity for all nine countries for the period 1960—73. For all countries
except Korea we compare growth during this period with growth begin-
ning at earlier times and extending through 1960.

A complete analysis of aggregate economic growth involves the
growth of real product and its sources—growth in real factor input and
growth in total factor productivity. Growth in real factor input can be
further divided between growth in real capital input and in real labor
input. Growth in capital input involves growth in capital stock as a
component of wealth through saving and capital formation. Analysis
of growth in capital requires a complete accounting system, consisting of
a production account, an income and expenditure account, an accumu-
lation account, and a wealth account—all in current and constant prices.

Christensen and Jorgenson (1969, 1970, 1973a, 1973b) have devel-
oped a complete accounting system that is well adapted to the analysis
of aggregate economic growth and have implemented this system for the
United States for the period 1929—69. In this paper we limit considera-

Laurits R. Christensen and Dianne Cummings are at the University of Wiscon-
sin; Dale W. Jorgenson is at Harvard University.
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tion to the production account, containing data on output and input in
current and constant prices. We have extended the production account
for the United States through 1973 and have implemented this account
for each of the eight remaining countries. Our data on output and input
are compiled in a foEm suitable for integration into a complete system
of accounts for each country.

We first provide a brief review of previous international comparisons
of patterns of aggregate economic growth that are similar in scope to
this study. We discuss the selection of countries to be included and the
selection of an appropriate time period for our international compari-
sons. In section 11.2 we present our methodology for measuring real
product, real factor input, and total factor productivity. This methodol-
ogy is based on the economic theory of production, beginning with a
production function giving output as a function of capital input, labor
input, and time. We derive index numbers of real product, real capital
input, real labor input, and total factor productivity from this theory.

In section 11.3 we outline the empirical implementation of our index
numbers of real product, real factor input, and total factor productivity
for the nine countries included in our study. In section 11.4 we present
an international comparison of patterns of economic growth for all nine
countries. Our principal finding is that differences in growth rates of real
product for the period 1960—73 are associated with differences in growth
rates of real factor input. An intertemporal comparison of growth rates
during this period with growth rates during earlier periods ending in
1960 strongly reinforces this conclusion. Increases and decreases in
growth rates of real product are associated with increases and decreases
in growth rates of real factor input. We present a more detailed sum-
mary of our conclusions in section 11.5.

11.1.2 Alternative Methodologies
International comparisons of patterns of economic growth are no

longer uncommon, but the number of studies providing real product
and real factor input in both current and constant prices on an economy-
wide basis is not large. We can set the stage for our detailed discussion
of methodology by briefly summarizing the approaches that have been
used in previous studies. In table 11.1 we present a tabular comparison
among the most important of these studies for developed countries.1

1. Detailed surveys of the literature on total factor productivity have been
given by Nadiri (1970) and by Kennedy and Thiriwall (1972). Nadiri (1972)
has presented an international survey of estimates of growth of total factor pro-
ductivity. Balassa and Bertrand (1970) have compared sources of economic growth
in Eastern and Western Europe. Correa (1970) has compared sources of eco-
nomic growth for Latin American countries. Patterns of economic growth have
been studied from a more comprehensive perspective by Kuznets (197 1) and by
Chenery and Syrquin (1975).
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The concept of total factor productivity, defined as the ratio between
real product and real factor input, was introduced in a notable but ne- Den4
glected article by Tinbergen (1942) Among the many remarkable also
features of Tinbergen's study is an international comparison of growth bas
in real product, real factor input, and total factor productivity for yea
France, Germany, the U.K., and the U.S.A. for the period 1870—1914.

The concept of total factor productivity was developed independent dra
of Tinbergen's work by Stigler (1947). The point of departure for this trie
development was the measurement of real factor input by weighting pen
real capital input and real labor input by their marginal products. Im- bod
portant contributions to the measurement of total factor productivity co
were made during the 1950s by Mills (1952), Schmookler (1952), ana
Knowles (1954, 1960), Valavanis-Vail (1955), Abramovitz (1956), U.
Kendrick (1956), Solow (1957), and Fabricant (1959). The initial eco
approach to total factor productivity measurement was brought to frui- real
tion by the epochal work of Kendrick (1961). The first international of s
comparison of growth in total factor productivity, subsequent to Tin-
bergen's pioneering effort, was published by Domar (1964) and five 11

collaborators, employing the methodology of Kendrick's study for the
United States. Domar's study included Canada, Germany, Japan, the
U.K., and the U.S.A. and covered the period 1948—60. A notable fea-
ture of the study was the development of separate estimates for as many
as eleven sectors within each of the five countries. cans

Griliches (1960) and Denison (1962) extended the original frame-
work for the measurement of total factor productivity by applying the
principle of weighting inputs by their marginal products to components gro
of real labor input. Griliches and Jorgenson (1966, 1967) followed up ad
this new departure in methodology by applying the same principle to the
components of real capital input. Christensen and Jorgenson (1969) iso
developed a detailed methodology for weighting components of real trie
capital input disaggregated by class of asset and by legal form of organi-
zation. This methodology incorporates data on the taxation of income wit,
from capital at both corporate and personal levels and data on rates of De
return and depreciation by asset class and legal form of organization. tor

Denison's study of U.S. economic growth (1962) was followed in
1967 by the appearance of his volume, Why Growth Rates Differ, corn-
paring U.S. economic growth for the period 1950—62 with growth in 3!

eight European countries. Although Denison's international compari- (191
Sons of growth in real product, real factor input, and total factor pro- 4
ductivity, which he denotes output per unit of input, were limited to the gro

nine countries listed in table 11.1, the same methodology has been U.
of

5
2. The first English-language reference to Tinbergen's article that has come to son

out attention is by Valavanis-Vail (1955). (19
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ween employed by Walters (1968, 1970) in two studies for Canada and by
t ne- Denison and Chung (1976) in a study for Japan.3 Denison (1974) has
cable also extended the time period of his estimates for the United States,
owth based on the methodology of Why GrOwth Rates Differ, to include the

for years 1929—69.
914. Concluding our brief survey of international comparisons, we can
dent draw attention to Barger's (1969) comparison of growth for nine coun-
this tries—Denison's list with Belgium being replaced by Sweden—for the

iting period 1950—64. This study incorporates embodied as well as disem-
Im- bodied sources of economic growth. Kuznets (1971) has provided a

Ivity comparison of Denison's results for the postwar period with his own
52), analysis of long-term growth trends for Canada, France, Norway, the
i6), U.K. and the U.S.A.4 Finally, as part of a research program on Soviet
itial economic growth, Bergson (1974) has compared the growth of Soviet
ru- real product, real factor input, and total factor productivity with that

of six Western countries for the period 1955—70.
in-

five 11.1.3 Selection of a Methodology
the In selecting an appropriate methodology for our study, Denison's
the approach in Why Growth Rates Differ, his subsequent studies of Japa-
ea- nese and U.S. economic growth, and the studies of Canada by Walters
sny deserve serious consideration. For present purposes Denison's approach

can be separated into three interrelated components. First, for each
country Denison has measured real product, real factor input, and total

:he factor productivity. Second, for each country Denison has analyzed the
rits growth in output per unit of input into ten separate sources, including
up advances of knowledge, improved allocation of resources, balance of
to the capital stock, economies of scale, and a residual factor. Third, Den-

ison has provided a comparison of productivity levels for all nine coun-
al tries for the year 1960.

Our study is limited to the development of a production account
within a complete accounting system, so that we focus attention on

of Denison's measurement of real product, real factor input, and total fac-
tor productivity. Jorgenson and Griliches (1972a) have compared Den-

ri ison's results for the U.S.A. with those of Christensen and Jorgenson
(1970) for the period covered by Why Growth Rates Differ,

n
3. Denison's methodology is also employed in a study for Japan by Kanamori

(1972).
4. Hopefully this analysis will soon be complemented by a study of long-term

e growth trends for France, Germany, Italy, Japan, Sweden, the U.K., and the
I U.S.A. by the Social Science Research Council group under the overall direction

of Abramovitz and Kuznets.
5. Earlier, Denison (1969) had compared his results with estimates by Jorgen-

son and Griliches (1967). For Denison's reply to Jorgenson and Griliches
(l972a), see Denison (1972).

p
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They conclude that the growth of real factor input accounts for a much
larger proportion of growth in real product in the Christensen-Jorgen-
son study than in Denison's study, and that the differences in results ci
can be traced to differences in the methodology for measuring real capi-
tal input.

Jorgenson and Griliches (1972a, b) have compared the methodology r
of Christensen and Jorgenson for measuring real capital input with that c

employed by Denison in Why Growth Rates Differ. They show that, by
contrast with the approach of Christensen and Jorgenson, Denison's s

methodology fails to incorporate differences in the marginal products of a
capital inputs in a satisfactory way.6 In particular, Denison fails to
incorporate the effects of taxation of income from capital at both cor- C

porate and personal levels, to measure differences in rates of return and b
depreciation by asset class and legal form of organization, and to ac-
count properly for the impact of differences in the rate of change of the
prices of different assets on rates of return. Finally, he fails to treat to
depreciation and replacement of capital stock in an internally consistent vi
way.

Denison's methodology for Why Growth Rates Differ has been sub- f4

jected to searching scrutiny from a completely different point of view
by Maddison (1972). Maddison compares his own results with those
of Denison as follows:

U
In my accounting (like that of Jorgenson and Griliches) factor input
plays a much bigger role than for Denison. It explains three-quarters
of growth whereas for him it represents less than half.1

Maddison's critique, like that of Jorgenson and Griliches, underlines the
dependence of Denison's most important substantive conclusion, the
unimportance of increases in capital input per unit of labor input in
explaining growth in output per unit of labor input, on his methodology
for the treatment of real capital input. oi

From our point of view the measurement of real product, real factor al
input, and total factor productivity is only part of the empirical study
of economic growth. In addition, it is necessary to analyze the sources
of growth in real factor input, especially growth in capital stock as a
component of wealth and growth in capital services as a component of
factor input through saving and capital formation. As we have already
emphasized, in addition to a production account in current and constant 14

6. Kendrick (1975), pp. 909—10, has drawn attention to the asymmetry in
Den ison's (1974) treatment of labor and capital input in his recent study of U.S.
economic growth, which is based on the methodology of Why Growth Rates
Differ.

7. Maddison (1972), p. 40.
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ch
prices, this necessitates accounts for income and expenditure, saving and
capital formation, and wealth, also in current and constant prices. Logi-

Its
cal inconsistencies in the treatment of real capital input would ramify
into corresponding inconsistencies in the treatment of taxation and de-
preciation in the income and expenditure account, the treatment of
revaluation and replacement in the saving and capital formation ac-

at count, and the treatment of capital stock in the wealth account.
)y The empirical implementation of a ctmplete accounting system neces-
L'S

sitates an internally consistent treatment of capital in all four sets of
accounts—production, income, saving, and wealth—in current and con-
stant prices. This is a far more stringent requirement than internal

r- consistency of the production account alone, but this requirement is met
by the accounting system developed by Christensen and Jorgenson
(1973a). We have adopted their methodology as the basis for our inter-
national comparisons of growth in productivity. The measurement of
total factor productivity within a complete accounting system also pro-
vides a basis for overcoming a recurrent objection to conventional
growth accounting. This objection is growth of real product, real
factor input, and total factor productivity are treated in isolation from
other aspects of the process of economic growth, specifically from the
determinants of capital formation.

11.1.4 Selection of Countries and Time Periods
Turning next to the selection of a sample of countries, our objective

is to compare patterns of aggregate economic growth for the U.S.A. and
its major trading partners. This leads immediately to the inclusion of

e Canada, Japan, and the four countries of Western Europe—
e France, Germany, Italy, and the U.K. Referring again to table 11.1, we

find that all six international comparisOns of productivity growth include
Y the U.K. and the U.S.A. France and Germany are included in all but

one of the studies. Italy is included in three of the six, while Canada
r and Japan are included in two of the six. Our selection of additional
V countries has been constrained by the resources available to us.
S Our methods for analysis of sources of economic growth can be

applied to data for industrialized countries such as Australia, Belgium,
Denmark, Finland, the Netherlands, New Zealand, Norway, Sweden,

/ and Switzerland. Among these countries Belgium, Denmark, the Nether-
lands, Norway, and Sweden have been included in one or more of the
studies listed in table 11.1. We have selected the Netherlands for inclu-
sion in our study as the largest of these countries. Work is currently
underway on comparable studies for Belgium and Denmark. We have
tested the feasibility of applying our methodology to a developing coun-
try of importance in trade with the U.S.A. by selecting Korea as a final
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addition to our study. Korea also provides comparative perspective for
the analysis of patterns of Japanese growth that has proved to be very
useful.

The selection of a time period for our study, like the selection of a
sample of countries, was constrained by the objectives of our study. To
provide the basis for continuing assessments of the impact of policies
affecting trade and growth in each country on the pattern of world trade
and growth, we require a data base that can be readily updated. These
considerations made it necessary to limit our study to the postwar
period and to rely as much as possible on official national accounts for
the measurement of real product. The starting point for each of our
country studies was determined by the first year for which a continuous
time series running throughout the postwar period was available. For iaall nine countries we were able to develop annual time series for the
period 1960—73. For all countries except Korea we have developed
annual time series for the period 1955—73.

11.2 Methodology

11.2.1 Introduction

Our first objective is to separate growth in real factor input from
growth in total factor productivity in accounting for growth in real
product for each of the nine countries included in our study. For this
purpose we require a methodology for measuring real factor input, real
product, and total factor productivity. Our methodology is based on the
economic theory of production and technical change. The point of
departure for this theory is a production function giving output as a
function of inputs and time. We consider production under constant
returns to scale, so that a proportional change in all inputs results in
a proportional change in output.

In analyzing changes in production patterns we combine the produc-
tion function with necessary conditions for producer equilibrium. We c
express these conditions as equalities between shares of each input in
the value of output and the elasticity of output with respect to that input.
The elasticities depend on inputs and time, the variables that enter the
production function. Under constant returns to scale the sum of elastici-
ties with respect to all inputs is equal to unity, so that value shares also
sum to unity.

To analyze changes in the pattern of production with time we consider
the rate of technical change, defined as the rate of growth of output,
holding all inputs constant. The rate of technical change, like the elas-
ticities of output with respect to input, depends on inputs and time.
Under constant returns to scale the necessary conditions for producer
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r equilibrium can be combined with growth rates of inputs and outputs
y to produce an index of the rate of technical change that depends only

on the prices and quantities of inputs and outputs.
a

11.2.2 Technical Change
S Our methodology for productivity measurement is based on the pro-
e duction function F, characterized by constant returns to scale:

Y=F(K,L,T),
r where Y is output, K is capital input, L is labor input, and T is time.
r Denoting the price of output by qy, the price of capital input by PK, and
3 the price of labor input by PL, we can define the shares of capital and
r labor input in the value of output, say vK and VL, by

pffKVK—, VL——.q7Y

Necessary conditions for producer equilibrium are given by equalities
between each value share and the elasticity of output with respect to
the corresponding input:

vK=(K,L,T),
VL

Under constant returns to scale the elasticities and the value shares sum
to unity.

The production function is defined in terms of output, capital input,
and labor input. Output and the two inputs are aggregates that depend
on the quantities of individual outputs and inputs. We consider aggre-
gates that are characterized by constant returns to scale, so that propor-
tional changes in all components of each aggregate result in proportional
changes in the aggregate:

where is the set of outputs, the set of capital inputs, and (Lk}
the set of labor inputs.

Denoting the prices of outputs by (q1'j}, the prices of capital inputs
by {pffj}, and the prices of labor inputs by we can define the
shares of individual outputs in the value of output, say the shares
of individual capital inputs in the value of capital input, say {vKJ}; and
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6

the shares of individual labor inputs in the value of labor input, say
CvLk}; by

(i=1,2,...,m);

Vpr= pK,K, (j=1,2,...,n);
PKK

PLkLk k—i 'VLk— , ( — ..,p).

Necessary conditions for producer equilibrium are given by equalities
between value shares and elasticities of the corresponding aggregate
with respect to its individual components:

in

VKJ= (j=1,2,...,n);
lnL

VLk , (k=1,2,...,p). ai
In Lk

Under constant returns to scale the elasticities and the value shares for
each aggregate sum to unity. 11

Finally, we can define the rate of technical change, say VT, as the
growth of output with respect to time, holding capital and labor input
constant:

VT = (K, L, T). ol

Under constant returns to scale the rate of technical change can be
expressed as the rate of growth of output less a weighted average of the
rates of growth of capital and labor input, where the weights are given W

by the corresponding value shares:

dlnK
dT dT +VT.

We refer to this expression for the rate of technical change VT as the SO!

Divisia quantity index of technical change.
The Divisia quantity index of technical change is defined in terms of HI

aggregates for output, capital input, and labor input. The measurement Dl

of productivity begins with data for individual outputs and inputs. thl

Under constant returns to scale the rate of growth of each aggregate
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can be expressed as a weighted average of its components, where the
weights are given by the corresponding value shares:

dinY
dT dT

dlnK dlnK,
dT dT

dlnL
dT dT

We refer to these expressions for aggregate output, capital input, and
es labor input as the Divisia indexes of output, capital input, and labor
te iizput.8

If the production function F gives output Y as a function of aggregate
input, say X, we can write this function in the form

Y=G[X(K,L),T],
where the function G is homogeneous of degree one in aggregate input
X and aggregate input is homogeneous of degree one in capital input K
and labor input L, so that technical change is Hicks-neutral:

Y=A(T) X(K,L).
The rate of technical change depends only on time:

dInA
It VT= dT

and the rate of growth of aggregate input is a weighted average of rates
of growth of capital and labor input:

dlnX dlnK dlnL
dT dT +VL dT

e
We refer to this expression as the Divisia index of input.9

Under constant returns to scale a necessary condition for producer
equilibrium is that the price of output and the prices of capital and labor

8. These quantity indexes and the analogous price indexes discussed below
were introduced by Divisia (1925, 1926). The Divisia index of technical change
was introduced by Solow (1957) and discussed by Richter (1966) and by Jorgen-
son and Griliches (1967).

9. The definition of technical change that is neutral in the sense that it leaves
the ratio of marginal products of capital and labor input unchanged is due to
Hicks (1963). Hulten (1973) demonstrated that the line integral defining the
Divisia index of an aggregate such as input is path independent if and only if
the production function is homothetically separable in the components of the ag-
gregate.

S.
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inputs are consistent with equality between the value of output and the
sum of the values of capital and labor input:

qYY=PKK+PLL.
Given this equality, we can express the price of output as a function,
say P, of the prices of capital, labor input, and time:

qy = P(PK, PL, T).

We refer to this function as the price function.'° Similarly, we can ex-
press the price of each aggregate as a function of the prices of its com-
ponents.

We can define the rate of technical change as the negative of the
growth of the price of output with respect to time, holding the prices
of capital and labor input constant:

In P= — T (PK, PL, T).

We can express the rate of technical change as the rate of growth of a
weighted average of input prices less the rate of growth of the price of
output, where the weights are given by the corresponding value shares:

dlnqy dlnp,r diflPL
dT dT +1)LdT —VT.

We refer to this expression for the rate of technical change as the
Divisia price index of technical change.

We can express each aggregate price index as a weighted average of
its components:

dT — dT
dIn pffJ

dT — dT
dinpL din PL q

dT dT
We refer to these expressions as Divisia price indexes of output, capital
input, and labor input. If output is a function of aggregate input, the
price of output can be expressed as a function of aggregate input, say
Px, so that

PX(PK,PL)qy= A(T)

10. The price function was introduced by Samuelson (1953); he refers to this
function as the factor-price frontier.
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he and the rate of growth of the price of aggregate input is a weighted aver-
age of rates of growth of the prices of capital and labor input:

dlnpK
dT VK dT +VL dT

We refer to this expression as the Divisia price index of input.
Divisia indexes have the property that the product of price and quan-

tity indexes for an aggregate is equal to the sum of the values of the
components of the aggregate. For example, the product of the price and

a- quantity of aggregate output is equal to the sum of the values of the
individual outputs that make up the aggregate. Divisia indexes have
the reproductive property that assures consistency among subaggregates,
namely, that a Divisia index of Divisia indexes is also a Divisia index.
For example, if aggregate output is composed of two subaggregates such
as consumption goods and investment goods, the Divisia index of output
can be defined, equivalently, as a Divisia index of the components of
the two subaggregates or as a Divisia index of Divisia indexes of con-

a sumption and investment goods. By 'duality the reproductive property
holds for Divisia price indexes.

11.2.3 Index Numbers
Although Divisia index numbers are useful in relating data on prices

and quantities to aggregate output, capital input, and labor input, and
e to the rate of technical change, our methodology must be extended to
f

include data at discrete points of time. For this purpose we consider
a specific form of the production function F:

Y=exp[a0+ctrjnL+
+ (In K)2 + IJKL in Kin L + I3KT T • In K

+ (in L)2 + i3Lr In L T +½f3rrT2l,
For this production function output is a transcendental or, more spe-
cifically, and exponential function of the logarithms of inputs. We refer
to this form as the transcendental logarithmic production function or,
more simply, the translog production function.1'

The transiog production function is characterized by constant returns
to scale if and only if the parameters satisfy the conditions

+ '1L = 1,

13KK + /3KL = 0,

/3KL + /hL =0.
11. The translog production function was introduced by Christensen, Jorgen-

son, and Lau (1971, 1973). The treatment of technical change outlined below is
due to Jorgenson and Lau (1977).
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The value shares of capital and labor input can be expressed as

VK = + in K + I3KL in L + I3KTT,

vL=aL+I?KL1nK+$LL1nL+,3LT7'.
Finally, the rate of technical change can be expressed as

= ar + 13Kr in K + 13LT in L +
If we consider data at any two discrete points of time, say T and

T — 1, the average rate of technical change can be expressed as the
difference between successive logarithms of output less a weighted aver-
age of the differences between successive logarithms of capital and labor
input with weights given by average value shares:

in Y(T) — in Y(T — 1) = K(T)
—InK(T—1)]
+ vL[ln L(T) — In L(T — 1)] +

where

= ½[vK(T) + VK(T — 1)],

= ½[vL(T) + VL(T —1)],
VT_ ½[vT(T) +VT(T1)1.

We refer to this expression for the average rate of technical change VT
as the translog index of technical change.

We can also consider specific forms for the functions defining aggre-
gate output Y, capital input K, and labor input L. For example, the
translog form for aggregate output as a function of its components is

Y = exp [a1 in Y1 + a2 in +... + in Y,,

+ Y1)2 + 1312 in Yl in )-'2 +...
J1/a (I y \2

The translog output aggregate is characterized by constant returns to
scale if and only if

a1 + a2 + ... + am =
, TI

1311+1312+... +$lrn0,

131m+$2m+.. +13mm0
The value shares of individual outputs can be expressed as of
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+l3imlflYi, (i=1,2,...,m).
Considering data at discrete points of time, the difference between

successive logarithms of aggregate output can be expressed as a weighted
average of differences between successive logarithms of individual out-
puts with weights given by average value shares:

d in Y(T) — In Y(T — 1) =
— in Y,(T — 1)],

where
= + — 1)],

(i = 1,2,. . . , m).

Similarly, if aggregate capital and labor input are translog functions of
their components, we can express the difference between successive log-
arithms in the form

In K(T) — in K(T 1) = K,(T)

lnL(T) —lnL(T— 1)
1)],

where
VK3= ½[vff)(T) +vKJ(T— 1)], (1= 1,2 n);
VLk ½[vLk(T) + vLk(T — 1)], (k = 1,2,..., p).

We refer to these expressions for aggregate output, capital input, and
labor input as translog indexes of out put, capital input, and labor in-
put.'2

To define price indexes corresponding to translog indexes of aggregate
output, capital input, and labor input, we employ the fact that the

12. The quantity indexes were introduced by Fisher (1922) and discussed by
Tornquist (1937), Theil (1965), and Kloek (1966). These indexes of output and
input were first derived from the translog production function by Diewert (1976).
The corresponding index of technical change was introduced by Christensen and
Jorgenson (1970). The translog index of technical change was first derived from
the form of the translog production function given above by Jorgenson and Lau
(1977). The approach developed by Jorgenson and Lau does not require the
assumption of Hicks neutrality. Diewert had interpreted the ratio of translog in-
dexes of output and input as an index of technical change under the assumption
of Hicks neutrality.
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product of price and quantity indexes for each aggregate must be equal
to the sum of the values of the components of the aggregate. For exam-
ple, the price index for aggregate output is defined as the ratio of the
sum of the values of the individual outputs to the translog output index.
Price indexes for capital and labor input can be defined in a strictly
analogous way. Although the resulting aggregate price indexes do not
have the form of translog index numbers, these price indexes are none-
theless well defined. Each aggregate price index can be determined solely
from data on prices and quantities of the components of the aggregate.
By definition, the product of price and quantity indexes for an aggregate
is equal to the sum of the values of its components. However, these in- S
dexes do not have the reproductive property that a translog index of
translog indexes remains a translog index. The translog index for an
aggregate depends on the structure of the subaggregates on which it is
defined.'3

11.2.4 Productivity Change
Our methodology for separating growth in real factor input from

growth in total factor productivity is based on translog index numbers
of aggregate output, capital input, labor input, and technical change.
These index numbers provide a direct connection between the economic
theory of production and technical change and data on prices and quan-
tities of output and input at discrete points of time. We find it useful to
develop further implications of our methodology for data on capital and
labor input. The measurement of capital input begins with data on the
stock of capital for each component of capital input. Similarly, the
measurement of labor input begins with data on hours worked for each
component of labor input. It is important to be explicit about the rela-
tionship between these data and the aggregates for capital and labor
input defined by translog index numbers.

For a single type of capital input we first characterize the relative
efficiency of capital goods of different ages by means of a sequence of
nonnegative numbers—d(O), d(1) Wenormalize the efficiency of
a new capital good at unity,

d(O)=1,
so that the remaining elements in the sequence represent the efficiency
of capital goods of every age relative to the efficiency of a new capital
good. We assume that relative efficiency is nonincreasing with age, say

so that

d(T) —d(r—- 1) 1,2,.. .),

13. This an error in Christensen and Jorgenson (1973a), p. 261.
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and that every capital good is eventually retired or scrapped, so that
• relative efficiency eventually drops to zero:

urn d(r) = 0.

The stock of capital, say A (T), is the sum of past investments, say
- I(T — r), each weighted by relative efficiency:

A(T)

Similarly, the price of acquisition of new capital goods, say p1(T), is
f the discounted value of the future prices of capital input, say +

weighted by relative efficiency:
S 1

H pff(T+T+l),
:1 + r(T + S)

where r(T) is the rate of return on capital in period T and H13=1
a [1/1 + r(T + S)] is the discount in period T for future prices
s in period T + S.

Using data on decline in estimates of capital stock can be
c compiled from data on prices and quantities of investment in new capi-

tal goods at every point of time by means of the perpetual inventory
method.14 We assume that relative efficiency of capital goods declines
geometrically with age:

d1 = (1 — 3)1, = 0, 1, • .).

h Under this assumption capital stock is a weighted sum of past invest-
ments with geometrically declining weights:

A(T) (1
e 10

Similarly, the price of investment goods is a weighted sum of future
prices of capital input with the same weights:

p1(T) = (1 — 8)1
1:0

y

14. The perpetual inventory method has been employed by Goldsmith (1955)
and in the BEA Capital Stock Study (1976). The dual to the perpetual inventory
method, involving investment goods prices and capital input prices, was introduced
by Christensen and Jorgenson (1969, 1973a). For further discussion of the under-
lying model of durable capital goods, see Jorgenson (1973).
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Capital stock at the end of each period is equal to investment during
the period less a constant proportion S of capital stock at the beginning
of the period:

A(T)=I(T)—SA(T— 1).
Similarly, the price of capital input is equal to the sum of the nominal
return to capital p1(T — 1) r(T) and depreciation 5p1(T), less revalu-
ation p1(T) — pj(T — 1):

pK(T) = p1(T — 1)r(T) + 8p1(T)

— [p1(T) —p1(T— 1)].
We can also express the price of capital input as the sum of the price of
investment p1(T — 1) multiplied by the own rate of return on capital

T p1(T)—p1(T—l)r( )— p1(T—l)
and depreciation:

pff(T) = p1(T 1) [r(T) — —P1(T— 1)]

+Spi(T).
Second, for each of the components of capital input (K,(T)) the flow S

of capital services is proportional to the stock of capital at the end of C

the preceding period, say (AJ(T — 1)): m
U

K3(T) = QKJA,(T —1), (I = 1,2,..., n),
where the constants of proportionality transform capital stock
into a flow of capital services per period of time. For example, the flow
of capital services from a group of machines is measured as the services of
of the machines per period of time while the stock of capitalis measured
as the number of machines. The flow of capital services reflects the own
rate of return to capital and the rate of depreciation, both expressed per
period of time, as well as the quantity of capita' stock. The flow of int$

services per unit of stock varies from one type of capital to another, so val
that the constants can be taken as measures of the quality of cap- caq
ital stock in producing capital services. laU

The translog index of aggregate capital input can be expressed in
terms of its components or in terms of capital stocks: of

lnK(T) —lnK(T— 1)
—lnK1(T— 1)],

= — 1) — ln A5(T — 2)].
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un
If we define the stock of capital at the beginning of the preceding time
period, say A(T — 1), as a translog index of its components,

inA(T— 1) —lnA(T—2)
1) —lnA3(T—2)],

with weights given by the value shares of the individual capital stocks
'alu- and

1)+vA)(T—2)],
(j= 1, 2, . .. , n).

We define an index of the quality of capital stock, say QK(T), that trans-
of forms the translog index of capital stock into the translog index of cap-

ital ital input:

K(T) = Qff(T) A(T — 1).

Our index of the quality of capital stock can be expressed in the form

In QK(T) —InQK(T— 1)
1) —A,(T—2)]

—[lnA(T— 1) —lnA(T—-2)],
so that this index reflects changes inthe composition of capital. If all
components of capital stock are growing at the same rate, quality re-
mains unchanged. If components with higher flows of capital input per
unit of stock are growing more rapidly, quality will increase. If compo-
nents with lower flows per unit of stock are growing more rapidly,
quality will decline.

w Second, for each of the components of labor input {Lk(T) } the flow
of labor services is proportional to hOurs worked, say (Hk(T)}:

Lk(T) = QLkHk(T), (k = 1,2,. . . , p),

where the constants of proportionality {QLk} transform hours worked
into a flow of labor services per period of time. The flow of services

o varies from one type of labor to another, so that the constants
can be taken as measures of the quality of hours worked in producing
labor services.

The translog index of aggregate labor input can be expressed in terms
of its components or in terms of hours worked:

lnL(T) —lnL(T— 1)
= Lk(T) — in Lk(T — 1)],

=YVk[lnHk(T) —lnHk(T— 1)].
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If we define hours worked, say H(T), as the unweighted sum of its
components,

H(T) =
we can define an index of the quality of hours worked, say QL(T), that
transforms hours worked into the translog index of labor input: reaj

L(T) = QL(T) H(T). trie

Our index of the quality of hours worked can be expressed in the cha
form pre

lflQL(T) —1flQL(T— 1)

= Hk ( T) — In H,. ( T — 1)] de

—[lnH(T) —lnH(T— 1)], ne
ac

so that this index reflects changes in the composition of hours worked. mt
Quality remains unchanged if all components of hours worked are pr
growing at the same rate. Quality rises if components with higher flows
of labor input per hour worked are growing more rapidly and falls if
components with lower flows of input per hour are growing more rap-
idly. Stil

We have decomposed the rate of growth of the translog index of
aggregate output into the sum of a weighted average of the rates of ca
growth of translog indexes of aggregate capital and labor input and the Jo
rate of technical change. Using the indexes of capital and labor quality, toj
we can decompose the rate of growth of output as follows: th

In Y(T) — in Y(T — 1)
=vk[lnK(T) —lnK(T— A

in

Vff[lflQK(T) —lflQK(T— 1)] 1) 1

- afl.+VL[mnH(T)1flH(T1)]+VT. aij

The rate of growth of output is the sum of a weighted average of the al
rates of growth of capital stock and hours worked, a weighted average P1

of the rates of growth of quality of capital stock and hours worked, and b

the rate of technical change. e
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its 11.3 Production Account

11.3.! Introduction

Our next objective is to identify output, capital input, labor input,
hat and technical change with accounts for real product, real capital input,

real labor input, and total factor productivity for each of the nine coun-
tries included in our study. It is important to emphasize that only the
translog indexes of output, capital input, labor input, and technical

:he change can be derived from the theoretical model of production we have
presented in section 11.2. The stock of capital, the number of hours
worked, and the indexes of quality of capital stock and hours worked
are purely descriptive measures. Similarly, the index of total input is a
descriptive measure unless we assume that technical change is Hicks-
neutral. This assumption is not required in constructing production
accounts for each country in this section or in the international and

:d. intertemporal comparisons given in section 11.4 below. Wherever we
re provide comparisons in terms of real factor input, corresponding corn-

parisons can be provided in terms real product and total factor pro-
if ductivity without using an index of total input.

In this section we outline the principles we have followed in con-
structing production accounts for the nine countries in our study. A

of description of the complete accounting system and details of its empiri-
of cal implementation for the U.S.A. can be found in Christensen and

Jorgenson (1973a). A brief description of the sources and methods used
y, to construct the production account for each country is contained in

the Appendix. Our summary of sources and methods is based on de-
tailed reports on the data construction for each country. These reports
are listed among our references and are available from the authors. The
Appendix also includes annual time' series of real product, real capital
input, real labor input, and total factor productivity for each country.

11.3.2 Product and Factor Outlay
The starting point for the construction of translog indexes of output

and technical change is the measurement of the value of total product
and the value of total factor outlay in current prices. The fundamental

e accounting identity for the production account is that the value of total
e product equals the value of total factor outlay. We exclude indirect
d business taxes unrelated to factor outlay, such as retail sales taxes and

excise taxes, from the value of total product; however, indirect business
taxes which are part of the outlay on factor services, such as property
taxes, are retained in the value of total factor outlay and total product.
Our concept of output is intermediate between output at market prices
and output at factor cost.

•
• p
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The production account in a complete system of national economic
accounts includes the activities of the private sector, the government
sector, and the rest of the world. In analyzing productive activity and
its distribution between consumption and investment on the output side "I
and between capital and labor on the input side we have limited the
scope of our production account to the private domestic sector of each
country. Rest of the world production is excluded on the grounds that
it can reflect a different physical and social environment for productive
activity than the environment provided for the domestic sector. S

The boundary between private and government activity varies from a

country to country within our study, because of variations in the role of
government enterprises. While government administration must be ex-
eluded from our private domestic production account, essentially simi-
lar economic activities—telecommunications, transportation, and public
utilities—are conducted by government enterprises and by private enter- lflt

prises. For some of the countries included in our study it is impossible pr

to obtain separate accounts for government and private enterprises. For
the United States, on the other hand, the government enterprises are in

treated in a manner that is more closely analogous to the treatment of
government administration than to the treatment of private enterprises. tS

No capital accounts are maintained for government enterprises and SO

government administration separately. Of course, government enter- m

prises produce an almost negligible proportion of the gross national ei

product of the U.S.A. To provide international comparability in the
scope of our product measure we have included government enterprise
product for all countries.

The inclusion of government enterprises in gross private domestic
product should not result in confusion since "private" gross national
product includes government enterprises in the official national income
and product accounts of all nine countries. One unconventional aspect til

of our measure of total output is an imputation for the services of con-
sumer durables. Our objective is to attain consistency in the treatment
of owner-occupied residential structures and owner-utilized consumer
durable equipment. It is standard procedure for national income ac- ol
counts to include an imputation for owner-occupied housing in national ty
product but not to include an analogous imputation for consumer du-
rables. Our measure of total input is gross private domestic factor outlay.
which is equal to gross private domestic product. Table 11 .A. I gives
(for each country) a complete reconciliation of gross private domestic
product and factor outlay with gross national product and national ei
income.15

15. There are four appendix tables for each country, numbered hAl through
11.A.4. Table l1.A.1C is table 11.A.1 for Canada, and so on.
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LIC The product and factor outlay accounts are linked through capital
flt formation and the compensation of property. To make this link explicit

we divide total output between consumption and investment goods and
ne total factor outlay between labor and property compensation. We in-
he dude all services and nondurable goods in consumption goods; we

include all structures and producer and consumer durable equipment
at in investment goods. Data for the U.S.A. are available for a complete
ye separation of gross private domestic product between consumption goods

and investment goods. For all nine countries it has been possible to
separate gross private domestic product between consumption goods
and investment goods, except for inventory investment and net exports.
In table 11 .A.2 we present time series for gross private domestic prod-

ic
uct. We also present time series for' consumption goods product and
investment goods product. Inventory investment and net exports are
presented separately for countries where they could not be allocated
between consumption goods and investment goods. The value shares of

'e investment goods product for each country are presented in table 11.2.
To divide total factor outlay between labor and property compensa-

;. lion, it is necessary to allocate the factor outlay for self-employed per-
d sons between labor and property compensation. We have used the

method of Christensen (1971) to impute labor compensation to self-
employed workers. This involves assigning the estimated wage rate for
employees to the self-employed. Christensen has shown that for the
U.S.A. this method results in an allocation which is consistent with the
assumption that after-tax rates of return are equal in the corporate and
noncorporate sectors. The resulting division of gross private domestic
factor outlay into labor and property compensation is presented in table
11 .A.2 for all nine countries. The value shares of property compensa-
tion for each country are presented in table 11.3.

11.3.3 Real Capital Input

The starting point for the computation of a translog quantity index
of capital input is a perpetual inventory estimate of the stock of each
type of capital, based on past investments in constant prices. At each
point of time the stock of each type of capital is the sum of past invest-
ments weighted by relative efficiency. Under the assumption that the
efficiency of capital goods declines geometrically, the rate of replace-
ment for the jth capital good, say is a constant. Capital stock at the
end of each period can be estimated from investment during the period
and capital stock at the beginning of the period:

A,(T) = I,(T) + (1 — S,)A,(T — 1),

(i= 1,2,...,n).

p
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We have compiled time series of capital stock estimates for seven
asset classes: consumer durables, nonresidential structures, producer
durable equipment, residential structures, nonfarm inventories, farm
inventories, and land. For each of the seven asset classes we derive
perpetual inventory estimates of the stock as follows: First, we obtain
a benchmark estimate of capital stock from data on national wealth in
constant prices. Second, we deflate the investment series from the na-
tional income and product accounts to obtain investment in constant
prices. Third, we choose an estimate of the rate of replacement from
data on lifetimes of capital goods. Finally, we estimate capital stock in
every period by applying the perpetual inventory method as outlined
in section 11.2 above.

Each type of capital stock can be valued in current prices by using
an index of the acquisition prices for new capital goods. We employ the
investment goods price indexes to stocks of assets in constant
prices to stocks of assets in current prices. These values can be employed
in estimating value shares by class of assets. The value shares and stocks
can be combined to obtain a translog quantity index of aggregate capital
stock. The price index of capital stock is obtained by dividing the value
of all assets by the translog quantity index. The price and quantity
indexes of private domestic capital stock are presented in table 1 1.A.3.
Value shares of the seven assets in each country are presented for 1970
in table 11.4.

To construct translog price and quantity indexes of capital input we
require value shares of individual capital inputs in total property com-
pensation and stocks of individual assets. In the absence of taxation the
value of the jth capital input is the sum of depreciation and the own
return to capital, defined as the nominal return less revaluation:

= — 1)r(T) +
— [p11(T) — — 1)]}A3(T —1)

(j=1,2,...,n).
Given property compensation, the stock of assets, the price of acquisi-
tion of capital stock, and the rate of depreciation, we can determine the
nominal rate of return. The nominal rate of return is equal to the ratio
of property compensation less depreciation plus revaluation of assets to
the value of capital stock at the beginning of the period.

In measuring the rate of return, differences in tax treatment of prop-
erty compensation must be taken into account. For tax purposes the
private domestic sector can be divided into corporate business, noncor-
porate business, and households and nonprofit institutions. Households
and institutions are not subject to direct taxes on the flow of capital
services which they utilize. Noncorporate business is subject to personal
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income taxes on income generated from capital services, while corporate flow
business is subject to both corporate and personal income taxes. House- Prod
holds and corporate and noncorporate business are subject to indirect held
taxes on property income through taxes levied on the value of property. Secto
In order to take these differences into account we allocate each class of POra
assets among the four sectors. For all countries, households and institu- data
tions have been treated separately from the business sector; for some for
of the countries it was not possible to separate the corporate and non- class
corporate sectors. inde

Property compensation associated with assets in the household sector W
is not taxed directly; however, part of the income is taxed indirectly
through property taxes. To incorporate property taxes into our indexes of r
of the price and quantity of capital services we add property taxes to U.S.
the return to capital and depreciation in the definition of the value of the
jth capital input:

pKJ(T)KJ(T) = {p11(T — l)r(T) +
— [p11(T) —pJ)(T— 1)] 1)

(j_—1,2,...,n),
where t1 is the rate of property taxation. The nominal rate of return is
the ratio of property compensation less depreciation plus revaluation
of capital assets less property taxes to the value of capital stock at the I

beginning of the period.
Given the nominal rate of return for households and institutions, we

can construct estimates of capital input prices for each class of assets Pre9
held by households and institutions—land held by households and insti- me

tutions, residential structures, nonresidential structures, producer du- zer

rabies, and consumer durables. These estimates require acquisition prices pros
for each capital good, rates of replacement, rates of property taxation only

for assets held by households, and the nominal rate of return for the
sector as a whole. We employ separate effective tax rates for owner- in

occupied residential property, both land and structures, and for con-
sumer durables. Finally, we combine the price and quantity of capital
input for each class of asset into a translog index of capital input for saU4

households and institutions. resi4

To obtain an estimate of the noncorporate rate of return we deduct
property taxes from noncorporate property compensation, add revaiua-
lion of assets, subtract depreciation, and divide the result by the value the

of noncorporate assets at the beginning of the period. The noncorporate CO9

rate of return is gross of personal income taxes on noncorporate prop- 1119

erty compensation. Property compensation of households and institu-
tions is not subject to the personal income tax. The value of property des

compensation in the noncorporate sector is equal to the value of the of
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flow of capital services from residential and nonresidential structures,
e producer durable equipment, farm and nonfarm inventories, and land

held by the sector. All farm inventories are assigned to the noncorporate
sector. Given the noncorporate rate of return, estimated from noncor-

f
porate property compensation by the method outlined above, and given

- data on prices of acquisition, stocks, tax rates, and replacement rates
e

for each class of assets, we can estimate capital input prices for each
- class of assets. Price and quantity data are combined into a translog

index of the quantity of capital input for the noncorporate sector.
r We next consider the measurement of prices and quantities of capital

input for corporate business. To obtain an estimate of the corporate rate
of return we must take into account the corporate income tax. For the

) U.S.A. the value of capital input for the corporate sector, modified to
incorporate the corporate income tax and indirect business taxes, be-
comes

— u(T)zj(T) — k5(T) +PKJ(T)Kj(T)
— 1 — u(T)

X {p13(T — 1)r(T) f-f- p11(T)81

S — — 1)]) +
X A,(T — 1) (j = 1,2, . . . , n),

e where u(T) is the corporate tax rate, z,(T) is the present value of de-
preciation allowances on one dollar's investment, k)(T) is the invest-

- ment tax credit, and = for 1962 and 1963 and
- zero for all other years. The tax credit is different from zero only for

producers' durables. Depreciation allowances are different from zero
1

only for producers' durables and structures. For other countries this
formula has been adopted in order to reflect the corporate tax structure

- in each country.
- Our method for estimating the corporate nominal rate of return is the

same as for the noncorporate nominal rate of return. Property compen-
r sation in the corporate sector is the sum of the value of services from

residential and nonresidential structures, producer durable equipment,
nonfarm inventories, and land held by that sector. To estimate the

- nominal rate of return in the corporate sector we require estimates of
the variables that describe the corporate tax structure—the effective
corporate tax rate, the present value Of depreciation allowances, and the

- investment tax credit. We obtain estimates of all the variables—acquisi-
- tion prices and stocks of assets, rates of replacement, and variables

describing the tax structure—that enter the value of capital input except,
of course, for the nominal rate of return. We then determine the nomi-
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nal rate of return from these variables and total corporate property
compensation.

To estimate the nominal rate of return in the corporate sector Our
first step is to subtract property taxes from total property compensation
before taxes. The second step is to subtract corporate profits tax liabil.
ity. We then add revaluation of assets, subtract depreciation, and divide
the result by the value of corporate assets at the beginning of the period.
The corporate rate of return is gross of personal income taxes, but net
of the corporate income tax. We estimate the price of capital input for
each asset employed in the corporate sector by substituting the corporate
rate of return into the corresponding formula for the price of capital
input. These formulas also depend on acquisition prices of capital assets,
rates of replacement, and variables describing the tax structure. Data on
the stock of each class of assets are constructed by the perpetual inven-
tory method. Price and quantity data of capital input by class of asset
are combined into a translog index of the quantity of capital input for
the corporate sector.

It. is interesting to compare the rate of return on capital over time
and across countries. In table 11.5 we present own rates of return for
the business sector. These rates of return are computed as a weighted
average of own rates of return on corporate and noncorporate assets,
using the value of assets at the beginning of the period in each sector
as weights. Own rates of return are adjusted for differences in rates of
inflation over time and across countries. Capital input prices depend
only on own rates of return. Nominal rates of return for the business
sector are presented in table 11 .A.3 for each country included in our
study.

The price and quantity index numbers for capital input in the various
sectors can be combined into a price and quantity index for the private
domestic sector. The quantity index is a translog index number, and the
price index is defined as the ratio of property compensation to the quan-
tity index. The price and quantity indexes of private domestic capital
input are presented in table 11 .A.3. Growth rates of real capital input
computed from quantity indexes in table 11 .A.3 are presented for each
country in table 11.6. The quality of capital is defined as the ratio of
the quantity index of capital services to the quantity index of capital
stock. The quality of capital index is also presented in table 11 .A.3.

11.3.4 Real Product and Factor Input
To construct a quantity index of labor input, it would be desirable

to use the formula for a translog labor index for a large number of skill
classifications. Classifications could be defined by level of education,
sex, age, occupation, and so on. Following Jorgenson and Griliches
(1967), we have limited our consideration to a single skill measure—
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educational attainment. This results in a quality of labor index which
we apply to total man-hours in the private domestic sector. In table
11 .A.4 we present the components of real labor input for the private
domestic sector. The first column gives total persons engaged in produc-
tion: The second column gives average hours worked per person en-
gaged. The quality index is presented in the thirdNcolumn. The product
of the first three columns provides the quantity index for private domes-
tic labor input. The quantity index is scaled to equal labor compensa-
tion in the base year. The ratio of labor compensation to the quantity
index gives the price index for private domestic labor input. Growth
rates of real labor input computed from quantity indexes in table 11 .A.4
are presented in table 11.7.

The quantity indexes of private domestic capital and labor input can
be combined into a translog quantity index of private domestic factor
input. The price index is then computed as the ratio of the value of
private domestic input to the quantity index. The price and quantity
indexes are presented for each countly in table 11 .A.5. Growth rates of
real factor input computed from the quantity indexes in table 11 .A.5
are presented in table 11.8.

Given measures of total product current prices, the remaining task
is to separate these data into price and quantity components. Total
product is first divided between investment goods and consumption
goods. These components of total prbduct are separated into price and
quantity components using deflators from the national income and prod-
uct accounts. The quantity indexes for consumption and investment
goods are then combined using translog index numbers. Price indexes
are constructed so that the product of price and quantity indexes equals
the current dollar magnitude. Since inyentory investment and net exports
can be negative, quantity indexes are added to the quantity index of
consumption and investment goods to obtain the quantity index of gross
private domestic product. For each country the price and quantity in-
dexes of gross private domestic product are presented in table 11.A.5.
Growth rates of real product computed from quantity indexes in table
11.A.5 are presented for each country in table 11.9. Finally, an index
of total factor productivity, defined as the ratio of real product to real
factor input, is presented for each country in table 11.A.5. Growth rates
of total factor productivity computed from the data in table 11 .A.5 are
presented in table 11.10.

11.4 International Comparisons

11.4.1 Introduction
Our international comparisons are based on growth of output, input,

and total factor productivity for the nine countries included in our study.



Ta
bl

e 
11

.7
A

nn
ua

l R
at

es
 o

f G
ro

w
th

 o
f R

ea
l P

nv
at

e 
D

om
es

tic
 L

ab
or

 In
pu

t, 
19

47
—

73

Y
ea

r
C

an
ad

a
Fr

an
ce

G
er

m
an

y
Ita

ly
Ja

pa
n

K
or

ea
N

et
he

r-
la

nd
s

U
ni

te
d

K
in

gd
om

U
ni

te
d

St
at

es

19
48

19
49

1
9
5
0

.0
13

.0
17

—
.
0
1
9

.0
16

—
.0

39
.
0
3
8

1
9
5
1

1
9
5
2

1
9
5
3

1
9
5
4

19
55

.
0
2
0

.
0
1
1

.
0
1
4

—
.
0
0
5

.0
17

.
0
1
6

—
.
0
0
6

—
.
0
0
7

.
0
1
0

.
0
0
3

.
0
3
0

.
0
2
2

.
0
2
9

.
0
3
5

.
0
4
4

.
0
3
2

.
0
3
8

—
.
0
0
1

.
0
4
9

.
0
2
7

.
0
4
0

—
.
0
0
6

.
0
2
4

.
0
2
4

.
0
2
3

.
0
4
4

.
0
1
0

.
0
1
7

—
.
0
3
4

.
0
3
5

19
56

19
57

1
9
5
8

19
59

1
9
6
0

.0
43

.0
14

—
.
0
1
5

.0
31

.
0
1
0

.0
05

.0
10

—
.0

07
—
.
0
0
6

.
0
1
5

.0
15

—
.0

14
—

.0
09

—
.0

06
.
0
1
2

—
.
0
0
1

.
0
1
8

.
0
0
2

.
0
0
9

.0
27

.
0
7
7

.
0
4
9

.
0
3
5

.
0
4
6

.
0
5
9

.
0
2
0

.
0
0
6

—
.0

06
.
0
2
0

.
0
2
5

.
0
0
5

—
.
0
2
0

—
.
0
1
2

.
0
2
4

.
0
1
4

.
0
2
1

—
.
0
0
8

—
.0

27
.
0
4
1

.
0
1
3

1
9
6
1

1
9
6
2

1
9
6
3

1
9
6
4

1
9
6
5

—
.
0
2
1

.
0
2
9

.
0
1
7

.
0
3
1

.
0
3
2

.
0
0
4

.
0
0
7

.
0
0
8

.
0
1
3

—
.
0
0
6

—
.
0
0
0

—
.
0
1
6

—
.
0
1
6

.
0
1
2

—
.
0
0
8

.
0
0
9

—
.0

22
.
0
0
9

—
.
0
3
5

—
.
0
6
9

.
0
1
3

.
0
2
2

.
0
2
6

.
0
3
0

.
0
4
3

.
0
6
1

.
0
1
9

.
0
4
1

—
.
0
0
2

.
1
0
6

—
.
0
2
9

.
0
2
6

.
0
2
1

.
0
1
3

.
0
1
4

.
0
2
2

.
0
0
2

.
0
1
4

.
0
1
8

—
.
0
0
2

—
.
0
0
5

.
0
2
8

.
0
1
6

.
0
2
1

.
0
3
7

1
9
6
6

1
9
6
7

1
9
6
8

1
9
6
9

1
9
7
0

.
0
2
7

.
0
1
9

.
0
0
2

.
0
1
9

—
.
0
0
1

.
0
1
2

—
.
0
0
2

—
.
0
0
7

.
0
1
7

.
0
0
8

—
.
0
1
9

—
.
0
5
8

.
0
1
8

.
0
1
6

.
0
0
6

.
0
2
7

.
0
3
4

.
0
1
3

—
.
0
2
0

.
0
1
9

.
0
2
7

.
0
3
8

.
0
3
4

.
0
1
4

.
0
1
8

.
0
3
0

.
0
5
7

.
0
7
9

.
0
6
3

.
0
0
2

.
0
1
1

—
.
0
1
8

.
0
1
4

.
0
1
6

—
.
0
0
4

—
.
0
1
3

—
.
0
1
5

—
—

.0
00

.
0
0
5

—
.
0
2
7

.
0
3
8

.
0
1
5

.0
24

.
0
3
2

—
.
0
1
1

1
9
7
1

1
9
7
2

1
9
7
3

.
0
1
9

.
0
2
7

.
0
5
4

—
.
0
0
2

—
.
0
0
3

.
0
0
7

—
.
0
2
2

—
.
0
1
6

—
.0

03

—
.
0
2
5

—
.
0
2
6

—
.
0
0
4

.
0
1
2

.
0
1
4

.
0
3
3

.
0
6
6

.
0
6
4

.
0
6
6

—
.
0
0
1

—
.
0
1
8

—
.0

04

—
.
0
5
3

.
0
1
0

.
0
3
8

.
0
0
6

.
0
3
8

.
0
5
0

L
T

ab
le

11
.8

A
nn

ua
l R

at
es

 o
f G

ro
w

th
 o

f R
ea

l P
riv

at
e 

D
om

es
tic

 F
ac

to
r I

np
ut

, 1
94

7—
73

--
--

—
—

--
..-

.-—
-.

--
..-

-.
--

-
U

ni
itA



Ta
bl

e
11

.8
A

nn
ua

I R
at

es
 o

f C
ro

w
th

 o
f R

ea
l P

riv
at

e 
D

om
es

tic
Fa

ct
or

 In
pu

t,
19

47
-7

3

Y
ea

r
C

an
ad

a
Fr

an
ce

G
er

m
an

y
Ita

ly
Ja

pa
n

K
or

ea
N

et
he

r-
la

nd
s

U
ni

te
d

K
in

gd
om

U
ni

te
d

St
at

es

19
48

19
49

19
50

.0
42

.0
38

.0
17

.0
35

—
.0

00
.0

40

19
51

19
52

19
53

19
54

19
55

.0
46

.0
37

.0
36

.0
28

.0
31

.0
32

.0
12

.0
11

.0
23

.0
20

.0
34

.0
33

.0
44

.0
47

.0
55

.0
26

.0
34

.0
10

.0
36

.0
17

.0
32

.0
09

.0
15

.0
23

.0
37

.0
54

.0
27 .0
25

—
.
0
0
5

.0
34

19
56

19
57

19
58

19
59

19
60

-

.0
52

.0
43

.0
20

.0
39

-.0
27

.0
22 .0
27

.0
14

.0
13

-.0
2-

5

.0
42

.0
21

.0
23

.0
24

.0
13

.0
26

.0
17

.0
20 .0
33

--
--

-.0
56

.0
59

.0
64

.0
48 .0
63

-—
-

.0
37

.0
34

.0
25

.0
27

-
-

.0
23

.0
01

.0
07 .0
32

.0
28

.0
33

.0
11

—
.0

03
.0

32 .0
22

1
9
6
1

1
9
6
2

1
9
6
3

1
9
6
4

1
9
6
5

.
0
0
7

.
0
3
2

.
0
2
8

.
0
3
8

.
0
4
2

.
0
2
3

.
0
2
7

.
0
2
9

.
0
3
4

.
0
2
4

.
0
3
2

.
0
2
1

.
0
2
0

.
0
3
4

.
0
2
6

.
0
2
8

.
0
1
5

.
0
3
4

.
0
0
8

—
.
0
2
4

.
0
5
2

.
0
7
8

.
0
6
1

.
0
5
4

.
0
7
3

.
0
4
1

.
0
1
7

.
0
3
5

.
0
1
5

.
0
7
7

.
0
1
2

.
0
4
6

.
0
4
4

.
0
3
5

.
0
3
9

í
.
0
3
5

.
0
2
0

.
0
2
4

.
0
2
9

.
0
2
2

.
0
1
0

.
0
2
6

.
0
2
3

.
0
2
8

.
0
4
0

1
9
6
6

1
9
6
7

19
68

19
69

1
0
7
0

.
0
4
4

.
0
4
1

.0
25

.0
32

.
0
2
2

.
0
3
3

.
0
2
7

.0
22

.0
36

.
0
3
4

.
0
2
2

—
.
0
0
8

.0
28

.0
33

.
0
3
3

.
0
3
0

.
0
3
6

.0
28

.0
07

.
0
3
2

.
0
5
2

.
0
5
7

.0
71

.0
70

.
0
7
1

.
0
3
0

.
0
6
8

.0
90

.0
86

.
0
4
5

.
0
3
8

.
0
1
5

.0
32

.0
34

.
0
2
3

.
0
1
1

.
0
0
7

.0
17

.0
20

—
.0

04

.
0
4
5

.
0
3
3

.0
33

.0
38

.
0
1
2

1
9
7
1

1
9
7
2

1
9
7
3

.
0
2
8

.
0
3
5

.
0
5
3

.
0
2
7

.
0
2
6

.
0
3
2

.
0
1
9

.
0
2
0

.
0
2
4

.
0
0
5

—
.0

01
.0

12

.
0
6
9

.
0
5
9

.0
66

.
0
7
7

.
0
7
3

.0
62

.
0
3
1

.
0
1
7

.0
24

—
.
0
2
0

.
0
2
5

.0
46

.
0
1
6

.
0
3
7

.0
48



Ta
bl

e 
11

.9
A

nn
ua

l R
at

es
 o

f G
ro

w
th

 o
f R

ea
l G

ro
ss

 P
riv

at
e 

D
om

es
tic

 P
ro

du
ct

, 1
94

7—
73

Y
ea

r
C

an
ad

a
Fr

an
ce

G
er

m
an

y
Ita

ly
Ja

pa
n

K
or

ea
N

et
he

r-
la

nd
s

U
ni

te
d

K
in

gd
om

U
ni

te
d

St
at

es

19
48

19
49

19
50

.0
35

.0
54

.0
97

.0
54

.0
07

.0
95

19
51

19
52

19
53

19
54

19
55

.0
39

.0
90

.0
59

—
.0

06
.0

87

.0
25

.0
31

.0
80

.0
50

.0
53

.0
99

.0
82

.0
85

.0
79

.1
21

.0
87

.0
36

.0
82

.0
95

.0
64

.1
03

.0
15

.0
75

.0
69

.0
72

.0
66

.0
37

.0
46

—
.0

10
.0

72
19

56
19

57
19

58
19

59
19

60

.0
95

.0
27

.0
25

.0
42

.0
29

.0
46

.0
58

.0
15

.0
50

.0
84

.0
81

.0
66

.0
41

.0
76

.0
95

.0
47

.0
45

.0
56

.0
65 .0
64

.0
43

.0
97

.0
69

.0
69

.1
12

.0
54

.0
36

—
.0

53
.1

00
.0

80

.0
23

.0
26

.0
10

.0
46

.0
61

.0
24

.0
16

.0
00

.0
58

.0
22

19
61

19
62

19
63

19
64

19
65

.0
15

.0
60

.0
55

.0
69

.0
71

.0
53

.0
63

.0
58

.0
76

.0
54

.0
55

.0
40

.0
41

.0
72

.0
63

.0
84 .0
60

.0
47

.0
34

.0
34

.1
78

.1
06

.1
09

.1
19

.0
95

.0
52

.0
29

.0
97

.0
63

.0
71

.0
35

.0
45

.0
33

.0
96

.0
62

.0
50

.0
15

.0
39

.0
72

.0
25

.0
23

.0
56

.0
39

.0
53

.0
60

19
66

19
67

19
68

19
69

19
70

.0
66

.0
29

.0
53

.0
43

.0
38

.0
58

.0
50

.0
44

.0
81

.0
61

.0
35

.0
00

.0
78

.0
70

.0
71

.0
56

.0
73 .0
55

.0
61

.0
53

.0
76

.1
14

.1
25

.1
13

.1
23

.1
23

.0
84

.1
18

.1
77

.0
74

.0
35

.0
49

.0
71

.0
67

.0
67

.0
28

.0
31

.0
39

.0
10

.0
37

.0
60

.0
27

.0
45

.0
31

—
.0

01

19
71

19
72

19
73

.0
50

.0
50

.0
66

.0
47

.0
54

.0
67

.0
31

.0
44

.0
60

—
.0

26
.0

28
.0

61

.0
93

.0
84

.0
81

.0
87

.0
89

.1
91

.0
52

.0
62

.0
50

.0
34

.0
51

.0
68

.0
35

.0
63

.0
63



I
r.

Ta
bl

e 
11

.1
0

A
nn

ua
l

R
at

e 
of

G
ro

w
th

 o
f T

ot
al

Fa
ct

or
 P

ro
du

ct
iv

ity

Y
ea

r
C

an
ad

a
Fr

an
ce

G
er

m
an

y
Ita

ly
Ja

pa
n

K
or

ea
N

et
he

r-
la

nd
s

U
ni

te
d

K
in

gd
om

U
ni

te
d

St
at

es

19
48

19
49

19
50

—
.0

07 .0
16

.0
80

.0
18

.0
08

.0
55

1
9
5
1

1
9
5
2

19
53

1
9
5
4

1
9
5
5

—
.
0
0
7

.
0
5
3

.
0
2
3

—
.
0
3
4

.
0
5
6

—
.
0
0
6

.
0
1
9

.
0
6
9

.
0
2
7

.
0
3
3

.
0
6
4

.
0
5
0

.
0
4
1

.
0
3
2

.
0
6
6

.
0
6
1

.
0
0
2

.
0
7
2

.
0
5
8

.
0
4
7

.
0
7
1

.
0
0
5

.
0
6
1

.
0
4
6

.
0
3
4

.
0
1
2

.
0
1
0

.
0
2
1

—
.
0
0
4

.
0
3
8

1
9
5
6

1
9
5
7

1
9
5
8

1
9
5
9

19
60

.
0
4
3

—
.
0
1
6

.
0
0
5

-
.0

03
.
0
0
3

.
0
2
4

.
0
3
1

.
0
0
1

-
.0

37
.
0
5
9

.
0
3
8

.
0
4
5

.0
18

.
0
5
2

.0
61

.
0
3
4

.
0
1
9

.
0
3
9

.
0
4
4

.
0
3
1

—
.
0
1
4

.
0
3
8

.
0
0
4

.
0
2
0

.
0
1
7

.
0
0
2

—
.
0
7
9

.
0
7
3

-

—
.
0
0
1

.
0
2
5

.
0
0
2

.
0
1
4

.
0
3
3

—
.
0
0
9

.
0
0
5

.
0
0
3

.
0
2
6

.
0
0
0

1
9
6
1

1
9
6
2

1
9
6
3

1
9
6
4

1
9
6
5

.
0
0
8

.
0
2
8

.
0
2
7

.
0
3
2

.
0
2
9

.
0
3
0

.
0
3
6

.
0
2
9

.
0
4
3

.
0
3
0

.
0
2
3

.
0
2
0

.
0
2
1

.
0
3
8

.
0
3
7

.
0
5
6

.
0
4
5

.
0
1
3

.
0
2
6

.
0
5
8

.
1
2
5

.
0
2
8

.
0
4
8

.
0
6
5

.
0
2
2

.
0
1
1

.
0
1
2

.
0
6
2

.
0
4
8

—
.
0
0
6

.
0
2
2

—
.
0
0
2

—
.
0
1
1

.
0
6
1

.
0
2
2

\

.
0
1
5

—
.
0
0
5

.0
15

.
0
4
3

.
0
0
3

.
0
1
4

.
0
3
1

.
0
1
5

.
0
2
5

.
0
2
1

1
9
6
6

1
9
6
7

1
9
6
8

1
9
6
9

1
9
7
0

.
0
2
2

—
.
0
1
2

.
0
2
9

.
0
1
0

.
0
1
6

.
0
2
5

.
0
2
3

.
0
2
1

.
0
4
5

.
0
2
7

.
0
1
3

.
0
0
8

.
0
5
1

.
0
3
8

.
0
3
8

.
0
2
5

.
0
3
7

.
0
2
7

.
0
5
4

.
0
2
0

.
0
2
4

.
0
5
7

.
0
5
4

.
0
4
3

.
0
5
3

.
0
9
3

.
0
1
6

.
0
2
8

.
0
9
1

.
0
2
9

—
.
0
0
3

.
0
3
4

.
0
3
8

.
0
3
3

.
0
4
4

.
0
1
6

.
0
2
5

.
0
2
3

—
.0

10
.
0
4
1

.
0
1
5

—
.
0
0
6

.
0
1
3

—
.0

07
—
.
0
1
3

1
9
7
1

1
9
7
2

19
73

.
0
2
3

.
0
1
6

.0
13

.
0
1
9

.
0
2
9

.0
35

.
0
1
3

.
0
2
4

.0
37

—
.
0
3
1

.
0
2
9

.0
48

.
0
2
4

.
0
2
5

.0
15

.
0
1
0

.
0
1
5

.1
29

.
0
2
1

.
0
4
5

.0
27

.
0
5
5

.
0
2
6

.0
22

.
0
1
9

.
0
2
6

.0
15

•1



632 Laurits R. Christensen/Dianne Cummings/Dale W. Jorgenson

In section 11.3 we have presented annual rates of growth of real gross
private domestic product, real gross private domestic factor input, and
total factor productivity for all nine countries.'6 We have also presented
rates of growth of real capital input and real labor input for these COUn-
tries. In this section we first compare growth in real factor input and in
total factor productivity as sources of growth in real product. We then
compare growth in real capital input and in real labor input as sources
of growth in real -factor input. Finally, we compare our analysis of
aggregate economic growth with an analysis based on measures of capi.
tal and labor input that do not incorporate changes in the quality of
capital stock and the quality of hours worked.

Annual growth rates of real product, real capital input, real labor
input, and total factor productivity are available for all nine countries
included in our study for the period 1960—73, so that we can compare
patterns of aggregate economic growth across countries for this period.
For all countries except Korea annual growth rates are available for
periods ending in 1960 and beginning at various times from 1947 to
1955, so that we can compare patterns of aggregate economic growth
between time periods for each country except for Korea. Since the ear-
lier periods vary in length from country to country we do not attempt
to make systematic comparisons of growth patterns across countries for
periods before 1960—73.

11.4.2 Aggregate Economic Growth
We present average annual growth rates for real product, real factor

input, total factor productivity, real capital input, and real labor input
in table 11.11. This table provides average annual growth rates for all
nine countries included in our study for the period 1960—73. Our inter-
national comparisons of patterns of aggregate economic growth are
based on growth in real, product, real factor input, and total factor
productivity for all nine countries for this period. Table 11.11 also
includes average annual growth rates for all countries except for Korea
for earlier periods beginning between 1947 and 1955 and ending in
1960. Our intertemporal comparisons of growth patterns are based on
data for the period 1960—73 and for the earlier periods.

During the 1960—73 period, average growth rates of real product fell
within the relatively narrow range of 4.3% to 5.9% for six of the nine
countries included in our study. For the two North American countries,
Canada and the U.S.A., average growth rates of real product were 5.1%
and 4.3%, respectively. For four of the European countries—France,
Germany, Italy, and the Netherlands—average growth rates were 5.9%,

16. All annual growth rates presented in this paper are computed as first differ-
ences of natural logarithms.

•1
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5.4%, 4.8%, and 5.6%. Growth of real product for the U.K., the fifth A
European country, fell below this range with an average rate of 3.8%. Pr
For the two Asian countries, Japan and Korea, growth of real product for
greatly exceeded this range with average rates of 10.9% and 9.7%, re- ag
spectively. tw

Among the six countries characterized by moderate growth of real dr
product, the range of variation in average growth rates of real factor w
input is the same as for real product. For France, Germany, Italy, and be
the Netherlands the average growth rates of real factor input are 2.9%, pr
2.4%, 1.6%, and 3.0%, respectively, for the period 1960—73. For this 73
period the average rate of growth of real factor input for Canada is thel
3.3% and for the U.S.A. is 3.0%. By contrast, the high-growth coun- is
tries, Japan and Korea, had the highest average rates of growth of real
factor input, 6.4% and 5.5%, respectively. The low-growth country,
the U.K., had the lowest average rate of growth in real factor input at
1.8%.

Our first conclusion is that variations in average growth rates of real I
product among countries during the period 1960—73 are associated with fad
variations in growth rates of real factor input. This conclusion is based pat
on all possible comparisons between growth rates of real product and
real factor input for pairs of countries. For twenty-eight of the thirty-six pr(
possible comparisons, the differences of growth rates of real product
have the same sign as the differences of growth of real factor input. For

a comparison of patterns of economic growth for the period Ja
1960-73 for France and the U.K. reveals average rates of growth of 5.
real product of 5.9% and 3.8%, respectively. These growth rates are 4.
associated with average rates of growth of real factor input of 2.9% and av
1.8%.

If we compare patterns of aggregate economic growth between the 11

period 1960—73 and earlier periods for each country included in our
study, except for Korea, we find that average growth rates of real prod- tw,
uct have increased for France, Japan, the Netherlands, the U.K., and grc
the U.S.A., while average growth rates have decreased for Canada, Tea
Germany, and Italy. For every country with an increased average rate
of growth of real product, the average rate of growth of real factor input
has also increased or remained the same. The most dramatic increases
are for Japan, where the average growth rate of real product rose from grd
8.1% for the period 1952—60 to 10.9% for the period 1960—73, while
the average growth rate of real factor input rose from 4.7% for the
earlier period to 6.4% for the later period. At the opposite end of the
spectrum of growth rates in real product, the rate of growth of real
product for the U.K. rose modestly from 3.3% for the period 1955—60
to 3.8% for the period 1960—73, while the rate of growth of real factor fo
input remained virtually unchanged at 1.8% for both periods, in

p
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Among countries with decreases in the average rate of growth of real
product, the greatest change was for Germany with a decline from 8.2%
for the period 1950—60 to 5.4% during the period 1960—73. The aver-

- age growth rate of real factor input dropped from 3.6% to 2.4% be-
tween the two periods. For Canada the growth rate of real product

.1
dropped from 5.2% for the period 1947—60 to 5.1% for 1960—73,

r while the growth rate of real factor input dropped from 3.5% to 3.3%
between the two periods. For Italy the average rate of growth of real
product declined from 6.0% for the period 1952—60 to 4.8% for 1960—
73, while the growth rate of real factor input declined from 2.3% for

s the earlier period to 1.6% for the later period. Our second conclusion
- is that increases and decreases in average growth rates of real factor

input between the period 1960—73 and various earlier periods beginning
from 1947 to 1955 and ending in 1960 are strongly associated with
increases and decreases in average growth rates of real product for all
eight countries for which data are available.

a The most striking illustration of the association of growth of real
h factor input and growth in real product is provided by a comparison of
d patterns of aggregate economic growth for Germany and Japan. During
d the period 1950—60 Germany had an average rate of growth of real

product of 8.2%, while for the period 1952—60 Japan had an average
rate of growth of real product of 8.1%. For the period 1960—73 the
average growth rate of real product rose from the earlier period for

d Japan to 10.9%, while the average growth rate for Germany fell to
5.4%. For Japan the average growth rate of real factor input rose from
4.7% for the earlier period to 6.4% for the 1960—73 period, while the

d average growth rate for Germany fell from 3.6% to 2.4%.

11.4.3 Growth in Capital and Labor Input
In the growth of real factor input among countries or be-

1- tween time periods for a given country, we first recall that the rate of
growth of real factor input is a weighted average of rates of growth of

a, real capital input and real labor input, with weights given by the value
te shares of each input. We give value shares for capital input together
Ut with ratios of the average weighted rate of growth of capital input, the
es average weighted rate of growth of labor input, and the average rate of
m growth of total factor productivity to, the average rate of growth of real
.le product in table 11.12. The rate of growth of each input is weighted by

the value share of that input. Table 11.12 provides data for all nine
he countries included in our study for the period 1960—73, and for all
al countries except Korea for earlier periods ending in 1960.
SO Value shares for capital input vary within a narrow range from .367
or for Korea to .449 for Canada for the period 1960—73, so that variations

in weights assigned to capital and labor input do not account for much
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variation in average rates of growth of real factor input across countries.
However, average rates of growth of real capital and labor input do vary
substantially among countries as indicated in table 11.11. For the Euro-
pean countries the rate of growth of labor input ranges from a negative
.7% for Italy to a positive .4% for France. Average rates of growth of
labor input for Canada and the United States are 2.0% and 2.2%,
respectively, while average rates of growth of labor input are 2.7% for
Japan and 5.0% for Korea.

Comparing average rates of growth of real capital input among coun-
tries for the period 1960—73, we find that Japan and Germany have the
highest average rates of growth with 11.5% and 7.0%, respectively.
Canada, the U.K., and the U.S.A. have relatively low average rates of
growth—4.9%, 4.6%, and 4.0%. FQr the remaining countries of Eu-
rope the average growth rates of capital input are higher than for the
U.K. and the two North American countries, and lower than for Japan
and Germany. Average rates of growth for France, Korea, Italy, and
the Netherlands are 6.3%, 6.6%, 5.4%, and 6.6%.

Our third conclusion is that for the iperiod 1960—73 very high average
growth rates in real product are assOciated with high average rates of
growth of both capital and labor input, and that low average rates of
growth in real product are associated with low average rates of growth
of both inputs. Average rates of growth of real product in the moderate
range from 4½ to 6%, which includes five of the nine countries in our
study, can be associated either with low average growth rates for labor
and high growth rates for capital, as in Germany, or with high average
growth rates for labor and low growth rates for capital, as in the United
States. There are substantial variations among countries in average rates
of growth of both capital and labor input, so that further analysis re-
quires a study of the sources of growth of capital input through the
supply of saving and capital formation and the sources of growth of
labor input through the supply of work effort.

We find it useful to illustrate our third conclusion by comparing the
economic performance of the U.K. and the U.S.A. for the period 1960—
73. The average rate of growth of real product is higher for the U.S.A.
at 4.3% than for the U.K. at 3.8%. Average rates of growth of real
factor input are 3.0% for the U.S.A. and 1.8% for the U.K. Turning
to average growth rates of real capital input and real labor input, we
find that the difference in rates of growth of real factor input can be
accounted for by the difference in aVerage rates of growth of real labor
input, zero for the U.K. and 2.2% for the U.S.A. The average rate of
growth of capital input for the U.K. of 4.6% exceeded that for the
U.S.A. of 4.0%. The average rate of growth of total factor productivity
for the U.K. of 2.1% also that for the U.S.A. of 1.3%. The
difference in average rates of growth of real labor input in the two

p
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countries accounts almost entirely for the difference in average rates of
growth of real product.

If we compare the growth of real factor input between the time period
1960—73 and earlier periods we first observe that the greatest change
in value shares of capital input is to .415 for the period 1960—73 from
.352 for the earlier period for Japan. Changes in value shares of capital
input between time periods do not account for much variation in aver-
age rates of growth of real factor input between time periods. For five
of the eight countries included in our intertemporal comparisons, the
value share of capital input increases between the earlier periods and
the period 1960—73. If technical change were Hicks-neutral, this would
imply an average elasticity of substitution in excess of unity for these
five countries, since the rate of growth of capital input exceeds the rate
of growth of labor input for all countries and all periods except for
Japan for the period 1952—60.

Comparing the average rates of growth of real capital input and real
labor input between time periods for a given country, we find that Ja-
pan's average rate of growth of real labor input for the period 1952—60
was 4.8%, while the average rate of growth of real capital input was
only 4.5% for this period. For the period 1960—73 the average rate of
growth of labor input declined to 2.7%, still high by international stan-
dards, while the average rate of growth of capital input jumped to
11.5%. The improvement in Japan's economic performance was due
almost entirely to the increased average rate of growth of real capital
input.

For Germany the decline in the average growth rate of real labor
input from 1.6% during the period 1950—60 to —.7% from 1960—73
was as large as the decline for Japan from the period 1952—60 to the
later period. The average rate of growth of capital input rose from
6.9% for 1950—60 to 7.0% for 1960—73, and the average rate of growth
of real product fell from 8.2% in the earlier period to 5.4% in the later
period. The decline in Germany's economic performance was due pri-
marily to the decreased average rate of growth of real labor input. The
contrast with changes in Japan's economic performance between 1960—
73 and the earlier period is due to differences in the increase of the
average rate of growth of capital input.

Our fourth conclusion is that a rise or fall in the average rate of
growth of real labor input is associated With a fall or rise in the rate of
growth of real capital input. This pattern reflects the process of substi-
tution between capital and labor input in production. Germany and
Japan provide the most striking illustrations of this pattern, with sub-
stantial changes in aggregate economic growth between 1960—73 and
the earlier periods. However, the same pattern can be seen for two
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f
countries with moderate changes in aggregate economic growth—Canada
and the U.S.A. The average rate of growth of real capital input fell from
6.8% to 4.9% for Canada, and from 4.5% to 4.0% for the U.S.A.

e
between the periods 1947—60 and 1960—73. Average growth rates of
labor input rose from 1.1% to 2.0% for Canada, and from 1.0% to
2.2% for the U.S.A. for the same twp periods. France is the only excep-
tion to the general pattern; average rates of growth of real labor input

e
and real capital input rose from .3% to .4% and from 4.7% to 6.3%
between the periods 1950—60 and 1960—73.

A second illustration of our fourth conclusion involves a comparison
of Korean growth for the period 1960—73 with Japanese growth for the
period 1952—60. Average growth rates of real labor input were 4.8%
for Japan and 5.0% for Korea. Korça had an average rate of growth of
capital input at 6.6%, while Japan's average rate of growth was only
4.5%. Korea's average rate of growth of real product for the later
period was 9.7%, compared with Japan's rate of growth of 8.1% for

- the earlier period. Korea's average rate of growth of total factor produc-
) tivity for the later period was 4.1%, while for Japan in the earlier

period the average was 3.4%. The difference in average rates of growth
f of capital inputs accounts for the bulk of the difference in economic
- performance.

11.4.4 Quality Change
Up to this point we have compared patterns of economic growth in

terms of growth of real product, real factor input, real capital input,
and real labor input. We can provide additional perspective on these
results by contrasting our analysis of growth patterns and an analysis
based on measures of capital and labor input that fail to incorporate

1
changes in capital and labor quality. In table 11.13 we present average
annual rates of growth of capital quality, labor quality, capital stock,

r and hours worked. We recall that the rate of growth of real capital
- input is the sum of the rates of growth of capital quality and capital

stock. Similarly, the rate of growth of real labor input is the sum of the
rates of growth of labor quality and hours worked.

Quality change for both capital and labor input is positive for all
countries and for all time periods included in our study, except change

f in capital quality for Germany for the period 1952—60. An analysis
f based on measures of capital and. labor input that fail to incorporate
- changes in the quality of capital stock and hours worked would assign

growth in total factor productivity a much larger role in accounting for
- the growth in real product. For the period 1960—73 growth in total

factor productivity is more important than growth in real factor input
in accounting for growth in real product for four countries—France,
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Germany, Italy, and the U.K. Similarly, for earlier periods growth in
total factor productivity is more important for three countries—France,
Germany, and Italy.

If we were to replace our translog index of real labor input by hours
worked as a measure of labor input and our translog index of real capi-
tal input by capital stock as a measure of capital input, total factor pro-
ductivity would be more important than growth in factor input for every
country and every time period included in our study, except for Japan
during the period 195 2—60. Our fifth conclusion is that omission of
changes in quality of capital stock and hours worked would result in a
completely distorted view of the relative importance of growth in real
factor input and growth in total factor productivity in accounting for
the growth of real product. I

If we compare the role of change in quality of capital stock and hours
worked between the period 1960—73 and earlier periods, we find that
the differences are relatively modest except for Japan. The growth of
real factor input for Japan for the period 1960—73 is 6.4%, the highest
for any country and any time period included in our study. The differ-
ence between the average rate of gro*th in real factor input for Japan
and the average rates of growth of real factor input for the remaining
countries included in our study is the most important factor in account-
ing for the differences in rates of growth of real product between Japan
and the remaining countries. The average rate of growth of real product
for Japan was 10.9%, also the highest for any country and any time
period included in our study. Similarly, the difference between the aver-
age rate of growth of real factor during the period 1952—60 of
4.7% and the higher rate for the later period is an important factor in
accounting for the increase in the average rate of growth from 8.1%
during the earlier period.

Finally, we can analyze the role of quality change in our measures
of real capital input and real labor input. Japan and Korea have the
highest rates of growth of hours worked and of real labor input for the
period 1960—73. A ranking based on real labor input would coincide
with a ranking based on hours worked. However, the growth of hours
worked is negative or zero for all five European countries, while the
growth of our translog index of real labor input is nonnegative except
for Germany and Italy. Omission of change in quality of hours worked
from the measurement of labor input would result in a change in sign
in the average rate of growth of labor input for four of the five Euro-
pean countries included in our study.

Growth in the quality of capital stock for Japan during the period
1960—73 is 3.0%, the highest for any country in our study. The rise in
the average rate of growth of capital quality from 1.3% during the
period 1962—60 is an important factor in accounting for the rise in the
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4

average rate of growth of real capital input from 4.5% in the earlier
period to 11.5% in the later period. Our final conclusion is that differ-
ences among countries are greater for change in capital quality than for
change in labor quality, but that omission of either results in a distortion
of the relative importance of growth of real capital input and real labor
input in accounting for growth in real product.

11.5 Summary and Conclusions

In section 11.2 we have outlined a methodology for separating growth
in real factor input from growth in total factor productivity, based on
the transcendental logarithmic production function. Beginning with a
production function that gives output as a function of capital input,
labor input, and time, we have defined translog indexes of output, capital
input, labor input, and technical change in terms of data on prices and d
quantities of output and inputs at discrete points of time. We have also
introduced descriptive measures of the quality of capital stock and hours
worked that transform indexes of capital stock and hours worked into
translog indexes of capital and labor input. These descriptive measures
are useful in comparing the results of our analysis with the results of
studies that fail to incorporate quality change in measures of capital d
and labor input.

In section 11.3 we have identified translog indexes of output, capital
input, labor input, and technical change with accounts for real product,
real capital input, real labor input, and total factor productivity for each
of the nine countries included in our study. For all countries we have
constructed annual production accounts in current and constant prices
for the period 1960—73. For all countries except Korea we have con-
structed annual production accounts for various earlier periods, begin-
fling from 1947 to 1955 and ending in 1960. Our first objective has
been to assess the relative importance of growth in real factor input and
in total factor productivity in accounting for patterns of aggregate eco- g
nomic growth for all nine countries for the period 1960—73. Our second
objective has been to assess the relative importance of changes in growth
in real factor input and in total factor productivity in accounting for
changes in growth of real product between earlier periods ending in
1960 and the period 1960—73 for each country. A

Our first conclusion is that variations in aggregate economic growth
for the period 1960—73 for the nine countries included in our study are q
associated with variations in the growth of real factor input. This con-
clusion is strongly reinforced by a comparison of patterns of aggregate
economic growth for this period with growth during earlier periods
ending in 1960 for each country except Korea. An analysis that fails to a
incorporate changes in the quality of capital stock and hours worked
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in measures of capital and labor input would assign a much larger role
to variations in growth of total factor productivity in accounting for
international variations in the growth of real product or for variations
in growth of real product over time for a given country.

The second objective of our analysis has been to assess the role of
growth in real capital input and in real labor input in accounting for
aggregate economic growth. For the 1960—73 we find that very
rapid growth of real product is associated with rapid growth of both
real capital input and real labor input, and that slow growth of real
product is associated with slow growth of both inputs. Moderate growth
of real product can be associated with rapid growth of real capital input,
rapid growth of real labor input, or moderate rates of growth of both
inputs. Our intertemporal comparisons show that increases and decreases
in the average rate of growth of real capital input are associated with
decreases and increases, respectively, in the average rate of growth of
real labor input. This finding provides' evidence of substitution between
capital and labor inputs in production.

Omission of changes in the quality Of capital stock and hours worked
from our measures of capital and labor input would obscure the role of
differences in the growth of capital and labor input in accounting for
differences in the growth of output among countries and between time
periods for a given country. Further analysis of international and inter-
temporal differences in the growth of capital input and the growth of
labor input requires a detailed characterization of sources of growth
of these inputs. A complete system of accounts, like that developed by
Christensen and Jorgenson (1973a), is essential to the analysis of
sources of growth of capital input through saving, capital formation,
and accumulation of wealth. An analysis of the sources of growth in
labor input through the supply of work effort is also required. The
analysis of sources of growth in capital and labor input remains an im-
portant objective for further research on patterns of aggregate economic
growth.

Appendix

Canada
This summary is taken from Christensen and Cummings (1976).
Our principal data sources for Canada are the National Income and

Expenditure Accounts, Historical Revision, 1926—1971 and the recent
annual issues of the National and Expenditure Accounts, both
published by Statistics Canada. Except for the imputation for services

p
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of consumer durables, gross private domestic product and factor outlay
are computed directly from these sources.

The capital stock benchmarks and replacement rates for all assets
except residential structures and consumer durables are taken from
Statistics Canada (1974), Flows and Stocks of Fixed Nonresidential
Capital, Canada. The residential structures and consumer durables
benchmarks are from Gussman (1972). The replacement rate for resi-
dential structures is from Cummings and Meduna (1973), and the
replacement rate for consumer durables is our estimate. We estimate
the benchmark and price index for land using Danielson (1975) and
Manvel (1968). Asset deflators are from the national accounts.

Our data on employment are from the National Income and Expen-
diture Accounts, Historical Revision and annual issues of the Bank of ti

Canada Review. The Productivity Measures Project, Input Output Divi-
sion, Statistics Canada provided us with data for average hours worked d
per person employed and labor income of self-employed persons. We
have constructed an educational attainment index using the educational
distributions in the 1941, 1951, 1961, and 1971 censuses of Canada,
published by Statistics Canada. F

France p

This summary is taken from Brazell, Christensen, and Cummings
(1975). 11

Our principal data sources for France are the National Accounts
Statistics and Les comptes de la nation 1 949—1 959, both published by
the Institut national de Ia statistique et des etudes économiques. Gross
private domestic product and factor outlay are computed directly from
these sources, except for our estimates of the inventory valuation adjust-
ment, the services of consumer durables, and the services of institutional
durables and real estate. '1

The nonresidential structures and producer durable equipment bench-
marks are from Mairesse (1972), the residential structures benchmark P
is from Carré, Dubois, and Malinvaud (1972), and the inventory bench-
mark is from Goldsmith and Saunders (1959). We estimate the bench-
mark for land using Goldsmith and Saunders (1959). Our land price (

index is an average European land price index based on Christensen
et al. (1975), Christensen, Cummings, and Norton (1975), Christen- SI

sen, Cummings, and Schoeck (1975), and Conrad and Jorgenson Of

(1975). The replacement rates for nonresidential structures and pro-
ducers' durable equipment are from Mairesse (1972), and the consumer
durables and residential structures replacement rates are our estimates.
The asset deflators are from the national accounts.

The data on employment are from Carré, Dubois, and Malinvaud
(1972), the Institut national de la statistique et des etudes économiques b
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(National Accounts Statistics and "La population active par secteur
d'établissement"), and the Ministère des affaires sociales, Revue fran-
çaise du travail. Average hours worked are computed from Annuaire
statistique de Ia France and various other publications of the Institut
national de la statistique et des etudes économiques, plus information
on average weeks of vacation from Carré, Dubois, and Malinvaud
(1972). The educational attainment index is computed from data in the
French Population Census and Carré, Dubois, and Malinvaud (1972).

e Germany
This summary is taken from Conrad and Jorgenson (1975).
Our principal data source for the Federal Republic of Germany is

•1

the national income and product accounts, as published by the Statis-
tisches Bundesamt. Except for the imputation for services of consumer
durables, gross private domestic product and factor outlay are computed

e from these accounts. I

The capital stock benchmarks are from Kirner (1968) and Stobbe
(1969). The replacement rates are based on service lives estimated by
Kirner (1968). The asset deflators are from the national income and
product accounts.

We use estimates of man-hours compiled by the Statistisches Bunde-
samt. The educational attainment index is based on Denison (1967).
It has been updated using information published by the Statistisches
Bundesamt.

italy
This summary is taken from Christensen, Cummings, and Norton

(1979).
31 Our principal data source for Italy is the Annuario di contabilita

nazionale published by the Istituto Centrale di Statistica. Except for the
imputation for services of consumer durables, gross private domestic
product and factor outlay are computed directly from this source.

The capital stock benchmarks for nonresidential structures, pro-
ducers' durable equipment, and residential structures are from Vitali
(1968); the inventory benchmark is from A. Giannone (1963); and
the land benchmark is based on the work of de Meo (1973). The con-
sumer durable benchmark and replacement rate are our estimates. The
other replacement rates are from de Meo (1973). The investment
deflators are from the national accounts except for land and inventories.

er We use a wholesale price index as the inventory deflator, and the land
:S. deflator is based on de Meo (1973).

Our data on employment are from Annali di statistica published by
the Istituto Centrale di Statistica and Labor Force Statistics published

es by the OECD. Average hours per person employed are from Rassegna



646 Laurits R. Christensen/Dianne Cummings/Dale W. Jorgenson

di statistiche del lavoro published by the Istituto Centrale di Statistica.
Our educational attainment index is constructed using information from
the Ninth Census of Italy (Istituto Centrale di Statistica, 1951), Na-
tional Policies for Education, Italy (OECD 1960, 1963, 1966), and LI

Denison (1967).

Japan
This summary is taken from Ezaki and Jorgenson (1973) and Ezaki

(1974).
Our principal data source for Japan is Annual Report on National

Income Statistics published by the Economic Planning Agency. Except
for the imputation for consumer durables, gross private domestic prod-
uct and factor outlay are computed from these accounts.

The capital stock benchmarks are taken from the 1955 and 1960
national wealth surveys. The replacement rates are based on service
lives estimated by Ohkawa et al. (1966). The asset deflators are from
the national income and product accounts, except for the land deflator,
which is based on data from the Japanese Statistical Yearbook.

We use estimates of man-hours made available to us by Dr. Yoichi
Okita of the Economic Planning Agency. The quality of labor index is
based on the work of Watanabe (1972).

Korea
This summary is taken from Christensen and Cummings (1979).
Our principal data sources for Korea are the Economic Statistics

Yearbook and the National Income Statistics Yearbook published by p
the Bank of Korea. In addition, the Bank of Korea provided us with
the unpublished data which we required. Except for the imputation for
services of consumer durables, gross private domestic product and factor
outlay are computed directly from Bank of Korea data. LA

The capital stock benchmarks for nonresidential structures, pro-
ducers' durable equipment, and residential structures are from the Re-
port on the National Wealth Survey of the Economic Planning Board.
The benchmark for land is from Mills and Song (1977). The benchmark
for consumer durables and the replacement rates for all asset types are cc
our estimates. The investment deflators are from the Economic Statistics b
Yearbook except for inventories and land. The inventory deflator is a
wholesale price index, and the land deflator is based on the work of p1
Mills and Song (1977).

The Economic Planning Board provided us with unpublished data on tia
employment and average hours worked to supplement the published
figures in the Labor Statistics Yearbook. The educational attainment
index is based on data in the Population and Housing Census (1960,
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1966, 1970) and the Report on Wage Survey (1967, 1970), both pub-
lished by the Economic Planning Board.

Netherlands
This summary is taken from Christensen, Cummings, and Schoech

(1975). I

Our principal data source for the Netherlands is the Centraal bureau
voor de statistiek (1956, 1960, 1965, 1972) and the National Accounts
(1950—68, 1953—69, 1960—71, 1961—72, 1962—73) published by the

OECD. Except for the imputation for services of consumer durables,
gross private domestic product and factor outlay are computed directly
from these sources.

The capital stock benchmarks, except that for consumer durables, are
from Goldsmith and Saunders (1959). The capital stock benchmark
for consumer durables is our estimate. The replacement rate for con-
sumer durables is also our estimate. All other replacement rates are
based on the replacement rates used 'by the Centraal bureau voor de
statistiek. The asset deflators are all from the OECD National Accounts
except for the inventory deflator which comes from Maandschrift van

s het centraal bureau voor de statistiek (1954, 1959, 1964, 1967, 1969,
1972, 1973) and the land deflator. We estimate our own land deflator
using Statistical Yearbook of the Netherlands, Goldsmith and Saunders
(1959), and Revell (1967).

We use the estimate of man-years compiled by the Centraal bureau
•s voor de statistiek (1947—66) and the Nationale rekenigen (1972—73).
y The number of hours worked per week is taken from data provided by
h the International Labour Organization (1947 through 1973). The edu-
if cational attainment index is derived fràm Denison (1967).

United Kingdom
This summary is taken from Christensen, Cummings, and Singleton

(1975).
i. Our principal data sources for the United Kingdom are National in-

come and Expenditure, 1963—1973 and earlier issues of National in-

re come and Expenditure (annual volumes from 1954 through 1966),
both published by the Central Statistical Office (CSO). Except for the

a imputation for services of consumer durables, gross private domestic
of product and factor outlay are computed directly from these sources.

The capital stock benchmarks for nonresidential structures, residen-
)fl tial structures, plant and machinery, vehicles, ships and aircraft, and

inventories are taken from the CSO, National income and Expenditure
nt volume. The consumer durable benchmark is our estimate. The replace-
0, ment rate for nonresidential structures is taken from the Inland Revenue
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Service. The replacement rates for plant and machinery and residential
structures are from The Stock of Fixed Capital in the United Kingdom
in 1961 by Geoffrey Dean. The benchmark and price index for land
are estimated using J. Revell, The Wealth of the Nation; inland Revenue
Statistics, published by the Board of Inland Revenue; and CSO, Annual
Abstract of Statistics. .4

Our data on employment are from the CSO, National income and
Expenditure volumes, except for the number of self-employed, which
is taken from OECD, Labor Force Statistics. Our average hours worked
per person is taken from British Labour Statistics, Year Books and the
British Labour Statistics: Historical Abstract, 1886—1968, both pub-
lished by the Department of Employment. We use the rate of growth of
educational attainment estimated by R.C.O. Matthews (1975).

United States
This summary is taken from Christensen and Jorgenson (1973a).
Our principal data source for the United States is U.S. Office of Busi-

ness Economics (1966) and the Annual National Income issue (July)
of the Survey of Current Business published by the U.S. Department of 2
Commerce. Except for the imputations for services of durables held by 3

consumers and institutions, gross private domestic product and factor 4

outlay are computed directly from these sources.
The capital stock benchmarks are from Grose, Rottenberg, and Was-

son (1969) and Goldsmith (1962). The replacement rates are based
on estimated service lives underlying the work by Grose, Rottenberg,
and Wasson (1969). The asset deflators are all from the Bureau of —
Economic Analysis, except for the land deflator, which is based on
Goldsmith (1962).

We use estimates of man-hours compiled by Kendrick (1973), and
the index of educational attainment computed by Jorgenson and Gril-
iches (1967). The underlying sources are the U.S. Bureau of Labor
Statistics, Special Labor Force Reports, and the U.S. Bureau of the
Census, Census of Population and Current Population Reports.
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Table ll.A.1C Gross Private Domestic Pràduct and Factor Outlay, 1970
Canada

(billions of dollars)

Product

1. Gross national product 85.69
2. — Wages and salaries in general government 11.02
3. — Capital consumption allowances in general government 1.23
4. — Net interest and miscellaneous investment income of general

government (net of government enterprise remittances) .80
5. — Net interest originating in rest of world — 1.39
6. + Services of consumer durables (our imputation) 6.39
7. — Taxes not related to factor outlay 7.55
8. + Subsidies I .76
9. + Capital assistance subsidies .12

10. — Residual error of estimate I — 35
11. — Gross private domestic product 74.08

Factor Outlay

1. National income 64.24
2. + Capital consumption allowances 9.81
3. + Services of consumer durables (our imputation) 6.39
4. — GNP originating in general government (2 + 3 + 4 above) 13.05
5. + Capital assistance subsidies .12
6. + Indirect taxes related to factor outlay 4.50
7. — GNP originating in rest of world —1.39
8. — Twice the residual error of estimate — .69
9. = Gross private domestic factor outlay 74.08

p
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Table 11.A.2C Private Domestic Capital Input, 1947—73
Canada

Year

Private Domestic
Capital Stock

Price Quantity
Index Index
(1) (2)

Rate of Return
to Capital in the
Business Sector

Nominal Own
Rate Rate
(3) (4)

.

Services
per Unit
of Stock
(5)

Private Domestic
Capital Input

Price Quantity
Index Index
(6) (7)

1947
1948
1949
1950

.550 69.86

.635 73.38

.663 77.25
.700 82.26

.164 .057

.217 .068

.114 .072

.125 .070

.098

.101

.103

.105

.641 6.42
.748 7.04
.805 7.56
.873 8.12

1951
1952
1953
1954
1955

.800 86.93
.823 91.29
.836 96.60
.836 100.31
.858 105.51

.199 .058

.103 .073
082 .066
.054 .053
.098 .066

.107
.109
.111
.113
.114

.908 8.82
1.018 9.49
1.000 10.14
.907 10.92

1.044 11.47

1956
1957
1958
1959
1960

.902 112.46

.934 118.30

.950 123.00

.969 128.08

.989 132.66

.136 .075

.090 .059

.079 .061

.081 .060

.076 .055

.116

.118

.120

.121

.122

1.072 12.23
.981 13.26
.999 14.15

1.020 14.86
1.021 15.59

1961
1962
1963
1964
1965

1.000 136.49
1.017 141.10
1.049 146.13
1.090 152.27
1.152 159.89

.063 .050

.077 .055

.096 .060

.108 .064

.130 .067

.123

.124

.125

.126

.127

1.000 16.27
1.023 16.87
1.092 17.57
1.173 18.38
1.214 19.39

1966
1967
1968
1969
1970

1.224 168.12
1.281 174.79
1.309 181.57
1.373 189.29
1.431 195.13

.134 .066

.096 .053

.075 .054

.097 .046

.098 .049

.129
.132
.134
.135
.136

1.250 20.69
1.168 22.15
1.194 23.36
1.235 24.53
1.246 25.81

1971
1972
1973

1.506 202.00
1.602 209.98
1.740 219.94

.101 .047
.099 .045
.167 .065

.137

.139

.140

1.351 26.78
1.366 27.99
1.700 29.47
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Table 11.A.3C Private Domestic Labor Input, 1947—73
Canada

I.

Year

Private Private
Domestic Domestic
Persons Hours per
Engaged Person
(1) (2)

Index of
Educational
Attainment
(3)

Private Domestic
Labor Input

Price Index Quantity Index
(4) (5)

1947
1948
1949
1950

4.479
4.519
4.611
4.586

1.100
1.100
1.091
1.071

.923

.928

.932

.936

.440 17.71

.487 17.94

.507 18.24

.564 17.89

1951
1952
1953
1954
1955

4.694
4.742
4.785
4.750
4.843

1.062
1.057
1.055
1.052
1.043

.941

.947

.952

.958
.964

.643 18.26

.693 18.46

.730 18.71

.741 18.62

.775 18.94

1956
1957
1958
1959
1960

5.036
5.136
5.060
5.198
5.251

1.040
1.028
1.021
1.018
1.012

.970

.976

.982

.988
.994

.833 19.77

.885 20.04

.909 19.74

.931 20.36

.969 20.55

1961
1962
1963
1964
1965

5.172
5.297
5.405
5.585
5.789

1.000
1.000
.992
.986
.978

1.000
1,005
1.010
1.015
1.019

1.000 20.13
1.026 20.71
1.068 21.07
1.119 21.74
1.198 22.45

1966
1967
1968
1969
1970

5.987
6.103
6.154
6.305
6.334

.967

.961

.950

.941

.932

1.024
1.029
1.034
1.039
1.044

1.305 23.06
1.402 23.50
1.495 23.54
1.630 24.00
1.749 23.97

1971
1972
1973

6.465
6.652
6.986

.926

.921

.921

1.049
1.054
1.059

1.875 24.44
2.016 25.12
2.130 26.51



Table 11.A.4C Gross Private Domestic Product and Factor Input, 1947—73
Canada

(constant dollars of 1961)

Gross Private Relative Private Domestic
Domestic Product Share of Factor Input Relative

Investment Share of
Price Quantity Goods Price Quantity Property
Index Index Product Index Index Compensation

Year (1) (2) (3) (4) (5) (6)

1947 .652 18.26 .275 .519 22.92 .346
1948 .740 18.91 .294 .586 23.89 .376
1949 .768 19.97 .300 .618 24.82 .397
1950 .781 22.01 .307 .681 25.24 .413

1951 .863 22.89 .294 .748 26.43 .406
1952 .897 25.04 .297 .819 27.43 .430
1953 .897 26.55 .299 .837 28.44 .426
1954 .898 26.40 .296 .810 29.26 .418
1955 .926 28.80 .302 .883 30.18 .449

1956 .934 31.68 .327 .830 31.80 .443

1957 .945 32.54 .332 .827 33.18 .423
1958 .961 33.37 .313 .948 33.84 .441

1959 .980 34.81 .306 .970 35.18 .444
1960 1.000 35.84 .897 .992 36.13 .444

1961 1.000 36.40 .292 1.000 36.40 .447
1962 .996 38.65 .300 1.024 37.58 .448
1963 1.021 40.82 .309 1.079 38.64 .460
1964 1.049 43.76 .313 1.144 40.12 .470
1965 1.073 46.99 .326 1.205 41.86 .467

1966 1.115 50.20 .336 1.279 43.76 .462
1967 1.138 51.68 .329 1.290 45.59 .440
1968 1.157 54.51 .330 1.350 46.72 .442
1969 1.220 56.89 .324 1.439 48.25 .436
1970 1.254 59.07 .324 1.502 49.31 .434

1971 1.321 62.11 .321 1.619 50.66 .441
1972 1.361 65.32 .323 1.695 52.45 .430
1973 1.528 69.74 .323 1.927 55.29 .470
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Table 11.A.1F Gross Private Domestic Product and Factor Outlay, 1970
France

(billions of francs)

Product

1. Gross national product 808.44
2. — Inventory valuation adjustment (our estimate) —.29
3. — Wages and salaries in general government 72.17
4. — Capital consumption allowances in general government 1.46
5. — Income originating in rest of world 1.02
6. + Services of consumer durables (our imputation) 42.92
7. + Services of durables held by institutions (our imputation) .26
8. + Net rent on institutional real estate (our imputation) .47
9. — Taxes not related to factor outlay 26.25

10. + Production subsidies 16.07
11. + Equipment and war damage subsidies i 8.95
12. = Gross private domestic product 706.50

Factor Outlay

1. National income 619.30
2. — Inventory valuation adjustment (2 above) —.29
3. + Equipment and war damage subsidies (1 1 above) 8.95
4. + Indirect taxes, French definition 120.51
5. — Indirect taxes, our definition 130.64
6. + Capital consumption allowances 84.69
7.
8.

+ Services of consumer durables (6 above)
+ Services of durables held by institutions (7 above)

42.92
.26

9. + Net rent on institutional real estate (8 above) .47
10. — GNP originating in general government (3 + 4 above) 73.63
11. — GNP originating in rest of world (5 above) 1.02
12. + Indirect taxes related to factor outlay 34.39
13. = Gross private domestic factor outlay 706.50



Table 11.A.2F Private Domestic Capital Input, 1980—73
France

Private Domestic Rate of Return Private Domestic
Capital Stock to Capital in the

Business Sector Services
Capital Input

Price Quantity per Unit Price Quantity
Index Index Nominal Rate of Stock Index Index

Year (1) (2) (3) (4) (5) (6)

1950 .440 674.4 .156 .112 .555 71.9
1951 .512 697.8 .228 .113 .535 75.9
1952 .598 717.9 .219 .113 .589 79.2
1953 .607 744.1 .084

.084
.115 .648 82.3

1954 .618 774.0 .116 .643 86.0
1955 .636 806.4 .094 .117 .652 90.2

1956 .669 842.3 .110 .118 .661 95.0
1957 .723 877.6 .141 .119 .705 100.3

1958 .785 909.7 .131 .120 .712 105.6
1959 .833 940.9 .107 .121 .767 110.5
1960 .859 983.9 .101 .122 .879 115.2

1961 .895 1029.3 .108 .124 .904 121.6
1962 .938 1079.6 .115 .125 .942 129.1
1963 1.000 1132.4 .126 .127 1.000 137.6
1964 1.052 1195.7 .119 .130 1.060 147.0
1965 1.094 1256.1 .107 .132 1.083 157.7

1966 1.133 1324.6 .122 .133 1.197 167.6
1967 1.176 1392.1 .125 .135 1.233 178.6
1968 1.226 1462.9 .125 .136 1.262 189.7
1969 1.313 1551.7 .160 .138 1.373 201.3
1970 1.399 1642.5 .156 .139 1.453 215.3

1971 1.480 1730.1 .139 .140 1.470 229.6
1972 1.562 1824.9 .140 .141 1.573 244.4
1973 1,674 1931.1 .156 .143 1.693 260.7

U

If

U

U

U
I'
ii

11

11
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Table 11.A.3F Private Domestic Labor Input, 1950—73
France

Private Private Private Domestic

Year

Domestic
Persons
Engaged
(1)

Domestic
Hours per
Person
(2)

Index of
Educational
Attainment
(3)

Labor Input

Price Index Quantity Index
(4) (5)

1950 17.613 1.010 .937 .246 207.4
1951 17.688 1.017 .942 .306 210.7
1952 17.616 1.010 .947 .370 209.6
1953 17.443 1.008 .952 .390 208.1
1954 17.458 1.011 .957 .419 210.1
1955 17.433 1.010 .962 .453 210.7

1956
1957

17.402
17.460

1.012
1.013

.966

.971
.500 211.7
.548 213.8

1958 17.395 1.004 .976 i .629 212.2
1959 17.247 1.002 .982 I .695 211.1
1960 17.260 1.011 .987 .742 214.2

1961 17.233 1.011 .992 .817 214.9
1962 17.301 1.010 .996 .901 216.5
1963 17.531 1.000 1.000 218.1
1964 17.779 .995 1.004 1.084 221.0

1965 17.818 .983 1.008 1.173 219.7

1966 17.888 .987 1.013 1.188 222,5
1967 17.898 .981 1.017 1.283 222.1
1968 17.820 .974 1.021 1.430 220.6
1969 18.092 .972 1.025 1.564 224.4
1970 18.318 .963 1.030 1.741 226.1

1971 18.375 .955 1.034 1.944 225.7
1972 18.449 .944 2.181 225.0
1973 18.666 .935 1.043 2.488 226.6

p.



Table 11.A.4F Gross Private Domestic Product and Factor Input, 1950—73
France

(constant francs of 1963)

Gross Private Domestic Product Private Domestic Factor Input

Price Index
(3)

Quantity Index
(4)Year

Price Index
(1)

Quantity Index
(2)

1950

1951

1952
1953
1954
1955

.498

.561

.643

.643

.652

.666

182.6
187.2
193.1
209.2
219.9
231.8

.338

.378

.441

.473

.492

.520

269.2
277.9
281.4
284.4
291.0
296.9

1956
1957
1958
1959
1960

.695

.731

.799

.843
.871

242.7
257.2
261.1
274.6
298.6

.555

.602
.660
.723
.792

303.6
311.8
316.3
320.4
328.5

1961

1962
1963

1964
1965

.906
.943

1.000
1.030
1.057

315.0
335.7
355.8
384.1
405.5

.849

.916
1.000
1.075
1.137

336.1
345.4
355.8
367.9
377.0

1966
1967
1968
1969
1970

1.082
1.119
1.176
1.227
1.300

429.5

451.5

471.7
511.3
543.6

1.194
1.263
1.356
1.480
1.611

389.5
400.0
409.0
423.8
438.5

1971

1972
1973

1.363
1.455
1.563

569.6
601.4
642.8

1.723
1.894
2.105

450.6
462.2
477.3

I,

j

11

12

13

14.

11
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Table 11.A.1G Gross Private Domestic Product and Factor Ouflay, 1970
Germany

(billions of DM)

Product

1. Gross national product 685.6
2. — Labor compensation, government sector 59.3
3. — Government contribution to legal accident insurance 2.0
4. — Capital consumption, government 3.7
5. = Private gross national product 622.4
6. + Services of consumers' durables (our imputation) 41.9
7. — Rest of world gross national product —1.4
8. — Indirect taxes 89.1
9. + Subsidies I 9.5

10. + Contribution to legal accident insurance,
business and nonprofit institutions I 4.1

11. + Business tax 12.1
12. + Real estate tax + fire protection tax (see 11) 2.8
13. + Motor vehicle tax (see 11) 3.8
14. — Motor vehicle tax, private households 2.1
15. = Gross private domestic product 606.7

Factor Outlay

1. Capital consumption allowances, business and nonprofit institutions 71.1
2.
3.

+ Services of consumer durables (our imputation)
+ Indirect tax on property (ii above + + 13 — 14)

41.9
16.6

4. + Income originating in business, households,
and nonprofit institutions 473.0

5. + Contribution to legal accident insurance, business
and nonprofit institutions (10 above) 4.1

6. = Gross private domestic factor outlay 606.7



Table 1l.A.2G Private Domestic Capital Input, 1950—73
Germany

(billions of DM)

Year

Private Domestic
Capital Stock

Price Quantity
Index Index
(1) (2)

Rate of Return
to Capital in the
Business Sector

Nominal Rate
(3)

Services
per Unit
of Stock
(4)

Private Domestic
Capital Input

Price Quantity
Index Index
(5) (6)

1950
1951
1952
1953
1954
1955

.724 402.4

.805 426.9

.839 455.9

.823 486.4
.814 522.3
.831 568.6

.046

.111

.078

.043
.049
.076

.132

.130

.129

.130
.130
.131

.593 50.1

.710 52.3
.809 55.1
.796 59.1

.798 63.3

.885 68.2

1956
1957
1958
1959
1960

.843 615.4

.864 663.9

.882 712.9

.895 765.7

.923 829.6

.069

.074

.067

.070

.082

.131

.131
.131
.132
.131

.895 74.5

.920 80.7

.905 87.2

.965 93.8
1.035 100.4

1961
1962
1963
1964
1965

.958 895.8
1.000 963.5
1.032 1026.6
1.051 1103.3
1.094 1188.4

.079

.075

.070

.066

.081

.131

.132

.133

.133

.134

1.028 109.1
1.000 118.0
1.006 127.8
1.064 136.7
1.095 147.7

1966
1967
1968
1969
1970

1.120 1263.2
1.114 1318.0
1.120 1390.7
1.162 1482.5
1.278 1584.1

.067

.043

.061

.078

.119

.135

.136

.136

.136

.137

1.074 160.5
1.022 171.5
1.131 178.7
1.182 188.8
1.236 202.7

1971
1972
1973

1.358 1685.5
1.418 1786.9
1.477 1888.7

.090

.080

.077

.138

.140

.140

1.241 218.8
1.280 235.2
1.323 250.3

19

19

19
19
19i

19:

19:

19
19:

19

19
19
19
19
19

19
19

19

191

191

191
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Table 11.A.3G Private Domestic Labor Input, 1950—73
Germany

(billions of DM)

1

Year Private
Domestic
Persons
Engaged
(1)

Private
Domestic
Hours per
Person
(2)

Index Of
EducatiOnal
Attainment
(3)

Private Domestic
Labor Input

Price Index Quantity Index
(4) (5)

1950
1951
1952
1953
1954
1955

19.4
19.9
20.3
20.8
21.4
22.3

1.146
1.138
1.136
1.131
1.132
1.129

.991

.992

.992

.993

.994

.994

.344 168.4

.402 173.4

.432 177.3

.458 182.5

.480 188.9

.519 197.3

1956
1957
1958
1959
1960

22.9
23.3
23.5
23.6
24.0

1.112
1.076
1.057
1.039
1.030

.995 I

.996

.997

.998

.999 I

.570 200.3

.632 197.5

.688 195.8

.738 194.5

.806 196.9

1961
1962
1963
1964
1965

24.2
24.2
24.2
24.1
24.1

1.017
1.000

.981
.995
.979

.999
1.000
1.001
1.001
1.002

.895 196.8
1.000 193.7
1.078 190.6
1.154 193.0
1.270 191.3

1966
1967
1968
1969
1970

24.0
23.0
23.0
23.4
23.6

.967

.950

.963

.958

.950

1.003
1.004
1.005
1.007
1.008

1.378 187.8
1.455 177.2
1.530 180.5
1.671 183.5
1.930 184.5

1971
1972
1973

23.5
23.4
23.3

.929

.919

.915

1.009
1.010 I

1.012

2.204 180.6
2.442 177.8
2.760 177.2



Table 11.A.4G Gross Private Domestic Product and Factor Input, 1950—73
Germany

(constant DM of 1962)

Gross Private Domestic Product Private Domestic Factor Input

Price Index
(3)

Quantity Index
(4)Year

Price Index
(1)

Quantity Index
(2)

1950
1951
1952
1953
1954
1955

.704

.779

.813

.805

.804
.821

124.4
137.3
149.1
162.3
175.6
198.2

.423

.499
.547
.564
.582
.636

207.1
214.4
221.5
231.4
242.5
256.2

1956
1957
1958
1959
1960

.842

.868

.894
.908
.926

214.9
229.5
239.0
257.8
283.5

.677

.730

.765

.819

.888

267.2
272.8
279.2
285.8
295.7

1961
1962
1963
1964
1965

.963
1.000
1.028
1.054
1.088

299.5
311.8
325.0
349.2
371.9

.944
1.000
1.050
1.118
1.199

305.4
311.8
318.2
329.0
337.6

1966
1967
1968
1969
1970

1.119
1.124
1.148
1.185
1.264

385.3
385.4
416.8
447.2
479.9

1.249
1.265
1.359
1.456
1.614

345.1
342.3
352.0
363.7
375.9

1971
1972
1973

1.352
1.421
1.493

495.0
517.2
549.5

1.748
1.881
2.051

382.9
390.7
400.1

2.1

3.

5.
6.
7.
8.
9.
-4

j



Table 11.A.1I Gross Private Domestic Product and Factor Outlay, 1970
Italy

(trillions of lire)

Product

ex 1. Gross national product 58.26
2. — Wages and salaries in general government 5.26
3. — Capital consumption allowances and property income

of general government .36
4. — Rest of world gross national product .32
5. + Services of consumer durables (our imputation) 4.00
6. — Taxes not related to factor outlay 5.94
7. + Subsidies .90
8. = Gross private domestic product 51.29

Factor Outlay

I. National income, gross of capital consumption allowances 52.21
2. + Services of consumer durables (our imputation) 4.00
3. — GNP originating in general government (2 + 3 above) • 5.62
4. — Direct taxes per the national accounts 3.56
S. + Direct taxes (our estimate) 3.08
6. + Indirect taxes (our estimate) 7.43
7. — Taxes not related to factor outlay 5.94
8. — GNP originating in rest of world .32
9. = Gross private domestic factor outlay 51.29
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195
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195
196
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191
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194

194
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194
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Table 11.A.21 Private Domestic Capital Input, 1952—73
Italy

YdYear

Private Domestic
Capital Stock

Price Quantity
Index Index
(1) (2)

Rate of Return
to Capital in the
Business Sector

Nominal Rate
(3)

•

Services
per Unit
of Stock
(4)

Private Domestic
Capital Input

Price Quantity
Index Index
(5) (6)

1952
1953
1954
1955

.802 50.35

.802 51.47
.805 52.68
.815 54.51

.061

.056
.045
.073

.134

.135

.135

.136

.629 6.66

.688 6.79

.665 6.97

.727 7.16

1956
1957
1958
1959
1960

.833 56.52
.858 58.74
.860 60.95
.857 63.54
.873 66.89

.082

.094

.068

.064

.095

.136
.136
.136
.136
.136

.755 7.41

.786 7.70

.813 8.01

.844 8.31

.888 8.67

1961

1962
1963
1964
1965

.892 71.03
.935 75.65

1.000 80.81
1.073 84.79
1.091 88.10

.109
.126
.144
.126
.090

.137

.138

.139

.140

.140

.956 9.15
1.005 9.78
1.000 10.49
.993 11.33

1.006 11.91

1966
1967
1968
1969
1970

1.108 91.60
1.136 96.06
1.163 100.59
1.238 105.92
1.383 111.82

.097

.103

.102

.151

.186

.140
.140
.141
.141

.141

1.087 12.34
1.138 12.83
1.171 13.51
1.293 14.18
1.283 14.95

1971
1972
1973

1.468 116.65
1.544 121.39
1.791 127.17

.113

.094
.196

.142

.143

.144

1.136 15.87
1.182 16.67
1.356 17.46

p

A



Private Private Private Domestic
Domestic
Persons
Engaged

Domestic
Hours per
Person

Index of
Educational
Attainnjent

Labor Input

Price Index Quantity Index
Year (1) (2) (3) (4) (5)

1952 15.343 .920 .946 .399 14.58
1953 15.661 .938 .948 .429 15.05
1954 16.044 .959 .951 .455 15.64
1955 16.096 .959 .953 .495 15.62

1956 16.241 .955 .956 .541 15.61
1957 16.410 .968 .958 .570 15.90
1958 16.565 .967 .960 .608 15.94
1959 16.497 .975 .963 .634 16.09
1960 16.677 1.004 .965 .672 16.53

1961 16.808 1.001 .977 .731 16.67
1962 16.761 .982 .988 .849 16.32
1963 16.667 1.000 1.000 1.000 16.47
1964 16.654 .958 1.013 1.157 15.91
1965 16.262 .903 1.026 1.289 14.85

1966 16.048 .934 1.040 1.340 15.26
1967 16.281 .943 1.053 I 1.448 15.78
1968 16.299 .947 1.067 1.543 15.99
1969 16.440 .915 1.081 1.723 15.68
1970 16.536 .921 1.095 2.009 15.98

1971 16.496 .890 1.110 2.329 15.58
1972 16.334 .870 1.124 2.621 15.18
1973 16.507 .849 1.139 3.200 15.11

:ity

Table 11.A.31 Private Domestic Labor Input, 1952—73
Italy



Italy
(constant lire of 1963)

3:

4:

6
7:
8.
94

10.
11.
12.
13.

15,
16

3:
44

51

64
7,

9j
10J

1l.e

12.
13.
14.
15.

17.
18.,
19.
204

Table 11.A.41 Gross Private Domestic Product and Factor Input, 1952—73

1

Gross Private Domestic Product Private Domestic Factor Input

Year
Price Index
(1)

Quantity Index
(2)

Price Index
(3)

Quantity Index
(4)

1952
1953
1954
1955

.728

.742
.756
.767

13.73
14.99
15.54
16.87

.480
.520
.531
.578

20.85
21.41
22.14
22.36

1956
1957
1958
1959
1960

.794

.817

.827

.824

.844

17.69
18.51
19.58
20.89
22.27

.619

.650

.684

.713

.753

22.66
23.26
23.67
24.16
24,98

1961
1962
1963
1964
1965

.864

.921
1.000
1.064
1.079

24.22
25.72
26.96
27.89
28.85

.815

.909
1.000
1.091
1.172

25.68
26.07
26.96
27.19
26.55

1966
1967
1968
1969
1970

1.110
1.142
1.169
1.231
1.321

30.50
32.81
34.66
36.83
38.82

1.237
1.320
1.388
1.543
1.689

27.37
28.37
29.18
29.40
30.36

1971
1972
1973

1.437
1.529
1.743

37.81
38.89
41.32

1.781
1.952
2.336

30.50
30.46
30.84



Table 11.A.1J Gross Private Domestic Product and Factor Outlay, 1970
Japan

(trillions of yen)

Ut Product

cx 1. Gross national product I 70.73
2. — Net factor income from abroad — .16

3. + Services of consumer durables 2.41
4. — Compensation of employees by public administration

(general government) 2.16
5. — Rent, interest, and dividends by general government .60
6. + Interest and dividends by general government .42
7. — Gross private domestic product before sales tax 70.96
8. — Indirect taxes 5.31
9. + Monopoly profit

:

.27

10. + Current subsidies .77
11. + Business tax (corporate + noncorporate) .92
12. + Real estate acquisition tax .09
13. + Motor vehicle tax (prefectural + municipal) .19
14. + Mine-lot tax .00
15. + Fixed estate tax (prefectural + .52
16. = Gross private domestic product 68.41

Factor Outlay

1. Provisions for the consumption of fixed capital 9.49
2. + Statistical discrepancy —.21
3. + Compensation of employees I 31.02
4. — Compensation of employees by public administration 2.16
5. + Income from unincorporated enterprises 11.16
6. + Income from property, rent 2.56
7. + Income from property, interest 3.29
8. — Interest on consumers' debt .24
9. — Interest on public debt .42

10. + Income from property, dividends .80
11. + Corporate transfers to households and nonprofit institutions .10
12. + Direct taxes and charges on private corporations 3.22
13. + Saving of private corporations 4.71
14. + Profit from government enterprises .09
15. + Monopoly profit .27
16. — Net factor income from abroad —.16
17. + Services from consumer durables 2.41
18. + Interest and dividends by general government .42
19. + Certain indirect taxes (above, 11 + 12 + 13 + 14 + 15) 1.72
20. = Gross private domestic factor outlay 68.41
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Table 11.A.2.J Private Domestic Capital Input, 1952—73
Japan

(trillions of yen)

Private Domestic Rate of Return Private Domestic
Capital Stock to Capital in the

Business Sector Services
Capital Input

Price Quantity per Unit Price Quantity
Index Index Nominal Rate of Stock Index Index

Year (1) (2) (3) (4) (5) (6)

1952 .439 45.96 .102 .145 .349 6.55
1953 .468 46.89 .091 .144 .338 6.64
1954 .483 47.67 .066 .141 .372 6.62
1955 .497 48.90 .085 .141 .400 6.73

1956 .560 51.02 .193 .140 .465 6.84
1957 .611 54.17 .150 .145 .507 7.40
1958 .624 56.13 .067 .154 .446 8.33
1959 .652 58.71 .097 .157 .496 8.79
1960 .683 62.76 .121 .160 .603 9.42

1961 .723 69.39 .152 .167 .744 10.51
1962 .736 74.64 .093 .177 .653 12.29
1963 .747 80.74 .098 .184 .667 13.76
1964 .764 88.25 .129 .186 .771 15.05
1965 .781 94.44 .115 .192 .725 16.91

1966 .815 101.37 .147 .196 .795 18.48
1967 .859 111.47 .180 .198 .902 20.08
1968 .904 123.92 .199 .203 .977 22.58
1969 .949 137.68 .190 .210 .980 25.98
1970 1.000 154.29 .190 .217 1.000 29.84

1971 1.019 169.55 .126 .224 .905 34.58
1972 1.075 185.02 .157 .231 .909 39.10
1973 1.282 203.67 .291 .237 .980 43.86



Table 11.A.33 Private Domestic Labor Input, 1952—73
Japan

(trillions of yen)

Private Private Private Domestic
IC Domestic Domestic Index of Labor Input

Persons Hours per Educational
— Engaged Person Attainment Price Index Quantity
ty Year (1) (2) (3) (4) (5)

1952 22.72 1.026 .936 .183 20.23
1953 23.65 1.036 .935 .210 21.25
1954 24.20 1.031 .943 .224 21.83
1955 25.32 1.038 .932 .234 22.73

1956 26.61 1.062 .936 .240 24.54
1957 28.02 1.056 .938 .257 25.76
1958 29.08 1.055 .937 .264 26.67
1959 29.91 1.066 .944 .275 27.92
1960 31.15 1.080 .949 .298 29.61

1961 31.78 1.071 .950 .342 29.98
1962 33.02 1.054 .950 I .391 30.65
1963 33.93 1.047 .955 .441 31.47
1964 34.91 1.043 .960 .490 32.43
1965 36.81 1.028 .964 .539 33.84

1966 37.68 1.029 .966 .596 34.76
1967 38.92 1.028 .973 I .662 36.11
1968 40.02 1.027 .981 .745 37.38
1969 40.69 1.012 .992 .851 37.91
1970 41.59 1.000 1.000 1.000 38.58

1971 42.24 .989 1.007 1.158 39.03
1972 42.80 .984 1.014 1.316 39.59
1973 44.25 .975 1.022 1.605 40.92

-4-
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Table 11.A.4J Gross Private Domestic Product and Factor Input, 1952—73
Japan

(constant yen of 1970)

'U

-iGross Private Domestic Product Private Domestic Factor Input

Year
Price Index
(1)

Quantity Index
(2)

Price Index
(3)

Quantity Index
(4)

1952
1953

1954
1955

.533

.544

.560

.550

11.21
12.32
13.13
14.56

.241

.261

.281

.297

24.77
25.69
26.13
26.98

1956
1957
1958
1959
1960

.597

.619
.600
.627
.676

15.19
16.74
17.93
19.20
21,48

.318

.342

.333

.355

.402

28.55
30.28
32.30
33.90
36.10

1961
1962
1963

1964
1965

.704

.701

.725

.768

.774

25.65
28.53
31.81
35.83
39.41

.475

.486

.528

.596

.614

38.04
41.14
43.72
46.16
49.66

1966
1967
1968
1969
1970

.832

.881

.924

.955
1.000

42.54
47.67
54.01
60.47
68.41

.676

.758

.840

.905
1.000

52.33
55.41
59.46
63.75
68.41

1971
1972
1973

1.019
1.074
1.228

75.07
81.63
88.49

1.044
1.128
1.309

73.31
77.72
83.01
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Table 11.A.1K Gross Private Domestic Product and Factor Outlay, 1970
Korea

(billions of won)

1. Gross national product 2,589.3
2. — Wages and salaries in general government 186.9
3. — Capital consumption allowances in general government 4.8
4. — General government income from property 58.8
5. — Rest of world grass national product 11.9
6. + Services of consumer durables 89.4
7. — Taxes not related to factor outlay 197.8
8. + Subsidies 0.7
9. — Statistical discrepancy —32.2

10. = Gross private domestic product 2,251.5

Factor Outlay

1. National income 2,177.7
2. + Capital consumption allowances : 160.2
3. + Services of consumer durables (our imputation) 89.4
4. — GNP originating in general government (2 + 3 + 4 above) 250.4
5. — Direct taxes on corporations per the national accounts 42.7
6. + Direct taxes on corporations (our estimate) 72.5
7. — Direct taxes on households per the natiçnal accounts 98.9
8. + Direct taxes on households (our estimate) 86.0
9. + Indirect taxes I 235.3

10. — Taxes not related to factor outlay 197.8
11. — GNP originating in rest of world 11.9
12. — Statistical discrepancy —32.2
13. = Gross private domestic factor outlay i 2,251.5
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Table 11.A.21C Private Domestic Capital Input, 1960—73
Korea

T •1

-.4Private Domestic Rate of Return Private Domestic
Capital Stock to Capital in the Capital Input

Business Sector Services
Price Quantity per Unit Price Quantity
Index Index Nominal Rate of Stock Index Index

Year (1) (2) (3) (4) (5) (6)

1960 .174 4971.0 .152 .087 .159 433.7
1961 .203 5010.8 .306 .088 .237 436.1
1962 .231 5057.9 .239 .088 .267 442.0
1963 .266 5260.9 .312 .090 .381 453.8

1964 .346 5409.4 .407 .090 .564 472.0
1965 .413 5548.6 .267 .09] .580 489.6

1966 .498 5848.8 .273 .091 .689 505.0
1967 .572 6183.4 .203 .094 .651 551.7
1968 .678 6591.1 .227 .100 .750 618.0
1969 .868 7069.2 .243 .107 .843 704.9
1970 1.000 7483.0 .237 .113 1.000 800.2

1971 1.173 7894.2 .222 .118 1.033 880.9
1972 1.329 8192.4 .235 .122 1.234 964.3
1973 1.541 8709.9 .269 .124 1.613 1018.3

Table 11.A.3K Private Domestic Labor Input, 1960—73
Korea

Private Private Private Domestic
Domestic Domestic Index of Labor Input
Persons Hours per Educational
Engaged Person Attainment Price Index Quantity Index

Year (1) (2) (3) (4) (5)

1960 6.785 .982 .887 .155 920.2
1961 6.975 1.003 .898 .163 977.9
1962 7.170 .982 .909 .190 996.4
1963 7.374 .982 .920 .249 1038.0
1964 7.504 .952 .931 .352 1036.0
1965 7.891 .994 .943 .378 1151.5

1966 8.093 .987 .954 .472 1186.7
1967 8.361 1.000 .965 .598 1256.8
1968 8.772 1.019 .977 .662 1359.9
1969 9.021 1.043 .988 .822 1448.5
1970 9.317 1.000 1.000 1.000 1451.3

1971 9.604 1.024 1.012 1.135 1550.5
1972 10.081 1.029 1.024 1.312 1653.5
1973 10.644 1.029 1.036 1.530 1766.6

•11
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Table 11.A.4K Gross Private Domestic Product and Factor Input, 1960—73

(constant won of 1970)

Gross Private Domestic Product Private Domestic Factor Input

Price Index Quantity Index Price Index Quantity Index
Year (1) (2) (3) (4)

1960 .228 925.8 .155 1358.0
1961 .270 975.2 .186 1414.8

1962 .306 1004.0 .213 1438.6

1963 .389 1106.5 .289 1490.2
1964 .535 1178.3 1 .417 1512.8
1965 .568 1265.2 .440 1634.6

1966 .635 1430.9 .539 1685.1
1967 .713 1556.1 .615 1804.4
1968 .778 1751.2 .690 1975.0
1969 .854 2090.4 .829 2152.6
1970 1.000 2251.5 1.000 2251.5

1971 1.087 2456.0 1.098 2430.6
1972 1.252 2683.6 1.284 2615.7
1973 1.346 3249.5 1.562 2782.7

Table 11.A.1N Gross Private Domestic Product and Factor Outlay, 1970
Netherlands

(billions of guilders)

Product

1. Gross national product 114.98
2. — Wages and salaries in general government 13.48
3. — Capital consumption allowances in general government .80
4. — Taxes paid by government .04
5. — GNP originating in rest of world .41
6. + Service of consumer durables (our imputation) 13.58
7. — Taxes not related to factor outlay 11.09
8. + Subsidies 1.52
9. = Gross private domestic product 104.26

Factor OUtlay

1. National income 93.70
2. + Capital consumption allowances 9.73
3. + Services of consumer durables (our imputation) 13.58
4. — National income originating in general government (2 + 3) 14.28
S. — Indirect taxes considered direct by Netherlands national accounts .71
6. + Indirect taxes related to factor outlay 1.94
7. — GNP originating in rest of world (5 above) .41
8. = Gross private domestic factor outlay 104.26



19

19

H
19

19

19
19
19
19

19

19
19

Is
is
19

19

19
19

19

19

19

'9
19

Table 11.A.2N Private Domestic Capital Input, 1951—73
Netherlands

Ts

Private Domestic Rate of Return Private Domestic
Capital Stock to Capital in the Capital Input

Business Sector Services •

Price Quantity per Unit Price Quantity
Index Index Nominal Rate of Stock Index Index

Year (1) (2) (3) (4) (5) (6)

1951 .620 124.21 .199 .098 .796 11.77

1952 .666 125.15 .121 .097 .827 12.08

1953 .656 127.22 .042 .097 .827 12.13

1954 .697 132.15 .135 .097 .910 12.39

1955 .728 137.68 .115 .099 1.011 13.05

1956 .777 144.15 .137 .100 1.047 13.79
1957 .826 150.81 .127 .102 1.034 14.71
1958 .840 154.73 .071 .104 .947 15.65

1959 .842 159.63 .067 .105 .972 16.20

1960 .862 166.86 .091 .106 1.054 16.89

1961 .881 174.39 .081 .108 1.013 17.95
1962 .935 181.49 .124 .111 1.001 19.28
1963 1.000 188.11 .127 .114 1.000 20.73
1964 1.055 198.01 .113 .117 1.079 22.09
1965 1.109 207.95 .108 .120 1.126 23.75

1966 1.164 217.72 .096 .123 1.089 25.58
1967 1.179 228.01 .064 .125 1.131 27.20
1968 1.221 239.11 .087 .126 1.218 28.80
1969 1.287 251.19 .104 .128 1.279 30.56
1970 1.361 265.83 .109 .129 1.327 32.45

1971 1.496 278.86 .143 .132 1,392 35.02
1972 1.636 290.99 .144 .134 1.493 37.45
1973 1.779 304.25 .133 .137 1.550 39.83



Table 11.A.3N Private Domestic Labor Input, 1951—73
Netherlands

'C

ty
Year

Private
Domestic
Persons
Engaged
(1)

Private
Domestic
Hours per
Person
(2)

Index of
Educational
Attainment
(3)

Private Domestic
Labor Input

Price Index Quantity Index
(4) (5)

1951

1952
1953
1954
1955

3.411
3.367
3.417
3.483
3.547

1.041

1.043
1.047
1.047
1.047

.942

.946
.951
.956
.961

.451 23.06

.473 22.92

.489 23.48

.530 24.05

.573 24.61

1956
1957
1958
1959
1960

3.602
3.619
3.580
3.620
3.692

1.047
1.043
1.043
1.047
1.047

.966

.970

.975 I

.980

.985

.619 25.12

.683 25.26
.711 25.11
.723 25.63
.780 26.27

1961

1962
1963
1964
1965

3.746
3.825
3.878
3.952
3.986

.998

.998
1.000
.989
.989

.990

.995
1.000
1.005 I

1.010

.876 25.52
.926 26.19

1.000 26.75
1.157 27.10
1.278 27.47

1966
1967
1968
1969
l970

4.009
3.986
4.021
4.083
4.129

.989

.972

.972

.968

.948

1.0 15 I

1.020
1.025
1.030
1.036

1.408 27.77
1.530 27.26
1.659 27.64
1.903 28.08
2.188 27.97

1971
1972
1973

4.140
4.082
4.085

.940

.931

.923

1.041
1.046
1.051

2.458 27.93
2.807 27.43
3.249 27.33
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Table 11.A.4N Gross Private Domestic Product and Factor Input, 1951—73
Netherlands

(constant guilders of 1963)

T
Gross Private Domestic Product Private Domestic Factor Input

Price Index Quantity IndexPrice Index Quantity Index
Year (1) (2) (3) (4)

1951 .728 27.15 .586 33.76
1952 .756 27.55 .611 34.08
1953 .724 29.71 .622 34.57
1954 .755 31.83 .679 35.37
1955 .799 34,19 .744 36.71

1956 .831 36.08 .787 38.09
1957 .869 37.39 .824 39.39
1958 .922 35.45 .809 40.40
1959 .875 39.17 .826 41.50
1960 .902 42.43 .893 42.87

1961 .923 43.92 .934 43.39
1962 .948 45.93 .958 45.45
1963 1.000 47.47 1.000 47.47
1964 1.056 52.26 1.122 49.16
1965 1.112 55.58 1.210 51.12

1966 1.164 57.53 1.262 53.08
1967 1.199 60.45 1.344 53.90
1968 1.247 64.88 1.454 55.68
1969 1.333 69.40 1.606 57.63
1970 1.405 74.20 1.769 58.95

1971 1.503 78.14 1.932 60.79
1972 1.598 83.16 2.148 61.86
1973 1.721 87.46 2.377 63.33



Table 11.A.1UK Gross Private Domestic and Factor Outlay, 1970
United Kingdom

(billions of pounds)

st Product

1. Gross national product 51.07
2. Wages and salaries in general government 5.88
3. — Rent from government 1.12
4. — Gross trading surplus of government .15
5. — Net property income from abroad .53

6. + Services of consumer durables 3.81
7. + Subsidies .90
8. + Capital transfer payments .80
9. — Indirect taxes (our definition) 8.11

10. + Indirect taxes related to factor outlay 2.95
11. — Selective employment tax paid by government .32
12. = Gross private domestic product I 43.43

Factor Outlay

1. National income 39.02
2. + Capital consumption allowances 4.52
3.
4.

+ Services of consumer durables
— GNP originating in government

3.81
7.15

S. + Taxes related to factor outlay
i

2.95
6. + Capital transfer payments .80
7. — GNP originating in rest of world .53
8. = Gross private domestic product 43.43



Table 1t.A.2UK Private Domestic Capital Input, 195S—73
United Kingdom

Private Domestic Rate of Return Private Domestic
Capital Stock

Price Quantity

to Capital in the
Business Sector Services

per Unit

Capital Input

Price Quantity
Index Index Nominal Rate of Stock Index Index

Year (1) (2) (3) (4) (5) (6)

.4

j
1955 .624 65.51 .071 .129 .770 8.13
1956 .659 67.55 .072 .131 .748 8.57
1957 .683 69.86 .071 .131 .788 8.88
1958 .707 72.11 .067 .132 .796 9.24
1959 .708 75.00 .072 .134 .812 9.65
1960 .716 78.87 .081 .135 .826 10.16

1961 .733 82.47 .081 .136 .845 10.74
1962 .759 85.57 .073 .137 .839 11.28
1963 .772 89.17 .081 .137 .885 11.73
1964 .797 94.13 .089 .138 .907 12.27
1965 .828 98.78 .085 .138 .908 13.03

1966
1967
1968
1969
1970

.854

.869

.903

.936
1.000

102.99
107.42
112.14
116.34
120.55

.078
.079
.081
.069
.057

.139

.139

.139

.139

.139

.918

.949

.993
.991

1.000

13.71
14.29
14.91
15,59
16.12

1

I
1

1

. 1971

1972
1973

1.098
1.261
1.480

124.77
129.26
133.67

.065

.066
.058

.138

.140

.144

1.130
1.284
1.381

16.69
17.49
18.56

!
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Table 11.A.3UK Private Domestic Labor Input, 1955-73
United Kingdom

Private Private Private Domestic
Domestic
Persons
Engaged

Domestic
Hours per
Person

Index of
Educational
Attainment

Labor Input

Price Index Quantity Index
Year (1) (2) (3) (4) (5)

1955 20.903 1.068 .914 .372 26.91

1956 21.027 1.062 .919 .404 27.06

1957 20.583 1.057 .9251 .433 26.53

1958 20.382 1.048 .931 .455 26.20
1959 20.448 1.064 .936, .464 26.85

1960 20.877 1.050 .942 .492 27.22

1961 21.499 1.036 .947: .530 27.84

1962 21.596 1.027
953 .558 27.88

1963 21.537 1.039 .959 .576 28.28

1964

1965

21.746

21.914

1.041

1.025 .970
.613 28.79

.659 28.74

1966 21.939 1.005 .715 28.37

1967 21.382 1.009 .982 .761 27.94

1968 21.105 1.016 .988 .815 27.93
1969 21.079 1.016 .994 .875 28.07
1970 20.711 1.000 1.000' 1.000 27.31

1971 19.832 .984 1.006' 1.153 25.89
1972 19.778 .991 1.260 26.15
1973 20.232 1.000 1.018: 1.390 27.16



Table 11.A.4UK Cross Private Domestic Product and Factor Input, 1955—73
United Kingdom

(constant pounds of 1958)

1

Gross Private Domestic Product Private Domestic Factor Input

Price Index Quantity Index Price Index Quantity Index
Year (1) (2) (3) (4)

1955 .624 26.07 .491 33.11
1956 .650 26.67 .512 33.90
1957 .675 27.36 .545 33.93
1958 .698 27.63 .564 34.18
1959 .702 28.93 .575 35.28
1960 .709 30.75 .601 36.29

1961 .737 32.34 .634 37.59
1962 .762 32.82 .653 38.34
1963 .781 34.13 .679 39.25
1964 .785 36.66 .712 40.39
1965 .819 37.58 .746 41.29

1966 .851 38.63 .787 41.77
1967 .874 39.85 .829 42.04
1968 .907 41.44 .879 42.74
1969 .955 41,86 .917 43.62
1970 1.000 43.43 1.000 43.43

1971 1.083 44.95 1.144 42.57
1972 1.171 47.32 1.270 43.64
1973 1.251 50.65 1.387 45.71
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Table 11.A.1US Gross Private Domestic Product and Factor Outlay, 1970
United States

(billions of dollars)

Produdt

1. Private gross national product 867.7
2. — Rest of the world gross national product 4.6
3. + Services of consumer durables (our 94.9
4. + Services of durables held by institutions (our imputation) 2.3
5. + Net rent on institutional real estate (our imputation) .9
6. — Federal indirect business tax and nontax accruals 19.3
7. + Capital stock tax —
8. — State and local indirect business tax and nontax accruals 74.7
9. + Business motor vehicle licenses 1.4

10. + Business property taxes 36.5
11. + Business other taxes
12. + Subsidies less current surplus of federal government enterprises 6.3
13. + Subsidies less current surplus of state and

local government enterprises —3.6
14. — Gross private domestic product 911.2

Factor OUtlay

1. Capital consumption allowances 90.8
2. + Business transfer payments 4.0
3. + Statistical discrepancy —2.1
4. + Services of consumer durables (our imputation) 94.9
5. + Services of durables held by institutions (our imputation) 2.3
6. + Net rent on institutional real estate (dur imputation) .9
7. + Certain indirect business taxes (product account above,

lines 8 + 10 + 11 + 12) 41.3
8. + Income originating in business I 647.4
9. + Income originating in households and institutions 31.6

10. = Gross private domestic factor outlay 911.2



Table 11.A.2US Private Domestic Capital Input, 1947—73
United States

Year

Private Domestic
Capital Stock

Price Quantity
Index Index
(1) (2)

Rate of Return
to Capital in the
Business Sector

Nominal Rate
(3)

Services
per Unit
of Stock
(4)

Private Domestic
Capital Input

Price Quantity
Index Index
(5) (6)

1947
1948
1949
1950

.439 1408.58

.473 1481.72

.469 1528.20

.491 1615.26

.249
.164
.051
.116

.115

.118

.119

.121

.532 155.28

.567 166.09
.516 176.87
.587 184.49

1951
1952
1953
1954
1955

.532 1689.55
.540 1741.48
.544 1795.36
.547 1842.30
.560 1921.90

.162
.072
.057
.064
.086

.122

.123

.124

.125

.126

.639 197.33
.623 208.19
.601 215.95
.622 224.58
.656 231.91

1956
1957
1958
1959
1960

.588 1988.56

.610 2041.74

.618 2073.27

.633 2132.93

.645 2185.66

.107

.093

.065

.078

.069

.127

.128

.129

.129

.130

.631 244.29

.624 254.81

.650 263.59

.675 268.28

.690 277.49

1961
1962
1963
1964
1965

.656 2227.54

.671 2288.67

.684 2357.66

.700 2434.23

.720 2531.43

.067

.083

.084

.091

.105

.131

.131

.132

.134

.135

.698 286.19

.739 292.76

.754 302.93

.781 314.86

.837 328.71

.

1966
1967
1968
1969
1970

.746 2637.08

.776 2722.34

.813 2815.00

.862 2909.54
905 2976.91

.120

.109
.111
.113
.103

.137

.139

.141

.143

.145

.876 346.66

.850 367.06
.866 383.57
.898 401.77
.845 420.54

1971

1972
1973

.954 3059.12
1.000 3167.73
1.069 3293.41

.105

.107
.128

.146

.147

.148

.908 433.69
1.000 449.07
1.097 469.76
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Table 11.A.3US Private Domeslic Labor 'Input, 1947—73

Ic

L

United States

Private Private Private Domestic
Domestic
Persons
Engaged

Domestic
Hours per
Person

Index
Educational
Attainment

Labor Input

Price Index Quantity Index
Year (1) (2) (3) (4) (5)

1947 52.66 1.132 .825 .316 436.21
1948 53.64 1.120 .831 .341 445.21
1949 51.92 1.106 .836 .349 428.17
1950 53.54 1.107 .842 .397 444.79

1951 55.72 1.105 .847 .396 465.02
1952 56.21 1.100 .852 ' .419 469.48
1953 57.21 1.093 .857 .442 477.71
1954 55.59 1.081 .862 .454 461.89
1955 57.05 1.085 .867 .471 478.44

1956 58.37 1.076 .872 .497 488.61
1957 58.37 1.061 .878 I .525 484.59
1958 56.62 1.052 .888 .536 471.75
1959 57.99 1.058 .8991 .557 491.40
1960 58.64 1.052 .906 .575 498.05

1961 58.32 1.044 .913 .589 495.62
1962 59.41 1.046 .920 .609 509.45
1963 59.87 1.047 .626 517.51
1964 60.99 1.042 .933 .654 528.53
1965 62.80 1.043 .940 .674 548.68

1966 65.13 1.036 .948 .708 570.01
1967 66.19 1.026 .956' .740 578.73
1968 67.64 1.019 .965 .790 592.99
1969 69.53 1.015 .840 612.54
1970 69.18 1.000 .982 .896 605,72

1971 69.07 .998 .991' .946 609.14
1972 71.01 1.000 1.0001 1.000 633.00
1973 74.15 .998 1.009 1.066 665.43

t



Table 11.A.4US Gross Private Domestic Product and Factor Input, 1947—73
United States

(constant dollars of 1958)

Gross Private Domestic Product Private Domestic Factor Input

Price Index
(3)

Quantity Index
(4)Year

Price Index
(1)

Quantity Index
(2)

1947
1948
1949
1950

.543

.572

.557

.571

407.00
429.40
432.53
475.60

.388

.417
.409
.443

568.72
589.17
589.03
612.88

1951

1952
1953
1954
1955

.611

.619

.618

.640

.644

507.89
526.90
551.54
546.30
586.85

.480

.491

.501

.516

.539

646.67
664.52
681.24
677.68
701.09

1956
1957
1958
1959
1960

.661

.676

.694

.702

.722

601.21
610.95
611.26
647.72
662.00

.548

.564

.581

.603

.620

724.82
733.00
730.85
754.26
770.70

1961
1962
1963
1964
1965

.726
.735
.742
.753
.773

677.43
716.60
744.75
785.47
834.43

.632
.660
.676
.704
.737

778.09
798.22
817.05
840.53
874.65

1966
1967
1968
1969
1970

.798

.814

.841

.891

.915

885.64
909.79
952.06
982.31
981.43

.773

.783

.820

.863

.875

914.52
945.24
976.52

1014.54
1026.55

1971
1972
1973

.955
1.000
1.063

1016.02
1082.07
1152.28

.930
1.000
1.079

1042.80
1082.07
1135.16
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Comment D. J. Daly

Summary
The authors are reporting on an intermediate stage of a larger project

on intercountry growth experience. They cover nine countries (Canada,
France, Germany, Italy, Japan, Korea, the Netherlands, the United
Kingdom, and the United States). All of the estimates of input, output,
and output in relation to total factor input are by individual years for
the period 1947 to 1973 where data are available for the total private
sector. The study includes thirteen tables in the text, forty-five appendix
tables, with separate, more detailed, I reports for individual countries
available from the authors.

In many general respects the methods are broadly similar to those
that were initially developed to analyze the supply determinants of
economic growth in the United States over long periods (usually be-
tween years of comparable degrees of demand in relation to supply).
These methods have been applied to differences between countries in
sources of growth in six previous studies to which the authors refer.
There are differences in the concepts used, the countries covered, and
time periods examined in the various studies, however.

Recent years have witnessed major changes in the scope of interna-
tional trade in relation to GNP of all the major industrialized countries,
a significant relative narrowing in the real income differences among
the industrialized countries, increased trade in manufactured products,
differences in the degree of price change between countries, an increased
role of the multinational corporation in trade and investment along with
more debate about their goals and procedures in host countries, and a
series of currency revaluations between industrialized and developing
countries that have been more extensive since 1971 than any changes

D. J. Daly is at York University.
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since 1949. Economic nationalism has intensified in a number of forms
in different countries at the same time that a greater degree of freedom
for capital flows and increased international specialization in manufac-
tured products has been occurring.

The longer-term changes in labor supply, education, capital, and the
flow of technology, and differences in the speed with which new tech-
nologies (both technical and organizational) are adopted in various
countries are all important issues, and I welcome more resources in this
field. Both government officials and businessmen are too often preoccu-
pied with shorter-term problems, but these longer-term questions do
have short-term impacts.

The paper has been extensively revised and rewritten since it was a
initially presented at Williamsburg, and these comments have been re- d
vised to relate to the published version.

a
Key Concepts

This particular paper departs from some of the previous studies of C

this type for the United States, and for the growth experience of the
other industrialized countries. Some key points will be mentioned, espe- V

cially where they lead to substantive differences in results from previous
work. The study uses factor shares to combine the individual factor
inputs, rather than estimating the contribution of labor and capital by a

econometric methods. S

1. The production account is limited to the private domestic sector
of each country. This procedure excludes the government sector, which b

has its own problems in measuring output, and makes output more
homogenous for analysis. This same coverage has been followed by
Denison in his more recent studies on the United States and Japan, but
this has not previously been done for the other countries covered (such
as the European countries and Canada).

2. This study imputes a service to consumer durables in each coun- Ii

try. This does not seem to change the growth rate of output, but it does ti

add appreciably to the weights used for capital, and increases the share n

of output in which no productivity increase can occur. For the United
States this imputation is more than 10% of private GNP in 1970 and
only slightly less for Canada. Table 11.4 shows that the weights for
consumer durables are between 8 and 14% of the capital stock for five
of the countries covered. If the authors were interested in measuring
changes in welfare over time, a procedure of deleting purchases of con-
sumer durables and adding an imputation for services of consumer
durables with a measure of net output would have some merit and logic.
For their purposes, however, I have serious misgivings.

3. The concept of investment and output is gross in relation to depre-
ciation. While it is consistent to use gross weights for combining inputs



693 Economic Growth, 1947—73: An International Comparison

if the analysis is aimed at gross output, and net weights if the net na-
tional output is being analyzed, when the stocks of capital per worker
are increasing in almost every country according to their estimates, the
use of gross weights increases the - relative contribution of capital to
growth compared to the use of net weights. The debate on this issue

IC has gone on for some time, and it is mentioned to remind the reader
that another view persists.

iS 4 They use the double declining balance method of calculating re-
IS placement rates for machinery and equipment and nonresidential struc-
•1- tures. This makes the ability of an individual capital good to contribute
0 tO current production drop implausibly fast. It can also reduce the

average service life below what they say they accept, but this version
does not clarify how, or whether, they have prevented this.

5. In measuring capital, the authors combine consumer durables,
nonresidential structures, producer durables, residential structures, non-
farm inventories, farm inventories, and land (weights for individual

f categories for individual countries 1970 are given in table 11.4).
e

The quality adjustment for capital basically reflects the difference in
weights between the flows of the services of capital as they measure
them and the weights for the stock of capital.

r 6. On labor input, the only quality adjustment is for education. Age
and sex adjustments along the lines recommended in the Gallop-Jorgen-
son paper given at this conference are hot made, but for some countries

r they are important over this time period. Data are available for a num-
ber of countries to do more than they have done, and this version does
not go as far in using such data for Canada as the preliminary version.

Comparison of Substantive Results
Although the authors mention six previous studies of international

comparisons of growth experience in table 11.1, I will concentrate on
the major contrasts with the results from Denison for the United States,
the Denison-Poullier results for Northwest Europe, the Denison-Chung
results for Japan, and the Walters results for Canada.

1. For seven of the nine countries studied, the results in chapter 11
suggest that the contribution of total factor productivity to the growth
in total income is 40% or more. For both periods, the increases in total
factor productivity are greater absolutely and in relation to total income
for every other country than for the United States. This result is in line
with most of the results for the same countries that I have seen. An
important and interesting question remains as to why the increases in
output per unit of total factor input for all the other countries they study,
and for all time periods, are larger than for the United States (tables
11.11 and 11.12). However, the authors do not go into the reasons for
their results.
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2. This study gives a relatively larger contribution to capital than the
studies of the Denison type. This arises from the use of weights for capi-
tal that include (rather than exclude) capital consumption or deprecia-
tion, and from the inclusion of a weight for the stock of consumer
durables. This contributes to a different split of total output change
between total factor input change and total factor productivity change.
Thus, for example, in the case of Canada, while the results on total
factor productivity are roughly comparable, the contribution of capital
is much greater and the contribution of labor quality is much less (and
the contribution of education is somewhat less) than in the study by
Dorothy Walters. My own preference is to analyze net output (exclud-
ing the imputation for services of consumer durables) and to use net
national income weights rather than gross. This would significantly re-
duce the relative contribution of capital to the growth of total inputs
and reduce the rate of growth in total factor input for most countries
for both periods studied.

3. The result in table 11.11, that the increase in total factor produc-
tivity for the postwar period has been greater for the United Kingdom
than for the United States and Canada, is hard to accept or explain. As
pointed out by Professor 0. J. Firestone at the Williamsburg conference,
most other studies of the same countries show the United Kingdom as
the lowest, a result in line with their recurrent balance of payments
problems and the assessment of most observers both inside and outside
the United Kingdom.

Questionable Empirical Techniques
The authors are interested in a logically consistent set of production,

wealth, saving, and capital-formation accounts in current and constant
prices. In implementing this, the authors sometimes make compromises
for the sake of expediency which are disturbing. Let me mention some
points which warrant consideration!

1. Table 11 .A.4C and the related Canadian series on labor quality
show a slightly smaller increase from 1960 to1973 than from 1947 to
1960, although the differences are less in the current paper than in the
one presented at the conference. During the later period, the number
of young people coming of labor-force age was three times the number
reaching retirement age, and the differences in education levels were
dramatic. The proportion going to university was up sharply and the
proportion finishing high school was also up. Moreover, the increases
were particularly large in the educational categories with the highest
income. In view of these facts, their results are hard to explain. It is
difficult to believe that the use of income weights to combine educa-
tional attainments of the various labor-force groups could completely
wipe out the effect of this more rapid rise in educational level.
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2. There is no reference to the fact the procedures used to derive
construction deflators Canada, France, and the U.S. differ from the
procedures used for the other countries, with the former procedures
allowing for the impact of in the construction indus-
try and the latter not. This affects comparability of changes over time
in both the output and capital input

3. For some countries, the authors Continue to follow the practice of
using the wholesale price indexes for deflating the stocks of nonfarm
and farm inventories. This procedure can introduce an inappropriate
set of weights. Some types of inventories have a very fast turnover,
while others have a slow turnover, and thus the use of shipment weights
(as are reflected in the wholesale price index) can introduce errors.
Further, during a period of rising prices the accounting conventions
followed should be allowed for by using prices over previous months,
rather than the end of the period. discussion does not refer to, and
should not be confused with, the deflation of changes in inventory in-
vestment. I

4. Their estimates of labor quality change associated with education
look peculiar for some other countries in addition to Canada. The
contribution of education shown for in table 11.13 seems low in
light of detailed data for that country, even apart from the significant
amount of management education and retraining done by private com-
panies. Further, the extent of increase in the index of educational attain-
ment for Italy after 1960 shown tables 11.13 and 11.A.41 seems
unduly large.

Alternative Research Strategy
Thus far my comments have dealt: with how well Christensen, Cum-

mings, and Jorgenson have done the task they have set themselves. But
it is also useful to consider the options open in international growth
studies, especially since they point out that six similar previous studies
have been published, with four previous ones being done in 1967 or
since. These comments relate to future work rather than to the present
paper.

1. Decomposing output in relation to total factor inputs: It is now
clear that many countries have been obtaining significant increases in
total factor productivity. Could this be due to such temporary factors
as variations in demand pressure and agricultural output? This is more
important when data for individual years are being produced than when
growth rates over a series of years were being analyzed. The extent of
shifts Out of agriculture and self-employment have been much more
important for France, Germany, Japan, and Canada than for the United
States. What about the effects of tariff reductions in Europe and Canada?
These need study to assess the prospects for continued high increases
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in total factor productivity and to assess policies for influencing eco-
nomic growth in the cbuntries being studied.

2. Comparisons of levels of output in relation to total factor input:
It is clear from Why Growth Rates Differ and the comparable studies d
for Canada and Japan that additional perspective on growth is obtained d
from studies at a point in time in addition to changes over time, rather
than doing either one in isolation. It has also been established that the
methods are applicable to comparisons at a point in time. Are different
countries' levels of real income per person employed converging? Most
of the countries covered in the Christensen-Cummings-Jorgenson paper
were also covered in the International Comparisons Project by Kravis
and his associates. On the whole, the differences between North Amer-
ica, Europe, and Japan have narrowed since the Second World War.
This paper suggests that this is also happening for Korea, but this may
not be the pattern in other developing countries. The study by Kravis
and his associates would facilitate further analysis of the differences in
level, and I hope that further work along this line will be done. It is not g
possible to do this from material now in the public domain as the
differences in inputs between countries at a point in time are not avail- d
able (especially capital stock and the quality of capital stock).

3. Industrial disaggregation: Much more attention needs to be given
to the commodity producing industries, as the results for the economy
as a whole and for the private sector are so heavily influenced by ser-
vices and nontraded goods that are produced and consumed on a local
basis. The paper at this session by Yamada and Ruttan on agriculture d
shows the illumination that can be provided. The U.S. Department of
Labor's study of the steel industry in various countries also shows the
possibilities. Another example is the recently published volume by
Scherer, Ct al., The Economics of Multi-Plant Operation: An Interna-
tional Comparisons Study covering twelve industries in six nations.
Much more study on differences within manufacturing industries be-
tween countries at a point in time is desirable, and we are aware from c
the Canada—U.S. work of the data and resource problems that are in- a
volved. In my opinion, however, this would be preferable, to further
studies of aggregative changes over time. More work on manufacturing, s
agriculture, and natural resource industries would facilitate the integra-
tion of work on growth with the related areas of international trade and
balance of payments. ij

Professor Jorgenson recognizes the desirability of additional indus-
trial disaggregation, as in the Gallop-Jorgenson paper earlier in the
current volume, and he has underway a further project comparing out-
put and labor and capital inputs for individual manufacturing industries
in Japan and the United States. Additional work by authors in the pro-
fession would also be desirable.

I
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Reply L. R. Christensen, D. Cummings, and D. W. Jorgenson

Daly correctly emphasizes the central importance of our approach to
the measurement of capital input in our analysis of economic growth.
Our methodology has very significant implications for the allocation of

r growth among its sources, and our results provide a very different pic-
ture from that suggested by earlier studies, such as those by Denison
and his associates cited by Daly. It should also be emphasized that we
cover a much broader range of historical experience.

In view of the importance of capital measurement we have taken
considerable pains to provide a detailed rationale for our approach.
Growth rates of inputs are weighted their income shares; both output
and income shares include depreciation. Depreciation is part of the
annualized cost of using. capital input, and the marginal productivity of
capital is understated if depreciation is omitted. Daly concedes that our
weights are appropriate for an analysis of economic growth based on
gross private domestic product, the concept of output we employ.

However, Daly goes on to state his preference for a measure of pro-
ductivity based on measures of outpUt and income shares for capital
that are net of depreciation. Denison and his associates have failed to
supply a convincing rationale for this approach, and Daly fails to pro-
vide one. Daly also fails to confront three additional issues in capital
measurement: (I) inconsistency between capital weights and capital stock
measures; (2) failure to incorporate differences among capital weights
due to differences in the taxation of income from capital; (3) incon-
sistency between the own rates of return for individual capital goods
used in capital input weights and data on revaluations of assets from
national wealth accounts. We must conclude that Daly's preference for
net measures is unsupported and unsupportable.

Our measures of capital stock and our weights for capital input are
based on declining balance depreciation and replacement. For each
country we have used the best information available to estimate the
replacement rates for the various clasles of capital stock. For example,
for Canada we employ the replacement rates implicit in the capital
stock study by Statistics Canada.1 the United States we employ
double declining balance replacement rates, one of the alternatives pro-
vided by the Bureau of Economic Analysis (U.S. Department of Com-
merce) in their capital stock study. The resulting capital stocks and
capital input weights appear to be very reasonable for all countries
included in our study.

1. Fixed Capital Flows and Stocks, 1926—1973. Information Canada, catalog
13—211. I
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Daly correctly points out that the stock of consumer durables is sub-
stantial for the U.S. and for some of the other countries in our study.
He suggests that this large portion of the capital stock be omitted from
our study. It may be desirable to consider subsets of the total capital
stock for some purposes; but we believe that the full stock should be
used in the analysis of sources of economic growth.

Daly expresses concern over our index of labor quality, especially
for Canada. The Canadian census figures which we used are consistent
with Daly's notion of the average years of education. This measure
increased approximately 6% in the forties, 8% in the fifties, and 10%
in the sixties. However, a correct accounting for the growth of labor
input requires that the rates of growth of the various segments of the
labor force be weighted by their shares in total labor earnings. When
this is done, the growth of the quality of labor is much more modest
than the growth of years of education per worker. Similar observations
apply to our labor input indexes for other countries. In all cases our
estimates are based on official census data.

Daly suggests that we use inappropriate deflators for stocks of inven-
tories. We employ inventory stock deflators whenever they are available.
In some countries, however, such deflators are simply not available. For
countries which have inventory stock deflators, they do not differ sub-
stantially from wholesale price indexes. Therefore, we felt justified in
using wholesale price indexes when inventory stock deflators were not
available. For inventory investment flows we employ implicit deflators
from the official national accounts for each country.

In a more positive vein, Daly outlines a very useful agenda for fu-
ture research involving international comparisons. Analyzing sources of
changes in total factor productivity and comparing levels as well as
rates of growth of productivity are worthwhile objectives. We feel that
disaggregation of growth sources by industry will uncover an important
component of change in productivity at the aggregate level by quantify-
ing the effects of shifts in resources among industries.

In concluding, it is a pleasure to thank Daly for the care he has taken
in preparing his comments on our paper. We have found his views, ex-
pressed orally at the conference and in subsequent correspondence, to
be very valuable in revising the paper for publication.


