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The objective of this paper is to provide a conceptual basis for separating social product and 
social factor input accounts into price and quantity components. Despite the essential similarity 
between concepts of real product and real factor input, the measurement of social factor outlay 
in constant prices is not well established in social accounting practice. 

Production accounts are constructed for the United States in current and constant prices, 
including social product and social factor outlay, for the period 1929-1967. The resulting 
estimates are applied to the measurement of total factor productivity and the study of the 
responsiveness of product and factor intensities to  price changes. 

Within the framework of social accounting the production account includes an 
allocation of the total social product among final uses such as private and public 
consumption, capital formation, and net exports. The factor outlay account 
includes a similar allocation of factor outlay among productive factors-labor 
services and various types of capital services. As an accounting identity the 
value of the social product is equal to the value of outlays on factor services 
required for production. The objective of this paper is to provide a conceptual 
basis for separating social product and social factor input into price and 
quantity ~omponents.~ 

The measurement of social product in current and constant prices is well 
established in accounting practice. For most countries with production accounts 
a separation of the social product into price and quantitycomponents isavailable. 
Each delivery of social product to final demand involves a commodity or service 
flow that may be separated into price and quantity components. Quantities 
and prices of individual commodities and services are combined into indexes 
of real product and its price or implicit deflator. 

An analysis of the sources of economic growth requires the measurement 
of social factor outlay in current and constant prices. The conceptual basis for 
separation of factor outlay into price and quantity components is identical to 
that for social product. Each outlay on factor services must be separated into 
price and quantity components. Price and quantities of the individual factor 
services are combined into indexes of real factor input and its price. As an 
illustration, the value of labor services may be divided between wage rate and 
quantity of labor time. The product of the two is the outlay on labor services 
or labor compensation. 

lThe measurement of social factor input in constant prices was proposed by Copeland [6] 
and has been discussed from the viewpoint of social accounting by Stone [33], Kendrick [24], 
and Jorgenson and Griliches [23]. Social factor input in constant prices is not included in the 
United Nations system of standard national accounts [37] or in the United States national 
income and product accounts [28, 29, 301. 



Despite the essential similarity between concepts of real product and real 
factor input, the measurement of social factor outlay in constant prices is not 
well established in social accounting practice. The chief remaining problem is 
the measurement of capital input in real terms. We have attempted to provide 
a conceptual basis for measuring real capital input in a previous paper.2 An 
accounting imputation is required for separation of outlay on capital services 
into price and quantity components. Our method for imputation is based on the 
correspondence between asset prices and service prices implied by the equality 
between the value of an asset and the discounted value of its services. This 
method for imputation requires the same data as the perpetual inventory method 
for measurement of capital stock, together with data on property compensation 
by legal form of organization. 

In this paper we present production accounts for the United States in current 
and constant prices, including social product and social factor outlay, for the 
period 1929-1967. Deconsolidation by commodities or by industrial sectors 
may be carried out along conventional lines, resulting in product and factor 
outlay accounts for each sector and incorporating inter-industry transactions in 
current and constant prices. Income, expenditure, and capital finance accounts 
may also be separated into price and quantity components. The uses of capital 
finance correspond to changes in the quantity of national wealth, while revalua- 
tions correspond to changes in its price.3 In this paper we discuss price and 
quantity measurement only for the production account. 

The principal applications of measures of real product and real factor 
input are to the study of production. We apply our estimates to the measurement 
of total factor productivity in the United States. We also measure the elasticity 
of substitution between labor and capital input and the elasticity of transforma- 
tion between investment and consumption goods output. Our study of total 
factor productivity extends that of Jorgenson and Griliches [23], providing 
measurements for a considerably longer period of time and analyzing the growth 
of real factor input in more detail. Our estimates of the elasticities of substitution 
and transformation provide an alternative characterization of production 
possibilities to that given by Arrow, Chenery, Minhas, and Solow [2]. 

The fundamental accounting identity for the production account is that the 
value of output is equal to the value of input. Letting qi represent the price of 
the ith output and Yi its quantity and letting p j  represent the price of the jth 
input and Xj its quantity, this accounting identity may be written: 

The first accounting problem is to define appropriate concepts of output 
and input. We define the value of output as gross value added from the point of 
view of the producer. For each sector we measure revenue as net proceeds to 

Thristensen and Jorgenson [5]. 
3The compilation of national accounts in constant prices has been discussed by Stone [33] 

and more recently by Broderick 131, Burge 141, Courbis [7], Fabricant [12], and Geary [15]. 



the sector and outlay as gross expenses of the sector. Our concept of gross value 
added is intermediate between gross product at market prices and at factor cost, 
as these terms are conventionally employed. The value of output is net of taxes 
on output while the value of input is gross of taxes on input. The justification 
for this definition is that the main analytical use of the production account is in 
the study of producer behaviour. Revenue and outlay must be measured from 
the producer's point of view. 

In implementing the production account for the United States we confine 
our attention to the private domestic economy. We exclude government since 
government product is equal to labor compensation in the government sector by 
definition. The services of capital in the government sector are ignored, so that 
production accounts for private and government sectors are not comparable. 
Our concept of private domestic output treats direct taxes in the same way as in 
the U.S. national income and product accounts. However, rather than include 
or  exclude all indirect taxes from the value of output, we exclude indirect 
business taxes charged against revenue, such as excise or sale taxes, and include 
indirect business taxes charged to the producer as part of outlay on productive 
factors, such as property taxes. Taxes on output reduce the net proceeds of the 
business sector and subsidies increase these proceeds; accordingly, we add 
production subsidies in arriving at  the value of output from the producer's 
point of view.4 

In measuring gross private domestic product for the United States our 
treatment of excise and sales taxes, business nontax payments, and customs 
duties is symmetric in that each is excluded from the value of output. Excise 
and sales taxes and nontaxes5 are deducted from revenue in arriving at  net 
proceeds to the producer. Customs duties are part of the outlay on imports 
of commodities and services of the foreign sector and must be excluded from 
value added in the private domestic sector. 

In the U.S. national income and product accounts the services of owner- 
occupied housing and structures utilized by non-profit institutions are included in 
the product of the private sector. The flows of capital services resulting from 
investment in housing by owner-occupiers and investment in structures by non- 
profit institutions are not recorded in market transactions. The value of the 
service flow must be imputed from data on rental values. The treatment of capital 
services from consumers' durables and producers' durables used by non-profit 
institutions is not symmetrical with that of housing and structures. Purchases of 
consumers' durables are treated as part of personal consumption expenditures 
and purchases of producers' durables by non-profit institutions are treated as part 
of private investment, but the service flow from these durables is not included in 
private product. 

We treat the services of owner-utilized consumers' durables and producers' 
durables utilized by non-profit institutions symmetrically with the services of 
owner-occupied housing and the structures of non-profit institutions. Purchases 

4The evaluation of output from the producer's point of view is equivalent to incorporating 
indirect taxes included in outlay on productive factors in factor cost. As Stone [33] points out, 
output must be evaluated at market prices in order for value added to be equal to deliveries 
to final demand. 

[29] for a description of nontax payments included in the US.  national accounts. 



of new consumers' durables and purchases of producers' durables by institutions 
are included in private investment. This change from the conventions of the U.S. 
national income and product accounts leaves the value of the total product 
unaltered. We then impute the value of services of consumers' durables and 
producers' durables owned by institutions from rental values implied by the 
imputed service flow for owner-occupied housing and institutional structures. 
We add the resulting service flow to the product of the private sector. This 
change increases the value of the total product and requires data for the imputa- 
tion of the rental value of these capital services. 

Given our definitions of output and input, we may describe more explicitly 
the measurement of gross private domestic product and gross private domestic 
factor outlay. The value of gross product is defined as private gross national 
product less rest of the world p r ~ d u c t , ~  less income orginating in government 
 enterprise^,^ plus the value of the services of consumers' durables and producers' 
durables utilized by in~titutions,~ less federal indirect business tax and nontax 
accruals, except for capital stock tax,Q less state and local indirect business tax 
and nontax accruals, except for motor vehicle licences, property taxes, and 
other taxes,1° plus subsidies and less current surplus of federal and state and local 
government enterprises.ll The resulting value of gross private domestic product 
for the year 1958 is presented in Table 1. 

The value of gross private domestic factor outlay is equal to the value of 
gross private domestic product by definition. The value of factor outlay is the 
sum of income originating in private enterprises and in private households and 
institutions,12 plus the imputed value of the services of consumers' durables and 
durables utilized byinstitutions,13 plus indirect business taxes charged to the pro- 
ducer as part of factor outlay, as described in the definition of gross product. 
The value of factor outlay also includes capital consumption allowances, business 
transfer payments, and the statistical discrepancy14 arising from differences 
between the product side and the factor outlay side of the production account. 
Capital consumption allowances are part of the outlay on capital services and are 
included in the rental value of capital services. Business transfer payments and 
the statistical discrepancy are taken as part of income from capital. The resulting 
value of gross private domestic factor outlay for the year 1958 is given in Table 1. 

In separating the values of gross product and gross factor outlay into price 
and quantity components, we find it useful to divide total product between 
consumption and investment goods and total factor outlay between capital and 

6All references to data from the U.S. national income and product accounts will be to 
The National Income and Product Accounts of the United States,1929-1965, Statistical Tables, 
A Supplement to the Survey of Current Business, August 1966, henceforward NIP [28], and sub- 
sequent national income issues of the Surrey of Current Business, unless otherwise indicated. 
NIP [28], Table 1.7. 

7NIP [28], Table 1.13. 
8These values are imputed by methods discussed in detail in our previous paper, [5], 

Section 5. 
=NIP [28], Table 3.1. 
1°NZP [28], Table 3.3. 
l lNIP [28], Tables 3.1 and 3.3. 
lZNZP [28], Table 1.13. 
13See footnote 8, above. 
14NIP [28], Table 1.9. 



TABLE 1 
PRODUCTION ACCOUNT, GROSS PRIVATE DOMESTIC PRODUCT AND FACTOR OUTLAY, UNITED 

STATES, 1958 (CURRENT PRICES)~ 

I .  Private gross national product (Table 1.7) 
2. - Income originating in government enterprises (Table 1.13) 
3. - Rest of the world gross national product (Table 1.7) 
4. + Services of consumers' durables (our imputation) 
5. + Services of durables held by institutions (our imputation) 
6. - Federal indirect business tax and nontax accruals (Table 3.1) 
7. + Capital stock tax (Table 3.1, footnote 2) 
8. - State and local indirect business tax and nontax accruals (Table 3.3) 
9. + Business motor vehicle licences (Table 3.3) 

10. + Business property taxes (Table 3.3) 
11. + Business other taxes (Table 3.3) 
12. + Subsidies less current surplus of federal government enterprises (Table 3.1) 
13. - Current surplus of state and local government enterprises (Table 3.3) 
14. = Gross private domestic product 

I. Capital consunlption allowances (Table 1.9) 
2. + Business transfer payments (Table 1.9) 
3. 4- Statistical discrepancy (Table 1.9) 
4. + Services of consumers' durables (our imputation) 
5. + Services of durables held by institutions (our imputation) 
6. + Certain indirect business taxes (product account above, 7 + 9 + 10 + 11) 
7. + Income originating in business (Table 1 .l3) 
8. - Income originating in government enterprises (Table 1.13) 
9. + Income originating in households and institutions (Table 1.13) 

10. = Gross private domestic factor outlay 

"All table references are to The National Income and Product Accounts oj'the United States, 
1929-1965, Statistical Tables, A Supplement to the Survey of Current Business, August, 1966. 

labor services. In the U.S. national income and product accounts total output 
is divided among durables and structures output (which we denote investment 
goods output) and nondurablesand services output(whichwe denote consumption 
goods output).15 Our definition of durables output includes consumers' durables, 
as in the U.S. national accounts. Our definition of services output includes the 
services of consumers' durables and institutional durables along with services 
output included in the U.S. accounts. The output of the foreign and government 
sectors consists entirely of services, so that we define the output of services by 
the private sector as services included in gross national product,16 less the 
product of foreign and government sectors (including government enterprises),17 
plus the services of consumers' durables and durables utilized by non-profit 
institutions. 

The value of factor outlay in the private domestic sector includes the labor 
compensation of employees in private enterprises and in private households and 
non-profit institutions,18 plus the labor compensation of self-employed persons.lg 

15NZP [28], Table 1.3. 
16NZP [28], Table 1.5. 
17NZP [28], Tables 1.7, 1.13. 
18NIP [28], Table 1.13. 
lgSelf-employed persons include proprietors and unpaid family workers. Alternatike 

methods for imputation of the labor compensation of the self-employed are reviewed by 
Kravis [27]. 



We estimate labor compensation of the self-employed by multiplying the compen- 
sation of employees by the ratio of proprietors and unpaid family workers to 
full-time equivalent employees in each sector. Our estimates of non-farm 
proprietors and employees are those of the Office of Business Economics. 
Our estimates of non-farm unpaid family workers are those of Kendrick, allocated 
among sectors in proportion to the number of proprietors in each sector, as 
Kendrick suggests. Our estimates of persons engaged in the farm sector are from 
Kendr i~k .~ '  In effect we assume that for each sector the average labor compensa- 
tion of proprietors and unpaid family workers is equal to average labour compen- 
sation of full-time equivalent employees in the same sector. The sectors utilized 
in carrying out this imputation are: (1) The farm sector-agriculture, forestry, 
and fisheries, (2) mining, (3) contract construction, (4) nondurable manufacturing, 
(5) durable manufacturing, (6) transportation, (7) communication, (8) electric, 
gas, and sanitary services, (9) wholesale and retail trade, (10) finance, insurance, 
and real estate, (11) services. This method of imputation is only one of many 
that have been proposed; Denison has suggested that the results are likely to be 
biased in the direction of allocating too large a portion of proprietors' income 
to labor c ~ m p e n s a t i o n . ~ ~  

All factor outlay not allocated to labor is allocated to capital.22 Specifically, 
the value of outlay on capital services includes the following: property income 
of self-employed persons, the portion of proprietor's income not allocated to 
labor compensation; profits, rentals, and interest ;capital consumption allowances; 
business transfer payments; the statistical discrepancy; indirect business taxes 
that are part of the outlay on productive factors, such as motor vehicle licenses, 
property taxes, and other taxes; and the imputed value of the services of 
consumers' durables and producers' durables utilized by in~ t i t u t ions .~~  Gross 
private domestic product and factor outlay in current prices for 1929-1967 are 
given in Table 2. Total product is divided between gross private domestic invest- 
ment and gross private domestic consumption. Total factor outlay is divided 
between labor compensation and property compensation. 

To separate flows of product and factor outlay into prices and quantities, 
we introduce price and quantity index numbers. As an example, we consider the 
value of output, say qY, introduced in the production accounts. Suppose that 
there are m components to the value of output, 

20These data have been compiled for John W. Kendrick's forthcoming study, Postwar 
Productivity Trends in the United States, for the National Bureau of Economic Research [25]. 
We are indebted to Kendrick for providing us with these data in advance of publication. The 
conceptual basis for compilation of the data is the same as in Kendrick's Productivity Trends in 
the United States [26]. The Office of Business Economics data on non-farm proprietors and 
employees are from NIP 1281, Tables 6.4 and 6.6. 

21Denison [9], page 4. 
2aThis is a consequence of the accounting identity between the value of output and the 

value of input. 
230f these components of gross factor outlay, the statistical discrepancy is the only 

component that might be partly assigned to labor compensation. We assume that any discrepancy 
reflects errors in reporting property income rather than labor income. 



TABLE 2 
GROSS PRIVATE DOMESTIC PRODUCT AND FACTOR OUTLAY, 1929-1967 (CURRENT PRICE) 

1. Gross 2. Investment 3. Consumption 4. Labor 5. Property 
Year Private Domestic Goods Product Goods Product Compensation Compensation 

Product 

We must introduce index numbers for the price of output q and the quantity 
of output Y, defined in terms of the prices (qi) and quantities ( Y J  of the rn 
components. Differentiating totally with respect to time and dividing both sides by 
the corresponding total value of output, we obtain: 

with weights (wi) given by the relative shares of the value of the ith output in 

25 



the value of total output: 

We define the price and quantity indexes of output in terms of rates of growth 
of the prices and quantities of individual components; the rates of growth of the 
price index q and the quantity index Y are 

respectively. These index numbers are Divisia price and quantity indexes.24 
Rates of growth of the Divisia indexes of prices and quantities add up to the rate 
of growth of the value of output (factor reversal test) and are symmetric in 
different directions of time (time reversal test). They also have the reproductive 
property that a Divisia index of Divisia indexes is a Divisia index of the 
components. 

For application to data for discrete points of time an approximation to the 
Divisia indexes for continuous time is required. Price and quantity index numbers 
originally discussed by Fisher [I31 may be used for this purpose: 

where the weights W i t  are arithmetic averages of the relative shares in the two 
periods, 

These index numbers have been suggested as a discrete approximation to the 
Divisia index by Tornquist [36]. Obviously, the discrete and continuous index 
numbers are equal if relative shares are constant. If shares are not constant, 
the discrete approximation involves an error that depends on the variability of 
the relative shares and the length of the time period. 

Divisia index numbers for discrete time are symmetric in data of different 
time periods (time reversal). They have the basic reproductive property that a 
discrete Divisia index of discrete Divisia indexes is a discrete Divisia index of the 
components. Theil [34] has demonstrated that the sum of changes in logarithms 
ofdiscreteDivisiaindexes of price and quantityisapproximately equal tothechange 
in the logarithm of the value (factor reversal). The factor reversal test is satisfied 
exactly if relative shares are constant; the accuracy of the approximation 
depends on the change in relative shares. As a practical matter this approximation 
is extremely accurate for annual time series of national accounting aggregates 
such as consumption; Theil shows that the error averages only 0.01 per cent of 
the annual rate of growth in the value of consumption in The Netherlands for 
the period 1921-1963. 

It  is convenient to have the product of price and quantity indexes equal to 
the value of transactions so that standard accounting identities hold for variables 

24The economic interpretation of Divisia indexes of total factor productivity has been 
discussed by Solow [32], Richter 1311, and Jorgenson and Griliches [23]. 
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defined as price and quantity index numbers. Accordingly, we construct discrete 
Divisia price indexes as the value in current prices divided by the discrete 
Divisia quantity index. The resulting price indexes are approximately equal to the 
Divisia price indexes. 

In defining the price and quantity of output we distinguish between the 
price representing proceeds to the producer and the price paid by the ultimate 
consumer. The difference between the two prices includes excise and sales taxes. 
Just as price and quantity index numbers may be defined in terms of the prices and 
quantities of the components of output, we may define a tax index, incorporating 
the effective tax rate, in terms of prices, quantities, and tax rates of the components 
of output. Let the market price of output q+ equal the product of the producers' 
price q and unity plus the effective tax rate I f t. The value of output at market 
prices is 

q+ Y = (1 + t)q Y. 

We now define the value of output at market prices in terms of prices, quantities 
and tax rates of the components of output: 

Proceeding as before, we differentiate totally with respect to time, obtaining: 

The rate of growth of the tax index 1 + t is 

(1 4 t )  
-- (1 4 ti). 

- C wi-, 
l + t  I + ti 

rates of growth of the price and quantity indexes are the same as before. The 
effective tax rate is the tax index less unity. 

Again, it is convenient to preserve equality between the product of price, 
quantity, and tax indexes and the value of transactions. Accordingly, we construct 
an index of taxes 1 + t by dividing the value of transactions at market prices 
by the value of transactions at producers' prices. The resulting tax index is 
approximately equal to the Divisia tax index defined for discrete points of time. 

We now turn to separation of gross product and gross factor outlay from 
the production account into price and quantity indexes of product and factor 
input. Product is allocated between consumption and investment goods and 
factor input is allocated between capital and labor services. Consumption goods 
include nondurable goods and services; investment goods include durable goods 
and structures. We construct quantity index numbers of output and of final 
sales for these two types of output from data for the corresponding components 
of gross national product in constant prices.25 Change in business inventories 

Z5NZP [28], Tables 1.5 and 1.6, except for structures-see Section 5 below. 



in constant prices is defined as the difference between index numbers of output 
and of final sales in constant prices. The product of the rest of the world and 
government sectors is composed entirely of services. The price index for the 
product of each of these sectors is assumed to be the same as for services as a 
whole. Quantity index numbers for the services of consumers' durables and 
institutional durables are constructed as part of our imputation of the value of 
these services and will be described below. 

The value of output from the point of view of the producing sector excludes 
certain indirect business taxes less subsidies. The price of output is implicit in the 
value of output and the quantity index of output described above. The market 
price of final sales is the price index implicit in the quantity index of final sales 
described above and the value of final sales at market prices as calculated from 
the U.S. national accounts. The tax index is implicit in the value of final sales 
from the point of view of the producing sector and the value of final sales at 
market prices. Price and quantity index numbers for gross private domestic 
product and final sales from the point of view of the producing sector are given 
for 1929-1967 in Table 3. 

We require a division of output between consumption and investment 
goods. Sales and excise taxes must be allocated between these two categories 
of output. If taxes were assessed only on the basis of deliveries to final demand, 
we could allocate them directly between investment and consumption goods 
deliveries. In fact a substantial portion of sales and excise taxes falls on deliveries 
to intermediate demand; examples would include taxes on airline tickets, 
automobiles, gasoline, telephone services, and business machines. A completely 
satisfactory allocation of these taxes would require a detailed input-output 
analysis. The data required to carry out this analysis on an annual basis are 
unavailable. We haveallocated the taxesin proportion to thevalue of consumption 
and investment goods output in the value of final sales. This is equivalent to 
assuming that the effective tax rate is the same for consumption and investment 
goods. Price and quantity index numbers for consumption and investment 
goods output are given in Table 3, together with the relative share of investment 
goods output in the value of total output. 

The input of the producing sector is divided between labor and capital 
services. We present quantity indexes for input of each type. The construction 
of a quantity index of labor input begins with private domestic persons engaged; 
our estimates of persons engaged are described above.26 Our estimates for the 
non-farm sector are identical to those of the Office of Business Economics for 
full-time equivalent employees and proprietors; we add Kendrick's estimates 
of unpaid family workers to obtain total persons engaged. For the farm sector 
we employ Kendrick's  estimate^.^^ Persons engaged is essentially the stock of 
labor and must be adjusted for hours utilized per person to obtain a measure of 

26Persons engaged includes full-time equivalent employees, proprietors, and unpaid 
family workers. 

27See footnote 20, above. 



the quantity of labor input. Man-hours are also estimated by Kendrick and we 
employ his estimates for the private domestic sector.28 

The assumption that effective labor services are proportional to the stock 
of labor is obviously incorrect. On the other hand the assumption that effective 
labor services can be measured directly from data on man-hours is equally 
incorrect, as Denison 181 has pointed out. The intensity of effort varies with the 
number of hours worked per week, so that effective labor input can be measured 
accurately only if data on man-hours are corrected for the effects of variations 
in the number of hours per man on effective labor input. Denison [lo] suggests 
that the stock of labor provides an upper bound for effective labor services while 
the number of man-hours provides a lower bound. He estimates effective labor 
input by correcting man-hours for variations in labor intensity. We employ 
Denison's correction for intensity, but we apply this correction to actual hours 
per man rather than potential hours per man. 

It is desirable to distinguish among outputs of different types and to deflate 
each type of output separately; similarly, it would be desirable to distinguish 
among different categories of labor, classified by sex, race, number of years of 
schooling, occupation, age, and so on. Labor input is defined as a quantity index 
of labor inputs of each type; corresponding to the quantity index of labor input 
there is a price index for labor representing the aggregate wage rate. Denoting 
the quantity index by L and the price index by pL the value of labor input is the 
sum of the values of labor inputs: 

pLL = zpjLLj, 

where labor input of each type is measured in effective man-hours and the 
prices are corresponding hourly wage rates. Proceeding as before, we obtain 
indexes of the wage rate and quantity of labor, 

where the weights (0,) are the relative shares of each type of labor in the value of 
total labor input. 

For each category of labor, man-hours are the product of persons engaged, 
say n,, and effective hours per person, say h,. The index of total labor input may 
be rewritten : 

Where N is person engaged and H i s  effective hours per man, the index may be 
finally rewritten in the form : 

the first term is the change in labor input per person due to shifts in the composi- 
tion of the labor force, the second is the change in labor input per hour due to 

28See footnote 20, above. 
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TABLE 3 
GROSS PRIVATE DOMESTIC PRODUCT AND FINAL SALES, 1929-1967 (CONSTANT PRICES OF 1958) 
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Domestic 
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Price Index 
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TABLE 4 
PRIVATE DOMESTIC LABOR INPUT, 1929-1967 (CONSTANT PRICES OF 1958) 

2. Educational 
Attainment 

Per Person (Index) 

3. Private Domestic 
Hours Per Person 

Thousands Per Year) 

4. Effective Labor 
Input Per Hour 

(Index) 

5. Private Domestic 
Labor Input, 

Quantity Index 

6. Private Domestic 
Labor Input, 
Price Index 





shifts in relative hours per man among components of the labor force, and the 
sum of the last two terms is the change in total effective man-hours. Two types 
of "quality" adjustments are required to convert total man-hours to an index 
of aggregate labor input-one based on shifts in composition of the labor force 
and the other based on changes in relative hours worked. 

Quality adjustments of effective man-hours required to obtain an index of 
labor input are not available in the detail that would be desirable. Kendrick 
distinguishes different categories of labor by industry; Jorgenson and Griliches 
distinguish labor by years of schooling completed.29 Both adjustments account 
for changes in quality associated with changes in the composition of the labor 
force. We have used the quality adjustment provided by Jorgenson and Griliches 
and extended by Griliches30 to adjust for changes in the quality of labor due 
to changes in the educational composition of the labor force. Our measure of 
labor services is based on the stock of labor as measured by persons engaged, 
adjusted for effective hours per person and for changes in the composition of 
the labor force by educational attainment. The cost of labor services index is 
calculated by dividing total labor compensation by the quantity index of labor 
services. The number of persons engaged, the index of quality change, actual 
hours per worker, effective labor input per man-hour, and the quantity of labor 
input for 1929-1967 are given in Table 4. The price of labor services implicit in 
private domestic labor compensation is also given in Table 4. It would obviously 
be desirable to incorporate additional aspects of labor force composition in 
adjusting the stock of labor for quality change. It would also be desirable to 
adjust the cumber of hours per man for changes in the relative number of hours 
worked by persons differing in educational attainment. 

In a previous paper 31 we have constructed a quantity index of capital input. 
The starting point for such an index is the measurement of capital stock 
corresponding to each type of capital services. We have used the perpetual 
inventory method32 to estimate the level of capital stock for seven types of 
assets-land, residential structures, non-residential structures, producers' 
durable equipment, nonfarm business inventories, farm inventories, and 
consumers' durable equipment. We have allocated each class of assets among 
four sectors of the private domestic economy-corporations, non-corporate 
business, households, and institutions. 

The second step in the construction of a quantity index of capital input 
is to separate price and quantity components of the value of property compensa- 
tion for each sector of the economy. Our method of imputation is based on the 
equaIity of the value of an asset and the discontinued value of its services. 
Total property compensation or the value of all capital services is equal to the 

Kendrick [26] and Jorgenson and Griliches [23]. 
30See Jorgenson and Griliches [23] and Griliches [21]. We have extended Griliches' 

estimates back to 1929, using relative earnings for 1939 and estimates of the educational attain- 
ment of the labor force for 1930 and 1940 by Folger and Nam [14]. 

31Christensen and Jorgenson [5]. 
3ZThe perpetual inventory method is discussed by Goldsmith [18] and employed extensively 

in his Study of Saving [20] and more recent studies of U.S. national wealth [16, 17, 191. This 
method is used in the OBE Capital Goods Study [22] and in the study of capital stock for the 
United States, 1900-1962, by Tice [35]. 



sun1 of the values of the individual capital services. Each capital service flow 
may be expressed as the sum of four terms, depending on the rate of return, the 
rate of replacement, the rate of capital losses accrued, and the tax structure. 
The rate of return for each sector is imputed from total property compen- 
sation. 

The final step in construction of a quantity index of capital input is the 
measurement of actual quantities of each type of capital service utilized. For 
land, inventories, residential structures, and consumers' durables we assume that 
actual capital services are equal to potential services. For non-residential 
structures and producers' durables we adjust the potential quantities of capital 
services on the corporate and non-corporate sectors to reflect changes in relative 
utilization. Our estimates of relative utilization are based on the consumption 
of electricity relative to installed horsepower of electric motors. 

Our measure of capital services is based on capital stock for each asset, 
weighted by potential service prices, and adjusted for relative utilization of 
capital. The quantity index of capital input for 1929-1967 is given in Table 5. 
The price of capital services implicit in private domestic property compensation 
is also given in Table 5. To provide the basis for comparison of sources of growth 
of capital input with those for labor input we present data on capital stock, 
potential service flow per unit of capital stock, and the relative utilization of 
capital in Table 5. Capital stock is a Divisia index of capital stock for each class 
of asset-consumers' durables, non-residential structures, producers' durables, 
residential structures, non-farm inventories, farm inventories, and land. The 
potential service flow per unit of capital stock is the ratio of the quantity of poten- 
tial gross private domestic capital input to the index of capital stock. The relative 
utilization of capital is the ratio of the quantity of actual to potential gross 
private domestic capital input. 

We can combine estimates of labor and capital services into an estimate of 
real factor input for the U.S. private domestic economy. The basic data on 
labor input-number of persons engaged, educational attainment per person, and 
hours per person-are presented in Table 4. The corresponding data on capital 
input-capital stock, potential service flow per unit of stock, and the relative 
utilization of capital-are presented in Table 5. Persons engaged is an unweighted 
stock of labor. The index of educational attainment per person provides an 
adjustment for the aggregation bias that results from combining different types 
of labor into an unweighted aggregate. Persons engaged, adjusted for educational 
attainment, must be multiplied by hours per person to obtain the flow of labor 
services. Similarly, capital stock is an unweighted aggregate; the index of potential 
capital services per unit of the capital stock provides an adjustment for the 
aggregation bias that results from combining different types of capital by adding 
together capital services weighted by asset prices rather than service prices. 
Potential capital services must be adjusted for relative utilization to obtain the 
actual flow of capital services. 

We construct price and quantity index numbers of factor input by combining 
Divisia indexes of labor and capital input into a Divisia index of total factor 
input. The weights for labor and capital are the relative shares of labor and 
property compensation in the value of total factor outlay. Price and quantity 
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TABLE 5 
GROSS PRIVATE DOMESTIC CAPITAL INPUT, 1929-1967 (CONSTANT PRICES OF 1958) 

1. Private 2. Potential 3. Relative 4. Private 5. Private 
Domestic Capital Input Utilization Domestic Domestic 

Capital Stock per unit of of Capital Capital Input, Capital Input, 
Year Capital Stock Quantity Index Price Index 

index numbers for gross private domestic input may be represented in the form: 

where p is the price index and X the quantity index, iL and v, = 1-6, are 
arithmetic averages of the relative shares of labor and property compensation 
in total factor outlay in the two periods, pL and pK are the price indexes of labor 
and capital input, and L and K are the corresponding quantity indexes. Price 
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and quantity indexes for 1929-1967 are given in Table 6. The relative share of 
property compensation for the same period is also given in Table 6. 

To provide a detailed accounting for the sources of growth in real factor 
input, we can separate the growth of quantity indexes of labor and capital 
input into the growth of the stock, growth in the quantity of input due to shifts 
in composition of such unweighted aggregates as persons engaged and capital 
stock or "quality and growth in relative utilization. The growth in 
labor input is the sum of growth in the number of persons engaged, the quality 
of the labor force, and the effective number of hours per person. The growth in 
capital input is the sum of growth in capital stock, the quality of capital, and 
relative utilization. Geometric average annual rates of growth for 1929-1967 and 
for the sub-periods 1929-1948 and 1948-1967 are given for each component of 
the growth of labor and capital input in Table 7. 

The sources of growth in factor input may be seen from a different perspec- 
tive through a similar decomposition of growth in factor prices. Considering 
factor price indexes that result from dividing total labor and property compensa- 
tion by stocks of capital and labor, we obtain "stock7' factor prices. These 
prices do not represent the cost of factor services since they fail to take into 
account the aggregation biases and variations in relative utilization that must be 
eliminated in order to measure the actual cost of factor services. We may adjust 
labor and capital stock for quality change; dividing total labor and property 
compensation by the resulting potential flows of factor services, we obtain 
"potential" service prices. Finally, adjusting labor and capital for relative 
utilization we obtain the actual service prices. All three sets of factor prices are 
given in Table 8. The actual prices are, of course, the price indexes of labor and 
capital services from Tables 4 and 5, respectively. 

From these data it is apparent that estimates of the growth in labor and 
capital costs and the change in relative factor prices depend critically on the 
method of measurement. Consider, for example, the growth in labor cost. If 
we measure labor cost as labor compensation per person engaged, the stock 
price of labor from Table 8, we obtain rates of growth of 4.03 per cent from 1929- 
1948, 4.72 per cent from 1948-1967, and 4.37 per cent from 1929-1967; these 
rates of growth are given in Table 9 along with the growth of labor costs taking 
into account changes in the quality of the labor force, the labor cost for potential 
labor services and costs taking into account relative utilization of the labor force, 
the cost for actual labor services. 

Estimates of the growth of capital cost or the rental price per unit of capital 
input may be analyzed in a similar way. The rental price per unit of capital stock 
grows at the average annual rate of 3.66 per cent from 1929-1948, 3.03 per cent 
from 1948-1967, and 3.34 per cent for 1929-1967. Capital costs taking into 
account changes in the quality of capital, the potential flow rental price, grows 

33"Q~ality change" in this sense is equivalent to  aggregation bias. Aggregation bias may 
be removed by treating the components of aggregate factor input separately, weighting each 
component in proportion to its relative price. This is not to imply that any proposed adjustment 
for quality change is legitimate. The appropriateness of each adjustment must be judged on the 
basis of evidence on the movement of separate components of aggregate factor input and the 
relative prices of the components. For further discussion, see Jorgenson and Griliches 1231, 
especially pages 259-260. 



TABLE 6 
GROSS PRIVATE DOMESTIC FACTOR INPUT, 1929-1967 (CONSTANT PRICES OF 1958) 

1. Gross Private Domestic 2. Gross Private Domestic 3. Property Compensa- 
Factor Input, Quantity Factor Input, Price tion, Relative Share 

Year Index Index 

more slowly than the stock rental price, reflecting increases in the quality of 
the capital stock. Most of this improvement in quality took place during the 
period 1948-1967, so that the potential service price follows the capital stock 
price rather closely during the period 1929-1948. Finally, the relative utilization 
of capital has grown during the period 1929-1967, so that the actual flow rental 
price grows more slowly than the potential flow rental price. Most of the growth 
in relative utilization took place during the period 1929-1948, so that the actual 
service price follows the potential service price during the period 1948-1967. 

Estimates of the responsiveness of factor proportions to relative factor 
prices also depend on the method of measurement. The average elasticity of 



TABLE 7 
SOURCES OF GROWTH IN FACTOR INPUT, 1929-1967 (ANNUAL PERCENTAGE RATES OF GROWTH) 

1929-1948 1948-1967 1929-1967 
- 

1. Capital input 
a. Stock 0.00 3.24 1.62 
b. Quality change 0.30 0.94 0.62 
c. Relative utilization 0.89 0.26 0.58 

2. Labor input 
.a. Stock 0.99 0.89 0.94 
b. Quality change 0.59 0.74 0.67 
c. Relative utilization - 0.13 -0.1 1 -0.12 

substitution is defined as the ratio of the average rate of growth in capital services 
relative to labor services to the average rate of growth in the wage rate relative to 
the capital service price. Estimates of the average elasticity of substitution are 
given for each of the alternative methods of measurement in Table 9. For the 
actual flows of labor and capital services, the average elasticity of substitution is 
-0.25 for the period 1929-1948, 1.30 for 1949-1967, and 0.79 for the period as a 
whole. For comparison estimates of the average elasticity of substitution based 
on man-hours of labor and the stock of capital, the conventions used by Solow 
and subsequently adopted by Arrow, Chenery, Minhas, and Solow, are -0.20 
for the period 1929-1948, 1.35 for 1948-1967, and 0.77 for the period as a 
whole.34 

It  is useful to compare the growth of product prices with the growth of 
factor costs. Price indexes for investment and consumption goods product are 
given in Table 3 above. The price of investment goods product grows at the rate 
of 2.22 per cent per year from 1929-1948, 1.81 per cent from 1949-1967, and 
2.02 per cent for the period as a whole. The corresponding rates of growth for 
the price of consumption goods product are 2.22 per cent per year from 1929- 
1948, 1.97 per cent from 1948-1967, and 2.05 per cent for the period as a whole. 
Estimates of the responsiveness of the composition of output to relative prices 
of these two types of product may be obtained from the average elasticity of 
transformation. The average elasticity of transformation is defined as the ratio 
of the average rate of growth in investment goodsproduct relativeto consumption 
goods product to the average rate of growth in the investment goods price 
relative to the consumption goods price. Rates of growth of product prices and 
average elasticities of transformation for 1929-1967 and for the two sub-periods, 
1929-1948 and 1948-1967, are given in Table 9. 

The main application of estimates of real product, real factor input, and their 
prices is to the study of production. We have illustrated the use of relative 

34See Solow [32] and Arrow, Chenery, Minhas, and Solow [2]. Their data are for private 
non-farm gross national product for the period 1909-1949. Their estimate of total factor 
productivity for the period 1929-1948 rises from 1.251 to 1.761 o n a  base of unity in 1909, for 
an average rate of growth of 1.8 per cent per year. 



Year 
1. Labor Cost 

"Stock" 

TABLE 8 
GROSS PRIVATE DOMESTIC FACTOR PRICES, 1929-1967 (1958 = 1.000) 

2. Labor Cost from 
"Potential" Flow 

3. Labor Cost from 
"Actual" Flow 

4. Capital Cost 
from "Stock" 

5 .  Capital Cost from 
"Potential" Flow 

5. Capital Cost from 
"Actual" Flow 





TABLE 9 
SOURCES OF GROWTH IN FACTOR PRICES AND PRODUCT PRICES; ELASTICITIES OF SUBSTITUTION 

AND TRANSFORMATION, 1929-1967 (ANNUAL PERCENTAGE RATES OF GROWTH) 

1. Labor cost 
a. Stock 
b. Potential flow 
c. Actual flow 

2. Capital cost 
a. Stock 
b. Potential flow 
c. Actual flow 

3. Elasticity of substitution 
a. Stock 
b. Potential flow 
c. Actual flow 
d. ACMS 

4. Consumption goods price 
5. Investment goods price 
6. Elasticity of transformation 

factor proportions and relative factor prices in analyzing the responsiveness of 
factor proportions to factor price changes. We have also analyzed the responsive- 
ness of product proportions to product price changes. We now consider the 
application of real product and real factor input to the measurement of total 
factor productivity. We present a number of alternative estimates of total factor 
productivity based on alternative conventions about the measurement of real 
factor input. We begin with an estimate of total factor productivity based on 
the actual flow of labor and capital services. We compare this estimate with 
alternatives based on potential flows of labor and capital services and on stocks 
of labor and capital. 

The services of consumers' durables and producers' durables used by 
institutions are allocated directly to final demand so that growth in the quantities 
of these services does not affect growth of total factor productivity. Similarly, 
the services of owner-occupied dwellings and institutional structures are allocated 
directly to final demand. In evaluating the relative importance of growth of real 
factor input and of total factor productivity as sources of economic growth, it is 
useful to compare the relative proportions of each on the growth of real product, 
including and excluding capital services from the household sector. We present 
estimates of the relative importance of the sources of economic growth for gross 
private domestic product as we have defined it and for analogous gross product 
measures excluding household durables and structures. 

Total factor productivity is defined as the ratio of real product to real factor 
input or, equivalently, as the ratio of the price of factor input to the product 
price. Growth in total factor productivity has a counterpart in growth of the 
price of factor input relative to the price of output. We may define a Divisia 
index of total factor productivity, say P,  as: 

pt yt xt 
log - = log - - log -, 

pt-1 yt-l xt-1 



where Y is the quantity index of total product and X i s  the quantity index of 
total factor input. Equivalently, the index of total factor productivity may be 
defined as: 

pt Pt 9t log - = log - - log ---, 
pt - 1 Pt - 1 qt-1 

where p is the price index of total factor input and q is the price index of total 
product.35 The index of total factor productivity for 1929-1967 corresponding 
to the quantity index of gross private domestic product from Table 3 and the 
quantity index of gross private domestic factor input from Table 6 is given in 
Table 10. 

The conventions for measurement of factor services underlying our concept 
of gross private domestic factor input have been employed by Jorgenson and 
Griliches. Our estimates differ from theirs in two significant respects : First, we 
have converted their index of relative utilization to an annual basis and reduced 
the scope of adjustments of potential flows of capital services for changes in 
relative utilization. Second, we have measured the flow of capital services for 
sectors distinguished by legal form of organization in order to provide a more 
detailed representation of the tax structure. These differences have an important 
impact on the estimate of total factor productivity. 

Our conventions for the measurement of factor services are not the only ones 
employed in the measurement of total factor productivity. Denison and Solow 
use a stock concept of capital input, measuring neither changes in relative 
utilization nor changes in the quality of capital services due to changes in the 
composition of the capital Denison weights persons engaged by an 
index of labor quality that incorporates the effects of growth in educational 
attainment but differs in a number of important respects from the index we have 
used.37 Denison also adjusts man-hours for changes in Iabor efficiency that 
accompany changes in hours per man.38 Solow uses unweighted man-hours, 
omitting the effects of changes in the composition of the labor force on the 
quantity of labor input.3g Kendrick adjusts labor and capital input for changes 
in the industrial composition of Iabor force and capital stock40 However, 
changes within an industrial sector due to shifts in composition are not included 
in his measures of real factor input. 

To provide a basis for comparison of our estimates of total factor producti- 
vity with estimates that result from alternative conventions for the measurement 
of real factor input, we present measures of total factor productivity based on 
potential service flows and on stocks of labor and capital in Table 10. The first 
variant on our estimate of total factor productivity omits the relative utilization 
adjustment for capital, the second omits the relative utilization adjustment for 

35For further discussion of this index of total factor productivity, see Jorgenson and 
Griliches [23], especially pages 250-254. The Divisia index of total factor productivity described 
in the text is a discrete approximation to the continuous Divisia index discussed by Jorgenson 
and Griliches. 

3%ee Denison [lo], pages 94-99, and Solow [32], page 315. 
'3ee Denison [lo], especially pages 67-72. 
3BSee Denison [lo], especially pages 35-41. 
3gSee Solow [32], page 315. 
*Osee Kendrick [26], especially pages 252-289. 



Year 

1929 
1930 
1931 
1932 

A 1933 
A 1934 

1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 

1. Labor and 
Capital Services 

TABLE 10 
TOTAL FACTOR PRODUCTIVITY, 1929-1967 (1958 = 1.000) 

2. Actual Labor 
Services; Potential 
Capital Services 

i. Potential Labor 
and Capital 

Services 

4. Potential Labor 
Services; Capital 

Stock 

5. Labor and 
Capital Stock 

6. Actual Labor 
Services; Capital 

Stock 

7. Unweighted 
Man-hours; Capital 

Stock 





labor; the second variant is based on potential service flows for both labor and 
capital input. The third variant omits the quality adjustment for capital, while 
the fourth omits the quality adjustment for labor, providing a stock measure of 
total factor productivity. Two final variants provide conlbinations of alternative 
measures of labor input with the stock measure of capital. The fifth combines 
actual labor input with the stock of capital, while the sixth combines unweighted 
actual man-hours with capital stock. 

TABLE 11 
GROWTH IN TOTAL FACTOR PRODUCTIVITY, 1929-1967 (AVERAGE ANNUAL RATES OF GROWTH) 

1929-1948 1948-1967 1929-1967 

1. Actual labor and capital 
services 1 .03 1.23 1.13 

2. Actual labor services; 
potential capital services 1.42 1.35 1.38 

3. Potential labor and capital 
services 1.34 1.28 1.31 

4. Potential labor services ; 
capital stock 1.46 1.67 1.56 

5. Labor and capital stock 1.80 2.10 1.95 
6. Actual labor services; 

capital stock (Denison) 1.54 1.74 1.64 
7. Man-hours and capital 

stock (Solow and ACMS) 2.26 2.25 2.25 

It  is obvious from a comparison of the alternative estimates of total factor 
productivity given in Table 10 that the results are highly sensitive to the choice of 
conventions for measuring real factor input. The effects of varying the conventions 
are summarized for the periods 1929-1948,1948-1967, and 1929-1967 in Table 11 ; 
geometric average annual rates of growth are given for each variant of total 
factor productivity. 

Finally, to evaluate the relative importance of growth in real factor input and 
growth in total factor productivity as sources of economic growth, we consider 
the relative proportion of growth in real factor input for two alternative concepts 
of real product-including and excluding the capital input of the household 
sector. Geometric average annual rates of growth are given for real product and 
real factor input, including and excluding household capital services, for 1929- 
1967 in Table 12. The relative proportion of growth in total factor productivity 
in the growth of real product is also provided for both concepts of real product.41 

We find that the growth in real factor input predominates in the explanation 
of the growth of real product for the period 1929-1967 and for each of the 
sub-periods, 1929-1948 and 1948-1967. These findings are directly contrary to 
those of Abramovitz [I], Kendrick [26], and Solow [32], in earlier studies of 
productivity change. We have estimated real factor input on the basis of capital 
stock and actual man-hours, the conventions used by Solow and subsequently 
adopted by Arrow, Chenery, Minhas, and Solow [2], for 1929-1967. The resulting 

41Denison [lo], pages 148-149, employs real national income, Solow [32], page 315, 
employs private, non-farm, gross national product, and Kendrick [26], pages 328-342, employs 
both gross national product and net national product. 



TABLE 12 
THE RELATIVE IMPORTANCE OF PRODUCTIVITY CHANGE, 1929-1967 (AVERAGE ANNUAL RATES 

OF GROWTH) 

1. Gross private domestic product 
Real product 
Real factor input 
Total factor productivity 

Relative proportion of productivity change 
2. Gross private domestic product, excluding 

household capital services 
Real product 
Real factor input 
Total factor productivity 

Relative proportion of productivity change 

estimates of the distribution of the growth of real product between growth in 
real factor input and total factor productivity are comparable to those of Solow's 
earlier study. On this basis total factor productivity grows at the average rate of 
2.25 per cent per year while real factor input grows at 0.91 per cent per year. 
Our estimates, given in Table 12, are that total factor productivity grows at 
1.13 per cent per year and real factor input at the rate of 2.04 per cent per year. 
Total factor productivity accounts for 36 per cent of the growth of real product, 
while real factor input accounts for 64 per cent of output growth. 

We have also extended estimates of real factor input based on capital 
stock and actual labor input, the conventions adopted by Denison [lo], through 
1967. Denison's estimates of the growth of labor input are conceptually similar 
to our own and his empirical results are closely comparable to ours. We find that 
estimates of real factor input based on the conventions used by Denison suggest 
that total factor productivity grows at the average rate of 1.64 per cent per year 
while real factor input grows at 1.52 per cent per year. The discrepancy between 
our estimates, given in Table 12, and those of Denison is accounted for almost 
entirely by our adjustments of the measure of capital input for quality change 
and relative utilization. Denison has incorporated about half the growth in 
real factor input over and above the growth of capital stock and actual man-hours 
into his estimates of real factor input. 

Finally, although growth in real factor input predominates in the growth of 
real product, we estimate that changes in total productivity are substantial for 
1929-1967 and for both the sub-periods we have considered. The conclusion of 
Jorgenson and Griliches [23] that productivity growth is negligible must be 
revised accordingly. The main differences between our estimates and those of 
Jorgenson and Griliches are in the measurement of capital. We have incorporated 
the effects of taxation in greater detail through separation of property compensa- 
tion by legal form of organization. However, the discrepancy between our 
empirical results and those of Jorgenson and Griliches is primarily accounted for 
by our measurement of the relative utilization of capital. We have reduced the 
scope of the adjustment for relative utilization by confirming it to depreciable 
assets in the corporate and non-corporate sectors. Second, incorporation of 
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annual estimates of capacity to consume electricity and actual electricity consump- 
tion results in the allocation of the total growth in relative utilization for the 
period 1929-1967 to the period 1929-1948. In the relative utilization adjustment 
of Jorgenson and Griliches, almost all of the growth in reiative utilization was 
allocated to the period 1945-1965. 

7. SUMMARY AND CONCLUSION 

In this paper we have attempted to provide a conceptual basis for separating 
social product and social factor input into price and quantity components. To 
test the feasibility of our accounting framework we have measured real product 
and real factor input for the United States from 1929-1967. We conclude that 
estimates of real factor input paralleling the real product estimates in the United 
States national accounts are feasible. The data required for estimation of real 
product are the same as those required for perpetual inventory estimates of 
capital stock together with data on property compensation by legal form of 
organization and information on the tax structure for property income. 

Fully satisfactory estimates of real factor input will require much additional 
research. In measuring labor input, data on persons engaged should include 
estimates of the number of unpaid family workers, such as those of Kendrick 
[25, 261. Estimates of man-hours for the different components of the labor force 
should be compiled on a basis consistent with data on persons engaged, as 
Kendrick [25, 261 has done. The weakest link in the chain of imputations linking 
labor input to the underlying data on man-hours and employment is the adjust- 
ment of labor input for the intensity of effort, along the lines suggested by Denison 
[lo]. Additional evidence on this adjustment is given by Denison [ l l ]  for the 
United States and for Europe. The validity of estimates of intensity of effort must 
be tested through the study of variations in labor income by hours worked, 
holding other characteristics of labor input constant. Finally, the quality 
adjustments for the labor force should be expanded to incorporate changes in 
the relativenumber of hoursworked. The quality adjustments should alsoincorpo- 
rate characteristics of the labor force other than educational attainment such 
as age, race, sex, occupation, and industry. Similar improvements in the measure- 
ment of capital input are discussed in our previous paper.42 

Detailed accounting measurements of real product and real factor input 
will open up many new possibilities for the study of production. We have 
analyzed the responsiveness of factor proportions to changes in relative factor 
prices and the responsiveness of product proportions to changes in relative 
product prices. Average elasticities of substitution between factors and trans- 
formation between products vary considerably between the sub-periods 1929- 
1948 and 1948-1967. Estimates of these elasticities depend critically on the method 
for measurement of factor input. Our estimates of the elasticity of substitution, 
based on actual flows of labor and capital input, are strikingly similar to those of 
Arrow, Chenery, Minhas, and Solow [2], based on very different conventions of 
measurement. However estimates of the elasticity of substitution based on stocks 

42Christensen and Jorgenson 151. 
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of labor and capital or potential flows of labor and capital services differ 
substantially from these estimates. 

We have measured total factor productivity in the United States for the 
period 1929-1967. This study extends the analysis of productivity change by 
Jorgenson and Griliches [23]. First, we have provided measurements for a 
considerably longer time period than the time period 1945-1965 used in their 
study. Second, we have analyzed the growth of real factor input in more detail. 
One important change is the refinement of the measurement of relative utilization 
of capital by incorporation of annual data on capacity to consume electricity and 
on actual electricity consumption. A second important change is the separation 
of property compensation by legal form of organization. This change enables us 
to incorporate the effects of taxation of income from capital in a more satisfactory 
way. 

Although growth in real factor input predominates in the growth of real 
product, we estimate that changes in total factor productivity are substantial 
for 1929-1967 and for both the sub-periods we have considered. The conclusion 
of Jorgenson and Griliches that productivity growth is negligible must be 
revised accordingly. 

REFERENCES 

1. M. Abramovitz, Resource and Output Trends in the United States since 1870, Occasional 
Paper 63, New York, National Bureau of Economic Research, 1950. 

2. K. J. Arrow, H. B. Chenery, B. Minhas, and R. M. Solow, "Capital-Labor Substitution 
and Economic Efficiency," Review of Economics and Statistics, Vol. 43, August 1961, 
pp. 225-250. 

3. J. B. Broderick, "National Accounts at Constant Prices," Review of Income and Wealth, 
Series 13, September 1967, pp. 247-258. 

4. R. W. Burge, "Deflation within an Accounting Framework: With Reference to Australian 
Data," in Phyllis Deane (ed.), Studies in Social and Financial Accounting, Income and 
Wealth Series IX, London, Bowes and Bowes, 1961, pp. 9-30. 

5. L. R. Christensen and D. W. Jorgenson, "The Measurement of U.S. Real Capital Input, 
1929-1967," Review of Iircoine and Wealth, Series 15, December 1969, pp. 293-320. 

6. M. A. Copeland, "Concepts of National Income," Studies in Income and Wealth, Vol. 1 ,  
National Bureau of Economic Research, 1937, pp. 3-63. 

7. R. Courbis, "ComptabilitB Nationale a Prix Constants et a Productivit6 Constante," 
Review of Income and Wealth, Series 15, March 1969, pp. 33-76. 

8. E. F. Denison, "Measurement of Labor Input: Some Questions of Definition and the 
Adequacy of Data," in Conference on Research in Income and Wealth, Output, Input, and 
Productivity Measurement, Studies in Income and Wealth, Vol. 25, Princeton, Princeton 
University Press, 1961, pp. 347-372. 

9. ---- , "Some Major Issues in Productivity Analysis: An Examination of Estimates by 
Jorgenson and Griliches," Survey of Current Business, Vol. 49, May 1969, Part 11, pp. 1-27. 

10. - The Sources of Economic Growth in the United States and the Alternatives Before Us, 
Supplementary Paper No. 13, New York, Committee for Economic Development, 1962. 

11. - , Why Growth Rates Differ: Postwar Experience in Nine Western Countries, 
Washington, The Brookings Institution, 1967. 

12. S. Fabricant, "Notes on the Deflation of National Accounts," in Phyllis Deane (ed.) 
Studies in Social and Financial Accounting, Income and Wealth Series IX, London, Bowes 
and Bowes, 1961, pp. 46-55. 

13. I. Fisher, The Making of Index Numbers, Boston and New York, Houghton Mifflin, 1922. 
14. J. K. Folger and C. B. Nam, "Educational Trends from Census Data," Demography, 

Vol. I, 1964, pp. 247-257. 
15. R. C. Geary, "Productivity Aspects of Accounts Deflation," in Phyllis Deane (ed.), 

Studies in Social and Financial Accounting, Income and Wealth Series IX, London, Bowes 
and Bowes, 1961, pp. 31-45. 



16. R. W. Goldsmith, The Flow of Capital Funds in the Postwar Economy, New York, National 
Bureau of Economic Research, 1965. 

17. - ,The National Wealth of the United States in the Postwar Period, New York, National 
Bureau of Econon~ic Research, 1962. 

18. - , "A Perpetual Inventory of National Wealth," Studies in Income and Wealth, 
Vol. 14, New York, National Bureau of Economic Research, 1951, pp. 5-61. 

19. R. E. Lipsey, and M. Mendelson, Studies in the National Balance Sheet of the United States, 
Princeton, Princeton University Press, 1963. 

20. - , A Study of Saving in the United States, Princeton, Princeton University Press, 1955. 
21. Z. Griliches, "Notes on the Role of Education in Production Functions and Growth 

Accounting," Conference on Education and Income, Madison, Wisconsin, November 
15-16, 1968. 

22. L. Grose, T. Rottenberg and R. Wasson, "New Estimates of Fixed Business Capital in the 
United States," Suroey of Current Business, Vol. 49, February 1969, pp. 46-52. 

23. D. W. Jorgenson and Z. Griliches, "The Explanation of Productivity Change, " Review of 
Economic Studies, Vol. 34, July 1967, pp. 249-283. 

24. J. W. Kendrick, "Measurement of Real Product," in Conference on Research in Income and 
Wealth, A Critique of the United States Income and Product Accounts, Princeton, Princeton 
University Press, 1958, pp. 405-426. 

25. --, Postwar Productivity Trends in the United States, New York, National Bureau of 
Economic Research, forthcoming. 

26. - Productivity Trends in the UnitedStates, Princeton, Princeton Un~versity Press, 1961. 
27. I. B. Kravis, "Relative Income Shares in Fact and Theory," American Economic Review, 

Vol. 49, December 1959, pp. 917-949. 
28. Office of Business Economics, The National Income and Product Accounts of rhe United 

States, 1929-1965, A Supplement to the Survey of Current Business, Washington, D.C., U.S. 
Department of Commerce, 1966. 

29. - , National Income 1954, A Supplement to the Survey of Current Business, Washington 
D.C., U S .  Department of Commerce, 1955. 

30. - , U.S. Income and Output, A Supplement to the Survey of Current Business, Washington 
D.C., U.S. Department of Commerce, 1958. 

31. M. K. Richter, "Invariance Axioms and Economic Indexes," Econometrics, Vol. 34, 
October 1966, pp. 739-755. 

32. R. M. Solow, "Technical Change and the Aggregate Production Function," Review of 
Economics and Statistics, Vol. 39, August 1957, pp. 312-320. 

33. J. R. N. Stone, Quantity and Price Indexes in National Accounts, Paris, Organisation for 
European Economic Co-operation, 1956. 

34. H. Theil, Economics and Information Theory, Amsterdam, North-Holland, 1967. 
35. H. S. Tice, "Depreciation, Obsolescence, and the Measurement of the Aggregate Capital 

Stock of the United States, 1900-1962," Review ofhzcome and Wealth, Series 13, June 1967, 
pp. 119-154. 

36. L. Tornquist, "The Bank of Finland's Consumption Price Index," Bank of Finland Monthly 
Bulletin, No. 10, 1936, pp. 1-8. 

37. United Nations, System of National Accounts and Supporting Tables, Studies in Method, 
Series F, No. 2, Third Edition, January 1964. 


