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National Productivity and Its Long-term Projection CAR

This paper is concerned with the problems of projecting national productivity

over the long term, by which is mant several decades. National productivity here

refers to the ratio of real gross private national product, in terms of the U. S.

Department of Commerce concept, to man-hours worked in the private economy. Pro-

Jections of productivity, employment and average hours, are the basic variables in-

volved in obtaining a first approximation of total real gross private product in

the target year, in terms of base-year prices.

Successful projection involves first of all a clear concept of the variable

under consideration, and the chief factors which determine its movement. Since

real gross national product per unit of factor input, in aggregate and by industry,

differs in important respects from most other productivity measures, considerable

space will be devoted to clarifying the concept. The main factors which affect

the movements of this type of productivity measure will be discussed theoretically.

As Dr. Kuznets pointed out in his introductory paper, projection involves,

among other things, a knowledge of persistent patterns of behavior in past periods.

Accordingly, another section of this paper describes calculations of secular

trends in national productivity over several past decades. Productivity trends

in the farm and nonfarm sectors of the private economy are measured separately

in order to illustrate the industry approach to productivity analysis.

The discussion of projections of productivity is largely related to technique.

The types of adjustment which would have to be made in extrapolations of past

productivity trends in order to obtain a projection that is articulated with the

relevant details of the economic projection as a whole are developed.

Finally, the areas are indicated in which further data, analysis and theory

are needed to advance our knowledge of productivity and thus our ability to project.
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I* The productivity concept in a gross national product framework,
in aggregate and by industry

There are many distinct members of the family of productivity concepts and

measures. The real product per man-hour, in aggregate or by industrial origin,

used in connection with over-all economic projections, differs in a number of

important respects from other types of productivity measures. Understanding of

the distinctive features of productivity measurement in a real product framework,

to be brought out in the following discussion, is essential to its use for analysis

or projection.

A. The real product dividend - a net output concept

Gross national product according to the Department of Comerce concept measures

the market value of the Nation's economic output of final goods and services. To

arrive at constant dollar ("real") estimates, the detailed current dollar expenditure

figures are, in general, divided by appropriate indexes of market prices. In effect,

the outputs of the various types of final goods and services are weighted by base

period market prices.2/
Gross national product, in current and in constant dollars, is "gross" in that

no deduction is made for business and institutional consumption of capital goods.

It is net, however, in the important sense that all other intermediate products,

such as raw materials, semi-finished goods, or components--other than those entering

the change in inventories--are excluded.

This factor may quite significantly affect the movement of real product relative

to the volume of gross output, and the productivity measures derived therefrom, For

example, economies in the use of intermediate products, given the same gross output

f Significant features of gross national product, deflated by the tentative methocs
Developed in the U. S. Department of Commerce, are discussed in the article by George
Jassi and, John W. Kendrick, "Estimtes of Gross National Product in Current and Constant
Dollars, 1929-49," Survey of Current Business, January 1951.
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in two periods, are reflected in an increase in real product. Input factors re-

maining constant in relation to outputs, an increase in productivity would result

due both to the increase in real product and the decrease in man-hor inputs as

man-hours engaged in intermediate production are reduced. Composite physical

production series based on gross output would not only show no increase under these

circumstances, but, if they covered the entire economy, would decline due to the

smaller volume of output of intermediate products. A composite productivity series,

based on gross output dividends would show' no change, abstracting from the effect

of interindustry shifts.

The gross national product by individual industries of origin, while gross of

capital consumption, is likewise net of intermediate products consumed. Estimated

from the product side, gross industrial product is, broadly speaking measured by

the value of gross output (and inventory changes) less the value of intermediate

products consumed in the production process. If intraindustry sales are included in

the value of gross output, then an equivalent amount, representing intraindustry

purchases, would be included in the deduction for value of intermediate products

consumed If, however, value of gross output is defined and measured net of intra-

industry sales, then the value of intermediate products represents purchases from

other industries, In either case, the industrial product estimate is the same,Azm,
is additive to the gross national product estimates for other industries,

Gross industrial product, as a value-added type concept, is equivalent to the

sum of income accruing to the factors of production, plus indirect business taxes

and capital consumption allowances0 For deflation purposes, however, the product

data are essential, Real industrial product is obtained as the difference between

the value of gross output, adjusted for price changes by detailed product groupings,

and the value of intermediate products consumed, deflated likewise.
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Thus, the real product of an industry will move differently from the physi' al

voluae of gross output if the ratio of real purchases of intermediate products to the

real value of gross output varies, Most productivity measures are based on gross out-

put, and therefore do not allow for changing proportions of intermediate products con-

sumed. Yet this factor is definitely relevant to productivity measurement.

These points, with reference to individual industries a-nd thc economy as . wholes
are illustrated in the hypothetical model shown in Table 1. For -t-he sak=e of sip lcty,

the model relates to an economy composed of two industries,, A and B,

In industry A, due to the increasing proportion of intermediate products conLsulei

the national product rises less than the value of gross output. In industry B, the

reverse is true, Due to the greater importance of industry B in the economy as a

whole, the over-all proportion of intermediate products consumed declines 2n^D the

total national product rises more than tf.he value of the total gross output..

These examples are hypothetical, but not necessarily unrealistic4 The re.l gross

farm product in the United States has behaved like indm try A, according to ea>-matec

discussed later, This behavior may be typical of extractive inch~tree; zlzdiilst or.&ote

diminishing returns prevail O The extractive industrie=:, however, carentlyao"ournt

for a minor proportion of gross national product.

The hypothetical data for industry B may typify manufact ruing industries a, a.

whole, for example, although good data over tine eoncerning i'nter..ed.tat;, prd;s:^h .Ct>.-

sumed would be requi3rcd for verification. Certairly th.e inore:Lg.fAg & rc .-iegs

and scientific industrial contrels which have helped to ecocncri-ne the - °tiu:{ of

raw materials, have tended to reduce the proportion of intermediate produlhtctb :erzume

2/ Mr. V. R. Berlinguette of the Dominion Bureau of Statistics of Canada 7I a paper pree-
sented to the September 1950 meeting of the Econometric Society, "L.muxitetiorns o* Measures
ments of Physical Production$" reviews the few scattered attoerrpts to metasue th, volmee
of net industrial output, and presents statistics relating to Canadian industry. On the
basis of a study of 21 industries representing close to 25 percerit of the total net value
of manufacturig production for the period 1935-47, he concludes- "On balance, the index
based on net output was significantly higher than that based on gross production, idi-
cating that the degree of processing per unit of output had increased over the period
covered." Cf. Summary of paper in Econometrica., Vol. 1.9,, No.. 1 January 1951, pp. 7i 72.



Table l.-oThe National Product of an Hypothetical Economy

(Monetary units of constant value)

Time periods Percent
II change

Industry A
Valueoi gross output

Final products 100 100
Intermediate products 50 100

Total 150 200 +33

Value of intermediate products consumed 50 80 +60

National product of industry A 100 120 +20

Industry B
vaue oT gross output
Final products 200 620
Intermediate products 50 80

Total 250 700 +180

Value of intermediate products consumed 50 100 o100
National product of industry B 200 600 +200

Total economy
Value or gross output 400 900 +125
Intermediate products consumed 100 180 +80
Total national product 300 720 +l10
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This tendency may prevail in the economy as a whole. The net versus gross comparison

for any individual minor industry would depend on the industrial classification scheme

followed, The scheme would have to be consistent for the period- studied, if the ten-

dency towards increasing specialization were not to be reflected as an increase in

the intermediate product ratio for any one industry.

In any case, it is apparent that gross output data may be misleading in an

economic sense, Consumption of intermediate products represents an important real

cost of production, and for most purposes of economic analysis allowance should be

made for changes in this variable relative to changes in gross output. This is

especially true as regards productivity measurement, since efficiency in the use of

materials is usually a relevant aspect of the problem. And allowance for changing

ratios of intermediate products consumed is better made in the dividend of the produc-

tivity equation, reserving the divisor for use as a measure of factor input.

B. The factor input divisor - the real cost of productivive services

The physical volume of production is a function of the quantit.y and quality

(or "efficiency") of the factors of production employed. The basic factors are

customarily defined as: land in the broad sense of natural resources; capital - plant

and equipment and working stooks; and human labor. These factors represent :stock]sp
or social and economic capital,, and the employment or input in production of the

factors represent flows of productive services, or "real costs,"

The physical volume of input of the factors must be defined and measured care-

fully to avoid counting changes in efficiency as changes in physical volume. If
S

changes in efficiency of each of the factors could be measured separately, and were

counted as changes in volume, then there mould be no change in productivity defined

as the composite effect of changed efficiency of the factors. But for various purposes

it is important to obtain a measure of productivity, so in this connection the divisor

of the productivity equation is conceived of and measured net of the changes in
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efficiency of the factors in production of goods and services.

For each factor, the physical unit input or real cost can be measured as the

physical volume of the stock in productive employment times the base period rate of

remuneration, or costs of the factor. The total of this constant dollar flow of

services from all factors would provide a measure of the composite physical volume

of factor input.

It would seem logical to move the base period cost of the factor by input for

each industry separately. If relative prices or costs of factors, as well as of

final products, in the base period are accepted as a yardstick of relative physical

volumes, then shifts of factors to industries with higher than average unit cost

should be reflected as increases in the volume of input.

Most productivity measurements have related output to labor input only in terms

of man-hours. This has been partly a matter of expediency, and partly due to the

greater interest attaching to production in term of persons or man-hours employed,

due possibly to the close relationship of this concept to the ideas of real income

and standards of living. In this paper too, discussion and measurement are centered

around the idea of man-hour productivity. However, it is clear that the real volume

of input of the other factors relative to labor input influences the movement of the

productivity quotient, as well as the efficiency of all the factors.

In order to make more explicit the assumptions involved in using a man-hour produao

tivity measure, Table 2 has been set up, carrying the data of Table 1 a stop farther

to show the relation of the input measures to each other, and to the real gross producs

in the component industries and in the hypothetical economy as a whole, Tie figures

in parentheses are the series by -which the base period factor costs were mloved - except

for the total, in which case they are the unweighted sum of the data by industries.

For the sake of simplicity, the returns to land and capital have been lumped as

"property cost."
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Table 2,-Real Factor Input, by Type, Relative to Real Product
in an Hypothetical 1,onomy

(Monetary units of constant value, and man-hours)

Tin periods Percent
1 T T change

Industry A
Stiona product 100 120 +20
Factor cost 100 106 +6

Labor cost 70 70 .0
(Man-hours worked) (100) (100)

Property cost 30 36 +20
(Real value utilized) (500) (600)

Industry B
tional product 200 600 +200

Factor cost 200 480 +140
Labor cost 120 240 +100

(Oan-hours worked) (100) (200)
Property cost 80 2240 .00

(Real value utilized) (19000) (39000)

Total economy
National product 300 720 +140o
Factor cost 300 586 +95

Labor cost 190 310 +63
(Man-hours worked) (200) (300) +50

Property cost 110 276 +15:I
(Real value utilized) (1,9500) (3,600) +140
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Before discussing the relationship of the various measures of factor input, a few

words should be said concerning the conceptual and statistical problems involved in

measuring actual total real factor input in the Uo SO economy.

In the first place, in order to obtain an equivalence between factor cost and

gross product in the base period, real product would have to be revalued in terms of

factor prices, which would mean deducting indirect business taxes from the Commerce

data, and also adjusting for subsidies and statistical discrepancy., and revaluing

depreciation allowances in terms of current prices.e

Labor cost in the base period should be inclusive. That is, the labor compensation

element in entrepreneurial income should be segregated and included with the wages,

salaries and supplements of aUl types of employees.

Base period labor cost (by industry) would be moved by man-hour data, Although

some productivity measures relate to average employment only, the average hours

worked measures the rate of utilization of employed workers, and is a closer approxi-

mation to labor input.

All types of labor should be includedin the man-hours data - and are, in the

data presented later- entrepreneurs (business and professional) and family workers,

management and other administrative workers, and production workers, direct and in-

direct. Productivity measures related to only certain types of labor are influenced

by the movement of the ratio of uncovered labor to the type of labor included in the

divisor.

The property cost shown in the table consists of the rents and royalties of land,

and of the return on capital. There would be difficult problems involved in obtaining

a segregation in the base period. Some capital is leased, so the data on "rents"

%(Tis procedure raises difficult statistical problems., especially when carried
hrough on an industry basis, The general discussion in this paper of real product
at factor prices, and total real factor cost, is purely theoretical.
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include part of the return on capital as well as the rents of land. On the other hand,

the data on corporate profits and entrepreneurial income would include rent (imputed)

on land owned by the business. The income accruing to capital would include not only

the profit element of entrepreneurial 'income and corporate profits, but also net

iriterest rand: capital consumption allowances (in the real gross product approach.)

a'he real input of land mould be computed as the base period ratios of rent to the

total value of' land employed in the various industries moved by the quantities cf land,

the latter oossi'bly adusted by a use-intensity ratio.

The real scctt of capital (net of depreciation allowances) 'could be computed as

the base perlio return on the net value of capital (%uildings, equipment and inventories)

moved by the cornstant dollar net va'lue of capital employed, times a favctor representing

the degree of &apaitcr utili zation' Depreciation allowances would have to be revalued

in terms of b sepersod prices. Needless to say, estiating the constant dollar value

of capi.tal assets and depreciation charges would present difficult sta-t&,-tical: prob*lems,

particlarly as -egards the appropriate depreCiaatiorl rates to 3apply t th various

types of pI a-A+. a-- equlpment0

'ri thcs erBpieS it w1i be noted that total! mpnhours show a smaller increase than

real labsor `c:sTsi;OFs wold always be true insofar as there is a relative shlIft of

labor t.oward5 higher -Lay industries0 Man-hours are i~nter, hangeable rwith real labor

cost oll- ,r. Thre a5.pt-Aon that there has been no shift in the md'trial composition

of mhcan- copvyed-

Tota-. r'c( acter ciost shows a greater inierease tban labor cst0 This wouLd always

be so whene~-e- t>e ratlo of the total real value of property per man-hLour was increasing,

which has rrobab]Ly been true generally of progressive economies. Thus, aggregate

produetivity vouLd show a smaller secular rate of increase than labor productivity alone.

In my opiniorns, it would be desirable if productivity measurement and projection

could be done in terms of total factor input., so that explicit allowance could be made
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for property input* Since we have not reached the point statistically, where this is

feasible, labor productivity projections should be made at least with awareness of the

property factor. Projections of past rates of increase imply not only that technical

advance will keep up with past trends, but also that the ratios of real property iput

to labor will continue to increase at past rates. If this assumption is not consistent

with other aspects of the economic projection, the productivity projection should be

modified accordingly.

C. The productivity quotient - joint efficiency of the factors of production

"Productivity" is not an independently observable variable, but is a meaningful

abstraction, Mathematically, it is the quotient of output and factor input, however

defined. The precision with which it can be measured depends on the quality of the

underlying data, Economically, the content, or meaning, of productivity change depends

on the definition of the concept.

Defined as real product per unit of factor input (whether total real factor cost,

real labor cost, or man-hours) composite productivity changes reflect changes in the

joint efficiency of the factors, due both to technical and economic forces - as wefl

as the influence of the real volume of input of uncovered -factors if only part of

factor input is used.

Technical forces relate to the changes in output of specific types of goods and

services relative to factor input. These forces stem from increases in knowledge con-

cerning production, and their application to productive procedures and instruments

through technology. This type of "pure" productivity measure for broad segments of

the economy is usually approximated by combining productivity series by a system of

constant weights.

Aggregate real product per unit of factor input is also influenced by the effect

of variable input weigh1ts applied (implicitly) to productivity movements of individual

industries. Th1z influence may be termed economic, since it stems from shifts ix
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relative demand for products and the factors among the various industries. By taking

separate account of this influence, productivity analysis and projection can be more

precise.

1. Economic efficiency

Real product per unit of factor input changes not only as productivity in

the component industries change, but also as the weights used to combine the real products

per unit of factor input in the various industries change,

These weights are, implicitly, the relative real factor costs in the various

industries in any given year, This factor may be termed economic, since it stems from

the relative demand for the productive factors by industry which, in turn, depends on

the relative demand for final goods and services. Final demand shifts as tastes change,

and in response to changes in relative prices -Which reflect changes in relative costs.

In a sense, relative changes in productivity itself are a partial cause of the indus-m

trial composition of factor input, since they influence the relative costs of the

factors in the various industries.

In the case of real product per unit of aggregate factor input, a shiftig

composition of aggregate factor input by industry affects the movement of productivity

only insofar as productivity movements by industry differ, If, on net balanc., factor

input shifts towards industries whose productivity rises more rapidly than the average,

the rise in aggregate productivity will be greater than that indicated by application

of base-period weights to the component idustrial productivity series.

In the case of real product per unit of labor input (real cost or man-hours)

aggregate productivity is affected not only by differential productivity movement by

industry, but also by the different levels of real product per unit of labor input in

the various industries. If, on net balance, labor input shifts towards industries

with higher levels of real product per unit of abor i t the average, total

real product per unit of labor input will rise, apart from any changes in labor
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productivity in the various industries, This effect will be reenferced, of course, if

the industries with higher than average real products per unit of labor input are also

those in which productivity is rising more rapidly than the average.

From an aggregate economic viewpoint, the influence of the shift of resources

among industries should be reflected as productivity changes. A shift of resources

towards industries in which the real product per unit of factor cost is higher than

average represents a real gain to the cemmunity, since the utility in terms of base-

period relative values, created by the factors in their new employment is greater than

in the old. Th-us the factors are more "efficient" in an economic sense.

The effects of variable factor cost weights may be seen in Table 3, which

spells out the productivity implications of the second table.

It was seen in Table 2 that industry B has a higher value added per unit of

labor input than industry A, and also shows a greater increase in productivity. The

higher real product is duo to a higher ratio of real property to labor, and to higher

raters of return to both property and labor.

However, in the case of real product per unit of total factor input, since

productivity in both industries is unity in the base period, aggregate productivity is

influenced only by the shift of input towards the more rapidly rising productivity series.

In the Case of labor productivity, the shift of labor towards the industry

with the higher level of productivity also influences the aggregate productivity, Since

the differential in levels of productivity is greater in the case of man-hour productivity

than for productivity based on real labor cost, the shift of relative man-hours between

industries caulises a greater increase in aggregate productivity on this basis than the

Shift iLn real labor cost causes ok that basis.

It should not be thought that the increases in productivity on a man-hour

basis are any less real because they show a larger influence of the shifting distri-

butkien of man-hours among industries. The meaning and movement of any productivity

measure is relative to its definition, Man-hour productivity is certainly a legitimate



Table 3.-Productivity Measures in an Hypothetical Econom
Using Different Input Measures and Different Weighting Systems

(fonetary units of constant value)

Time periods Percent
iTl!r charge

Industry A
1-if~~iiM product p' it of:
Total factor cost 1.00 1.13 +13

Labor cost 1.l43 1.71 +20
Man-hours 1.00 1.20 +20

rIndstry B_5tional product per unit of:
Total factor cost 1.00 1o25 +25

Labor cost 1.67 250 +50
Man-hours 2.00 300 +50

Total econom (variable input wei ts)
Nationa-1 product per uinit of,,:

Total factor cost 1,00 1.23 +23
Labor cost 0l58 2.32 +47

Man-hours 1.,0 2.40 +60

Total economy (constant input weights)
National product per unit of s
Total factor cost 1.00 1,21 +21

Labor cost 1058 2.21 +40
Man-hours .50 2,10 +40

Efeton a gregate oductivitz of
variable imu eig

Nat ial product per unit of:
Total factor cost +2
Labor cost +5

Man-hours *14



concept, and- can be used as a projection tool'. It is arely'based on pa inemplete

measure of factor input, and one that probably rises less rapidly than total real

factor cost. The influence of this fact must be consciously considered in using th

tool,

2. Technical efficiency

Most conventional composite productivity measures attempt to isolate changes

in technical efficiency by using constant weights to combine individual industrial

productivity index numbers. Insofar as the relative weights are of the value-added

type9 corresponding to the relative gross products originating in the various indus-

tries, these composite index naubers correspond to the productivity measures usig

constant weights based on relative factor input show in Table 3.

The economic factor is not entirely eliminted from such constant weighted

indexes, however, since intraindustry shifts of the factors among products with differing

productivity levels and/or changes affect the movement of productivity in the individ

industry, "Pure" productivity change based on technical factors alone could be measured

only in terms of individajal products. But it is true that a composite productivity

index for the economy as a whole using constant weights for the component industrial

productivity series comes closer to the concept of pure technical productivity than

one using variable weights.

The causes of the changes in productivity from the technical angle lie in the

fundamental activities which result in chages in. efficiency, or output.c.pacity of a

given quantity of any one of the factors in combi tion with the other factors,

It is impossible to segregate the changes in efficiency attributable to any

one factor, although, obviously, changes ina Joint productivity can be related t,9 or

measured in terms of, any one factor. This is due to the fact that changes in efficiency

of one factor usually require and are accompanied by a progressive adaptation of the

other factors to the changed shape of the services rendered by the factor initiating
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the change in production technology. For example, new machimry requires retraig

of workers possibly a reorganization of plant lay-out, work-flows, and the like.

The fundazmntal activities producing improved efficiency of the factors re-

late to improvements in technology, and the rate of incorporation .f technical inn-

vations into the body of the factors employed. Technological iovations, in turn rest

on advances in huMan knowledge, which in tematized form, may be called scientific

progress. Advances in knowledge result from research, whether folized as a distinct

function or not. These advances are frequently directed towards, or may be adapted to,

improvements in concrete procedures or itruments of production, resulting in technical

ovations, or "inventions."

Research and develop twork relates nmt only to improving productive plnt

and equipment. It is also devoted to raising the level of physical and mental health

and efficiency of beings in their productive activity, and in the rest of their

lives, which also bears iporttly on work efficiency. Much of the investment in

personal efficiency is made by individua themselves, as for education.

Research and development activity is also devoted to the problems of land

and resource use to increase the productivity of land with a given input .f the other

factors. It is also devoted to problem of mterials use, imprsvoment, and substitution

which, as we have seen, affects real product per unit of factor input through the

dividend of the equation.

A measure of real research and developmlent outlays should show a high degree

Of cOrrelatien with changes in technical productivity. .Ne attempt is made hero to

tackl the difficult problem of precise definition and measurement of the volume of

research and develope activity. However, as such activity increasi becoms a

distinct, organized function in business firms, the possibility of such neagiuremeat

beces greater.
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Indeed, this type of intangible work, which represents current expenditures

devoted (directly or indirectly) to the object of increasing productive efficiency

in the future, might well be classified as "investment" in the national accounts, in-

stead of being charged to current expense as is done in the case of the business economy.

If such a procedure were eventually adopted, the gross business product

would be higher by the amount of expenditures for research and development; profits

would be higher by a like amount. Factor income could be redistributed to show "re-

search and developmentst as a distinct industry. Government and personal purchases

falling in the "intangible investment" category could also be segregated, but since

these expenditures are already counted as final product, no adjustment of the totals

would be called for.

The rate of adoption of new developments also affects productivity This

would be hard to measure in respect to personnel procedures, plant lay-out, organization

of work flows, and the like. It is a more tangible factor in the case of plant and

equipment, in which the average age of the capital would be an index of the rate of.

incorporation of new devices into the body of productive capital. Likewise, changes

in the average education and training and health per worker are susceptible to rough

measurement, The spread of improved methods of land management and resource use in

general is likewise relevant, but probably difficult to measure.

In any case, not only technological innovations affect the quality of the

factors, but also the rate at which these innovations are incorporated into the bedy

of the various factors, and the changes in their organization in relation to each other.

Even this brief review of some of the dynamic factors which cause changes in

productivity shows the difficulty of attempting a quantitative measure of the fuodamntal

forces behind the changing efficiency of the factors,

What can be done is to relate productivity measures to time, and (after ab-

stracting from the effect of changing weights) consider the average annual rate of
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increase in productivity the net effect and measure of the combined influence of the

various dynamic factors behind factor efficiency.

Projection of a past rate of growth in productivity would be based on the

implicit assumption that intangible investment per unit of factor input, and the rate

of incorporation of new technique into productive capacity, would proceed at past rates.

II. Past trends in national productivity

Long-term projection is basically a matter of extrapolating past trends as modified

by introducing the effects of anticipated or assumed abnormal changes in relevant

factors. This section describes the calculation of past productivity trends in the

private economy which could serve as a basis for projections.

The gross govenment product, measured by compensation of general government

employees, is excluded from the analysis of productivity trends. This was done since

in the constant dollar series this item, by major types of general government employee

compensation, was moved by employment or man-hours. No allowance was made for produc-

tivity changes, since for large areas of government activity, such as the defense

establishment, there is no objective method for computing productivity. Therefore,

if this approach is used, projection of real government product for a target year

would hinge directly on the assumptions 'as to employment and hours in the major

categories of general government, and no productivity projection -auld be involved.

The real gross product and man-hours data entering the productivity computations

are shown in Table 4, and described in an Appendix which is available vpan request,
estimates of

The/gross private product in constant (1939) dollars from 1929 to 1950 are those

published by the U. S. Department of Commerce, They were extrapolated from 1929 to

1909 b)y the author based on data for the major segments from various sources, The

aggregates are solely his responsibility. The real gross farm product estimates are

likewise unofficial ones, calculated largely from Bureau of Agricultural Economics

data on the value of farm production, and intermediate products consumed, deflated by
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Table 4.-Gross National Product in Constant (1939) 1ollars,
Man-hours Employed, and Real Product per Man-hour
By Major Sectors of the U, SO Economy, 1909-50

(1)
Year Gross r

(billions

(2) (3)
iational product
of 1939 dollars)

(4) (5) (6)
Man-hours employed

(billions)

nonfarm

(7) (8) (9)
Real product per man-hour

(1939 dollars)
Private Farm Private

nonfarm
k (7TF5)()A

Private Farm Private
nonfarm

(1)-(2 )

1909
1910
1911
1912
1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950P

45;3
46o2
47.8
49.6
51,o6

49.8
55o6
58,r2
63.4
60o4
55,o7
51.9
58,5
65.8
65;.4
71,3
74,4
75o4
76.3
81e5
7305
67.7
57o4
56es5
62.0
67.6
76*4
80.9
76o4
83.7
92.1

106,2
116.5
125o,3
13360
129.7
125.6
128*8
133.2
132.0
142.5

5ol
5;3
5,o6
5o6
5;6
5;. 9
6.3

5;6
5;.6
5;3
5.2
4,9
5;7
5*7
5;,5
5*,5
5;,9
5;.8
5;9
5;.9
5;.6
6.5
6.2
6.2
5;.1
5;.9
5*3
6.4
6.6
6.6
6.4
7.0
7.5
7*0
7.0
6.6
6.8
6.4
6.8
6.8
6.6

4o.2

42*2
44,0
4600
44o4
43*5
49.68
52o6
5708
55*1
5;0.5;
47,0
5298
60.1
59.9
65.8
68.5
69.6
70.4
75;6
67.9
61,2

61.7
71.1
74.e5
69o8
77*1
85o7
9902

109.0
118.3
126.0
123.1
118.8
122.4
126.4
125;. 2
135; .9

89,7
9105
9000
9203
9204
89.9
90*2
96.1

10108
103.1
94.9
9308
82.7
89.8
9700
9405
98,8

10206
102.4
103.7
107.5
100.1
91.2
81,2
8065
81,9
86.4
92*7
9807
90.4
95. 2
99.5

108.5
117.0
1211
12003
11408
117.5
121.8
12304
119,0
120 9

25;2
25;.1
24.9
2408
24.8
24.8
2497
24o8
2403
23.8
23.4
23.8
21.9
22.7
22.9
23.1
23.6
2307
22o8
23.2
23,0
22*8
23.4
22.5
22.5
20.0
20.9
20,2
21.9
20.5;
20*6
20.5;
20*2
21.1
20.9
20.8
20,0
19,8
19.5
19.5
19.4
18.3

64 *-5
66.4
65;2
67.4
67.6
65;2
65.5
71.3
77*4
79.3
71.6
7090
60,8
67.1
74.2
71.4
75;. 2
78.9
79*7
80.5
84.5
77*3
67.9
58.6
58.0
61.9
65; 5
72.4
76*8
69.9
74.6
79*0
88.4
95;.9

100o2
99,5
94.9
97.7
102*4
103*8
99.6

102*5

o5t05
.505
o531
O537
*5;58
.5;559
.552
.579
.o572
.615
.636
594
.628
O652
.678
o692
.721
.725
.736
.736
.758
.734
o742
.707
.702
o757
.783
.824
o 820
*845
.879
O 926
.978
O 996

1.035
1o105
1.130
1069
1*056
1.080
10109
1.179

.202

.213
225
.227
O 226
e238
o255
*233
9232
*233
*228
*219
.225
.249
o250
.239
.235
.250
o255
,o256
o257
.246
.279
.274
-o276
.254
e283
*262
o291
.320
*321
.313
0345
o354
.335
.339
o333
o343
.330
.349
.349
.360

.623
*616
647
.652
.680
.682
.664
.699
.679
*729
.770
.721
*773
.787
.810
e839
.875
o869
.874
o874
.895
.879
o904
.877
.869
o922
o 943
.982
.972

1.000
1*034
108Q2
1*122
1*136
10180
1.265
1*297
1*215
1.195
1*217
1. 25;7
1.322
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appropriate prices received and prices paid index numbers on a 1939 base,

The private nonfam employment estimates from 1929 to l950 are based on Depart-

ment of Commerce estimates, and include proprietors as well as full- and part-time

employees. Numbers of unpaid nonfarm family workers were added. This series was ex-

trapolated back to 1909 by Bureau of Labor Statistics and National Indust.rial Con.-

ference Board data. The employment estimates, by major indwstries, were multiplied

by estimates of average hours worked per week, raised to an annual level,, derived .from

various sources, mainly the Bureau of Labor Statistics. Average hours worked in indus-

tries for which data are unavailable (especially in the earlier preriodz) -.1re as&3uied

to move as the average for the covered industries. Man-hours worked on fazIs are

Bureau of Agricultural Economics estimates, 1917-50, extrapolated baac by aX enxploy-

ment series from the same source.

More intensive reworking of the past data would be d&s*'irablte espe~i-1ly fcr. the

period prior to 1929. Better estmates would Probably yied sigrjific LrAEdiy.i'f'e,;rer.'

results on an over-alU basis, however, particularly as regards thee trend ca'lulato..Ons

A. Productivity trends in the private economy as a whole

Chart 1 shows the net regression on time uf produc:tiv-Ity in. -t private tconomy,

fitted to data for the years 1909-41. A second Independent vix.rziable, the rat$.I of

civilian employment to civilian labor force, was emplyed La -the eqtioire and he'd

constant at 96.5 percent in the calculation of the T'net trend,"

Due to the various violent disturbances associated with Idlep sisr;, WrL.nA post-

war readjustment, which hanve affected the American e*oriomyrxy foira£ i29 -K'2s 4te it did

not appear wise to fit a simple trend line to tahe entire periods.

The war and postwar periods involved forces which affected estimated productivity

to such an extent that the period since 1941 was omitted altogether. The lack of

comparability of munitions with nonmunitions, rationing, quality deterioration, and

other disturbances render the meaning of r^al product during WI.forld War II dubiouso
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Even using a conservative relative valuation for munitions, real private product per

man-hour in the later war years swings woll above the computed mAt trend lime.

In the first postwar years, on the ether hand, productivity falls utf1l below

the trend. Apart from continuation of some of the wartime disturbances, this is to

be expected in the light of restrictions on new gross private domestic investmext IA

peacetime industries during the war. They resulted in a postwar capacity which was

older than the prewar average, and the industrial distribution of which was balaaced

in relation to postwar demands.

It was to be expected that heavy postwar expenditures for new plant and equipaent

would gradually raise productivity to the prewar trend line, an by 1950 this appears

to have taken place.

As the 19401 s fade into history, that period could probably be included in prod

tivity trend calculations without distortig the results appreciably. But cog at

the end of the historical period now under consideration, it was felt that the lmg.

ter trend would be distorted to some extent by inclusion of the years 19I42-49.
The problem of the 1930's is a different one. By 1933, productivity had fallen

well below the trend line, and whereas the discrepancy was subsequently made up

gradually, it was not until l94l1 that productivity was almost back in line with the

historical trend.

The depression movement must have been associated with inefficiently low rates ef

utilization of capacity and low levels of new investment and consequent aging of the

stock of capital per worker, to mention the most important. The intreductien of a

variable describing the cyclical factor was indicated if use was to be made of the

1929-41 data in calculating the trende For this variable, the ratio of civilian empl.v
ment to the civilian labor force was used. The employment ratio not only takes account

of fluctuations in the rate of capacity utilization, but approximates the cyclical

facter generally as it affects the movement of various causative factors bearing on
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productivity.

When the employment ratio is held constant, the average ual rate of growth of

real private gross product per man-hour implied by the regression equation is 201 per-

cent. The net trend line shown in Chart 1 is computed on the basis of holding the

employment ratio constant at 96.5 percent, taken to appro te a full mployment level.

Other types of curves wuld, of course, yield somewhat different results. It does

appear that a constant rate of growth is implied by the data for the period covered.

Possibly data for earlier decades would give a different impression. Real product

cparisons become increasingly tenuous, however, the longer the period, especially

when there are radical shifts in product composition.

It is interesting to note the trend line has almost exactly the same slope as is

obtained by using the period 1909-29 only, and without a third variable. The average

annual growth implied is also almost the same as is computed from the real private

product data for 19??,, 1941, and 1950, all years of relatively high employment, and

relatively free from unusua disturbanceso

If, however, the coefficients for the same variables employed in the fIonmula

are computed for the period 1929-41 only, the implied average anual rate of productivity

growth is somewhat higher - almost 2.2 percent. The longer-term picture is probably

a better guide to the future, however, despite the poorer quality of the data in the

early years.

B. Productivity trends in sectors of the private economy
gross

It was pointed out in Part I that real/private product per ma-hour in the private

economy is a composite of real gross product per man-hour in the various private dus-

tries, combined by variable man-hour weights. For projection purposes, insofar as

productivity trends by industry differ, and the percentage distribution by industry

of man-hours worked changes, it is desirable to hdle various industries separately0
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Practically no work has been done te develop historical productivity estimates by

industry on a real gross product basis. This is partly due to insufficiency of data.

Data being developed for interindustry relationship tabulations hold promise for the

future, however.

Relatively complete data for the period since 1909 do already exist for the farm

economy, and in connection with his work in the Office of Business Economics, the author

has made estimates of real product and productivity in the farm sector, preliminary

results of which can be presented here. This makes possible computations of real

product and productivity in the private nonfam sector. Presentation of these two

sectors of the private economy separately will serve to illustrate the methodology

involved in analyzing real product per man-hour by industry, and the effects on

aggregate productivity of interindustry shifts of labor input.

1. Productivity trends in the farm economy

Farm productivity has been computed by a number of agencies. Generally, these

computations are based on one variant or another of the physical volume of gross farm

output. Such productivity computations, based on gross output, show a larger average

annual rate of increase than the real gross farm product per man-hour series, shown

in Table h. This is due chiefly to the fact that in real gross farm-product estimates,

the real value of intermediate products consumed is subtracted from the real value of

gross farm output. Gross farm product is "gross" only in the sense that it includes

depreciation charges; otherwise, it is "net" in that it excludes purchases of inter-

mediate products consumed in, the production process.

The ratio of the real value of intermediate products consumed to the real

value of gross farm output has increased significantly during the period 1909 to 1941,

so real gross farm product has increased substantially less ever the period than the

various measures of the physical volume of gross farm output.



It should be noted that the real value of gross farm output used here differs

somewhat in concept, and in movement, from the several physical volume series used in

ether farm productivity series. The series used in the real gross farm product esti-

mates follows the Commerce concept, which includes in the value of gross output the

following items: cash receipts from farm marketings and C.CCO loans, the value of

farm products consumed en farms where produced, the value of the net change in all

farm inventeries, and the gross rental value of farm homes,

But the most important factor distinguishing these estimates from the con-

ventional ones remains the increasing ratio of the real valu, of intermediate products

consumed to the real value of gross farm output. The relevant figures are shown for

selected years in the following table.

(Billions of 1939 dollars)

Percent
1910 1941 change

Value of gross farm output 7908 10.69 +51
Value of intermediate products consumed . 75 3,73 +113

Gross farm product 5.33 6,96 +31

Thus the real gross farm product increased 31 percent from 1910 to 19419

contrasted with a 51 percent increase in the real value of gross farm cutpute. This

was due to the much greater relative increase in the real value of intermediate

products consumed than in the real value of gross farm output, as reflected in an in-

creasing ratio of the former to the latter from 25 to 35 perce*nt ever the period

covered. By 1950, the ratio approached 45 percent, as real expenditures for clporatien

of vehicles and machinery, for fertilizers, and so forth, continued to climb more

rapidly than the volume of production.

These comparisons would be more clearly in line with the concepts outlined

in Part I if the value of gross farm output were iet of sales to other farmers, and

the intermediate products represented exclusively purchases from ether industries.
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The inclusion of intraindustry sales (or purchases) in both places does not affect the

gross product figure, ad the movement of the "intermediate product" ratio should

closely approximate the movemet of a "purchases from other industries" ratio.

Most calculations of farm productivity have been on a "per worker" basis,

due to the paucity of reliablo averago hours worked data for agriculture, Howevors

in order to tio in with man-hour productivity data in the private nonfarm sector,

and obtain man-hour productivity data for tho private economy as a whole, a Bureau

of Agricultural Economics' series en man-hours worked in agriculture was used with a

small adjustment for the early years. This series was derived from intensive man-

hour requirement studies for various time periods. When divided by farm employmemt

data, the man-hour series implies only a small secular decline in averago hours worked

over the period, much loss than is apparent in the private nenfaru secter. Thus,

man-hour productivity coputed using this series would not differ much from a per

worker productivity calculation.

The man-hour productivity series obtained from dividing the real gross fam

product by the man-hours data is shown on Chart 2. The ployment ratio is not rele-

vant to this computation, but it was used in order to make possible an exact recon-

ciliation of the farm and monfarm predvotivity trends with the trend in the private

economy as a whole,

The net regression en time indicates an average anual as Of 1.2 perk

cent in farm productivity. The coefficient of multiple correlation is not as high

as for the regression equation fitted to private nonfam preductivity, due partly to

the greater importace of noncentr llable influences in frig.

It will be noticed that most of the years in the 1940's are somewhat above

the trend line. This may be due in part to unuslly favorable weather conditions,

but to some extent may represent real gain in productivity over and above the trend.

The deviations above the trend in the 1940's are not as great, however, as in the
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productivity series based en gross output, since gross production gailns were partly due

te higher relative purchases frem ether industries which are net reflected in this

productivity computation.

2. Productivity treads in the private noafarm economy

The real gross private nenfai product shown in Table 4 is obtained by sub- 7

tracting the real gross farm product from the total real gross private product. Vhe

divided by man-hours worked in the private nonfarm economy, the preductivity series

emerges which is shown in Chart 3.

As would be expected, the moements of real private nonfarm product per man.

heur are similar to those of the productivity series for the private economy as a whole -

since the real farm product has c prised less than 10 percent of the total real private

product in the period as a whole.

The same variables eplyed in the private productivity equation were used

to describe private nonfarm productivity over the sane time period, l909-41, Holding

the employment ratio constant at 96.5 percent, the average ual rate of increase of

the net regression en time is 1.9 percent* The difference between this growth facter

and that for the private ecoxemy as a whole is due to the influence of farm productivity--

its rate of growth, a downward influence,, an upward influene due to the

shift of labor from the farm te the nonfarn eceo' -te be discussed in the next

section.

It v bo desirable i real product per manhour could be computed for

individual nonfar idustries. But the real product estimates necessary for such

computations do not exist. The data being developed in studies of interindustry ro

lationshipB give preise for the future. This approach rests on esatite of the

value of the product inputs and outputs of each industry.. For the years covered, the

*utputs, dflated by appropriate prices received indexes, less the inputs,, deflated

by the appropriate prices paid indexes, would yield estimtes of rea product in the
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various industries.

The interindustry chart being prepared for the year 1947 is the first one

with a degree of accuracy requisite to good industrial gross product estimates. Possibly

data from the charts for previous years could be utilized, at least for broad i se-

trial groupings. Hewever, the fewer the industries included, the less adequate could

the deflation procedure be.

For 1947, and later years for which interindustry relationships will be esti-

mated, a basis for real industrial gross product estimates exists which opens the

door to adequate industrial productivity estimates for the future by the real product

approach.

In the meanwhile, certain expedients might be adopted to obtain consistent

real product per man-hour estimates by ain industrial breakdown. This would involve

using productivity estimates on a gross output basis, available for many industries

over relatively long time periods in the studies of the National Bureau of Economic

Research, the Bureau of Labor Statistics, and others.

If it is assumed that the ratios of the real value of intermediate products

consumed to the real value of gross output in the industries concerned have not

changed significantly over the period covered, then the available productivity series

could be used to move a base-period gross product per man-hour in the various indus-

tries. The industrial gross product estimates for the base period could be approxi-

mated by appropriately adjusting the national income by industrial origin estimates,

or estimated from interindustry data.

This procedure would, at best, however, be an expedient. The assumption of

a constant intermediate product ratio is important, but dubious, as we have seen. Also,

productivity data for large areas of the economy are not available - notably, for

trade, service and finance. Thus, no check could be made by summating industrial

real products and comparing with the over-all estimates.
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It would be possible, however, to multiply real product per man-hour for

the covered industries, derived-by the procedure described above, by the corresponding

ma-hour data and obtain a total real product for the covered areas. By subtracting

this total from total real private nonfarm product, the implied real product of the

uncovered industries as a whole would be obtained. By dividing this residual real

product by the residual man-hours, an approximation to productivity in the uncovered

areas would emerge, and could be assessed for reasonableness.

If reasonable, the uncovered area could be projected as a whole, in con-

junction with the productivity data in the covered area by industry. It is probable

that, due to the generally higher rate of growth of productivity in the covered areas

than that indicated for the private nonfam economy as a whole, the average rate of

productivity growth in the uncovered areas, chiefly trade,, service and finance, must

have been below the average rate. Much more work needs to be done in defining the

concept and conducting measurement of productivity in these areas before intelligent

projections can be made.

C. Effect on productivity of interindustry shifts

It was pointed out in Part I that composite real product per man-hour reflects

changing proportions of labor input among industries, quite apart from changes in

technical efficiency within the component industries.

The economic, or weighting, factor in productivity change is eually minor compared

with technological factors, but it is significant enough to warrant special treatment

in analysis of past trends, and trend projections.

1. The farm to shift

Over the 1909-41 period covered by our trend analysis, the ratio of man-hours

worked on farms to the total worked in the private economy declined from almost 30 per-

cent in the early part of the period to about 20 percent in the latter part. Since

real farm product per man-hour averages out at less than one-third of real private
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nonfarm product during the period, it is clear that the relative labor shift would

have an upward influence on real private product per max-hour.

The influence of this shift can be measured by comparing real private product

per man-hour with variable man-hour weights as computed in Part II-A, with a real

private product per max-hour computed by weighting together real farm product per

man-hour and real private nonfary product per max-hour by constant (1939) m-hour

weights. An index of the influence on productivity in the private economy of the

farm to nwafarm shift is obtained by dividing the variable weighted series by the

constant weighted series. This index is plotted in Chart E.

The general upward trend during periods of relatively full employment is

marked. During periods of depression the index moves down, since a reverse shift

takes place in depressions, as the volu of farm output holds up well relative to

nonfarm output as a whole.

When the net regression en time is computed from the index of the influence

of the farm to nenfarm shift on productivity in the private economy, holding the

civilian employment ratio constant, the average annual rate of increase is computed

at .27 percent.

Without the influence of the farm to nonfarm shifts, productivity is the

private economy as a whole (using contant, 1939, man-hour weights to combine farm

and private nonfarm real products per max-hour) shows an average aual rate of

increase of l.84 percent. This is smaller than the 1,91 rate of growth of productivity
in the private nonfarm economy, due to the fact that growth of productivity in the

farm sector is less. But by adding the average rate of increase occasioed by the

farm to nenfarm shift of .27 percent, a reconciliation with the over-all average

annual :rate of increase in the private economy as a whole of 2.f1 percent is obtained.

It will be noticed that real private product per man-hour in 1950 is almost on

the net trend line, while real private nenfa product per max-hour is somewhat below
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This is due to the fact that both farm productivity, and the index of the effect of

the farm to nenfarm shift, were somewhat above their trends.

2. Shifts among non idustries

Since real product per max-hour estimates for the nonfarm industries are not

at hand, it is not possible to comoput. precisely the effect on private nonfarm produc-

tivity of relative shifts of labor among the nonfarm industries.

A crude approximation to the effect of such shifts can be made on the basis

of the Department of Commerce emloyment and national ince data on a 60 private

nenfarm industry break for the period 1929-49. This approximation involves the broad

assumption that relative levels of national income by industry approximate relative

levels of real gross product by industry, and that shifts in the proportions of

persons engaged ang industries approximate shifts in man-hours worked among indutries.

Total persons engaged in the private nonfarm industries were distributed for

all years by the base-period (1939) proportions, and the products of given year nation-

al income per person by idustry and persons engaged so distributed by industry were

sumted. By dividing the calculated total into the actual total private nonfarm

national income for the various years, an index was obtained which reflects the

effects of a shifting distribution of labor inputo

This index (1939--100) works out at 96.1 for 1929 and 100.9 for 19499 CGon.

trary to what might be expected, excluding the war period, there appears to be an

inverse correlation between the idex and the employment ratio. During the war period,

the index reached 104, reflecting the shifts to higher value-added industries.

The average annual rate of increase between 1929 and 1949 is approximately

one-quarter of one percent. Inspection indicates that this result is close to what

would be obtained by fitting a trend line mathematically to all the observations.

More refined analysis over a longer time period is clearly needed. A

highly tentative conclusion is that relative shifts of labor input among private
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nonfarm industries have been in the direction of increasing the trend of productivity

in the private economy. Such shifts in aggregate have apparently been not more impor-

tant than the farm to nonfarm shift alone.

If this is true, then interindustry shifts of labor input in the private

economy as a whole have accounted for not more than about one-fourth of the secular

increase in real private gross product per man-hour.

III* Technique of productivity projection

The chief factors involved in productivity projections have already been implied

in the discussion of productivity concepts and measurement, It remains to tie to-

mther the factors involved, and relate them to the economic projection as a whole.

A. Over-all projection - first approximation

Before the forecasters of consumption, investment, and govermnent expenditure

patterns go to work, they need first of all a general idea of the total dividend. A

first approximation to real gross national product can be obtained by first multiplying

the projection for the target year of total private man-hours by a projection of real

gross private national product per man-hour. If real gross government product is

treated according to the present Commerce concept, a projection of government employ-

ment and real gross product would have to be made separately in the first approximation4

If the first projection of private real product per man-hour is based on the past

growth trend, several major assumptions are implicit:

(1) Continuation of past rates of change in the real volume of capital and land

per worker, or man-hour, as in the past.

In the case of plant and equipment, the past average rate of replacement and

addition would involve rising levels of real expenditures for new capital goods, a1-

though the future ratios to total gross product could not well be established without

actually working out estimrttes of the total real volumne of capital in the past.
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The past secular trend of real plant and equipment expenditures represents an

average ever the business cycle. If the projection for the target year assumes a path-

way between now a.nd then under conditions of close to full employment, either the past

average rate of new investment would be used, in which case a policyC stmulating

other offsets to saving would be implied; or, if a rate of new investment consistent

with past periods of high level employment were assumed, some policy of assuring this

high rate would be implied. A program of investment incentives, such as accelerated

depreciation-allorwances, might be the assumption. Under these conditions, in which a

higher rate of new investment were assumed than prevailed en the average in the past,

a corresponding upward adjustment in the projected rate of growth in productivity

would be called for.

(2) A continuation of the same aet effect en ever-all private productivity of the

shifting distribution of man-hours employed amog industries would be assumed.

This assunotion becomes increasingly untenable the lenger the projection period.

It should be checked against the distributien of final demand in th e target year by

industries, This check, however., would have to be done in a second approximation,

since a first approxi ation to real product is needed before a product and industzy

break can be made.

(3) The same rate of increase in real intangible investmet (research and develop'

meot expenditures) per unit of real factor input as in the past would be assumed.

A fairly ateady secular rate of growth in technical productivity seems to be

among the more persistent features of a highly industrial economy. In the absence ot

specific assumptions or forecasts uhich would alter the tendency to devote increasing

amounts of resource.s to research and development, extrapolation of past rates of

aggregate growth seems reasonable.

Insofar as the assumptions for the target year, xd the pathway to it, implied

special policies accelerating (or retarding) intangible investment, the past rate of
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pure productivity increase would be modified accordingly. Since the correlation be-

twees intangible investment and pure productivity measures has not been quantified for

past periods, any adjustments in the productivity projection would, of necessity, be

subjectively based.

B. Productivity projections by industry - successive approximations

Projection of productivity by as fine an industry break as possible would aid in

refining the economic projections for the target year. First of all, they would beof

use in arriving at approximations of relative prices, which in conjunction with total

real income and other relevant factors, would be needed to make a final product din-

fributiox of total real gross preduct in the target year.

This breakdown of real product could be translated into a chart of interindustry

relationships, which, as we have seen, can be used to obtain real product estimates b

industry.

Real product eutimates by industry for the target year, is conjunction with mdu

ual produc:tiv-ityprojections to the target year, would yield estatoos of an-hour

requiremen ts. The total man-hour requirements for the target year could then be c

pared with the projected man-hours available figure, and any surplus, or deficiency,

used to adjust the total real product projection by successive approximations.

If the industry productivity projections were, in aggregate, consistent with the

original ever-all productivity projection translated into a constant weighted aggregato,

the difference between the final approximation to real product and productivity in the

target year, and the first approximation, would be due to a different set of relative

factor input weights than these implied by the first approximation which assuim d a

continuation of past trends in relative factor input.

The projection of productivity by industry would have to take account of the

same factors spelled out above in connection with the over-all projection. Additional

complications would be present in indust productivity projection, however. For
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one thing, it is likely that the productivity function for many minor industry groups

would be more complex than for broader aggregates, with differential rates of produce-

tivity change in various phases of industry development.

At this stage of our knowledge, it is unlikely that the aggregat of productivity

projections for individual industries would be more accurate than an aggregate pro-

jection alone. For this reason the former should probably be tied into the latter

on a constant-weighted basis. The specific adjustments for shifts in weights based

on the product distribution in the target year should, however, result in a desirable

refinement of the projection of aggregate national productivity. It would be dangerous

to assume that the shifts of input factors among industries for a long future period

would follow these in the past.

If the spelling out of real product by industry in the target year were accompaed

by estimates of capital requirements by industry, a modification of the over-all in-

vestment assumption might be required. This would be indicated only insofar as shifts

of labor input from lower to higher capital per unit of labor input industries devit4Ltd

from past patterns.

If product prices in the target year were spelled out is some detail, it would

be interesting to revalue the total gross national product in the take-off year by

the prices of the target year. This would probably serve to reduce the indicated Late

of increase in total real product and productivity, since the products for which demand

increased relatively more rapidly would be those in which productivity probably in-

creased relatively more rapidly, and relative prices declined, By using target year

relative prices as the base for price deflation, less weight would be given to the

more rapidly expanding outputs, and thus to the related industrial products and produc-

tivity measures.

This phenomenon is apparent in measurement of historical aggregate real product

and productivity movements 1in general - the more recent the price bases the smaller the
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increase, This does not mean that productivity measurement is an illusion. It merely

means that the essence of economics is the relativity of values - at one point in time

and over time. The particular set of values chosen as weights in measurement of the

real product dividend of productivity measures depends on one's point .f view relative

to the specific problem.

C. Areas for further productivity research

This brief analysis of the projection problem peints up the need for much more in-

formation regarding productivity.

Although the concept of productivity has been clarified to some extent in this

paper, more extended and precise theoretical thought is needed. This theory would be

particularly fruitful if related to the practical problems of productivity measure-

ment, The concept of industrial productivity en a real product basis, in particular,

needs to be sharpened, especially in the noncommedity areas where the definition of

output lacks precision.

On an over-all basis, much more work needs to be devoted to refining annual esti-

mates of gross national product in constant dollars, especially prior to 1929. Avail-

able data en labor force., employment, and average hours worked per week, need to be

reworked for earlier periods, and the best possible estimates made.

Annual estimates of the total real wealth of the country in terms of productive

capital and land would be most helpful in attempting to obtain productivity measures

related to total factor input. Although these estimates would be rough at best, if

they were good enough to indicate general trends in real property relative to labor

input, they would be instructive.

Finally, work On productivity by industries needs to be refined and extended, The

field of real product per unit of total factor input estimates by ilndustry is virgin

territory. Net only estimates of real product for most industries are needed, but alse

estimates of man-hours and real property employed in various industries. Even gross
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output per man-hour measures have not yet been made for many industries. Annual esti-

mates of total productive capacity, and percentages of capacity utilized, in terms

of physical units, would also have considerable bearing on the productivity problem,
especially in its cyclical aspects.

In many of these areas, it may be impossible to construct adequate historical

productivity series. It is never toe late, however, to camnence gathering and precessing

data, which, as time passes, will add to our knewledge of this important area of ecoxnmics.

Future generations of economic analysts, forecasters and policymakers will find their

task made mere comprehensible by our initiative.

-0-

Washingtox, D.C.
April 19, 1951
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