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National Produétivity and Its Long-term Projection (iléRl)é

This paper is concerned with the problems of ﬁx“ojecting national productivity
over the long term, by which is meant several decades. 'Naf,ioml 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 inmput; in aggregate and by industry,
differs in inpbrtant respects from most other product.ivi.‘l;y 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 tilings s @ lcricwledge of pa'sistent 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 analysise

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 i:rojection as a whole are developedo

Finally, the areas are indicated in which further data; analysis and theory
are needed to advance owr knowledge of productivity and thus our ability to projecte
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I, The productivity concept in a gross national product framework,
in aggregate and by industry

There are many distinct ﬁenbers of the family of produc'_bivity 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 Commerce 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 cwrrent dollar expenditure
figures are, in general, divided by appropriate indexes of market prices. In effeqb,
the outputs of the various types of final goods and services are weighted by base
period market prices.y

Gross national product, in current and in constant dollars, is "gross" in that
no deduction is made for business and institutional consumption of éapitai goodse
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. 7

This factor may quite significantly affect the movement of real product relative
to the volume of gross output, and the productivity measures derived therefrom, TFor

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

TgniTicant features of gross national product, dellated by the tentative methods
eveloped in the U, S, Department of Commerce, are discussed in the article by George
Jaszi and, John W. Kendrick, "Estimates of Gross National Product in Current and Constant
Dollars, 1929-L9," 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 incréase in productivity would result
due both to the increase in real‘product and the decrease in man-hour inputs as
man-hours engaged in intermediate production are reduced. Composite physical
production series based on gross output would not 6nly show no increase under thesé
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 consumptiony, 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, and
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 allowances, 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 preduct of an industry will meve differently from the physical
volume of gross eutput if the ratio of real purchases of intermediate products te the
real value of gross output varies. Mest productivity measures are based on gross oute
put, and therefore do not allow for changing propertions of intermediate products con-
.sumed. Yet this factor is definitely rclevant te procductivity measurement,

These points, with reference to individuel industries and thec economy as ¢ whole,
are illustrated in the hypothetical model shown in Teble 1. For the cake of simplicity5
the model relates to an economy composed of twe industries, A and B,

In industry A, due to the increasing propertion of intermediate products comsumeq,
the national product rises less than the value of gross outpute In industry By, the
reverse is true., Due to the greater impertance of industry B in the econoemy as =
whole, the over-2ll proportion of intermediate products consumed declines snd the
total national procduct rises mere than the value of the tetal gress outpute

These examples are hypethetical, but not necessarily unrealistic, The real gross
farm product in the United States has behaved like industry A, according to eztimates
discussed later, This behavier may be typical of exiractive industries zenerally, oale
diminishing returns prevail, The extractive industries, hoewever, currently account
for a minor proportion of gress natienal product.

The hypethetical data fer industry B may typify manufactwring incdustries as a
whole, for example, aithough good data over time concerning intermediate produche con=
sumed would be required fer verification, Certainly the incressisg Adsgres »f proceszing,

-

and scientific industrizl centrels which have helped %o eccnomize the utilizatiovn ef
2
raw materials, have tended to reduce the preportion of intermediate product: :unsumeddﬂ/

2/ Mr, V. R, Berlinguette of the Dominion Bureau of Statistics of Canade, il & paper pre=
sented to the September 1950 meeting of the Econometric Society, "Limitatious o? Measurs-
ments of Physical Production," reviews the few scattered attempts to measure the volume
of net industrial eutput, and presents statistics relating te Canadian industry. Om the
basis of a study of 21 industries representing close te 25 percent of the total net value
of manufacturing production fer the peried 1935-L7, he concludes: "On balance, the imdex
based on net cutput was significantly higher than that based en gress production, indi-
cating that the degree of precessing per unit of eutput had increased over the peried
covered.," Cf. Summary of paper in Econemetrica, Vol. 19, No. 1, January 1951, ppe 7i=72e




-5 =

Table 1l.—~The National Product of an Hypothetical Economy

(Monetary units of constant value)

Industry A
Value of gross output
Final products
Intermediate products
Total

Value of intermediate products consumed
National product of industry A
Industry B

ue of gross output

Final products

Intermediate products

Total

Value of intermediate products consumed
National product of industry B

‘Total econo
Value of gross output

Int ermediate products consumed
Total national product

Time periods Percent
= 11 change
100 100
50 100
150 200 +33
50 80 +60
100 120 +20
200 620
50 80
250 700 +180
g0 100 +100
200 600 4200
400 900 +125
100 180 _+80
300 720 +10
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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 increasc.in
the intermediste 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 quantity and quaiity
(or "efficiency") of the factors of production employed. The basic factors are
customarily defined as: 1land in the broad sense of natwral resources; capital = plant
and equipment and working stocks; and human labor, These fachtors represant stocks,
or social and economic capital, and the employment or imput in production of the
factors represent flows of productive services, or "real costso.®

The physical volume of input of the factors must be defined and mcésured care=
fully to avoid counting changes in efficiency as changes in physical volume, If
changes in efficiency of each of'%he factors could be measured separately, and were
counted as changes in volume, then there would be no change in productivity defined
as the composite effect of changed efficiency of the factors, But for various purposes
it is importanf 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 wnit input or real cost can be measured as the
physical ‘volume of the stock in productive employment times the base period rate of
remmeration, or cost, of the factor, The total of this constant dollar flew of
services from all factors would provide a measuz;e of the composite physical veolume
of factor input,

It would seem logical to move the base period cost of the facter by input fer
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 facters to industries with higher than average wnit cost
should be reflected as increases 1n 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 dua to the
greater interest attaching to production in terms 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, is well as the efficiency c;f all the factors,

In order to make more explicit the assumptions involved in using a man-hour prodﬁn-
tivity measure, Table 2 has been set up, carrying the data of Table 1 a step farther
to show the relation of the imput measures to each other, and to the real gross prcdué‘ha
in the component industries and in the hypothetical economy as a whole, The figures
in parentheses are the series by which the base period factor costs were moved - 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." ‘



Table 2.-—-Real Factor Input, by Type, Relative to Real Product
in an Hypothetical Beconomy

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

Industry A
National product
Factor cost
Labor cost
(Man~hours worked)
Property cost
(Real value utilized)

Industry B
National product
Factor cost
Labor cost
(Man=hours worked)
Property cost
(Real value utilized)

Total economy
National product
Factor cost
Labor cost
(Man=hours worked)
Property cost
(Real value utilized)

Time periods

Percent
i It change
100 120 +20
100 106 46
70 70 .0
(100) (100)
30 36 +20
(500) (600) .
200 600 +200
200 L80 +10
120 240 +100
(100) (200) ;
80 240 +200
(1,000) (3,000) .
300 720 +140
300 586 +95
190 310 +63
(200) (300) +50
110 276 +151
(1,500) (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 im
measuring actual total real factor input in the U, S. 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 allowanceg in terms of current pricea.é/

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 all types of employees,

Base period labor cost (by industry) would be moved by man-hour data. Although
some productivity measures relate to average empléyment 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 included in ﬁhe man-hours data - and are; in the
data presented later: entrepreneur;"(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 obteaining

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

Is procedure raises difficult statistical problems, especially whem carried
rough on an industry basis., The general discussion in this paper of real product
at factor prices, and total real factor cost, is purely theeretical,
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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 elemeni of entrepreneurial income snd corporate profits, but also net
interest and cepital consumption allowances (in the real gross product approach,)

The real input of land would be computed as the base period ratios of rent to the
total value of land employed in the various industries moved by the quantities c¢f land
the latter nossibly adjusted by a use-intensity ratio.

The real zcet of capital (net of depreciation allowances) could be computed as
the base perioi return on the net value of capital@hﬁldingss equipment and inventories)
moved by the constant dollar net value of capital employed, times a factor representing
the degree of capacity utilization., DNepreciation allowances would have to be revalued
in terms of bass paricd prices, Needless to say, estimating the constant dollar value
of capital assets and depreciation charges would present difficult statistical problems,
particularly as regards the appropriate depreciaticu rates to apply %o the various
types »f piant asd eguipment,

In the examplie, it will be noted that total mgn-hours shcw a smaller increase than
real labor cust, This wouwld always be true insofar as there is a relative shift of

o

labor towards higner-pay industries, Man=hours are interchangeabls with real laber
cest only on the assumption that there has been no shift iu the indusirial composition
of man-hour:z empicyed,

Total rezl ifacter cost shows ;\greater iner;asa than laber ceste This would always
be so whenevsr ith2 ratic of the total real value of property per man-hour was increasing,
which has prebably been true generally of progressive economies, Thus, aggregate
productivity would show a smaller secular rate of increase than labor productivity alone.

In my opinion, 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 techmnical
advance will keep up with past trends, but also that the raties of real property imput
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.
Co 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 eof the
anderlying data. Economically, the content, or meaning, of productivity change depends
on the definition of the concept,

Defined as real product per wnit of factor input (whether total real factor cost,
real »1abor cost, or man-hours) composite productivity changes reflect changes in the
joint efficiency of the factors, due both to technical and economic ferces - as well
as the influence of the real volume of input of uncevered factors if only part of
factor inpuf is used,

Technical forces relate to the changes in output of specific types of goeds 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 weights applied (implicitly) to productivity movements of individual

industries., This influence may be termed economic, since it stems from shifts in
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relative demard for products and the factors amomg the various imndustries, By takimg
separate account of this influence;, preductivity analysis and prejection can be mere
precise.
l. Economic efficiency

Real product per wnit of facter inmput changes not only as productivity ia
the component industries change, but alse as the weights used to combine the real preducts
per unit of factor inmput in the various industries changes

These weights are;, implicitly, the relative real facter costs in the various
industries in any given year. This factor may be termed economic, since it stems from
the relative demand for the proeductive facters by industry whichy; in twrn, depends em
the relative demand for final goeds and services. Final demand shifts as tastes chamge,
and in response to changes in relative prices which reflect changes in relative costs.
In a sense, z;elative changes in productivity itself are a partial cause of the indus-
trial compesition of factor imput, since they influence the relative costs of the
factors in the various industries,

In the case of real product per unit of aggregate factor imput, a shifting
composition of aggregate factor input by industry affects the movement of productivity
only insofar as productivity movements by industry differ. If, on net balance, factor
input shifts towards industries whese 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 industrial productivity seriese

In the case of real product per unit of labor imput (real cest or man-hours)
aggregate productivity is affected not only by differential preoductivity movement by
industry, but also by the different levels of real product per unit of labor input im
the various industries., If, on net balance, labor imput shifts towards industries
with higher levels of real product per unit of ‘.Labof input than the average, total
real product per unit of laber input will rise, apart from any changes im laber
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productivity in the various industries, This effect will be reenferced, eof course, if
the industries with higher than average real preducts per unit ef laber input are also
these in which productivity is rising mere rapidly than the average.

Frem an aggregate economic viewpeint, the influence of the shift ef reseurces
among industries should be reflected as preductivity changes. A shift ef resources
tewards industries in which the real preduct per umit of facter cest is higher than
average represents a real gain te the cemmunity, since the utility im terms of base-
peried relative values, created by the facters in their new empleyment is greater than
in the eld, Thus the facters are mere "efficient" in an ecemncmic sense.

_ The effects of variable factor cost weights may be seen in Table 3, which
spells out the preductivity implications ef the secend table.

It wzs seen in Table 2 that industry B has a higher value added per unit ef
labor input than industry A, and alse shoews a greater increase in preductivity. The
higher rezl product is due te a higher ratiec of real property te labor, and te higher
rates of return te both preperty and labor,

Hewever, in the case of real preduct per unit ef tetal facter input, since
productivity in beth industries is unity in the base peried, aggregate preductivity is
influenced only by the shift of ihput towards the more rapidly rising productivity ?eries.

In the case of laber preductivity, the shift of labor towards the industr&
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 preductivity
than for preductivity based en real laber cest, the shift ef relative man-heurs between
industries causes a greater increase in aggregate preductivity on this basis than the
shift in real laber cest causes om that basis,

It should not be thought that the increases in preductivity on a man-hour
basis are any less rezl because they show a larger influence of the sﬁifting distri=-
bution of man-hours ameng imdustries. The meaning and movement of any preductivity

measure is relative te its definition. Man-hour productivity is certainly a legitimate
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Table 3.—Productivity Measures in an Hypothetical Economy
Using Different Input Measures and Different Weighting Systems

(Monetary units of constant value)

Industry A
National product per unit ofs
Total factor cost
Labor cost
Man-hours

Industry B
ational product per unit of:
Total factor cost

Labor cost
Man-hours

Total economy (variable input weights)
" National product per unit of:
Total factor cost
Labor cost
Man=hours

Total economy (constant input weights)
National product per unit of s
Total factor cost
Lgbor cost
Kan-hours

Effect on aggregate productivity of
variable input weighis
National product per unit ofs
Total factor cost
Labor cost
Man-hours

Time periods Percent
T TT change
looo 1013 *13
143 1.71 +20
1.00 1,20 +20
1000 1025 #25
1.67 2,50 +50
2,00 3,00 *50
1,00 1.23 +23
1058 2032 0’.‘.7
1.50 20,40 #60
1,00 1.21 +21
1.58 2,21 +10
1050 2010 4-)40
+2
+5
+1h
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concept; and can be used as a projectien teel. It is merely based om an incemplete
measure of factor input, and one that prebably rises less rﬁpidly than tetal real
factor cost. The influence of this fact must be conaciously‘cons:ldorod in using the
teol,
2, Technical efficiency

Most cenventienal compesite preductivity measures attempt to iselate chamges
in technical efficiemcy by using constamt weights to combine individual industrial
productivity index numbers, Insefar as the relative weights are of the value-added
type, corresponding te the relative gress preducts erigimating in the various indus-
tries, these ccupos;tto index numbers cerrespend to the preductivity measures using
constant weights based on relative facter imput showm in Table 3,

The economic factor is not entirely eliminated frem such comstant weighted
indexes; however, since intraindustry shifts ef the facters amomg products with differinmg
preductivity levels and/er changes affect the movement of preductivity im the individual
industry. "Pure" productivity change based om techmical factors aleme could be measured
only in terms of individnal preducts. But it is true that a compesite preductivity
index for the economy as a whole using constant we\ights for the compenent imdustrial
productivity series comes cleser te the coicopt of pure technical productivity than
one using variable weights, |

The causes of the changes im preductivity frem the technical angle lie in tho.
fundamental activities which result in changes in efficiency, or output ..c@;eity of o
given quantity ef any ome of the facters im cembination with the ether facters, |

It is impossible to segregate the changes in efficiency attributable te any
one factor, although, obviously, changes in jo:!.nt; productivity can be related te, er
measured in terms of, any ene facter, This is due te the fact 'that.‘ changes in efficiency
of ecne facter usually require and are accompanied by a pregressive adaptation ef the

other factors to the changed shape of the services rendered by the facter initiatiag
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the change im preduction technelegy. Fer example, mew machimery requires retrainimg
of werkers and pessibly a reerganization of plamt lay-out, werk-flews, amd the like,

The fundamental activities preducimg improved efficiency ef the facters re-
late to imprevememts im technolegy, and the rate ef incorporatiem ef technical imne-
vations imte the bedy ef the facters empleyed. Technelegical imnevatiems, im turm rest
on advances in human lmowledge, which im systematized ferm, may be called sciemtific
pregress, Advances in kmewledge result frem research, whether formalized as a distimct
functien or not. These advances are frequemtly directed towards, or may be adapted to,
imprevements in cemcrete precedures or imstrumemts ef preductien; resultimg in techmical
innovations, or "imventiens,"

Research and develepmeat werk relates met only to imprevimg preductive plant
and equipment, It is alse deveted to raisimg the level of physical and mental health
and efficiency of humam beings ima their preductive activity, and im the rest of their
lives, which alse bears impertamtly om werk efficiemcy, Much ef the investment im
persenal officiency is made by hdiﬁduls themselves, as fer educatien,

Research and develepment activity is alse deveted to the preblems ef lamd
and resource use to increase the preductivity ef land with a givem imput ef the ether
factors, It is alse deveted te preblems of materials use, imprevememt, amnd substitutienm,
which, as we have seem, affects real preduct per umit of facter imput threugh the
dividend of the equatien,

A measure of real research and dcvelopn;ont outlays sheuld shew a high degree
of correlatien with changes im techmical preductivity, Ne attempt is made horg te
tackle the difficult preblem ef precise definitiem and maaﬁromt of the velume of
research and develepment activity, Hwov_cr, as such activity imcreasiagly becemes a
distinct, erganized fumctien im busimess firms, the pessibility ef such measurememt

becemes 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, im=
stead of being charged to current expense as is done in the case of the business ecomomy.

If such a procedure were eventually adopted, the gross business product
would be higher by the amount of expenditures for research and development; profité
would be higher by a like amount, Facter income could be redistributed to shew "re-
search and development" as a distinct industry. Government and personal purchases
falling in the "iﬁtangiblo investment" category could also be segregated, but since
these expenditures are already counted as final product, ne 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, erganizatiem
of work flows, and the like, It is a more tangible facter 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 beody eof productive capital., Likewise, changes
in the average education and training and health per worker are susceptible to reugh
measurement., The spread of improved mcthods of land manag;ment and resource use in
general is likewise relevant, but prebably difficult to measure,

In any case, not only technologﬁcal innovations affect the quality of the
factofs, but also the rate at which these imnovations are incorperated inte the bedy
ef the various factors, and the changes in their organizatior in relation to each other.

Even this brief review of some of the dynamic facters which cause changes in
productivity shows the difficulty of attempting a quantitative measwuwre of the fundamental
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 anngal rate of
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increase in preductivity the net effect and measure of the combined influence of the
various dynamic facters behind factér efficiency.

Projectiog of a past rate of growth im preductivity would be based on the
implicit assumption that imtangible investment per unit of factor imput, and the rate
of incorporation of new technique imte preductive capacity, would proceed at past rates,
IT, Past trends in national preductivity

Long-term projection is basically a matter of extrapolating past trends as modified
by intreducing the effects of anticipated er assumed abnormal changes in relevant
factors. This section describes the calculation of past productivity trends inm the~
private economy which could serve as a basis for prejectioms,

The gross government product, measured by compensation of genmersl goverrment
empleyees, is excluded from the analysis of producﬁvify trends, This was done since
‘in the constant dellar ‘series this item, by major types of general government employee
compensation, was moved by employment er 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 methed for computing productivity. Therefore,
if this appreach is used, projection of real government preduct for a target year
would hinge directly om the assumptions as to employment and hours im the major
categories of general government, and no productivity projectiomn wuld be involved,

The real gross product and man-hours data entering the productivity computations
are shown in Table L, and described in an Appendix which is available vpom reqwcsto

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 extrapelated from 1929 te '
1909 b} the auther based on data for the major segments frem various sources, The
aggregates are solely his respensibility. The real gross farm product estimates are
likewise unofficial ones, calculated largely from Bureau ef Agricultural Economics
data on the value of farm preduction, and intermediate products comsumed, deflated by
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Table L.——Gross National Product in Constant (1939) Dollars,
Man=hours Bmployed, and Real Product per Man-hour
By Major Sectors of the U, S. Economy, 1909-50

!

(1) (2) (3) (k) (5) (6) (7) (8) (9)
Year - Gross national product Man-hours employed Real product per man-hour
(billions of 1939 dollars) (billions) (1939 dollars)
Private Farm Private Private Farm Private Private Farm Private
nonfarm nonfarm nonfarm
(1)=(2) (5)+(8) (T)ath) (2)2(5)[3)a(3)
1909 b5.3 5.1 k0,2 89,7 25,2 6l45 «505 0202 623
1910 h6.2 5.3  L0.9 91,5 25,1  66.4 505 o213 G616
1911 . L7.8 5.6 42,2 90,0 24,9  65.2 531 0225 647
1912 9.6 5.6  Lh.O 92,3 24,8  67.4 W537  .227  .652
1913 516 5.6  L6.0 92,4k  2h.8 67.6 558 0226 680
191} 50.3 5.9  hh.h 89.9 24.8 65.2 .559 0238  .682
1915 49.8 6.3 k3.5 90.2 24,7  65.5 «552 «255  L66L
1916 55.6 5.8 49.8 9.1 24.8 71.3 579 233  .699
1917 5862 5.6  52.6 101.8 24.3 T7.4 572 0232 o679
1918 63.4 5.6 57.8 103.1 23.8 79.3 615 233  .T29
1919 60,4 5.3 55.1 9h.9 23.4 71.6 «636 228  .770
1920 55.7 562 50.5 93.8 23.8 70,0 .59 219 .721
1921 51.9 L9  L7.0 82,7 21.9 60,8 .628 0225  TT3
1922 58.5 5.7 52.8 89.8 22.7 67.1 0652 249 L787
1923 65.8 5.7 60,1 97,0 22,9  Th.2 678 .250 810
192 65.4 5.5 59.9 9.5 23,1 Tlel 0692 e239  .839
1925 71.3 5.5 65.8 98.8 23,6 7502 .721 0235 o875
1926 Thek 5.9 68,5 1102,6 23,7 78.9 . 725 $250 869
1927 75.4 5.8 6906 102.4 22.8 7967 .736 0255 .87k
1928 7603 5.9 70.4 103.7 23.2 80.5 0736 0256 o874
1929 81.5 509 75.6 107.5 23.0 84.5 «758 0257 o895
1930 73,5 5.6 67,9 100,1 22.8 7703 .734 2L6 879
1931 67.7 6.5 61,2 91.2 23.L  67.9 .7h2 0279 904
1932 YA 6.2 51,2 8l.2 22,5 58,6 . 707 27k 877
1933 5605 662 50,3 80.5 22.5  ©58. J702 276 L869
1934 62,00 5.1 56,9 81,9 20,0 61.9 o757 025Lh o922
1935 67¢6. 5.9  61.7 86k 20,9 65,5 o783  .283 943
1936 76.4 5.3 71.1 92,7 20,2 72.4 824 0262  ,982
1937 80.9 6. Th.S 98,7 21,9  76.8 820  ,291 972
1938 T6.4 606 69.8 90,4 20,5 69,9 845 «320 1,000
1939 83.7 666 T7.1 95.2 20,6 7h.6 «879 0321 1,034
1940 92,1 6oh 85.7 99,5 2065 79.0 .926 «313 1,082
1941 106.2 7.0 99.2 108.5 20,2 88.4 978 o345 1.122
1942 116.5 7.5 109,0 117.0 21.1 95.9 . 996 o354 1,136
1943 125,3 7.0 118.3 1721,.1  20.9 ‘100,2 1.035 0335 1,180
194l 133,0 7,0 126,0 120,3 20,8 99,5 1,105 «339 1.265
1945 129.7 6.6 123.1 114.8 20,0 9.9 1.130 0333 1.297
1946 125,.6 6.8 118.8 117.5 19,8 977 1,069 o343 1.215
1947 128.8 6.4 122.4 121.8 19.5 102.4 1,056 ¢330 1.195
1948 133.2 6.8 126.4 123.4 19,5 103.8 1.080 349 1,217
1949 132.0 6.8 125,2 119,0 19,4 99.6 1,109 o349 1.257
1950P 2.5 606 135.9 120.9 18,3 102.5 1.179 0360 1,322
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appropriate prices received and prices paid index numbers on a 1939 bace,

The private nonfarm employment estimates from 1929 to 1950 are based on Departe
nent of Commerce estimates, and include proprietors as well as full- and part-time
employees, Numbers of unpaid nonfarm family workers were addeds This series was ex-
trapolated back to 1909 by Bureau of Labor Statistics and National Industrial Con-
ference Board data. The employment estimates, by major industries, were multiplied
by estimates of average hours worked per week, raised tc 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 perisds) were assuned
to move as the average for the covered industries, Man-hours worked on farms are
Bureau of Agricultural Economics estimates, 1917-50, exitrapoiated back by an euploy-
ment series from the same source,

More intensive reworking of the past datz would be Jesirabls, especially for the
period prior to 1929, Better estimates would probably nst yield significantly diffsrent
results on an over-all basis, however, particularly as regsrds the trend calculations,
A. Productivity trends in the private economy as a whole

Chart 1 shows the net r?gression on time of'productivity in the private economyy
fitted to data fer the years 1909-L1. A second independent variabls, the ratie of
civilian employment to civilian labor force, was empicyed ia the equation, and held
constant at 96,5 percent in the calculation of the *net irend,®

Due te the various violent disturbances associated with deprsssion, war, and poste=
var readjustment, which heve affected the American sconomy from 1325 i< Jate, it did
not appear wise to fit a2 simple trend line to the entire period.

The war and postwar periods involved forces which affected estimated productivity
to such an extent that the period since 1941 was cmitted altogether, The lack of
comparability of munitions with nommunitiens, rationing, quality deterioration, and

other disturbances render the mesning of real product during World War II dubiouse
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Even using a cemservative relative valuatiem fer mumitiens, real private preduct per
man-hour in the later war years swings well above the cemputed met tremd lime,

In the first pestwar years, om the ether hand, preductivity falls well belew
the trend. Apart frem centinuatien of seme of the wartime disturbin‘qqs s "thisv is te
be expected im the light ef restrictions on mew gress private demestic investment ia
peacetime industries durimg the war, They resulted in a pestwar capacity which was
older than the prewar average, and the imdustrial distributiem ef which was imbalamced
in relatien te postwar demands,

It was to be expected that heavy pestwar expenditures fer new plant aid equipment
weuld gradually raise productivity te the prewar trend lime, and by 1950 this appears
to have takem place.

As the 19L0's fade inte histery, that peried ceuld prebably be imcluded im preduc=
tivity trend calculatiems witheut distertimg the results appreciably. But coming at
the end ef the histerical peried mow umder cemsideratien, it was felt that the lemge
term trend weuld be disterted to some extent by inclusiem of the years 19L42-49,

The pr‘oblem of the 1930's is a different ene. By 1933, preductivity had fallem
well belew the trend line, and whereas the discrepancy was subsequently made up
gradually, it was met until 1941 that preductivity was almest back im lime with the
histerical trend, |

The depressiecn movement must have beem asseciated with inefficiently lew rates of
utilizatien of capacity and lew levels of mew investment and censequent aging of the
steck of capital per werker, te memtiem the mest impertant., The imtreductiem ef a
variable describing the cyclical facter was indicated if use was te bg made of the
1929-l1 data im calculatimg the trend. For this variable, the ratio ef civiliam empley
meat te the civilian laber ferce was used, The empleymeat ratie net only takes account
of fluctuatiens in the rate of capacity utilization, but appreximates the cyclical

facter generally as it affects the mevemenat of io.rioua causative facters bearing ea
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preductivity.

When the empleyment ratio is held cemstant, the average annual rate of grewth of
real private gress preduct per mam-heur implied by the regressicmn equatiem is 2,1 per-
cent. The met tremd lime shown in Chart 1 is cemputed em the basis of holdirg the
empleyment ratio censtant at 96,5 percent, takem te approximate a full empleymeat level,

Other types ef curves weuld, ef course, yield semewhat differemt results. It deces
appear that a comstant rate ef grewth is implied by the data fer the peried cevered.
Pessibly data fer earlier decades would give a different impressiem. Real preduct
cemparisons become increasingly tenueus, hewever, the lemger the peried, especially
when there are radical shifts im preduct compesitiem.

It is interesting to nete the tremd lime has almest exactly the same slepe as is
ebtained by usimg the peried 1909-29 emly, amd withoeut a third variable, The average
annual grewth implied is alse almest the same as is computed frem the real private
p;'edu%t data for 1929, 1941, and 1950, all years eof relatively high empleyment, amd
relatively free from tmuéual disturbances.

If,_ however, V‘the coefficients for the same variables empleyed im the formula
are coﬁi)uted fer the peried 1929-}1 enmly, the implied average ampjual rate ef preoductivity
grewth is semewhat higher - almest 2.2 percent, The lemger-term picture is prebably
a better guide te the futwre, hewever, despite the poerer quality of the data im the
.1y

PR o

B. Preductivity trends im secters of the private ecenemy
gress
It was peimted eut im Part I that real/private preduct per man-heur in the private

early years,

ecornony is a composite ef real gress preduct per man-heur in the variecus private imdus-
tries, combimed by variable man-heur weights. Fer prejectiom purpeses, imsefar as
productivity trends by imdustry differ, and the percemtage distributiem by imdustry

of man-heurs werked changes, it is desirable te handle varieus industries separately.
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‘Practically'no work has been done te develep histerical preductivity éstimatcs by
industry on a real gross preduct basis, This is partly due fo insufficioic& of data.
Data being develeped for interimdustry relatienship tabulatiems held promiso'far the
future, however, “ _

Relatively complete data for the period since 1909 de already exist for the farm
economy, and in connection with his werk in the Office of Business Ecomomics, the auther
has made estimates of real preduct and productivity in the farm sector,vproliminary o
results ef which can be presented here, This makes pessible computdtions of real
product and productivity in the private nonfarm sector. Presentation eof these two
sectors of the private economy separately will serve to illustrate the mothodology
involved in analyzing real preduct per man-hour by industry; and the effects enm
aggregate preductivity of interindustry shifts of labor input,

l. Productivity trends in the farm economy

Farm productivity has been cemputed by a number of agencies. Generally, these
computations are based on ome variant er another of the physical volume of groess farm
output. Such preductivity cemputations, based on gress output, shew a larger average
annual rate of increase than the real gross farm product per man-hour series, shown
in Table L. This is due chiefly te the fact that in real gross farm product estimates,
the real value of intermediate preducts consumed is subtracted frem the real value ef
gross farm output. Groess farm product is "gress" only in the sense that it includes
depreciatien charges; etherwise, it is "net" im that it excludes purchases ef imter-
mediate products coensumed in the production precess.

The ratio of the real value of intermediate preducts censumed to the real
value of gress farm eutput has increased significantly during the peried 1909 te 195l1,
so real gress farm preduct has increased substantially less over the peried than the

varieus measures of the physical velume of gross farm output.
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It sheuld be neted that the real value ef gross farm eutput used here differs
somewhat in cemcept, agd in mevement, frem the several physical velume series used im
other farm preductivity series. The series used imn the real gress farm preduct esti-
mates follews the Cemmerce comcept, which includes in the value of gross output the
fellowing items: cash receipts from farm marketings and C.C.C. leoans, the value of
farm producﬁs consumed em farms where produced, the value of the net change in all
farm inventeries, and the gross rental value of farm hemes,

But the mest importamt facter distinguishing these estimates from the con-
ventional ones remaims the increasing ratie of the real value of intermediate preducts
consuned to the real value of gress farm output., The relevant figures are shown fer
selected years im the following table,

(Billiens eof 1939 dellars)

Percent

0 w1 change
Value of gross farm output 7.08 10.69 +51
Value of imtermediate preducts cemsumed 1,75 3,73 +113
Gress farm preduct 533 6,96 +31

Thus the real gross farm preduct imcreased 31 percent frem 191C te 19h1,
contrasted with a 51 percent increase in the real value ef gross farm cutput, This
was due to the much greater relative increase in the real value of intermediate
preducts censumed tham in the real value ef gross farm output, as reflected in an in-
creasing ratio of'the fermer te the latter from 25 to 35 percent over the peried
covered, By 1950, the ratie appreached L5 percent, as real expenditures for cpsratiem
of vehicles and machinery, for fertilizers, and so ferth, continued to climb mere
rapidly than the volume of preductien.

These comparisons would be mere clearly ir lime with the concepts outlined
in Part I if the value eof gress farm output were net of sales te other farmers, and

the imtermediate products represented exclusively purchases frem ether industries.
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The inclusiem of imtraindustry sales (er purchases) in beth places dees met affect the
gress preduct figure, and the mevement of the "imtermediate preduct® ratie sheuld
clesely appreximate th,i mevement of a "purchases frem ether imdustries" ratie.

Mest calculatiems ef farm preductivity have beem em a "per werker" basis,
due te the paucity of reliable average heurs werked data fer agriculture. Hewsever,
in erder te tie im with mam-heur preductivity data im the private nemfarm secter,
and ebtain mam-heur preductivity data fer the private ecomemy as a wholcé a Bureau
of Agricultural Ecememics' series em mam-heurs werked im agriculture was used with a
small adjustment fer the early years, This series wa? derived frem intensive man-
hour requiremeat studies fer varieus time perieds., Whem divided by farm empleymeat
data, the man-heur nriéa implies enly a small secular decline im average hours werked
over the peried, much less tham is appareat im the private memfarm secter. Thus,
man-hour preductivity cemputed usimg this series would met differ much frem a per
werker preductivity calculatien. ’

The mam-heur preductivity series ebtained frem dividimg the real gress farm
preduct by the mam-heurs data is shewn em Chart 2, The empleyment ratie is met rele-
vart te this computation,. but it was used im erder te make possible am exact recem-
ciliatien of the farm and menfarm preductivity tremds with the tremd in the private
eceneny as a whels,

The met regresziem em time indicates am average ammual Mag of 1.2 per=-
cent in farm preductivity. The ceefficiemt ef multiple corrolatio; :h; net as high
as for the regressiem equatiem fitted te private nonfarm preductivity, due partly te
the greater impertance of moncemtrellable imfluemces im farmimg.

It will be reticed that mest ef the years im the 19L0's are semewhat abeve .
the tread line. This may be due im part te umusually faverable weather comditiems,
but te some extent may represent real gains im preductivity ever amd above the trend,
The deviatiens abeve the tremd im the 19l0°'s are not as great, hewever, as im the
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preductivity series based em gross eutput, simce greoss preductien gains were partly due
te higher relative purchases frem ether industries;, which are met reflected in this
preductivity computatien,
2, Preductivity tremds im the private meafarm economy ;

The real gress private memfarm preduct shewn im Table L is ebtaimed by sub- ,
tracting the real gress farm preduct frem the tetal real gress private preduct. Whon/
divided by mam-heurs werked im the privato aenfarm ecenemy, the preductivity series !
emerges which is shewn im Chart 3, |

As weuld be expected, the mevements of real private nonfarm preduct per mn-
heur are similar te these ef the preductivity series fer the private ecemomy as a whele =
since the real farm preduct has cemprised less tham 10 perceat ef the tetal real private
preduct im the peried as a whels,

The same variables empleyed im the private preductivity equatien were used
te describe private memfarm preductivity ever the same time peried, 1909-41, Heldimg
the empleyment ratie cemstant at 96.5 percemt, the average ammual rate ef imcreasze of
the net regressiom em time is 1.9 percent. The differemce betweem this grewth facter
and that fer the private ecememy as a whele is due te the influence of farm preductivity--
its rate eof grewth, a dowaward imnfluence, aqd :}*t.. 1ovcl, an uwpward imfluence dus te the
shift ef laber frem the farm te the noni‘am/ oconor&éc--to be discussed im the mext
It Weamld be desirable if real preduct per mam-heur ceuld be cemputed fer
individual nonf@ industries. But the real preduct estimates mecessary fer such B
computatiens de met exist, The data being develeped in studies of imterimdustry re- .
latienships give premise fer the future. This appreach rests em estimates ef the
value of the preduct imputs and eutputs ef each imdustry. Fer the years cevered, the
eutputs, deflated by apprepriate prices received imdexes;, less the imputs, deflated
by the apprepriate prices paid indexes, weuld yield estimates ef real preduct im the
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various industries,

The interindustry chart being prepared fer the year 1947 is the first ome
with a degree of accuracy requisite te geed industrial gress preduct estimates, Pessibly
data from the charts for previeus years ceuld be utilized, at least for bread imdus-
trial groupings. Hewever, the fewer the imdustries imcluded, the less adequate ceuld
the deflatien precedure be.

For 1947, and later years fer which interindustry relatienships will be esti-
mated, a basis for real imdustrial gress preduct estimates exists which epens the
deor to adequate industrial productivity estimates for the future by the real preduct
approach,

In the meanwhile, certain expedients might be adopted te obtaim cemsistent
real preduct per man-heur estimates by am industrial breakdewn. This weuld invelve
using productivity estimates en a gross output basis, available for many industries
over relatively long time perieds im the studies of the National Bureau of Econemic
Research, the Bureau of Laber Statistics, and others, |

If it is assumed that the ratios of the real value of intermediate preducts
censumed to the real value of gross eutput in the industries concerned have not
changed significantly over the period covered, then the available preductivity series
could be used to move a base-peried gress product per man-hour in the varieus imduse
tries, The industrial gross preduct estimates fer the base peried ceuld be apprexi-
nated by apprepriately adjusting the national imceme by industrial erigim estimates,
or estimated from imterindustry data.

This precedure would, at best, however, be an expedient, The assumptiem ef
a censtant intermediate preduct ratio is impertant, but dubieus, as we have seen. Also,
preductivity data for large areas of the ecememy are met available - netably, fer
trade, service and finance, Thus, ne check ceuld be made by sumating industrial

real preducts and cemparing with the over-all estimates,
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It weuld be pessible, hewever, te multiply real preduct per man-hour for
the covered industries, derived by the precedure described abeve, by the cerrespending
man-heur data and ebtain a tetal real preduct fer the cevered areas. By subtracting
this tetal frem tetal real private nenfarm preduct, the implied real product ef the
uncevered industries as a whole weuld be ebtained, By dividing this residual real
preduct by the residual mam-hewrs, an appreximatiem to preductivity in the uncovered
areas would emerge, and could be assessed fer reasonableness,

If reasonable, the uncevered area could be projected as a whole, in con-
junction with the preductivity data in the covered area by industry. It is prebable
that, due te the generally higher rate ef grewth of preductivity in the covered areas
than that indicated fer the private nemfarm ecenomy as a whele, the average rate of
preductivity grewth in the umcevered areas, chiefly trade; service and finance, must
have been belew the average rate. Much mere work meeds to be done in defining the
cencept and cenducting measurement ef preductivity im these areas befere intelligent
projections cam be made,

C. Effect om preductivity of imterindustry shifts

It was peinted eut im Part I that cempesite real preduct per man-heur reflects
changing prepertiens of laber imput amemg industries, quite apart frem changes im
technical efficiency withian the cempenent industries.

The ecememic, er weighting, facter im preductivity chamge is Usually miner cempared
with technolegical facters, but it is significant enough teo warrant special treatment
in amnalysis of past trends, and trend prejections,

l. The farm te memfarm shift

Over the 1909-L1 peried cevered by our tremd analysis, the ratie of man-hours
worked on farms to the total werked im the private ecemnemy declined from almest 30 per-
cent in the early part of the peried te abeut 20 percent im the latter part. Simce

real farm preduct per man-howr averages eut at less than eme-third ef real private
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nonfarm preduct during the peried, it is clear that the relative laber shift weuld
have an upward influence en real private preduct per mam-heur,

The influence ef this shift cam be measured by cemparimg real private preduct
per man-heur with va'riable man-heur weights as cemputed im Part II-A, with a real
private preduct per mam-heur cemputed by weighting tegether real farm preduct per
man-heur and real private nemfarm preduct per mam-heur by comstant (1939) mam~hewr
weights, 4An imdex ef the imfluence em preductivity im the private ecememy of the
farm to nenfarm shift is ebtaired by dividimg the variable weighted series by the
censtant weighted series, This index is pletted im Chart L.

The general upward trend during perieds eof relatively full empleymeant is
marked., During perieds ef depressien the imdex meves dewn, since a reverse shift
takes place im depressions, as the velume of farm output helds up well relative te
nonfarm eutput as a whele,

When the net regressiem en time is cemputed frem the imdex ef the imfluence
of the farm te nenfarm shift om preductivity im the private econemy, holdimg the
civilian empleyment ratie constant, the average annual rate ef imcrease is computed
at .27 percent,

Witheut the influence ef the farm to nonfarm shifts, preductivity im the
private econemy as a whele (using cemstant, 1939, man-heur weights te cembinme firn
and private nemfarm real preducts per man-heur) shews an average annual rate ef
increase of 1.8l percent, This is smaller than the 1,91 rate of growth eof preductivity
in the private nonfarm econemy, due te the fact that growth ef preductivity im the
farm sector is less. But by adding the average rate ef imcrease eccasiemed by the
farm te nenfarm shift eof .27 percent, a recemciliatien with the ever-all average
annual rate ef increase in the private ecenemy as a whele ef 2,11 percent is ebtaimed.

Tt will be neticed that real private preduct per mam-heur im 1950 is almest en

the qét trend line;, while real private nenfarm preduct per man-heur is semewhat belew.
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This is due te the fact that beth farm preductivity, and the index ef the effect of
the farm te memfarm shift, were somewhat abeve their trends.
2. Shifts ameng menfarm imdustries

Since real preduct per man-heur esztimates for the nenfarm industries are net
at hand, it is net pessible te compute precisely the effect em private nenfarm preduce
tivity ef relative shifts ef laber ameng the nornfarm industries,

A crude approximatien te the effect ef such shifts can be made om the basis
of the Department ef Cemmerce empleyment ard matienal imceme data em a 60 private
rerfarm imdustry break fer the peried 1929-L9, ¥This appreximatiem imvelves the bread
assumptien that relative levels of matiemal inceme by imdustry appreximate relative
levels of real gress preduct by imdustry, and that shifts im the prepertiens ef
persons emgaged among industries appreximate shifts im man-hours werked amemg industries.

Tetal persens emgaged im the private monfarm industries were distributed fer
all years by the base-peried (1939) prepertiens, amd the preducts of givem year natiem-
al irceme per persem by imdustry and persemns engaged se distributed by imdustry were
sumnated. By dividimg the calculated tetal inte the actual tetal private nenfarm
national imceme fer the varieus years, am index was ebtaimed which reflects the
effects of a shifting distributien ef laber imput,

This index (1939=100) werks eut at 96,1 fer 1929 amd 100,9 fer 1949, Cem-
trary te what might be expected, excluding the war peried, there appears te be an
inverse cerrelatien between the index and the empleyment ratioc, Durimg the war peried,
the index reached 104, reflecting the shifts te higher value-added imdustriese

The average amnual rate ef imcrease between 1929 amd 19L9 is appreximately
ene~-quarter of eme percent, Imspectiem indicates that this result is clese te what
would be ebtaimed by fitting a trend lime mathematically te all the ebservatieams,

Mere refined amalysis ever a lemger time peried is clearly needed. A
highly teatative cemclusien is that relative shifts ef laber input amemg private
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nonfarm industries have been in the directien ef increasing the trend of preductivity
in the private economy., Such shifts in aggregate have apparently been mot mere imper-
tant than the farm to menfarm shift alene,

If this is true, then interindusiry shifts of labor input in the private
economy as a whole have accounted for not mere than about ene-fourth of the secular
increase in real private gress preduct per man-hour,

ITII, Technique of productivity'projectién

The chief factors invelved im preductivity preojectiens have already beem implied
in the discussion ef preductivity concepts and measurememt, It remains te tie te-
gether the facters invelved, and relate them te the economic prejectien as a whele.
A, Over-all projectien - first appreximatien

Befere the forecasters of censumptien, investment, and gevernment expenditure
patterns go to work, they need first ef all a general idea of the tetal dividend, A
first approximstien te real gress natienal preduct can be obtained by first multiplying
the prejection fer the target year of total private man-hours by a projectien ef real
gross private national preduct per man-hewr, If real gress gevermment preduct is
treated according to the present Cemmerce cencept, a prejectiocn of govermment empley-
ment and real gréss product would have te be made separately in the first appreximatien,

If the first prejectien of private real product per man-heur is based orn the past
growth trend, several major assumptions are implicit:

(1) Continustien of past rates of change in the real volume of capital and land
per worker, or man-hour, as im the past.

In the case of plant and equipment, the past average rate ef replacement and
additien weuld involve rising levels ef real expenditures for new capital goods, al-
theugh the future ratios to tetal gross preduct could net well be established witheut

actually working out estimates of the tetal real velume of capital in the past,
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The past secular trend of real plant and equipmert expenditures represente an
average over the business cycle., If the prejecticn for the target year assumes a path-
way between now and then under conditions of clese to full employment, either the past
average rate of new investment would be used; ir which case a peolicy ¢ stimulating
other offsets to saving would be implied; or, if a rate of new imvestmeni censistent
with past periods ef high level empleymemt were assumed, some policy ef assuring this
high rate would be implied. A preogram of investment incentives, such as accelerated
depreciatien allewances, might be the assumption, Under these cemditions, in which a
higher rate ef new investment were assumed than prevailed om the averasge im the past,
a cerrespending upward adjustmemt im the prejected rate of grewth im preductivity
weuld be called fer,
(2) A cemtinuatiem ef the same met effect en ever-all private preductivity ef the
shifting distributiem ef man-heurs empleyed amemg industries weuld be assuﬁed.
This assumptien becomes imcreasingly umtemable the lemger the prejectiem peried,
It sheuld be checked agaimst the distributiem ef fimal demand im the target year by
‘industrios. This check; hewever, weuld have te be deme im a secemd appreximatienm,
since a first appreximatiem te real preduct is meeded befere a preduct amd imdustry
break can be made.
(3) The same rate of imcrease im real iatamgible imvestment (research amd dgvelopo
menrt expenditures) per umit of real facter imput as im the past weuld be assumed,
AAfairly steady secular rate ef grewth im techmical preductivity s=eems te be
amorg the mere persistent features ef a highly imdustrial ecoenmemy. Im the absence of
specific assumptiems er ferecasts which weuld alter the tendemcy te devete imcreaszimg
amounts of resources te research and develepment, extrapolatien of past rates of
aggregate prowth seems reasonable.
Insofar as the assumptiens for the target year, and the pathway tc it, implied

special policies accelerating (er retardimg) intangible investment, the past rete ef
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pure preductivity increase would be modified accordingly, Since the correlatien be-
tween intangible investment and pure preductivity measures has net been quantified fer
past perieds, any adjustments im the preductivity projectien would, of necessity, be
subjectively based,
B. Productivity prejectiemns by imdustry - successive approximetiens

Projectien of preductivity by as fine an industry break as pessible would aid im
refining the economic projectiems fer the target year, First of all, they weuld be eof
use in arriving at appreximatiems of relative prices, which in conjumctien with tetal
real income and ether relevant factors, weuld be needed te make a fimal product dis-
fribution ef tetal real gress preduct in the target year,

This breakdewn of real preduct ceuld be transinted inte a chart ef interindustry
relatienships, which, as we have seen, can be used to ebtain real product estimates by

/
industry. e

Real preduct estimates by imdustry fer the target year, im cemjumctiem with inmd
trjal preductivity prejectiems te the target year, weuld yield estimates of nanyhourfi
requirements, The total man-hour requirements fer the target year ceuld then be ¢
pared with the projected man-hours available figure, and any surplus, er deficiency,
used te adjust the tetal real preduct projection by successive approximatiens.

If the industry preductivity projectiens were, in aggregate, consistent with the
eriginal ever-all preductivity projectien translated inte a censtant weighted aggregate,
the difference between the final appreximatien te real preduct and preductivity im the
target year, and the first appreximation, weuld be due to a different set of relative
factor input weights than these implied by the first appreximatiem which assumd a -
continuatien of past tremds im relative facter inmput,

The prejection of preductivity by industry would have te take account of the i

same facters spelled eut abeve in connectiem with the ever-all projectiemn., Additiemnal

cemplications would be present im industry preductivity prejection, hewever, Fer
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one thing, it is likely that the preductivity fumctien fer many mimer industry greups
would be mere cemplex tham for breader aggregates, with differential rates ef prdduca
tivity chamge in various phases ef industry development,

At this stage of owr knowledge, it is umlikely that the aggregat of preductivity
projectiens for imdividual industries weuld be mere accurate tham an aggregate pre-
jectien alene, Feor this reasem the fermer sheuld prebably be tied inte the latter
en a constant-weighted basis, The specific adjustments fer shifts in weights based
en the preduct distributiem im the target year sheuld, hewever, result im a desirable
refinement of the prejectiem ef aggregate natienal preductivity., It weuld be dangereus
te assume that the shifts of imput facters amemg imdustries fer a leng future peried
would fellew these im the past.

If the spelling out ef real preduct by industry in the target year were accempanied
by estimates of capital requirememts by industry, a medificatiem of the ever-all im~
vestment assumptien might be required, This would be imdicated enly insefar as shiftis
ef laber input frem lewer te higher capital per unit eof laber imput industries deviated
frem past patterns,

If preduct prices in the target year were spelled eut im seme detail, it weuld
be interesting to revalue the tetal gross natienal preduct im the take-eff year by
the prices ef the target year. This weuld prebably serve te reduce the indicated rate
of increase in total real preduct amd preductivity, simce the preducts for which demand .
increased relatively mere rapidly weuld be these im which preductivity prebably in-
creased relatively mere rapidly, and relative prices declined, By using target ysar
relative prices as the base fer price deflation, less weight weuld be given te the
mere rapidly expanding outputs, amd thus te the related imdustrial preducts and preduc-
tivity measures, |

This phenemenen is apparent in measurement of histerical aggregata real preduct

and preductivity mevements iy general - the mere recent the price base, the smaller the
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increase. Thié does not mear that productivity measurement is an illusion. It merely
means that the essence of econemics is the relativity eof values - at one point in time
and over time. The particular set of values chesemr as weights in measurement of the
real preduct dividend ef preductivity measures depends or eme's point I view relative
te the specific preblem,.
Co Areas for further preductivity research

This brief analysis ef the projectiem preblem peints up the need for much mere in-
fermatien regarding preductivity. A

Although the cencept of precductivity has beem clarified to some extent im this
paper, more extended and precise theeretical theught is meeded. This theery would be
particularly fruitful if related te the practical problems of preductivity measure=
ment. The cencept of industrial preductivity en a real preduct basis, im particular,
needs to be sharpened, especially in the noncommedity areas where the definitien ef
output lacks precisien,

On an ever-all basis, much more work needs to be deveted to refining amnual esti-
mates of gross national preduct im cemstant dollars, especially prier to 1929, Avail-
able data en laber force, empleyment, and average hours worked per week, need te be
rewerked fer earlier perieds, and the best possible estimates made,

Annual estimates of the tetal real wealth of the counmtry in terms of preductive
capital and land would be mest helpful imn attempting to ebtaim preductivity measures
related to tetal factor input. Altheugh these estimates weuld be reugh at best, if
they were good enough to indicate general tmends in real property relative te laber
input, they would be instructive,

Finally, werk em preductivity by industries needs te be refined and extended. The
field of real preduct per unit ef tetal facter input estimates by industry is virginm
territery. Net only estimates of real preduct for mest industries are needed, but alse

estimates of man-hours and real property empleyed in various industries. Even gress
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eutput per man-hour measures have met yet been made fer mamy industries. ‘Annual esti=-
mates of tetal preductive capacity, and percentages of capacity utilized, in terms
-of physical units, weuld alse have cemsiderable begring om the preductivity preblem,

especially im its cyclical aspects.
In many eof these‘arets, it may be impessible to censtruct adequate histerical

preductivity series, It is mever tee late, hewever, te cammerce gatherimg and precessing
data, which, as time passes, will add te eur kmewledge ef this impertamnt area ef ecememics.
Future gemeratiomns of ecememic analysts, ferecasters and pelicymakers will fimd their
task made mere comprehemsible by eur imitiative,

-0 =

Washingtem, D.C.
April 19, 1951
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