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Introduction

This paper considers the growth of productivity in the United
States. It is reported that the recent slowdown in the growth of pro-
ductivity in the United States has attracted considerable attention.
There are two major measures of productivity growth used routinely
by economists: output per man-hour and total factor productivity. The
first measures productivity growth by the difference in rate of growth
of an output index based on value-added in constant prices and an in-
dex of man-hours worked in a country or industry. The second mea-

sure subtracts from the first an estimate of the contribution of
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physical capital to productivity growth, based on the growth in the
capital-labor ratio weighted by the smoothed share of capital inputs in
factor payments. These measures suffer from difficulties in computing
correctly an index based on value-added real output in a world of
changing commodities and services and in measuring the quantity and
quality of labor service. The TFP measure suffers from the additional
problem of how to measure capital in general and its utilizétion rate,
in particular.

From 1960 to 1970, real output per hour in the private sector rose
at an annual rate of 3.0 percent; from 1970 to 1985, it rose at a rate
of only 1.1 percent. The sharp increases in the price of oil caused by
supply disruptions in 1974 and 1979 reduced productivity growth as
firms substituted capital and labor for energy. The slowdown in pro-
ductivity growth was exacerbated by a decline in rates of capital
formation. Net investment in fixed business capital fell from 3.5 per-
cent of GNP in the 1960s to 3.0 percent in the 1970s, and the rate of
growth of capital per worker fell even more sharply, from 3.2 percent
per year in the 1960s to only 1.3 percent in the 1970s. The declin-
ing of productivity can be attributed to many factors, such as a slow-
down in the growth of capital accumulation and the size and composi-
tion of firms’ R & D expenditures, changes in the composition of pro-
duct, and declines in the capital utilization rate, etc. The purpose of
this paper is to investigate the role of the above factors and to consid-
er leading policy issues, e. g. Should the rate of capital accumulation
be raised as a response to the slowdown? In this paper, I provide a
framework for analyzing changes in total factor productivity (TFP) in
the presence of economies of scale. I hope to demonstrate formally the

positive relationship between growth in productivity and output
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which is found in the empirical studies by economists and research-
ers. The model is based on an output demand function, a variable cost
function which is shifted by disembodied technical change and the
stock of R & D, and a market clearing rule which equates output price
to average variable cost plus quasi rents to R & D. This identifies the
contribution of demand growth, real factor prices, and the stock of R

& D to changes in the growth of total factor productivity (TFP).

[. Analyzing Changes in TFP

Since constant returns to scale are not imposed, the proper index of

conventional TFP growth is the “quasi—Divisia” index
(1) DTFP=DQ—DF=DQ—2s,DX;

where D denotes a rate of growth, @ is output, the X represents tradi-
tional inputs, F is total factor input, and where s; = P,.X,/PQ is the

value share of the ith input. Given the production function
(2) Q=G(X, R T)

where R and T denote the stock of R & D and the technology level,
differentiating with respect to time and assuming cost minimization

over all inputs, results in

(3) DQ=>[(P.X,/Q)/MCIDX;
+{(P,R/Q)/MC|DR+DT
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where MC is marginal cost and P, is the service of R & D' or oppor-
tunity cost. According to Kenneth Arrow and others, we can assume
that price equals current average variable cost (AVC) plus the unit
quasi rents which accrue to past R & D. That is, P=AVC(l +6)
where @ is the ratio of current quasi rents to the level of AVC. Using
the definition of the elasticity along the variable cost function 7 =
MC/AVC, then we obtain MC= 7 P/(1+ 6)*. Substituting this express-

ion for MC into (3), we obtain the output growth equation

4) DQ="7"'1+6)>s;DX,
+ 7 "1+ 6)s,DR+DT

Obtaining DF=2s;DX; from (4) and (1), the growth of TFP becomes

_(1486—7) 7
(5) DTEP= 1+6 DQ+ 1+6

DT +s,DR

Assuming a log—linear per capita demand function, we obtain the

equilibrium equation

(6) DQ= A +aDP+B8DY+(1—B)DN
where Y and N are income and population, and A reflects a demand
time trend.

The pricing rule 1mplies

(7) DP=DCV—DQ+D(1+6)

Where CV represents total variable cost. The total variable cost func-
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tion can be written as CV=H(P,, Q, R, T.), where T, is the associated
technology level, and both R and T, shift the variable cost function
downward. Differentiating with respect to time, using Shephard’s

Lemma and the relation DT,.,=— 7 DT, we obtain
(8) DCV=(1+6)2.s;DP,+ 7DQ—IIDR— 1DT

where II =P,R/CV. Substituting (6), (7), {8) into (5), we obtain the re-
duced form expression for the growth rate of total factor productivity
(TFP).

(9) DTEF=A[A +aD(1+0)]
+Aa(l+60)21s,DP;
+ABDY+A(1— B)DN
+s,]1—Aa(l+8)|DR
+AT(1—ab)1+6—7)"'DT

where A=(1+60— 7)[(1+6)1+a(l— 7)) " From equation (9), we

obtain

(10 DTFP=Aa(1+6)) s,DP;
+A[A +8DY+(1—F)DN]
+AaD(1+6)+sj1—Aa(l+6)DR
+AT(1—a®)1+67T 1) DT

Four components are: 1) factor price effect, Aa(l+8)>_s;DP; 2) de-
mand effect, A{A +8DY+(1—F)DN]|; 3) R & D effect, AaD(1+6)+
s{1—Aa(l+8)|DR; and 4) disembodied technical change, A 7(1—a#8)
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(1+6 7 7)) 'DT.

The underlying model is an equilibrium model in which there is
cost minimization over all inputs, the level of R & D is adjusted until
it earns the normal rate of return in the form of quasi rents, and the
market clears. Because market clearing is imposed, each separate com-
ponent reflects both the direct impact on TFP of the factor in question
and its indirect effect via induced changes in the output price.

The important parameters in (9) are the price and income elastici-
ties of demand and the cost elasticity of the variable cost function. We
can consider two special cases. First, if demand is completely inelastic
(e = 0), shifts in the cost function due to real factor price change
(2.s;DP;) have no effect on output, and hence none on TFP. Second, if
marginal cost pricing prevails (7 =1-6)? then equation (9) collapses
to DTFP=s,DR+ DT, which is the standard result when TFP is de-

fined over conventional inputs only.

IT. Future Empirical Application

As a future study, I intend to apply this model to U. S. manufactur-
ing industries for the period 1958 —-1986. In this application of the
model, the deceleration in demand is taken as the main factor behind
the slowdown in TFP growth. The application requires three para-
meters, the variable cost elasticity and the price and income elastici-
ties of product demand. Given these parameters the producer can then
compute the factor price, demand and R & D effects, and retrieve the
technical change effect as a residual using equation (10). Discrete
approximations to the Divisia indices in (10 are used. Annual data on

gross value-added, capital, labor, and energy for the period 1958 —-86
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are available from various public and private research institutes in
the United States. For example, data on output in current and con-
stant prices are available from the Interindustry Economics Division
of the Bureau of Economics Analysis (BEA) for the manufacturing sec-
tors and from Bureau of Labor Statistics (BLS) for nonmanufacturing
sectors.

I hope to illustrate empirically the utility of this framework for
analyzing changes in TFP and for clarifying the leading factors in the

recent decline of TFP growth in American manufacturing.

Footnotes:

1) One alternative is to restrict cost minimization to the conventional inputs and let
R & D earn a different net rate of return. The service price P would then repre-
sent the associated gross rate of return.

2) P=MC provided 7 =1+86 >1, i e, if there are decreasing returns along the
variable cost function. This reflects the fact that since P > AVC by a variable
markup, P=MC can occur only if MC>AVC.
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%,

RGO BRI KEOEEROMUOREREDO T EEZE > TOMLELI ETHDHD
Thb, FHOT X HFEFICBITHEEROMUROHMILOERE LT, XD
KT, R&EDDRL v 7 DWW, EABRHROBL 2 ENHITONb, ZDHEDE
TIIIBWT, BEOEFIIBTARELZLEENE (TFP) OMUFEIZOVWTRON %
HBEPEL, 420FERICOWTHNT S

DTFP=Aa(1+6)2.,;DP;
+A[A +B8DY+(1—B8)DN]
+AaD(1+6)+s,[1—Aa(l+6)DR
+AT(1—eaf)1+67 7)) DT

1) BEFRMESIR, Ae(1+6)2.DP; 2) FEIR, A[A +BDY+(1—B)DN|; 3)
R&DXIE, AaD(1+6)+s]1—Aa(l+0)DR; 4) HAHEEDOE(L, AT (1—eB)1
+07 1) DT, D EEIPHLDTH D, ZDEFNMIE, &TORAIIIL
ERHB/MELOBEEFNTHY, RED IHAEREONGENRAT L KET THE
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