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ABSTRACT

This paper presents a comparative analysis of productivity growth in the U.S.
and Japanese electrical machinery industries in the postwar period. This industry has
experienced rapid growth in output and productivity and high rates of capital formation
in both countries. A substantial amount of R&D resources of the total manufacturing
sectors in both countries is concentrated in the electrical machinery industry. Also, this
industry has an active export orientation in both countries.

The analysis of the paper is based on a dynamic factor demand model. This
model is used to explore the production structure and the behavior of factor inputs as
well as the determinants of productivity growth in the U.S. and Japanese electrical ma—
chinery industry. The analysis shows that the production structure of the industry in
both countries is characterized by increasing returns to scale; the factors of production do
respond to changes in factor prices qualitatively similar in both countries. The main
gources of labor productivity growth are growth in materials, technical change and capi—
tal accumulation. R&D expenditures have also contributed significantly to growth of
labor productivity while the most important source of total factor productivity growth in
this industry for both countries has been the scale effect followed by changes in technical

progress.



1. Introduction’

During the 1970's the growth rates of labor productivity in the Jap-
anese manufacturing sector dramatically exceeded those of the United States,
particularly in such key industries as primary metals, chemicals, electrical
machinery, and transportation equipment. This enabled the Japanese to reach
and eventually surpass levels of U.S. labor productivity in these industries
(Grossman (1985)). Although each of these industries is a key competitor to
the U.S. high technology industries in both the U.S. domestie and in the
world market, the electrical machinery industry stands out in certain
respects. It has experienced very rapid growth in output and productivity
and high rates of capital formation both in the U.S. and Japan. Also, a
substantial amount of R&D resources - over 20% of total R&D expenditures in
total manufacturing - is concentrated in this industry in both countries.
Furthermere, Japan has increased its share of free world export in electri-
cal machinery from 22% in 1971 to 48% in 1981 as well as dramatically in-
creased its share of U.S. imports of electrical machinery products over the
same period (Grossman (1985)).

Because of these characteristics, we have chosen to examine the pro-
ductivity performance of this industry in the U.S. and Japan. The analysis
is based on a dynamic factor demand model. The model links intertemporal
production decisions by explicitly recognizing that the level of certain
factors of production cannot be changed without incurring some costs. These
costs are often referred to as "adjustment costs" and are defined here in
terms of foregone output from current production. Not all inputs are sub-
ject to adjustment costs; some inputs, like materials, which can be adjusted

very easily are called variable factors while others, like capital and R&D,
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which are subject to adjustment cost (and only adjust partially in the first
period) are referred to as quasi-fixed inputs. Since output growth has been
fairly high in the electrical machinery industry both in the U.$. and Japan,
we have not imposed a priori constant returns to scale. Rather, returns to
scale are estimated from the data. Since the rate of R& investment in the
electrical machinery industry has been very rapid, we have also incorporated
R&D explicitly as one of the inputs. The stocks of physical capital and R&D
are considered to be quasi-fixed inputs while labor (hours worked) and
materials are considered to be variable factors in the production process.
Using the structural parameter estimates, we analyze the sources of growth
in output, labor productivity and total factor productivity.

The paper is organized as follows: In Section II we provide a brief
description of the behavior of productivity growth as well as input and out-
put growth in the electrical machinery Industries of the U.S. and Japan,
Section III describes the properties and structure of our analytical model.
In Section IV we describe the results obtained by estimating the model using
annual data. We report output and price elasticities of the variable and
quasi-fixed factors of production in the short, intermediate and long run
and calculate the speeds of adjustment of the quasi-fixed factors - physical
and R&D capital. Section V is devoted to examining the sources of output
and factor productivity growth rates. Summary and conclusions are offered

in Section VI. The data description is contained in an appendix.
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IT. Some Descriptive Characteristics

In this section, we provide a brief description of total and partial
factor productivity growth and the growth of gross output, labor, materials,
capital, and R&D in the electrical machinery industry for the periods 1968-
73 and 1974-79. We refer to these periods as the pre-OPEC and the post-0PEC
periods respectively,

Average growth rates for gross output and factor inputs for the two
periods are given in Table 1. For the pre-OPEC period the growth rates were
extremely high for Japan in comparison to the U.S, However, in the post-
OPEC period, the Japanese electrical machinery industry experienced a sub-
stantial drop in rates of growth of output and of most inputs. For example,
the average output growth rate declined from 16.9% to 6.4% for Japan while
increasing from 4.2% to 4.9% in the U.S. Still, the level of output growth
TABLE 1: Average Annual Rates of Growth of Output and Inputs and Input

Shares in the US and Japanese Electrical Machinery Industries for Periods
1968-73 and 1974-79.

Output Labor Materials Capital R&D
Period Us Japan us Japan us Japan Us Japan us Japan
Annual Rates of Growth (in percentages)
1968-73 4.2 16.9 -0.5 4.3 3.3 14.8 5.4 11.4 5.3 19,2
1974-79 4.9 6.4 1.4 -2.5 2.1 2.5 4.3 6.5 1.7 11.4
""""" Input Shares in Totsl Gost
1968-73 .35 .16 A7 T4 .07 .08 .11 .02
1974-79 .33 .20 .48 .68 .08 .09 11 .03
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rates for the Japanese industry remained high compared to the U.S. industry.
The average growth rate of capital over the period 1968 - 73 was twice as
high in Japan as in the U.S. even though the U.S. industry experienced a
healthy 5.4% per annum growth rate over this period. However, Japan'’s rate
of growth in capital formation decelerated by more than 40% after 1973.
Materials input grew much faster in Japan than in the U.S. in the pre-0PEC
period, but again Japan experienced a dramatic slowdown in the growth rate
of this input during the second period.

As indicated in Table 1 the R&D stock grew at a much more rapid rate
in Japan than in the US in both periods, reflecting the very high rate of
growth in R&D investment in Japan. In both the US and Japanese electrical
machinery industries the growth in the stock of R&D slowed down in the 1974-
79 period. The input shares in total cost shown in the lower panel of Table
1 indicate for Japan a tendency toward increase in the labor share and a
decline in the share of materials in the two periods. The cost shares in
the US are generally very stable in this industry over the two periods.

The growth rate of labor measured in hours worked shows a dramati-
cally different pattern in the two countries. It increased from -0.5% in
1968-73 to 1.4% in 1974-79 in the U.S, while in Japan the growth in this in-
put declined from 4.3% to an actual reduction of -2.5%. This phenomenon is
consistent with the general pattern of employment in the two countries:
Japan experienced declines in employment in several industries while the
U.5. experienced increases in employment in most industries (Griliches and
Mairesse (1985) and Norsworthy and Malmquist (1983)).

As demonstrated by Table 2, an important characteristic of the elec-

trical machinery industry in both countries is the high ratio of R&D invest-
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ment in output. While the ratio of capital investment in value added or
gross output in this industry is generally lower than in total manufactur-
ing, the opposite is true for R&D investment. The R&D ratios in the elec-
trical machinery industry are two to three times as large as those in total
manufacturing. It is also important to note that in the U.S8. electrical ma-
chinery industry the R&D investment ratios are considerably higher than the

capital investment ratios while the opposite is true in Japan.

TABLE 2. Ratio of Investment Expenditures in Capital and Total R&D to Gross
Output and Value Added in the U.S. and Japanese Total Manufacturing Sectors
and Electrical Machinery Industries: 1970 and 1980 (in percentages).

Investment Expenditures Investment Expenditures
in Value Added in Gross Output
Capital R&D Capital R&D
US Japan us Japan us Japan us Japan

Total Manufacturing

1970 7.4 30.0 5.8 2.9 3.5 9.8 2.7 0.9
1580 9.4 18,5 5.7 4.0 3.8 5.6 2.3 1.2
Electrical machinery industry

1970 5.5 211 l6.9 8.0 3.1 7.4 7.5 2.8

1980 8.6 18.0 12.8 9.4 4.8 6.9 7.1 3.6

Total and partial productivity growth rates based on a gross output
measurement framework are shown in Table 3. Both total and labor produc-
tivity growth rates were much higher in the Japanese electrical machinery

industry than in the U.S.? This was particularly true in the pre-OQPEC peri-
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od. Unlike the aggregate manufacturing sector (Norsworthy and Malmquist
(19833)), total factor productivity was rising in this industry in the two
countries over the two periods. The differences in the growth of labor pro-
ductivity in the industries of the two countries are substantial. In the
U.S. labor productivity grew about 4.7% in 1968-73 and declined to 3.5% in
1974-79; in Japan the corresponding growth rates are 12.6 and 8.9 respec-
tively. Substantial improvements in materials productivity in this Industry
in both countries in the Post-OPEC period are also noted.

TABLE 3: Average Annual Rates of Growth of Total and Partial Factor Produc-

tivity for the Periods 1968-73 and 1974-79 in the US and Japanese Electrical
Machinery Industries (in percentages),

Total Factor Labor Materials Capital R&D

Productivity Productivity Productivity Productivity Productivity

Us Japan Us Japan us Japan Us Japan Us Japan
1968-73 1.8 4.1 4.7 12.6 0.9 2.1 -1.2 5.5 -1.1 -2.3
1974-79 2.9 4.5 3.5 8.9 2.8 3.9 0.6 -0.1 3.2 -7.0

Thus, the elements of the so-called Japanese productivity "miracle™
can also be observed in the electrical machinery industry: high rates of
labor productivity growth accompanied by rapid growth rates of output and
other inputs such as materials, capital and R&D before 1973 and diminishing
but still very high rates of labor productivity growth after 1973 ac-
companied by a substantial fall-off in the growth rates of output and other

inputs. To explore the reasons for these productivity patterns, we Proceed
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to estimate the production structure of the electrical machinery industry of

the two countries.

III. Model Specification

The model specified below generates a set of factor demand equations
for both the variable inputs, materials and labor, and the quasi-fixed in-
puts, capital and R&D. Each demand function allows for the effect of
changes in output, changes in relative prices, and technological change.
Also, the model allows for the interaction (i.e., "non-separability") of the
quasi-fixed inputs capital and R&D during the adjustment process. From the
structural parameters various underlying features of the technology such as
the degree of economies of scale and the output and price elasticities of
the inputs in the current and subsequent periods can be measured. Finally,
these parameters can be used to decompose the factors that affect total and
labor productivity growth rates in the Japanese and US electrical machinery
industries.

Consider a firm that employs two variable inputs and two quasi-fixed
inputs in producing a single output from a technology with internal adjust-

ment costs. Specifically, assume the firm's production function takes the

form:
L Y, = F(V, X, _,,8%.,.T,)
where Y, denotes gross output, V. = [V, ,V, ]’ 1is the vector of wariable

inputs, X, = [X,,,X,,]' 1is the vector of end-of-period stocks of the quasi-

fixed inputs and T, 1is an exogenous technology index. The vector
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AX,,

=X -X represents the internal adjustment costs in terms of fore-

t t-1
gone output.
The firm's input markets are assumed to be perfectly competitive.
It proves convenient to describe the firm's technology in terms of the
normalized restricted cost function defined as G(W_,X,_;,AX.,Y,,T,) =

A fa) ~

Glt. + W
able inputs needed to produce the output Y, conditional on X,, and AX,
and W, denotes the price of V,, normalized by the price of V, . The
following properties of the normalized restricted cost function fellow from
Lau (1976): ij < 0, G|N%| >0, Gy >0, G;, > 0; furthermore, G(-) is con-
vex In X, , and AX, and concave in W,.

Given the presence of large firms in the electrical machinery in-
dustries of hoth the US and Japan, we do not impose a priori constant
returns to scale. Rather, we allow the technology to be homogeneous of
(constant) degree p and determine p --the returns to scale parameter--
from the data.’ Results from Nadiri and Prucha {1984) imply that if F(-)

is homogeneous of degree p, the corresponding normalized restricted cost

function is of the form:

(2) C(W,, X, 1,8%,,Y,,T,) = GIW, X, /Y% &%, /YL/? T, 1YL7,

In the empirical analysis, we take labor (hours worked), L, and
materials, M, as the variable factors and the stocks of capital, K, and re-
search and development, R, as the quasi-fixed factors., We adopt the conven-

tion V, =L, V, =M, X, =K and X, = R; W 1is the real wage rate; the
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price of materials is the numeraire. We specify the following functional

form for the normalized restricted cost function:

2 1
(3) G(W,, Xy 1, 8%,,Y,,T,) = (ap + o, + oW, T, + anWo/2)Y/*
+ a'X,, + b'X, W, + c¢'X T, + X[ ,AX,_,/(2Ys'")

+ AX/ BAX,/(2Yi'"),

where

Qg Ay Gxr Oxx k=R oy O

In light of the above discussion, we can view (3) as a second order
approximation to a general normalized restricted cost function that cor-
responds to a homogeneous technology of degree p. Expression (3) is a gen-
eralization of the normalized restricted cost function introduced by Denny,
Fuss and Waverman (1981) and Morrison and Berndt (1981) for linear
homogeneous technologies. Nadiri and Prucha (1984) have generalized that
function to homothetic technologies. As in these references we impose pa-
rameter restrictions such that the marginal adjustment costs at A%, =0
are zero. In the empirical analysis, we take T, = t, i.e., technical
change, other than that reflected by the stock of R&D, is represented by a

simple time trend. The convexity of G(-) in X,, and AX, and concavity

in W, imply the following inequality parameter restrictions:
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(4) a > 0, o > 0, Oy Opp - aiﬂ>0,

ape > 0, ag > 0, o < 0.

We assume that in each period t, for given initial stocks X, ,, the
firm derives an optimal input path such that the present value of the future
cost stream is minimized and chooses the inputs in period t accordingly. We
also assume static expectations on relative factor prices, ocutput and the
technology. Accordingly, the firm’s optimum problem in period t can be

written as:

(5) min _ PVC, = 3 ([G,, + QT (AR, +6.R,, -0 ] (1-u,)
{Kyup s R

Lt ety ]1'=0

+ al:(AKt.ﬂ' + 8Ky, ) 1 (L4E) T,

with G, , = G(W,,Ky\r s Rysyg 8Ky, OR,,, ¥, T,). Here Qf and Qf denote,
respectively, the acquisition price of capital and R&D, 6, and é; denote,
respectively, the depreciation rates of capital and R&D, u, 1is the corpo-
rate tax rate and r is the constant (real) discount rate. Expectations
are characterized with a carat (A). We maintain I;\Jt = W, a‘t{‘ - QI:, and aré =

R

Q;. R&D expenditures are assumed to be expended immediately. The minimiza-
tion problem (5) represents a standard optimal control problem. Its solu-
tion is well known and implies the following system of quasi-fixed factor

demand equations in accelerator form:*

AR, = “‘xx(K: - Ky + me(R: - Ry 4y),

AR, = mRK(K:. - Ky) 4 mRR(R: - Ry

(6)
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where

K
K, apx %R og + oWy + ooy Ty + G $ire
- - C ,

* R
R, Oxr ORR ag + ogyWy + o Ty + G

with €& = Q(r+6,)/(1-u,) and Cf = Qf(r+6;). The matrix of accelerator

coefficients M = (mu)ij-KR has to satisfy the follewing matrix equation:
(7) BM? + (A + rB)M - A = O;

furthermore, the matrix C = (cm)id-&R = -BM 1is symmetric and negative
definite. Unless we impose separability in the quasi-fixed factors, i.e.,
ayp = 0, which implies mg = 0, (7) cannot generally be solved for M in
terms of A and B. We can, however, solve (7) for A in terms of M and
B: A= BM(M+rI)(I-M)—1. Since the real discount rate r was assumed to be
constant, M is constant over the sample. Hence, instead of estimating the
elements of A and B, we may estimate those of M and B. Such a
reparameterization was first suggested by Epstein and Yatchew (1983) for a
somewhat different model with a similar algebra. Mohnen, Nadiri and Prucha
(1986) used such a reparameterization within the context of a constant
returns to scale model. To impose the symmetry of C we can also estimate

B and C instead of B and M. Let D = (djj); j¢p = -MA™!  and observe
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that A = C - (1+r)[B - B(C+B) *B] and that D = B™* + (l+r)(G-rB)™" is

symmetric.
(8) AK,
ARy
where
dyx
der
dig

+

It is then readily seen that we can write (6) equivalently as:

K51/
deglog + oWy + o Ty + CylYy g

+ dyplag + op Wy + ap, Ty + CE]Y:,IP + [exw/ogg Ky + [og/ogplRi g,

Kqio1
dyplay + oWy + oy Ty + Ct.]Yt.lp

RS ..
deglag + oW, + o Ty + Ct]Yt.fp +logp/opg 1Koy + [epp/ogg )Ry 4,

1/op + (L+r) [cpy - Tagyl/e,
ag + (L+r) e - rogl/e,

-(1l+r)cgg/e, and e = (cy - Togp)(cgg - rag) - clzca .

The firm's demand equations for the variable factors can be derived from the

normalized restricted cost function via Shephard’'s lemma as L = 4G, ,/dW,

and M, = G_,

(%)

where

- WL

o1
[ay + apW, + aw*rTr.]Yt,!p + ook, + ooy,
2 S1/p
[op - aaWy/2]Y," + ogK, _; + agRy 4 + oK Ty + opRy Ty

2 2 ~
[agKE (/2 + agR, Ry, + opRo /2 + aARo/2 + apAR2/2]/Y,7°

e - (L) [og - (o) ®(ogg + cpe) /],
cer - (140) [ogn - (op) (o + ex) /E],

o - (14T) (o o €)/E,  and £ o= (o + c) (@pg + Cga) - Cog -

C.V. Starr Center for Applied Economics 12



The complete system of factor demand equations consists of (8) for the

quasi-fixed factors and (9) for the variable factors.

IV. Empirical Results
In this section, we report the structural parameter estimates for
the electrical machinery industry in the US and Japan as well as estimates

for the short, intermediate and long-run price and output elasticities.

IV.] Parameter Estimates

We note that system (8) and (9) is nonlinear in parameters and vari-
ables and many of the parameters appear in more than one equation. For the
empirical estimation, we have added a stochastic disturbance term to each of
the factor demand equations.

A detailed description of the data sources and the variables of the
model is given in the appendix. The data on gross output, materials, labor,
capital and R&D are in constant 1972 dollars and yen and have been normal-
ized by their respective sample means. Prices were constructed conformably.
Expectations on gross output were calculated as follows. We first estimate
a first order autoregressive model for output which is then used to predict
Y, rationally. We employed the full information maximum likelihood estima-
tion method and, when necessary, corrected for first order autocorrelation
of the disturbances.

Table 4 exhibits the parameter estimates. As indicated by the
squared correlation coefficients between actual and fitted data, the
estimated factor demand equations seem to fit the data quite well. (Fitted
values are calculated from the reduced form)}. For both the US and Japan the

squared correlation coefficient is somewhat low for the labor demand
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PABLE 4: Full Information Maximum Likelihood Estimates of the Parameters of
the Dynamic Factor Demand Model for the US and Japanese Electrical Machinery
Industries: 1960-1980 and 1968-1980.

Parameters United States Japan

a, 1.83 (7.40) 1.45 (18.14)
P 1.21 (17.23) 1.39 (13.20)
oy -0.95 (3.13) -0.47 ((2.89)
o -0.65 (1.85) -0.67 (7.82)
yr -0.19 (4.47) -0.05 (0.75)
pr 0.22 (3.03) -0.02 (5.66)
Cex -2.05 (3.07) -0.58 (8.77)
Com -2.10 (1.90) -0.14 (7.99)
Crx 0.15 (0.74) 0.01 (1.54)
g 8.70 (3.06) 2.57 (4.92)
P, 13.80 (1.63) 1.11 (5.15)
ay, 1.91 (25.41) 1.33 (10.01)
g -0.48 (3.66) -0.81 (3.13)
O 0.29 (2.59) 0.39 (4.65)
om -0.52 (4.62) 0.02 (1.47)
Xy -0.28 (6.89) -0.42 (4.43)
Log of Likelihood 222.1 147 .4

M-Equation: R? 0.87 0.9
L-Equation: RZ 0.65 0.75
K-Equation: R® 0.99 0.99
R-Equation: R? 0.99 0.99

Absolute values of the asymptotic "t"-ratios are given in parentheses.
The R? values correspond to the squared correlation coefficients between the
actual M, L, K, R variables and their fitted values calculated from the
reduced form.
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equation. The parameter estimates are, in general, statistically sig-
nificant. For both the US and Japan, the parameter estimates satisfy the
theoretical restrictions. In particular, the estimates for cyg, cp and
o, are negative and those for ag, oy and (cxx ©mr - céa) are positive, The
variables underlying the estimates for the US and Japanese electrical ma-
chinery industry are, as explained above, measured in different units.
Hence, a direct comparison of individual parameter estimates is difficult.
However, we do calculate various unit-free characteristics that allow a
meaningful comparison.

In general the adjustment cost coefficients ap and ay are sig-
nificantly different from zero. They determine crucially the investment
patterns of the quasi-fixed factors via the accelerator coefficients. Omit-

ting those terms would not only have resulted in a misspecification of the

investment patterns but also (in general) in inconsistent estimates of the

TABLE 5: Full Information Maximum Likelihood Estimates of the Accelerator
Coefficientf for Capital and R&D in the US and Japanese Electrical Machinery
Industries.

Accelerator Coefficient

My By Mgy Mer

United States 0.236 -0.017 -0.011 0.152
(B.55) (0.66) (0.68) (6.82)
Japan 0.227 -0.003 -0.006 0.125

(4.41) (1.47) (1.47) (7.47)

*
Absolute values of the asymptotic "t"-ratios are given in parentheses,
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other technology parameters. Table 5 shows the estimates for the ac-
celerator coefficients mg, mg, my, and my. These coefficients have

e

been calculated from the estimates in Table 4 observing that M = -B
For both the US and Japanese electrical machinery industry we find that the
cross-adjustment coefficients mg; and m, (as well as ¢g) are very
small in absolute magnitude and are not significantly different from zero at
the 95 percent level. In describing the adjustment speed, we can therefore
concentrate on the own-adjustment coefficients mg and my. As a first
observation, we note that the obtained estimates are quite similar across
countries. For both the US and Japan capital adjusts faster than R&D.

While capital closes approximately one fourth of the gap between the initial
and the desired stock in the first period, R&D only closes approximately one
seventh of its gap. We note that those adjustment speeds are consistent
with earlier results obtained by Mohnen, Nadiri and Prucha (1986) for the
total manufacturing sectors of the two countries.

As remarked earlier, our specification does not impose a priori con-
stant returns to scale. Rather, we estimate the scale elasticity
(represented by p) from the data. For both countries, we find substantial
and significant scale effects in the industry. For the US, our estimate for
the scale elasticity is 1.21; for Japan we obtained a considerably higher
estimate of 1.39. As we explain in more detail in section V, this dif-
ference in scale elasticities will translate into substantial differences in
productivity growth. It is also interesting to note that, contrary to our

finding of increasing returns to scale at the industry level, Griliches and
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Mairesse (1985) find decreasing returns to scale in the US and Japanese to-

tal manufacturing sectors at the firm level.

IV.2 Price and Qutput Elasticities

The own- and cross-price elasticities of labor, materials, capital
and R&D for 1976 are reported in Table 6. The elasticities are calculated
for the short (SR), intermediate (IR) and long-run (LR) for each input for
the electrical machinery industry in both Japan and the US.° All of the
own-price elasticities have the expected negative sign. The magnitudes of
the elasticities are fairly similar between the two countries. In the US,
the own-price elasticity of labor is the largest among the inputs followed
by materials, R&D stock and capital stock. 1In Japan, with minor exceptions,
the same pattern holds; the quasi-fixed inputs, capital and R&D, seem to
have a higher own-price elasticity in the Japanese than in the US electrical
machinery industry. These results are similar to those reported for the
total manufacturing sectors of the United States and Japan in Mohnen, Nadiri
and Prucha (1986),

Although the cross-price elasticities are generally small in com-
parison to own-price elasticities, some of the elasticities are sizable.

The elasticities of materials and R&D with respect to the wage rate, and the
elasticities of labor, R&D, and capital inputs with respect to materials
prices are quite large in both countries. Materials are substitutes for
other inputs, except for R&D in the US. Labor and R&D are substitutes in
the US and weak complements in the Japanese electrical machinery industry.

Labor and capital and R&D and capital are complements in both countries.
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TABLE 6: Short-Run, Intermediate-Run, and Long-Run Price Elasticities in
the US and Japanese Electrical Machinery Industries: 1976.

Elasticity United States Japan

SR IR LR SR IR LR
€t -0.32 -0.40 -0.64 -0.04 -0.18 -0.64
€l 0.36 0.41 0.65 0.09 0.15 0.36
€mcK -0.01 0.02 0.09 -0.02 0.04 0.20
€mcR -0.01 -0.02 -0.08 -0.03 -0.01 0.09
€1, 0.47 0.55 0.90 0,37 0.51 0.85
€1l -0.48 -0.58 -1.12 -0.38 -0.44 -0.57
€K -0.02 -0.06 -0.06 -0.23
€1.R 0.04 0.27 -0.01 -0.05
€y M 0.10 0.17 0.38 0.27 0.46 0.99
€l -0.05 -0.09 -0.17 -0.13 -0.23 -0.48
€K -0.04 -0.08 -0.18 -0.14 -0.24 -0.49
€x.R -0.01 -0.01 -0.04 -0.01 -0.01 -0.02
€pM -0.05 -0.09 -0.27 0.19 0.33 0.91
€Rul 0.11 0.20 0.65 -0.05 -0.08 -0.23
€pcK -0.01 -0.01 -0.03 -0.01 -0.01 -0.04
€p.R -0.06 -0.10 -0.34 -0.14 -0.24 -0.65

*

€;s 1s the elasticity of factor Z — materials (M), labor (L), capital
(K) and R&D (R) with respect to s = price of materials (WM), labor (wL),
capital (cK), and R&D (¢7). The symbols SR, IR and LR refer to the short,
intermediate and long run.
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The output elasticities of the inputs for 1976 are shown in Table 7.
The long-run elasticities of the inputs are .8 and .7, respectively, for the
US and Japan, implying fairly sizable economies of scale. The results are
consistent with Fuss and Waverman (1985), Nadiri and Prucha (1984) and
Nadiri and Schankerman (1981). The patterns of the output elasticities,
particularly in the US, indicate that the variable factors of production,
labor, and materials, respond strongly in the short run to changes in out-
put. The reason is that both labor and materials in the US and materials in
Japan overshoot their long-run equilibrium values in the short run to com-

pensate for the sluggish adjustment of the quasi-fixed factors. They

TABLE 7: Short-Run, Intermediate-Run, and Long-Run Output*Elasticities in
the US and Japanese Electrical Machinery Industries: 1976.

Elasticity United States Japan

SR IR LR SR IR IR
Emy 1.19 1.07 0.82 1.06 0.99 0.72
€1y 1.07 1.06 0.82 0.39 0.45 0.72
€xy 0.20 0.34 0.82 0.20 0.34 0.72
€py 0.14 .24 0.82 0.15 0.26 0.72

W

€,y 1s the elasticity of factor Z = materials (M), labor (L), capital
(K) and R&D (R) with respect to output (Y). The symbols SR, IR and LR refer
to the short, intermediate and long run.

slowly adjust toward their long-run equilibrium values as capital and R&D

adjust. The output elasticities of capital and R&D are small in the short
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run but increase over time and are quite similar. At least in the short and
intermediate runs the output elasticities of both the variable and quasi-
fixed factors substantially exceed their own-price elasticities. Sur-
prisingly, except for the labor input, the patterns of input responses are
similar in both countries.

Thus, the production structure of the electrical machinery industry
in the two countries, characterized by the patterns of factor input sub-
stitution and complementarity as well as the degree of scale, is qualita-
tively similar . Quantitatively, there are some differences in scale and in
the responses of inputs to changes in prices and output in the two in-
dustries. Both industries are characterized by increasing returns to scale.
However, the Japanese industry has a higher scale which substantially in-
fluences its productivity growth and is a major source of divergence between

the productivity growth rates in this industry in the two countries.

V. Productivity Analysis

Using the estimates of the production structure, we can quantita-
tively examine the sources of output and productivity growth. The contribu-
tions of the factor inputs, technical change, and adjustment costs to output

growth are shown in Table 8.
The decomposition is based on the approximation:

(10)  AfnY, - (1/2) 1221 legz (£ + ey, (£-1)1A4nZ,, + (1/2)[PGY, + PGY, ]
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with 2, =L, Z, =M, Z, =K,, Z, _R,, Z; = AK and Z; = AR. The eYzi'S

denote the respective output elasticities and PGY, = (1/Y)(8F/3t) denotes

TABLE 8: Sources of Output Growth for the US and Japanese Electrical Ma-
chinery Industries: Average Annual Rates of Growth (in percentages).

Gross  Labor Materials Capital R&D Adjustment Cost Technical
Output Effect Effect Effect Effect Capital R&D Change Residual

United States

1968-73 4.2 -0.24 1.83 0.87 1.18 0.06 0.12 0.73 -0.32
1974-79 4.9 0.39 1.06 0.69 0.31 -0.09 0.04 0.86 1.67
Japan

1968-73 16.9 0.94 14,32 2.12 0.7 -0.26 -0.34 1.55 -2.11
1974-79 6.4 -0.66 2.08 1.10 0.72 0.09 -0.12 2.55 0.69

technical change. The output elasticities are computed from the structural
parameter estimates of the restricted cost function using standard duality
theory. For both variable and quasi-fixed factors, those output
elasticities exceed long-run cost shares because of increasing returns to
scale. For the quasi-fixed factors there is an additional element due to
the adjustment costs. The contribution of each of the variables in (10) is
calculated by multiplying the respective (average) elasticities with the
growth rate of the corresponding variable. As shown in Table 8, the aver-
age growth rate of gross output was very rapid in Japan in the period 1968-
73 but growth decelerated substantially in the period 1974-79. For the US,

output growth rates were similar in the two periods. The contributions of
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various inputs to the growth of output differ considerably between the two
periods and the two industries. The most significant source of pross output
growth is materials growth, particularly in Japan. The contribution of cap-
ital is larger in Japan than in the US, but falls in both countries over the
post-OPEC period. The R&D stock contributes significantly to the growth of
output in both industries. In the post-OPEC period its contribution falls
in the US but remains the same for Japan. The large contribution of R&D to
the output growth may come as a surprise, but can be explained by two fac-
tors. First, the share of R&D investment in gross output, as noted earlier,
is very high in the electrical machinery industry of both countries; second,
the marginal product of R&D, because of the relative large adjustment costs
and the considerable degree of scale, is fairly large in the two Industries.
The direct contributions of the adjustment costs are fairly small, as one
would expect. The contribution of technical change is clearly important in
explaining the growth of output in both industries. Its contribution is
twice as large in Japan as in the US,

In Table 9 we provide a decomposition of labor productivity growth.

The results are based on the approximation:

(11)  Afn(Y./L) = (1/2) éz [eyz, (£) + ey (6-1)]1AAN(Z;/Ly)

+ (1/2)(PGY, + PGY,.,) + (p-1)afnL,,

where p 1is the scale elasticity. This approximation is readily obtained
from (10) by noting that the sum of the output elasticities must equal

scale. In the decomposition of labor productivity, the most significant
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contribution again stems from the growth of materials, particularly in
Japan. The contribution of physical capital is important. In comparison to
TABLE 9: Decomposition of Labor Productivity Growth in the US and Japanese

Electrical Machinery Industries: Average Annual Rates of Growth (in percent-
ages).

Labor Labor Materials Capital R&D Adjustment Cost Technical
Productivity Effect Effect Effect Effect Capital R&D Change Residual

United States

1968-73 4.68 -0.04 2,07 0.91 1.28 0.06 0.12 0.73 -0.44
1974-79 3.56 0.15 0.43 0.37 0.12 -0.07 0.04 0.86 1.66
Japan

1968-73 12.63 0.81 10.24 1.33 0.56 -0.13 -0.26 1.55 -1.48

1974-79 8.95 -0.47 4.48 1.54 0.86 0.05 -0.16 2.55 .10

the results reported by Norsworthy and Malmquist (1983) for the total
manufacturing sector, its contribution is somewhat larger for the US but
substantially smaller for Japan. The contribution of R&D is somewhat small-
er and rising for Japan. For the US, the contribution of R&D is very sub-
stantial in the pre-OPEC period but only marginal in the post-OPEC period.
The direct contribution of adjustment costs is again small. The contribu-
tion of technical change 1s very substantial (particularly in Japan) and
rising in both countries. The last term on the RHS of (11) follows from the
fact that scale is not equal to one. The contribution of this term to labor

productivity is shown in the second column of Table 9. Its effect is posi-
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tive in Japan in the pre-OPEC period and negative in the post-OPEC period.
The opposite is the case for the US. This reflects the growth pattern of
the labor input in the two industries over the two periods.

Denny, Fuss, Waverman (1981) have shown that if all factors are wvar-
iable the traditional measure of total factor productivity (using cost
shares) can be decomposed into two components, one attributable to scale and
one to technical change. A similar decomposition exists for our cost of ad-
justment technology (Nadiri and Prucha (1984)). In particular, we can

decompose the Tornquist approximation of total factor productivity as:

(12)  ATFP, = (L-p"HAfn Y, + (1/2)(PGX, + PGX,.,) + ¢,, + ¢y,

where PGX = (1/p)PGY. The first term on the RHS of (12) represents the
scale effect and the second term the effect of technical change on the
growth of total factor productivity. The term ¢, 1is attributable to the
fact that in short-run temporary equilibrium, the rate of technical sub-
stitution between the quasi-fixed and variable factors differs from the long
run price ratios. We will refer to ¢, as the temporary equilibrium ef-
fect. The term ¢, reflects the direct adjustment cost effect in terms of
foregone output due to the presence of AK and AR in the production func-
tion. We will refer to ¢, as the direct adjustment cost effect. The ex-
act expressions for ¢, and ¢, are given in Nadiri and Prucha (1984}).
Table 10 presents the decomposition of total factor productivity
based on (12) for the sample periods used in estimating the production tech-
nology of the US and Japanese electrical machinery industry., The scale ef-

fect is, by far, the most important contributor to total factor productivity
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growth. This is particularly the case in the Japanese industry where the
output growth was very rapid and the estimated degree of scale is larger
than in the US industry. The temporary equilibrium effect, ¢,, is fairly
large in the US and about twice as big as in the Japanese electrical machin-
ery industry. The direct effect of the adjustment costs, ¢,, is negligible.
The combined effect of ¢, and ¢, due to the adjustment costs is 15 and 4
percent of the measured total factor productivity for the US and Japan,
respectively, and hence not negligible, in particular for the US. Con-
sequently, if zero adjustment costs would have been imposed, a nonnegligible
portion of measure total factors productivity would have been misclassified.

In addition, inconsistency of the estimates of the underlying technology

TABLE 10: Decomposition of Total Factor Productivity Growth in the US and
Japanese Electrical Machinery Industries for Respective Sample Periods (in
percentages).

United States Japan
1960-1980 1968-1980

Total Factor Productivity 2.04 4.74
Scale Effect 1.04 3.38
Temporary Equilibrium Effect 0.28 0.16
Direct Adjustment Cost Effect 0.03 -0.04
Technical Change 0.60 1.49
Unexplained Residual 0.10 -0.24
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parameters would have distorted the decomposition of total factor produc-
tivity. The contribution of technical change to the growth of total factor
productivity is second only to the scale effect. For each of the sample pe-

riods, the unexplained residual is small.

VI. Conclusion and Summary
In this paper, we have modeled the production structure and the be-

havior of factor inputs, and have analyzed the determinants of productivity

growth in the US and Japanese electrical machinery industry. These in-
dustries have experienced a very high rate of output growth, are technologi-
cally very progressive (measured by the rate of expenditures on R&D) and are
highly competitive in the domestic US and in the world markets. Our model
allows for scale effects and the quasi-fixity of some of the input factors.

It also incorporates R&D to capture the high technology feature of the in-

dustry. Other inputs considered are: labor, material and physical capital.

We have also allowed for exogenous technical change using a time trend. The

model was estimated using annual data from 1960-80 and 1968-80 for the US

and Japan, respectively.
The main results of this paper can be summarized as follows:

(i) The production structure of the electrical machinery industry in
both countries is characterized by increasing returns to scale: the
Japanese electrical machinery industry exhibits higher returns to
the scale than the US industry. The responses of the factors of
production to changes in factor prices and output in the short, in-

termediate and long run are similar in the two industries.
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Materials are found to be generally substitutes for other inputs.
Other inputs are generally complements except for labor and R&D in
the US industry. Capital and R&D are found to be quasi-fixed and
their adjustment speeds are found to be similar across countries.
The stock of capital adjusts much faster than the stock of R&D.

(ii) The elements of the so-called Japanese productivity miracle noted by
others are, to a large extent, present in the electrical machinery
industry: high rates of labor productivity growth accompanied by
rapid output growth and input growth before 1973 and diminishing but
still high rates of labor productivity growth after 1973 accompanied
by a substantial slowdown in the growth rates of outputs and factor
inputs.

(iii) Based on the structural estimates of our model, we identify the fol-
lowing sources of growth of output and labor productivity:

a) The most important source of output and labor productivity
growth is the growth of materials for both pre- and post-OPEC
periods in both countries. Technical change and capital were
found to be the next most important factors. For the US, capi-
tal’s contribution exceeds that found at the total manufactur-
ing level; the reverse is true for Japan.

b) Consistent with the high ratio of R&D expenditures to gross
output in the electrical machinery industry, we find sig-
nificant contributions of R&D to both output and labor produc-
tivity growth. However, the R&D contribution to both has sig-
nificantly declined in the US from the pre-OPEC to post-OPEC

periods.
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(iv) The most important source of growth in total factor productivity for
both countries is the scale effect. This is particularly true in
Japan due to the higher scale elasticity and higher rate of growth
of output. A significant portion of the differential of total fac-
tor productivity in the electrical machinery industry in the US and
Japan is due to the greater contribution of economies of scale to
growth of total factor productivity in Japan. Technical change is
the second most important contributor. In the context of our
dynamic model the rate of technical substitution for the quasi-fixed
factors deviates in the short run from the long-run relative price
ratios. This source also explains part of the traditional measure

of total factor productivity.

Our model provides a richer framework for the analysis of produc-
tivity growth than some of the conventional approaches by incorporating
dynamic aspects, nonconstant returns to scale, and R&D. The omission of
dynamic aspects will typically result in inconsistent estimates of the
technology parameters and a misallocation in the decomposition of measured
total factor productivity growth for the US and Japan, respectively. How-
ever, a number of issues remain unresolved:

(i) Given the rapid expansion of the electrical machinery industries in
the US and Japan, it seems important to explore the effect of non-
static expectations on the input behavior and its implications for
the productivity growth analysis.

(11) It may also be of interest to explore a more general lag structure
for the quasi-fixed factors and to adopt a more general formulation

of the model that allows for scale to vary over the sample period.
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(iii) A further area of research is the decomposition of labor into white
and blue collar workers and the modelling of white collar workers as
potentially quasi-fixed. The quasi-fixity of labor may be particu-
larly important in Japan where employment is considered fairly long-
term.

(iv) Finally, an important extension of the model would be to incorporate
explicitly the role of demand and thereby analyze the role of the

utilization rate on Preductivity growth.

C.V. Starr Center for Applied Economics 29



APPENDIX: Data Sources and Construction of Variables

US Electrical Machinery Industry

Gross Qutput: Data on gross output in current and comstant 1972 dollars
were obtained from the U.S. Department of Commerce, Office of Business Anal-
ysis (OBA) database and correspond to the gross output series of the U.S,
Department of Commerce, Bureau of Industrial Economics (BIE). Gross output
is defined as total shipments plus the net change in work in process in-

ventories and finished goods inventories.

Labor: Total hours worked were derived as the sum of hours worked by pro-
duction workers and nonproduction workers. Hours worked by production
workers were obtained directly from the OBA database. Hours worked by non-
production workers were calculated as the number of nonproduction
workers*hours worked per week#52. The number of nonproduction workers was
cbtained form the OBA database. Weekly hours worked of nonproduction
workers were taken to be 39.7. A series of total compensation in current
dollars was calculated by multiplying the total payroll series from the OBA
database with the ratio of compensation of employees to wages and salaries

from U.S. Department of Commerce, Bureau of Economic Analysis (1981, 1984).

Materials: Materials in current dollars were obtained from the OBA

database. Materials in constant 1972 dollars were calculated using
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deflators provided by the U.S. Department of Commerce, Bureau of Economic

Analysis.

Value Added: Value added in current and constant 1972 dollars was calcu-

lated by subtracting materials from gross output.

Capital: The net capital stock series in 1972 dollars and the current and
constant 1972 dollars gross investment series were taken from the OBA data-
base. The method by which the capital stock series is constructed is de-
scribed in the US Department of Labor, Bureau of Labor Statistics (1979).
The user cost of capital was constructed as cy = qK(r+6K)/(1-u), where

K

q = investment deflator, §; = depreciation rate of the capital stock, u =

corporate tax rate and r = 0.05,

R&D: The stock of total R&D is constructed by the perpetual inventory meth-
od with a depreciation rate §p = .1. The benchmark in 1958 is obtained by
dividing total R&D expenditures by the depreciation rate and the growth rate
in real value added. The nominal R&D expenditures are taken from National
Science Foundation (1984) and earlier issues. To avoid double counting we
have subtracted the labor and material components of R&D from the labor and
material inputs. The GDP deflator for total manufacturing is used as a

deflator for R&D.

All constant dollars variables were normalized by respective sample means.

Prices were constructed conformably.
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Japanese Electrical Machinery Industry

Gross Output: For the period 1970-1980 the data series on gross output in
current and constant 1975 yen were obtained from Economic Planning Agency
(1984). The data for the period before 1970 were constructed by connecting
these series with the corresponding series reported in Economic Planning

Agency (1980) via identical growth rates.

Labor: Total hours worked were calculated as total numbers of employ-
ees*monthly hours worked*l2. For the period 1970-1980, the number of en-
ployees was taken from Economic Planning Agency (1984). For the period be-
fore 1970 the number of employees was calculated by connecting this series
with the employment index provided by the Economic Planning Agency (EPA).
Monthly hours worked for the period 1977-1980 were obtained from the
Statistics Bureau (1985). For previous years monthly hours worked were cal-
culated by using the monthly hours work index provided by the EPA. For the
period 1970-1980, total compensation is reported in the EPA (1984). For the
period before 1970, total compensation was calculated by connecting this

series with an index on cash earnings provided by EPA.

Value Added: For the period 1970-1980, data on value added in current and
constant 1975 yen were obtained from EPA (1984). The data for the period
before 1970 were obtained by connecting these series with the corresponding

series reported in EPA (1975) via identical growth rates,
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Materials: Materials in current and constant 1975 yen were calculated as

the differences between gross output and value added.

Capital Stock: Data for the stock of capital and gross investment in 1975
yen were taken from EPA (1985). A series for current dollar gross invest-
ment was obtained from the Japanese Ministry of Finance. This series was
adjusted in such a way that it coincided with the constant ven EPA series in
1975. The user cost of capital was constructed analogously to that for the

Us.

R&D: Current yen R&D expenditures are taken from OECD (1983) and earlier
issues. To avoid double counting we have subtracted the labor and material
component of R&D from the labor and material inputs. The GDP deflator for
total manufacturing is used as the deflator for R&D. The stock of R&D is

constructed analogously to that for the US with 1965 as the benchmark year,

All constant yen variables were transformed to a 1972 base and then normal -

ized by respective sample means. Prices were constructed conformably.
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2 The total factor productivity growth rates are calculated from the Torn-
quist approximation formula (using cost shares). The divergence in total
factor productivity growth rates is much more pronounced in a value added
measurement framework. However, Norsworthy and Malmquist (1983) found that
such a framework is inappropriate -- at least at the total manufacturing
level.

3 Clearly the scale elasticity depends for general F(-) on the various
factor inputs. However, to keep the model specifications reasonably par-

simonious, we have assumed that F(-) is homogeneous of constant degree p.

Compare e.g. Epstein and Yatchew (1985), Mohnen, Nadiri and Prucha
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(1986) and Prucha and Nadiri (1986).
®  Let {X, ., th}:m denote the optimal input path corresponding to (5).
Short-run, intermediate-run and long-run elasticities then refer to the

elasticities of {th'vhf] in periods r=0, 1 and =, respectively (X: =

Xy o) -
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