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T. Introduction

The role played by government capital (public goods or in much
wider concept social overhead capital) in the private production
processes has seldomly been an issue of central concern in the past
empirical, if not theoretical, research.l/ Even in a series of well-
known studies on productivity-growth sources of Denison, for instance,
this item is not seen in the extensive list of contributors. He neg-
lects govermment capital partly because he presupposes that it yields,
if any, but a minimal contribution to output-growth and partly because
it is impossible for his appreach to correctly assess the role of
government capital since it is freely used and receives no rewards.gj

ﬁdwever, as all of us observe, most private production activities
rely more or less on the services from government capital such as
highways and industrial ports. Thus, despite Denison®s conjecture
above, we think it important fotr someone to conduct én empirical
study to properly assess the role of government capital. We have
tried it for the manufacturing sector for two countries: the United
States and Japan. The present paper is a report from this study.

At the outset we make it clear that we do not pretend to have a
solid theoretical basis for the present eﬁpirical study. Moreover,
we have to admit that the employed approach is simple and just pre-
1iminar&. Nonetheless, we think that the obtained findings are too

surprising and significant to be abandoned without warning the tradi-

tional view as represented by Denison. The main findings are as follows.

In both countries, the contribution of government capital in the



»
i

»

private production processes turns out to be very significant and
similar, although there is an apparent structural difference in the
endowments of private capital and labor. The shadow returns to govern-—
ment capital are likely to have been imputed wholly to labor, implying
that the accumulation of government capital has resulted in a trend
rise in labor productivity. This is in clear contrast with the theo-
retical analysis of Negishi (1973) that, in a competitive situation,
the contribution of government capital is imputed wholly to private
capital when goverment capital is the unpaid factor of production.
Section II discusses the approach taken in our empirical study,
and Section III reports the findings and discusses the implication of
them. The fourth and final section conclides the paper by pointing
out the shortcomings of our study and suggesting the direction for the

future studies on this subject.

II, Production Function with Government Capital
The employed approach is a simple one; we try to estimate a
production function including govermment capital as the factor of

production in addition to private capital and labor. We consider a

-priori the Cobb~-Douglas type production function:g/

= o~ By Y
Ve = ALK G L (1

where V. = output, Kt = services of private capital, Gt = services

of government capital, Lt = laobr, and At = adjusting factor of demen-—

sions which may also embody technical progresses as a function of time t.
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The elasticities o, 8, an& v are nonnegative constants.

Meade (1952) and Negishi classify that there are two types of
public goods or, to use our terminology, the services derived from
government capital. One is that of "unpaid factors of production" such
as the free transportation services of highways; énd the other is that
of "creation of atmosphere’ such as govermment research activities and the
administrative services that promote private production activities.
Accordingly, in a comﬁetitive situation, production function (1) will be

homogeneous of degree one with respect to K_, G _, and Lt,

£’ Tt

o+t B +y=1, (2)

when govermment capital is in the case of the unpaid factor; and it is

so with respect to Kt and Lt’

' -

o + y =1, 3

in the case of creation of atmosphere.

Although the above is a crucial theoretical difference, we do
not a priori presume which 6f the two, i.e., (2) and (3), holds for
the manufactﬁring—sector production functions of thé'United_States and
Japan. Instead we shall leave it unsettled until the empirical
analysis indicates one, rather than the other, or none.

Without govermment capital, production functions are usually
estimated under the assumption of the marginal productivity principle
(hereafter MPP); the demand for each input is determined at that level
which equates the marginal productivity to cost or the price of

factor input. If one faithfully follows this approach, a production



function has to be estimated.as but one equation comprising a
simultaneous—equations system. Otherwise, theestimators are generally
biased.

In the case of equation (1), however, we shall not follow this
approach. This is because we cannot simply assumé that the MPP holds
when govermment capital enters the private production function and

when it is of the unpaid factor of productiom.

Without the MPP, then we lack for a mechanism which simultanecusly
determines the employment of each input and the production of output.
This prevents us from estimating (1) within a simultaneous—equations
framework since we have for the moment no alternative theory. Although
we shall propose a mechanism of the simultaneous determination of Yo
Kt’ Gt’ Lt’ and some other endogenous variables after the empirical
study, equation (1) will have to be estimated at this stage by apply-
ing a single-equation estimation technique.

In order to justify the single-equation formulation of production
function, we shall regard equation (1) as deseribing a purely tech-
nical relationship or a so-called engineering production functiom.

This allows us to interprete Kt, Gt’ and Lt as exogenous variables;
and then the estimators will be unbiased and consistent even by a
single-equation estimation technique.

The actual estimation is based on the natural-logarithmic

equivalent of (1):

= . .
In yt ln.At o In Kt + B8 1n Gt + v In Lt’
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where |

In A = const. + &t + u ;
t t

and the error term, ut, follows the first-order autocorrelatiom,
= +
U = P%1 Ve

. 2
with IQ[ < 1, EVt = 0, and Evt = g

III. The Results and Implication

As we have already mentioned, our study is based on the manu-
facturing sector in two countries: the United States and Japan. We
utilized annual data and the sample period was chosen to be 1948-77
for the United States and 1957-77 for Japan, .These sample periods
were constrained by the availability of the data on capacity-utilization
rate, which is necessary to construct the data on the services of capital
from the stocks of them, in both countties. The time series data on
both private and govermment capitals were not available and had to be
constructed either partially or for .the entire period for both countries.
The procedure of the construction of these date, together with the choice
and explanation of the other data, are summarized in appendix. All
the variables measured in prices are in real terms.

The estimation was executed by employing the maximum~likelihood
iterative regression technique in order to increase efficiency in the
presence of serial correlation in the error term. The estimation results

are summarized in table 1.
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Table 1. Estimation Results

USA JAPAN

a () ..186 470
(.233) (.145)
B (G) .302 .301
(.163) (.149)
v (L) 542 269
(.271) (.169)
§ (t) .012 ~.012
(.006) (.012)
a+B+y 1.030 1.041
(.073) (.134)

period 1948 - 77 1957 - 77

2 | o

R £ 997 .989
0 686 .733
(.018) (.022)

a/. The numbers in parentheses are standard errors.

b/. See appendix for data sources.
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The regressions indicaté quite high R2's for both the United
States and Japan, implying that omitted variables, if any, are not so
important. Although the time trend estimate indicates the counter-
intuitive negative sign in the case of Japan, it is not significant
in any Way.ﬂj All the other estimates show the correct sign as expected
in the formulation of production function (1), and the standard errors
are reasonably small in comparison to the corresponding mean estimates
except for the estimate of the elasticity of private capital, «, for the
United States.

From the obtained results, we can observe three surprising f£indings.

First, the contribution of govermment capital in the private pro-
duction processes i1s by no means negligible; the estimates of B amount
to 0.3 with reasonable standard errors for both the United States and
Japan. It is interesting to note that the similarity of -the estimates of
B in the two countries is seen when the estimates of o and y:are quite
different. However, it is not clear form the present analysis alone whether
this similarity is just coincidental or not. The relative magnitudes of the
estimates of o and y: seem to be plausible for both countries in the sense
that they may reflect the relative scarcity in the endowments of private
capital and labor.

Second, the sum of o, B, and vy almost equals one both in the
United States and in Japan. This implies that the production function
of each country exhibits‘homogeneity of degree one or constant returns

to scale with respect to three factors of production: services of

private capital, serviées of government capital, and labor. In fact,

the null hypothesis of (3) that o + vy = 1 can be rejected with
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considerably small significaﬁce levels for the two countries while
that of (2) that o« + B + v = 1 cannot be rejected at a standard
significance level.éj This indicates that the services of government
capital to the manufacturing sector is of the unpaid factor type both
in the United States and in Japan.éj

Third and what is most interesting, the estimates of o ' in
both countries are almost equal to the actual share of private capital,
Sy in manufacturing sector;zj For the United States, the computed
Sk for theperiod 1948-76 is almost stable and equals on average 0.2.
And for Japan, the manufacturing-sector Sk is reported to be on
average 0.64 for the period 1952-62 [Watanabe and Egaitsu (1967)]
and 0.57 for 1960-71 [Shinohara and Asakawa (1974)].§j Moreover,

there is a tendency that s, has been decreasing. These results

K
for the_twocountries suggest that private capital receives its own
contribution in production processes as indicated by the MPP. This

is because the MPP yields S = O for the Cobb-Douglas type production
function (1) with constant returns to scale. This in turn implies

that almost all the contribution by government capital is paid to labor.
In other words, the accumulation of government capital has resulted in

an observed trend rise in labor productivity, keeping the productivity

of private capital unaffected.
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This last implication is the opposite of the theoretical analysis
of Negishi that, in a competitive situation, all the contribution of
government capital is imputed to private capital when government
capital is the unpaid factor of production. Then, there needs some
explanation to reconcile the theory and empirical results. Although
one can argue that the faect that the present results are obtained
by a single-equation regression technique should reduce such necessity
and the mere abandonment of the assumption on the perfect-competition

should reconcile the theory and reality, we shall not take such inter-

‘pretation. We shall instead offer an alternative mechanism which

simulatneously determines the employment of each input and the produc-
tion of output along the line sugpgested by our empirical study.
The alternative theory we propose is the following. Let the

production function be written more generally than (1) as

L). (4)

Te T F(Kt’ Gt’ t

Let Prs Tyo and W, denote the prices of,respectively, output,

t

private capital, and labor. Then the MPP for private capital yields

P Fx(ps G.» L) = x . (5)

And the determination of the labor share yields

Wiele T P T TR (6)

~

To. begin with, we suppose that the demand for government :capital is
constrained by the predetermined supply of it at each period, i.e.,

we have
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G =G .
t t

Then, equations (4), (5), and () are sufficient to simultaneocusly

determine Vs Kt, and Lt as functions of Pps Tos Wes and Gt'

Once one moves, as the next step, to the general equilibrium frame-
work in order to determine the prices of output and factor inputs

(and possibly the supply of government capital) relying on the equilib-
rium conditions of relevant markets, one is now situated ina simultaneocus-

equations system.

IV. Concluding Remarks

In this paper, we have reported the empirical findings on the
role of government capital in the private production activities. The
obtained results indicate that, on the contrary to the traditiomal pre-
supposition, the contribution of govermment capital--which is likely
to have been imputed wholly to labor—-amounts to about one third of the
manufacturing-sector GNP or GDP both in the United States and in Japan.
This may shed a new light on the sources of productivity growth left
in large part unexplained by Denison (1979) for the United States and
by Denison and Chung (1976) for Japan.

The employed approach may be subject to wvarious criticisms: that
it lacks for solid theoretical basis and wmotivation; that it suffers
from the statistical problems of multicollineafity of regressors and
of simultaneous—equations bias; that it is wvulnerable to possible errors

in datamining; and so on. However, we think that these shortcomings
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are admittable for the first; heuristic investigation especially when we
put much empahsis on the reassessment of the role of government capital.
Therefore, we shall be content when a series of more satisfactory
studies on this subject are carried out, no matter whether they endorse
our findings reported here or they end up with coﬁtradicting them.,

There are suggestions for the. future research. First, instead of
running regressions without theory, a nested model such as the one
suggested in the last part of Seciton III should first be presented and
the findings of this paper should be tested by utilizing the most
satisfactory statistical techniques., Although the present paper
incidentally conducted statistical tests against the.theory of Negishi,
they are not satisfactory owing to the reliance on the single-equation
estimation technique.  Second, similar studies should be pursued for
countries other than the United States and Japan. Then the puzzle left
unanswered that the value of the elasticity of government capital, B,
or the shadow income share of government capital equals about 0.3
across countries can be checked. This investigation is important
because it offers policy recommendations not only on the problems of
functional income distribution between private capital and labor but

also onproductivity growth in developing as well as developed countries.
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Footnotes

1/. There have been a number of theoretical studies on the role of
public goods or govermment capital on the production activities.

They have mainly dealt with the efficient resource-allocation problems
of public goods. Negishi (1973) discusses the theoretical issues

to which we shall frequently refer in this paper.

2/. See, for example, Denison (1967), pp. 135-7.

3/. Recent empirical studies on production functions take the
approach‘that does not apriorispecify the fucntional forms but begins
with a general specification such as the translog production

function [Christensen et al (1971)]. However, we cast doubt on the
desirability of such a step when the available sample data are
relatively small, as is the case with the present study.

4/. See footnote 6 below.

5/. The F-statistics to the null hypothesis (3) are F(1,25) = 2.00

(16.6%) for the United States and F(1,16) = 4.93 (3.9%2) for Japan:
and to the null hypothesis (2) are F(1;25) = .17 (68.7%) for the
United States and F(1,16) = .09 (75.9%) for Japan. The percentage
values in parentheses are dignificance levels.

6/. That the null hyﬁothesis (2) is hardly rejected weakens the
following criticism: "Governmept capital turns out to be significant
simply because the time series of it substitutes for that of some
other variables, such as the technical progresses, which are important

in the production function. For instance, the insignificant estimate

of the time-trend term in Japan reflects the problem of multicollinearity
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between government capital aﬁd time trend." We shall answer to this
by only pointing out that a mere chance can hardly bring about (2).
7/. The following Sy which is usually computed as the remainder

of labor share, is before-tax based. Therefore, the criticism which
may arise thét the services of govermment capital are paid in the form

of taxes dis irrelevant.

8/. We could not directly compute the manufacturing-sector s in

K

the case of Japan, since some necessary data in deoing so were available

only in the form of index.
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Data Appendix

All the data except for the stock of government capital refer to
the manufacturing sector both in the United States and in Japan.
The stock of government capital applies to the whole economy. We shall
define the following relations which will soon become obvious of

themselves:

Kt = KSt x CUt,

The United States

All the variables measured in prices are or converted to be at 1972
billion §. The data are collected from tables in Economic Report of

the President (Washington D. C., 1979) unless otherwise noted.

Yo = real GNP (tablé B-5);

CUt = Federal Reserve measures of capacity-utilization rate
{table -B~42);

KSt = net stocks of fixed nonresidential‘business capital
{Burvey of Current Busineés, September 1978 and other
issugs‘cited therein) ;

GSt = net nonresidential government structures [Goldsmith

(A138 : 1947-51) and Tice and Duff (A139 : 1952-68)

estimates in Long Term Economic Growth, 1860-1970
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(Washington b. C.: US Bureau of Economic Analysis, 1973)
are converted to 1972 prices. Other years (1967-77)
are constructed by the formula GSt = (1 - u)GSt_l +
(gross public construction: table B—43)t_:L with the
depreciation rate 1y = .02, This particular u 1is
chosen because with it the known past data are best
extrapolated.];

N._ = number of wage and salary workers (table B-34);

H_ = average yearly working hour [from average weekly working .

hour (table B-35)].

Japan

All the variables measured in prices are or converted to be at 1970
prices, then they are in turn converted to indices (1970 = 100) in order
to maintain consistency since some data are available only in the form

of index. The data are collected from various issues of cited data sources.

Yo < real GDP (National Income Statisties : Economic Planning
Agency);
CUt = capacity-utilization rate (Tsisan Tokei : Ministry of

International Trade and Industry);

KS_ = net private capital stock [The formula KSt = (1 - u)KSt_l

<+ (gross investment)t__1 is applied by making the net fixed

capital stock at 1970 (National Wealth Survey: Statistics

Bureau Prime Minister's Office) as the bench mark. The

time series on gross investment is constructed from that
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of gross capital stock estimated by Economic Planming
Agency. The particular depreciation rate uw = .1l15
is chosen to meet the other bench-mark net fixed capital

stock by construction and by National Wealth Survey

at 1955];

GSt = net nonresidential government capital stock [This is
constructed in the same way as KSt except that p = .05
is used by the same reason as above and that nonresidential
gross government investment from National Income Statistics
is used.]:

Nt = number of regular workers (Maigetsu Kinré Tokei ChOsa
506 HOokoku Sho: Ministry of Labor);

Ht = monthly hours worked of regular workers [The same source
as Nt']'

Notes

Both private and government capitals are net stocks, although output
is in gross terms. This seems to be a correct choice of variables in
production functions.

The capacity-utilization rate of private capital is employed to
coustruct the services of government capital from the stock of it.
Although this may be a problematic procedure, we could find no alternative

way.



