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1. Intreduction

The role of statistical methods in quantita-
tive analysis of long-term economic growth
has become increasingly important in policy
science. It is an especially crucial issue for
economic growth projections that investigate
trends in indices of technology. This paper
provides a new approach for estimating tech-
nical change.

In empirical studies of economic growth,
many earlier reports based on the conven-
tional production function approach assume
constant rates of technical progress. This
implies that the level of technology increases
exponentially with time. However, actual
technical change may not be as simple as
these reports assume. Thus we consider this
assumption to be an oversimplification, and
attempt to'improve the framework.

To capture the behavior of technical prog-
ress properly, we introduce a time-varying
efficiency parameter into a statistical model
based on a constant elasticity of substitution
(CES) production function, and estimate it
using the Bayesian smoothness priors
approach. This will solve an important prob-
lem with the conventional production func-
tion approach.

This paper is organized as follows. In
Section 2 we construct the analytical frame-
work. Section 3 presents a procedure for
parameter estimation. In Section 4 we apply
our proposed approach to an empirical analy-
sis of the Japanese economy. Section 5 con-
cludes the paper.

2. Model Construction

Suppose that the output, Y, in an economy
is produced by combining capital, K., with
labor, L., according to the CES production
function

Ye=sl6K:*+(1— L], o))

where the subscript # denotes time. The CES
production function in Eq. (1) has constant
elasticity of substitution between capital and
labor (14 )" and is homogeneous of degree
v. Arrow et al. [1961] called ¢, 8, and p the
(neutral) efficiency parameter, the distribu-
tion parameter, and the substitution parame-
ter, respectively. For parameters §, 8, o, and
v, it is assumed that ¢>0, 0=6<1, p>—1,
and v>0.

A major concern for many economic
growth researchers is to ascertain trends ina
technical change. For this reason, we regard
the efficiency parameter in our study to be
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time-varying, that is, ¢, rather than g. We
therefore estimate the CES production func-
tion with a Hicks-neutral technical change as
follows:

Ye=g.[0K:*+(1—8)L:*] 5. 2

Furthermore, for statistical estimation, we
rewrite Eq. (2) as follows:

ZF%--Z[&K:’HI—S)L:‘]%+e,, 3)

where Z,=(Y:"*=1)/(—o/v), y.=57*"", and
€. is an error term. Note that Z, is defined by
a Box-Cox transformation of Y.. This trans-
formation is used here to equalize the vari-
ance of & over time, and hence we assume
that &, has the normal distribution with mean
0 and variance ¢%, that is, e.~N(0, 6.

To estimate the time-varying parameter 7,
as a random variable from a Bayesian per-
spective, we apply the smoothness priors
approach (see, e.g. Kitagawa and Gersch, 1996).
Specifically, a stochastic difference equation
of order 2 is used to define a prior distribu-
tion for 7. as follows:

7e=27c1t 7e-2= V¥, (4)

where ¢. is a Gaussian white noise and .~
N(0, 6*/d*) with d>0 being an unknown
parameter. It is also assumed that &, and ¥
are independent of each other. To obtain a
proper prior density of 7., for ¢=1,2, .., n, it
is necessary to present ¥ and y-: as unknown
parameters.

For convenience, we consider the parame-
ters 6, o, v, 6% 7, 7-1 and d to be unknown
constants. When the values of these parame-
ters are given, a system of Bayesian linear
models for the 7.’s can be constructed using
Eqgs. (3) and (4). We can then obtain poste-
rior distribution for the y.’s by using the

Bayesian linear modeling method.
3. Parameter Estimation

In this section, we briefly describe the
methods for parameter estimation, which are
based on the procedure introduced in Noda
and Kyo [2009].

Consider a given value of 8. We obtain a
set of Bayesian linear models for the time-
varying parameter 7.(¢=1,.., n) based on
Eqs. (3) and (4) in which p, v, 6% 7, 7-1 and
d are treated as hyperparameters. The time-
varying parameter can be estimated using a
Bayesian approach, and the hyperparameters
are estimated using the maximum likelihood
method. Note that all of the estimates for the
time-varying parameter and the hyperpar-
ameters depend on the value of §.

Moreover, to obtain robust estimation
results, we use the Bayesian model averaging
approach. If we generate J kinds of value of
é for 0<4<1, then J sets of Bayesian linear
models for the time-varying parameter are
constructed. Thus, we can obtain J kinds of
estimates for the time-varying parameter and
the hyperparameters. We can also compute
the maximum likelihood value for each set of
Bayesian models.

Finally, the estimates for the time-varying
parameter and the hyperparameters are
obtained as averages of the estimates under
each of the Bayesian models, weighted by
their maximum likelihood.

Let §. be the estimate for ¢.=7:""", so that
§¢ can be obtained from §.=7.~%, where v is
the estimate for v, § is the estimate for p,
and 7. is the estimate for 7.

—3 -
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4 . Empirical Analysis

4.1, Data Sources

We implement an application of our
proposed approach using the annual data of
the Japanese economy. The data cover the
period 1960-2001. As in Kamps [2006], we
used the data of real GDP from the OECD
Analytical Database as a measure of Y. The
data for K, were taken from Kamps {2006].
We aggregated Kamps’ [2006] private and
public capital data for each year. For L: we
used a skill-adjusted measure of labor con-
structed in Noda and Kyo [2009].

4.2. Results and Interpretation
Estimates of the parameters p, 6, and v are
presented in Table 1.

Table 1. Estimates of Constant Parameters

] § v
—0.360  0.089 0.950

From the estimation results for v, we could
consider that the CES production function for
Japan approximates constant returns to scale
during the period 1960-2001. Using the esti-
mate of p, it is found that the estimated
elasticity of substitution between capital and
labor is 1.563. ,

Nakamura (2009] considered an increase in
the range of capital use as a form of mechani-
zation and presented a micro-foundation for a
CES production function. The range of capi-
tal use represents the continuum of steps in
which capital is used. As a result, Nakamura’
s [2009) model implies that when p<0 an
increase in the range of capital use, which
means capital rather than labor is more
widely used, promotes economic growth

through amplification of the effect of capital
deepening. Because we obtained an estimate
of —0.360 for the substitution parameter, this
suggests that extending the range of capital
use might be a key to promoting J apan’s
economic growth.

Table 2 shows the estimates of the time-
varying efficiency parameter that represents
the level of technology.

Table 2. Estimates of the Level of Technology

Year St Year $t

1960 1.255 | 1981  3.389

1961  1.371 | 1982  3.420
1962  1.484 | 1983  3.451

1963  1.601 | 1984  3.517

1964 1.720 | 1985  3.599

1965 1.829 | 1986  3.679
1966 1.963 | 1987  3.785
1967  2.133 | 1988  3.917
1968  2.337 | 1989  4.034
1969 2.555 | 1980  4.119
1970 2.745 | 1991  4.142
1971  2.880 | 1992 4.118
1972 3.009 | 1993  4.092
1973 3.087 | 1994  4.093
1974 3.092 | 1995  4.131
1975  3.108 | 1986  4.187
1976  3.140 | 1997  4.202
1977 3.191 | 1998  4.188
1978  3.259 | 1999  4.206
1979 3.323 | 2000 4.245
1980 3.359 | 2001 4.253

We now investigate time variations in the
level of technology for each year compared
with a base year. Let us define the technology
index of year ¢ as (§/61)%100(¢=1,2, ..., n).
Because 1960 is the initial year in our analy-
sis, the technology index for 1960 is equal to
100. That is, 1960 is regarded as the base
year.

Figure 1 shows a logarithmic scale of the
technology index for the period 1960-2001.

— 4 -
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Figure 1. Technology Index for Japan, 1960-2001
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It can be seen from Figure 1 that there are
notable changes in Japan's technology index
trend at the time of the first oil shock. Specif-
ically, the technology index steadily in-
creased through the period between the early
1960s and the early 1970s and subsequently
became sluggish. In particular, the decline in
the growth rate of the technology index after
the 1990s is remarkable. Consequently, we
think that from the viewpoint of future sus-
tained economic growth, a policy designed to
promote technical progress in the Japanese
economy is needed.

5. Conclusion

We have proposed a Bayesian approach for
estimating technical change based on a CES
production function. By using our analytical
framework, technical changes can be captur-
ed in detail. We have therefore presented a
technique for solving part of the problem
with conventional production function
approach.

From an illustrative application using data
from the Japanese economy, it is found that
Japan's technical progress has stagnated,
particularly since the 1990s. Our empirical
evidence supports the policy recommenda-
tions suggested by OECD [2006] for improv-

ing Japan’s innovation systems to sustain
economic growth.
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