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Abstract

Recent statistics from the OECD concerning productivity growth at the macro-
economic level show a sort of paradoxical shift in the relationship between the recent
upheaval of real investment in new information technology and productivity growth.
Table 1 represents the trends of productivity changes in both Japan and the U.S. during
the periods 1960-90.  Even if there were sizable new investment (including computer
and related information facilities) recently, productivity at the macro-economic level
could not be improved as well as could be expected by this new investment.  These
puzzling observations raised a series of discussion points: the so-called
‘conceptualization problem’, or ‘Solow’s paradox’. Several hypotheses have been put
forward in attempt to explain these observations in a consistent manner and solve these
puzzles: 1) The measurement error hypothesis; 2) the time lag hypothesis; 3) the
substitutability hypothesis; 4) the externality hypothesis; and, finally 5) the spillover
hypothesis.  In this paper, we will try to focus on two of these alternative explanations:
the measurement error hypothesis, and the spillover hypotheses.  In particular, we will
try to emphasize the importance of evaluating the new technology embodied in the
capital stock.  We proposed two new concepts of measurement of TFP growth: ‘Static
unit TFP’ and ‘dynamic unit TFP’.  “Static and dynamic unit TFP” are extensions of
the ordinary TFP measure, in which can evaluate the spillover effects of recent
developments in technology.  There has been no paradoxical shift in recent years
regarding the relationship between TFP growth and new investment by using our new
measures of productivity.
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1 Introduction

Recent statistics released by OECD countries suggest that productivity growth at the
macro level has not seen a rapid recovery since the great shock of the �rst oil crisis.
In fact, as we can see in Table 1, the annual growth rate of total factor productivity
in Japan during the early 1980s was still less than 1 per cent; while in the U.S. it
was less than 0.3 per cent, after the economic downturn of the early 1970s. In both
countries, we can observe sizable increases in real investment. The recent growth of
investment in the U.S. reached a high level of more than 3 per cent per annual. Also,
in Japan real investment, especially that in electrical machinery (including computer
and information facilities) increased rapidly during the 1980s. We should also note in
the table that partial productivity of labor has been increasing gradually since 1960;
while the partial productivity of capital has declined during the same period. It seems
that increases in the labor productivity are achieved at the cost of decreases in the
capital productivity.
The Table shows that there has been a sort of paradoxical shift in the relationship
between the trend of real investment and total factor productivity growth during the
periods of recent Japanese and U.S. economic recovery. It is our intuitive belief that
this situation means productivity growth has not been achieved in spite of sizable
increases in real investment,along with new developments in technology, including in-
formation technology and high-tech instruments. This is called a `conceptualization
problem', or `Solow's paradox in productivity'. It seems that these problems originate
from the above questions. 1 Although these are, initially, hypothetical questions, they
also, however,include various important issues which should be clari�ed from the view-
point of new technologies; as well as the measurement of productivity growth. Broadly
speaking, there might be several alternative ways of explaining these paradoxical phe-
nomena in productivity trends:

1) Measurement errors: There are two possibile explanations for the errors in pro-
ductivity measurement. It is often argued that TFP growth measures have a number of
possibile measurement errors because of their de�nitions, whereby they are de�ned by
di�erences between observed growth rates of input and output. From this perspective,
qualitative changes in output and input might be highly important ways of generat-
ing measurement errors of productivity. Experiments to revise the price and quantity
index numbers including a hedonic approach suggested that considerations regarding
qualitative measures of input and output could be expected to produce sizable changes
in the results of TFP growth measures. A second source of measurement errors in
TFP growth measures comes from an aggregation bias. Measures of input and output
in the estimation of TFP growth are de�ned by an aggregate measure of various het-
erogeneous types of inputs and outputs, even at the industry level, as well as at the
macro level. We can observe changes in the composition of the inputs and outputs in

1 Greenspan(1995),(1996).
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our historical statistics. In the simple aggregate procedures, which ignored qualitative
di�erences of components and changes in their allocation among sectors, these might
create a sort of aggregation bias.

2) There have been many developments in new technologies since the time of the
industrial revolution. In addition, there have been occasions in history when it took a
considerable amount of time for these developments to di�use themselves into society
and contribute to improve e�ciency in production after their theoretical conception.
Information technologies might have similar features. It might take some time to apply
the knowledge that develops in this �eld,and as a result, achieve gains in productivity.

3) Substitutability between labor and capital: New technologies, like information
technology require sizable real investment for them to be integrated into the production
process. It might increase labor productivity by substituting labor input with capital
input, while capital productivity might decline. Since increases in labor productivity
would be canceled out by decreases in capital productivity, total factor productivity
could not be improved as well as might be expected by the new technologies.

4) Externality: Externality is one of the important characteristics of new infor-
mation technology. Since the external e�ects of the new technologies could not be
evaluated endogenously in terms of market prices, it might be di�cult to measure
their contributions to productivity by the growth-accounting framework.

5) The spillover e�ect of technology: Recently developed technologies have con-
tributed to improved e�ciency in high-tech machinery sectors. Also, new technologies
(including computers and information technologies) have brought about a big change
in the composition of investment goods in almost all industrial sectors, where the share
of general and electrical machinery in investment would increase dramatically. As a
consqunce, the productivity gains in machinery sectors could have a spillover e�ect on
the improvement of productivity in all industrial sectors. The productivity gains in
machinery sectors not only could spill over among sectors through the static framework
of interdependence of the technology among sectors, but also have a dynamic spillover
e�ect among sectors through capital accumulation. This spillover e�ect should be dis-
tinguished from the external e�ect of technology. It should be evaluated as a pecuniary
impact of the e�ciency gains in new technology.

As indicated above, we can provide several alternative explainations for these recent
paradoxical and puzzling trends in productivity. Within the previous �ve alternative
explanations, we do not consider the second possibility, `the time lag hypothesis', here.
It seems to us to be di�cult to identify the validity of the hypothesis by using short-term
data over just three decades. With regards to the third explanation, we cannot deny the
possibility of a substitution between labor and capital during the process of installing
new technology. As shown in Table 1, however, the phenomenon of substitution in order
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to improve productivity is not necessarily a recent characteristics of new technology. We
can often observe the same phenomenon in productivity trends since 1960. Therefore,
it is important to explain the implications of installing new technology, where it would
be implemented, even at the cost of productivity improvement of capital. As for the
externality issues in the fourth explanation, we also cannot deny the e�ect of externality
on new technology. We wonder, however, if there could be some sorts of non-pecuniary
e�ect caused by the installation of new technology: If so,it should be included in the
growth rate of the total factor productivity, and should be measured in the residuals
where all of pecuniary e�ects are excluded.

In this paper, we would like to focus on two alternative possibilities in order to
explain these puzzling problems. One is an explanation by measurement errors, and
the other is an explanation related to spillover e�ects within the pecuniary framework.
In section 2, we would like to focus on the explanation of measurement errors from
the viewpoints of qualitative evaluation of inputs and aggregation biases at the macro
level. We try to break down the sources of economic growth in Japan into changes
of quantities of factor inputs, changes of qualities of factor inputs and changes of
allocation of resources of output and input among sectors. This should provide de�nite
veri�cation of the measurement error hypothesis in order to explain the recent puzzling
trend of productivity. When it comes to evaluating the e�ect of qualitative change
in capital input, we can observe that there were fairly dominant qualitative changes
in capital input recently. This was due to a strict relationship with the increasing
shares of machinery,(especially electrical machinery) in the composition of assets in
new investment, and capital stock in all industrial sectors. In section 3 we try to
summarize our observations concerning the changes of the composition of assets in
capital formation and stock. The development of new technologies is assumed to be
realized by the changes of composition among capital goods in capital formation and
observed by the changes of the capital coe�cients in capital stock by assets. We begin
with the development of the measures of capital input in current and constant prices for
each of the 43 industrial sectors in Japan for the period 1955-92. We have estimated
capital matrices in terms of 
ow and stock in order to evaluate the impact of the
structural changes in capital coe�cients on the economy, where new technology has
been expected to be embodied. Furthermore, when we try to consider the impacts
of structural changes in the capital composition on productivity growth, we have to
propose a theoretical framework in the productivity measurement in order to evaluate
their impacts.

In section 4 we try to quantitatively evaluate the implications of the spillover e�ect
of TFP growth for the structural changes in the Japanese economy. The concept
of spillover discussed in this paper should be distinguished from that of externality.
Our concerns are related to the structural changes of input coe�cients of intermediate
inputs and factor inputs,(such as labor and capital), which are brought about by the
installation of new technology. Structural changes which are implemented by new
technologies might have a sizable impacts on the framework of linkage among various
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economic sectors, which is the second implication of the spillover e�ect. We can see that
the structural changes brought about by new technologies could produce an extension
of the spillover e�ect of the TFP growth, and contribute to an increase in e�ciency
within the economy; while the ordinary measure of the TFP growth in each industrial
sector is relatively lower. Our analytical framework is based upon an approach of
input-output analysis. In our framework, the spillover e�ect of the structural changes
on productivity can be measured not only by the static interdependent relationship
among sectors through the transactions of their intermediate goods, but also by the
dynamic inter-relationship among sectors through the capital accumulation process.
We assume here that the development of new technologies could be embodied in changes
of capital stock through new investment, and that this would have a spillover e�ect
on the whole economy through productivity growth. These approaches to the static
and dynamic measures of the spillover e�ect provide us with extended concepts of
the measurement of total factor productivity. Our concept of the measurement of the
total factor productivity is an extension of the concept of the ordinary TFP measures
by sectoral analysis, from the viewpoints of technological properties of commodity
production and spillover e�ect of the technology as a system.

2 Measurement Problems in TFP

The TFP measurements in Table 1 represent �gures in both Japan and the U.S.,
where we have tried to carefully remove the possibility of any measurement errors.
By this de�nition, the growth rate of TFP could be observed only as the di�erence
between growth rates of output and input. Therefore, results depend entirely upon
the measurement of quantities of output and input, as well as those of prices of output
and input. In particular, they should be carefully adjusted so as to measure changes
of quality of output and input in the measurements of quantities and prices. If we try
to measure quantities of output and inputs as a simple sum, (where all of outputs and
inputs are assumed to be homogeneous as for their qualities), the growth rate of TFP, as
the di�erence of the growth rates of output and input might include some measurement
errors. This is because there are, presumably,overlooked qualitative changes in output
and input. One of way of explaining the recent paradoxical trends of productivity is
attributable to the measurement errors of TFP. Strictly speaking, qualitative changes
of output and input are divided into two di�erent sources concerning the measurement
of the aggregated level. One is error which arises from neglect of qualitative changes of
output and input in speci�c industrial sectors, and the other is bias which comes from a
disregard for allocational changes of output and input among industrial sectors. We try
to distinguish the former qualitative changes in one sector from the latter allocational
biases in distribution of resources. Concerning the former qualitative changes in output
by sector, it should be noted that qualitative changes in output have already taken
into account measurements of output de
ators in WPI. In particular, recent changes of
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quality in high-tech commodities, such as computers, have been measured in WPI of
commodities by using the hedonic approach method. Here, we just focus on qualitative
changes of inputs at the aggregate level of the economy.

Our �rst objective is to measure value added for the economy as a whole. Our
measurements of the sectoral gross output are based upon the input-output account-
ing framework. Both our input-output accounting framework and the sectoral price
functions give aggregate measures of value-added price and factor input prices. These
prices create the quantity of aggregate value added and factor inputs as a dual index,
in which nominal accounting balances in each sector and economy as a whole are main-
tained. It should be emphasized that we do not necessarily assume the existence of an
aggregate production function or an aggregate price function. The assumption of the
existence of an aggregate function imposes stringent restrictions on sectoral models of
production. All sectoral price functions must be identical to the aggregate price func-
tion; and all sectoral value-added prices, capital service prices and labor service prices
must be equal to each aggregate price respectively. Unless these assumptions of the
aggregate production model are met, the analysis of sources of economic growth creates
di�erences between sectoral and aggregate models of production and technical change.
Contributions of reallocations of value-added and primary factor inputs among sectors
can be identi�ed by the rate of aggregate technical change.

We begin with estimates of aggregate value added, based upon our input-output
accounting framework. Next, we allocate the growth of value added among its com-
ponents: the contributions of capital and labor inputs in economy as a whole, and the
rate of aggregate technical change. We can further break down the contribution of
capital and labor input at the aggregate level into the aggregates of the quality change
by the sectoral level and the allocational bias of capital and labor inputs among sec-
tors. Thirdly, we present the methodological framework, in order to allocate the rate of
aggregate technical change among a weighted sum of rates of sectoral technical change
and reallocations of value added and the primary factor inputs among sectors. Finally,
we present the results of the breakdowns of the rate of aggregate technical change in
the Japanese economy and give some indication of measurement errors hypothesis as
a way of explaining the recent puzzling trend in productivity.

2.1 Aggregate Output

Our measurement of the sectoral gross output is based on the input-output accounting
framework. The quantity of aggregate output is de�ned as the sum of the quantities
of value added over all sectors.

Accounting balance in the j-th industrial sector is represented as follows:

pjvV
j = p

j
LL

j + p
j
KK

j
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j
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piX
j
i ; (1)

where pjv and Vi are respectively the value-added de
ator and quantity of the value-
added of the j-th sector. pjL, L

j and pjK , K
j represent price and quantity of labor and

capital service inputs of j-th sector. pjI , Z
j
I and pi, X

j
i stand for price and quantity of

output of j-th sector and price and quantity of i-th intermediate inputs in j-th sector.
Di�erentiating (1) logarithmically with respect to time, we have:
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In equation (2), the term of the �rst parenthesis on the right hand side of equation
corresponds to the de�nition of the growth rate of the divisia price index for the value-
added de
ator. The growth rate of the divisia price index is then subtracted from the
rate of growth of net output values in current prices in order to obtain a measure of
the growth rate of real value-added.

Next, we de�ne gross domestic products (GDP ) { the nation-wide aggregate mea-
sure of net output { as the sum of sectoral value added as follows:

pvV =
nX

j=1

pjvV
j

=
nX

j=1

(pjLL
j + p

j
KK

j); (3)

where pv and V are GDP de
ator and real GDP respectively.
Di�erentiating (3) logarithmically with respect to time, we have:

_pv
pv

+
_V

V
=

nX
j=1

pjvV
j

pvV

 
_pjv
p
j
v

!
+

nX
j=1

pjvV
j

pvV

 
_V j

V j

!
: (4)

The growth rate of the divisia price index, pv, which is represented by the �rst term on
the right-hand side of the equation (4), is then subtracted from the rate of growth of
the nominal gross domestic products in order to obtain a measure of the growth rate
of the real GDP de�ned by the second term of the right-hand side of the equation.
The last term of the right-hand side of the equation (4) gives us the growth rate of the
divisia quantity index of the real GDP, V .
The sum of value added in all sectors pvjV

j is equal to the sum of capital compensation
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and labor compensation for the economy as a whole. Value added for the economy as
a whole is equal to the sum of the value added at current price over all sectors:

pvV =
nX

j=1

pjvV
j = ~pv

nX
j=1

V j; (5)

where ~pv is an aggregate price index on average which is de�ned as corresponding to
the sum of the quantities of real value-added in all sectors in (5). The divisia price
index, pv is not necessarily equal to the aggregate price index on average, ~pv. They
are equal if and only if prices of value-added in all sectors are identically equal to pv
and value shares wj in all sectors are constant. On the other hand, we can de�ne the
growth rate of the simple summation of the sectoral real value-added as follows:

_V �

V �

=
X
j

 
V j

V �

! 
_V j

V j

!
=

P _V j

V �

: (6)

We can then de�ne a measurement of rates of changes of the allocation of real
value-added among setors,

_Av
Av

as a di�erence between growth rate of divisia aggregate

index of real value-added,
_V
V
and that of a simple summation of real value-added,

_V �

V �
as

follows.We call it a measure of the allocational bias of the value-added.

_Av
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=
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V j
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�
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_V j

V j

!

=
X
j

 
pjvV

j
� ~pvV

j

pvV

! 
_V j

V j

!
: (7)

The last equation of (7) implies that the allocational bias of the value added is de�ned
by a shift of the allocation of value-added among sectors. If the changes of allocational
bias,

_Av
Av

is positive (negative), resource would be allocated to the sectors which are
characterized by the higher (lower) value-added ratio rather than that on average.

2.2 Aggregate Labor and Capital Input

According to our accounting identities, aggregate labor and capital compensations are
equal to the sum of compensations paid for each type of labor and capital over all
sectors respectively. Let us denote the number of types of labor 2 as the subscript l
and the number of types of capital as the subscript k. pjLl and L

j
l stand for price and

quantity of the l-th labor service input, while pjKk and K
j
k stand for price and quantity

2 In our analysis, labor inputs are cross-classi�ed by sex, age, education and employment status by
industry.
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of the k-th capital service input.
We can de�ne the aggregate compensation of labor and capital as follows respectively:

pLL =
X
j

B
j
L =

X
j

X
l

p
j
LlL

j
l ; (8)

pkK =
X
j

B
j
K =

X
j

X
k

p
j
KkK

j
k; (9)

where Bj
L and B

j
K stand for the total compensation of labor and capital in the j-th

sector, which are de�ned as the sum of the compensation for all types of labor and
capital in the sector.

Let us begin with the de�nition of the measurement of qualitative change of labor
and capital in the j-th sector. Growth rates of divisia aggregate index for labor and
capital in j-th sector are de�ned as follows:
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where
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where

p
j
KK

j =
X
k

p
j
KkK

j
k = B

j
K:

On the other hand, we can de�ne growth rates of a simple summation of labor and
capital service inputs in j-th sector as follows. A simple summation suggests that there
are assumed to be no di�erences of quality among the various types of service inputs:

_L�j

L�j
=
X
l

 
L
j
l

L�j

! 
_Lj
l

L
j
l

!
=

P
l
_Lj
l

L�j
; (12)

_K�j

K�j
=
X
k

 
K

j
k

K�j

! 
_Kj
k

K
j
k

!
=

P
k
_Kj
k

K�j
: (13)

9



Next, we can de�ne the growth rate of qualitative change of labor and capital inputs
in the j-th sector as a di�erence of the growth rate between divisia aggregate and simple
sum indexes of each input:
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where

~pjK =
p
j
KK

j

K�j
=
B
j
K

K�j
:

_Q
j

L

Q
j

L

and
_Q
j

K

Q
j

K

represent the growth rates of quality change of labor and capital service

inputs by sector. According to the de�nitions in (14) and (15), if weights of inputs
among various types of labor and capital services were to shift to inputs where the prices
are relatively higher than the average input prices ~pjL and ~pjK , qualitative changes of
inputs should be evaluated to be positive. In our theoretical framework, each input
price is corresponding to the marginal productivity. Then the positive (or negative)
change of the quality in labor and capital services implies that the total aggregates
of the marginal productivity of these inputs in the sector should be increased ( or
decreased) by the changes of the qualities of the inputs. Now let us turn to the nation-
wide aggregate of inputs. With regards to inputs like labor and capital, we de�ned the
measure of quality in each sector by the changes of composition among various types
of inputs, which have di�erent rates of marginal productivity. At the aggregate level,
we can also observe changes of allocation of the factors among sectors. This should be
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distinguished from the quality measures within these sectors. We will call it a measure
of allocational bias of factor. First, let us begin with the de�nition of growth rate
of divisia input quantity indexes of the nation-wide aggregate concerning labor and
capital:
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j
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where L and Lj stand for divisia aggregate quantity index of the nation-wide and
sectoral aggregates for labor service and pL and p

j
L correspond to their price indexes

respectively.

Similarly, we can de�ne divisia quntity index of capital of the nation-wide aggregate
as follows:
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where K and Kj stand for divisia aggregate quantity index of the nation-wide and
sectoral aggregates for capital service and pK and pjK correspond to thier price indexes
respectively.

On the other hand, we can de�ne the following two types of growth rate of input
quantity index as a simple summation of factor inputs. One is de�ned by the simple
summation of the sectoral divisia quantity of input de�ned by (10) and (11):

_L��

L��

=
X
j

Lj

L��

 
_Lj

Lj

!
=

_P
j L

j

L��
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; (19)

where L�� and K�� represent simple summations of sectoral divisia quantities of labor
and capital for the nation-wide aggregates. These indexes suggest that inputs by sector
which are adjusted changes of the quality within each sector are homogeneous among
sectors and then they can be aggregated by a simple summation. Alternatively, if
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we could assume that there are no di�erences of quality of inputs among input types
and sectors, we can de�ne the growth rate of the aggregate quantity of inputs by the
following simple summation:
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where L� and K� represent indexes de�ned by the simple summation of all types of
labor and capital inputs among types and sectors for the nation-wide aggregate. It
implies that all inputs among types and sectors are homogeneous with regards to labor
and capital, respectively; and then it can be aggregated to the nation-wide by the
simple summation.

We can de�ne a measure by which we can evaluate the changes of the resource
allocation among sectors at the nation-wide level. It is de�ned by the di�erences
between growth rate of the nation-wide divisia aggregate de�ned by (16) and (17) and
growth rate of the simple summation of the sectoral divisia quantities as de�ned by
(18) and (19)concerning labor and capital respectively. As for the di�erence between
(16) and (18), the allocational bias of labor input is formulated as follows:
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where
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:

Similarly, as for the di�erence between (17) and (19), the allocational bias of capital
input is formulated as follows:
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; (23)

where

~pK =
pKK

K��

:

_AL
AL

and
_AK
AK

represent rates of changes of allocation of the factors among sectors. We
call them allocational biases of labor and capital inputs. As shown in the above for-
mulations, ~pL and ~pK stand for average prices at the nation-wide level of labor and
capital services. Then the index of the allocational biases implies that if it is positive
(or negative), resources like labor and capital services would be allocated to sectors
where the price of the factor seems to be more expensive (less expensive) than the
average. From the perspective of the cost e�ciency on the resource allocation, positive
(or negative) value of the allocational biases implies that resources are allocated less
(or more) e�ciently by the shift among sectors.

Finally, by rearranging the di�erence between the growth rate of the nation-wide
divisia aggregate index of input de�ned by (10) or (11) and the growth rate of the
nation-wide simple summation index of the corresponding input de�ned by (20) or (21)
respectively, we can decompose sources of change of quality of inputs at the nation-
wide aggregate level. By subtracting (20) from (10) or (21) from (11), we can deduce
the following formulations:
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The formulations (24) or (25) suggest to us that growth rate of quality of input in
the nation-wide aggregate as the di�erences between (10) and (20) or (11) and (21)
could be broken down into three components, respectively. The �rst one is represented
by the �rst term on the right-hand side of the second equation, which is an aggregate
measure of qualitative changes among various categories of the factor. The second term
of the right-hand side of the second equality represents a measure of the allocational
biases de�ned by (22) or (23). Finally, the third term of the right-hand side of the
second equation is a sort of the interactive e�ect of the above two components.

2.3 Aggregate Productivity Index

We have presented indices of output and input for the economy as a whole. Our next
objective is to formulate an index of TFP change for the economy as a whole. We have
already presented an index of productivity at the sectoral level as follows:
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Alternatively, using the de�nitions of the value added in the j-th sector as shown
in (2), we can write the index of the rate of TFP change vjT :
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As a nation-wide accounting balance, we can de�ne gross domestic products or a
nation-wide aggregate measure of net output in (3). We can rewrite it as follows.

pvV = pLL + pKK; (28)

where V , L, and K stand for divisia aggregate quantity indexes of value-added, labor
and capital inputs, while pv, pL and pK are corresponding to the respective price at

14



the aggregate level. The growth rate of each divisia quantity index for net output and
inputs at the aggregate level has been already formulated in the previous sections.

With regards to the growth rate of net output at the aggregate level, we de�ned in
(4) as follows:
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X
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j
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!
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: (29)

The right-hand side of the second equation represents the decomposition of the growth
rate of net output at the aggregate level, which is shown in (7).
On the other hand, we de�ned the growth rate of labor and capital inputs at the
aggregate level in (16) and (17). Moreover, we can formulate the breakdown of the
sources of the growth of labor and capital in (22) or (24) and (23) or (25). We can
hese rearrange as follows:
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In (30) and (31),
_ILQA
ILQA

and
_IKQA
IKQA

represent the contribution of the interactive e�ect

of allocational bias and quality change on the growth rate of quantities of labor and
capital inputs respectively, which are de�ned in (24) and (25).

We can de�ne an index of productivity change at the aggregate level by using the
aggregate accounting balance, (28):
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The right-hand side of the second equation in (32) indicates that the growth rate of
productivity at the aggregate level is consistent with the weighted sum of the sectoral

productivity change, vjT de�ned by (26), where
p
j

I
Z
j

I

pvV
are utilized as weight.

Finally, we can provide the implications of the breakdown of the sources of the
economic growth at the aggregate level by rearranging all of the above formulations.
Rearranging the following equation by (29), (30) and (31),

_V

V
= sL

_L

L
+ sK

_K

K
+ vT ;

we can obtain the following expression.
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The �nal formulation represents an interesting breakdown of the sources of economic
growth at the aggregated level. The growth of the net output at the aggregated level
was broken down into the contribution of the growth of the factor input, such as labor
and capital and the growth of productivity. The contribution of the growth of the
factors is broken down into four sources,respectively: The �rst is the contribution of
the growth measure as de�ned by the growth rate of the simple summation of input
quantity formulated as

_L�

L�
or

_K�

K�
. The second is the contribution of the growth measure

de�ned by the change of the quality of input formulated as
_QL
QL

or
_QK
QK

. The third is
the contribution of the growth measure as de�ned by the change of the allocational

bias formulated by
_AL
AL

or
_AK
AK

. Finally, the fourth is the contribution of the interactive

e�ect of changes of quality and allocational bias formulated as
_ILQA
ILQA

or
_IKQA
IKQA

. On the

other hand, the contribution of the growth of productivity is measured by vT , which is
de�ned by the weighted sum of the growth rate of sectoral productivity, vjT .

In other words, the index of productivity change at the aggregate level as de�ned
by (32), vjT is measured as a residual which is de�ned by the di�erences between the

growth rate of the real value-added,
_V
V
and the contribution of the growth rate of factor

inputs, labor and capital, sL(
_L
L
) + sK(

_K
K
). In this formulation, we are trying carefully

to evaluate changes of quality, changes of allocational bias and their interactive e�ect
of both output and inputs at the aggregate level. On the other hand, the following
de�nition has often been used as a simple measurement of productivity change at the
aggregate level:

v�T =
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!
: (34)
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In (34), the index of productivity change at the aggregate level is de�ned simply
by the di�erence between the growth rate of the simple sum of the real value-added,
and the contribution of the growth rate of the simple sum of factor inputs. So far, it
is clear that the de�nition of (34), as an index of productivity change at the aggregate
level, includes some sorts of measurement errors which are identi�ed as allocational
biases of output and inputs, qualitative changes of inputs and their interactive e�ects.

2.4 Sources of the Measurement Errors of TFP

By using the framework in the previous section, we can identify the measurement errors
of the growth rate of TFP. Table 2 presents a summary of the sources of Japanese
economic growth during the period 1960-92.

Table 2 shows the average annual rate of growth of output, inputs and productivity
at the aggregated level as sources of the economic growth for the economy, which
are de�ned in (32). Values in parentheses in the Table represent the ratio of the
contribution to economic growth as sources. The �rst column represents the average
annual rate of net aggregate output. It should be noted that while the average rate per
year over the whole period 1960-92 reached more than 6.3 per cent, it was remarkably
higher (10.4 percent) during the period of high economic growth, 1960-72, compared
with 3.9 percent per year after the period of the �rst oil crisis: 1972-92. According
to the breakdown of the sources, contributions of labor, capital and productivity are
shared out on average into 21, 63 and 16 per cent, respectively, during the whole
period. One can see, however, that this average trend of the contribution of growth
is completely di�erent between the periods before and after the oil crisis. Before the
oil crisis, it was one of the interesting features of the economy that the contribution of
productivity growth was higher than 25 per cent, while the contribution of productivity
growth was negligible after 1972. Even during the period 1960-72, the contribution of
productivity growth reached to 26 per cent on average. During the same period, the
contributions of capital and labor inputs were 56 and 18 per cent, respectively. On the
other hand, after the oil crisis, the contribution of capital inputs increased rapidly by
73 per cent, and that of productivity decreased by about 20 per cent. During the period
before the oil crisis, the growth rates of labor and capital inputs were 3.372 and 12.553
per cent annually, while that of output was 10.425 per cent. This means that the partial
productivity of labor increased rapidly during the high growth period at the cost of the
partial productivity of capital. After the oil crisis, the growth rate of capital input was
also higher than the growth rate of output, while the growth rate of labor input was
even lower than that. In other words, we can say that the characteristics of the factor
substitution between labor and capital have been dominant in Japan since 1960s. It
is not necessarily a speci�c characteristic of recent technology. The contribution of
productivity as a source of growth, however, declined to around 16 per cent from 26
per cent before the oil crisis. In particular, after 1990, the growth rate of labor input
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turned out to be negative, and that of capital input still continued to be higher than
that of output. It is impressive that the substitution between labor and capital was
rapidly encouraged during the recent period of the Japanese economy. The growth
rate of total factor productivity was 1.036 per cent per annum, on average, during the
period 1960-92. Before the oil crisis, it was more than 2.781 per cent annually; while
after that it rapidly declined to an average negative rate each year.

Table 3 represents the results of the breakdown of the sources of economic growth
at the aggregate level, which are formulated in (29), (30) and (31). Concerning the
growth rate of value-added, there were sizable contributions made by the allocational
changes among the industrial sectors. As mentioned before, the positive biases of the
output allocation indicates that the e�ciency of the economy would be improved by
resource allocation. During the period before the oil crisis, almost one-third of the
total growth of output was attributed to increases of the e�ciency of the allocation. In
particular during the period 1960-65, the contribution was fairly high. After the 1972
the weight of the contribution declined to a level of less than 15 per cent. Especially,
during the period 1985-90, it was seen to be negative. It would be expected that there
were distortions which disturbed the e�cient allocation of the resources.

From the fourth column to the seventh in Table, we can see the results of the
breakdowns of labor input:

_L�

L�
represents the growth rate of the total man-hour labor

force.
_QL
QL

,
_AL
AL

and
_ILQA
ILQA

represents the rate of qualitative change, the rate of allocational

changes and the rate of their interactive e�ect respectively. The rate of qualitatve
changes of labor input was fairly stable and it had a positive e�ect of 0.7-0.8 per
cent annually. It meant that the qualitative change of labor input contributed an
improvement in marginal productivity at a constant annual rate of 0.7-0.8 per cent.
On the other hand, the rate of change of the allocation of labor input among industries
was mostly negative. As mentioned above, the negative changes of the allocational
biases in labor input suggests that labor was shifted from industries with expensive
labor costs to industries with less expensive labor costs. Consequently, this improved
the total e�ciency of resource allocation in the economy as a whole. We can observe
the breakdown of the sources of capital input from the eighth column to the last in
Table. The qualitative change of capital input was positive, but it was not constant like
that of labor input. The rate of allocational changes of capital input among industries
was seen to be negative. This means that the allocational changes of capital inputs
contributed to an improvement in the e�ciency of capital input in the economy as
a whole. Speci�cally, qualitative change and allocational bias of capital input have
gradually increased recently. Also, the interactive e�ect of qualitative change and
allocational bias of capital input are sizable during the whole period.

Finally, we can summarize the sources of measurement errors of the growth rate
of TFP in Table 4. The second column represents the growth rate of TFP measured
by (34). The last column represents the growth rate of he true TFP as de�ned by
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(32). Measurement errors of TFP growth rate came from three sources of bias in
terms of output, labor and capital. As shown in the table, bias coming from the
measurement of output was fairly dominant, while that coming from the measurement
of inputs was mostly negative, both in terms of labor and capital with few exceptions.
It is interesting that the recent measurement of bias by capital input turned out to be
positive. Although there are measurement errors in TFP, which come from allocational
bias in the output quantity index, both qualitative changes and allocational biases in
labor and capital input index, should be seriously taken into account, since the recent
declining trends of productivity growth are not necessarily attributable to measurement
errors. If we carefully correct the recent measurement error, productivity growth shows
a more seriously declining trend. It is one of the interesting suggestions, from the
discussions of measurement errors, that measurement errors attributed to capital input
turned out to be positive recently, while the growth rate of labor input turned to
be negative. We can understand that these phenomena are characteristics of recent
technologies, where partial labor productivity increased rapidly at the cost of increases
in partial capital productivity as a result of the substitution between labor and capital.
Consequently, since the increases of the labor productivity are cancelled out by the
decreases of the capital productivity, e�ciency increases by the measure of total factor
productivity would be moderate.

3 Characteristics of Capital Formation in Japan

3.1 Capital Input and Capital Stock: Measurement

According to our approach, concerning measurement error hypothesis in order to ex-
plain the paradoxical trends of recent productivity growth in the previous section,
measurement errors are not necessarily dominant sources of the paradox; although the
correction of errors is important in order to measure the true growth of the total factor
productivity. Nevertheless, we can point out several important �ndings from above
approaches. 1) Recently the contribution of capital input to the economic growth in-
creased rapidly, while the contribution of labor input turned out to be negative. 2)
Although this suggests that the substitution between labor and capital turned out to
be dominant, substitution, by itself is not necessarily a speci�c feature in recent tech-
nology. This is because we could observe the substitution between labor and capital
since the 1960s. However, recent changes in the growth rates of labor and capital sug-
gest to us somewhat di�erent patterns of substitution among factors. 3) Concerning
sources of the errors in TFP measurement, sources coming from capital input turned
out to be overwhelmingly positive. All of these �ndings suggest to us that we shall
carefully analyze features of recent capital formation related to new technology.

We assume that all of the new technologies are originally embodied in the new
investment, and changes of composition of capital stock might have an impact on the
substitution of factor inputs and TFP growth. In order to analyze quantitatively the
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impact of new technologies embodied in capital formation on TFP growth, we should
begin with the estimation of capital 
ow and stock matrices. Our estimated capital

ow and stock matrices are divided into private and government owened enterprises;
capital classi�ed by industry; and social overhead capital unclassi�ed by industry. Both
private and government enterprises are classi�ed by 43 industrial sectors, as shown in
Table 5. On the other hand, capital formation in each industrial sector is classi�ed
by 78 types of capital goods as types of assets; which correspond to the commodity
classi�cation in the input-output table.3 We estimated capital stock matrix that to
be consistent with the 
ow matrices of capital formation.

Let us summarize the �ndings in the trends of the capital formation in Japan dur-
ing the period 1955-92. Table 6 represents average annual rates of growth in capital
stock of private enterprises by industry during the period 1955-90, where the period
is divided into the following seven sub-periods; 1955-60, 1960-65, 1965 70, 1970-75,
1975-80, 1980-85, and 1985-90, in order to clarify features of the capital accumulation
in the Japanese economy. According to the results in these Tables, growth rates of
the private capital accumulation in all sectors (except water supply) since 1975 clearly
slowed down in comparison with the rapid growth up to 1975, while those in 1980s
gradually recovered in some sectors, such as electrical machinery, motor vehicle, preci-
sion instrument, communication, and education. Annual growth rates of capital stock
during the three sub-periods since 1960 were signi�cantly higher than those of labor
input by sector in the same periods. 4 In particular, during the second sub-period
1960-65, twenty-eight sectors out of 43 sectors accomplished high growth of capital
stock at more than 10 percent annually. These trends continued during the next two
terms until 1975. After the oil crisis almost all industries (except electricity, gas, med-
ical and other services) experienced a dramatic slowing down of growth in terms of
capital stock.5 During the �fth sub-period, 1975-80 growth rates of capital stock de-
teriorated by less than half of the growth rate in the previous sub-periods by sectors.
During the period 1955-75 capital input by sector grews rapidly, showing a higher
growth rate more than the historical standard of the Japanese economy. After 1980,
capital formation by sector gradually recovered. Annual growth rate of capital stock
increased in sixteen industries during the period 1980-85; and in twenty-six industries
after 1985. It is one of the interesting characteristics of the economy that the capital
formations in the speci�c industries such as electrical machinery, precision machinery

3 Commodity classi�cation of capital goods corresponds to the commodity in the Basic Japanese
Input-Output Table classi�ed by 541 commodities and capital goods are divided into 78 commodities
in the table.

4 See Table 3.
5 In Japan where more than 90 % of the energy sources are imported, the impact of the oil crisis was

unexpectedly serious. Trends of capital formation in almost all of industries were shifted downward.
The few exceptions such as electricity, gas, medical and other service were due to the investment
promotion policy in utility sectors, supported by government, in order to avoid a serious deterioration
of the economy.
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and communications increased rapidly after 1985. 6

[Table 7] represents a series of estimated capital stocks by government enterprises.
Annual growth rates of capital accumulation in government enterprise show constantly
rapid growth such as 6.00, 10.90, 9.77, 13.37, 8.18, 4.55, 2.28 per cent every �ve years
since 1955 respectively. We should note that the values after 1989 in Table are not
adjusted according to the privatization trends in government enterprises.

3.2 Structural Changes in Capital Coe�cients

Capital stock matrices for private and government enterprises at 1985 constant prices
are estimated for every year during the period 1955-92. The matrix consists of 43
commodities in column, and 43 industries in row. 43 commodities are aggregated
into twelve types of asset: 1.Animal and plants, 2.Construction, 3.Apparel, 4.Woods
products, 5.Furniture, 6.Metal products, 7.Machinery, 8.Electric machinery, 9.Motor
vehicle, 10.Other transportation equipment, 11.Precision instruments, and 12.Miscel-
laneous products. Capital coe�cients are de�ned as follows:

bij = Kij=Zj; (i = 1; :::; 12; j = 1; :::; 43): (35)

We can recognize structural changes from trends of capital coe�cients by industry.
The volume of coe�cients designates the degree of capital intensity in industry, and
the trend or change of coe�cients during the periods represents the patterns of the
structural changes, in terms of capital intensity, or capital productivity. We assume
properties of recent new technologies are embodied in the new capital formation and
accumulated in the capital stock. Properties embodied in capital should be re
ected in
changes of capital coe�cients as structural parameters. We can investigate the changes
of capital coe�cients preliminary. [Figure 1] represents change of capital coe�cients at
the macro level during the period 1955-92, where the poll in �gure stands for the level
of capital coe�cient and number in each poll corresponds to the asset types classi�ed
into twelve categories. We can observe that capital coe�cients at the macro level
increased from 1.5 in 1955 to 2.5 in 1992 and, moreover, compositions of machinery
and electrical machinery among assets have gradually increased, instead of building
and construction. The �gures also show the relationship between real value added
and volume of capital stock by a solid line (*) during the period 1960-92. This also
represents a rapid increase in capital-output ratio in terms of value-added base.

When it comes to the development of technologies, we should focus on observations
at the industry level instead of macro level. We can detect certain typical changes of
coe�cients by industries: 1.agriculture, 4.construction, 6.textile, 18.iron, 21.machin-
ery, 22.electric machinery, and 23.motor vehicle. Capital coe�cients in agriculture

6 Japan National Railway and National Telecommunication Company were privatized in 1987 and
1985 respectively. Growth rates of both industries in Table 6 include their impacts.
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increased rapidly from 0.3 in 1960 to 3.0 in 1992 in terms of the sum of coe�cients,
which suggests that capital productivity has been declining historically. Growth rates
slightly decreased during the �rst half of the 1980s, but recovered during the last half
of the 1980s. Although the capital coe�cient of machinery has been increasing rapidly,
more than 70 per cent of assets are shared by construction. We have to note in the agri-
cultural sector that capital accumulation, especially for construction, owed mainly to
that in government enterprises. Capital productivity in the construction sector has also
been declining gradually, and the assets mostly consist of own products. In the textile
industry changes of coe�cients were more characteristic, where they were fairly stable
in the 1960s and shifted higher in the 1970s and then continued to increase gradually in
the 1980s. Volume of coe�cients changes from 0.2 in 1960 to 0.7 in 1992. Recently we
can observe rapid increases of capital coe�cient in machinery and electrical machinery
in the textile industry. In the iron and steel industry, capital coe�cients increased from
0.2 in 1960 to 1.0 in 1992, where the rate of increase slowed down,especially after 1985.
Here again, the shares of machinery and electrical machinery in assets have increased,
while the share of construction has been declining recently. In machinery, the level
of capital coe�cients in total capital stock shifted after the oil shock from 0.3 to 0.5,
where decreases of capital coe�cients for construction instead of increases of those in
electrical machinery after 1975 are one of the speci�c characteristics. Electrical ma-
chinery is an exceptional example where the capital coe�cients showed a decreasing
trend from the beginning of the 1960s. This means that in the electrical machinery
sector capital productivity increased rapidly. After 1975, capital coe�cients of in-
put for construction in electrical machinery sector were decreasing gradually; while
those from electrical machinery in itself were increasing rapidly. Capital coe�cients
of motor vehicles were relatively stable, although after 1975 they indicate a gradually
declining trend. While total volume of capital coe�cient in motor vehicle were stable,
the composition of capital coe�cient has been changed remarkbly, where coe�cient of
construction has been decreasing and coe�cients of machinery and electric machinery
increased rapidly in the recent years.

Capital coe�cients for private and government capital including social overhead
capital, have been changing since 1960. In particular, capital asset shares of machinery
and electrical machinery instead of those of construction, have been increasing rapidly
in almost all sectors recently. Simultaneously, we must note that capital productivity in
machinery and electrical machinery sectors have improved historically, and that such
trends of capital productivity in these sectors were really rare exceptions among 43
industries. It seems to be one of the important characteristics of the recent movement
of capital formation. In the economy, changes of capital coe�cients have an impact on
the changes of input coe�cients in intermediate and labor inputs as a system of the
economy, and, �nally, the production e�ciency in terms of TFP growth measure.
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4 Unit Structure and Dynamic Spillover

According to our �ndings in the previous section, the composition of general and elec-
trical machinery, as assets in capital formation and stock, increased rapidly in almost
all sectors. Furthermore, the partial productivity of labor and capital, and probably
the total factor productivity in general and electrical machinery sectors, by them-
selves improved signi�cantly. It is to be easily expected that the basic knowledge of
the new technologies might be embodied in the capital goods, such as general and
electrical machinery. Other sectors used to install the capital goods as part of their
investment. New knowledge of recent technologies is di�used among sectors through
their investment. Therefore, when it comes to evaluating the impacts of new technolo-
gies on productivity in each industrial sector, we have to evaluate direct and indirect
impacts of productivity growth in the sectors, in which are embodied the new tech-
nologies, such as general and electrical machinery sectors, on productivity growth in
other sectors. New technologies are expected to be embodied in commodities produced
in general and electrical machinery sectors, and the new technologies are installed in
other sectors through the investment of machinery, such as computer and information
facilities. In other words, it suggests to us that we should consider the spillover e�ect
on productivity measurement among sectors especially, and beyond the time periods
dynamically.

We will return to our de�nition of the growth rate of total factor productivity at
the macro level formulated in (32) and begin to clarify the meanings of the de�nition
of this measure from the viewpoint of the spillover e�ect of changes in productivity.
Rearranging (32) by using the input-output framework of the economy, we can obtain
the following relationship:
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This is a measure of the growth rate of TFP at the macro level as de�ned in section
2. The right-hand side of the second equation indicates that the measure of growth
rate of TFP at the macro level is simultaneously explained as a di�erence between
the aggregate measure of the growth rate of �nal demand and that of factor inputs
including labor and capital. The aggregate measure of the growth rate of �nal demand
is de�ned by a divisia growth rate index of �nal demand components weighted by
nominal shares of each component in the nominal GDP. In order to clarify the meanings
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of the aggregate measure from viewpoints of the spillover e�ect of productivity changes,
we should propose a concept of `unit structure'. By using this concept, we can clarify
the interdependent relationships among commodities as characteristics of the speci�c
commodity production technology. 7 A unit structure of the speci�c commodity
represents the internal linkages among production directly and indirectly, which are
described by intermediate input coe�cients, At and factor input coe�cients such as
labor and capital, lt and kt. In this concept, we can de�ne the static measure of the
production e�ciency for a speci�c commodity, where the measure de�ned here is closely
related to the traditional measure of \Total Factor Productivity".

We begin with the explanation of the concept of `unit structure'. In the input-
output framework, the system of production can be described in terms of input co-
e�cient matrix, At, vector of �nal demand, Ft, vector of output, Zt, vector of value
added, Vt and unit vector, i as follows:

AtZt + Ft = Zt: (37)

i0Vt = Fti: (38)

If At is a non-singular matrix, we obtain the following equation system:

Zt = (I � At)
�1Ft = BtFt: (39)

We will call the following equation the `unit system' of j-th commodity production:

AtB̂ji + f �j = Bj; (40)

and

i0v� = f �j i; (41)

where B̂j represents a diagonal matrix with j-th column vector of inverse matrix (I �
At)

�1 as elements, f �j stands for the �nal demand vector with unity as j-th element and
zero as other elements and v� is a row vector of the unit value added. In the system
of the equation (40), the following matrix is referred to as the `static unit structure'
peculiar to j-th commodity:

U (j) = u
(j)
ik = AtB̂j: (42)

The technology of the economy is described by the compound system of the `unit
structure' of the various commodities. Each unit structure of j-th commodity represents
the characteristics of the technology involved in production. If we can give factor input
coe�cients such as labor and capital, lt and kt, we can de�ne the vectors of labor and
capital inputs corresponding to the unit structure Lt andKt. These represent the direct
and indirect input requirements of labor and capital by sectors in the production of the
�nal demand f �j . We understand that a `unit structure' for j-th commodity represents

7 Ozaki(1984).
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the direct and indirect input requirements in terms of intermediate inputs, labor and
capital inputs which are needed to supply one unit of �nal demand of j-th commodity.
We can de�ne a measure of the production e�ciency of any kth(k = 1; ::; n) sector in
the production system based upon `unit structure' for j-th commodity production as
follows:
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where Zj
Ik, X

j
ik, L

j
k, K

j
k represent output, intermediate inputs, labor and capital inputs

of k-th commodity which are needed to supply one unit of j-th �nal demand, directly
and indirectly, and sjxik, s

j
Lk, s

j
Kk stand for the cost share of each input respectively. We

should note that the TFP measure de�ned by equation (43) exactly corresponds to an
ordinary measure of sectoral TFP. Furthermore, we can de�ne an aggregate measure
of the production e�ciency in the framework of unit structure as follows:
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where pktI represents output price of k-th commodity and ptvV
t stands for aggregate

nominal value-added, which is de�ned by the sum of sectoral labor and capital com-
pensations,

P
k L

jt
k p

t
Lk and

P
k K

t
kp

t
Kk. vtT j is an aggregate measure of the production

e�ciency in term of the unit structure of j-th commodity. This measure designates the
production e�ciency of j-th commodity production, where the production e�ciency
is evaluated as a measure of the total factor productivity and as a system which is
needed to supply one unit of j-th commodity as �nal demand. Aggregate measure of
TFP growth de�ned by equation (44) has to be distinguished from growth rate of TFP
in the ordinary measure at the macro level. The measure de�ned here corresponds
to an aggregate measure of production e�ciency in terms of the unit structure of j-th
commodity. We will refer to this measure, vtT j, as a `static unit TFP on j-th commodity
as its unit structure'.

In the framework of static unit TFP, we can give a �nal demand vector, f instead
of f �j . Here, f stands for a �nal demand vector which corresponds to the composition
of �nal demand such as consumption, �xed capital formation, exports, etc. We can
de�ne the aggregate measure corresponding to (44), which suggests a `static unit TFP
on a speci�c �nal demand components as a vector'. In particular, if we give total �nal
demand vector as corresponding to GDP as f , the de�nition of the aggregate measure
(44)is back to the de�nition of the growth rate of TFP de�ned in (32) or (36).
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The above concept of `unit structure' and `static unit TFP' aims to measure the
production e�ciency of j-th commodity in the speci�c time period t. The production
of j-th commodity at the year t is restricted by the technology that is embodied in the
capital stock at the beginning of the period. Capital stock in the production has already
been accumulated over past period as a result of the investment. Each investment at
a certain time in the past period used to embody the knowledge of the technology
at that time. Therefore, the productivity at a certain time for the production of j-
th commodity is presumably a result in which all of the knowledge in the past is
accumulated through a series of investments. Focussing on the historical perspective
of the capital accumulation, we can de�ne a dynamic concept of the spillover e�ect
of productivity change. We try to formulate a dynamic measure of the growth rate
of TFP embodied in the dynamic production process to realize one unit of the �nal
demand, f t�j .

We will turn again to the basic de�nition of an aggregate measure of the growth

rate of TFP, (36). In this de�nition, a term,
�

_K
K

�t
represents a divisia growth rate of

capital service input at the macro level. We assume that the volume of capital service
is proportional to the amount of aggregate capital stock at the beginning of the year
t. Aggregate capital stock has been accumulated by the capital formation in the past
years. The capital formation in each time period of the past was characterized by the
technological structure at that time. If there is some installation of facilities embodied
within new technologies, it could be in
uenced by the capital service 
ow induced from
the accumulated capital stock, and the e�ciency through input of the capital service
in the production process.

We assume a proportional relationship between quantity of capital service at the
year t and capital stock at the beginning of the year t at the macro level. Also, we
assume the following relationship between capital stock at the beginning of the year t
and t-1 and capital formation, I t�1 at the year t-1:

St = (1� �)St�1 + I t�1: (45)

Di�erentiating (45) logarithmically with respect to the time t,
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where � stands for the rate of depreciation.
On the other hand, we can de�ne the similar relationship of the growth rate of TFP

in the previous year t-1 as (36) as follows:
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(47)

When we consider the dynamic production process needed to satisfy a unit of �nal
demand at the year t, f t�j , real volume of the �nal demand at the year t-1 should be
equal to real capital formation at the year t-1 enough to satisfy the capital service
demand at the year t. Then we assume the following equation:
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Rearranging the de�nition of the growth rate of capital service at the macro level by
using (48) and (46),
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Capital stock at the beginning of the year t-1 can be formulated similarly as (46),
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On the other hand, we can de�ne a static measure of growth rate of TFP at the
year t-2 by de�nition of (47) as follows:
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Therefore if we can assume the equality between real volume of the �nal demand and
the capital formation at the year t-2, we can deduce the following equation as for the
third item of the second equation in (49):
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where
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Finally, we can trace backward the process of capital accumulations which is required
to satisfy the unit of �nal demand in year t. Since the capital formation invested in
the year �(� = t� 1; :::; t�1) is assumed to embody the technology at that time, we
can evaluate, dynamically, the impact of the growth of e�ciency improvement brought
about by the installation of new technology by the aggregate measure of static TFP in
the following formulation:
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We refer to this measure
�
_T
T

�t
as growth rate of `dynamic unit TFP'. By using

the concept of `dynamic unit TFP', we can recognize the impact of structural changes
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in the intermediate input, labor and capital inputs on certain speci�c commodity pro-
duction as a production system, as a whole, in the economy. As mentioned above, the
recent trend of capital coe�cients indecates that the share of machinery and electri-
cal machinery has increased rapidly. Productivity changes in industries which could
implement the newly developed technology are expected to have an impact on the pro-
ductivity changes in all of other sectors, directly and indirectly through the dynamic
process of the capital formation in each sector.

5 Structural Change and Trends of E�ciency in

Japan

We begin with a comparison between ordinary measures of growth rate of sectoral
TFP and the growth rate of static unit TFP as unit structure of j-th commodity as
shown in Tables 8 and 9, respectively. Ordinary measures of sectoral TFP, represent
the e�ciency of j-th commodity production of its own. On the other hand, static
unit TFP, based upon unit structure, indicates the total e�ciency in j-th commodity
production, where we can evaluate the e�ciency of direct and indirect linkages of the
technology as a system of j-th commodity production. According to the results shown
in Table 8, high growth of TFP in the 1960s rapidly deteriorated during the �rst half
of the 1970s in almost all industries. After a slight recovery during the second half
of the 1970s was observed in some sectors, growth of TFP turned out to be lower
again during the second half of the 1980s. It should be noted, however, that there were
some exceptional sectors such as chemical, rubber products, metal products, machinery,
electrical machinery, precision instruments, communication and trade, where TFP grew
at a stable rate during these periods. On the other hand, according to the results
shown in Table 9, e�ciency based upon unit structure seems to be exaggerated by
the interdependency of the production linkages. During the �rst half of the 1970s,
when TFP growth in almost all of sectors deteriorated, growth rates of `static unit
TFP' worsened in comparison with those of ordinary TFP in almost all industries
except rubber products. Conversely, in the 1980s, growth rates of static unit TFP
indicated a smooth recovery of production e�ciency in many sectors. This suggests
that e�ciency gains in the sectors in which the e�ciency of their own technology has
improved could compensate for e�ciency loss in the sectors in which their own e�ciency
has deteriorated. Especially, it might be expected that there were some leading sectors
where the production e�ciency increased rapidly in recent years. For example, in the
agricultural sector, its growth rates of static unit TFP have been compensated by the
technology linkages to other sector during these periods, except the �rst half of the
1970s; while its own e�ciency has deteriorated during the whole period; except the
period 1980-85. In machinery and electrical machinery, the e�ciency gain increased in
the unit measures rather than in its own measure during the whole periods.

Let us turn to the dynamic approach. By using the framework of the dynamic
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inverse, we can estimate sectoral output requirements in the past which are needed
to supply a certain amount of �nal demand in the reference year. Dynamic output
requirements for the �nal demand of one dollar's worth of all commodities in the past
have diminished until the last eight to ten years. The value of the dynamic multiplier
in investment goods such as construction, chemical, stone, iron, metal, machinery,
electrical machinery and vehicles, and services, conyinues to remain fairly high. We
can estimate a measure of dynamic unit TFP de�ned in equation (54), in which we
can evaluate, dynamically, the total e�ciency of the production which is directly, and
indirectly, required to supply one unit of j-th commodity �nal demand at the year t.
Table 10 shows the results. Since dynamic impacts of production chains for one unit
of production of j-th commodity of �nal demand seem to diminish until the past ten
years past; and, as mentioned above, our estimates of dynamic aggregate TFP can be
evaluated after the period 1970. In Table 10 we can show the annual growth rate of
this measure for every �ve years since 1970 in each sector.

The results are shown in Table 10. Each value in the table represents the average
annual growth rate of dynamic unit TFP as a measure of the impact of structural
change during each sub-period. The growth rate is evaluated by the di�erence per year
between the dynamic unit TFP corresponding to the structure of the beginning year,
and that of the ending year in each sub-period. Then, each value in the table indecates
the degree of the annual impact by the structural changes during each sub-period.
According to our results, the impact of structural changes was fairly high in every
sector. We try to focus upon the recent impacts of new technologies on TFP growth
during the period 1985-90. As mentioned above, the values of capital coe�cients of
machinery and electrical machinery have rapidly increased in almost all of sectors,
in which these changes of composition in capital coe�cients are expected to embody
recent new development of technologies in production. In spite of this hypothesis, it is
quite di�cult to detect the impact on productivity growth in the results of ordinary
measures of TFP growth, as shown in the last column of Table 8. In 23 out of 43
sectors, annual growth rates of TFP in the ordinary measures deteriorated during the
period 1985-90 rather than in the previous sub-period. It might suggest that there
are initial intuitive questions regarding the so-called `productivity paradox' in recent
years. When it comes to focussing upon the measures de�ned by the static unit TFP
(as shown in Table 9), the number of industries showing a deterioration of TFP growth
during the period 1985-90 decreased from enty-three in the ordinary measures to twenty
in the static unit TFP measures. On the other hand, if we try to measure TFP growth
in the dynamic unit TFP concept (as shown in Table 10), the deterioration of TFP
growth can be observed only in eleven of 43 sectors. In comparison with the static unit
TFP, the dynamic unit TFP represents an improvement of production e�ciency in
almost all sectors, except coal mining, coal products and real estate. We can conclude
that there was fairly dominant impact of new technologies on TFP growth even in
these sectors. This can be veri�ed by changes of capital coe�cients, especially capital
coe�cients of machinery and electric machinery in which are expected to be embodied
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new technologies in recent years.
Finally, we can evaluate the impact of new technology development on the produc-

tivity growth at the macro level by using the framework of static and dynamic TFP
measures. In order to evaluate these impacts at the aggregate level, we can estimate
measures of static and dynamic TFP growth rates by giving one unit of �nal demand
along with observed weights of commodities in a speci�c �nal demand instead of one
unit of a special commodity as a �nal demand. As weights of commodities in �nal de-
mand, we can select alternative weights on consumption, investment, export and total
domestic �nal demand as �nal demand, respectively. By using the formulations, (44)
and (54) separately, we can estimate TFP growth rates at the macro level, in terms of
the static and dynamic TFP measures, in order to realize one unit of the speci�c �nal
demands such as consumption, investment, export and total domestic �nal demand.
Table 11 represents the results. The �rst row in Table 11 represents the growth rates of
the ordinary TFP measure at the macro level. We can con�rm, from result of the trend
of the ordinary TFP measures, that the growth rate of TFP declined at the beginning
of the 1970s, and continued at a lower stable level after 1975; even if a slight recovery
could be observed after 1985. In the ordinary measure of TFP, we cannot identify the
impact of new technology on the productivity growth at the macro level. It is because
the deterioration of TFP growth needed to realize one unit of consumption contributed
sharply to the decline of the TFP growth, in terms of total �nal demand. On the other
hand, if we try to evaluate the TFP growth by dynamic measure at the macro level, we
can observe a drastic recovery of TFP growth after 1975, especially after 1985. After
1975, the growth rate of TFP by the dynamic measure along with total �nal demand
as weights increased continuously at annual average growth rates of 0.5233, 1.6005 and
2.2004 per cent during the periods, 1975-80, 1980-85 and 1985-90 respectively. In the
dynamic measure, TFP growth in terms of consumption as weights recovered gradually
after 1975. Also, we can see that the TFP growth in terms of investment and export
as weights completely recovered after 1975. It might be concluded that the impact of
new technology on productivity growth should be evaluated to be sizable in terms of
investments and exports, especially after 1975.

6 Conclusion

In this paper, we have tried to evaluate the impact of new technology on TFP growth.
We started from the intuitive observation of TFP growth in countries which have
joined the OECD. Statistics of macro TFP measures in OECD countries designate the
so-called `productivity paradox', where TFP growth has been deteriorating recently,
in spite of increases in the real investment. `Productivity paradox' should �nally come
to a conclusion in order to evaluate the real impact of new technology on productivity
growth. There have been proposed several alternative hypotheses to explain and solve
these paradoxical trends of recent productivity growth. We began with a consideration
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of the measurement error hypothesis. Broadly speaking, sources of measurement errors
are divided into two sources. One involves the measurement errors arising from the
evaluation of qualitative changes in inputs and output measures. The other is the
aggregation bias in the measurement of inputs and outputs. According to our results,
although the measurement errors are one of the important issues in order to estimate
growth rates of productivity correctly, it doesn't su�ciently explain the recent puzzling
trends in productivity. When we tried to carefully measure qualitative changes of
inputs and allocational biases of output and inputs, we could observe that the partial
productivity of labor increased rapidly, while that of capital has deteriorated gradually
since the 1960s in Japan. Furthermore, these trends have been exaggerated recently.
In particular, the growth rate of labor input turned out to be negative instead of a
positive growth of capital input. We can conclude there are signi�cant substitutions
between labor and capital in the new development of technology.

We can assume that such new technology might be embodied in the new investment,
and that changes in composition by assets in capital stock, along with new investment,
should have an impact on the TFP growth. We try to measure the changes in com-
positions of assets in capital stock caused by new technology as distinct from changes
of trends in capital coe�cients in each industrial sector. We can observe remarkable
changes in the capital coe�cients, where the capital coe�cients of machinery and elec-
trical machinery as capital goods in each sectors have increased rapidly, instead of the
decreases of construction as capital goods in almost all sectors recently. In order to
clarify the implications of observed substitutions between labor and capital and evalu-
ate the impacts of the changes of the composition in capital coe�cients, we proposed
new measures of TFP growth. In this case, TFP growth in speci�c commodity pro-
duction is evaluated by a unit system, in which spillover e�ect of the productivity is
taken into accounts directly and indirectly. It is an extension of ordinary TFP growth
measures. New measurement of TFP growth is divided into two concepts, `static unit
TFP' and `dynamic unit TFP'. While in the measure of static unit TFP direct and
indirect spillover e�ects of TFP growth among sectors are taken into accounts in the
static input-output framework, dynamic unit TFP growth measures try to evaluate
direct and indirect spillover e�ects of TFP growth dynamically. Dynamic unit TFP
growth represents the reasonable impact of the newly development of technology. It
implies that there are no paradoxical movements in the recent years from the viewpoint
of the relationships between TFP growth and new investment.

Although we try to present one of the implications concerning the `productivity
paradox' in recent years, the analysis of the conceptualization in productivity growth
still has several remaining issues. One is the evaluation of the impact of new technolo-
gies on the labor market. In our context of the analysis, we can extend our analysis
to the evaluation of changes of labor coe�cients related to those of capital coe�cients.
These might have an impact on the substitutability among labor and capital from new
technology. This might be expected to involve some time lag in the changes of labor
coe�cients in the adjustment process to new technologies. The other issue remaining
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here is the e�ect of the externality of the new technologies. In particular, new infor-
mation technology might be expected to have some impact on the externality, along
with the network in the society.

Table 1: Aggregated Productivity in Japan and the United States (annual growth rate)

1960-65 1965-70 1970-75 1975-80 1980-85 1985-90

Total Factor Japan 2.62 4.58 -2.08 -0.02 0.69 0.91
Productivity U.S. 1.23 0.52 0.26 0.04 0.23 0.18

Labor Japan 6.78 8.13 3.70 1.40 1.95 2.40
Productivity U.S. 2.21 1.49 1.67 0.64 0.67 0.19

Capital Japan -2.40 0.69 -9.45 -2.31 -1.27 -1.23
Productivity U.S. 1.61 -1.19 -1.84 0.09 -1.31 -0.59

Capital Input Japan 12.52 11.10 14.46 6.58 5.06 5.86
U.S. 2.95 4.30 4.29 3.51 3.54 3.07

[ref.] Asset Share of Capital Stock in Japan
1960 1965 1970 1975 1980 1985 1990

Build.&Const. 91.00 85.23 80.42 75.35 76.33 74.84 70.86
General Machinery 4.25 7.31 9.81 11.86 10.83 11.02 11.89
Electric Machinery 0.74 1.52 2.42 4.68 5.92 7.78 10.64
Motor Vehicle 0.45 1.17 1.82 2.90 2.89 2.45 2.77
Other Trans. Mach. 2.25 3.05 3.04 2.88 1.99 1.74 1.56
Precision Instrument 0.11 0.21 0.28 0.36 0.44 0.54 0.65
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Table 2: Sources of Economic Growth (annual growth rate(percent))

value labor capital
added input contribution input contribution TFP

;
_V
V

;
_L
L

;SL
_L
L

;
_K
K

;SK
_K
K

;vT
1960-65 10.126 3.343 1.819 12.523 5.688 2.619

(100) (18) (56) (26)
1965-70 11.790 3.660 1.956 11.102 5.260 4.575

(100) (17) (44) (39)
1970-75 5.009 1.305 0.687 14.456 6.402 -2.080

(100) (14) (128) (-42)
1975-80 4.277 2.878 1.780 6.582 2.516 -0.019

(100) (42) (59) (-1)
1980-85 3.795 1.850 1.130 5.060 1.975 0.690

(100) (30) (52) (18)
1985-90 4.629 2.225 1.311 5.859 2.409 0.909

(100) (28) (52) (20)
1990-92 2.349 -0.554 -0.326 6.896 2.842 -0.167

(100) (-14) (121) (-7)

1960-72 10.425 3.372 1.814 12.553 5.829 2.781
(100) (18) (56) (26)

1972-92 3.887 1.737 1.050 7.053 2.849 -0.012
(100) (27) (73) (-0)

1960-92 6.339 2.350 1.336 9.116 3.967 1.036
(100) (21) (63) (16)
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Table 3: Breakdown of the Sources of Economic Growth (annual growth rate)

value added labor input capital input
_V �

V �

_Av
Av

_L�

L�
_QL
QL

_AL
AL

_ILQA
ILQA

_K�

K�

_QK
QK

_AK
AK

_IKQA
IKQA

1960-65 4.435 5.691 1.763 0.277 -0.192 1.495 6.502 0.726 -1.682 6.976
1965-70 9.957 1.833 2.613 0.885 -0.161 0.324 9.258 0.765 -1.432 2.511
1970-75 4.820 0.188 -0.431 1.176 -0.125 0.685 12.792 1.039 -2.153 2.778
1975-80 3.434 0.844 1.715 0.812 -0.013 0.364 6.318 0.063 -0.478 0.679
1980-85 3.572 0.224 0.529 1.056 0.019 0.247 4.964 -0.031 -1.237 1.364
1985-90 4.981 -0.352 1.591 0.463 -0.002 0.173 6.017 0.125 -1.199 0.917
1990-92 2.215 0.134 -1.250 0.661 0.007 0.028 7.179 0.103 -1.562 1.176

1960-72 7.387 3.038 1.954 0.722 -0.194 0.890 8.862 0.817 -1.643 4.517
1972-92 3.589 0.297 0.648 0.800 -0.002 0.291 6.863 0.192 -1.215 1.213
1960-92 5.013 1.325 1.137 0.771 -0.074 0.515 7.613 0.426 -1.376 2.452
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Table 4: Aggregation Error of the Growth Rate of TFP (annual growth rate)

Decompsosition of Errors True TFP
v�T BiasV BiasL BiasK vT

1960-65 0.523 5.691 -0.860 -2.735 2.619
1965-70 4.175 1.833 -0.560 -0.874 4.575
1970-75 -0.618 0.188 -0.914 -0.737 -2.080
1975-80 -0.042 0.844 -0.719 -0.101 -0.019
1980-85 1.311 0.224 -0.807 -0.037 0.690
1985-90 1.570 -0.352 -0.374 0.065 0.909
1990-92 -0.008 0.134 -0.410 0.116 -0.167

1960-72 2.220 3.038 -0.763 -1.714 2.781
1972-92 0.426 0.297 -0.658 -0.077 -0.012
1960-92 1.054 1.325 -0.690 -0.654 1.036
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Table 5: Industry Classi�cation
No.of Sector Industry Name No.of Sector Industry Name

1 Agri.Forestry and Fishery 2 Coal Mining
3 Other Mining 4 Construction
5 Food Manufacturing 6 Textile
7 Apparel 8 Woods and Related Products
9 Furniture and Fixture 10 Paper and Pulp
11 Publishing and Printing 12 Chemical Products
13 Petroleum and Re�nery 14 Coal Products
15 Rubber Products 16 Leather Products
17 Stone and Clay 18 Iron and Steel
19 Non-ferrous Metal 20 Metal Products
21 Machinery 22 Electric Machinery
23 Motor Vehicle 24 Other Trasp. Machinery
25 Precision Instruments 26 Other Manufacturing
27 Railroad Transp. 28 Road Transp.
29 Water Transp. 30 Air Transp.
31 Storage Facility Service 32 Communication
33 Electricity 34 Gas Supply
35 Water Supply 36 Wholesale and Retail
37 Finance and Insurance 38 Real Estate
39 Education 40 Research
41 Medical Care 42 Other Service
43 Public Services
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Table 6: Annual Growth Rate of Private Capital Stock

(unit:%)

1955-60 1960-65 1965-70 1970-75 1975-80 1980-85 1985-90

1.Agri. 0.31 7.11 13.90 12.72 4.79 1.76 1.72
2.Coal Mining -6.21 0.62 -1.31 9.89 6.24 1.27 -1.55
3.Other Mining 1.24 13.01 9.75 10.57 -0.04 0.48 1.23
4.Construction 9.40 23.56 18.18 19.54 7.78 4.23 6.09
5.Foods 2.15 17.11 12.62 14.48 5.69 5.19 5.46
6.Textile -0.29 5.93 9.06 8.34 0.01 1.99 3.30
7.Apparel 8.55 16.92 16.67 9.81 4.58 3.38 5.29
8.Woods -4.99 10.94 11.38 14.18 0.15 -1.26 2.46
9.Furniture -3.58 17.17 14.67 14.39 3.11 1.06 4.91
10.Paper&Pulp 14.60 10.41 12.88 18.60 5.39 3.39 5.33
11.Publishing 7.57 20.80 14.90 12.73 5.77 7.01 8.34
12.Chemical 13.64 14.64 12.11 14.03 4.68 4.18 5.02
13.Petroleum 3.47 14.06 18.29 16.63 4.45 3.78 2.82
14.Coal Prod. 11.31 20.66 20.20 14.18 4.26 -0.24 2.01
15.Rubber Prod. 7.58 13.97 17.03 17.82 5.61 6.35 6.38
16.Leather Prod. 5.15 9.59 10.17 6.96 3.92 3.32 5.42
17.Stone&Clay 13.34 15.79 13.63 14.47 3.46 4.92 4.81
18.Iron&Steel 15.84 11.00 15.52 13.97 5.47 2.36 2.02
19.Non-ferrous 3.13 13.41 17.06 13.50 3.65 5.50 5.88
20.Metal Prod. 18.09 17.95 22.18 18.50 7.05 6.76 6.64
21.Machinery 16.63 18.26 20.25 16.13 4.34 6.23 6.45
22.Elec.Mach. 25.20 8.12 14.29 12.93 6.35 10.85 10.68
23.Motor Vehicle 21.58 19.15 16.44 14.81 5.20 8.20 7.87
24.Other Transp.Mach. 2.78 10.48 15.56 23.35 -2.12 -0.23 0.61
25.Precision Mach. 7.90 14.59 20.27 20.67 2.63 10.86 8.96
26.Other Mfg. 18.89 23.39 16.83 19.68 4.90 7.31 8.05
27.Railroad Trans. 11.79 6.11 3.58 12.04 2.66 2.80 15.85
28.Road Transp. 42.11 1.30 7.96 17.52 8.78 7.20 3.60
29.Water Transp. 8.90 6.10 10.51 7.52 0.88 3.75 1.05
30.Air Transp. 40.93 21.51 14.57 11.91 3.22 3.90 4.97
31.Storage 5.91 6.40 8.99 11.11 2.92 2.36 9.65
32.Communication 3.72 17.24 4.27 22.89 6.50 22.74 32.76
33.Electricity 7.81 4.41 6.72 14.14 9.59 5.29 3.86
34.Gas 10.66 6.77 12.50 15.18 10.60 4.40 1.87
35.Water -14.18 14.05 13.11 12.15 16.54 11.84 15.44
36.Trade 3.18 11.42 9.83 14.02 7.86 3.95 5.93
37.Finance 12.49 15.09 9.61 7.06 3.52 4.10 8.98
38.Real Estate 3.47 25.13 15.46 20.02 6.20 5.88 10.98
39.Education -5.90 6.95 5.77 7.49 5.68 4.68 4.51
40.Research -0.17 -0.54 2.94 14.50 4.18 17.22 9.38
41.Medical -26.07 12.58 14.07 28.13 17.43 11.02 9.15
42.Other Services -1.17 4.56 5.41 12.98 10.98 13.18 12.62

Total 6.09 10.02 11.80 14.16 6.22 5.52 6.78
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Table 7: Estimated Capital Stock : Government Enterprises
(unit:1 billion yen at 1985 price)

1955 1960 1965 1970 1975 1980 1985 1990

1.Agri. 730 1246 2231 3979 8392 13921 19406 24860
3.Other Mining 0 0 0 6 9 8 6 10
4.Construction 90 127 226 358 486 490 499 506
5.Foods 176 96 129 145 215 276 218 154
11.Publishing 2 3 27 27 25 26 31 38
12.Chemical 1 1 1 3 4 5 10 13
20.Metal Prod. 0 1 5 7 8 8 8 9
27.Railroad Trans. 153 189 421 703 1192 1704 1699 1505
28.Road Transp. 1 14 92 196 398 490 645 742
29.Water Transp. 4 13 35 67 130 158 200 322
30.Air Transp. 0 0 1 6 19 30 34 59
32.Communication 891 1572 3541 6531 12751 17094 18285 13881
33.Electricity 1087 1467 1491 1159 1172 1350 1507 1273
34.Gas 6 9 15 18 46 77 111 147
35.Water 0 451 1286 2757 6359 9599 12070 14548
36.Trade 5 18 50 123 403 570 629 717
37.Finance 18 19 46 54 75 204 204 522
38.Real Estate 1 0 1 2 25 60 148 207
39.Education 1178 1630 2850 4411 8448 13597 16926 19758
40.Research 27 110 191 324 747 1169 1466 1956
41.Medical 94 225 585 1463 3105 4848 6670 8484
42.Other Services 16 59 269 601 1690 2742 3566 4627
43.Public Adm. 2906 2726 3710 5095 9017 13941 19071 21560

Total 7388 9975 17204 28036 54716 82366 103410 115898
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Classi�cation of Capital Goods:1.Animals/Plants,2.Construction,3.Apparel, 4.Woods Prod.,5.Furniture

6.Metal Prod.,7.Machinery, 8.Elec.Mach.,9.Vehicle,10.Other Trasp.,11.Precision Inst.,12.Misc.Prod.
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Capital Coe�cents and Compsition
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-Unit:1 trillion yen at 1985 constant price-
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Figure 1: Trends of Capital Coe�cients and Changes of Capital Composition
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Table 8: Ordinary TFP (annual growth rate)

1960-65 1965-70 1970-75 1975-80 1980-85 1985-90 1970-90

1.Agriculture -1.549 -4.079 -4.488 -3.077 1.263 -0.315 -1.654
2.Coal Mining 6.490 2.607 2.541 -2.115 0.717 -1.369 -0.056
3.Other Mining 4.013 8.934 -4.068 4.967 -2.450 2.512 0.240
4.Build.&Const. -1.222 1.044 -0.639 -1.930 0.205 0.813 -0.388
5.Foods -0.350 0.364 -1.394 1.851 0.247 -1.268 -0.141
6.Textile 0.885 1.305 0.756 1.429 0.937 1.515 1.159
7.Apparel 0.641 1.417 0.731 1.380 -0.137 -0.654 0.330
8.Woods 1.632 1.222 1.890 -3.298 4.409 -1.225 0.444
9.Furniture -0.862 1.250 0.217 1.126 0.834 0.439 0.654
10.Paper&Pulp 2.144 2.463 -1.457 0.441 1.259 2.216 0.615
11.Publishing -4.456 -3.501 -2.241 -0.216 0.066 0.832 -0.390
12.Chemical 2.672 4.712 -1.630 1.062 2.319 1.341 0.773
13.Petroleum 4.867 0.764 -5.757 -1.423 0.044 7.570 0.108
14.Coal Prod. 0.004 2.139 -5.109 -7.431 -0.010 2.018 -2.633
15.Rubber Prod. 3.282 3.534 -3.538 -0.600 2.860 3.045 0.442
16.Leather Prod. 3.212 -0.674 2.921 -2.232 1.550 -0.926 0.328
17.Stone&Clay 2.455 1.150 -2.122 0.682 0.971 1.038 0.142
18.Iron&Steel 0.218 1.991 0.035 0.828 -0.428 0.166 0.150
19.Non-ferrous -0.402 1.035 2.951 2.224 2.007 0.260 1.861
20.Metal Prod. 2.171 3.634 -1.893 1.582 0.794 1.425 0.477
21.Machinery -0.993 3.415 -1.624 3.105 1.413 0.456 0.838
22.Elec.Mach. 2.861 6.300 1.396 5.430 1.895 3.034 2.939
23.Vehicle 1.409 4.816 2.098 3.326 0.558 0.629 1.653
24.Oth.Trans.Mach. 4.577 1.189 -5.089 0.678 1.479 1.987 -0.236
25.Precision Inst. 3.027 4.960 0.186 6.220 1.527 -0.356 1.894
26.Misc.Mng.Prod. 2.511 3.960 -2.237 1.440 0.797 0.755 0.189
27.Railway 1.913 -2.511 3.900 -11.994 2.232 -2.088 -1.988
28.Road Trans. 2.731 4.781 -6.400 1.939 -2.365 0.091 -1.684
29.Water Trans. -0.566 7.234 2.090 -2.196 4.152 -3.668 0.095
30.Air Trans. 4.061 9.564 8.874 -0.869 2.060 0.828 2.723
31.Storage 1.433 3.474 -5.768 8.065 0.601 0.009 0.727
32.Communication 1.814 2.139 0.937 2.138 5.679 2.808 2.891
33.Electricity 4.389 5.526 -3.162 -1.639 2.018 1.449 -0.334
34.Gas 3.549 1.178 0.673 -0.326 1.118 3.036 1.125
35.Water -2.742 -3.143 -2.968 -5.937 0.061 -1.621 -2.616
36.Trade 5.571 5.524 -0.181 2.314 -0.296 3.454 1.323
37.Finance 5.465 1.270 -0.620 -0.677 3.671 0.839 0.803
38.Real Estate 5.596 -0.204 -2.993 -0.461 0.719 -0.433 -0.792
39.Education 0.867 3.563 0.994 -5.014 -3.558 -1.481 -2.265
40.Research 5.950 2.695 -2.707 4.041 -2.108 -0.236 -0.253
41.Medical Serv. 1.628 -0.592 5.186 -1.912 -1.262 -3.715 -0.426
42.Other Serv. -5.507 1.719 -3.803 0.252 -0.776 -2.372 -1.675
43.Public Adm. 4.087 2.480 6.916 -4.955 -0.843 0.451 0.39241



Table 9: Static Unit TFP (annual growth rate)

1960-65 1965-70 1970-75 1975-80 1980-85 1985-90 1970-90

1.Agriculture -1.243 -3.888 -6.360 -3.241 2.082 0.072 -1.862
2.Coal Mining 7.135 4.615 0.514 -2.368 1.406 -1.024 -0.368
3.Other Mining 5.327 10.454 -5.503 5.447 -1.826 3.680 0.449
4.Build.&Const. 1.023 5.157 -2.623 -1.230 1.077 1.651 -0.281
5.Foods -0.500 -0.364 -5.146 1.046 1.321 -1.014 -0.948
6.Textile 2.731 4.459 -1.120 2.404 2.769 3.284 1.834
7.Apparel 3.138 5.126 -0.589 2.656 1.179 1.095 1.085
8.Woods 1.689 0.269 -1.606 -5.074 6.337 -0.878 -0.305
9.Furniture 1.176 4.161 -1.525 0.731 2.725 1.093 0.756
10.Paper&Pulp 4.507 5.833 -4.524 0.205 3.282 4.150 0.778
11.Publishing -3.017 -1.174 -4.458 -0.007 1.259 1.990 -0.304
12.Chemical 5.724 9.352 -4.811 1.777 4.266 2.806 1.010
13.Petroleum 5.056 1.094 -6.473 -1.417 0.272 8.168 0.138
14.Coal Prod. 3.187 5.328 -6.531 -8.716 0.650 2.474 -3.031
15.Rubber Prod. 5.544 7.420 -5.582 0.037 4.486 4.387 0.832
16.Leather Prod. 7.497 1.639 2.839 -2.525 3.134 -0.520 0.732
17.Stone&Clay 4.768 5.448 -4.899 1.663 1.438 2.277 0.120
18.Iron&Steel 2.314 7.936 -1.974 0.507 -0.051 1.071 -0.112
19.Non-ferrous 3.141 9.548 1.717 5.120 3.974 1.495 3.076
20.Metal Prod. 3.722 7.670 -3.200 2.226 1.353 2.141 0.630
21.Machinery 0.283 8.520 -3.196 5.639 2.768 1.404 1.654
22.Elec.Mach. 5.221 12.347 0.574 8.207 3.475 5.041 4.324
23.Vehicle 3.800 10.786 1.506 6.176 1.906 2.205 2.948
24.Oth.Trans.Mach. 6.874 5.901 -7.290 2.158 2.841 3.332 0.260
25.Precision Inst. 4.986 9.355 -0.556 8.395 2.873 0.391 2.776
26.Misc.Mng.Prod. 4.981 8.107 -4.854 2.135 2.663 2.020 0.491
27.Railway 3.608 -0.773 1.675 -11.552 2.910 -1.924 -2.223
28.Road Trans. 3.822 6.436 -7.188 2.281 -2.016 0.665 -1.564
29.Water Trans. 0.411 10.121 2.473 -3.215 6.572 -3.793 0.509
30.Air Trans. 5.997 12.093 7.662 -0.949 3.172 1.894 2.945
31.Storage 1.796 4.571 -7.609 8.018 1.154 -0.122 0.360
32.Communication 1.984 2.655 0.250 2.305 5.695 2.822 2.768
33.Electricity 5.199 6.380 -4.926 -2.146 2.276 1.905 -0.723
34.Gas 4.518 2.484 -0.051 2.660 1.177 3.173 1.740
35.Water -2.330 -2.060 -5.024 -6.487 1.017 -1.117 -2.903
36.Trade 6.539 6.946 -1.234 2.400 0.279 3.677 1.280
37.Finance 5.252 2.111 -1.709 -0.600 4.143 0.623 0.614
38.Real Estate 5.758 0.413 -3.360 -0.585 0.961 -0.422 -0.852
39.Education 0.607 4.487 0.511 -5.066 -3.403 -1.387 -2.336
40.Research 5.426 3.734 -3.938 4.046 -1.877 -0.181 -0.488
41.Medical Serv. 3.127 1.899 3.515 -1.480 -0.251 -2.903 -0.280
42.Other Serv. -4.381 3.691 -5.600 0.451 -0.029 -1.876 -1.763
43.Public Adm. 4.971 3.769 5.889 -4.919 -0.514 0.641 0.27442



Table 10: Dynamic Unit TFP (annual growth rate)

1970-75 1975-80 1980-85 1985-90 1970-90

1.Agriculture -5.730 -3.401 2.560 1.507 -1.266
2.Coal Mining 1.847 -1.952 2.406 0.108 0.602
3.Other Mining -3.748 6.313 -0.475 5.215 1.826
4.Build.&Const. -1.321 -0.762 1.861 2.943 0.680
5.Foods -4.742 1.031 2.087 0.351 -0.318
6.Textile -0.297 2.777 3.397 4.148 2.506
7.Apparel 0.310 2.955 1.750 2.050 1.766
8.Woods -0.957 -5.043 6.890 0.305 0.299
9.Furniture -0.525 0.938 3.358 2.352 1.531
10.Paper&Pulp -3.255 0.947 4.337 5.649 1.919
11.Publishing -3.410 0.511 2.119 3.142 0.590
12.Chemical -3.485 2.438 5.212 4.476 2.160
13.Petroleum -5.350 -1.120 0.621 9.331 0.871
14.Coal Prod. -5.206 -9.425 2.017 4.406 -2.052
15.Rubber Prod. -4.518 0.662 5.378 5.686 1.802
16.Leather Prod. 3.915 -2.242 3.839 0.662 1.543
17.Stone&Clay -3.298 1.962 2.195 3.559 1.105
18.Iron&Steel -0.450 1.244 1.062 2.806 1.165
19.Non-ferrous 3.626 5.448 4.933 2.998 4.251
20.Metal Prod. -1.853 2.540 2.025 3.428 1.535
21.Machinery -1.821 6.321 3.923 2.949 2.843
22.Elec.Mach. 2.427 8.843 4.398 6.658 5.582
23.Vehicle 2.716 6.941 2.970 3.453 4.020
24.Oth.Trans.Mach. -5.673 2.624 3.669 4.484 1.276
25.Precision Inst. 0.738 9.082 3.867 1.664 3.838
26.Misc.Mng.Prod. -3.717 2.639 3.548 3.443 1.478
27.Railway 2.441 -11.593 3.182 -0.747 -1.679
28.Road Trans. -6.603 2.253 -1.802 1.572 -1.145
29.Water Trans. 5.115 -3.854 7.205 -2.409 1.514
30.Air Trans. 10.510 -1.258 4.060 3.474 4.197
31.Storage -6.623 8.574 2.090 1.305 1.337
32.Communication 1.906 2.868 6.545 4.665 3.996
33.Electricity -2.510 -1.588 3.291 4.364 0.889
34.Gas 1.402 3.484 1.796 4.534 2.804
35.Water -3.906 -6.149 1.540 0.490 -2.006
36.Trade 0.281 2.810 0.953 4.931 2.244
37.Finance -0.188 -0.049 4.965 2.183 1.728
38.Real Estate -2.021 -0.435 1.837 2.355 0.434
39.Education 0.837 -4.953 -3.175 -0.893 -2.046
40.Research -3.365 4.322 -1.437 0.624 0.036
41.Medical Serv. 5.103 -0.951 0.513 -1.592 0.769
42.Other Serv. -4.029 1.117 0.970 -0.430 -0.593
43.Public Adm. 6.750 -4.692 -0.126 1.189 0.780
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Table 11: Comparison of Alternative Measures of TFP at aggregated level(annual
growth rate)

Demand Item 1960-65 1965-70 1970-75 1975-80 1980-85 1985-90

Ordinary TFP 2.360 4.831 -1.999 0.499 1.074 0.921
Static- Consumption 2.146 2.850 -3.022 0.540 0.972 0.352
Unit- Investment 1.841 6.436 -2.166 0.911 1.587 2.159
TFP Export 2.947 7.601 -1.990 3.034 2.644 2.322

Domestic F.D. 2.104 4.227 -2.141 0.172 0.902 0.824
Dynamic- Consumption | | -1.711 0.795 1.657 1.883
Unit- Investment | | -0.802 1.453 2.399 3.478
TFP Export | | -0.379 3.330 3.478 3.715

Domestic F.D. | | -0.814 0.523 1.601 2.200
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