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Chapter 1. Introduction
1.1 Labor Productivity and GNP Growth

Productivity analysis has a long history in economics. In his Wealth of Nations
Adam Smith states that growth in economic prosperity is measured by an increase in
the production of goods per capita, which in turn depends on labor force participation
rate and labor productivity. Smith thought,. however, that in most nations, economic
prosperity seems to depend more on labor productivity that labor force participation rate.
Japan’s economic growth since the Meiji Restoration in 1868, for example, seems consistent

with this hypothesis put forward by Smith.

Decomposition of Per Capita GNP Growth Rate for Japan*: 1890-1985

1890-1913 1913-20 192040 1947-55 1956-73 1974-85
Labor Force Participate Rate* 0.19 -0.62 -0.11 0.22 0.24 0.16

Labor Productivity* 1.57 2.93 2.23 6.59 8.16 3.32

* Annual average growth rates (%) calculated using data from Long-Term Economic Statistics, Toyo
Keizai Shimpo Sha, Tokyo.

The table above shows a simple decomposition of Japan’s annual per capita GNP growth
into the contributions of the growth in Japan’s annual labor force participation and labor
productivity growth rates. The contribution of labor productivity growth to GNP growth is
much larger than the contribution of growth in the labor force participation rate, the latter
of which is sometimes negative prior to World War II. Despite rapid increases in Japan’s
labor force participation rate after World War II because of the post war demobilization
and ensuing baby boom, growth in labor force participation rate has not had much impact
on Japan’s post war economic growth.

Another important observation Adam Smith makes about labor productivity is that
it is affected by costless and invisible increases in productive efficiency accompanying in-
creases in inputs of machinery and other factors of production. From Smith’s point of

view, these costless gains in productive efficiency are the benefits of division of labor. In
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modern terms, this invisible factor is referred to as Total Factor Productivity (TFP). TFP
denotes those portions of gains in productivity that cannot be accounted for by increases
in production inputs.

The methodologies of productivity analysis have become highly sophisticated thanks
to the efforts of researchers all over the world. In developing countries, productivity anal-
ysis is often used to find domestic factors which help economic growth. In industrialized
countries, on the other hand, productivity measurements are frequently used for explaining
the sources of international competitiveness for specific industries such as automobile and
electric machinery industries. For these purposes, aggregate macroeconomic time-series
data are usually used.

In this book, however, we are interested in productivity analysis at the firm level. In
particular, we are interested in answering the following questions at the firm level. Is there
a significant scale economy in Japan’s manufacturing indust".ry? If there is, how much is
its contﬁbution to Japan’s productivity growth? Our analysis utilizes establishment level

data which are more suitable than aggregate data for testing the types of hypotheses that
we deal with in this book.

1.2 Organization of this Book

The organization of this book is as follows. Chapter 2 provides a literature review
on productivity analysis and TFP. Chapter 3 discusses measurement of economies of scale
in production. We present our estimates for the effects of economies of scale for the two-
digit manufacturing industries in Japan for the period 1964-1988 using establishment data
classified by size. |

Our method of estimation, which is discussed in detail in Chapter 3, is based on index
number theory and suffers little from multicollinearity problems which often cause inprecise
estimates for the economy of scale effects. In Chapter 4 we estimate the contributions of
scale economies and technical progress to TFP growth. Our estimation method for this

Chapter is an extension of the estimation method used in Chapter 3.



1.3 Main Findings

In order to help the reader understand the types of issues discussed in the chapters te

follow, we summarize our main findings as follows.

(1) For more than half of Japanese 2-digit manufacturing industries, statistically significant
economies of scale are found for the period 1964-1988. (See Chapter 3.)

(2) For the industries for which economies of scale are observed, the main factor which
explains TFP growth at the establishment (micro) level is scale economies. On the other

hand, the effects of technical progress on TFP are negligible. (See Chapter 4.)

(3) However, the main factor which explains TFP growth at the aggregate (macro) level is

technical progress, whereas the effects of scale economies are negligible. (See Chapter 4.)

(4) Significant positive correlation exists between TFP growth in the short run and the
stages of the business cycle at the macro level. This finding is consistent with many

previous studies. (See Chapter 2.)

1.4 Discussion of Main Findings

While these four findings are discussed in detail in respective chapters of this book,
the relationships among the four findings need some analysis. Moreover, (2) and (3) above
seem contradictory to each other. In this subsection we briefly discuss these issues.

Robert Solow and some other researchers whose work predates Solow’s emphasize that,
in many countries, production units of large and small sizes coexist in the same industry.
These production units of different sizes are considered to be competitive within their
respective industries where they share overlapping technologies. Analysis of production
functions and TFP is then carried out based on these assumptions. These assumptions
would also be valid even if economies of scale existed in the production structure so long
as the optimum size for a production unit were relatively small. In studies based on
these assumptions production structures are approximated by constant returns to scale
production functions, and hence productivity growth is attributed entirely to technical

progress (see Figure 1.1).
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Our finding (1) above states that more than half of the Japanese two-digit manu-
facturing industries enjoy statistically significant economies of scale. This casts doubt on
the appropriateness of using constant returns to scale production functions. Furthermore,
since the rise in productivity does not equal technical progress in this case, we need to ex-
amine if productivity growth is affected by economies of scale. In fact, Berndt and Khaled
show that, even at the aggregate level, productivity growth for the U.S. economy is due
mainly to the effects of scale economies.

Our finding (2) states that, at the micro level, productivity growth is due to the effects
of scale economies. However, we find unexpectedly that when establishment level data are
aggregated to the macro level, scale economy effects disappear for Japan. That is, the
conclusion by Berndt and Khaled does not hold for Japan.

Our finding (3) states that, at the aggregate level, productivity growth is due to
technical progress. This finding is consistent with the fact that the size distribution of
Japanese production units has been relatively stable from the 1960s to the 1980s. Thus,
although economies of scale are observed at the establishment level, productivity growth
at the aggregate level is attributed to technical progress. This is consistent with the
traditional approach by Solow and others in support of using constant returns to scale
production functions.

The implications of these findings are rather complex, however. »While, at the ag-
gregate level, production structures can be approximated by constant returns to scale
production functions, it is questionable that production units within the same industry for
which we observe scale economies can be regarded as competitive. These contradictory
findings can be explained by the fact that specialization which occurs among production
units of different sizes through production of differentiated or/and different goods keeps
both large and small production units competitive.

We also observe very large fluctuations in productivity growth. In our views, these
fluctuations are too large to be considered as a temporary disturbance. We also find a high
positive correlation between productivity growth and business cycle (Finding (4)). Our

four findings are summarized in Figure 1.2.
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1.5 Policy Issues and Main Findings

Up to the present, it has been customary for mainstream economists to cite the ef-
ficiency of perfect competitive markets as a primary reason for justifying use of constant
returns to scale production functions. If monopoly power is observed in some parts of
an industry, it is regarded as an issue of market power and use of anti-monopoly policies
is suggested. In addition, policy intervention is seen as a means to remove factors that
impede perfect competition. Here, based on our four findings, we raise three questions
regarding policy choices. Based on the presumption of constant returns to scale produc-
tion functions, it is true that having atomistic competition will lead to Pareto efficiency.
However, this becomes unjustifiable where economies of scale are observed. The first pol-
icy issue is whether or not Japanese industrial policy encourages industries which benefit
from economies of scale to return the benefits back to the society (see Question (1) in Fig-
ure 1.3). This question, which is in contrast to public policies emphasizing anti-monopoly
laws, has also been raised in other industrialized nations.

Secondly, given that productivity growth at the macro level is mostly attributable to
technical progress, expansion of this costless factor seems very important in maintaining
economic growth. Does this imply that it is necessary to have policy intervention partic-
ularly in basic research for which market mechanisms often fail to function (Question (2)
in Figure 1.3).

Finally we find significant positive correlation between productivity growth and busi-
ness cycle in the short run. This implies that business expansion leads to the enlargement
of the costless factor for productivity gains. Our third policy question is: would this
increase the effectiveness of Keynesian policies? (See Question (3) in Figure 1.3.)

Although we do not address answering these policy Questions (1)—~(3) in this book,
we believe that our main findings (1)—(4) summarized in this Chapter provide additional

reasons why these policy issues should receive research attention.



'88-y961 ponad

a1 Suunp oy s9dueyd
uedef ur syrun uononposd
jo uonnqinsip ozZis Sy,

*$31WOU03 9[vos 0} 9np

o 1% Mol gL () Bujpuld

burazoddns

*S$5[IOUO0SI 9RO O 9N 8] [9A0]
91v8288e oy 1w ymoas 411,
povDY 7 1pwiog Aq Suppuyy —— X

uoT3o0TPRIIUOD

(s9to1j0d usissuloy

JO $33U2AN99)J9 ssvaIoUl MO8
3911809 911 JO 9oussaid oy seoQq
‘qmoi8 d:11 $39N1809 01 SpeI|
uotsuwdxs ssouisng :(g) uonsend

*9]945 ssaupsnq

pus uns yoys oy uy

YIMOIZ J,11, U9IMIDq PIAISEQO
81 uone[a1105 sAnitod *—

weoyue . :(p) Suipurg

UoT30TPRIZUOD

burazoddns

*ss0320ad [eopuyon
01 9np 9} MMoas gAL,

A,

B

. *9otreqIMmsp wopuss

® 5% pajean sf pue

uouswousyd Livsodwoy
® 53 DOMOJA 8] 830108)
wononposd uy Lourpunpsyg

*ss21803d
[#o[uYyo3) 03 onp s} [9A9]
81 [9A9] (OUOTW) JUIWYSQAEY e (ozomu) o1x8u33e ot 3¢
nmosd 241, :(€) Sutpurd

P

Lyoanesaz oiseq Sunowoad uy
uonusAINut Lo1j0d 9q a9
PINOYS ‘[9A9] O30vUI O I®
o8 g1, 01 Juspoduy

s1 ss21301d [eouyon

et uaA18 :(Z7) uonseond)

‘psziseydws 2w sa191j0d
Kjodouow-pue ‘{3amod joxavw
JO 9nss ue v popaedaz 51
Ansnput ue jo sped swos

U} poA39sqo Jamod Kjodouoy

* k91908
A 9} O} PAUIMOS ATV SIMWOTO0
o[vos wWoy UMQo Lo HYgoUsq
oY1 pue sanIMmn otqnd s
\“ pezIu8osas Iv $OWOUO e
928sw] deas gorym soLnsnpu]
*3[#98 JO $3NMWOUOS uTsyrudie
*9u0 92139p Jo A[reonsnns 1qryxs
suonounj uonasnposd snousSowoy £q sstnsnpuy Suumogynuem |
paswrxosdde 9q pinos satnsnpur ® otoundef u31p-Z 9q jo jrvyq
Auww uy sumonns nononpold ueq azow (1) Sumpmy
UoTIOTPRIQUOD
*||was

K1aanepa1 sj uononpaad jo d[eos
wnwhdo o ‘481X9 $MUOU0YS
0]vo8 0I0UM UIAR ‘uonsnposd

U} 9[vos 0 SUWIMA JUNSUOD

. JO o5uois[xs o 01 9np nrun
uopanpoad 931v] £q 1no usALp 10U

\\ UOT3IOTPRIFUOD

LKe08 o 01

$9MIOU0S? I[RIS JO MNYIUIQ m .
o) Surwimas ut 9joI N1
Myirg £orjod pensnpuy
#30p :([) nopsond

a1w f)un vononpasd g

*8urddejzano £3ojouyon
01 onp Ansnpuj owes

o) uj sun vononposd
Suours sisyxe uonnadwod

s3uipu1g uiejy ano pue suonssnd) Ksfod

€1 sandyg

*X23enpuy ue ag

ISTXVOD seE}E SNOjIRA

Jo nrun nonsnpold



Chapter 2. Productivity Analysis
2.1 Productivity Analysis — A Survey
2.1.1 Introduction

The purpose of this section is to survey the developments in productivity analysis
since the first oil crisis in 1973 and to re-examine some of them.

In productivity analysis, “growth accounting theory” developed by Solow (1957) has
been most widely used as an analytical tool. The purpose of the growth accounting theory
is to search for the main factors of economic growth, and to make a balance sheet which
reveals each factor’s contribution to it. I labor, capital, material and energy are input
factors for production, for example, their degrees of contribution to the growth of produc-
tion can be derived under the assumption that they are efficiently used in the productioni
process. In this case, total factor productivity (TFP) is defined as the residual after re-
moving the contributions of input factors from output growth. Using this definition Solow
estimates that TFP’s contribution to output growth in the U.S. non-agricultural sector is
87.5% and that the U.S. economic growth is mostly due to the residual factor.

The productivity analysis after Solow’s research made an effort to reduce TFP’s con-
tribution. Jorgenson’s research group has tried to pursue consistency as strictly as possible
between data and theory concerning the fundamental input factors of labor, capital, mate-
rial and energy. Their empiricai results show, for the observation period.which is different
from that of Solow (1957), that TFP’s contribution to economic growth was mere 2.8%.
Denison (1983), on the other hand, estimates TFP’s contribution to be 22.4% which was

obtained by adding the effect of resource allocation to the usual input factors. !

It is certainly consistent with an accepted scientific principle to attempt to reduce

unexplained residual factors. It is difficult, however, to explain a production process, upon

! Jorgenson and Griliches (1967) calculated the rate of technical change in the U.S.
private sector for the period 1945 to 1965 to be 2.8%, which would be 45.8% using Solow’s
methodology. Denison’s result (22.4%) using Japanese SNA data was derived by subtract-

ing the effect of resource allocation and economies of scale from the residual contribution
of 55.2%.



which technological factors have great influence, only using economic variables.? Excessive
persistence in pursuing a theoretical consistency in economic explanation may lead to a
“seeming law” in economics. This may be particularly of concern since we often have at
best incomplete data sets. An alternative approach would be to focus on productivity as
a residual, and analyze its rates of change among different observation periods, industries

or countries.

In this survey we pay particular attention to the change in methodology that took
place after the first oil crisis. Before the crisis, economic growth in advanced countries
had been quite satisfactory, and especially Japan’s post war growth was a suitable subject
for productivity analysis. In the period of stable growth in productivity, there was no
room for questioning the method originated by Solow or the resulting empirical results.
The empirical results after the first oil crisis, however, showed negative growth rate or a
sharp drop in producitivy for many advanced countries. While negative economic growth
can occur because of a serious recession, it does not seem realistic that productivity as an
indicator of the state of technology falls suddenly. In order to explain these apparently
incomprehensible results, new factors which were ignored earlier were introduced in pro-
ductivity analysis. This section focuses on explaining such a change in the methodology
of productivity analysis and discusses differences in empirical results derived before and

- after the first oil crisis.

2.1.2 Structural Change in Industries

Although economic growth is usually defined for a whole country, plural factors in fact
contribute to the fluctuations and growth of a national economy. Such factors are often
adequately captured at the industry level. Kuroda (1986), Baily (1981), and Kuroda et
al. (1987), analyzed macroeconomic productivity by first calculating productivity growth
rates at the industry level and then aggregating them after taking into account structural

changes in industries.

Kuroda (1986), broke Japan’s macroeconomic productivity change into the effects of

2 Cherney (1949), among others, tries to describe a production function technologically.
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aggregate technical change and structural changes in industries under the assumption that
each industry has its own production function. First the former effect is subtracted from
the aggregates of the productivity growth rates. for all industries. This gives the latter
effect, which is called the “bias of structural change” representing the unequal allocation
of resources among industries. The bias of structural change is zero if the rates of change
in input and output for all industries are the same. In Kuroda (1986) the latter effect is
broken down into three kinds of effects: the biases of structural change in value added,
in labor input and in capital input. Kuroda estimates that the total bias from 1960 to
1972 is -1.555%, which in turn is divided into -1.111% for output bias, -0.072% for labor
input bias and -0.371% for capital input bias. The total bias from 1973 to 1985 is 0.935%,
which is divided into 1.094% for output bias, 0.007% for labor input bias and -0.166% for
capital input bias. These values show that the fall of aggregate productivity growth by
-2.307% after the first oil crisis was compensated for with the effects of structural change

in industries®.

Baily (1981) also focused on the change in labor productivity along with the structural
change in the U.S. industries. He applied a more direct methodology to the breaking down
of the slowdown in labor productivity growth after the first oil crisis. According to his
method, labor productivity growth for a country can be broken down into the effects at the
industry level of (1) a change in labor productivity, (2) a change in output share and (3) a
change in input share.®. The second effect means the growth of industries with relatively
higher labor productivity, and the third effect indicates the degree of labor’s allocation
into higher labor productivity. Baily (1981) shows that more than 90% of the slowdown in
labor productivity growth of -1.99% points after 1973 is due to the first effect. The effect

3 Note that the sign of a “bias of structural change” just means the effect of a structural
change on macroeconomic productivity but not the efficiency of a resource allocation.

4 The decomposition equation for labor productivity growth rate in Baily’s model is
written as alp = Y G;alp; + 3(6; — 0;)alp; + 3 (455 — 1) 25:, where alp is labor produc-
tivity growth rate, subscript i denotes an industry, ; is output share, §; is output share
in a reference year, ALP is labor productivity level and S is labor input. The first, the
second and the third terms in the equation above correspond to the effects of (1), (2), and
(3) respectively.

11



of structural change is quite small: 0.09% for the second effect and -0.22% for the third5.

Kuroda et al. (1987), unlike the two studies cited above, makes use of an input-output
model to grasp the structural change in industries. This analysis describes the spread
effect of productivity growth from one industry to another as a result of a reduction in
material price using an input-output table. A high degree of productivity growth in an
industry whose products are used as inputs into many other industries, therefore, has an
effect of reducing the aggregate price for the whole country through direct and indirect
influences. Kuroda et al. (1987) used the time-series of the input-output tables for Japan
from 1960 to 1979 and calculated the contribution of total factor productivity growth to
the total price reduction. Results show that the TFP contribution to the inflation rate of
5.64% during this period is -3.32%, which means the inflation rate would have been 8.96%
without productivity growth. In addition, their results show that the steel industry had
the greatest influence, on average, on other industries during this period. After the first
oil crisis, however, the TFP contribution to the price change became positive (0.2%). It is

of interest to find out the industries which contributed most to this price change.

2.1.3 Subdivision of Data

In the previous section, productivity growth was calculated using data at the industry
level. Productivity analysis has also been conducted using more detailed data at the
establishment level. Nakajima and Yoshioka (1989) estimated the production function at
the establishment level for the Japanese manufacturing industries and calculated the TFP
growth rate for each manufacturing industry.

There are two possible merits in using data on establishments. One is the possibility of
being able to distinguish between the contribution of the economies of scale and technical
change to the TFP growth. As is well known, there is a high degree of correlation between
production scale and a time variable (a proxy for technical progress) for aggregate time
series data. This correlation leads to a multicollinearity problem in the estimation of

production and cost functions, and lowers the statistical significance for the estimates

5 The effect of the agricultural sector is -0.18% out of -0.22%.
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of scale elasticity and technical change. Using pooled data of cross-section and time-
series at the establishment level, this problem could be avoided. Another merit of using
establishment-level data is to be able to separate out the effect of plant expansion from

the increase in the number of plants for a particular industry.

Nakajima and Yoshioka (1989) find that the slowdown in productivity growth since
1973 was observed for almost all manufacturing industries except for wood and lumber,
coal and petroleum and precision machinery industries. The slowdown was mostly due to
technical change. The contribution of scale effect, albeit quite small, also declined after

1973, implying the slowdown in the expansion of establishment size.

The following Chapters 3 and 4 of this book will discuss more recent developments in

the econometric productivity analysis for Japanese manufacturing industries using estab-

lishment data.

2.1.4 “Criminal Investigation” of the Productivity Slowdown

When an economy is on a smooth growth path, growth accounting analysis seeks
for the factors which contribute to the economic growth. Facing declines in productivity
growth, productivity research begins to resemble a “criminal investigation.” We investi-
gate suspected factors one after another and estimate the degree of contribution to the
“crime” of a productivity decline. In the following table the suspected factors mentioned
in Northworthy (1979), Nodhaus (1982), Denison (1983), Lindbeck (1983), Giersch and
Wolter (1983) and Maddison (1987) are summarized.

In Table 2.1, numbers below the macroeconomic indicators in the column labeled
“victims” are the observed degrees of slowdown (% points). Each factor’s contribution to
the slowdown is given in the last column. The factors which are difficult to assess quan-
titatively have no numbers given. Giersch and Wolter (1983), provides only a descriptive
analysis. One characteristic of this kind of “criminal investigation” analysis is that they are
not based on sophisticated economic theories. It would be quite difficult to systematically
integrate the various factors considered in Table 1 within economic theories. The “criminal

investigation” analyst, considers that observed slowdowns in growth rates in output and
g g p
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productivity are important, tries to find the suspected factors of slowdowns quantitatively,
and breaks them down into their constituent contributions using their growth rates and
weights in GDP.

This method is convenient for an intuitive factor breakdown, but has several problems.
The first problem is that an analyst’s subjectivity highly influences empirical results. One
piece of evidence is the lack of uniformity in suspected factors among researches. The
rise in energy prices, for example, was picked out by Nordhous (1982), Lindbeck (1983)
and Maddison (1987) but not by Northworthy (1979) and Denison (1983). Secondly, the
calculated degree of the contribution of a factor varies widely depending on the analyst,
which makes it difficult to choose among possible factors. This problem is apparent in
Wolff (1984), where the contributions of the capital/labor ratio to slowdowns in labor
productivity range from 4% to 71%°®. The third problem is that the interrelationships
among suspected factors are ignored. After the first oil crisis, for example, pollution
restrictions, substitution effects for energy and capital accumulation became so closely
interdependent that the partial effect of each factor might convey little information.

It is certainly important to search for the “criminals” that caused slowdowns in several
macroeconomic indicators. Identifying “criminals”, however, does not solve the problem.
What is more important is to consider how to “arrest” them. For this purpose we need

theoretical models that shed light on observed economic phenomena.

6 See Wolff (1984, Table 2, p.50).
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Table 2.1: Who are “Criminals”?

Authors Period victims suspected factors effect

Northworthy (1979) 65-73/73-78 LP (1)capital labor ratio —0.55

UsS. -2.12 (2)pollution abatement capital —0.09

(3)intersectoral shift of capital —-0.09

(3)interindustry shift of labor —0.22

(4)labor utilization effect —0.04

Nordhaus (1982) 48-65/73-80 LP (1)growth in the capital stock -0.3
U.s. -2.2 (2)labor quality -0.1 -

(3)energy -0.2

(4)regulation -0.2

(5)intensity of R&D expenditure -0.1

(6)role of sectoral shift -0.3

(7)shift in taste of consumers -

(8)market failure caused by tax system -

(9)regulations -

(10)decline in investment opportunities -

(11)exhausted economies of scale -

(12)end of industrial structural change -

(13)decline in demand -

(14)less frequent inventions -

(15)technological catch-up -

Denison (1983) 48-73/73-81 TFP (1)advances in knowledge —1.68

uU.s. -2.32 (2)resource allocation —0.33

(3)pollution abatement -0.11

(4)worker safety and health —0.04

(5)dishonesty and crime —0.02

(6)economies of scale -0.12

(7)intensity of demand —0.04

(8)loss of diligence in work -

(9)declining productivity in government -

Lindbeck (1983) 60-73/73-79 LP (1)capital labor substitution -0.2

OECD X (2)substitution away from energy -0.1

(3)capacity slack and output growth -0.5

(4)allocation of resources -0.9

(5)technological progress and catch-up -

Maddison (1987) 50-73/73-84 GNP (1)labor quality -0.11

Japan —5.59 (2)labor hoarding -1.12

(3)non-residential capital quantity —0.34

(4)capital quality -0.20

(5)capacity use effect —0.39

(6)catch-up effect —0.58

(7)structural effect -1.01

(8)foreign trade effect —0.21

(9)economies of scale -0.17

(10)energy effect —0.24

Giersch-Wolter (1983)  64-73/73-79 GNP (1)quantitative growth to qualitative growth -

OECD (2)technological catch up

(3)end of export-led growth
(4)limitation of energy supply
(5)accelerating inflation
(6)pessimistic business mind-set
(7)struggle over income distribution
(8)high real interest rate

LP=labor productivity growth, TFP=total factor productivity growth, GNP=GNP growth

15



2.1.5 Capital Utilization

In the process of short-run adjustment of production, it is usually observed that a
business upturn raises equipment’s capacity usage while a business downturn reduces it.
In economics this phenomenon is explained by the change in the utilization rate of capital
stock or the change in the flow of capital services. If capital stock is a production factor, the
change in capital service flow caused by short-run business fluctuations will be ignored. For
example, after the first oil crisis, the utilization rate fell drastically. Productivity analysis
ignoring capacity utilization would, under such conditions, overestimate the contribution
of capital stock and hence underestimate productivity growth. In the following we will
introduce capacity utilization in productivity analysis. There are two ways to introduce

capacity utilization: exogenous utilization model and endogenous utilization model.

2.1.5.1 Exogenous Utilization Model

In an exogenous utilization model, capital utilization ratio directly enters the produc-
tion or cost functions as an explanatory variable. (For example, see Nadiri (1981), Fuss
and Waverman (1985), Baily (1982) and Kaufman and Jacoby (1984).)

Nadiri (1981) modified the original growth accounting model by including a capital
utilization variable in the Cobb-Douglas production function’. In his model, capital uti-
lization rate is defined as the ratio of actual production to production capacity. This
ratio is a reasonable proxy for utilization rate, if we assume linear homogeneity in the
production function and producer’s rational behavior. Nadiri estimated this equation and
calculated the contribution of capital utilization rate to labor productivity. Results show
that the contribution is positive in communication and financial industries and negative
in transportation, manufacturing, and construction industries. This is consistent with the
observation that a decline in utilization rate is a factor for declining labor productivity.

As Nadiri (1981) notes, however, it is quite difficult to estimate the contributions of all the

" The equation for estimation in Nadiri (1981) is InP = ag+a; lnk—}—aglni‘k:—l-agAln%-{—
aylnR + ast, where P is labor productivity, k is capital/labor ratio, k* is capital/labor
ratio adjusted by capital utilization rate, R is R&D stock, and ¢ is time variable.
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effects using only one equation. In fact, the estimated positive contribution of utilization
rate for communication and financial industries is obviously inconsistent with economic
theories®. One approach to solve this problem, is to estimate a system of structural equa-
tions, while reducing the number of unknown parameters by using index number theory.

Fuss and Waverman (1985), also included an actually observed capital utilization rate
as an explanatory variable in the cost function. They formulated linear restrictions on
the unknown parameters based on microeconomic theory. In this model a 100% capital
utilization rate is defined to be the point where the short-run average cost curve with
fixed capital 1s tangent to the long-run average cost curve with variable capital. Their cost
function of translog form includes an index of capital utilization as an explanatory variable
and was estimated with imposed parameter restrictions®. They applied this methodology
to the analysis of productivity growth for the automobile industry after the first oil crisis
for Japan, the U.S., and Canada. Their results show that the contribution of capacity
utilization to productivity growth was negative for the U.S. and Canada, illustrating the
effectiveness of this approach. As mentioned above, Fuss and Waverman (1985) not only
include capital utilization in the cost function but also derive a theoretical restriction on
unknown parameters. In their model, however, utilization rate is still exogenous and affects
parameter estimates through a theoretical restriction.

In the two models discussed above, capacity utilization rate is directly observed as
an actual machine’s opérating hours. Baily (1982) and Kaufman and Jacoby (1984), on
the other hand, assume that the capital stock adjusted by its utilization rate is evaluated

10

in the stock market and estimate capital service flows using stock price data'®. Using

8 This undesirable result may be due to multicollinearity problems in estimation.

® The cost function used in Fuss and Waverman (1985) can be written as
C = G(w,Q,T),T>,T3), where w is input price vector, @ is production capacity, T} is
capital utilization index, T; is R&D stock, and T3 is an index of product mix. Because
an increase in ) means expansion of capacity itself, its effect on cost is equal to long-run
marginal cost. The effect of an increase in T} on cost, on the other hand, is equal to

short-run marginal cost. When utilization rate is 100%, that is, T} = 1, gf:‘lg = g}:.ﬁ has

to hold. This equality provides a restriction on the unknown parameters.

10 Tf their models include the financial market, utilization rate can be an endogenous
variable. Their models, however, do not consider the feedback from product market to
financial market.
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“Tobin’s ¢” which is the ratio of the capital value evaluated in the goods’ market, C,
to that evaluated in the financial market, Baily (1982) estimated the capital utilization
rate indirectly!!. Kaufman and Jacoby (1984) assumed that stock price V, reflect real
capital service flows and calculated capital service flows as the average between a stock
price index and the capital stock. Kaufman and Jacoby (1984) reestimated the slowdown
in productivity growth after 1973 for the U.S., the U.K., Germany, France, Canada, and
Japan by taking into account the fall in stock prices'?. These exogenous utilization models
are, strictly speaking, closely related to the endogenous utilization models discussed in the
following subsection. The potential problems of this approach include the calculation of ¢
and the relevance of using a stock price index. Stock prices fluctuate according to investors’
expectations about firms’ future profits and may not exactly reflect current capital service
flows!3. In addition, stock prices also fluctuate according to the financial policy of a central
bank and investors’ speculative mentality regardless of actual capital utilization rates. In
this sense, it would be interesting to verify the robustness of these models using data for

the period when stock prices are continually rising.

2.1.5.2 Endogenous Utilization Model

As we discussed in the previous subsection, it is difficult to measure, within the frame-
~ work of exogenous utilization models, actual facilities’ utilization rates. It is also not clear
what a 100% utilization rate means. These problems can be dealt with somewhat more
satisfactorily using endogenous capital utilization models, in which utilization rates are
theoretically determined. In this subsection we will discuss three kinds of endogeneous
capital utilization models. |

The first model is based on microeconomic theory concerning short-run and long-run

11 Tobin’s ¢ is given by ¢ = %, where capital good’s price is normalized as unity. In
order for ¢ to be the utilization rate exactly, however, we have to specify the form of the
production function.

12 For Japan, for example, TFP growth rate from 1973 to 1978 is estimated to be 4.48%),
which compares with an estimate from a model without a capacity utilization variable of
2.91%.

13 One practical solution to this problem is to assume static expectations with respect
to firms’ future profits.
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cost functions!*. The 100% utilization rate is defined to be the point of tangency between
short-run and long-run cost functions. According to this theory, if the production level
is realized on points other than the full utilization point, then we adjust the capital cost
so that this level becomes the point of tangency!5. The analytical procedure underlying
basic endogenous models is explained as follows. First, a variable cost function with fixed
capital stock is specified. Second, a variable cost function is estimated using actual data,
and the marginal productivity of capital is theoretically calculated. And finally, the growth
accounting procedure is introduced using the marginal productivity of capital instead of
the capital cost!®. In the standard productivity analysis capital cost is assumed to be
equal to the marginal efficiency of capital. This assumption implies that the capital stock
level can be instantaneously adjusted to its optimal level. The actual capital stock level,
however, is not always at optimum, because adjustment takes time. Suppose a firm has
to expand its production in a short run according to an increase in the demand for its
products. The firm will meet the immediate needs by increasing the variable input while
its capital stock remains unchanged. In this case, the production level may be where the
long-run cost intersects the short-run cost. Furthermore, the marginal efficiency of capital
may be also greater than the capital cost. If we proceed with growth accounting using the
capital cost, the contribution of the capital stock will be underestimated and TFP will be

overestimated. By using the marginal efficiency of capital instead of the capital cost, we

can remove the bias in the calculated productivity growth rate.

As an example of the first model, consider Morrison (1988)!7 who estimates TFP

14 Fuss and Waverman (1985) also made use of this theory. While they derived utilization
rates from actual observations, endogenous models calculate utilization rates theoretically
from estimated cost functions.

15 See Hulten (1986) for details.

16 Berndt and Fuss (1986) calculated the marginal productivity of capital using Tobin’s
q which they define to be the ratio between the marginal efficiency of capital to the cost
of capital without estimating a variable cost function.

17 In addition to Morrison (1988), see also Morrison (1985, 1986) and Nadiri and Prucha
(1980, 1985). Bruno and Sachs (1982), which is known as a “supply shock model”, explains
a slowdown in economic growth by the producer’s reaction to a steep rise in energy price.
In the B-S model the capital adjustment process is based on Tobin’s ¢ theory, and the
case of ¢ < 1 occurs when the rate of economic growth is declining. Since this case implies
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growth sequentially by adding the following modifications one at a time: (1) economies
of scale as discussed in Ohta (1975), (2) fixed capital stock, (3) the adjustment cost of
investment and (4) the utilization rate of capital stock. These modifications lead to an es-
timate for the rate of technical change of 0.36% for the U.S. manufacturing industry before
1973 compared to an estimate of 0.87% without these modifications. The new estimate is
very close to an estimate for the period after 1973. For Japan also the slowdown in TFP
growth after 1973 was estimated to be 0.9% compared to 1.2% prior to modifications. The
productivity growth rate for Canada for the same period is estimated to be negative.
The second endogenous utilization model is Epstein and Denny (1980). Their ba-
sic idea that capital utilization decreases available capital stock in the next time period
through depreciation. Their theoretical framework can be summarized as follows. The pro-
duction function includes both the beginning of period capital stock and the end of period
capital stock. The former is treated as a predetermined variable. Given the beginning of
period capital stock, increases in other variable inputs increase capital utilization rates and
production, while decreasing the end of period capital stock by excess use. The beginning
of period capital stock in the next period is given by adding the current investment to the
end of period capital stock. Epstein and Denny derive a profit function by applying the
firm’s dynamic profit maximization principle to this process, and calculate the depreciation
rate for the capital stock using an estimated profit function. This model’s distinctive char-
acteristic is that capital utilization is treated as a source of capital stock depreciation and
is reflected in the end of period capital stock. Their approach of choosing between current
usage and future usage is similar to the one found for the theory of savings in economics.
While the first model (Morrison (1988) and others) determines utilization rates endoge-
nously within the framework of capital investment, E-D model does not seem to be able to
explain investment which is an exogenous variable in their model. Furthermore, under the
present economic conditions where rapid technical change is common, depreciation occurs
not only because of actual use but also because of rapid technical advancement. The E-D

model may not be suitable for analyzing the economy after the first oil crisis which made

that the capital utilization rate is less than 100%, the B-S model can explain a fall in
productivity growth after the first oil crisis.

20



the energy using capital stock obsolete. In this sense the productivity slowdown since 1973
provides the E-D model with a test of its theoretical robustness.

The third type of endogenous utilization model discussed here is Berndt et al. (1985).
While the first two types of models discussed above define capital utilization indirectly
using production or cost functions, Berndt et al. relates utilization rates to the fluctuation
in oil prices. The Berndt model is summarized as follows. Capital stock is accumulated by
investment in each time period, the amount of which is determined based on the relative
price of capital stock to the energy price so as to minimize the firm’s total cost. Once
investment has been done, the firm controls the utilization rate of its capital stock by
realizing its most efficient usage. The capital stock after the oil crisis, for example, consists
of facilities invested when the energy price was low as well as of those when it was high.
Facing low energy prices, the firm will increase its utilization of energy using type facilities.
Therefore, the departure of the capital/energy relative pricé observed when facilities are
used from the relative price observed when facilities were purchased is an important factor
for the determination of the capital utilization rate. Berndt et al. (1985) estimate the
capital stock taking into account the utilization rate, and re-estimated the productivity
growth rate. Their results show that the TFP growth rate was modified upward because
of a steep decline in the utilization rate after 1973. The average annual productivity
growth rate for Japanese manufacturing industries from 1973 to 1981 is 0.896%, while the
growth rate without the utilization adjustments is 0.419%. The Berndt model related the
utilization rate to the fluctuation of energy price and succeeded in explaining the dramatic
decline in productivity growth after the first oil crisis in advanced countries. At the same
time, we should point out that this model was estimated using a selected observation period
of a steep rise in energy price. After the second oil crisis, the oil price declined from 36.94
dollars per barrel in 1981 to 14.79 in 1988. Did the firm really stop using energy saving
facilities and restart using the energy consuming facilities purchased when the energy price
was low? It is quite important to investigate the robustness of this model using data from

time periods covering different oil price movements.

21



2.1.6 R&D Investment

As mentioned at the beginning of this chapter, productivity is defined as the residual
after removing the contributions to the growth of fundamental production factors. If
we specify the production or cost function, the TFP growth rate can be broken down
into the effects of scale economy and technical change. Whichever estimation method is
used, technical change is treated as an exogenous factor. While some technologies arise
spontaneously, for example, as a result of “learning by doing effect,” there are technological
advances firms get by investing in them. It is desirable then to introduce the process
of developing technologies in the productivity analysis. The Research and Development
(R&D) investment models we summarize here can be regarded as an analytical tool for

treating technology explicitly.

2.1.6.1 Basic Model

The basic model concerning the relationship between R&D investment and produc-
tivity originates in Griliches (1970). His model is based on the Cobb-Douglas production
function with an R&D expenditure as an input. In its simplest form of the model the de-
preciation of R&D stock is ignored and current R&D investment can be used as an input in
the next period. Under these two assumptions, an increase in the R&D stock corresponds
to the R&D investment. Hence we can use the R&D expenditure as an input in our growth
accounting instead of the R&D stock. Griliches assumed that the production function is

of the Cobb-Douglas form!®. The assumptions made for the basic model, however, do not

18 The production function in Griliches’ model was specified as InQ = lnA-}-Z?___l a;lnz;+
blnR + )¢, where ZLI a; = 1 holds, @ is output, z; is tangible capital stock, z5 is labor
input, z3 is material input (including energy), R is knowledge stock about technology, and
A is a Hicks neutral technical change effect other than R. The TFP growth rate based on

this production function is defined as #2TFP _ dinQ _ Z:-;_ sidnzi where s; = &%
dt dt =1 dt . PiT;
J

By the marginal productivity principle, output elasticity with respect to each input is

equal to its cost share in total cost. Therefore, we can rewrite the equation above as

iL’%f—P =+ p%% + p, where p is the marginal productivity, that is, the rate of return

to R&D stock, and u is an error term. According to the two assumptions made above, %

is equal to the R&D investment, and p can be estimated using the TFP growth rate.
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seem realistic given the speed of current technical change and the long-term nature of R&D
in the present day. This problem leads to the question of how to estimate R&D stock.
R&D stock is defined as the “technological knowledge stock currently owned by a firm
and an industry.” It is quite difficult to quantitatively grasp the process of developing a
technology and its contribution to production. To solve this problem Griliches considered
R&D stock as an accumulation of lagged R&D investments!®. This idea implies that past
R&D investment might be accumulated, using the weight of its probability of success and
with the length of its pre-use development period. Recent studies in productivity analysis
with R&D stock are mostly based on this basic model. The empirical results in Griliches,
among other studies, show that a fall in the labor productivity growth for the U.S. since
the 1960s was mainly caused by a decline in the speed of the R&D stock accumulation?’.

2.1.6.2 Removal of Double Accounting

In the Griliches model R&D expenditures were used for estimating the R&D stock.
R&D expenditures, in fact, consist of payments for labor, capital, materials and so forth.
Unless we distinguish these input factors used for production from those used for the R&D
stock formation, the estimated contribution of R&D stock to productivity might be biased
because of “double accounting” of the R&D expenditure. Schankerman (1981) pointed out

this problem and estimated the degree of double accounting bias in the rate of return to

the R&D stock.

Shankerman (1981) suggested two kinds of possible biases in the Griliches model. One
is an input bias. For calculating the TFP growth rate, input factors are aggregated using

19 Griliches’ R&D stock estimation function is written as K; = f[W(B)R;,v], where K;
is R&D stock at time ¢, R; is real R&D investment, B is a lag operator, W is a function
of B, and v is an error term. Therefore, W(B)R; stands for a polynomial of lagged R&D
investments.

20 Griliches (1980) re-estimated the contribution of R&D stock because the results in his
1979 paper were underestimated, and concluded that the main reason for the slowdown in
productivity growth was not the decline in R&D stock but the decline in the rate of return
to R&D stock. Englander and Mittlestadt (1988) and Englander, Evanson, and Hanazaki
(1988) also show that the R&D stock has been increasing smoothly but has not led to a
productivity growth.
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a discrete form of divisia index. If they include inputs for the R&D stock formation, the
input index may be overestimated. The other bias occurs in the evaluation of value added
as output. Since value added is usually derived by subtracting intermediate input from
gross production, output will be underestimated if intermediate input includes inputs for
the R&D stock formation. Shankerman (1981) estimates that, because input bias and
output bias partly cancel out each other, the sizes of the two biases are only -6% and -9%
of TFP, respectively. These biases seem negligible given inaccuracies contained in reported

R&D expenditures. Such inaccuracies are particularly severe for Japan.

2.1.6.3 Interindustrial Technology Flow

The Griliches model treats the R&D stock as a source of technical change. Technical
change, however, does not depend solely on the firm’s own development of technology.
When a firm starts a teghnological development, there exist both the possibility of success
and the risk of failure. If the latter is perceived to be significantly greater than the
former, the firm might try to buy an already developed technology or intermediate goods
where a developed technology is embodied. The firm makes a choice between its own
R&D investment and the purchase of technologies developed by other firms based on its

expectations of success.

Schmookler (1966) was the first to distinguish between “industries with their own
R&D” and “industries depending on already developed technologies.” Scherer (1982a)
made a technology flow matrix which shows intersectoral transactions of technologies em-
bodied in intermediate inputs on the basis of the R&D expenditure data for more than
400 firms. He investigated the relationship between the technologies brought in from other
industries through intermediate goods and the TFP growth rate. His empirical results
show that the R&D investment embodied in intermediate goods has a greater contribution

to TFP growth than an industry’s own R&D.

Griliches and Lichtenberg (1983), on the other hand, point out that the utility value,
quality and marginal productivity of the technology embodied in intermediate goods should
be reflected in their prices. They argue that “the effect of introduced technology” in Scherer
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(1982a) assumes the imperfection of the intermediate goods market which monopolistic
developers of technologies can control. They call the deviation of a monopolistic price
from a normal price an “error” and suggest we perform the TFP regression analysis after
removing the “error” effect. Assuming that this error is proportional to R&D intensity
(the ratio of R&D expenditure to production) in each industry, Griliches and Lichtenberg
(1983) compared the effect of an industry’s own R&D on productivity with the effect of
the “error.” They find that the contribution of an industry’s own R&D to TFP growth is
significant, but so is the “error” effect. The former contribution weakened after the first
oil crisis.

According to economic theory, the technology embodied in intermediate goods is re-
flected in its market price if the market is perfect. Kuroda et al. (1987), discussed in
Subsection 2.2, applied this idea to the input-output analysis of a TFP’s spread effect.
From this point of view, the contribution of Griliches and Lichtenberg (1983) is to treat
explicitly the TFP indicator, which was a residual factor in Kuroda et al. (1987), as R&D

intensity.

2.1.6.4 Simultaneous Equation System

The R&D investment models discussed so far are based on a single equation system
using a production function. Odagiri (1985) introduced a “learning effect” on productivity
and a “price effect” on the demand for product in an attempt to reveal the relationship
between R&D and productivity in a simultaneous equation system. The “learning effect”
means that an expansion of production leads to enhanced productivity due to the accu-
mulation of knowledge. The “price effect,” on the other hand, means that a decline in
price caused by an advance in productivity creates a demand for products and leads to '
an expansion of production. He obtained consistent estimates for the parameters for this

simultaneous equations system using a structural estimation method.

A number of earlier studies suggested that the decline in R&D investment was the
main reason for the slowdown in productivity growth observed for the U.S. since the second

half of the 1960s. In Japan, however, the slowdown in productivity was not observed even
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though R&D investment was not significantly greater than that for the United States.
The reason for this inconsistency, Odagiri (1985) argues, is a simultaneous equation bias
which occurs in productivity analysis using a single equation. To deal with this problem he
used the two stage least square method for estimating unknown parameters. His empirical
results show that the contribution of the R&D intensity to TFP growth is overestimated
in the usual single equation settings.

It has been observed for advanced economies that there is a high correlation between
output growth and productivity growth?!. This correlation was viewed as a “learning
effect” in Odagiri (1985). In case of a relatively small supply bottleneck, however, the
expansion of an effective demand can stimulate production, leading to improved produc-
tivity gains due to economies of scale. It is unclear, then, to what degree Odagiri (1985)

separated out the “learning effect” from the effect of scale economy.

2.1.7 Regulation

Previous studies concerning the relationship between regulation and productivity can
be classified into two types. One type of studies reveals the effect of regulation on produc-
tivity by estimating productivity regressions directly??. The other type treats regulation
as a constraint imposed on the firm and shows what kind of modification has to be made
in solving the firm’s optimization problem with a constraint. The first type of studies in-
cludes Christainsen and Haveman (1981a) and Crandall (1981) while Cowing, Small, and
Stevenson (1981) belongs to the latter type.

Christainsen and Haveman (1981a) measured the effect of government regulation on
macroeconomic productivity. Their method is quite simple and summarized as follows.
They estimated a regression equation with productivity as the dependent variable and
regulations as independent variables. Estimated parameters show the effects of regulations.
What’s important here is which regulations to enter the regression and how to measure

them quantitatively. Christainsen and Haveman, uses the number of effective regulative

21 For example, see Yoshioka (1989, chapter 4).
22 Productivity regression is a single equation composed of productivity as the dependent
variable and some factors as independent variables.
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laws, expenditures used by regulators and the number of regulatory department full-time
employees as regulation variables. The regression coefficients of these variables show to
what degree regulation lowers the productivity growth rate. Their empirical results show
that the existence of regulation lowers productivity and that the lowering effect has been
increasing since the first oil crisis. According to their calculations, regulation is a significant
factor for the slowdown in productivity growth after 1973.

Crandall (1981) investigated the effect of pollution control on labor productivity in
the U.S. manufacturing industries. This analysis is based on the notion that pollution
control in the U.S. was so strict for manufacturing industries that it disturbed investment
in plant and equipment, and in the development of new technology, leading to the decline
in productivity. He included expenditures for pollution control as an explanatory vari-
able in the productivity regression equation and measured the degree of its influence on
labor productivity. The estimated coefficients for expenditﬁres for pollution control were
significantly negative.

These two types of analyses try to estimate the effect of pollution control on produc-
tivity using a quite simple and intuitive equation. It is certainly true that regulations which
guarantee acquired rights disturb free competition and restrain an advance in productivity.
In such a case, an effective deregulation policy leads to an expansion of the market and an
improvement in national welfare. Regulations, however, do not always have undesirable
effects. In an extreme case where all regulations were removed in our society, would the
national welfare really be improved? Would macroeconomic productivity progress? Unless
these issues are adequately addressed, we cannot derive meaningful policy implications
from these empirical results.

Cowing, Small, and Stevenson (1981) focused on the effect of the “rate of return
constraint,” which is frequently imposed on public utility firms in regulated industries.
The rate of return constraint requires a firm to keep its profit under a designated rate of

return?3. They applied growth accounting analysis to the firm which operates under cost

23 Averch and Johnson (1962) is a classical research which reveals an effect of the rate of
return constraint on firm behavior. Its effect is usually called the “Averch-Johnson effect.”
Fuss and Waverman (1975) and Denny, Fuss, and Waverman (1981) discuss a theoretical
relationship between productivity and the rate of return constraint.
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minimization subject to this constraint. Their simulation results suggest that a decline in

productivity growth could occur as the constraint becomes tighter.

2.1.8 Environmental Problems

Recently the destruction of the ozone layer, global warming, an increase in CO2, and
acid rain are seen as international environmental problems. The influence of environmental
destruction on productivity can be considered within a éimple model described below?4.
The basic idea of this model is to introduce the state of the environment as an input factor
for production and consider the cost for keeping its condition at a constant level. If a model
has two distinct sectors, one which damages the environment, and the other which keeps
the environment, the problem of externality occurs. On the other hand, externality effects
are internalized within a one-sector model, and an optimal production level for a country
will be determined. This simple model is of the latter type and describes the choice
of whether a factor endowment in a country is used for production or the maintenance
of the environment. When a factor input is used only for prodﬁction activities without
consideration of the environment, the marginal productivity of input gradually declines
and the state of the environment becomes worse. If a part of input is used for maintenance
of the environment, its state is improved and the marginal productivity shifts upward.
An optimal situation for a country, therefore, is realized at the point where the marginal
productivity of input for production is equal to the marginal productivity of improvement
in the environment caused by the usage of input for its maintenance. In the framework of
this model, if a great deal of cost is needed for maintenance, productivity might decline?®.

In other words, decline in productivity is regarded as a deterioration of technology in the

24 On the details of the model, see Sakamoto (1971) and Barnett and Morse (1963).

25 Suppose the production function has the following inputs: labor input L;, the state
of the environment E, the state of technology T'; then output y is y = f(Ly,E,T), and
the cost function for environment maintenance is given by L, = g(E), where L, is the
labor used for the maintenance. If we define L* to be the labor endowment, the growth
rate of labor productivity can be given as follows (by solving the production maximization
problem with the constraints of labor endowment and maintenance cost for environment):
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usual productivity model?®.

2.1.9 Introduction of Demand Side

The basic form of productivity analysis consists of a production function and a pro-
ducer’s optimization principle. In this sense growth accounting theory is based on a pro-
ducer’s autonomous equilibrium. The real economy, however, depends on market transac-
tions between supply and demand. Hence it would be desirable to take account of demand
side factors in analyzing macroeconomic productivity. Nadiri and Schankerman (1989)
and Jaffe (1988) performed productivity analysis involving demand side factors.

Nadiri and Schankerman (1989) estimate the effect of the demand side using a simple
simultaneous equations model. Their methodology is summarized as follows. First, they
estimate a supply function of goods using the standard growth accounting methodology and
a pricing rule based on a mark-up principle. Second, a macroeconomic demand function
is estimated. Finally, a reduced form equation for productivity is derived from these two
equations. The effects of the two demand factors included in this equation system, national
income and population, are estimated using the reduced form equation. Their results show
that the contribution of the demand factors to the decline in TFP growth was 68.3% after
the first oil crisis. This result also means that the decline in productivity growth could
have been avoided with a demand expanding policy.

Jaffe (1988) modified the original growth accounting model with the Cobb-Douglas

” &«

production function by adding the following three new factors: “spillovers,” “market po-

sitions,” and “technological position.” The first “spillovers” effect means that a firm’s

dings _ [% L 1] dinL*  dinf dinT

dt Oing T, dt OlnT dt °
where a first term on the right-hand side shows the effect of E on productivity. Suppose
that the state of environment becomes worse and it costs more to maintain it. This case
means an increase in g—l"% which has an effect to reduce growth rate of labor productivity.
26 Kopp and Smith (1981) chose the state of atmospheric and water pollution as the
variable of environment and measured the influence of the state of the environment on

productivity. Their results show that the influence is significant.
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technological knowledge on production spills over and gives positive effects on other firms’
productivity. Jaffe (1988) assumes that the magnitude of spillovers depends on how similar
the contents of R&D investments are among companies and introduces the coefficient of
correlation between the contents of R&D investments as a proxy for the spillovers effect?”.
The “market position” and “technological position” effects correspond to, respectively, de-
mand pull and supply push factors for a technological evolution. The former represents
what kinds of goods are needed in the market and is treated as a stimulation factor from
the demand side. The latter, on the other hand, is the content of a firm’s R&D investment
and represents the motive power for technical change. Jaffe calculated the effects of these
factors on productivity by estimating regression equations involving proxies for these ef-
fects. His empirical results indicate the difficulty in identifying demand pull and supply
push effects. (His estimates suggest the spillovers effects of R&D raised TFP by 0.1%.)
While Jaffe’s analysis provides a useful way of incorporating three demand factors in
the original model, the full effect of the demand side factors on productivity can only be

analyzed using an integrated economic model involving regulation effects. Identifying such

a system appears quite difficult.

2.1.10 Concluding Remarks

The common purpose underlying the recent research on productivity has been to
explain the slowdown in productivity growth since the first oil crisis by modifying the
original growth accounting model developed by Solow (1957). The modifications proposed
are summarized as follows.

(1) structural change in industries

(2) subdivision of data

(3) intuitive search for hidden factors

(4) capital utilization

(5) R&D investment

(6) regulation

27 Spillovers effects correspond to externality in economic theory, because they spread
without pecuniary transactions.
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(7) environmental problems
(8) demand side factors
(9) miscellaneous factors?®

As a consequence of these modifications, the slowdown was explained systematically to a
certain extent. But much remains unexplained?®. It is also the case that the theoretical
framework in some studies is ad hoc or is not consistent with the data, in part because
desirable empirical results were excessively pursued®’. The oil crisis in 1973 certainly
“shocked” the world economy, resulting in a sudden steep rise in energy prices. It may not
be a real contribution to economics, however, to make special economic models only for
explaining the “oil shock”, particularly for explaining a great deal of economic fluctuation
since 1973. To the extent that a true economic model should possess the robust explana-

tory power not only for a special period of the oil crisis but also for other time periods,

productivity analysis still has a lot of specification search to do.

28 For example, M&A, a firm’s business diversification, externality and so forth. See
Benhabib and Jovanovic (1989), Lichtenberg and Siegel (1989b) and Lichtenberg (1990).

2% Denison (1987, Table 1), for example, shows that “knowledge” contributes the most
to productivity growth: -1.68%. This seems numerically too small to be taken seriously.

30 Productivity analysis involving R&D investment is such an example. Inaccurate and
incomplete data on firms’ R&D expenditures seem incompatible with the theoretical mod-
eling frameworks proposed in the literature.
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2.2 Inter-industry Propagation of Productivity Growth

The productivity analysis of the sort surveyed in the previous section deals primar-
ily with the sources of productivity growth for specific industries in aggregate economies.
This will also be the case for our analysis in the following Chapters 3 and 4. Transmission
of productivity gains from one industry to another is not typically discussed in stan-
dard productivity analysis. In measuring productivity growth for an aggregate economy
such an inter-industry propagation of productivity growth is irrelevant since all transmit-
ted productivity changes across industries will be netted out. Inter-industry productivity

transmissions, however, play a major role in the development of a national economy.

For example, the success of the Japanese automobile industry is often attributed to
the availability of high-quality and competitively-priced steel products as well as the high
technologies developed by Japanese plastic and semiconductor industries. It is of interest
to know the degrees to which the productivity gains in the Japanese automobile industry
depended on the productivity gains in the Japanese steel and chemical industries as well

as on their own technical progress.

There are three ways by which productivity gains are transmitted from one industry to
another. First, new technological developments in a particular industry may stimulate new
technological developments in another industry without any market transaction of final or
intermediate capital or other types of goods between the two industries. This case is not
suitable for economic modeling and is often treated as a given externality. The second way
of transmission of new technology developments from one industry to another is via capital
goods. If new technologies in an industry are embodied in the capital goods (e.g. machines
and tools) sold to another industry where they are used to produce consumer products,
production efficiency for the latter industry will likely rise. The third way of transmission
is via intermediate goods. The automobile industry, for example, could take advantage
of the intermediate goods it purchases from other industries which enjoy high levels of
technological advances and scale economies in production. In this section we will present
a model for inter-industry transmissions of productivity gains via intermediate goods (the

third case above). While the second type of transmission could also be important, the
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lack of data on the flows of capital goods makes it impractical to integrate it within our
framework, although extending our model to the case involving transmissions via capital

goods is straightforward.

2.2.1 Measuring Inter-industry Transmissions of Productivity Gains via Inter-

mediate Goods

In this subsection we present a model in which productivity gains are transmitted
from one industry to another via intermediate goods the latter industry purchases from
the former industry. We assume that factor prices for each industry are given and derive
relationships which relate industry-specific productivity gains to industry-specific price
indexes as well as gross domestic product.

Suppose industry j produces Vj; quantities of products ¢ with prices pi(i = 1,2,...,n).
The total output value of industry j is X;p.iVji(j = 1,...,n). Suppose also that industry j
uses intermediate goods U;; with prices p,i, imported intermediate good d; with price pq,
non-household consumption good bj with price pp, labor input L; with wage rate s; and
capital input k; with the cost of capital p;j, pays indirect taxes Tax; and receives excess

profit w;. Then the accounting indentity that must hold for industry j is given by
(1) 2ipeiVii = p1j X1j = ZipoiUij + padj + pobj + s;Lj + pjk; + Tax; + ;

where X7; is the product output index with price index py; for industry j.
Using the Divisia index we describe the rates of increase for output index X; and its

price index py; as follows.

(2) dlnp[j/dt = 2;ij,'(d1npc,‘/dt)

(3) dlnX[j/dt :E;W,,j;(dlnl/}g/dt)
where W, ;; is the output share for product @

(4) Woji = peiVii/ ZipeiVii
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Using Divisia indexes we define Total Factor Productivity (TFP) for industry j as

follows:
(5) TFP; = X1;/Qj 1=12,...,n

where Q); is a production input index for industry j. The growth of Q; is given by

danj/dt = E,‘Wij(dangj/dt) + de(dlndj/dt) + ij(dln bj/dt)

(6) +Wi;(dIn Lj/dt) + Wi;(d1nk;/dt),

where the coefficients W's are the cost shares for industry j given by

(7) Wi = poilUij/<;
(8) Wa; = pad;/c;
9) Wi = pubj/c;
- (109) Wij = s;iL;j/C;
(11) Wij = pjk;i/C;

C; = cost of production for industry j
(12)
= XipoiUij + padj + podj + s;L;j + pjk;
The growth in TFP is given by

dInTFP; dlnX;; dnQ;

d ~  dt @ dt
_ dln X7; _ “d].I].Uij 'dlndj dlnb;
(13) - dt (Zth dt + Wd] dt + Wb] dt
dlnL; dlnk;
Wi T Wi )
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The growth in output for industry j is given by

dlnzy; e dInU;; dlnd; dlnb; dlnL;
T T A
(14) ., dlnk; | dinTFP,
T at dt

(E) (F)

where the terms (A) through (F) represent the contributions to the growth of industry
J of (A) intermediate goods, (B) non-competing imported goods, (C) non-household con-
sumption, (D) labor input, (E) capital input and (F) TFP growth, respectively.

In order to assess the impact of inter-industry effects it is more convenient to represent
the TFP growth using price changes (in the dual space) as the difference between the unit

revenue change and the unit cost change as follows:

dInTFP;  [(dln(1+Tj+7;) | _dlnpei ., dlnpg

di _{ p7 Wy A Wl
(15) dln p, dlns; dln p; B dlnpy;
tWoi—g— + Wii—g— +Whi—g dt

= {unit revenue change} — {unit cost change}
where T; = Tax;/Cj and 7; = nj/C;j. Using (2) and (15), we get

d h;tp “ — {unit revenue change} — il_‘i;[;Fi

(16) E:'VVv;i:

Another accounting indentity for good : is that its demand, the sum of intermediate
goods (U;;) and final demand (f;), is equal to the supply, the sum of domestic production
PciXci and imports pmiM; :

(17) P0i(Z;Uij + fi) = peiXci + pmiM;.

The Devisia index for p,; is

dl ot d]-n ct d mi
Zf = Wci—p + Wi Inp

(18) dt dt
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where

DciZei
19 W, =
( ) DciTci + PmiM;
miMi
(20) Wmi P

B PciZci +pmiMi ’

We write (16) and (18) in matrix form as follows:

dinp. _dlng __.dlnpy _ dlnps . dlnp,
(1) Womg =g tW—g tWig tW—pg
W dlns W dlnp dInTFP
L=t K dt
dlnp, _ dlnp, dlnp,,
(22) @ Werg TWe—g—
where
: : Wa
We=1]... W,,,‘j -1, W=1]... W,‘j e 1, Wi =
: : 0

dln¢ | awm(+T5+m)
dt - dt
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Combining (21) and (22) and rearranging the resulting terms, we get

dlnp. _ o 1 (dln¢ .,  dlnpm
8 = (W, - W'W] {dt + W W —
dln pq dInpy dlns
2
(23) Wi =+ Wo—— + Wi—s
dlnp dInTFP
e T T a }'

Equation (23) allows us to assess the influences on domestic price change (%”—‘) of

TFP change (%) , factor price changes (%‘;—", 5’%’3) and import price changes
(ﬂ%{ﬂ, %’i) through intermediate goods. In particular the impact on the prices of

all goods of a one percent change in TFP for each industry is summarized in the inverse
matrix Q = [W, — W'W,]™'. The (3, j)th element of this matrix, ;;, denotes the degree of
price fall for good ¢ given a one percent increase in TFP for iﬁdustry J- In order to estimate
(23) we approximate continuous time derivatives by the following translog approximation

for time periodst and ¢t + 1 :

Inpe,t+1 — Inper = [W., - W'Wc] - {(In¢e41 —Ingy)
+ W'W(lnpm,t41 — Inpme) + Wa(ln pa,e41 — In pae)
+ Wi(ln pp,e41 — Inppe) + Wi(lnse41 — In'sy)
+Wi(ln peys — Inpg) — (In TFPeyy — InTFPt)} :

(24)

where W denotes the time average of matrix W : W = I:Wt_}.l + Wt] /2.

Figures 2.1 and 2.2 show  elements of the inverse matrix Q = [W, — W'W,]~ for
31 industries (z,j = 1,2,...,31) for the time periods 1960-61 and 1978-79, respectively.
These time periods were chosen so that any change in the inter-industry propagation of
productivity growth that might have taken place during the period 1960-1979 could be
observed. Shaded areas generally denote large degrees of inter-industry effects. We see
that inter-industry productivity propagation patterns remained relatively constant over
the 20-year period. Two notable changes, however, are: the effects of chemical and iron

and steel industries on other industries declined somewhat, and the effects of productivity
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gains in the retail /wholesale sector on other industries became more significant during this
period.

These inter-industry propagation effects are numerically presented in Table 2.2 for
five time periods: 1960-61, 1965-66, 1970-71, 1975-76 and 1978-79. The numbers in Table
2.2 for industry j, are (2;€;;)/(industry average), where industry average = (Z;Z;€%;)/n.
These numbers represent the degree of influence on the fall of prices for all industries given a
one percent increase in TFP for industry ¢ adjusted for the industry average. The numbers
exceeding one in Table 2.2 denote industries which have inter-industry propagation effects
greater than the average.

We note from Table 2.2 that forestry/fishing, textile, paper, chemicals and iron/steel
experienced the decline in their inter-industry propagation effects over the time periods
covered. On the other hand, retail/wholesale and finance/insurance industries increased
the influence of their productivity gains on other industries. Of all the industries, the iron
and steel industry has had by far the largest inter-industry TFP propagation influence on
other industries. This is particularly interesting since the number of workers employed,
value added and stock market performance, among other performance measures, are rela-
tively unimpressive for the iron and steel industry compared to other major industries. It
is not clear whether or not our estimates for the inter-industry productivity gains influence
for the iron and steel industry means a signal demanding a more resource allocation (e.g.
for technology development) for this industry despite the negative signals other perfor-

mance measures appear to send us.

2.2.2 Industry-Specific Contributions to the Gross Domestic Expenditure
Growth

In order to measure the contributions of various industries to growth in gross domestic

expenditure (GDE), we define the following accounting identity:

(25) GDE =p, - F = Eip,; Xr1i — LiZjpojuij — paZ;d;
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Table 2.2

Inter-industry Transmission of Productivity Gains

Industry 1960~ 61 | 1965~66. | 1970~71 | 1975~76 | 1978~79
1. Agr/For/Fish 2009389 | 1.7753¢7| 1.415330 | 1.338340 | 1.200330
2. Mining 0.911489 | 0.803893 | 0.691585 |  0.669269 | 0.63039¢
3. Construction 0.613665 | 0.627408 0.597713 | 0.566653 | 0.593452
{ Food 0.459736 | 0.493960 | 0.826268 | 0.835201 | 0.763206
§.  Textiles 2512799 | 2194178 | 1658731 1.752031 | 1.045362
6.  2pparels —0.205060 | —0.162697 | —0.116825 | —0.102369 | 0. 422233
7. Lumber/wWood 0.756394 | 0.807074 | 0.763627 | 0.777080 | 0.730027
8. Furniture 0.310026 | 0.312444 | 0.295056 | 0.333238 | 0.363810 -
9.  Pulp/Paper 1. 508828 1. 524225 1. 421797 1. 241633 1. 227229
10.  Printing 0.650109 | ©0.738310 | 0.794101 | 0.85453¢ | 0.830543
11.  Chemicals 2.301303 | 2.387811| 1.983719] 1.880773 | 1.840903
12. Petro/Coal 0.928463 | 1.05124S| 0.838409 | 1.389957 | 1.316406
13.  Rubber 0.596224 | 0.583952 | 0.508755| 0.569180 | 0.568837
14.  Leather 0.434805 | 0.510208 | 0.482480 | 0.556191 | 0.504712
1S.  Pottery 0.592281 | 0.672352 | 0.724372| 0.787051 | 0.680552
-16.  Iron/Steel 4. 319207 3. 255032 4.082219 2. 768855 2. 866225
17.  Nonfe.metal 1.006439 | 1.0617S0 | 0.885255| 0.864689 | ©.888881
18.  Metal prod. 0.345314 | 0496523 | 0.602849 | «0.651738 | ©.614695
1.  Gen.machin. 0.937116 | 0.910732 | 1.124189| 1.045875| 0.993779
20. Elec.machin. 0. 952964 0. 928575 L 047245 0. 995130 0. 935505
21. Auto 1133308 | 1.102357 | 0.915578 { 0.930044 | 1.279115
22. Transp.m. 0.212465 | 0.345443 | 0.465549 | 0.567482] 0.322112
23. Precision 0. 100443 0. 208666 0. 498801 0.580061 } O. 49984_2
24, Other mfg. —0.026927.| 0.253056 | 0.464813| 0.624953 | 0.760217
25. Transp/com. 1361923 | 1.519361| 1254201 | 1277787 | 1 422224
26. Utilities 0.902062 | 0.926273 | -~ 0.813981 | 0.922170 | 0.994174
27. -Wholes./ret. 1.608805 | 1.835802 | 1.931241| 1970546 | 2 031983
28. Finance/ins. 0.868979 | 1.061754 | 1.061976 | 1.363692| 1.479973
29. Real Estate 0.567608 | 0.657078 | 0.742668 | 0.831502 | 0.845060
30. Other service 1.942172 | 1.720388 | 1.80935¢| 1.682074| 1.890821
3l. Government 0.387671 | 0.418485 | 0.414672 | 0.476737 | 0.457378
Average 2.579506 | 2.389569 | 2.411979 | 2.100709 | 2.186373
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where F' and p,. are, respectively, real GDE and its deflator. From (25) we obtain

dF dln F dln X;
pFE FT = EtanIlT

- 2]' (EipaiUij—danij dlndj)

& TP g

or

dln F 1

B dln Xj;
dt =~ GDE

dt

dInU;; dlndj
- X; (EipinijT +pddjTJ)} ,

(26) {EipuXIi
From (1) and (12), we have

(27) p,jXIj = Cj + Tax; + ;.

Substituting (27) into (26), we obtain

dlnF_ 1 dlnXIJ . .dlnX[j
(28) dt _ GDE { 3;(Tax; + ;) + %;C; dt
dln U.-J- dlnd;
-X; EipinijT + padj—— 7 .
Substituting (14) as well as (7)-(11) into (28), we get
dnF 1 dlnXIJ dTFP;
d ~ GDE {E (Tax; + ;) 50—

(29)

dinb; dlnL; din K;
1 (b 001 1,120 11, 05) |

Equation (29) means that the contributions of the TFP growth in various industries to

macro GDE growth ‘““F

industry with the weights being the costs of production for industries divided by GDE.
The sum of C; over industries ordinarily exceeds one. The difference (£;C; — 1) represents
the effect of the inter-industry propagation of productivity growth. Other terms in (29),
SBEZiS ij%f— and s55Zjpik; dl%’-, represent the contributions of labor input and
capital input, respectively, to macro GDE growth.

Using translog approximations, (29) was estimated using data for 31 industries (3,j =

1,2,...,31) for the period 1960-1979. Then the industry-specific terms on the right-hand
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side of (29) were aggregated into three larger industry sectors: the primary, secondary,
and tertiary sectors.

These gross contributions of the three sectors to macro GDE growth over time are
illustrated in Figure 1. From Figure 2.3 it is evident that the primary sector contributed
very little to the Japanese economic growth during this period. The secondary and tertiary
sectors accounted for 60% and 40% of the Japanese economic growth, respectively, during
this period.

Finally Figures 2.4, 2.5 and 2.6 show, respectively, the contributions to GDE growth
of labor input, capital input and TFP growth for three industrial sectors. These are the
terms (X;s;L;)/GDE, (X;p;k;)/GDE and (£;C;)/GDE in equation (29) where index j is
summed over industries relevant for each of the three aggregate industrial sectors. Both
Figures 2.4 and 2.5 show that the contribution of the secondary sector has declined over the
20-year period 1960-79 to the point where the contribution of the tertiary sector exceeds
that of the secondary sector. It is of interest to note also that the contribution to GDE
growth of the growth in labor input fell drastically for both the secondary and tertiary
sectors (Figure 2.4) after the first oil crisis (1973-75) while there is no such sudden change
in the contribution of the growth in capital stock during the same time period. Figure 2.6
shows that both the second and tertiary sectors’ growth in TFP during the period 1965-70
contributed significantly to macro GDE growth, but the contribution of the TFP growth in
the tertiary sector became negative after the first oil crisis and remained that way during
the period 1975-79. During the periods 1973-75 and 1975-79, the growth in the secondary
sector contributed positively to macro GDE growth. We conclude then that the secondary
and tertiary sectors contributed to macro GDE growth in quite different ways. While the
tertiary sector contributed to macro growth in terms of both production input factors, the
secondary sector’s contributions are in terms of capital input and its TFP growth. It is
of interest to see if these different sectoral growth patterns observed for Japan were also

observed for other advanced economies for the period following the first oil crisis.
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Chapter 3. Measuring Economies of Scale

3.1. Introduction

In some policy studies, economies of scale play an essential role. For example, there is
some evidence that the horizontal trade of manufactured goods among developed countries
can be explained by scale economies, among other factors (Helpman and Krugman (1985)).
If a nation’s markets for strategically important goods were served by foreign oligolopolists
enjoying scale economies and hence were not contestable from the point of view of domestic
producers (Baumol, Panzar and Willig (1982)), then policies to protect domestic producers
might be justified on infant industry ground (Timbergen (1945) and Kemp (1969)). In the
policy debate on the Canada-U.S. Free Trade Agreement, Canadian proponents of the
treaty based their arguments primarily on the benefits of scale economies that Canadian
manufacturers would enjoy if they had access to an enlarged North American market
(Harris and Cox (1984)). Estimates for scale economy parameters are important inputs

to policy-oriented applied general equilibrium models such as the one used by Harris and

Cox.

If data on manufacturing establishments were available, economies of scale could in
principle be estimated using a production function of some flexible form. Normally, how-
ever, significant multicollinearity exists among certain inputs, their prices and output in
cross-section data for establishments. The sample multicollinearity problem often pre-
vents us from identifying with sufficient statistical precision scale economies and other

(often many) unknown parameters.’

1 A standard method to estimate these unknown parameters is to estimate a flexible cost
function using cost share equations. However, estimating scale economies using a translog
cost function, for example, requires the estimation of the cost function itself as well as
the share equation system (Berndt (1991, p. 476)). Since output, its squares and its cross
products with input prices are all in the cost function, multicollinearity can potentially
cause serious estimation problems. Banker, Charnes, Cooper and Maindiratta (1988, p. 40)
also note that their procedure is likely to provide unreliable estimates for returns to scale
when there is a collinearity problem in estimating flexible form production functions.
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In Sections 2 and 3 of this chapter we present an econometric procedure to estimate
the return to scale in production using establishment data. Assuming that scale economy
effects are stable, our method utilizes generalized least squares to estimate the return to
scale as well as its lower and upper bounds. Our estimation method also uses index number
theory to aggregate inputs at establishments of different sizes and can be interpreted as
a generalization of Frisch’s (1965) approximation formula for his passus coefficient (scale

elasticity).

Although we will assume a flexible form production function to capture price and
substitution effects at establishments in the derivation of our estimation method, we do
not explicitly estimate these substitution parameters. The reasons for not estimating these
parameters are twofold. First, estimating these numerous parameters together with scale
economy effects often results in statistically unreliable estimates because of multicollinear-
ity problems encountered in the data sets currently available at the establishment level.
Secondly, for the types of policy studies related to scale economy effects we have in mind,
it is not essential to obtain estimates for price and substitution parameters.? These pa-
rameters are nevertheless important in recovering optimal strategies for establishments
regarding, for instance, cost minimization. For our application problems, however, it is
sufficient to assume that the observed production inputs are the results of the optimizing
behavior of establishments.® Our hope is that the proposed method provides stable esti-

mates for returns to scale, avoiding the multicollinearity problem but at the expense of

2 Policy-oriented empirical studies emphasizing estimating scale effects with little atten-
tion paid to price effects include Komiya (1962), Ozaki (1969, 1976), and Giles and Wyatt
(1992). Scale economy parameter estimates were stand alone inputs to the Canada-U.S.
Free Trade Model by Harris and Cox (1984).

3 Virtually all Japanese industrial policies deal with scale economy effects also. In
promoting specific manufacturing industries such as the steel, automobile and chemical
industries, the Ministry of International Trade and Industry (MITI) always specified the
level of production scale required for an internationally competitive production facility.
Exactly the same sort of thinking underlies the policy put forward by the Ministry of Fi-
nance (MOF) to strengthen the Japanese banking industry as liberalization (deregulation)
in finance industries is currently being implemented. Economies of scale considerations
led MOF to encourage mergers and acquisitions among Japanese banks (e.g. the recent
merger between the Mitsui Bank and the Taiyo Kobe Bank).
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the statistical efficiency which could be attained only by a fully simultaneous estimation
of all unknown parameters included in the production function (or the cost function). Our
empirical results show that our estimation method can identify scale effects quite well us-
ing the kind of establishment data that is available for Japanese manufacturing industries;
we find substantial, statistically significant scale economies among establishments. The
organization of this chapter is as follows. In the next section we present a procedure for
estimating lower and upper bounds for the return to scale (scale elasticity) as well as scale
elasticity itself using establishment data. Application of this method to time series of cross

section data for Japanese manufacturing industries is discussed in Section 3.

3.2. Elasticity of Scale and Its Lower and Upper Bounds

Suppose the scalar output, z, of an establishment in period (year) ¢ is characterized

by
T = f(vt) t= 1,2, ...,T,

where v; is the n—dimensional production input vector, v = (v!,v2,...,v"), and f(v) is
the production function. The time subscript ¢ will be omitted except when our discussion
requires the explicit treatment of time. For a given fixed input vector vy and a positive

scalar y, the elasticity of scale, k, is defined by

k= (dz/z)/(dp/p) = dlnz/dlnp

where z = f(uvg) = f(v) and k depends on vy in general. In many empirical applications
involving cross-sectional data we usually observe high correlations among some of the in-
puts (v!,v?,...,v™) and their prices. For example, in the application to be discussed below
we will use the Japanese establishment data on three production inputs: employment (the
number of workers), capital stock and raw material (n = 3). Only group means by estab-
lishment size are published for these variables. Since large establishments employ more

workers, own more capital stock and utilize more raw material than small establishments,
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we expect these production inputs and output to be highly correlated. (See Figure 3.1.)
A similar multicollinearity problem is also found between output and workers’ wages, for
example, which rise as establishment size increases (Oi (1983)). When production inputs
(input prices) and output are highly correlated it is difficult to identify the parameters

including scale parameters in the production function (cost function).

Suppose the objective of a particular empirical study is to estimate the elasticity of
scale, and suppose there is reason to believe that, because of the multicollinearity problem,
the elasticity of scale cannot be estimated with precision using the simultaneous estimation
of a flexible form involving all unknown parameters including the scale elasticity.* Then
we propose the following estimation strategy. First, we derive lower and upper bounds for
scale elasticity under the homotheticity assumption, which is likely to be satisfied when
observed production inputs are highly multicollinear. If our assumption is correct, our
estimated lower bounds should be less than estimated upper bounds and lower and upper
bounds should be close to each other. Our second step is to test the hypothesis that lower
and upper bounds for scale elasticity are independent of establishment output. Suppose
we accept the hypothesis that scale elasticity bounds do not depend on output. Then we
can appropriately assume that the production function is homogeneous of degree k¥ which
also equals scale elasticity.® Our third step is to estimate the elasticity of scale k (which
is now assumed to be constant) by generalized least squares (GLS) assuming a production
function which is homogeneous of degree k. We make use of index number theory and

flexible functional forms in our procedure to estimate lower and upper bounds for scale

4 This situation is not uncommon in econometric practice. For example, in studying
the efficiency of U.S. manufacturing industries, Caves and Barton (1990, p. 34) note that
“The idea of an intensive examination of scale economies was dropped after the results
for the twelve-industry panel were a.nalyzed The behavior of the estimated coefficients,
especially in the translog functions, did not inspire confidence in our ability to determine
the minimum efficiency scales ...”

5 Given a production function X = f(v), the elasticity of scale is given by k =

z(alnX/alnv,) - 2(1/X)(3X/av,)v, = (1/X)Af(@)'v, where Af(v)' = (9f/0v,

3 f / Ova,...,0f/0vy,). ThlS implies kX = Af(v)'v. On the other hand, Euler’s Theorem
for homogeneous functions of m—th order implies mX = A f(v)'v. Thus k =
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elasticity as well as the scale elasticity itself.

3.2.1 Derivation of Lower and Upper Bounds for Scale Elasticity

Suppose we observe (z;,v;,p;) for small (i = 1) and large (i = 2) establishments,
where z; is output such that zo > z; and z; = f(vi). The production function f(v) is
assumed to be homothetic, v; denotes an n—dimensional input vector at establishment :
with price vector p; (¢ = 1,2). The homotheticity assumption is justified for the observed

range of input vector v where the elements of v exhibit severe multicollinearity.

We derive lower and upper bounds for the elasticity of scale k based on the two
assumptions: (1) the production function z - f(v) is homothetic and hence the elasticity
of scale depends on the size of output (z) only, and (2) each establishment chooses its

production input vector v so as to minimize the total cost of production.

Consider two rays in the input (v) space R;(z = 1,2) : R; passes through the origin and
v;. The rays R; (for the small establishment, n = 1) and R, (for the large establishment,
n = 2) are depicted in Figure 3.2 together with the supporting cost hyperpla.nes (lines)
~ C; at v; and isoquants Q;(z = 1,2). (Note that no convexity property is assumed for the

production function at this point.)

We denote the intersections of isoquants Q; with ray R; (¢ # j) by v.i (3,7 = 1,2).
The intersections of cost lines C; with ray R; (: # j) are denoted by o; (z,57 = 1,2). The
points v,; and ¢; (2 = 1,2) are shown in Figure 3.2. We also define another isoquant Qy
corresponding to some fixed output zo and denote by vg; and vz the intersections of Q)
with rays R; and R;, respectively. (See Figure 3.2.) The homotheticity assumption implies

that isoquants @, @1 and @ are isomorphic with respect to the origin.

Since f(v) is homothetic, we have, for any positive scalar p,

z = f(pvo1) = f(uvoz).
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Let yy and po be defined by ve = pave2 and vi = p1ve1. Then we have

(1) zi = f(pivor) = f(pive2) i=1,2
and
(2) Ve = p1vo2  and  vi2 = pav01-

Hence we have

(3) vz = (p2/p1)vr and vy = (p2/p1)var.

If v,; and v,z were observable, then the mean elasticity® of scale, E(k), measured on

Rays 1 and 2 would be given, respectively, by
E(k)' = (lnzz —Inz;)/(ln g —In ) = (Inzz — Inz,)/(In v}, — Inv])
and

E(kY* = (Inzy—Inz;)/(ln pz —ln ) = (lnzz —lnz;)/(tnvi —Inod, ), any j=1,2,...,n,

¢ E(k)' is the mean elasticity of scale measured along Ray i (R;) between isoquants Q,
and @2, and serves as a discrete approximation to the true elasticity of scale.
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FIGURE 3.2. PRODUCTION INPUT SPACE
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where v/ is the j** element of input vector v (j = 1,2,...,n). Since the denominator of
E(k)* is In(uz/p1) for i = 1,2, we have E(k)! = E(k)2. That is, the mean elasticity of

scale does not depend on the ray along which it is measured.

In practice we do not observe v,; and v.2. We do observe 9; and 9, however, since

we have

(4) ’51 = (pl m /plvz)‘vz a.nd '62 = (pzvg/pgvl )’01 .

We show that cost minimization implies

(5) bi<va i=12

(Proof)

Define a positive scalar A; such that 9; = Ajv.i(: = 1,2,). By definition we have
(Figure 1)

pivi = pit; and z; = f(vai).
Cost minimization implies
pivi = min{pv; z; < f(v)}
from which we have
AiPiVei = Pivi = Pi¥;i < PiVai.

Thus we have A; <1 and hence 7; < vy;. QED

Define k; and k, by

(6) k1 = (Inzz —Inz;)/(nv) —Ind?),
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and

(7) ky =(Inz; —Ilnz;)/(In3) —Inv!), forany j=1,2,...n.
Then we have k; < E(k)? = E(k)! < ky or

(8) ki <k <k,

where the expectation operator for k will be dropped for notational convenience in the

following.

If we view establishments 1 and 2 as a base and a compared points, respectively, then

we can define Laspeyres and Paasche input indexes, Q1 and @Qp, as follows:

(9) QL=P11)2/P1”1 and QP=P202/P201-

Substituting (4) into the denominators of (6) and using (9), we get

(10) k1 =(lnze —Inz;)/InQr
and
(11) ku=(1nz2—1na:1)/anp.

Frisch (1965, p. 68) proposed the following approximation formula for the elasticity of scale
(called the “passus coefficient” by Frisch)

k=(nz; —Inz)/(lnv) —lnv!), any j,

which would be an exact formula for k£ under the perfect multicollinearity among produc-
tion inputs (j = 1,2,...,n). Our lower and upper bounds formulas (10) and (11), which are
exact under our assumptions, may be viewed as generalizations of Frisch’s approximation
formula.”

" The inequality k; < k, (where k; and k, are given by (10) and (11)) implies Q1 > Qp,

60



3.2.2 Estimation of k;, k, and k Based on Flexible Functional Forms

For establishments 1 and 2 and the production function z = f(v), (10) and (11) imply

(12a) k1 = {ln f(vy) — In f(v1)}/ In Q}?
and
(12b) ku = {In f(v2) —In f(v1)}/In Q}?,

where Q}J’z and ka are Laspeyres and Paasche indexes calculated, respectively, for estab-

lishments 1 and 2.

In our econometric specification we assume that the error term u enters the production

function in multiplicative form
(13) z; = f(vi)e™ 1=12,...,1

where E(u') = E{u1,u2,...,ur)} =0, E(uu') = (¢2/2)F and F is the I by I unit matrix.

Using (13) we rewrite (12a-b) as follows:

(14a) Inzy —Inz; =k In QY% + (ug — uy)

(14b) Inzy —Inz; =k, In QB + (uz — ug)

that is, the Laspeyres input quantities index is greater than or equal to the corresponding
Paasche index. This follows from Bortkiewicz’s index number theorem which holds if price
changes and input quantity changes are negatively correlated (Bortkiewicz (1922) and
Allen (1975)). This assumption seems satisfied in our case. For example, as establishment
size increases, the wage rate (price of labor) increases (Oi (1983)). The price increase
is accompanied by utilizing less labor and more capital, that is, the capital labor ratio
increases as establishment size increases. This is illustrated in Figure 3.1 for a number of
years.
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We can generalize (14) to I — 1 pairs of consecutive establishments ordered by size as

follows:
(15a) Inziy; —Ilnz; =k 1ln Q}:Hl + (uwit1 — ui)
(15b) Inz;41 —lnz; =k, ani’,ﬁl + (wit1 — ui) 1=1,2,...,1 -1

The unknown parameters k; and k, can be estimated using (15a) and (15b), respec-
tively, by generalized least squares (GLS) with the variance-covariance matrix for the error

term (ui+1 — u;) as follows:

1
[y
I
B
(@)
—

o)
I
Q
N
|

N |-
|

BN =

| 0 ...— 1

DN |-t

Since the same error term enters both (15a) and (15b) we expect estimated values for o2
from both equations to be quite close. Estimates for 0 which are far apart would imply

potential specification problems for equations (15a) and (15b).

Since the values of k; and k, estimated using equations (15a) and (15b) are expected
to be quite close, it would be useful if we could directly estimate the value of k& by regression

by assuming a certain flexible functional form for f(v).® This is done in the following.

Case 1. Diewert’s (1976) quadratic form:

(16) z = f(v) = (v'Av)¥/%, A is a symmetric matrix such that isoquants

are convex with respect to the origin.

8 The assumption of a flexible functional form which allows adequate substitution pos-
sibilities among production inputs is essential for a consistent estimation of the return
to scale. Using a production function with too few parameters will result in a biased
estimation of scale economy effects.
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By Euler’s theorem we have kz = V f(v)'v. Cost minimization implies the input price

vector p is proportional to V f(v), i.e. p « V f(v). Thus we have

(17) V() [kz =V f(v) [(Vf(v)'v) =p'/p'v.

Using (16) and (17) Fisher’s ideal index of inputs can be given as follows:

Qr = (QLQp)'* = ((prv2/p1v1)(p2v2/p2v1))'/?
_ (lelvg k$2 )1/2

k.’L‘l Vz’2v1

18
(®) _ (z2(v;vvl) viV'vz))lﬂ
z1(vhVvy) v4Vu,
= (xl/zg)k.
or
(19) ‘ k=(lﬁ$2—ln$1)/an[.

From (10) and (11) we get

(20) InQr = (1/.2)(111 vz —Inz1)((1/k1) + (1/ku)).
Combining (19) and (20), we obtain

(21) k=2/{(1/k1) + (1/ku)}-

Thus under the quadratic production function assumption, scale elasticity, k, can be cal-
culated using Fisher’s ideal index of inputs and it is also the harmonic mean of its lower

and upper bounds, k; and k,.

Case 2. Translog production function:

(22) k™'ln f(v) = bp 4+ b Inv 4+ 1/2Inv'Rlnv,
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where the unknown parameters are scalar by, vector b; with its column sum equal to
one, and non-positive definite matrix R with all row sums equal to zero and, where the
dimensions of b; and R conform to that of v (see Christensen, Jorgenson and Lau (1973)).
If we apply the Quadratic Approximation lemma (Diewert (1976)) to (22) and evaluate it
at the 1st and 2nd smallest establishments, we get

k_l{ln.'l)z —_ ]Il.‘L‘l}
(23) = 1/2{k_1V1n:z:2 + k—lV].nZ] }'(lnv2 — 111'01)
= 1/2{(’61‘2)—1‘/2V1'2 + (kzl)_lVlV.'vl}'(lnvz — lnvl),
where Vinz; (Vinz;) and Vz; (Vz,) are the gradients of z; (z2) with respect to

Inv; (Invz) and v;(v2), respectively, and where V; (V2) denotes the diagonal matrix with
its (j,7)th element equal to the j—th element of Inv; (Inv,).

By applying (17) to (23), we get

k_l {111:1:2 - ln:cl}

(24) _ 1 [vaph 2&} _
=3 {p’2v2 + p’lvl (ln'vg lnvl)

or

k= (an1’2)_1{ln:c2 - ]Il.’l:l}
or
(25) | k= (1nQ"*) ™ {In f(v;) — In f(v1)},
where
(26) an;:lﬁz = (1/2)(11)1 + wg)'(ln V2 — ln'U])

is the log of Translog (Theil-Torngvist) input quantity index (Theil (1965), Tornqvist
(1936) and Fisher (1922)). w; and w; in (26) are the cost share vectors for the 1st and
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2nd smallest establishments given by

/

V2P,
—.

Dy V2

]

_up;

—
P

w; and w; =

Thus scale elasticity can be estimated using Fisher’s ideal index ((19) or (21)) if f(v) is of
Diewert’s quadratic form, or using Translog input index (25) if f(v) is of translog form.
Both (19) and (25) can be rewritten for successive establishments z and z 4 1 as regression

equations for estimating k using the multiplicative error term specification given in (13)

(see also (15a) and (15b)):

(27) 11’127,‘+1 —1nz;=k11nQ}’i+l+(u;+1 —u,-), i=1,2,...,I—1,

Diewert quadratic form production function

(28) Inzips —lnz; = krln Q! + (wipa —wi), i=1,2,...,1-1,

Translog form production function.

3.3 Estimation of Lower and Upper Bounds for Scale Elasticity Using Japanese
Manufacturing Establishments Data Grouped by Establishment Size

The Japanese Ministry of International Trade and Industry (MITI) conducts annually
the Census of Manufacturing by Industry. For each year this Census consists of the cross-
section of establishments chosen based on the number of employees. Typical size groups
(the numbers of employees) used are: (1) 3049, (2) 50-99, (3) 100-199, (4) 200-299,
(5) 300499, (6) 500-999 and (7) 1000 and more. (The number of these groups and hence
the definitions of size groups vary somewhat over time, however.) Henceforth “the size”
refers to the size of establishment measured in terms of the number of employees. (See
Data Appendix for details on the sources of data used.) MITI publishes only average

figures for each of the size groups by industry.
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In the following these grouped data on establishments will be viewed as ordered cross-
sectional observations (i = 1,2,...,I); that is, establishments are ordered in the ascending
order of size: i =1 and i = I correspond to the smallest and largest size groups, respec-
tively. The production inputs included are: the number of workers (v!) as labor, the fixed
assets at the beginning of each year (v?) as capital, and the intermediate goods (v?) as raw
material, all measured per establishment.® The corresponding input prices used are: the
average annual cash earnings per worker (p!) for v;, the depreciation rate for fixed assets
plus the average interest rate for one-year term-deposit (p?) for v,. Intermediate goods
price p3 is assumed to be one since it is common for all observations for each industry and

for each year. Output (z) is measured as net sales plus net increases in the inventories of

final products.

We estimated upper and lower bounds for the scale elasticity for each of the manufac-
turing industries for the period 1964-1988. (See Data Appendix for included manufacturing
industries.) Our estimation results are reported in Table 3.1 at the end of the book. (We

have 500 industry-year observations.)

For each industry we denote by l::i and l::; estimated values for ki and ki, respectively.
ki and k% denote population lower and upper bounds for scale elasticity measured using
the sth and (z + 1)st smallest establishments data (establishment (z + 1) is larger than
establishment ¢, 1 =1,2,...,I —1). We tested the following null hypotheses:

H(I): The serial correlations between ki and kit! and between ki and kit! are zero, i.e.

p(ki, kit') =0 and p(k, ki) =0.

H(II): The distribution of k; is the same as the distribution of k,.

® Establishment data of this sort exist, for example, for Japan and Norway. In the
following the input price vector is denoted by p = (p*,p?,...,p") where p’ is the price for
the j—th input v?, 7 =1,2,...,n.
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In order to show that lower and upper bounds for scale elasticity & do not depend on
output size, we test H(I) which states that successive estimates for lower and upper bounds
for k measured for establishment groups ordered by size are uncorrected. H(II) states that
k; and k, are sufficiently close to each other in statistical distribution. If hypotheses H(I)
and H(II) are both accepted, we conclude that scale elasticity can be viewed as constant
and that the multicollinearity problem among inputs is so serious that it is reasonable, for
the sake of statistical efficiency, to assume a homogeneous production function to estimate

scale elasticity.

Our results are the following. H(I) is accepted for all 500 industry-year cases at a 5%
significance level. Only 25 cases exhibit positive correlation at a 25% level. Numerically
only 79 out of 500 cases show any positive correlation. These observed positive correlations
are not concentrated in any particular industries. H(II) is also accepted at conventional
significance levels using the Mann-Whitney (1947)-Wilcox (1945) test which is one of the
most powerful nonparametric tests and does not require strong distributional assumptions
(e.g. normality).1® For all 500 cases estimated lower and upper bound are identical up to
the second decimal point. Now that we have shown that scale elasticity can be viewed as
constant over establishment size groups and that lower and upper bounds are quite close to

each other, we can proceed to estimate k,, k, and k in statistically more efficient manner.

GLS estimates for lower and upper bounds (k; and k,) for scale elasticity as well as
scale elasticity estimates ky (based on Fisher’s ideal index and Diewert’s quadratic form)
and k7 (based on Translog index and translog production function) are presented in Table 1
for a number of industries for 1964-1988. (Complete estimation results are available from

the authors on request.)

We find that estimated lower bounds are generally smaller than estimated upper

bounds and that their differences are quite small. Out of 496 cases for which regressions ran,

10 The standard ¢ test cannot be applied here since the covariance between k; and k,
is shown to be zero under the null hypothesis H(II). Complete statistical test results are
available from the authors on request.
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estimated upper bounds exceeded estimated lower bounds for 405 cases. Furthermore for
the 91 cases for which estimated lower bounds (k; ) exceeded estimated upper bounds (&, ),
the relative difference between k; and k, is extremely small, that is, |(I::1 - I::u) / I:tll < .005
for all the 91 cases. For the 405 cases for which k; < l::u, the difference between k; and ku
is also small: |(k, — k1)/k;| < .01 for all the 405 cases. The null hypothesis that k; = k,

is accepted for all cases at a 1% level.

Another indication for the correctness of our specification is given by the difference
beween standard errors (o) for the error term given by equations (15a) and (15b) for lower
and upper bounds. We find that the standard errors 6; and 6, estimated from equations
(15a) and (15b), respectively, are quite close (the absolute relative difference is less than

10% for all cases: |[(61 — 64)/d1| < 0.1).

Thus there is ample empirical evidence to believe that our restricted estimators, kj
and k7, will provide statistically more efficient estimates for scale elasticity. Table 1
shows that estimated k; and kr are extremely close to each other and statistically highly
significant and that considerable increasing returns to scale exist (i.e. k > 1) for the
Japanese manufacturing industries. Observed economies of scale will be further discussed
in Chapter 4, where we will discuss estimating the effects of scale economy and technical

progress within the simultaneous framework.
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Data Appendix

The Census of Manufacturing by Industry .published annually by the Ministry of
International Trade and Industry gives for each of the seven size groups distinguished
by the number of employees, the average figures for: the number of employees, labor
compensation, the cost of intermediate input, the value of output, investment expendi-
ture, depreciation, and the book value of capital stock. Because of the new additions of
establishments as well as the closures and mergers of existing establishments, the num-
bers of establishments included in the seven establishment groups do change over time.
The manufacturing industries covered by the Census are: food/kindred products, tex-
tiles, apparels, lumber/wood products, furniture/fixture, pulp/paper, printing, chemicals,
petroleum/coal products, rubber/plastic products, leather/leather products, pottery/glass
products, iron/steel, non-ferrous metals, metal products, general machinery, electrical ma-
chinery, transportation machinery, precision, other. Most of our regression results in Chap-
ters 3 and 4 are presented for all the industries except printing and other industries. The
latter two industries could not be included in our analysis since there are no published

deflators for these industries.
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Chapter 4. Sources of Productivity Growth:

Economies of Scale versus Technical Progress

4.1. Introduction

In the preceding chapter we have found that, for the kind of data that is currently
available for Japanese manufacturing industries, it is reasonable to assume a homogeneous
production function of degree k. Our empirical results show that it makes little difference
as far as scale elasticity estimates are concerned whether we use Translog or Diewert’s

quadratic production functions.

Another issue related to scale economy in empirical productivity analysis is to distin-
guish between the contributions of economies of scale and technical change in the growth
of total factor productivity (TFP). Such a distinction, however, is not possible when a
production function with constant returns to scale is assumed (Solow (1957), Jorgenson
and Grilliches (1967), Jorgenson, Gollop and Fraumeni (1987) and Kuroda, Yoshioka and
Jorgenson (1984)). This is because under the assumptions of constant returns to scale
and perfect competition, the TFP growth coincides with technical change. The constant
- returns to scale assumption has been imposed on the specification of production functions

in many empirical studies which utilize aggregate time series data.

Some empirical results suggest that economies of scale, rather than technical change,
may explain the variation in TFP. Denison (1974), among others, concluded that economies
of scale are a significant reason for TFP growth in the U.S.! More recently, using aggregate
time series for the U.S., Berndt and Khaled (1979) found the apparent presence of sub-
stantial economies of scale and relatively little technological progress. Separating out the
effects on TFP of scale economies and technical progress is important for policy decisions.

For example, when promoting an industry, the government must decide how subsidies

! Komiya (1962) also found that economies of scale are the primary reason for the TFP
growth in the U.S. steam power production.
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should be divided between the promotion of scale economies and the promotion of techni-
cal progress (e.g. research and development). Technology-based firms also face the same

choice in making their own investment decisions.

The difficulty in distinguishing between the impact of economies of scale and techni-
cal change when using time series data has long been recognized (e.g. Solow (1959) and
Koizumi (1968)). There are two main reasons for this difficulty. One is the multicollinear-
ity, for example, among certain production inputs, their prices, output, and the time
parameter (a proxy for technical progress) which enter the production (or cost) function
as arguments. This problem of multicollinearity is often confounded by the limited vari-
ation and ranges of values observed for aggregate time series. The second is the question
of whether an increase in aggregate output actually represents an increase in production
scale at the level of individual establishments rather than -an increase in the number of
establishments. Regarding their findings Berndt and Khaled (1979, p. 1221) acknowledge
the inherent difficulty of separating the effects of scale economies from technical change
when using aggregate time series data and caution the reader by noting that “these results
should be interpreted cautiously. In our judgement, more precise estimates of return to
scale and rates of technical progress may require use of pooled cross-section and time-series
data.” Since scale economy effe;:ts can be more precisely measured using cross-sectional
data rather than aggregate time series data, use of cross-section data should be very effec-
tive in identifying econometrically the simultaneous effects of scale economies and technical

progress.

In this chapter we will present a method to estimate both scale elasticity and technical
progress using time-series of cross section data based on the production function of Translog
type. Our estimation method is an extension of the index number method presented in

Chapter 3 to a dynamic framework.

Our aim is to obtain statistically significant and consistent estimates for both scale
economy and technical progress. We will not attempt to estimate other parameters involved

in the production function. We will use cross-sectional information to estimate scale elas-
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ticity as before, while we use time-series information to estimate technical progress. We
feel that the parsimonious nature of our econometric model is essential for estimating the
two parameters of policy interest given serious multicollinearity problems we encounter
in estimating flexible form production functions with many unknown parameters. Such
multicollinearity problems are often found for both cross sectional and time series data.?
We find that while significant scale economy effects are found for Japanese manufacturing
establishments in the cross-sectional sense, they do not explain the gains in TFP over time;
the gains in TFP over 1964-88 are mostly due to technical progress. The organization of

the rest of this chapter is as follows.

In Section 2 we generalize our method given in Section 2 to a dynamic framework and
present a method for estimating both of return to scale and technical change. Application
of these methods to time series of cross section data for Japanese manufacturing industries
and empirical results are discussed in Section 3. Aggregation issues related to measuring
the contributions to TFP of returns to scale and technical progress are discussed in Section

4. The chapter ends with concluding remarks in Section 5.

4.2. Estimation of Return to Scale and Technical Change Effects Using Pooled

Cross Section and Time-Series Data

In order to estimate the effects on total factor productivity (TFP) of scale economies
and technical change using time series of cross section data, we assume that the production

function for the i—th establishment in period t (: = 1,2,...,I, t=1,2,..., T) is given by

2 Efficient estimation based on the fully simultaneous estimation of all unknown param-
eters is desirable but our computational experiences as well as others’ suggest the difficulty
of implementing it because of the presence of serious multicollinearity. For example, in
a study to estimate scale economies and technical progress (approximated by time) using
time series data and a translog production function Chan and Mountain (1983, p. 665)
state that “... All these problems point towards the difficulty of distinguishing between
scale economies and time at such an aggregate level.”
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a homogeneous function of degree k
(1) Tit = f(vit)t) = A“\.kf(A'vitat)

where z;; and v;; are, respectively, a scalar output and the production input vector for the
i—th establishment in period ¢, and ) is some positive constant. It will be assumed that the
establishments z = 1,2, ..., I are ordered in the ascending order of the size of establishment
as before; that is, 2 = 1 denotes the smallest establishment and : = I denotes the largest
establishment. (For homogeneous function (1) of degree k, the elasticity of scale is also
given by k.)

In order to derive econometric specifications, we assume that the homogeneous pro-
duction function (1) is of Translog type and that technical progress can be described, as a

first-order approximation, by
Olnz; /0t = Oln f(vi+,t)/0t =T (constant).
Then we can rewrite (1) as follows:
(2) it = f(vie,t) = A7 f(Qvig, t) = flvie)e™,
where r is the rate of technical progress,
3) k'lnzy = k7 n f(vi) + (K7 )rt,
and k7! 1n f(v;) is given by the Translog function (Equation (22) in Chapter 3).
Suppose an error term enters our specification (2) in multiplicative form:

Tit = f(vir)e™e, i=1,2,...,I,t=1,2,...,T,

3 Hicks neutrality as a first approximation is assumed here because severe multicollinear-
ity among input factors and time makes it difficult to estimate the bias of technical change.
The change over time of technical change (i.e. 3/3t(01n X/38t)) will, however, be identified
in our procedure by estimating the period-to-period technical change.
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or
(4) Inz;e = In f(vie) + 7t + wie,
where the u;; satisfy

(5a) E(ui) =0

o if i=j

(5b) E(uitujt) = {

0 otherwise

p2 if i=j1k=1’ i’j:172"",I,
(5¢) E(ujtuj k) = 0 otherwise t=1,2,...,T,

k=1,2,...,T—t

2

Thus the u;; have mean zero, have common variance o, are independently distributed

over establishments and have autocovariance p? between two successive periods. Using

Equation (28) in Chapter 3 and (4), we obtain
(6) Inzip,e— Inz; = k(]'nQ:,H-l) + {ui+1,t — Uit} 1 = L2,...,I-1,t=12,...,T,

where Q***1¢ denotes the Translog input index for period ¢ measured for establishments i

and 7 + 1.

In order to estimate both the rate of technical progress r and the elasticity of scale
k using an econometric specification, it will become necessary to define production input
chain index numbers over two successive time periods t = S, S+1(1 < S < T-1),
and over establishments of different sizes : = 1,2,...,1, as follows. Using the smallest

establishment (: = 1) as a base, we define chain index numbers for establishments of
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different sizes for any time period ¢

qe=1
1,2 ,2
q2t = 91tQ¢ = Q:

2,3 1,2 ~2,3
g3t = qQ7” = Q Q¢
(7 -

I-1
I-1,I _ i,i+1
qre = qr-1,:Q; = H Q:
i=1

Also, using the Translog input quantity index defined for two consecutive time periods S

and S+1 (1 < S <T —1) for the i—th establishment
(8) In Q% 541 = (1/2)(wis + wi,s+1)'(Invi,s41 — Inv;s),

we can define chain index numbers for time period S + 1 as follows:

1 1
q1,541 = 91SQs,s+1 = Qs,s+1

1,2 _ Al 1,2
q92,5+1 = q1,5+1 Qs+1 = QS,S+1Q5+1

(9)

I-1

I-1,I 1 i,i+1

q1,5+1 = q1-1,5+1Q54," = Qs 541 H Qéty
=1

It is possible that both the rate of technical change r and the elasticity of scale k vary
over time. Our estimation method given below allows for the possibility for such a time-
varying nature of r and k by estimating these parameters using establishment data over
two consecutive years, starting from years 1 and 2, and then by repeating the estimation

task until years T'— 1 and T are reached.

We denote by a(S) and a(S + 1) the amounts of theoretical output in years S and
S+1(1 <S5 <T-1)for the smallest establishment (z = 1) corresponding to input v; s
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as follows:

(10a) a(S) = f(vls)ers

(10b) a(S +1) = f(v15)e™5HY.

Then it is shown (see Appendix A) that the log of output for the :—th establishment for

two consecutive time periods t = S, S + 1 satisfies the following equations:

(11a) Inz;s = Ina(S) + klngis + uis

(11b) 111.'12,',5‘.{.1 = 1na(S+ 1) + klnq,-,s+1 +'u,"s+1 1= 1,2,...,I,S = 1,2,...,T— 1.

Since we have by (10) r = Ina(S + 1) —Ina(S), we can write (11a) and (11b) in combined

regression form
(12) Inziyt =bo+ b1Dss + boIngye +ue, :1=1,2,...,I,t =S5, S+1 (1 SSST—I),

where
D=1 if t=5+1
=0 if t=9

and bo = lna(S), bl =T, b2 =k.

Using data on I establishments pooled over two consecutive years, we can estimate
equation (12). The constant term by gives an estimate for In a(S) while b; and b, provide
estimates, respectively, for the rate of technical change r and the elasticity of scale k.
By repeating this estimation process for S = 1,2,...,T — 1, we will obtain estimates for
Ina(S), r and k for each of the consecutive years: years 1 and 2, years 2 and 3, ..., years

T —1andT.
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There are only three unknown parameters to estimate in our econometric specification
(12). This is in contrast to the large number of unknown parameters contained in flexible
functional forms that have to be estimated relative to the number of available observations
on aggregate time series in some studies.* Qur hope is that our model with much fewer
parameters to estimate relative to the sample size will provide more stable estimates for

scale economies and technical progress.

In regression equation (12) year dummy D;; and Translog input quantity chain index
number ¢;; are not expected to be highly correlated.> This will allow us to empirically
identify both r and k without the sample problem of multicollinearity. Since we allow the
error term u;; in (12) to obey a first-order autoregressive process, we estimate by, b; and

b, using generalized least squares (GLS).

4.3. Empirical Estimates for Technical Change and Economies of Scale:

Japanese Manufacturing Industries 1964-1988

In order to estimate equation (12) using our data pooled over time periods as well as
over establishments, it is necessary to deflate (1964 = 100) some of the quantities defined in
Section 2. The Bank of Japan output price index by industry is used to deflate our output
variable z (sales). In computing the capital stock v2, new investment in fixed assets
is deflated using the investment goods deflator by industry published by the Economic
Planning Agency. The input price of capital (p?) is also adjusted by the investment goods
deflator. The input of intermediate goods (v?) is now deflated by the Bank of Japan input
price deflator which is also used as the price of intermediate goods (p*). Because of the lack

of correct industry-specific deflators two manufacturing industries, printing and other, will

% In estimating scale economies and technical change using aggregate time series, Berndt
and Khaled (1979) and Chan and Mountain (1983), for example, both had to estimate 22
unknown parameters using 25 annual observations.

5 For our particular data set used, the correlation coefficients calculated for the 18
manufacturing industries are quite small and range between .009 and .025.
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be excluded from our empirical analysis to follow. Thus the following empirical analysis

will be done using data for 18 manufacturing industries.

Table 4.1 at the end of the book presents year-to-year GLS estimation results for
equation (12) for 1964-1988 for 18 Japanese manufacturing industries included in this
study. Industry-specific estimates for Ina(S), r and k as well as their t—ratios averaged
over 1964-88 are also given in the last two rows of Table 4.1. Industry-specific estimates
for technical progress and the elasticity of scale averaged over 1964-88 are also shown in

Figure 4.1.

Estimates for the elasticity of scale, k, are statistically highly significant and relatively
stable over time. The null hypothesis Hy : £ = 1 is rejected decisively in favor of the al-
ternative H; : k > 1 for many industries for many time periods, showing the presence of
increasing returns to scale. Constant returns to scale (i.e. k = 1) cannot be rejected, how-
ever, for the textile industry. In addition, Pulp, Non-ferrous Metals as well as Petroleum
and Iron and Steel industries show only modest evidence of economies of scale. This does
not necessarily imply, however, that there are little incréasing returns to scale in these
industries. All of these industries contain subindustries which were classified sometime
during the sample period as depressed industries by the Ministry of International Trade
and Industry and were subject to the Law of Extraordinary Measures for Stabilization of
Specific Depressed Industries. It is likely that the excess capacity of large establishments
in these depressed industries has tended to lower our estimates for k.6 It is not possible
to control for capacity utilization in depressed subindustries, however, since no published

data are available for capacity utilization.

On the other hand, our estimates for r, the rate of technical change, are much smaller

6 During business downturns it is typical in Japan that small establishments suffer from
excess capacity much more than large establishments, resulting in an overestimation of scale
elasticity. During 1970s and 1980s when depressed industries were restructured, however,
many of the small establishments dropped out of our data sample. When a data sample
has a relatively large number of large establishments with idle capacity, scale elasticity is
usually underestimated.
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FIGURE 4.1°. TECHNICAL PROGRESS VS. SCALE ELASTICITY:

JAPANESE MANUFACTURING 1964-1988
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¢ The 18 manufacturing industries included and their estimated technical progress
and scale elasticity coefficients (r and k in Table 4.1) are: FOOD /kindred products
(r = —.0001, k& = 1.08), TEXTiles (.0164, 1.004), APPArels (.0040, 1.019), LUM-
BER/wood products (.0056, 1.018), FURNiture/fixture (.0090, 1.047), PULP/ pa-
per products (.0118, 1.008), CHEMicals (.0206, 1.046), PETROleum/coal products
(.0088, 1.012), RUBBer/plastic products (0.124, 1.047), LEATHER/leather products
(-0065, 1.016), POTTery/glass products (.0135, 1.073), IRON/steel (.0036, 1.012),
NON-Ferrous metals (-.0014, 1.008), METAL products (.0147, 1.030), General MA-
chinery (.0187, 1.019), Electric MAchinery (.026, 1.044), Transportation MAchinery

T T T
1.04

Elasticity of Scale

(.0245, 1.016) and PRECision (.0316, 1.021).
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in magnitude, fluctuate more over time and are often not statistically significant.

Figure 4.1 shows that most of the 18 manufacturing industries considered here exhibit
scale economies. In particular Pottery and Food/Kindred industries have particularly
high estimates (1.07 or higher) for the elasticity of scale. Precision and Transportation
Machinery industries, on the other hand, have modest scale elasticities (about 1.02) but
very high rates of technical progress (2.5%-3% per year). Electric Machinery industry
enjoys both a high rate of technical progress and a large elasticity of scale.

4.4. Contributions of Scale Economies and Technical Change to Aggregate
Total Factor Productivity

We found in the previous section that economies of scale, and not technical progress,
characterize the production activities of many of the Japanese manufacturing industries at
the establishment level. This does not imply, however, that gains in TFP at the aggregate
industry level are primarily due to economies of scale rather than technical change.

In order to decompose TFP growth at the aggregate industry level into a scale economy
component and technical change component, we first aggregate input indexes and predicted
outputs over all establishments in each industry to derive aggregate input and output
indexes at the industry level (D(t) and X(t) in Appendix B). The difference between the
log ratios of aggregate output and input indexes (B3) is the industry TFP growth, which

is then decomposed to show the effects of scale economies and technical change (B7).”

7 A standard way to decompose TFP growth at an aggregate level into scale economy
and technical change effects is to use:

dinTFP/dt = {1—-(1/k)}(dln X/dt) + {—(0InC/OT)(0InT/OT}
TFP growth scale economy technical change

where X is output, C = C(p1(2),.-.,pa(t), X(t), T(t)) is a cost function and T' is technol-
ogy (often approximated by time t). The first term on the right-hand side vanishes under
constant returns to scale (k = 1). In addition to the potential problem of nonexistence of
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Using equation (B7) and our estimates for the elasticity of scale and the rate of techni-
cal change we decompose TFP at the industry level. (Further details of this decomposition
are explained in Appendix B.) Year-by-year decomposition results for the 18 manufactur-
ing industries are given in Table 4.2 at the end of the book. The estimated effects of scale
economies on TFP are generally very small.® This is in contrast to the large contribution
of technical change. These results are summarized in Table 4.3 in which the change in
TFP, the effects on the change in TFP of technical progress and scale economies, and the
contributions in percent of these effects averaged over 1964-1988, are presented. More than
90% of the increase in TFP during this period is due to technical change. On the other
hand the effects of scale economies are quite small in general. These results support the
standard practice in macro econometric modeling (e.g. Solow (1957) and Jorgenson, Gol-
lop and Fraumeni (1987)) that attributes gains in TFP at the aggregate level to technical
progress by specifying an aggregate production function which is homogeneous of degree

one.

an aggregate production function when constant returns to scale cannot be assumed, we
have a serious multicollinearity problem, as we have argued in this paper, in estimating
both scale economy and technical change parameters, k and (31n C/8T), using aggregate
data.

8 Notable exceptions are Chemicals (1972-73), Rubber/Plastics (1987-88), Pottery/Glass
Products (1987-88), Iron/Steel (1987-88), Electric Machinery (1983-84) and Transporta-
tion Machinery (1987-88) for which TFP gains exceeded 0.01 and the contributions of scale
economies to TFP gains exceeded those of technical change. It is of interest to note that
many of these TFP gains due to scale economies can be traced back to the (identifiable)
addition of new production capacity which became available in these industries in these
specific calendar years.
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Table 4.3. Decomposition of Average Annual Gains in TFP

1964-1988*
Industry TFP Technical Scale

Gains® Change (E;)°  Economies (E;)° ATFP?
Food/Kindred Products 0.02167  0.02072 (96%)  0.00095 (4) 0.01879
Textiles 0.02281  0.02279 (100) 0.00002 (0) 0.02152
Apparels 0.05027  0.05058 (101) -0.00031 (-1) 0.04966
Lumber/Wood Products 0.02313  0.02213 (96) 0.00100 (4) 0.02146
Furniture,/Fixture 0.04135  0.04016 (97)  0.00119 (3) 0.03858
Pulp/Paper Products 0.02961  0.02925 (99) 0.00036 (1) 0.01639
Chemicals 0.02956  0.02874 (97) 0.00082 (3) 0.02398
Petroleum/Coal Products  0.05489  0.05478 (100)  0.00011 (0) 0.04516
Rubber/Plastic Products 0.04627  0.04207 (91) 0.00420 (9) 0.03836
Leather/Leather Products  0.03996  0.03836 (96) 0.00160 (4) 0.03810
Pottery/Glass Products 0.03192  0.03292 (103)  -0.00100 (-3) 0.02376
Iron/Steel 0.04480  0.03434 (77)  0.01046 (23) 0.01941
Non-Ferrous Metals 0.03759  0.03691 (98) 0.00068 (2) 0.02581
Metal Products 0.03218  0.03224 (100) -0.00006 (0) 0.03129
General Machinery 0.02707  0.02479 (92) 0.00228 (8) 0.02009
Electrical Machinery 0.05186  0.04667 (90) 0.00519 (10) 0.04370
Transportation Machinery  0.04332  0.03983 (92) 0.00349 (8) 0.03074
Precision 0.04324  0.04163 (96)  0.01161 (4) 0.03826

¢ Values in this table were calculated using those cases for which the estimated rates
of technical change are positive and estimated scale elasticities are greater than one.

5 These are based on (B3) in text.

¢ These were based on (B7) in text. Numbers in parentheses are percentage contribu-
tions.

¢ ATFP denotes gains in TFP based on (B1) in text.
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4.5. Concluding Remarks

We have presented econometric methods for estimating the elasticity of scale in Chap-
ter 3 and also both the elasticity of scale and the rate of technical change using establish-
ment data grouped by size and pooled over time in this chapter. Our estimation methods
are based on index number theory and may be viewed as an extension of the nonparametric
approach proposed by Frisch (1965) to deal with serious multicollinearity problems in esti-
mating scale elasticities. Because of the small number of parameters to be estimated, and
because of the explanatory variables included in our model which are generally not highly
correlated, our estimation results for Japanese manufacturing industries are quite stable
and satisfactory. We have found empirical evidence for the presence of substantial scale
economies and modest technical progress for the period 1964-1988 at the establishment
level. Estimates for the sources of aggregate (macro) TFP were calculated by aggregating
estimation results derived at the establishment (micro) level. The change over time in
aggregate TFP is explained primarily by technical progress. These findings provide a jus-
tification for the standard practice of using a homogeneous production function of degree

one (which attributes gains in TFP to technical change) in macro econometric modeling,.

Our findings that the effects of scale economies exist at the establishment level but
disappear at the aggregate level imply, among other things, that the establishment size
does not adjust rapidly within the time period we consider. That is, large establishments
do not grow fast at the expense of small establishments. It is the slowly changing technical
level that explains most of the gains in aggregate TFP in the Japanese manufacturing

sector.
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Appendix A. Derivation of Equations (11a-b)

I. Derivation of Equation (11a)

Combining equation (4) for : = 1 and t = S with equation (10a) and (9) gives (11a)

forz=1:
(41) Inz1s =Ina(S) + klngis + uis, where Ing;s = 0.

From (6) we obtain:

(A2a) Inzos —lnzis = k(anls’2) + (u2s — u1s)
(A2b) 1n$33 —_ 1n2723 = k(an?g’:j) + (u35 - UQs)
(A2¢) Inzis —lnzi1,s = k(In Q5 ™) + (uis — ui-1,s).

Adding equation (A2a) to (A1) and using (7), we get

(A3) Inzos = lna(S) + klIIQ2S + uss.

Adding equation (A2b) to (A3) and using (7), we get

(A4) Inzz3s =Ina(S)+ klngss + uss.

Continuing in this manner, we obtain (11a) in general.

II. Derivation of Equation (11b)

Using (4) for t =1 and t = S + 1, we have

(AS5) Inz; sy =In f(vy,s541) + (S + 1) + uy, 541
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We also have

(A6) v1,541 = v15Q% 511

by the definition of input index Q% 5, and

(A7) In f(v1,541) = In f(v15Q% s541) = In f(v15)Q(5,541)"

where the second equality in (A7) holds since the production function is homogeneous of

degree k ((2)). Substituting (A7) into (A5) and using (10b) and (9), we obtain

(48) Inzy,s41 =1n f(v15) + (S + 1) + kIn Q5 541 +u1,541
=Ina(S+1)+klng,s41 +u1,54+1

which is equation (11b) for z = 1.

From (6) we get

(A9a) ln$2,s+1 - 1nm1,5+1 = k(ln le’il) + U2,541 — U1,5+41,
(A90) Inz3 541 — Inzg 541 = k(ln Q";’il) + u3,541 — U2,5+1,
(A9c) Inz;s41 —Inziy 541 =k(ln Qis:.ll".) + Ui 541 — Ui—1,5+1-

Adding equation (A8) to (A9a), and using (9), we get

(A10) Inzy 541 =Ina(S+1)+ klngs s+1 + u2,5+1

which is equation (11b) for : = 2. Adaing equation (A9b) to (A10), and using (9), we get
(A11) Inz3 s41 =Ina(S +1)+ klngs s41 + us,5+1

which is equation (10b) for 7 = 3. Continuing in a similar manner equation (11b) is shown

to hold for any ¢ (z = 1,2, ...,I) in general.
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Appendix B. Decomposition of the Sources of Total Factor Productivity
into the Effects due to Scale Economies and Technical Change

A standard way to measure the change in TFP is

%%5)3 - -"% — 3" 1/2{w;(t) + ws(t + 1)} n 31—%(*;)—1)

Jj=1

(B1) In

where aggregate output X and aggregate production input indices v; are defined by

(B2a) X(t) = N(2) /0 "~ 2dFy(z),
and
(B2b) os(t) = o) [ " vsdde(v;),

and where w;(t) denotes the cost share for the j—th aggregate production input. In (B2a-
b), N(t) is the total number of establishments in period ¢, z and v; are random variables
representing, respectively, the output and the j—th production input for a representative
establishment, and Fy(z) and ¢¢(v;) denote the distribution functions for random variables
z and v; in period t. (Strictly speaking, Equation (B1) is a valid measure of TFP growth
under the assumption of constant returns to scale. This assumption seems satisfied at the
industry level in this study. See Chan and Mountain (1983) for a modification of (B1)

when constant returns to scale cannot be assumed.)

Another way to compute the change in TFP which is more consistent with our model

for individual establishments is the following:

B(t+1) |, X(+1) | D(t+1)

(B3) 2w P TxE D)

where ®(t + 1)/®(t) denotes a new measure for the change in TFP defined by (B3) and
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D(t) represents an aggregate production input index defined by

(B4) D(t) = N(t) / "~ 4dG (g).

In (B4) ¢ is a random variable representing a production input index for an establishment

and G¢(q) is the distribution function for ¢ in period t.
Ignoring the error term in (11a), we can write output z as follows:
(B5) z = a(t)q*.

Substituting (B5) and (B4) into (B3), we obtain

et+1) _, N(E+1) Jo a(t +1)¢* dGes1(g)|Jet1|
3(t) N() [y a(t)g*dG(q)| |
N(t+1) [, ¢dGet1(q)
N(t) [y adGe(q)

In

(B6) —In

where |Jt| denotes the Jacobian corresponding to the transformation (B5) such that J; =
(dz/dq) if q is a continuous random variable and J; = 1 if ¢ is a discrete random variable.

(In our case ¢ is a discrete random variable and hence J; = 1.) Rewriting (B6), we obtain

B(t+1)
(BT) =5y = B+ B,
where

_ NE+D) f7 alt + )¢ dG (@l Jeta] | N(E+1) f7 ¢dGeta(q)
B8 B = O et DG N [ edGel)
and
(B9) B, = 1o YOJT alt+ DG L] | N(E) [y 4dGi(q)

N(t) [;” a(t)g*dG(q)|J:] N(t) f;~ 9dG(a)

E; measures the gains in TFP due to the economies of scale while E; measures the gains
in TFP due to technical progress. Both E; and E; can be evaluated using establishment
data and estimated parameters a(t) and k both of which are statistically highly significant.
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Finally it is of interest to compare TFP growth calculated by (B1) and by (B3). The
differences in estimated TFP growth using (B1) and (B3) for manufacturing industries
averaged over 1964-1988 are presented in Table 4.B1. We see from Table 4.B1 that the
estimates we get from (B1) and (B3) for TFP growth are quite close. Absolute deviations
between these two types of estimates range from 0.06% to 2.5%. In our present application
the calculation based on (B3) leads to a natural decomposition of TFP growth given by
(B7). Yet, because our estimates based on (B3) are very close to the estimates based on the
standard formula (B1), we conclude that our decomposition results reported in Table 4.3

also hold for the TFP growth measured by (B1).
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Table 4.B1. Percentage point differences in measured annual changes
in aggregate TFP for manufacturing industries

1964-1988¢
Industry % Point Differences
Food/Kindred Products 0.288
Textiles 0.129
Apparels 0.061
Lumber/Wood Products 0.167
Furniture/Fixture 0.277
Pulp/Paper Products 1.322
Chemicals 0.558
Petroleum/Coal Products 0.973
Rubber/Plastic Products 0.791
Leather/Leather Products 0.186
Pottery/Glass Products 0.816
Iron/Steel 2.539
Non-Ferrous Metals 1.178
Metal Products 0.089
General Machinery 0.698
Electrical Machinery 0.816
Transportation Machinery 1.258
Precision 0.498

¢ Calculated as the annual average over 1964-1988 of (|(TFP(¢ + 1)/TFP(t) — ®(t +
1)/2@)])/(|2(t + 1)/®(t)|) where TFP(t + 1)/TFP(t) and ®(¢ + 1)/®(t) are defined by
(B1) and (B3), respectively.
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