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ABSTRACT

The objective of this study is to analyze the relation

between technical progress (T.P.) and physical investment

in innovative industries in Japan. We choose "Electrical

Devices" as representative of innovative industries.

We develop a theoretical model, which refines and

expands the traditional structural model of investment. As

we are mainly interested in the effect of technical

progress, the enhancement of the model focuses en

technological improvement. The traditional structural

model implies that Tobin's q is the only ,Tariable of the

investment function. We have shown that Tobin's q reflects

the technical progress if the type of technical progress is

Hick's neutral, i.e. a disembodied one. On the other hand,

if the technical progress is of an embodied type, then the

investment function will have a variable other than Tobin's

q. The variable represents the level of technology for the

new investments.

We consider the effect of unanticipated technical

progress on investment behavior. In the case of Hick's

neutral technical progress, Tobin's q jumps upward when the

technical change is anticipa~ed> After that, Tobin's q

gradually rises until it reaches the level of a new steady

state. On the other hand, if the technical progress is

embodied type, Tobin's q jumps upward when the T.P. is
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anticipated. After that Tobin's q rises until it reaches

the level of a new steady state. The movement of Tobin's q

is similar for the disembodied T.P. and the embodied T.P.

But the movement of the investment takes a different form

in each. The movement of the investment is the same as

that of Tobin's q in the case of disembodied T.P. In the

case of embodied T.P., on the other hand, the investment

jumps when the T.P. is anticipated, and the investment

jumps again upward or downward when the embodied T.P.

actually takes place.

We actually estimated the investment function and

tested the effectiveness of the theory. Using instrument

variable method, we obtained a significant result. In

particular, the adjustment cost of the electrical machinery

may be smaller than that of general machinery.
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CHAPTER 1

INTRODUCTION

1.1 Objective of the Dissertation

The objective of this study is to analyze the

relation between technical progress and physical investment

in innovative industries in Japan.

The effect of technical progress on investment is the

main issue of the dissertation. Therefore our final target

is to build a model which can efficiently explain the

investment behavior of the industries making rapid

technical progress, and to test the model empirically. But

the effect of the investment on technical progress is also

in the scope, in regard to the embodied technical progress.

Our theoretical model implies an investment function which

has variables related to the technical progress.

In order to focus our discussion, we chose the

manufacturing industry of "Electric machinery, equipment

and supplies" (or "Electrical Devices") as representative

of innovative industries. For the purpose of comparison,

we will also treat data from (1) Total industry, (2) Total

Manufacture, and (3) General machinery. "General

machinery" means assembly manufacture excluding electrical

machinery, transportation equipment and precision

instruments.
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We look at industries only in Japan. As Japan enjoys

one of the highest rates of technical progress in the

world, her industries provide the best samples to study.

We have excluded from the discussion the industries which

are under legal protection like finance and insurance, even

if the rate of technical progress in these industries is

relatively high.

1.2 Growth and Investment in the Industries: Overview

Classification of the Industries

We adopt the "Japan Standard Industrial

Classification" and "Standard Commodity Classification for

Japan" as bases of industrial classification. According to

these, "Electrical Devices" consists of;

(1) Electric generators, motors, transformers.

(2) Electronic machinery (computers, x-ray apparatus,

etc. ).

(3) Telecommunication equipment (telephone sets,

facsimiles, etc.).

(4) Visual and Audio equipment (TVs, video cameras, radios,

stereo sets, etc.).

(5) Household electrical equipment (microwave ovena, air

conditioners, vacuum cleaners, refrigerators, etc.).

(6) Semi-conductor devices and Integrated circuits.

(7) Silicon wafers.
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(8) Miscellaneous electrical equipment.

Generally this industry seems to include high

technology related manufacturing. We will examine the

specific features of the innovative industries in this

section.

High growth rate of output and input

In general, "Electrical Devices" has grown faster than

other industries. Table 1.1 summarizes the growth rates.

The time is divided into six periods, each of which begins

at the bottom of a recession. Therefore the effect of the

business cycle will generally be precluded.

The output growth rates for electrical devices are

much higher than for the whole of industry or the whole of

manufacture. General machinery is just intermediate

between electrical devices and the whole of industry.

This tendency is almost the same for the growth of

capital stock. The only exception is that the growth of

capital stock in the whole of industry was a little higher

than in electrical machinery in until 1977. In 1972-74 the

system of foreign exchange was reformed from the fixed

exchange rate system to a floating system. The yen

appreciatsd and the appreciation induced the industrial

structure shift toward the service sector.
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Table 1.1
Output, Capital Stock and Labor Employment Growth

(Average Annual Growth Rates)

Output Growth (Value Added, Real, %)

Year Industry Manufacture Machinery Electrical

71/65 10.7 13.5 19.2 26.3
74/71 5.5 6.5 3.7 20.4
77/74 3.4 3.8 5.6 9.8
82/77 4.7 5.6 12.6 18.7
86/82 3.9 4.2 5.9 17.9
90/86 6.2 8.0 8.6 15.0

(Source) National Income Account. Economic Planning Agency.

Capital Stock Growth (Real) (%)

Year Industry Manufacture Machinery Electrical

71/65 13.4 14.6 17.2 13.1
74/71 3.2 2.9 2.6 3.0
77/74 2.3 1.8 1.3 2.0
82/77 4.3 3.5 4.6 6.9
86/82 4.0 3.2 3.7 7.3
90/86 6.9 6.7 8.0 11.0

(Source) Private Corporation Capital Stock. Economic
Planning Agency.

Number of Employment Growth (% )

Year Industry Manufacture Machinery Electrical

71/65 1.7 2.6 4.8 6.6
74/71 0.2 0.5 1.2 1.1
77/74 0.3 -0.3 -1.1 0.2
82/77 J.5 0.4 1.0 3.7
86/82 0.3 0.4 0.9 3.0
90/86 2.0 1.9 3.3 3.1

(Source) Employment Statistics. Ministry of Labor.
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As a result the investment in the service sector was

larger than in manufacture. In 1974-77 the first oil shock

led the economy to recession, and the investment of

manufacture seriously declined. However, the investment in

the service sector, especially the energy-saving investment

in electricity and gas, did not decline.

As for the employment, all of the industries have been

trying to save on labor. The growth rates of labor are

relatively low in every category of industry. The rates

are sometimes negative. But those in electrical machinery

are generally higher than in the whole of industry or

manufacture.

The difference between the growth rate of capital and

labor reflects the change in the capital-labor ratio. The

ratio has been increasing. All the industries in the Table

have been undergoing capital intensive growth.

Investment Capital Ratio and Capital Retirement Ratio

The growth rate of capital is equal to the investment

capital ratio net of the retirement ratio. The capital

retirement ratio means the amount of capital which is

removed from the factory, over the amount of existing

capital. The idea of this ratio is different from that of

the depreciation rate.

Table 1.2 summarizes the investment capital ratio and

the capital retirement ratio. As we can easily imagine

5



Table 1.2
Investment Capital Ratio and Retirement Ratio

Investment Capital Ratio (Average, %)

Year Industry Manufacture Machinery Electrical

65-71 16.1 17.2 20.9 18.6
72-74 14.0 13.0 14.5 15.1
75-77 11.0 9.5 10.1 11.4
78-82 10.1 8.9 12.1 16.1
83-86 9.9 9.7 11.8 20.1
87-90 10.7 10.3 11.5 13.1
(Avg) ( 11. 2) (10.8) (12.8) (16.8)

(Source) Private Corporation Capital Stock. Economic
Planning Agency.

Retirement Ratio (Average, %)

Year Industry Manufacture Machinery Electrical

65-71 4.2 4.3 6.3 7.0
72-74 4.6 4.2 6.1 7.4
75-77 4.0 3.8 5.3 6.2
78-82 4.2 4.0 6.1 7.1
83-86 4.2 4.1 5.2 7.9
87-90 4.6 4.4 4.8 6.7
(Avg) (4.3) (4.1) ( 5.5) (7.1)

(Source) Private Corporation Capital Stock. Economic
Planning Agency.
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from the high growth rates of capital stock, the investment

capital ratio is higher in the electrical category than in

the others. This implies that the large amount of

investment has generated high growth of capital stock,

which has made possible the high growth of output.

We can see that the retirement ratio for electrical

machinery is also higher than for the others. This

phenomenon implies that rapid improvement of technology has

induced the firms to give up and replace the old and

obsolete machineries.

Trends in the prices and wages

Let us now look at the trends in the output and input

prices of the electrical machinery. Table 1.3 shows that

its GDP deflator in the value added base has been generally

declining. On the other hand, the producer price index in

the gross output base has been fairly stable. Since the

intermediate material prices affect the producer price, the

producer price rises more than the GDP deflator.

The wage rates have been rising at almost the same

rates among the industries. This reflects the traditional

Japanese way to determine the growth in wage. In Japan,

the main framework for wages is settled every spring. In

this way, the growth in wages is about the same across

industries. The wage data in Table 1.3 include bonuses,

and the wage settlement often covers the level of the

7



Table 1.3
Trends in the Prices and Wages
(Average Annual Growth Rates)

GDP Deflator (Value Added Base) (% )

Year Industry Manufacture Machinery Electrical

71/65 5.0 3.1 1.2 -4.0
74/71 12.2 9.5 10.4 -3.2
77/74 7.0 3.2 -1.2 -2.5
82/77 3.1 1.5 0.0 -6.3
86/82 1.5 1.0 -0.9 -6.5
90/86 0.6 -1. 5 0.2 -6.5

(Source) National Income Account. Economic Planning Agency.

Producer Price (Gross Output Base) (%)

Year Industry Manufacture Machinery Electrical

71/65 1.7 1.4 2.0 -0.8
74/71 14.5 14.5 13.6 6.2
77/74 3.9 3.4 1.3 0.9
82/77 4.1 4.0 1.9 0.3
86/82 -1.5 -1. 6 -0.2 -2.8
91/86 0.2 0.4 1.1 -3.2

(Source) Producer Prices Index. Bank of Japan.

Wage Rates (%)

Year Industry Manufacture Machinery

71/65 13.9 14.6 15.6
74/71 21.3 21. 6 21. 9
77/74 11.6 10.8 10.3
82/77 5.8 6.1 7.0
86/82 2.9 2.9 2.2
91/86 3.9 4.2 4.6

Electrical

15.0
21.1
13.0
6.2
2.3
4.8

(Source) Employment Statistics. Ministry of Labor.
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I,

bonus, so the wage growth rates are similar among the

industries, even when the bonus is considered.

The trend of declining prices implies that there may

be a decline in the demand, or that there may be

productivity improvement in the supply. But as was shown

in Table 1.1, the output growth is very high in electrical

machinery. If there were a decline in demand, then the

output should shrink. Therefore, we conclude that the

productivity has improved ra~idly for electrical machinery.

Total Factor Productivity Growth

As indicated above, the improvement of productivity

has been rapid in the innovative industries. Solow (1957)

and Denison (1962) used the "growth accounting" method to

measure the productivity improvement. We will follow their

method and actually measure the growth of the total factor

productivity (TFP), which is an index of technical

progress.

We assume the Cobb-Douglas production function:

(1-1) Q(t)

where Q is output;
K is capital stock;
L is labor input.

The term e r t represents the Hicks neutral technical progress

(Hicks (1963». The power r is the average TFP growth rate

9



through the estimation period l
• Dividing (1-1) by Land

taking the logarithm,

(1-2) In
Q(t)

L(t)

K(t)
In A + rt + a In [ ]

L(t)

We get an estimate. In order to avoid multi-collinearity,

we use the Ridge estimate. The result is shown in Table

1.4. We assume r = 0.015 and a = 0.6 as prior information,

at which the Ridge estimate begins. Moreover, the Ridge

parameter is 0.05.

We should note that the summary statistics, R2
, S.E. and

t-values, are meaningless in Ridge estimates. But the

result may be enough for us to conclude that the electrical

machinery achieved relatively high TFP growth. Note that

our purpose in this empirical study is not to measure

precisely the TFP, but to present a rough overview of the

innovative industry.

1. Both Solow and Denison first measured the distribution rate
between capital and labor. Under perfect competition, it
is equal to a in (1-1). Then, they obtained TFP growth from
the residual, as follows:

(TFP growth rate) = (Output growth rate)
a (Capital growth rate)

- (I-a) (Labor growth rate)

10



Table 1.4
Estimate of Production Function

r a R2 S.E D.W.

Industry 0.0058 0.3733 0.9895 0.0258 0.708
(4.18) (17.4)

Manufacture 0.0132 0.6742 0.9611 0.0604 0.373
(4.06) ( 11.1 )

Machinery 0.0096 0.4289 0.9192 0.0654 1. 525
(2.82) (8.03)

Electrical 0.0325 0.5866 0.9399 0.1264 0.792
(4.80) (6.74)

* Estimation Period: 1974 - 1990.

* Using annual data.

* In the parentheses is the t-value.
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Summary

We will conclude this section by summarizing ~he

overview. Our summary regarding the electrical devices is

as follows:

1) The output growth rates have been higher than in the

other categories. The output prices have been generally

declining. This result may be caused by the rapid

improvement in productivity.

2) Investment has been very active. Capital stock growth

has been progressing faster than growth in the other

ares. On the other hand, the retirement of capital has

also been faster.

3) The TFP growth has also been faster than growth of other

areas.

As indicated in the former section, the main interest

of the dissertation is to explain the relation between Fact

2) and 3). The result suggests a possible relation between

capital stock growth and TFP. The proposition we will

prove or disprove is whether and to what degree technical

progress stimulates investment. We will build a

theoretical model and conduct an empirical study to test

it.

Based on the result, we will survey some theories of

investment in the next section.

12
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1.3 Survey of Investment Theory

In this section we review the literature on investment

theory, following mainly Clark (1979). As our main

interest is in the relation between investment and

technical progress, we will focus on the supply side of the

theories.

Accelerator Models

There are several variants of the "Accelerator model",

but most of them assume that the desired capital stock is

proportional to the output at every time:

(1-3) K*(t) = a Yet)

where K* is the desired level of capital stock

Y is output

The level of net investment is determined to reduce

the gap between the desired level of capital stock and the

actual level. If the firm can adjust the capital stock

immediately and completely, we get:

(1-4) I(t) = K*(t) - K*(t-1) = a [Y(t)-Y(t-1)]

where I is net investment.

This model indicates that the investment is determined by

the current change in output. The variants of this model

introduce the time lag to the adjustment of capital stock

level, and the investment is explained by the distributed

time lag of past output changes.

13



The simplicity of this type of model gives us an

empirical advantage. But we face difficulty in considering

the effect of technical progress. It may be possible to

introduce the idea of technical progress by altering the

capital coefficient a. However, usual technical progress

will decrease the value of a, which means that the same

amount of capital will produce more. This implies that the

technical progress will cut the investment because the

desired level of capital will decrease.

On the other hand, this model ignores prices. In the

former section, we examined both the high growth of output

and the decline in output 9rice. If we want to look at the

effect of technical progress, then we must use a model

which takes the supply prices into account.

Neoclassical Model

The neoclassical theory of investment starts from a

firm's optimization behavior. We will survey the earlier

version of the theory. The main literature is Jorgenson

(1963). We will examine the survey by Abel (1978), Hayashi

(1982), Yoshikawa (1984) and Takayama (1991).

The objective of the firm is to maximize the present

discounted value of net cash flow subject to technological

constraints summarized by the production function. The

production function is assumed to be of Cobb-Douglas type.

Therefore the maximization problem is:

14



(1-5) Maximize V(Ol=J:[P(t)Q(t)-W(tlL(t1-P,(tl l(t)] e-n dt

and
Q( t) = A KaLl - a

K'(t) = I - 0 K

where V(O)
Q
K
L
I
P
PI
W
o
K'

is the value of the firm
is level of output
is capital stock
is labor input
is investment
is output price
is the price of capital goods
is wage rate
is depreciation rate of capital.
is increment of capital by time

This approach is named the "structural approach" by Abel,

since it requires firms to examine the stream of returns to

capital over the entire life of the capital.

One of the shortcomings of this theory is that the

output is exogenously given. This is simply inconsistent

with perfect competition. The second and main drawback of

this theory, as Hayashi indicated, is that it can not

determine the rate of investment. Let us demonstrate this,

assuming for simplicity that the all the price variables

are unity. The first order conditions are:

which imply:

Q(t)
K* a

r+o

15



I

I
I, (l-a)

Q(t)

W(t)

These solutions are actually static. They illustrate the

desired level of capital and labor. But the desired level

of capital does not imply the desired level of investment.

For the purpose of the dissertation the two

shortcomings of this model are fatal. The first will

prevent us from assuming the perfect competition of the

output market. This result is usually unrealistic in the

market of electrical devices where severe competition

prevails. The second will prevent us from analyzing the

effect on investment itself, since this model does not show

investment function.

Tobin's q model

Tobin (1969) defines the variable q to be the ratio of

the market value of installed capital to the replacement

cost of capital. As the data on value of capi"tal can be

obtained in the stock market, the variable q is observable.

Tobin's theory implies that the investment is an increasing

function of "Tobin's q". Abel named Tobin's approach the

"market value approach".

For cur purpose this theory will be little, since it

does not make clear the relation between technical progress

and investment. I f there is technical progress, then tile

16



value of capital may rise. But the theory does not show us

the route to the effect.

The neoclassical model and Tobin's q model were

integrated by Abel (1978), Hayashi (1982) and others. Our

analysis will basically use their model beginning with the

next chapter.

17



CHAPTER 2

STRUCTURAL MODEL OF INVESTMENT

According to Abel (1978), the literature on investment

theory had been divided into two streams of thought: the

standard neoclassical approach developed by Jorgenson and

others, and the q approach developed by Tobin. Abel called

the former the "structural approach", the latter the

"market value approach". He integrated the two theories.

He introduced the adjustment cost function and, using the

dynamic optimization method, showed that the two theories

say the same thing under the firm's value maximization.

Abel assumed that the firm is an output taker. But

this assumption is inconsistent with the neoclassical

approach r while his model is essentially neoclassical in

other parts. Hayashi (1982) developed more general model,

which included the case where the firm is a price taker.

He assumed the linearly homogeneous production and

adjustment cost functions. Under these assumptions Tobin's

average q, which is observable, is equal to Tobin's

marginal q. This made a strong foundation for the

empirical studies.

As Hayashi's model has been the main bench mark, we

will begin by reviewing his model in this chapter. As we

are interested in the effect of technical progress on

18



investment, a slight expansion of Hayashi's model will be

performed. Following that, in this same chapter, we will

critique this model.

2.1 Structural Model of Investment: Basic Model

We now look at Hayashi's model. Before introducing

its mathematical structure, we will outline its fundamental

features. It will be helpful to understand the nature of

his model.

Fundamental Features of Hayashi's Model

We may baldly say that Hayashi's model is

neoclassical, structural, dynamic and micro-based.

It is neoclassical in the sense that the firm has full

information, that perfect competition prevails, and that

the firm behaves rationally. Almost all the transactions

are performed without cost. Such transactions include the

financial ones as well as that of goods and services.

Therefore there will be no credit rationing. The exception

is the existence of adjustment cost for new investment.

It is structural in the sense that it explicitly describes

the structure of the firm's behavior. It explicitly shows

the form of objective function and restrictions. The

19



models of Jorgenson and Abel are also structural in this

sense.

It is dynamic in the sense that the investment

function is obtained from the dynamic optimization

procedures. This result is based on the thought that

investment behavior is determined not only by the present

information but also by predictions of the future.

Lastly, it is micro-based in the sense that the fi£m

is price taker, not output taker. For the firm, the only

exogenous parameter is the price. Prices include not only

the output price but also input prices like the investment

good price or wages.

Basic Assumptions of the Model

Now we will outline the basic assumptions of the

model. These assumptions, the minimum for maintaining a

theoretical model, are follows:

1) The firm behaves in a neoclassical manner. It tries to

maximize its value, with full information and without

uncertainty. The value of the firm is defined as the

discounted present value of the flow of future dividend.

2) The maximization problem is "well-behaved". This leads

to a variety of sub-assumptions. The production function

and the installation function must be admissible. The

existence of the unique maximum solution of the dynamic

optimization must be ensured. Therefore the second order
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sufficient conditions must be met. Furthermore the

values of exogenous variables are to be well-defined, so

as to ensure the existence of the unique maximum

solution.

3) The production function and the installation function

are both linearly homogeneous. If the firm makes its

labor and capital input twice, the output will be twice.

And if it makes its investment and capital stock twice,

the increment of the capital will be twice. This is the

key assump·tion of Hayashi's model. This implies that the

firm continues to grow at the steady state rate.

Now we will begin to construct the theoretical model.

First we define the firm's value and establish the

maximization problem to solve. Next we solve the problem

and obtain the investment function as the optimal behavior

of the firm.

Firm's Value

The representative firm produces its output Q, using

physical capital stock K, and labor input L. The

production function at period tis:

(2-1) Q(t) F[ L(t), K(t) ;t]

To ensure that the problem has a maximum solution, we

assume that the function is concave in Land K.
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The firm faces the output price P(t) and nominal wage

W(t) which are exogenously determined for the firm. The

firm's net revenue at period t, n(t) is defined as:

(2-2) n(t) P(t) F[L(t),K(t);t] W(t) L(t)

The firm will allocate some of the net revenue to the

investment. The unit cost of purchasing the investment

goods is P1(t), the amount of investment expenditure is

I(t), and the amount of dividend at period tis:

(2-3) Div(t) n(t) - Pr(t) I(t)

We are now at period O. The value of the firm V(O)

equals the discounted present value of the flow of future

dividends:

(2-4) V(O)

r is the discount rate. For simplicity, r is assumed to be

constant.

The firm tries to maximize V(O).

Capital Formation Restriction and the Adjustment Cost of
Investment

The firm faces the restriction on capital formation,

which means that the amount of capital stock available to

the firm increases by the amount of net investment. We

adopt the formulation by Uzawa (1968):

(2-5) K' (t) r[K(t),I(t);t] - 0 K

where 0 is the constant depreciation rate.
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We call gamma the installation function as Hayashi

(1982) did. This function is reciprocal to the Penrose

function in Uzawa (1968).

Uzawa thought that the total amount of investment

expenditure does not necessarily turn into capital stock,

and that the rate of embodiment into the capital stock is

determined by r[K(t),I(t);t]. The installation function is

increasing and concave in I, i.e. rr > 0, and r 1r < O. This

reflects the presumption that the cost of installment per

unit of investment will be greater, the greater the rate of

investment for any given K. We also add the assumption

that the installation function is concave in K and I, to

make sure that the sufficient condition for maximization

are met.

There is another formulation which reveals a similar

presumption (Lucas (1967». Production function is

formulated as F[K,L,I], and Fr<O, FlU which represents the

convex adjustment cost of investment. There is little

difference between the two methods for the basic analytical

purpose. We adopt (2-5), Uzawa's version, because this

paper aims to develop the model for the innovative

industries and (2-5) is more appropriate for expanding the

model toward capital heterogeneity. Note that the

formulation (2-5) is very general. The idea of capital

according to Uzawa is not confined to the physical,

although Hayashi treated it as physical capital. The
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original Penrose effect deals with "the accumulation of

managerial and administrative abilities of the firm as well

as the quantities of physical factors of production such as

machinery and equipment". In the later chapters in this

paper this generality will be useful for our analysis.

Firm's Value Maximization

The firm chooses {L(t)} and {let)} to maximize V(O).

Therefore the maximization problem is:

Maximize
L. I

subject to

and

V(O)

(2-5)

K( 0) = x,

We will solve this problem by using the maximum

principle of Pontryagin (Pontryagin (1962». The current

value Hamiltonian can be defined as:

(2-6) H(t) == P F(L,K;t) - W L(t) - PI let)

+ ~(t) [r(IiK;t) - 0 K ]

We have to find the optimal paths of {L(t)} and {let)}

which maximize the Hamiltonian at each t. From the maximum

principle, if the functions L(t), let) and K(t) maximize

V(O) subject to (2-5) and K(O) = Ko, then there is a

continuously differentiable function ~(t) such that L(t),

let), K(t) and ~(t) simultaneously satisfy the following

necessary conditions:

The optimal conditions:
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(2-7)

(2-8)

o

o

The multiplier equation:

( 2 - 9 ) r II ( t) - HK = p ' ( t )

The state equation:

(2-10)

and

K'(t) = r(K,I;t) - {) K

K( 0) -x,

For a usual dynamic optimization problem, we need the

transversality condition to determine the boundary.

However, our problem has a single state variable and an

infinite horizon, and is autonomous. As Kamien and

Schwartz (1981) pointed out, in infinite horizon problems,

a transversality condition needed to provide a boundary

condition is typically replaced by the assumption that the

optimal solution approaches a steady state. Hayashi's

model is somewhat special in its defining of the steady

state. His transversality condition is;

(2-11) lim
t--+co

ll(t) K(t) e-rt = 0

The meaning of this condition is not clear from the

formulation of (2-11) by itself. Actually this form can be

understood in conjunction with his homogeneity assumption.

We will examine this point in the next section where the

homogeneity assumption is introduced.
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The above conditions are sufficient for an optimum,

since the concavity of the Hamiltonian is already assumed.

Next we will investigate the nature of the optimal

conditions and the multiplier equation one by one.

Employment Decision

From (2-7), we have;

(2-12) P(t) FL - W(t) = 0 or

This is actually the labor demand function. The condition

(2-12) merely shows that the firm should adjust the

marginal product of labor equal to the real wage throughout

the time path. This is the same condition as in static

analysis, because labor input is flow variable and it does

not form any capital.

We can interpret this equation in a broader sense, if

we think of Land W as vectors, not scalars. We can

redefine L as various flow variables like labor, change in

land, change in inventory, and so on. In addition, W is

the vector of their prices. Honma, Atoda, Hayashi, and

Hata (Honma et al. 1984) explicitly incorporate in their

model the change in land and change in inventory. In our

model we redefine Land W as the vectors of flow productive

factors and as their prices.
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Investment Decision

From (2-8) we have:

(2-13)

Mq

This is actually the investment function. The

condition (2-13) shows the equilibrium condition for

investment. Inverting it, we obtain:

1 pet)

rr(I,K) Pr(t)

Now we define the right hand side of the equation, Mq.

This variable is actually Tobin's marginal q, as

demonstrated below:

Tobin's marginal q is the ratio of the marginal value of

capital stock to the unit cost of investment:

Tobin's Marginal q(O)

But from the euvelope theorem, the Hamiltonian multiplier p

is the marginal valuation of the state variable K, which

means VK(O). It is usually named "the shadow price of the

capital". Therefore, Mq turns out to equal Tobin's

marginal q.

Then Equation (2-13) turns out to be:

1
(2-14) Mq

Since rrr<O by the concavity of the installation function,

using the Implicit Function Theorem, we obtain:

(2-15) I = I(Mq, K) where dI/dMq > 0
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Meaning of multiplier equation

To obtain an intuitive understanding, we will look at

the meaning of the multiplier equation (2-9). By using the

notation Mq, the multiplier equation is rewritten as

follows:

P
Mq' = (r + 0 - P r ' IPr ) Mq - -- FK

Pr

r K Mq

The last term on the right hand side actually means

the marginal rate of substitution of the installation

function (MRS), because from the investment function (2-13)

we obtain:

dI
r K Mq

dK r=constant

Let us consider the case where we add one unit to the

existing level of capital stock. As the level of capital

stock increases, the investment will generate a smaller

adjustment cost than before, and the same amount of

investment will generate a greater amount of capital stock

by f K. On the other hand, if we reduce an investment by one

unit, then amount of r will be cut by rro Therefore, if one

unit of capital increases, then we can save the investment

by rK/fr to maintain the level of f(I,K).

Solving the multiplier equation, we obtain:

(2-16) Mq(O) J:
P

[--FK + MRSrK]
Pr
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I, The economic interpretation of the multiplier equation is

that the Hamiltonian multiplier is equal the discounted

present value of the marginal benefit of incremental

capital. The marginal benefit consists of the following

two components:

1) Marginal value product of capital «P/P I ) FK) . If we

increase the level of capital stock incrementally, then

the product will increase by FK•

2) Marginal value of investment saving to incremental

capital (MRSI K ) . If we increase the level of capital

stock marginally, then the adjustment cost of investment

will be reduced afterward. This will save the investment

by MRS1K to add the same amount of capital.

As we mentioned in the former subsection, p is "the

shadow price of the capital". The approaches in the

former subsection and here are dual to each other.

2.2 Tobin's Marginal q and Average q: Hayashi's Theorem

Up to this point, we have obtained the theoretical

investment function (2-15). However it has a shortcoming

for empirical purpose in spite of its theoretical elegance,

since the key variable Mq is not observable. Hayashi

(1982) reconciles this problem by adding the assumption of

homogeneity to the basic model. With this assumption the
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meaning and implication of the transversality condition is

made clear. In this section, we will look at this point.

Homogeneity Assumption of Hayashi's Model

The assumption Hayashi proposes is the linear

homogeneity of the production function in K and L, and the

linear homogeneity of the installation function in I and K.

We should test the plausibility of his homogeneity

assumption, as Takayama (1991) pointed out. If this

assumption is not warranted in real-world economies, then

the empirical study has little meaning.

As for the production function, the most doubtful

point is whether increasing-returns-to-scale prevails in

the industry. If there is increasing-returns-to-scale,

then the linear assumption will be negated. However, since

our objective is to study electrical device manufacturing,

this assumption may be plausible. Increasing-returns-to

scale usually occurs in heavy industries. The main source

of technical progress of electrical devices may have come

from the introduction of new capital, not from increasing

returns-to-scale.

On the other hand, the plausibility of the linear

homogeneity of the installation function is not clear,

although we may show circumstantial evidence for the
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reasonability of the assumption. By dividing the state

equation (2-5) by K, we obtain:

(2-17) K'/K = r[K,I]/K - 0

The left-hand side of this equation is the growth rate of

capital which is not supposed to be subject to trends for a

long period. As the depreciation rate is constant over

time, we want the first term of the right-hand side to be

free of trends over time. The linear homogeneity of the

installation function will assure the stability of K'/K,

since the installation function, r[K,I]/K = r[l,I/K], has

only the variable of I/K, which has been stable as is shown

in Table 1.2. If the installation function is homogeneous

to the n-th degree (n > 2), then r[K,I]/K Kn
-

1 r[l,I/K].

This results in a tendency for the growth rate of capital

to increase over time.

We should note that the explanations above do not mean

to prove the assumption. The only way to r8st the

plausibility of the assumption is to make an empirical

study of the investment function and to obtain a

significant result.

Tobin's Marginal g and Average g

Hayashi (1982) offers the following proposition:

Suppose the firm is price-taker in its output market

and the transversality condition holds. Then the

marginal q is equal to the average q, if and only if
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the installation function r(I,K;t) is linearly

homogeneous in I and K, and the production function

F(L,K;t) is linearly homogeneous in K and L.

Let us follow his proof:

F is homogeneous in Land K. Using Euler's Theorem,

F = K FK+L FL. Then Tt/K = P F/K - W(L/K) = P FK + [PFL - W]

(K/L). From (2-12), [] is zero. Therefore we obtain:

Tt/K = P F K.

From (2-9),

Il'(t)

From (2-10)

r u I t ) - [P FK ] + Il (6 - r K )

r p I t ) - [Tt/K] + Il (.5 - r K)

K'(t) = r - 6 K

Now consider,

d -rt
[Il(t) K(t) e ]

dt

-rt
(Il'K + Il K' - rJlK) e

Since the installation function is linearly homogeneous,

using Euler's Theorem, r = I r I+ K r K. From this and

(2-13) and (2-3),

d -rt
[pet) K(t) e ]

dt

-rt
- (n - PI I) e

-rt
= - Div(t) e

Integrating this equation from zero to infinity and using

the transversality condition (2-11), we obtain

(2-18) 1l(0) K(O) = V(O)

Tobin's average q, Aq, is defined as:
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V(O)
(2-19) Aq(O) -

PI(O) K(O)

Then we obtain the result:

ll(O) V(O)
Mq Aq

PI( 0) PI(O) K(O)

Now V(O) is observable in stock market data if the

stock market is efficient. Perfect competition in the

stock market seems to be shaky assumption in Japan,

although the efficiency of the markets is the fundamental

assumption of the neoclassical model. An accurate estimate

of the firm's value may be difficult because of the

interlocking ownership. Honma et ale (1984) pointed out

that the share prices may be overvalued, since interlocking

ownership was promoted after the first oil shock. Another

point is that the manipulation of the share prices prevents

them from being adjusted to the optimal level of prices

especially after 1990.

If this bias is actual in Japan, the marginal q is

smaller than the estimated average q. In chapter 4 we will

estimate Mq very carefully to avoid the bias.

Meaning of the Transversality Condition

It is difficult to get an intuitive interpretation of

the transversality condition (2-11). But manipulation of

the above equations will make its meaning clear. From
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(2-18), pet) K(t) = Vet). Therefore Hayashi's

transversa1ity condition is:

(2-20) lim
t~oo

Vet) e- r t = 0

This condition means that the present value of the firm

will converge to zero as time approaches to infinity. As

is shown in the next section, it actually implies the

steady state growth of the firm's value. The steady state

growth condition says that Vet) must increase at a constant

rate less than the discount rate. Of course the growth

rate may be zero. We should note that in standard

textbooks the steady state usually means zero growth of the

state variable. The transversality condition is important

when we consider the relation between technical progress

and output growth tr.rough investment later in this chapter.

We should note that equation (2-20) holds only when

the assumption of linear homogeneity exists. As Takayama

(1991) and Semba (1989) pointed out, Hayashi's firm expands

without limit, or it disappears. This feature of the model

vanishes if the installation function is not linearly

homogeneous. However, we will maintain this homogeneity

assumption, since our interest is to deal with growing

industry.
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2.3 Diagrammatical Analysis of the Optimal Path and
Comparative Dynamics

First in this section we will illustrate the optimal

path. Since our aim is to study the effect of technical

progress, we will incorporate technical progress in the

model constructed in the former section. Then we will

perform comparative dynamics in the case where disembodied

technical progress occurs.

Optimal Investment: Illustration by Phase Diagram

Now we will look at the nature of the optimal path of

investment and capital. First we will list the necessary

conditions. Next we will examine the conditions required

for maintaining the uniqueness of the solutions.

(1) Employment of labor (or variable factors)

(2-21) FL = W/P

(2) Investment function1

(2-22)
I

K
~(Mq)

where ~'>O

1. As we assumed that the installation function is linearly
homogeneous, rr(I,K) is homogeneous to degree zero by the
Euler's Theorem. Therefore the investment function
rr(I,K) Mq = 1 implies rr(I/K,1) Mq = 1. As rrr < 0, using
the Implicit Function Theorem, we obtain the result shown
in the text.
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(3) Multiplier equation

(2-23) r p ( t) - HK = p ' ( t )

(4) State equation

(2-24) K'(t) = r(K,I;t) - {) K

and K( 0) = Ko

(5) Transversality condition

(2-25) Ld.m
t~oo

ll(t) K(t) e- r t = 0

First let us add the following two assumptions. They

are to simplify the diagrammatical analysis to examine the

optimal path:

1) There is no technical progress.

2) All the exogenous parameters, excluding prices, remain

constant. In our model, the discount rate is constant.

On the other hand, all the price variables, i.e. P, PI and

W, inflate at the same rate.

The first one is just a step. We will relieve it

afterward, when the comparative dynamics is performed. For

the second one, we will maintain it through this section.

The change in the parameters will never fail to affect the

optimal path. However, as our purpose is to examine the

effect of the technical progress, we will preclude the

effect of other factors in the diagrammatical analysis. In

the empirical part, we will take the effect of other
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parameters into account, since all of their impact will be

realized through Tobin's marginal q.

The multiplier equation and state equation will

determine the optimal path of the state variable K and

multiplier p. For the convenience of illustration, we will

rewrite (2-23), using Mq instead of p. We obtain:

P
(2-26) Mq' = (r + 0 - Pr'/Pr) Mq - -- FK

PI
r K Mq

Also we will rewrite the state equation (2-10), using Mq of

the investment function:. .

(2-27)
K'

K

r(I,K)

K
- 0

I
r[ ---(Mq),l] - 0

K

At this point, the transversality condition (2-25) works.

The condition can be rewritten, by using Mq:

(2-28) lim
t--.ex>

Fr(t) Mq(t) K(t) e-r t = 0

This condition implies that the sum of the long-run growth

rates of Pr(t), Mq(t) and K(t) must not exceed the discount

rate r. From (2-27), if Mq is increasing on the optimal

path, then the growth rate of K is also increasing, an~ it

never fails to exceed the discount rate. As we assume that

the inflation rate of PI(t) is constant over time, Mq must

not have any sustained growth, in order to meet the

transversality condition. The same discussion is adaptable

to the case where Mq is decreasing. In conclusion, Mq must

be constant on the optimal path.
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Now we will investigate the movement of Mq, which is

regulated by the multiplier equation (2-26). We wish to

find the value of Mq which makes Mq' zero. Such a Mq is,

in other words, the steady state solution. Let us look at

Figure 2.1. In this figure, a straight line and a curve

are drawn. The former represents the first term on the

right-hand side of (2-26). The latter represents the

second and the last term, although the sign is changed.

The curve represents the marginal benefit of capital, and

it is a function of Mq, when Mq satisfies the investment

function. If they cross each other, Mq' is zero at the

intersection.

The slope of the line is (r + 0 - PI'/PI) and its

intercept is zero. We may recall from (2-16) that this is

the discount rate of the value of Mq(O). On the steady

state path, the transversality condition (2-28) and the

state equation imply the following r.elation:

r > + --

Therefore,

P'I

+ r(I,K)/K - 0

(2-29) r + 0 +
pI

I I
> r[ -(Mq), 1]

K

The slope of the line is greater than r(I,K)/K in order to

keep the transversality condition. But actually r(I,K)/K is

equal to the slope of the curve. We obtain this result by

differentiating rKMq with Mq, using the investment function
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(r+o-Pr ' IP r ) Mq

Mq' < a

Mq*

Mq' > a

Mq

Figure 2.1
Determination of the Steady State Mq*
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and linear homogeneity. We muy recall that (P/PI) FK + r K Mq

(= (PIP!) FK + MRSIK) is the marginal benefit of the capital,

which is an increasing and convex function of Mq.2

Therefore the transversality condition implies that the

slope of the line must be steeper than that of the curve at

the intersection point, as is shown in Figure 2.1. This

condition is automatically satisfied if the line and the

curve cross to each other. In other word, if the steady

state Mq (Mq'= 0) exits, the transversality condition is

automatically met.

The economic meaning of this condition is that the

discount rate and the depreciation rate are high enough,

and that the marginal benefit of the capital is low enough.

In other words, the steady state marginal q must be low

enough to prevent the model from blowing up. Things must

not be too favorable for the firm. This assumption is very

plausible in the real world. Otherwise, the stock price of

the firm would rise to infinity.

Now we consider the uniqueness of the solution. As

the line is increasing, and the curve is convexly

increasing, there are two solutions of Mq which make Mq'

2. FK is positive and is a function of only one variable L/K,
beGause FK is homogeneous to degree zero. But from (2-21),
L/K is determined by W/P which is exogenously given and
constant by assumption 2). Therefore FK is constant.

On the other hand, if we differentiate r K Mq with
respect to Mq, we obtain d( rKMq)/d( Mq) d( r /K) Id( Mq) +
[d(rII/K)/d(Mq)] = r/K.
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zero, if there is any solution. But we can permit only the

smaller solution, because the larger one does not satisfy

the transversality condition.

We name the optimum steady state solution of the

multiplier equation, Mq*. If Mq*< Mq or Mq*> Mq, then Mq

must be increasing or decreasing.

Next we will look at the state equation (2-27).

As I/K is a function of Mq, we can obtain the value of Mq

which makes K'/K zero. We designate the value of Mq as

M **q • If Mq > Mq** (or Mq < Mq**), then the capital stock is

increasing (or decreasing).

This completes the explanation. Let us now look at

Figure 2.2. 3 This is a phase diagram of Mq and K. The

initial value of K is Ko •

We will illustrate the case where Mq* > Mq**. The whole

area is divided into three parts by two horizontal lines.

In Area I, both Mq and K are increasing. In Area II, Mq is

decreasing but K is increasing. In Area III, both Mq and K

are decreasing. From the transversality condition, Tobin's

marginal q, Mq, must be constant. Therefore Area I does

not include optimal point. On the other hand, in Areas II

and III the path diverges downward. Only the path of Mq =

Mq* will satisfy the transversality condition. Along

3. The specification and discussion of the diagram are almost
identical to the study of investment and taxation by Honma
et a1. (1984).
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Figure 2.2
Optimal Capital Growth and Mq
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this path, I/K is constant since Mq is constant, and the

growth rate of K is also constant.

This model implies that all the scale variables 

production, capital, labor input, etc. - continue to grow

forever at the same rate. This is due to the assumption

that the production function and install function are

linearly homogeneous. On the other hand the interrelation

among the among the variables remains the same. Figure 2.3

illustrates the situation. The curves represent the

isoquant of production function. The economy starts at Eo'

The capital-labor ratio K/L is constant since it is

determined by W/P which is constant. The firm produces Qo

units of a product. But it would take an infinite amount

of investment to adjust its capital stock instantaneously,

because of the installation cost. Linear homogeneity

implies that the average and marginal cost will not

increase as the firm increases it production, which in turn

implies that the positive profit rate will not be

decreasing. Therefore the firm will make as large an

investment as possible. The growth rate of the capital and

production are determined by the parameters. If the

environment is favorable, e.g. profit rate is high, or the

installation cost is small, then Mq is large and the growth

rate is high.
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Figure 2.3
Gzowth of Labor, Capital and Output
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Comparative Dynamics: Unanticipated Neutral Technical
Progress

There are several types of technical progress. We

will adopt the "Hicks Neutral" technical progress proposed

by Hicks (1963). In this type our production function can

be written as:

(2-30) Q(t) T(t) F[L(t), K(t)]

where T(t) represents the level of technology.

Note that the production function indicated in the

former sections includes the shift parameter t. Since T(t)

in (2-12) is also a shift parameter, the entire analysis of

the optimal path can be automatically used. However, we

cannot assume that the firm continues to progress

technically unless the wage and unit cost of investment

grow at the same rate to offset the effect of technical

progress. Otherwise Tobin's q will continue to grow, the

transversality condition will not be met and the model will

blow up. Instead, we will consider the case where the

technical progress is once and for all and not initially

anticipated. Then our production function will be:

(2-31)

and

Q(t)

Q(t)

To F[ L(t), K(t)]

T1 F[ L(t), K(t)]

where To < T1

However, we assume that the technical progress was

forecast at t 1 (t1 ~ t 2 ) before the actual progress occurs.
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The first order conditions are as follows:

(l) Employment of labor (or variable factors)

(2-32)

and

(2) Investment function

(2-33)
I

K
q,(Mq)

(3) Multiplier equation

(2-34) Mq'= (r+o - PI'/PI) Mq -

and

(4) State equation

r K Mq at t 2: t 2

(2-35) K'(t) = r{K,I;t) - 0 K

(5) Transversality condition

(2-36) lim
t~oo

PI(t) Mq(t) K(t) e- r t = 0

The technical progress changes the form of the Labor

Employment equation. It will improve the productivity of

the labor, and the firm will increase L/K so long as the

real wage rate W/P is unchanged. The L/K ratio will be
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adjusted by raising the level of labor employment

instantaneously. Figure 2.4 illustrates the movement.

The technical progress will affect the multiplier

equation and it has a direct effect on the steady state Mq.

We divide the time path into three periods, (I) t~tl' (II)

tl~t~t2 and (III) t2~t. Figure 2.5 and 2.6 illustrate the

path. In Period I, the firm does not foresee the technical

progress. Therefore the optimal path is Mq=Mq* in Figure

2.6 as demonstrated in the former section. In Period III,

the change actually occurs. Observe in Figure 2.5 that the

curve shifts upward since T rises and FK rises as L/K rises.

Therefore in Period III the optimal Mq is not Mq* but Mq*'.

The period II is intermediate. No actual change has yet

come about, but the expectation has already changed. If we

want Mq to increase over the period, Mq should be larger

than Mq·, which implies there is a jump in Mq at t=t2.

Since the form of the investment function does not alter,

the rate of investment also jumps at t 1 and increases during

Period II and reaches the constant rate at t 2.

Let us look at the other variables. Figure 2.7

illustrates the movement. As the labor-capital ratio L/K

remains unchanged until t=t2, the growth rate of labor input

rises at the same rate as the capital stock during the

period II. But at t 2 L/K jumps upward to adjust itself to

the new technological environment, since the actual real
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Figure 2.5
Effect of Hicks Neutral T.P.

on Optimal Mq
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Effect of Anticipation on the Movement of Mq
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wage (W/PT) declines. As the capital stock K cannot jump

because of the existence of an adjustment cost, the level

of labor input L jumps upward at upward t z • After the jump

labor input again increases at the saree rate as the capital

stock.

The rate of gr~wth of the output is rising during

Period II, as the growth rate of capital stock and labor

input are rising. At t z the technical progress actually

occurs and the production also jumps upward. Thereafter,

the production grows at a constant rate, which is higher

than before.

We may feel strange about the result that Hicks

neutral technical progress raises the labor-capital ratio.

If there is not an adjustment cost of investment, then the

capital-labor ratio would not change. But in our model,

the labor can be adjusted without cost, but capital cannot.

As the real wage to the firm is reduced by the technical

progr6ss, the labor input increases. The real rental cost

of capital is reduced, too. But the capital cannot be

adjusted instantalleously. This is why the capital-labor

ratio rises.

We should note that the effect of Hicks neutral

technical progress on investment is realized only through

the change in Tobin's marginal q. As we do not change the

framework of the structural model, Tobin's marginal q

remains equal to Tobin's average q. This conclusion
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implies that we do not need any variable other than Tobin's

average q to analyze the effect of technical progress.

2.4 Model Complication In~roduction of Taxation

As our main interest does not rest on the effect of

taxation, this section only reviews the outline of the

modeling of taxation following Hayashi (1982).

Optimal Path of the Model Including Taxation

We assume that there are corporate tax and

depreciation tax credit. The corporation tax is

(2-38) (Corporation Tax) = u ( n - DEP) - ITC Pr I

where u is effective corporation tax rate

n is net revenue ( n = pF - WL)

DEP is depreciation allowance

ITC is the rate of investment tax credit

Under this system, the dividend of the firm at tis:

(2-39) Div(t)=[1-u(t)]n(t)-[1-ITC(t)] Pr(t)I(t)+ u(t)DEP(t)

Depreciation allowance is based on the past investment:

(2-40) DEP
J

Ot

= -00 D(t-s,s) Pres) I(s) ds

where D(t-s,s) is depreciation allowance per yen
of investment for tax purposes on an asset of age
t-s according to the tax code that was in effect
at time s.
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The value of the firm reduces to:

J
-rt

(2-41) V(O)= :{[I-U(t)] n(t)-[I-1TC(t)-Z(t)]Pr(t)1(t)}e dt

+A(O)

where

(2-42) Z(t) f: -rt
u(t+x) D(x,t) e dt

and

(2-43) A(O) = fa> u(t) [ft D(t-s,s) Pr(s) 1(s) ds] e -rt dt
o -a>

Z(t) is the present value of the future tax deductions

attributable to the yen of future investment. Recall that

u(t) is the effective corporate tax rate at t. A(O)

represents the present value of current and future tax

deductions attributable to past investment.

Since A(O) is independent of current and future

decisions by the firm, we can exclude the term A(O) to

maximize the firm's value. The maximization problem is:

Maximize
L,I f

a> -rt
o[l-U(t)]n(t)-[l-ITC(t)-Z(t)]Pr(t)I(t) e ds

Subject to (2-6) K'(t)

K(O) = Ko

r[K(t),1(t);t] - oK

Applying Pontlyagin's Maximum Principle and assuming the

firm is price-taker, we obtain the following first order

conditions:

(2-44)

(2-45)

FL = W/P

1 - 1TC(t) - Z(t) = Mq rr

54



P
(2-46) Mq' = (r+c5 - PI'!PI) Mq - (l-u) FK r, Mq

PI

(2-47) K' (t) = r( K, I) - c5 K

(2-48) lim PI (t) Mq(t) K(t) e- r t = 0
t->oo

The structure of the model is the same in substance

even if we take the taxation into account.

Tobin's marginal g and average 9

Hayashi (1982) presented the following proposition

about the relation between Tobin's marginal q (Mq) and

average q (Aq = (V![PIK]):

Suppose the firm is a price-taker in its output market

and the transversality condition (2-29) holds. Then:

(2-49) Mq(O) Aq(O)
A(O)

if and only if the installation function r is linearly

homogeneous in I and K and the production function F

is linearly homogeneous in K and 1. 4

For the empirical purpose, we define Modified q (MMq),

which is the only variable in the investment function, as

follows:

4. We omit the proof of this because the manipulation is
almost identical to the one demonstrated in Section 2.1.
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Mq(t)
(2-50) MMq(t) =

1 - ITC(t) - Z(t)

From (2-31) and (2-32), we obtain:

(2-51) MMq(t)
Aq(t) - A(t)/[P1(t)K(t)]

1 - ITC(t) - Z(t)

We shall note that Equation (2-31) can be applied even

when technical progress, which is discontinuous and

unanticipated, occurs. As we illustrated in the former

section, unanticipated technical progress will cause a jump

in Mq. In this case Aq also jumps upward. The investment

is a function of MMq, but this variable is not observable.

However, if we can measure Aq using stock market data, then

from (2-32) we can obtain MMq. In Chapter 4 we will

actually make use of this relation and in an empirical

study.

2.5 Some Critiques of Neutral Technical Progress Model of
Investment

The model introduced above has several shortcomings.

They can be divided into two parts. The first one concerns

the assumption of disembodied technical progress. It may

not fit our intuition. In the real world, especially in

the innovative industries in Japan, technical progress has
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usually occurred with new line of capital equipment. For

example, a firm obtains a new technology to produce 1 Mega

Byte Random Access Memory LSI, but this production cannot

be realized until new production lines are equipped. The

assumption of disembodied tec~!ical progress will not

effectively explain this situation.

The second shortcoming is theoretical. Investment

turns to capital stock through the installation function.

But how can we measure the amount of capital stock? If we

recognize the Penrose effect, K in the model is no longer

equal to the published time series data of "capital stock".

The variable K in the model is the accumulation of fixed

elements, which is initially evaluated by the installation

function. On the other hand, the published data on capital

stock represent the amount of installed equipment and

structure, which is evaluated by the price indices.

Hayashi (1982) used capital stock series calculated by the

perpetual inventory method which does not take the

installation cost into account. He made use of the

convenient interpretation that the installation cost are

submerged in physical depreciation.

In addition to above shortcomings, we may feel that

there is something strange about the result that technical

progress causes a rise in the capital labor ratio. This

implies that the industry tends to be labor-intensive,

which is opposite to the real world. We can explain this
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situation in that the decline in the output prices of

electrical machinery raises the real wages, which induces

the industry to save labor. In any case, this model has to

assume some change in the relative prices to explain what

happens in the real world.

These two shortcomings are related to each other. In

the next chapter, we will remedy the shortcomings of the

structural model of investment by introducing embodied

technical progress and heterogeneity of capital stock.
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Aq(t)

Div(t)

I(t)

K(t)

L(t)

Mq(t)

P(t)

r

W(t)

r(I,K;t)

n(t)

ll(t)

s

Table 2.1
Glossary of the Variables

Tobin's average q at t

Dividend at t

Investment spending at t

Capital stock at t

Initial value of capital stock

Labor input at t

Tobin's marginal q at t

Output price at t

Price of capital goods at t

Discount rate

Nominal wage rate at t

Installation function

(reciprocal to Penrose function)

Net revenue at t

Shadow price of capital

Depreciation rate of capital
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CHAPTER 3

EMBODIED TECHNICAL PROGRESS AND INVESTMENT

In this chapter we will first reconsider the role of

the installation function first. Next we will introduce a

new interpretation of the capital stock variable K. We

will take capital heterogeneity into account. While the

interpretation of the model variables is altered, almost

all the formulations remain unchanged. Following the model

building, we will consider comparative dynamics as in

Chapter 2, when unanticipated embodied technical progress

occurs.

3.1 Reconsideration of. Installation Function

Penrose effect and its rationale

In this section we will reconsider the foundation of

the Penrose effect by reviewing Uzawa (1969). The firm

consists of a complex of machinery, equipment, tools, and

other fixed factors of production, including managerial and

administrative abilities. Uzawa defined the real capital K

as an index to measure the productive capacity of the firm.

It reflects the managerial and administrative abilities of

the firms as well as the quantities of physical machinery
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and equipment. His discussion is based on the short-run

production function Q(L;t). The real wage is assumed to be

constant. The maximum profit of the firm n(t) is

determined with a given constant real wage. At time t+1

there is a shift in the production function to Q(L;t+1).

He defined K by the following equation: K(t+1)/K(t) =
n(t+1)/n(t). As he assumed that the ratio n(t+1)/n(t) is

independent of the real wage, the production function is:

(3-1) Q = F[ K(t), L(t)]

which is linearly homogeneous and with the isoquants all

convex toward the origin. The formulation of (3-1) is very

common. However the variable K is not "capital stock" in

the usual sense but the capital measured by the efficiency

unit or "efficiency capital".

The shift in the short-run production function from

Q(L;t) to Q(L;t+1) is due to the changes in the composition

of real capital which have been induced by an investment of

certain quantities of capital goods. Since the index of

real capital K reflects these intangible managerial

abilities, the actual increase in the index of real capital

K(t) due to a certain amount of investment is also

constrained by the magnitude and quantities of managerial

resources possessed by the firm at that moment. If we

suppose that the administrative and managerial abilities,

which are required in the process of growth and expansion,

are present in proportion to the index of real capital
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K(t), the schedule relating K'/K with 11K may be invariant

over time. This thought is the base of the homogeneity of

the installation function. Such a schedule is in general

convex: 11K = Q(K'/K), Q'>O and Q">O. This is the Penrose

effect. It reflects the scarcity of those factors which

are indispensable to the firm in the process of growth.

Embodiment Function and Accumulation of Efficiency Capital

In Chapter 2, we introduced a model which adopts the

formulation of capital accumulation as follows:

(3-2) K'(t) = r(K,I;t) - 0 K

where the installation function is assumed linearly

homogeneous in I and K. From the assumption of

homogeneity, r is actually the Penrose curve. Rigorously

speaking, K does not mean usual physical capital stock.

Rather it is the real capital in the sense of Uzawa. Usual

published data of capital stock does not take the

installation cost into account. Hayashi reconciled the

problem by introducing the interpretation that the

installation costs are submerged in physical depreciation.

As our purpose is to study the effect of technical

progress, we ·try another interpretation of this

formulation. We define I as real spending for the

investment. Usually it equals to the quantities of capital

goods purchased and installed for investment. We define K

as efficiency capital. We maintain the assumption by Uzawa
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that the production function is linearly homogeneous. The

installation function is interpreted as the transformer of

the level of technology as well as that of installation

costs. The Penrose effect emphasizes on the scarcity of

managerial ability. The Penrose curve is time invariant.

However, in our interpretation, the innovation will shift

the schedule r upward. Note that r includes a shift

parameter t. If we interpret this equation in this

fashion, then the capital can be heterogeneous. Every

component of the capital may have a different productivity

from every other unless it is invested at the same time as

the others. The aggregation of capital is by unit of

efficiency. For example, if a unit of capital is twice as

productive as another, then the former unit is counted

twice.

This idea is very similar to the embodied technical

progress, which was first introduced by the so-called

Vintage Growth Model of Solow (1960). In the model of

Solow, the technology embodied in the investment was

assumed to groN at a constant rate. The investment was

given the role of lowering the average age of the capital

stock. In our model at this stage we do not put any

constraint on the technical progress.
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3.2 Structural Model of Investment Including Embodied
Technical Progress

In this section we use t~e structural model discussed

in the former chapter, although the interpretation has been

changed. The formulation of the model is almost identical.

However, the change in interpretation will have a

noticeable effect on the model. Almost all the assumptions

are maintained, including that of homogeneity.

Firm's Value

The representative firm produces its output Q, using

efficiency capital stock C, and labor input L. The

production function at period tis:

(3-3) Q(t) F[L(t), C(t);t]

The capital stock is measured by the efficiency unit. We

use C(t) rather than K(t) to distinguish this

interpretation of the idea of capital. The efficiency

capital C(t) is accumulated by the following equation:

(3-4) C'(t) = r[C(t),I(t);t] - 0 C

As indicated above, the function r is the installation

function, which is the transformer from the investment

spending into the efficiency capital. The shift parameter

t represents the level of technology. The progress in

technology is achieved by lessening the adjustment cost, as

well as by introducing newer efficient capital. The

installation function is increasing and concave in I and C,
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i.e. r I > 0, r II < 0, r, > 0, r c c < O. The function is

assumed to be linearly homogeneous in I and C. Using the

Euler's Theorem, r I is homogeneous of degree zero in I and

C, and - r II (l/C) = rIC. Therafore rIc> O.

The firm faces the output price P(t) and nominal wage

W(t) which are exogenously der.ermined fer the firm. The

firm's net revenue at period t, n(t) is:

(3-5) n(t) P(t) F[L(t),C(t)] W(t) L(t)

The price of investment goods is Pr(t), the amount of

investment is l(t), and the amount of dividend at period t

is:

(3-6) Div(t) n(t) - Pr(t) l(t)

We are now at period O. The value of the firm V(O)

equals to the discounted present value of the flow of

future dividends:

(3-7) V(O) Io
OO

Div(t) e- r t dt

r is the discount rate. For simplicity, r is assumed to

be constant.

The firm is assumed to try to maximize V(O).

Firm's Value Maximization

The firm chooses {L(t)} and {J(t)} to maximize V(O).

Therefore the maximization problem is:

Maximize
L. I

V(O)

subject to (3-4)
and C( 0) = Co
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The current value Hamiltonian is defined as:

(3-8) H(t) == P F(L,C) - W L(t) - Pr let)

+ pet) [r(I,C;t) - 0 C ]

We have to find out {L(t)} and {I(t)} which maximize

Hamiltonian at each t.

conditions:

We will list the first order

(1) Employment of labor (or variable factors)

(3-9) FL[C/L, 1] = W/P

(2) Investment function

1
(3-10)

(3) Multiplier equation

Mq

(3-11) Mq' = (r + 0 - Pr ' IPr ) Mq
P

F -c r, Mq

(4) State equation

(3-12) C'(t) = r(C,I;t) - 0 C

(5) Transversality condition

(3-13) lim Mq(t) Pr(t) C(t) e- r t = 0
t~oo

From (3-10) the investment capital ratio, i.e. I/C, is a

function of Tobin's marginal q. We should note that the

level of efficiency capital C has little meaning.

Therefore l/C should also be taken as an index representing

the level of the firm's accumulation.
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The proposition about the equivalence of Tobin's

marginal q to the average q remains effective, since the

formulation is identical to that in the former chapter.

Therefore we obtain:

AqMq =
\1(0) V(O)

PI(O) PI(O) C(O)

Note again that the variable C(O) is an lndex, and the

level of Mq and Aq is of no importance.

Nature of Optimal Investment

Now we will add the same assumptions as in the former

chapter to simplify the analysis. The assumptions are as

follows:

1) There is no technical progress before the impact.

2) All the exogenous parameters, excluding the price

variables, are constant. All the price variables, i.e.

P, PI and W, inflate at the same rate.

From these assumptions, we can draw the phase diagI.ams of

Figure 3.1 and Figure 3.2, whose shapes are identical to

Figure 2.1 and Figure 2.2. From the transversality

condition, the slope of (r + 6 - PII/PI) Mq is to be steeper

than that of (rc Mq) at the intersection point. This

discussion is the same as that in Chapter 2.
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Mq' < a
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Mq' > a

(r+o-P1 ' /P 1 ) Mq

Mq

Figure 3.1
Determination of the Steady State Mq'"
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Fig'.lre 3.2
Optimal Growth of Efficiency Capital without T.P.
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The optimal path is drawn as Mq = Mq*. The only

difference is that the physical capital variable K is

replaced by the efficiency capital C. Actually the

efficiency capital C may be equal to K in the case without

technical progress, since the disparity between K and C is

accounted for by the embodied technical progress.

3.3 Effects of Embodied Technical Progress

Now we will try a comparative dynamics, discussing the

impact on the model of unanticipated embodied technical

progress (T.P.). We examine two different types of

embodied technical progress. We will contrast the result

with the case of disembodied technical progress. There

will be a sharp contrast.

Two Formulations of the Installation Function

In order to consider the effect of embodied T.P., we

have to specify the formulation of the installation

function. We will consider the following two

specifications:

(3-14)

(3-15)

r[I(t),C(t);t] T(t) r[I(t),C(t)] (Version 1)

r[I(t),C(t);t] r[T(t)I(t),C(t)] (Version 2)

where T(t) represents the level of technology.
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Note that neither specification breaks the linear

homogeneity of the function. Thus the entire formal

manipulation discussed in the former chapter can be used

under these specifications.

These specifications are based on the different views

of the adjustment cost. Dividing (3-14) and (3-15) by

let), considering the homogeneity, we obtain:

(3-16)

and

r[l(t), C(t);t]

let)

1
T(t) rt i , ]

(l/C)
(Version 1)

(3-17)
r[l(t), C(t);t]

let)

1
T(t) r[l, ] (Version 2)

(IT/C)

We name the left-hand side of the equations, "the

embodiment ratio", which corresponds to the proportion of

embodiment into the capital over a unit of investment.

Both the right-hand sides of the equations have T(t) at the

top. This suggests that the level of technology

proportionally affects the embodiment ratio. The

efficiency capital is measured by the "efficiency unit".

In our model the technological level is also measured by

the efficiency unit. If the same amount of physical

investment is twice as efficient as before, we count it

twice. The gamma functions have different variables from

each other; l/C in (3-16) and IT/C in (3-17). These

functions represent their own adjustment cost or Penrose

effects. Version 1 is based on the thought that the
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adjustment cost depends on the ratio of physical investment

(I) to the efficiency capital (C). On the other hand,

version 2 is based on the thought that the adjustment cost

depends on the ratio of efficiency investment (T1) to the

efficiency capital (C).

We cannot decide which version is better, because the

superiority of one over the other is dependent on empirical

performance. However, version 2 will be more plausible,

where the introduction of new technology itself requires a

large adjustment cost.

Comparative Dynamics: Case 1 (Stimulative Case)

Now we introduce once and for all embodied technical

progress, i.e. T(t) jumps upward, from To to T1 (To < T1 ) at

t 2 • First we will use version 1. Therefore our

installation function is:

(3-18) r[1(t),C(t);t] = To r[1(t),C(t)]

and

r[1(t),C(t);t] = T1 r[1(t),C(t)] at t ~ t 2

To make the problem clear, we also assume that the

technical progress is anticipated at t 1 (t1 $ t 2 ) beforehand.

The first 0rder conditions are as follows:

(1) Employment of labor (or variable factors)

(3-19) FL = W(t)/P(t)
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(2 ) Investment function

I 1
(3-20) .p( ToMq) or Mq at t s t z

C To rI(I,C)

and

I 1
cl'( T1Mq) or Mq at t ~ t z

C T1 rI(I,C)

(3) Multiplier equation

P

and

P

(4) State equation

(3-22) C'(t) = To r(C,I) - {) C

and

C'(t) = T1 r(C,I) - {) C

(5) Transversality condition

(3-23) lim Mq(t) PI(t) C(t) e-rt

t~oo

o

Embodied technical progress has a different impact

than disembodied neutral technical progress. The former

changes the investment function, multiplier equation and

state equation, while the latter changes the labor

employment equation and multiplier equation.
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Again we divide the time path into three periods, (I)

t~tl' (II) tl~t~t2 and (III) t2~t. Look at Figure 3.3 and

Figure 3.4. In Period I, the firm does not anticipate the

technical progress. Therefore the optimal path is Mq=Mq·.

In Period III, the change actually occurs. As we can see

from (3-21), the effect on the optimal Mq· is determined by

the shift of rcTMq. Under the given Mq, this schedule

shifts upward with the rise in T. Recall the discussion in

Chapter 2 that this term represents the mar.ginal benefit of

capital by the route of cutting the adjustment cost, and

that is equal to rc/r l • The embodied technical progress

will increase both the marginal saving of the adjustment

cost by capital (T r c) and the marginal increase in capital

by investment (T r l ) . The two effects offset each other and

T disappears. But rc/r l is an increasing function of IIC,

which is in turn an increasing function of (Mq T) from (3

20). Therefore this schedule shifts upward as Period III

begins. In Period II, no actual change has yet happened,

but the expectation has already changed. At t=t2 the level

of Mq must be Mq.'. The optimal path of Mq jumps upward at

t 1 and rises upward, reaching Mq.' at t 2.
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Mq· Mq·'

Figure 3.3
Effect of Embodied T.P. on Optimal Mq
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This seems strange to our economic intuition. In

Period II, only the older technology is available. Common

sense suggests that the delay in investment will be

beneficial. But the optimal path is rational. Let us look

at one example. Suppose that d manufacture company orders

new machinery, which is now in experimental use that will

be completed in one year. The company knows that the new

line of equipment will be operated after the one year. In

this case, the factory actually incre~ses investment before

the new machine itself comes. This is because the factory

must make peripheral and preparatory investment, which

includes construction of a new factory building and

training to use the new technology. The firm wishes to

make as little as possible of the older type of investment.

But if it makes the entire investment at once when the new

machine comes, then the adjustment cost will be enormous.

Therefore the factory will make the older type of

investment beforehand to lessen the adjustment cost.

Figure 3.5 illustrates the movement of investment

capital ratio (I/C). We can easily see that the investment

jumps twice. The first jump at t 1 reflects the jump in Mq.

But the second jump at t 2 reflects the change in the

investment function.

In conclusion, this type of embodied technical

progress has a stimulative effect on the investment.
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Movement of Investment Efficiency Capital Ratio

78



Comparative Dynamics: Case 2 (Stimulative-or-Shrinking
Case)

We will try another formulation of the installation

function and perform comparative dynamics when T makes a

once and for all jump upward, from To to TI (To < TI) at t 2.

(3-24) r[I(t),C(t);t]

and

r[I(t),C(t);t]

r [ Tal ( t ) , C( t ) ]

Again we assume that the T.P. is anticipated at t l (t l ~ t 2)

beforehand.

The first order conditions are as follows:

(1) Employment of labor (or variable factors)

(3-25) FL = W(t)!P(t)

( 2 ) Investment function

I To 1
(3-26) <1>( ToMq) or ToMq at t s t 2

C r I(I To, C)

and

I TI 1
<1>( TIMq) or TIMq at t 2: t 2

C rI(I TlTC)

(3) Multiplier equation

(3-27) Mq'=(r+o - PII/PI) Mq -

and

Mql=(r+o - PII/PI) Mq -
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(4) State equation

(3-28) C'(t) = r(1 To,C) - 0 C

and

C'(t) = r(1 TI,C) - 0 C

(5) Transversality condition

(3-29) lim Mq(t) F1(t) C(t) e- r t = 0
t--HXl

Version 2 changes the investment function, multiplier

equation and state equation, which are the same as Version

1.

We divide the time path into three periods, (I) t~tl'

At first we will look at the investment function (3-

29). The technical progress has two opposite effects. One

is a stimulative effect, which is represented by the term T

times Mq. Under the given Tobin's q, the rise in Twill

stimulate the investment. The other effect, represented by

I times T, is a substitution effect. Under the given

efficiency investment, the rise in T will playa

substitution role in the physical investment. We do not

have a priori knowledge about which effect overcomes the

other. It depends on the specification of the installation

function. We have already gotten acquainted with the case

where the stimulative effect prevails. It is similar to

the case of Version 1. We will focus on the case where the

substitution effect prevails.
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Figures 3.6 and 3.7 show the optimal path. In Period

I, the firm does not anticipate the technical progress.

Therefore the optimal path is Mq=Mq* in Figure 3.7. In

Period III, the change actually occurs. In Figure 3.6, the

rcMq schedule shifts upward. Let us look at its route.

From the investment function and the homogeneity,

rcMq =
rc(IT,C)

ri(IT,C)

r c( IT/C, 1)

where i = IT, r u < 0

Under the given Mq, the rise in T never fails to increase

IT/C. This shifts the schedule of fcMq. In Period III the

optimal Mq rises to Mq*' from Mq*.

In Period II, no actual change has yet happen, but the

expectation has already changed. At t=t2 the level of Mq

must be Mq*'. The optimal path of Mq jumps upward at t 1 and

rises upward, and reaches Mq*' at t 2 •

The substitution effect is rather hard to understand

intuitively. Actually the installation function Version 2

leads to an efficiency investment function.

I T

C
4>(T Mq)

The term (T Mq) in the investment function represents the

marginal benefit of investment. When the T.P. actually

happens, T rises and it will make the investment more

profitable. On the other hand, as the rise in (T Mq)

stimulate the efficiency investment, not physical one. If
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Figure 3.6
Effect of Embodied T.P. on Optimal Mq

(Version 2)
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Effect of Anticipation of

on the Movement of Mq
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the stimulative effect is not large enough, the rise in (I

times T) is not large enough. In this case, the rise in T

will offsets the rise in (I times T), and the net effect on

the physical investment is negative. This phenomenon will

occur, when the adjustment cost is large and the rise in Mq

will not stimulate the investment sufficiently. We should

note that the embodied T.P. raises Tobin's marginal q, but

that it is not the stimulative effect described above.

Next we will look at the movement of the investment in

Figure 3.8. The physical investment jumps twice as before.

But the second jump is downward. The embodied technical

progress has a dominating substitution effect on the

physical investment in this case. The magnitude of the

jump is determined by the form of the installation

function. As the embodied T.P. will also raise Mq, the net

effect of T.P. on the investment is not determinate, even

if the substitution effect is larger than the stimulative

effect.

Difference between the Cases of Embodied T.P. and
Disembodied T.P.

This effect of embodied T.P. on the movement of the

optimal path may be similar to the case of disembodied

technical progress. However, there are several important

difference between the two cases.

Disembodied technical progress does not affect the
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Movement of Investment Efficiency Capital Ratio

(Version 2)
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structural relation between Tobin's q and investment. But

embodied technical progress will affect it. This result is

very important for the empirical study of investment

behavior. The details will be discussed in the next

chapter.

The next difference is in the labor capital ratio

(L/C). Disembodied technical progress will raise the

ratio. However, in embodied technical progress of both

versions the ratio will remain intact (See Figure 3.9).

This is because the real wage does not change. Only the

growth rates of Land C will rise. This contrast seems

peculiar because "neutral technical progress" will make the

capital-labor ratio more biased. Without the installation

cost, the growth would not be biased. If our model were

the static textbook pattern, with inputs of capital and

labor, the labor capital ratio is determined by their

relative prices. Because the rental cost of capital falls

as well as the real wage, the capital stock would rise

immediately until the labor capital ratio fell to the

original level. But in our model the installation cost

prevents the firm from making the adjustment. As a result,

there is a gap between the actual level of capital and the

ideal one. The pressure to close the gap increases Mq,

which stimulates the investment more than before.
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3.4 Tobin's Marginal q and Average q with Embodied
Technical Progress

Next we will make several comments about the relation

between Tobin's marginal q and the average q. In order to

make the discussion more general, we will take taxation

into account first.

Optimal Path of the Model Including Taxation

We assume that there are corporate tax and depreciation

tax credit. The corporation tax is :

(3-30) (Corporation Tax) = u ( n - DEP) - ITC PI I

where u is the effective corporation tax rate

n is net revenue ( n = pF - WL)

DEP is depreciation allowance

ITC is the rate of investment tax credit

Under this system, the dividend of the firm at tis:

(3-31) Div(t)= [1-u(t)] n(t) - [l-ITC(t)] PI(t)I(t) +

u(t)DEP(t)

Depreciation allowance is based on past investment:

(3-32) OEP = I:m O(t-s,s) P,(s) I(s) ds

where D(t-s,s) is depreciation allowance per yen
of investment for tax purposes on an asset of age
t-s according to the tax code that was in effect
at time s.
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The value of the firm reduces to:

I
oo -rt

(3-33) V(O) = o{[l-U(t)]n(t)-[l-ITC(t)-Z(t)] PI(t)l(t)}e dt

+ A(O)

where

(3-34) Z(t) I: -rt
u(t+x) D(x,t) e dt

and

(3-35) A(O) = Ioo u(t) [It D(t-s,s) PIes) l(s) ds] e -rt dt
o -00

Z(t) being the present value of the future tax deductions

attributable to yen of future investment. A(O) represents

the present value of current and future tax deductions

attributable to past investment.

Since A(O) is independent of current and future

decisions by the firm, we can exclude the term A(O) to

maximize the firm's value. The maximization problem is:

Maximize
L, I

roo[l_U(t)] net) - [l-ITC(t)-Z(t)] P1(t)l(t) ds
Jo

Subject to C'(t)
and

C(O)

r[C(t),I(t);t] - 0 C

Applying Pontlyagin's Maximum Principle and assuming the

firm is price-taker, we obtain the following first order

conditions:

(3-36)

(3-37)

FL = W/P

1 - 1TC(t) - Z(t) = Mq r l
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P
(3-38) Mq'= (r + 6 - Pr'/Pr) Mq - (l-u)

(3-39) C'(t) = r(C,I;t) - 6 C

r c Mq

(3-40) lim Mq(t) Pr(t) C(t) e- r t

t--+oo
o

Tobin's marginal g and Average q

The proposition of Hayashi (1982) concerning the

relation between Tobin's marginal q (Mq) and average q (Aq

= (V/[PrC]) is as follows:

Suppose the firm is a price-taker in its output market and

the transversality condition (3-36) holds. Then:

(3-41) Mq ( 0) = Aq ( 0 )
A(O)

if and only if the installation function r is linearly·

homogeneous in I and K and the production function F is

linearly homogeneous in K and L. For empirical purposes,

we define Modified q (MMq), which is the only variable in

the investment function, as follows:

(3-42) MMq(t)
Mq(t)

1 - ITC(t) - Z(t)

From (3-41) and (3-42), we obtain:

(3-43) MMq(t) =
Aq(t) - A(t)/[Pr(t)C(t)]

1 - ITC(t) - Z(t)

This equation is important for empirical purposes. We

should note that the efficiency capital C can be obtained

as an index. The level of Tobin's q does not have any
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meaning, while the original Tobin's average q does.

According to Tobin, if q is larger than unity then the

investment will be stimulated. The investment is a

function of MMq, but this variable is not observable.

However, if we can measure Aq using the stock market data,

we can obtain MMq. In the neAt chapter, we will test the

performance of this model.

3.5 Modelling Investment Function for Estimate

In this section we will look at concrete examples of

the investment function by specifying the formulation of

the installation functions.

The theoretical investment functions discussed in

Chapter 2 are formulated as follows:

(3-44)
1 Mq

1 - ITC(t) - Z(t)
- M~1q

As installation function r is assumed to be linearly

homogeneous, we will consider the example that the

installation function takes a Cobb-Douglas formulation:

(3-45) f(I,K) = B Il-~ K~

where O<~<l.

The investment function in discrete form will be as

follows:
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I
(3-46) ln [-] t

K

1
ln [MMq]t + Const.

This equation is ready for regression. If disembodied

technical progress occurs, then only the variable MMq will

reflect that. However, this equation cannot fully

illustrate the effect of the embodied technical progress,

if any. This is an example of the "traditional structural

investment function". Note that the form is of the

logarithm linear type. As discussed in the next chapter,

many literatures specify the investment funcLion as linear

type. We should note that the coefficient of MMq, liB

represent the adjustment cost. The larger is it, the

smaller the adjustment cost.

Next we will review the formulation discussed in this

chapter, which introduces the embodied technical progress.

As we mentioned, the investment function is the "enhanced"

one, because it can explain the effect of both disembodied

and embodied types of T.P. thoroughly. The investment

function is:

(3-47)
1 Mq

1 - ITC(t) - Z(t)
- MMq

We found that the embodied technical progress will affect

investment ambiguously. We do not have a priori knowledge

whether the stimulative effect or the substitution effect

dominates. We will use the Cobb-Douglas type and CES type
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of specifications as examples and obtain an intuitive

understanding of this matter.

First, we will make use of the Cobb-Douglas form for

the installation function, which is the simplest

formulation. The formulation of Version 1 is:

(3-48) r(I,C;t) = T(t) B IH1(t) C~(t)

where O<~<l.

The term T(t) represents the level of technology. From

this equation we obtain the following investment function:

I
(3-49) In[-] t

C

1
--In [MMq] t +

~

1
--In [T]t + Const.
~

We will try using Version 2 of the installation

function. The formulation of the installation function can

be:

(3-50) r( I, C; t) = B [T ( t) I ( t ) ] 1-~ C~ ( t)

This means that the adjustment cost depends on the ratio of

the efficiency investment (T times I) to the efficiency

capital (C). From this specification, we have an

investment function:

I
(3-51) In[-]t

C

1
--In[MMq] t +

~

In [T]t + Const.

This is almost the same as (3-49). The only difference is

the coefficient of In[T]. But the sign of the coefficient

is positive, which is the same as in Version 1. Therefore

the Cobb-Douglas specification will lead to the net

stimulative effect.
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Next we will try using the CES specification. We will

use only Version 2 because the result is already known from

the theoretical examination. The installation function of

Version 2 in CES form is :

(3-52) r(I,C;t) = B {8[I(t)T(t)]-a + (1-8)[C(t)]-ar1/ a

The investment function based on this is

I(t)
( 3-53) [ ]

C(t)

o 0/(0+1)
= Cons t , MMq T

-[02/0+1] -0
- consc" T

The constants are positive. If 0 > 0, then the

substitution effect may prevail. In thi.s case, the

elasticity of substitution is less than 1. If 0 < 0, then

the stimulative effect dominates.

As this result suggests, the effect of T can not be

determinate. We will take the following basic form of

regression, and examine the result.

I
(3-54) In[-]t

C
A In[MMq]t + B In [T]t + Const + e t

where e t is an error term. A > 0, B >or < O.

3.6 Conclusions

We will note that the model developed in this chapter

is broader than that of the former chapter. If there is

disembodied technical progress, all effects on the

investment are realized only through the change in Tobin's

marginal q, Mq. Our model in this chapter can be used even
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for this case, since it includes marginal q. On the other

hands, if there is embodied technical progress, our model

is applicable, but the traditional model is not.

Actually the traditional structural model is one

special case of our model. There are two differences

between the two formulations: the first, the capital

variables K and C; the second, the existence of the term

representing technical level, T(t).

The capital stock K is the amount of physical capital

stock. Therefore PI times K equals the current market value

of the capital equipment, when the firm disinstalls and

sells it. On the other hand, the variable C is an index of

efficiency capital, which represents the productive power

of the firm. As it is only an index, it cannot show any

market value of the physical equipment. However, if there

is not the embodied technical progress, the formulations of

their accumulation equations are the same. Therefore the

two variables coincide, if only the units of measurement

are arranged.

The term T(t) would be absorbed in the constant, if it

were not for the embodied technical progress.

Therefore our model is more general. However this

enhancement may be of no use, if there is no embodied

technical progress, or if the actual investment behavior

does not fit the model. We will test the efficiency of the

model empirically in the next chapter.
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Aq(t)

C(t)

Div(t)

I(t)

K(t)

L(t)

Mq(t)

P(t)

r

W(t)

r( I,Cit)

net)

p(t)

Table 3.1
Glossary of the Variables

(Enhanced Model)

Tobin's average q at t

Efficiency capital at t

Initial value of efficiency capital, usually

equals to x,

Dividend at t

Physical investment spending at t

Physical capital stock at t

Initial value of capital stock

Labor input at t

Tobin's marginal q at t

Output price at t

Price of capital goods at t

Discount rate

Nominal wage rate at t

Installation function

(Efficiency capital version)

Net revenue at t

Shadow price of efficiency capital at t

Depreciation rate of efficiency capital
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CHAPTER 4

EMPIRICAL STUDY OF THE INVESTMENT

4.1 Structural Investment Function for Estima~e: Survey

Before we make an actual estimate, we will survey

several articles which try to estimate the investment

function in Japan using Tobin's q. We will discuss only

the articles which use Tobin's average q for marginal q

assuming Hayashi's Theorem. Therefore we will omit the

works which directly estimate Tobin's marginal q in various

other ways like the VAR model, distributed leads and so on.

The representative article is Honma et ale (1984).

They estimate the investment function of industries using

time series data. As they assume that the adjustment cost

depends on the labor input and investment capital ratio,

the explanatory variables consist of the real wage as well

as the modified q. Their form of the investment function

is as follows:

(4-1)
W

A [MMq]t +B [---]t + Const + DUMMY
P

They use the instrumental variables method as well as

ordinary least square. They find that the explanatory

power of MMq is considerably high, especially using the
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oil shock dummy, DUMMY, which is zero before 1974 and one

after 1975. They explain the existence of the dummy by the

overestimate of the capital stock K. When the first oil

shock came about, the system of relative prices was totally

broken down. Much of the existing capital stock was

physically retired. If the rate of the retirement is

larger than that of the depreciation, then the capital

stock K should be overestimated. In this case the ratio

11K must be underestimated, and the dummy must be negative.

The performance of the equation is better in the total

industry and total manufacture than in the individual

industries. As for the electrical devices, MMq is

generally higher than other industries. The parameter of

MMq in the investment function is significant.

The results of other studies are similar. Generally

speaking, the performance of the structural model using

average q for marginal q is not so good. Asako and

Kuninori (1989) conclude that the problems of the model

are:

1) the disparity between the marginal q and average q,

2) the variable q from the past sometimes explains current

investment significantly, and

3) there may be further variables other than Tobin's q.

The third problem has usually been discussed as credit

rationing, which is dismissed by assumption in our model.

If the theorem of Modigliani-Miller does not hold, then the
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investment behavior must conform to the method of supplying

the credit. However in this dissertation, our theoretical

model indicates that the missing variable of the investment

function is in the embodied technical progress, especially

when we deal with the innovative industries.

4.2 About the Data Sets

Now we will estimate the data for constructing the

model of investment. From the limitations of the source

data, we will treat only the electrical machinery

("Electrical") and the general machinery ("Machinery").

Empirical Construction of Ct

The variable C in our model is more or less troublesome,

because the selection of the measurement unit is difficult.

It is an accumulation of investment. However the volume of

investment may not directly add to the capital C. There is

a transformer r(I,C;t), which affects the accumulation.

The higher is the technical level, the more rapid is the

accumulation of the capital. But what unit shall we use to

measure the capital? The unit may be plausibly determined

by the production function. Recall that C is efficiency
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capital in our model. In Uzawa's sense, it includes the

mass of know-how of the firm.

According to this discussion, we will begin by assuming

the form of the production function. At first, we assume,

for simplicity, that the production function is of the

Cobb-Douglas type:

(4-2) Qt = A eta L/-a

As the ultimate purpose of the estimation is to test the

investment model of embodied technical progress, we assume

that there is no disembodied technical progress at this

time.

The method makes use of the distribution rate. If the

marginal productivity of labor is equal to the real wage,

then:

(4-3) QL t

However if the production function is of the Cobb-Douglas

type, then:

(4-4) [1 - a]

Therefore the distribution ratio to the labor side is:

Wt Lt

(4-5) 1 - a

As the left-hand side of the equation consists of the

observable data, we can obtain the value of the labor

distribution rate, I-a. On the other hand, the
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distribution rate for the capital side is a. We make use

of the National Income Accounts of the Economic Planning

Agency, and actually estimate the rates. The result is

summarized in Table 4.1. In this table, the data are the

average labor distribution rate in the period. This

treatment precludes the effect of the business cycle. We

find that the series of the labor distribution rates are

relatively low before the first oil shock. They increase

during the oil shock, and decline after the shock in the

case of machinery and electrical. The levels of the

distribution rate are similar among industries.

Table 4.1
Labor Distribution Rates in Selected Industries

Period Manufacture Machinery Electrical

65-71 0.45 0.51 0.44
72-74 0.50 0.63 0.51
75-77 0.58 0.72 0.63
78-82 0.57 0.63 0.60
83-86 0.57 0.58 0.56
87-89 0.56 0.59 0.57

(Source) National Income Statistics (Economic Planning
Agency)

Making use of these rates, we can estimate the

efficiency capital. We use annual average data for the

estimation. From the production function (4-2) we obtain:

(4-6) a
C't

- [1 - a]
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Now we obtain the growth rate of the efficiency capital by

getting the residual. Using the growth rate of C, we

obtain the time series of index by extending from the base

year. In doing so, we made the following adjustment:

1) In order to take the improvement in the quality of

labor, we assume that the labor will be augmented by

3.25% annually in electrical and by 0.96% in machinery.

The augmentation rates are obtained from Table 1.4. This

treatment adjusts the possible Hicks neutral technical

progress. The procedure is based on the implicit

assumption that there was a trend toward productivity

improvement in the disembodied fashion. Therefore our

embodied technical progress consists of the trend portion

to capital and out-of-trend movement of productivity.

2) The surveyed utilization rates of physical capital (RHO)

are used as the utilization rates of efficiency capital.

Therefore the efficiency capital input is Ct times RHO.

This method will result in an erroneous estimate, if

the real wage growth rate is not equal to the productivity

growth rate. This assumption may look a little shaky if we

look at Table 1.3, which suggests that the growth in wage

rates is almost the same among the industries. However, if

we look at the real wage growth, which is the nominal wage

growth minus GDP deflator growth, then the growth rates

among industries are fairly dispersed. The growth in wage

rates in electrical are much higher than in machinery. If
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we limit our estimates to a comparison of these industries,

the estimates will be sufficiently precise.

The results of the estimates of Ct are summarized in

Table 4.2. It contains only the averages for the period,

because this feature of the data is better expressed in a

summarized form. The growth of the electrical is much

higher than that of machinery.

Empirical Construction of MMg t

From Chapter 3,

MMq -(4-7)
Mq V(t) - A(t)

1 - ITC(t) - Z(t) [1-ITC(t)-Z(t)]P1(t)C(t)

This means that the modified q, MMq consists of the

following four components:

1) V(t) - A(t). V(t) is the total value of the firms.

A(t) is the present value of current and future deductions

attributable to past investment. Both variables are

observable.

2) l-ITC(t)-Z(t). ITC is the rate of investment tax

credit. Z is the present value of the future tax

deductions attributable to yen future investment.

3) P1(t). The price of investment goods.

4) C(t). The efficiency capital.

We already estimated 4). We will now summarize the

method to estimate 1), 2) and 3).
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As for V(t), we make use of the balance sheet of the

Corporation Statistics in Japan. V(t) is equal to the

current value of capital stock of the firms. In order to

evaluate the current value of the capital, we make use of

data from the stock market.

As for A(t), we estimate the time series by using the

corporation tax rate and actual data for investment.

We ignore the l-ITC(t)-Z(t). From Honma et al.

(1984), this variable has not been changing, since ITC(t)

and Z(t) have been fairly stable, compared with other

variables. So long as we use the logarithmic form of the

investment function, this treatment does not affect the

conclusion.

As for PI' we estimate this index by determining the

weighted average of the investment goods prices, which are

published in the Wholesale Price Index of the Bank of

Japan.

The results of the estimates are summarized in Table

4.2. As C is in the denominator of MMq, C and MMq are

inversely related. As Ct in electrical has achieved

extraordinarily rapid growth, the negative trend of MMq is

weak but obvious. The growth in the efficiency capital may

have been reflected by the firm's value Vt , which is the

numerator of MMq. There is a possibility that the stock

market has not fully reflected the growth in ~2= firm's

productivity. Considering that the values of MMq from 1975
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to 86 were fairly stable, we need not worry so much about

the accuracy of the data.

Table 4.2
Efficiency Capital and Marginal q

Year Machinery Electrical

Ct MMqt Ct MMqt

67-71 1.00 0.58 1.00 1.88

72-74 2.00 0.70 3.98 0.58

75-77 4.04 0.44 6.11 0.53

78-82 13.34 0.24 14.93 0.44

83-86 27.98 0.17 37.05 0.52

87-89 42.06 0.27 69.92 0.39

(Note) Ct in 67-71 = 1.00. Original Data is annual
average.
See Appendix for annual data.

Empirical Construction of Tt

The technological level T is not observable.

Therefore we will try to find a proxy for this variable.

We will make use of the fact that the ratio of the amount

of growth in efficiency capital (C') to that of physical

capital (K') roughly reflects the index of the
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technological level. 1 This approximation is not accurate.

So we will use dummy variable also.

From the results of the estimate for electrical, the

efficiency capital in 1987-89 was about 70 times as large

as the physical capital, while the index of the

technological level in this year is about 100. This is a

plausible result. For details see the Appendix.

4.3 Regression Results of the Investment Function

Form of Regression

Now we will estimate the investment function by

regression. As is shown in Chapter 3, the regression is:

I
(4-8) In[---]t

C
A In[MMq]t + B In [T]t + Const + e t

where e t is an error term.

As our variable Tt is only a proxy, the coefficient of

Tt is not a theoretically specified value. From the

1. We ignore the depreciation rate of capital, or we assume
that the depreciation rate is proportional to the level of
technology. Then K' = To[r - oK], and C' = Tt[r - OC]. Also,
we assume that the contents within the brackets [] in the
case of K and C move together. If so, their proportion is
approximately constant. Under these bald assumptions, the
ratio (C'/K') has the component of [Tt/To]. Tt is the level
of technology at t. To is that of the base year. Therefore
[Tt/To] is an index and it is one at the base year.
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assumption of the installation function, the coefficients

are to be:

A > 0 and B > or < O.

We should note that (4-8) is actually one of the

simultaneous equations. The modified q (MMq) and technical

level (T) determine the investment efficiency capital ratio

(IjC). But the investment efficiency capital ratio also

determines the modified q and technical level. This will

give bias to the regression result obtained from the

ordinary least square.

In order to avoid this, we use the instrumental

variable method. We choose lagged variables to the

tax-adjusted q and technical level as instruments.

There possibly exists the relation between the present

MMq and future T, because the anticipation of future T.P.

reflects the present MMq. But the relation is not

simultaneous. We need not worry about this point, although

the net effect of T.P. is not apparent.

Regression Result

The regression results are summarized in Table 4.3.

OLS means the ordinary least square method. Version 1

of OLS has the explanatory variables of MMq and the

estimated technical level. Version 2 of OLS has the

variables of MMq and a dummy variable. The I.V. stands for

the instrument variable method.
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First we find that a substitution effect by the T.P.

has been prevalent. For the entire method of estimation,

the coefficient of T is negative and significant.

Tobin's q is generally significant. For Tobin's q,

MMq shows a negative trend, and l/C does as well. This is

because both IIC and MMq have the strongly increasing C in

the denominator. However, especially in electrical case,

we need not deny the reliability of the significance of

MMq. As the other variable (T) is also significant, the

trend is not the only explanatory factor. And as the

Durbin-Watson ratio is fairly good, the selection of

variables is supposed to adequate.

Next we will look at Version 2 of OLS, which makes use

of a dummy. Obviously the dummy variable is significant

and negative. The regression coefficient of MMq is

significant in the case of electrical, but it is not in

machinery. The result obtained with OLS-2 suggests that

there were technical degeneration after the oil shock.

If we compare the magnitude of the coefficients of MMq

between electrical and machinery, we find that that of

electrical is generally larger. It may show that the

adjustment cost is relatively smaller in electrical,

although their difference is not strongly significant.
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Comparison of the Result

To evaluate our result, we will compare it with Honma

et ale (1984). They use the regression of linear form, not

logarithmic linear form. Their specification is;

(4-9)
I W

[---]t = A [MMq]t +B [---]t + Canst + DUMMY
K P

The estimation period is from 1955 to 81. In these

periods, the high technical progress did not achieved in

the electric31 device industry.

They try several combinations of explanatory

variables. When they use all the three variables (MMq, W/P

and Dummy), the coefficient of [W/P] is not significant at

all. When they exclude [W/P] and use MMq and Dummy, both

coefficients are significant. This is true for both

electrical and machinery. But, if they try this

specification using I.V. method, the coefficient of MMq is

not significant to 1% level in electrical. The coefficient

of MMq is smaller in IV. than that in OLS. This is

opposite to their estimate of the whole industry. In this

point, our regression may be better in electrical and worse

in machinery. If we calculate the elasticity of MMq of

electrical, the value is 0.5 in average. In our estimate,

the elasticity is larger (0.6-1.1), although our regression

is efficiency capital version.
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Table 4.3
Regression Results of Investment Function

In[MMq]

Electrical 0.80
OLS-l (4.30)

Electrical 0.60
OLS-2 (3.96)

Electrical 1.12
I.V. (3.41)

Machinery 0.33
OLS-1 (2.17)

Machinery 0.24
OLS-2 (1.58)

Machinery 0.51
I.V. (1.68)

In[T]

-0.52
(-3.95)

-0.69
(-2.35)

-0.84
(-7.52)

-0.84
(-6.42)

DUMMY

-1.33
(-6.37)

-2.01
(-7.80)

D.W.

0.86 1.82

0.85 1.08

0.80 0.63

0.81 0.74

Estimation period: 1967-1989. Annual data are used.
DUMMY: 1967-1974 = 0 and 1975-1989 = 1
D.W. is Durbin-Watson ratio.
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CHAPTER 5

CONCLUSION

Summary of the Study

In this dissertation we have considered the investment

behavior of the innovative industry. We have developed a

theoretical model, which refines and expands the

traditional structural model of investment. As we are

mainly interested in the effect of technical progress, the

enhancement of the model focuses on the technological

improvement. The traditional structural model implies that

Tobin's q is the only variable of the investment function.

Our model suggests the same result if there is no embodied

technical progress. We have shown that Tobin's q reflects

the technical progress if the type of technical progress is

Hicks neutral, i.e. a disembodied one. On the other hand,

if the technical progress is of an embodied type, then the

investment function will have a variable other than Tobin's

q. The variable represents the level of technology for the

new investment.

We consider the effect of unanticipated technical

progress on investment behavior. In the case of Hicks

neutral T.P., Tobin's q jump upward when the technical

change is anticipated. After that, Tobin's q gradually

rises until it reaches the level of a new steady state. On
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the other hand, if the technical progress is of the

embodied type, Tobin's q jumps upward when the T.P. is

anticipated. After that Tobin's q gradually rises until it

reaches the level of a new steady state. The movement of

Tobin's q is similar for the disembodied T.P. and the

embodied T.P .. But the movement of the investment takes a

different form in each. The movement of the investment is

the same as that of Tobin's q in the case of disembodied

T.P. In the case of embodied T.P., on the other hand, the

investment jumps when the T.P is anticipated, and the

investment jumps again upward or downward when the embodied

T.P. actually takes place.

We actually estimated the investment function and

tested the effectiveness of the theory. Using the

instrument variable method, we obtained a significant

result. In particular, the adjustment cost of the electric

machinery may be smaller than that of general machinery.

Major Contribution of the Dissertation

The model in this study is basically "structural",

which accepts the works of Jorgenson, Abel and Hayashi.

Its theoretical contribution consists of the enhancement of

the structural model which can treat both disembodied and

embodied types of T.P .. There have been few studies of the

effect of T.P. on investment, using the structural model.

In particular, the effect of anticipation of embodied T.P.
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and its economic interpretation may be the major

theoretical contribution of this study.

Hayashi's Theorem has been supposed to be ineffective

when embodied T.P. occurs. Our model helps to correct this

point by introducing a new interpretation of the

inst~llation function. With this, we obtain a new type of

investment function for empirical study. We test it on

data from Japan's selected industries. The results are not

perfect but consistent with the hypothesis.

Policy Implications of the Study

From the results of the theoretical and empirical

studies, we obtain the following three major implications

for economic policy.

The first point concerns the difference between the

disembodied and embodied T.P. on the stimulation effect. In

general, technical progress stimulates investment.

Specifically disembodied T.P. never fails to raise Tobin's

q, if only that fact is accurately recognized. Therefore,

technological policies such as subsidizing R&D will be

effective for expanding investment. However, the embodied

T.P. may generate a different result. It is true that it

raises Tobin's q, which stimulates the investment. But

this type of T.P. also involves the substitution effect,

which makes the investment shrink. If our aim to stimulate

investment is to improve the productivity of the economy,
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this result will be good. But, if it is to expand the

aggregate demand, this type of T.P. will be of less use.

The second implication is related to the announcement

effect. As was shown in the model, Tobin's q rises when

T.P. is accurately anticipated. The effect of T.P is

realized through leads, not lags. We generally believe

that technological policies do not have a short-run effect

on the economy. However, the results of the study suggest

that the announcement of the introduction of new technology

can have a rapid and stimulative effect on investment.

The third implication is in regard to the adjustment

cost. As was shown in the study, the greater the

adjustment cost, the less the investment made. This is not

confined to the volume of investment. If the adjustment

cost is great, the embodied type T.P. is not realized in

full. It is a harmful loss to the economy.

Further Development of the Dissertation

We have left some theoretical and empirical points for

further development, which are important but out of the

scope of the dissertation. For concluding this

dissertation, we will raise two of these points.

The first one concerns the optimal path in the

comparative dynamics. When the embodied T.P. is

anticipated, Mq jumps upward. After that Mq gradually

rises. The physical investment jumps twice, once when the
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T.P. is anticipated and again when the T.P. actually

occurs. The second jump may be upward or downward. Our

investment function has an explanatory variable of T, which

reflects the second jump. But if we use the traditional

investment function, which has only Mq on the right-hand

side, then some strange result may follow. The second jump

in the investment seems to be correlated with the previous

jump in Mq. The investment function which has the

explanatory variable of the distribution lag of Mq may

perform well. Therefore our comparative dynamics suggests

a new foundation for explaining the result that the lagged

variable of Mq has explanatory power. We note that the

time lag has usually been explained by the time-to-build.

The second point regards the installation function.

In this dissertation, we propose two types of the

specification as shown in Chapter 4. The first is where

the ratio of the physical investment to the efficiency

capital stock corresponds to the adjustment cost. The

second is where the ratio of the efficiency investment to

the efficiency capital stock corresponds to the adjustment

cost. The second formulation gives us an interesting

alternative, because it may lead to the conclusion that the

embodied T.P. reduces the investment by the substitution

effect. Our empirical study is confined to the electrical

manufacturing in Japan. But there is a room for further

115



study to make clear the forms of the installation function

in other industries and other countries.
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APPENDIX

EMPIRICAL CONSTRUCTION OF THE REGRESSION DATA

This appendix consists of the description about the

method of constructing the data for regression. The data

include Tobin's marginal q (MMq) and technological level

(T).

1. Empirical Construction of MMqt

From the text, the value of MMq is;

( 1 ) MMq =
V(t) A(t)

[1-ITC(t)-Z(t)] P1(t) C(t)

The construction of efficiency capital C(t) is fully

described in the text. In this appendix, we omit the

explanation and we will only put the annual data of C in

the Table. As we ignore [1-ITC(t)-Z(t)] in the text, we

will omit the explanation in this appendix. We will

consider V(t), A(t) and P1(t).

vet): Total Value of the Firm

V(t) is the current value of the firm. We made use of

the balance sheet of the Corporation Statistics in Japan.

The value of the firm is obtained by the currently

evaluated shares minus currently evaluated net assets.

The total value of the shares is obtained by the Total

Value of the Stock by the Tokyo Stock Exchange Market. A
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part of the data is limited to Tokyo. We multiply the

Japan/Tokyo ratio and estimated the value of whole Japan.

Net assets means that the gross assets [Liquidated Assets

(Money, Bonds, Inventory Goods etc.) + Fixed Assets

(Capital, Land, Fixed Investment, etc.)] minus Liabilities

[Liquidated Liabilities (Short Term Lending, etc.) + Fixed

Liabilities (Bonds, Long Term Lending, etc.). All the

components are evaluated in the current value, although we

give up current-value evaluation for some of the components

like Bonds. Also this list includes the component which

does not require to be revaluated, like Money. The most

important component for the revaluation is Land. In Japan,

the price of land has been very volatile. It sometimes

affect the value of the firm in Japan. We make use of the

Land Price Indices for Metropolitan Area, which is most

sensitive to the market value of land.

Table shows the annual data of Vet). The value in

1989 is 33 times as large as that in 1968. The data

generally have been increasing but sometimes decreased in

the recession (1970, 1973, 1987).

A(t): Present Value of Deduction Attributable to the Past
Investment

From Chapter 2 and 3, this variable is defined as:

(2 ) Ioo It - -rt
A(O) = 0 u(t) [ _ooD(t-s,s) PIes) I(s) ds] e dt
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Now we assume that the expectation of the future

corporation tax rate is static. In other word, u(t) = u

(Constant). By this assumption the estimate is

considerably simplified. Rewriting (2) using discrete time

form:

(3)
~ 0

u E E D(t-s,s) PI(s)I(s)
t -~

where D(t-s,s) is depreciation allowance per yen of

investment for tax purposes on asset of age (t-s) according

to the tax code that was in effect at time s.

We directly adapt the corporation tax rate and the

rate of depreciation allowance to the equation. The result

of estimate is summarized in Table.

EI : Price of Investment Goods

The price data are available from the Wholesale Price

Index of the Bank of Japan. As PI is the composite index of

the prices of goods invested into the industry, we should

make a weighted average of prices of goods. To obtain the

weight, weO use Input-Output Table. The estimate result is

summarized in the Table. Up to 1972, the price was stable,

but after that it rose rapidly. However, in 80's the price

was stabilized again.
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Table 1
Selected Data Series Related to MMq

( 1 ) Electrical (Billion Yeri")

Year V(t) A(t) V(t)-A(t) PI (t) C(t) MMq(t)

1968 1737.7 363.3 1374.4 57.9 0.55 2.86

1969 3493.8 454.6 3039.2 59.3 0.91 3.71

1970 1585.8 562.7 1023.1 60.0 1.41 0.80

1971 1973.3 607.9 1365.4 58.6 1. 79 0.86

1972 3944.1 689.6 3254.5 61.8 2.86 1.21

1973 2484.7 782.5 1702.2 74.9 4.24 0.35

1974 1988.2 838.0 1150.2 86.0 4.84 0.18

1975 3674.8 874.9 2799.9 83.9 4.88 0.45

1976 6030.3 1053.6 4976.7 87.8 6.12 0.61

1977 6636.5 1265.7 5370.8 89.2 7.34 0.54

1978 7073.5 1430.6 5642.9 90.8 8.61 0.48

1979 8038.3 1598.1 6440.3 98.6 11.00 0.39

1980 11310.7 1906.8 9403.9 104.0 15.43 0.39

1981 15585.0 2457.3 13127.7 102.0 17.91 0.47

1982 19638.2 2945.7 16692.5 101.3 21.67 0.50

1983 31935.8 4790.4 27145.5 100.5 26.53 0.67

1984 31251. 7 4687.8 26563.9 101.3 33.84 0.51

1985 29863.6 4479.5 25384.0 99.1 40.18 0.42

1986 37599.9 5640.0 31959.9 96.3 47.68 0.46

1987 37451. 2 5617.7 31833.5 96.4 55.42 0.39

1988 48611.1 7291.7 41319.5 96.1 72.48 0.39

1989 58111.8 8716.8 49395.0 99.9 81.87 0.40

* Unit: 1985FY=100 for PI· 1967-71=1 for C.
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(2) Machinery (Billion Yen")

Year V(t) A(t) V(t)-A(t) PI (t) C(t) MMq(t)

1968 892.4 491.5 400.9 58.8 0.63 1.22

1969 1352.4 636.8 715.6 59.9 0.92 1.46

1970 835.7 801. 7 34.0 61.0 1.39 0.05

1971 1100.1 886.2 213.9 60.2 1. 61 0.25

1972 2336.3 999.1 1337.2 62.6 1. 70 1.42

1973 1614.3 1076.6 537.7 75.0 2.00 0.40

1974 1639.3 1138.7 500.6 87.8 2.30 0.28

1975 2351.1 1200.6 1150.5 86.4 2.82 0.53

1976 2979.1 1357.6 1621. 5 88.9 3.94 0.52

1977 2593.4 1490.7 1102.7 90.5 5.38 0.26

1978 3778.8 1566.6 2212.2 91.8 6.54 0.42

1979 3511.0 1614.5 1896.5 97.2 8.84 0.25

1980 4299.9 1780.7 2464.2 102.2 13.00 0.21

1981 4797.3 2170.2 2627.1 101.3 17.14 0.17

1982 4290.9 1716.3 2574.5 100.8 21.18 0.14

1983 6340.0 2536.0 3804.0 100.1 21.42 0.20

1984 7338.8 2935.5 4403.3 100.8 25.45 0.19

1985 6942.1 2776.8 4165.2 99.3 33.08 0.14

1986 6972.2 2788.9 4183.3 96.9 31.96 0.15

1987 10086.6 4034.7 6052.0 96.3 32.54 0.22

1988 15164.3 6065.7 9098.6 96.1 42.30 0.25

1989 26157.5 10463.0 15694.5 99.5 51.32 0.35

* Unit: 1985FY=100 for PI· 1967-71=1 for c.
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2. Empirical Construction of Tt

In the text, we made a proxy of T. In this Appendix,

we will describe the method of estimation and discuss

several points of the plausibility of the estimate.

From the state equation of K and C, specifying the

Cobb-Douglas formulation:

(4 )

( 5)

K'

C'

T 1 1 - 13 KI3 - ~ Ko u1

Note that the installation function in (5) is Version 2 in

the text. And To in (4) is always one by definition.

Precisely, the installation functions in (4) and (5) may

have different formulation. We also assume that the

depreciation rates are proportional to the efficiency

investment. We can find the rationale by the fact that the

depreciation rate is greater, when the introduction of

newer technology is greater. From these assumptions, we

can dare to say that C' /K' = T1
-

13 Q( C/KT), where Q is some

function. And we assume that C and KT move together, and Q

is constant. Thus we have;

(6) Index of (T1 ) = C'/K'

Since we have already estimates the efficiency level C, we

can obtain T from the existing data.

We should recall that the variable C is obtained by

making a residual between the output growth and labor

inputs contribution. Therefore C includes almost all the

favorable changes for the production of the firm, although
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it excludes the trend of labor quality improvement. To

obtain an intuitive understanding, we may think C as the

mass of firm's productive abilities. The technological

level T represents the level on which the firm can add its

productive power by investment spending. Table 2

summarizes the annual data of T of electrical and

machinery. We can say that the growth of T in electrical

is very high. On the other hand, we can not find any trend

of T in machinery. The scientific technology must be

growing in both industries, but if the environment for

investment is unfavorable, the variable T may possibly

decline.
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Table 2
Technological Level T t

Year Machinery Electrical

1968 3.5 7.8

1969 3.5 17.2

1970 2.9 9.5

1971 2.9 14.1

1972 3.5 51.1

1973 5.7 42.6

1974 12.2 19.4

1975 26.1 2.6

1976 35.7 64.8

1977 42.2 36.8

1978 48.4 46.7

1979 48.5 54.6

1980 47.0 71.3

1981 26.6 38.5

1982 29.7 51.3

1983 32.1 65.3

1984 27.7 53.5

1985 14.7 37.8

1986 29.7 62.0

1987 49.2 85.3

1988 64.4 120.6

1989 51.3 57.9
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