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595 words 

ABSTRACT 

TEClh;jICAL CHAAJGE AID POPULATIONJ GROWTH I THE 
ECO:4OIi C DEVELOPIIEIIT OF JAPA!N 

The relationships among technical change, population growth, and 

economic development are poorly understood. In this study an attempt 

is made to measure the effects of differential rates of technical 

change in the agricultural and nonagricultural sectors and of population 

growth on Japanese economic development in every decade for the period 

1880-1970. This is ai attempt to apply general equilibrium growth models 

to empirical data and therefore bridge the gap between abstract growth 

theory and history. 

A compound two sector model whic:i is a sythesis of an agriculture

nonagriculture two sector model and a consumption-capital goods two 

sector model is constructed theoretically. Empirically, this model is 

reduced by aggregation into a two sector model with an agricultural 

arid a nonagricultural sector. The model is constructed to permit an 

evaluation of the effvcts of technical change, population and labor 

growth on per capita income and the flow of physical and human re

sources among sectors tiirougli product and factor markets for every 

decade. In contrast to Kelley and Williamson's work [1972], agri

cultural and nonagricultural technical change are treated independently, 

the labor participation rate is not assumed to be fixed and the period 

covered extends from IMdO to 70. Also much of thc empirical analysis 

focuses on the change in economic structure over time rather than 



XIII 

Mltoshl Yamaquchli 2 

simulation on a fixed structure.
 

The 	 following empirical analyses are carried out in our model: 

i. 	Growth rates of exogenous variables such as tec;viical 

change in agriculture and nonagriculture are measured 

during the period 1880-1070 using the equations and the 

production parameters of t'Oe model. 

2. 	Matrices of "growth rate multipliers," which give us the 

effects of the exogenous variables on the endogenous vari

ables, are obtained in our model for each decade. This 

allows an analysis of structural change of the economy.
 

3. Comparisons are made of the Japanese and U.S. growth rate
 

mul tipl iers. 

4. 	The historical contributions of exogenous variables on endo

genous variables are estimated for each decade.
 

5. 	 To determine alternative growth paths, the complete model 

is simulated by assuming different values for the exogJenous
 

variables from the actual values of each decade.
 

Major implications drawn from the results of this study are: 

i. 	 Generally speaking, high rates of technical change and rela

tively low population growth are characteristic of Japanese 

economic development. The average rates of technical change
 

ib both sectors were about four times as large as population
 

growth rates during the period 1880-1970. 

2. The growth rate multipliers show, among other conclusions, 

that the negative demand effect of population growth on 
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per capita income always outweighs its positive effect
 

through the resulting increase in labor supply. However,
 

the net negative effect decreased over time in Japan. 
 Further

more rapid economic development would not have been possible 

with high population growth rates or in the absence of high
 

rates of technical change. 

3. A comparison of Japanese and U.S. growth rate multipliers 

shows that the structure of the U.S. and the Japanese eco

nomies have become more similar over time. 

4. Overall, nonagricultural 
technical change has contributed more
 

to economic development than agricultural technical change.
 

Hiowuver, the contribution of the latter was more stable from 

decade to decade and particularly important during the early 

economic development and depression periods.
 

5. The main simulations show the following: With a population 

growth rate of 3%, 
or in the absence of either agricultural 

technical change or nonagricultural technical change, growth 

rates of per capita i.Icome would have fallen by 1.5" to 3%, 

by 0.5% to 2% and by 0% to 10% respectively. Labor allocation
 

and output mix would have differed substantiaely in each of
 

these cases.
 

APPROVAL BY MAJOf ADVISOR~ o/~2 



CHAPTER I
 

INTRODUCTION
 

1.1. Problem Statement and Objective:
 

The green revolution (food supply) and population
 

growth (food demand) have been two important research
 

topics or the past decade. However, the relationships
 

among technical change, population growth and economic
 

development are still poorly understood. 
Most of these
 

studies have only used partial equilibrium models.
 

In this study an attempt is made to construct a
 

general equilibrium growth model which should allow a
 

simultaneous consideration of the effects of technical
 

change in agriculture and in nonagriculture and of
 

population growth on economic development. The model
 

is called a compound two sector model. 
Such large
 

models do not easily lead to definite conclusions. One
 

way out of this problem is 
to fill the model with empirical
 

content by appl~ing it to specific economies. This is
 

an attempt to apply growth theory to empirical data and
 

thereby bridge the gap between abstract growth theory
 

and history. 
This is done in the following ways:
 

(1) Empirical values for the models are estimated in
 

Japan and the U.S. for each decade between 1880 and
 

1970. This allows a comparison of the structure of
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these economies and an analysis of the structural changes
 

which occurred in each of them. 
 (2) Then the model
 

is used to measure the historical contribution of technical
 

change, population and labor growth to economic development
 

in Japan, for which all the necessary data are available.
 

(3) Simulations are performed with different assumptions
 

about the rate of technical change and of population
 

growth.
 

The purpose of the Japanese-U.S. comparison is 
to
 

compare empirically the model under different resource
 

endowments and population growth rates. 
The purpose
 

of estimating it for many decades and of measuring the
 

historical contribution of technical change, population
 

and labor growth to economic development is to compare
 

the growth model in different phases for the same
 

economy. 
This should provide more information for
 

understanding the structural changes occurring during
 

development and for giving policy directions. On the
 

other hand, the objective of the simulation is to give
 

insight into policy options of less develcped countries
 

which may have an economic structure similar to the one
 

of Japan in the past.
 

1.2. Research Procedure:
 

Theoretical part: The Model
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In our model, the rate of technical change in
 

agriculture, technical change in nonagriculture, popula

tion growth, total growth of labor and the rate of total
 

capital accumulation are regarded as 
g.iven exogenously.
 

Given these rates, our model determines endogenously
 

the following variables: 
 real per capita income, the
 

allocation of output, total labor, and total capital
 

among sectors and the terms of trade 
(agricultural price/
 

nonagricultural price).
 

Specific features of the model:
 

(1) The whole economy is first divided into an
 

agricultural and a nonagricultural sector, similar to
 

models by W. A. Lewis (1954), 
J. C. H. Fei and G. Ranis
 

(1964), and D. W. Jorgenson (1961). 
 Then each sector
 

is further divided into a consumption goods sector and
 

a capital goods sector because the categories of goods
 

have different production functions and demand functions
 

for the corresponding income recipient differences.
 

Therefore, the whole economy is divided into four sectors.
 

The theoretical model presented here is a synthesis of
 

two kinds of two sector models (namely, an agriculture

nonagriculture two sector model and a consumption-capital
 

two sector model).
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(2) The relationship between population and agricul
tural and nonagricultural output in economic development
 
has two aspects. 
 On the one hand, an increase in popula
tion increases the demand for food. 
However, on the
 
supply side, the population growth also increases the
 
labor input and therefore output grows with a lag.
 

The whole population consists of labor and nonlabor.
 

Generally growth theory treats 
labor as identical to or
 
as 
a certain fixed proportion of population, even in
 

the agriculture-nonagriculture 
two sector models.
 
Therefore, the growth rate of labor usually equals the
 
growth rate of population. 
Since an increase in popula

tion leads to an increase in the labor force only with
 
a lag, and since labor force participation rates vary
 
for other reasons as well, it would be better to distin

guish between population growth and labor force growth.
 

Many people have been trying to make population
 

endogenous in population theory. 
But unfortunately, no
 

strong pol!,tlation theory exists at the present time
 
which is 
capable of explaining demographic aspects
 

endogenously at the aggregate level of a growth model.
 
Therefore, in this thesis 
 population is treated as an
 
exogenous variable, but is divided into two classes
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(labor and nonlabor) which are permitted to grow at
 

different rates in the short run.1
 

(3) Technical change affects the supply of goods.
 

It shifts the production function and leads to either
 

more output with the same input or the same output
 

with less input. Rates of technical change differ in
 

the agricultural and the nonagricultural sectors. This
 

will be incorporated in the model and we observe the
 

effect of technical change in each sector on economic
 

development.
 

The main differences with respect to the Kelley-


Williamson model (1972) are, therefore, as follows:
 

agricultural and nonagricultural technical change are
 

treated independently, the labor participation rate is
 

not assumed to be a fixed proportion of population and
 

the period covered extends from 1880 to 1970. Also
 

much of the empirical analysis focuses on the change
 

in economic structure over time rather than simulation on
 

a fixed structure.
 

This leads to a model of the following structure: 

X = A-Ib, where X is the vector of rate of change of the 

endogenous variables, A-1 is the matrix of growth rate 

1 The Japanese empirical facts show that these two
 

growth rates differ very much in the short run (see
 
Table 4-3 in Chapter IV).
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multipliers and b is the vector of rate of change of
 

the exogenous variables.
 

Empirical part:
 

The empirical studies using the model are divided
 

into five stages.
 

First, the growth rates of exogenous variables,
 

such as technical change in agriculture and nonagriculture
 

and the demand shifter for agricultural products, are
 

measured using the equations of che model in order to
 

obtain the elements of vector b in our model X = A-lb.
 

In the same way, the growth rates of endogenous variables
 

are measured in order to obtain the elements of vector X
 

in our model.
 

Second, values for the matrix A are estimated for
 

each decade. The inverse of A displays what we call
 

"growth rate multipliers" whose behavior over time will
 

be studied. The growth rate multipliers give the
 

effects of the exogenous variables, e.g. population
 

growth, on the endogenous variables such as the growth
 

rate of real agricultural and nonagricultural output.
 

This allows for the first time an analysis of structural.
 

change within a growth model.
 

Third, comparisons are made of the Japanese and
 

U.S. growth rate multipliers.
 



Fourth, the historical contribution of exogenous
 

variables such as 
technical change and population growth
 

on endogenous variables such as real per capita income
 

are estimated.
 

Fifth, to determine how growth rates would have
 

differed in different historical scenarios, the complete
 

model is simulated by assuming different values for the
 

exogenous variables from the actual values.
 

The plan of this thesis is as follows:
 

In Chapter II, we review the empirical and theoretical
 

background which is important in our model.
 

In Chapter III, a compound two sector model is
 
presented first theoretically; then the compound two
 

sector model is reduced into an agriculture-nonagriculture
 

two sector model for empirical purposes.
 

In Chapter IV, empirical results are analyzed in
 

five sections.
 

Chapter V contains a brief summary of the findings.
 



CHAPTER il
 

EMPIRICAL AND THEORETICAL BACKGROUND
 

As stated above, the purpose of this thesis is to
 

construct a compound two sector model at first theor

etically, and to later use it for a simulation to investi

gate the effects of population growth and technical change
 

on economic development and to consider policy options.
 

In this model, factor movements from one sector to
 

another sector, due to the differences in factor prices,
 

will be considered.
 

Therefore, first as the empirical background, we
 

review the population and output growth in Japan, the
 

U.S.A. and the world. Next we review four following
 

major problems for the theoretical background:
 

(1) Technical change
 

(2) Population studies
 

(3) Income distributions
 

(4) Two sector models
 

2.1. Empirical Background:
 

For most of human history, the number of annual
 

births and deaths was not very different, causing popu

lation to grow at a very slow rate. For the year 14 A.D.
 

world population is estimated at 256 million and this
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level is assumed to have continued until 1000 A.D.
 

However, around the 18th century, improved economic,
 

social, institutioi*al and natural conditions, as well
 

as new medical discoveries caused the death rate to
 

fall gradually, in Europe at first and was accompanied
 

by a more gradual fall. in birth rates. In the less
 

developed nations, death rates began to drop in the late
 

1930's and early 1940's but birth rates still remained
 

high. As a consequence, the rate of population growth
 

increased. World population since the 18th century
 

has been growing at an increasing rate. Estimated
 

population in 1970 was actually slightly higher than
 

earlier projections illustrated. The present world
 

population growth rate is about 2.1 per cent per year,
 

corresponding to a doubling time of 33 years. The
 

evidence shows that countries whose average population
 

growth rate is higher than 2.1% per year have a small per
 

capita income, i.e., the rich get richer and the poor
 

get children.
 

The population of Japan in 14 A.D. is estimated at
 

about 2 million and in 350 A.D., at 3 million. It took
 

about 250 years for it to double. By 1200, the Japanese
 

population had doubled again. It had doubled again
 

by 1700, 1920, and by 1970 once again. This is in clear
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contrast to the population trends of the U.S.A. 
In the
 

U.S.A. the population together with that of Canada was
 

only 6 million in 1800. 
 However, the decadal percentage
 

rates of increase after 1800 were very large, almost
 

thirty to forty percent. By 1920, the U.S.A. population
 

had increased to 106 million and by 1970 was 205 million.
 

Figure 2-1 shows the manner of Japanese demographic
 

transition since 1872. 
 We can divide the trend into
 

three periods. 
 One is the period between the beginning
 

of Meiji (1868) and World War I. 
In this period, there
 

were two large wars, i.e., the Sino-Japanese War in 1894
 

and the Russo-Japanese War in 1904. The second period
 

is between World War I and World War II. 
 The third
 

period is between World War II and the present time.
 

In the first period, the birth rat-? and death rate
 

both increased, which iz a very different experience
 

from the usual demographic transition. The reasons for
 

this increase trend are that: 
(1) The birth and death
 

rates in the beginning of economic development are often
 

underestimated in official statistics. 
 (2) Secondly,
 

the Sino-Japanese War and Russo-Japanese War caused the
 

death rate and birth rate to increase. (3) Thirdly,
 

abortion and infancticide were prevailing illegally in
 

the beginning of the Meiji and Edo (before 1968) era.
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(4) Fourthly, the government encouraged people to have
 

more babies to compensate for the large population decrease
 

which occurred because of wars.
 

In the second period, the so-called demographic
 

transition started to occur, i.e., the pattern of change
 

between the birth rate and death rate started at the
 

northeast corner and aporoached the near southwest corner
 

(Figure 2-1). The extremely high death rate in 1918 and
 

1920 was due to a wide-spread influenza epidemic, as well
 

as a series of military conflicts in Asia.
 

In the third period, World War II disturbed the
 

demographic transition trend. There was a high increase
 

in birth rate in 1948 and 1949. It was referred to as "the
 

baby boom". However, the baby boom was of short duration.
 

After 1950 the demographic transition in Japan speeded up
 

and by 1955 the Japanese birth rate and death rate were
 

almost equal to those of advanced countries which had
 

experienced the demographic transition earlier.
 

Figure 2-1 also shows the demographic transition of
 

the U.S.A. since 1900. A clear cortrast with the Japanese
 
I| I, 

case is that The Great Depression greatly lowered the birth
 

rate. Also, the birth rate of the U.S.A. started to rise
 

again from 1930 until 1960. World War II increased the
 

birth rate of both countries considerably.
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Figure 2-2 shows an index of the technical change in
 
agriculture in Japan and the U.S.A. 
 Refer also to
 
Figure 4-4 in Chapter IV which shows the technical change
 
in agriculture in Japan which we calculated. 
From these
 
figures, we can summarize the following empirical facts:
 

(1) 
World War II had a very adverse effect on
 

the Japanese factor productivity. 
The Great
 

Depression and World War II had some adverse
 

effects on U.S. productivity.
 

(2) The rate of technical change in agriculture
 

during the 1880's, 1900's, 1920's and 1940's was
 

relatively low. 
 World War II had a particularly
 

adverse effect on the rate of technical change
 

in Japanese agriculture.
 

(3) 	Technical change in nonagriculture in the decades
 

of 1880, 
1920 and 1950 was very high, and low
 

in 1890, 
1900 	and 1930 in Japan. R. Sato's
 

work (1968) shows that World War II destroyed
 

large parts of the nonagricultural sector of
 

the Japanese economy.
 

Knowing this empirical background, we will construct
 
a model 
to show how Japanese technical change and
 

Technical change in agriculture in Japan is taken
from Hayami-Yamada's work in Long-Term Economic Statistics
(Vol. 9, p. 224). 
 For U.S.A., 
it is taken from Historical
Statistics of the United States 
(p.599).
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population growth affected Japanese economic development,
 

and then compare some aspects of this process with
 

what occurred in the U.S. economy.
 

2.2. 	 Theoretical Background:
 

2.2.1. Technical Change:
 

Economic progress is generally defined in terms of
 

rising real per capita income, and can occur as the
 

result of advance in the techniques of production
 

(technological change). Technical change enables greai:er
 

output from a given quantity of conventionally measured
 

resources, and it can occur from substitution of other
 

factors for labor in such a manner, real income per
 

person rises, even though the ratio of outputs to
 

total input remains unchanged. Technical change can
 

be measured in the following way:
 

(1) Partial productivity methods 

(2) Total productivity methods 

(A) Production furction methods 

a. 	exogenous technical change
 

neutral, Hicks, Solow, Harrod, etc.
 

non-neutral
 

b. 	endogenous technical change
 

vintage model
 

learning by doing model
 

induced technical change
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(B) Index number methods
 

The simplest way to measure the contribution of
 

technical change to output is 
a partial productivity
 

method, such as labor productivity (output per unit
 
of labor input), land productivity, etc. 
This approach
 

is regarded as having many defects, but people still
 

use it for convenience.
 

The total productivity method is superior to the
 

partial productivity method. 
As the typical way to
 

measure technical change by total productivity method,
 

there are 
two ways, i.e., 
the R. M. Solow (1957) and J. W.
 

Kendrick (1961) methods. 

Solow attempted to measure technical change using
 

the neutrality concept. 
 He started from the following
 

assumptions:
 

(1) 
Production function is linear homogeneous.
 

(2) Production inputs consist of only capital K
 

and labor L.
 

(3) Technical change is Hicksian neutral.
 

(4) Perfect competition. 

Then he used the following production function Q = T(t) f(K,L),
 

where T(t) measures the cumulative effect of shifts 
over
 

time. 
 If we take legarithms and derivative by t, we can
 

get:
 



1'7
 

Q T(t) K

Q T- t + wk K + WiL 

L
 

where w K 
 Q 

k = - and w, = QL 

From Q and +L wk =W1 1, we can obtain the
 
q 
 U -L 
 n k+w
 

following equation:
 

T =q~ 
 w
T q k-k 

Therefore, from the output-labor ratio q= Q/L, the
 
relative shares of K, L, we can measure 
the rate of
 

technical change. 

There 
are many investigators who have calculated
 
technical change in the agricultural sector and
 

nonagricultural sector.
 

Solow's method assumed the Hicksian neutrality
 
method instead of the Solow neutral type. 
 Unfortunately
 
Solow's method has many defects, too, even though it
 
gave us 
an excellent idea for measuring technical
 
change. 
One point is that he thought that technical
 
change occurs 
exogenously, i.e., 
he uses disembodied
 
technical change which applies equally and alike to
 
all resources of labor and capital in current use. 
 But
 
the labor quality generated by education increases
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productivity. Arrow's article, "Learning by Doing Model"
 

(1962) and Griliches (1964) consider such an assumption.
 

Solow considered capital quality differences by the
 

vintage model methods (1959). Induced technical change
 

is one of the popular topics in this field. However,
 

technical change may be non-neutral also. Resek's (1963)
 

work presents a valuable test for neutrality.
 

Another total productivity method for measuring
 

technical change is associated with Kendrick. He
 

compared the output and input (cost) indexes and
 

defined that technical change occurred if the output
 

index rises farther than the input cost index. He
 

also made the same assumptions as Solow, i.e., the produc

tion function was assumed as follows:
 

Y = T(t) f(K,L) - T(t) = Y 
f(K,L) 

Therefore, if it is possible to determine the value of 

f(K,L), we can measure technical change T(t) from Y 

and f(K,L). In fact, Kendrick obtained the following 

equation from Euler's theorem: 

f(K,L) = f K + fL 1 + RL -- 3-L 

Therefore, we can measure the technical change index
 

at time t as follows:
 

YT(t) = rK + wL , 
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The above are the most widely used methods to
 

measure total productivity and will be used in this
 

thesis.
 

2.2.2. Population Studies:
 

W. W. Thompson and D. T. Lewis 
(1965) ciassify
 

the famous population theorists as 
follows: T. R. Malthus,
 

M. T. Sadler, T. Doubleday, H. Spencer, C. Gini belong
 

to the group of natural-law theorists of population growth;
 

Henry George, Karl Marx, A. Dumont, and A. M. Carr-Saunders
 

to the group of social theorists.
 

As a special relation between the population and
 

economic aspect (environment), R. A. Easterlin (1971)
 

shows the clear divergence in birth rate between rural
 

and urban areas. W. A. Lewis, J. C. H. Fei and G. Ranis,
 

and D. W. Jorgenson develop some quite interesting
 

models about the agricultural and nonagricultural two
 

sector model in a labor surplus economy. E. Boserup (1965),
 

contrary to Malthus, insists that population growth be
 

regarded as the independent variable, which in turn is
 

a major factor determining agricultural development.
 

Econometric studies of population have been conducted
 

by R. Weintraub (1962), I. Adelman 
(1963), I. Adelman and
 

C. Morris (1966), and S. Friedlander and M. Silver 
(1967).
 



Population studies are a fertile area but the
 

study of the economic-demographic interaction is still
 

in its developing stages unfortunately. Therefore no
 

empirically verified population theory exists which
 

would allow us to build population growth into our
 

1
model as a truly endogenous variable. Therefore,
 

in this thesis, population is treated as an exogenous
 

variable, but a distinction is made between growth of
 

population and growth of labor. And, consequently,
 

we reject the traditional assumption in many economic
 

analyses that labor and population growth rates must
 

always be equal, i.e., that labor participation rates
 

stay constant, because the change of age composition,
 

education, etc. would change the labor participation
 

rates over time. For example, if babies are born,
 

they do not enter the labor force until after a certain
 

time. If social, institutional and economic aspects
 

change so as to prompt people to study longer than
 

before, then the labor participation rates also change.
 

1 In most population analyses, for example, per
 
capita income is treated as an independent variable;
 
but as Figures 2-3 and 2-4 show, per capita income does
 
not explain population growth well.
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2.2.3. 
 Income Distributions:
 

In our model the existence of an aggregate produc
tion function, the theory of marginal productivity
 
(i.e., neoclassical theory) are assumed. 
Factor move
ment from one 
sector to another sector is due to the
 
difference of factor prices. 
 As a consequence, vertical
 
income distribution, which is the income distribution
 
between the capitalist and laborer, and horizontal
 
income distribution, which is the one between agricultural
 
and nonagricultural sectors, are important for our model.
 
In fact, a farmer is a mixture of a capitalist and
 
laborer. 
This fact adds interest to 
our analysis.
 

Therefore, income distribution theories are
 
investigated in detail. 
We can classify income
 
distribution theories into three schools: 
 (1) The
 
classical theory of Ricardo and Marx, (2) the neoclassical
 
theory, and (3) the Keynesian theory.
 

Keynesian and Neoclassical theory are 
the two
 
main branches at the present time. 
 Neoclassical theory
 
approaches income distribution problems from the
 
production side, i.e., by using the production function;
 
on the other hand, Keynesian theory approaches it from
 

the demand side.
 

As is well known, neoclassical distribution theory
 



24
 

is based on 
the marginal productivity theory. 
Traces
 
'of the neoclassical theory can be found in Von ThUnen
 

in 1826 and Jevans, Menger, and Walras in the 
1870's.
 
However, in the 1880's, Walras, Wicksteed, Marshall,
 

Wicksell and Clark independently developed the marginal
 

productivity theory. 
In 1894, Flux combined the Wicksteed
 

work with Euler's theory. 
Cobb and Douglas (1948)
 

invented the Cobb-Douglas function and further tried to
 
test the marginal productivity theory in practice. 
 However,
 
the greatest contribution was by Hicks 
(1963) in his "The
 
Theory of Wage". 
 He insists on three propositions:
 

(1) "An increase in the supply of any factor of 
production will increase the absolute share, i.e.,
 

absolute income, accruing to that factor if the
 

elasticity of demand for that factor is greater
 

than unity." If we 
take labor for instance,
 

this is expressed mathematically as follows:
 

d(wL) 
 1
 
dL - w(l- -


Where EL w dL elasticity of

L 
 ictyo
 

demand for labor.
 

If EL > 1, then d(wL) > 0 
dL
 

An increase of labor increases the absolute share
 

accruing to labor.
 



(2) "An increase in the supply of any factor
 

will always increase the absolute share, i.e.,
 

absolute income, of all other factors taken
 

together."
 

(3) "An increase in the supply of any factnor will
 

increase its relative share (i.e., its proportion
 

of the National Dividend) if its 'elasticity of
 

substitution' is greater than unity." 
 The most
 

important concept "ti-e elasticity of substitu

tion", is defined as follows:
 
K K 

E (-t-) L 

d w 

Since the main purpose of this thesis is to consider
 

economic development by assuming the existence of aggregate
 

production functions from agriculture and nonagriculture
 

(capital sector, consumption sector), the neoclassical
 

income distribution theory is assumed in this model.
 

2.2.4. Two Sector Models:
 

2.2.4.1. Capital-consumption Two Sector Models:
 

Harrod-Domar 
(1943) assumed the Leontief production
 

function (fixed coefficient production function) and
 

argued that the K/L ratio is rigid; and if the growth
 

rate of h and L is different for some reason, the
 

difference will become larger and larger. 
However,
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neoclassical economists insisted that if there is
 

the possibility of being able to substitute between
 

capital and labor as 
the price changes, the economy
 

is rather stable. 
 Solow (1956) argued that on the
 

equilibrium growth path of a neoclassical growth
 

model, the K/L ratio has been stable. Uzawa (1961, 1963)
 

extended Solow's contribution to a two sector model
 

and derived sufficient conditions for convergence
 

of the K/L ratio in the consumption sector over time.
 

Takayama (1963) discussed that the whole K/L ratio
 

is stable to a certain limit when the elasticity of 

substitution of either the capital or consumption
 

sector is 1 or more than 1. 

As a typical concrete two sector model, Meade's
 

two sector model (1967) 	is presented here.
 

(1) Lc = Ble Cb Kc 1-b 

p2 t(2) Lk = B2e - (DK)b 2 Kk 
1-b2 

(3) 	 C = (i - .) Y
 
8Lc
 

(4) P = (1 + Tri) W 
c 	 3c
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(5) 

(6) 


(7) 


(8) 


(9) 


(10) 

Lc 


Lk: 


K : c 

Kk: 


w : 

P : 

c 

Pk: 


(1~ + ~ Lk
 

Pk (i + ) w D2k
 
k(DK)
 

PcC -wLc _ PkD K -wLk
 

P K PkKk
 

it
 
L =L e
 

s 0 

Lc + Lk = Ls
 

Kc + Kk = K 

Pk
Y = C + p- DK 

c
 

Labor in consumption sector
 

Labor in capital sector
 

Capital in consumption sector
 

Capital in capital sector
 

Wage rate
 

Price of consumption goods
 

Price of capital goods
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LO, Bl' B2, bl, b2 1 P1 1 P21 
1, s, = Positive constants.
 

bI , b2 <1. s<l.
 

Equation (1), 
 (2) are derived from the production
 

function in each sector. Equation (3) is the consump

tion function, i.e., consumption is proportional to
 

income. Equations (4), 
 (5) show that the price of
 

consumption is equal to the marginal cost and
 

margin (7 expresses the degree of imperfect competition).
 

In equation (6) the profit rate in the consumption
 

goods sector equals the profit rate of the capital
 

goods sector. Equation (7) shows the growth
 

rate of labor. 
 Equation (8) shows full employment
 

of labor. Equation (9) shows full capaity of capital.
 

Equatiri (10) comes from the definition of real income.
 

In this model, the consumption and capital sector
 

include the whole economy. Therefore, if we assume
 

that the consumption sector consists of only agriculture,
 

and the nonagriculture sector consists of only the
 

capital goods industry, we can apply this model to
 

our analysis. Such a situation may be found in
 

underdeveloped countries whore the agricultural sector
 

dominates the economy and only a few capital sectors
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exist. Capital-consumption two sector models could
 

be applicable tc the advanced matured economies such
 

as present day Japan and the United States. However,
 

this is not such a useful model for early economic
 

development which is also included in our study.
 

2.2.4.2. Agriculture-nonagriculture Two Sector Model:
 

Lewis states that the definition of relative
 

surplus population or disguised unemployment is "marginal
 

productivity of unskilled labor is zero". This
 

definition is followed also by Fei and Ranis (1964), and
 

Georgescu-Roegen (1960). As V. W. Ruttan (1970)
 

points out, the Fei and Ranis model assumes the
 

following:
 

(1) Disguised unemployment and underemployment
 

in the agricultural sector.
 

(2) Zero marginal productivity of labor in the
 

agricultural sector.
 

(3) A positive "institutional determined wage
 

rate for agricultural labor, which approximates its
 

average productivity of labor in the subsistence
 

sector.
 

(4) Fixed land inputs.
 

Georgescu-Roegen supplies an interesting comment.
 

He tried to show the existence of disguised unemployment
 

with the following result in the 1930's for an
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agricultural country which had a lot of agriculture.
 

The national products did not decrease at all, even
 

though a large per cent of the working people quit
 

production activities to become soldiers, especially
 

in Russia and Rumania. In Georgescu-Roegen's
 

"tithe system", the landlord tries to maximize
 

the rate of rent P. Maximum P is determined by Xo
 

(1-Pmax ) = sLo where Xo: total agricultural product;
 

S: wage rate for living; Lo: total agricultural
 

labor. He argues that the characteristics of a
 

feudalistic society are such that there are people
 

who receive more than they contribute. Fei and
 

Ranis' stages I and II are just this feudalistic
 

society.
 

On the other hand, Jorgenson, who wants to
 

distinguish his model as a neoclassical dual
 

economy from the Lewis, Fei and Ranis classical
 

one, rejects the following assumptions:
 

(1) "Zero marginal productivity of labor"
 

(2) "An institutionally determined wage rate
 

in the subsistence sector."
 

These people constructed the basis of the agriculture

nonagriculture two sector model.
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However, we are going to build a four sector model
 

which is called a compound two sector model theoretically
 

in this thesis. This model is 
a type of synthesis of
 

the two kinds of two sector models (i.e., agriculture

nonagriculture two sector model and consumption-capital
 

two sector model). 
 Then we give it an empirical content
 

and bridge the gap between abstract growth theory and
 

history.
 

2.2.5. Tclley-Smidt Model:
 

G. S. Tolley-S. Smidt (1964) posed the question:
 

how much had technical change in agriculture contributed
 

to the nation's growth in the U.S. economy from 1930
 

to 1960. 
 They constructed an agriculture-nonagriculture
 

two sector model in line with Jorgenson and modified it.
 

They measured every quantity in per capita terms and
 

subtracted the population effect.
 

As will be seen later, their model and our model
 

have quite different purposes. 
But their factor mobility
 

conditions 
are modified and retained in 
our model.
 

They assume that the following variables are given
 

exogenously: 
 output per unit of input in farming (tl);
 

output per unit of input in the nonfarm sector (t2);
 

total capital, per capita (k); and human inputs, per
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capita (1). 
 They also assume that the demand for
 

agricultural products per capita (y1 ) is 
a function
 

of real disposable per capita income (e) and the ratio
 

of price of agricultural products 
to price of nonfarm
 

output (p) and an unexplained residual demand shifter
 

(a), 
 which does not include the population effect
 

because they have already subtracted the population
 

effects by specifying all variables in per capita terms.
 

They use the log-log type demand function.
 

Yl = p1 e6 (2-1) 

One of the good points of their work is 
that in
 
their model they consider current inputs to agriculture
 

purchased from nonagriculture. Agricultural output,
 

per capita yI, is 
the sum of farm output per capita
 

y' plus curcent input purchased from nonagriculture,
 

per capita y
 

Yl = Y2yl + (2-2) 

and they define c as 
the proportion of current agricultural
 

inputs purchased from the nonfarm sector to agricultural
 

ouput.
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1herefore,
 

c = Y2 (2-3)
Yl
 

They assume that the production function is Cobb-


Douglas (a= 1 ).
 
The farm output production function is expressed as follows:
 

Y= gct'i'kl) = (1-c)-it-lek8 (2-4) 
g(ct, 1, 
 1 1 1
 

where tl: output per unit of 
input in the farm sector
 

11: farm labor input, per capita
 

kI : farm capital, per capita 
.
 

In the same way, the nonfarm production function:
 

h(ty - 2 '1 2 'k2 = t 2 lk (2-5)
 

As for total supply identity,
 

1= 11 + 12 
(2-6)
 

where 1: 
 total labor, per capita,
 

and for capital,
 

k = k1 + k 2 (2-7)
 

and where k = total capital, per capita, i.e.,
 
employment of inputs in the two sectois adds up to total
 

inputs of the private economy.
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Input demand conditions 
are expressed as 
follows:
 

r = Pmg'k 
(2-8)
 

r. = P2 mk hk (2-9) 

2 2k2 
 (
 
W Pl L1 (2-10) 

w2 P2mL 2h'L2 
 (2-11)
 

where,
 

P',= price of farm output
 

P2 = price of nonfarm output
 

m 
= the degree of imperfect competition
 
and primed variables (g', h') are 
first derivatives
 
with respect to the argument in the index.
 

The supply of inputs to each sector is related to
 
iaLtir-sector mobility conditions. 
If mw is the ratio
 
of earnings of comparable human inputs in farming
 

to those in nonfarming, then,
 

W== mwW 2 " 
(2-12)
 

Similarly for the interest rate,
 

rl = mrr 2 .
 (2-13)
 

Finally, the price of total agricultural output
 
P1 is expressed 
as follows:
 

Pl = (1-c)pi + cp (2-14) 
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where p2 is the price of the current input purchased
 

from nonagriculture.
 

The static relationships are summarized in
 

Table 2-1. In the Tolley-Smidt model, they chose
 

typical values for the U.S. economic structure for
 

a thirty year period and observed how much technical
 

change in agriculture contributed to real nonagriculture
 

output.
 

However, we focus much of the empirical analysis
 

on the change in economic structure over time rather
 

than simulation on a fixed structure. Also the
 

equation (3-61) in Chapter Il should be in our model
 

as we will explain later; in other words, real per
 

capita income must be an endogenous variable, because
 

it is determined by real agricultural output and real
 

nonagricultural output which are all endogenous in
 

the model and because it enters the demand relationship
 

(2-1). If this aspect were to be neglected, simulation
 

would lead to erroneous results (Appendix G).
 

Another point is that in the Tolley-Smidt
 

model all variables are defined in per capita terms.
 

Therefore, population effects are subtracted front their 

modelci. In our model, we use aggregate terms instead 
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Table 2-1. Summary of Tolley-Smidt Model
 

Agricultural (1) Yl = f (p ' e ) = ap e
 
demand log-log linear
 
function
 

1
 
= 
Agriculcural (2) Yl 1 g ( 1 t)
 

production - g ( 1 '
 function 
 8
= tflokl(l-c) 

Cobb-Douglas
 

=
Nonagricultural (3) Y2 h ( k2 12 t2 ) 
production 
function = t2 1 k Cobb-Douglas

6=1-Y
 

Adding (4) 11 + 1 = 1
 
constraint
 

(5) k, + k2 = k
 
Proportionality
 
of value of
 
marginal pro- (6) wI L g
1 

duct to factor 1
 
price (7) w h'.
 

(8) rI = P mk g
 

(9) r2 = P 2 mk2 h'k 2 

Factor mobility (10) w1 = m w2 
conditions w 

(11) r = mr r2
 

Price (12) 
 p1 = P ( 1 - c ) + c P2' 
relationship
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of per capita ones and can consider explicitly the
 

population effects on economic growth.
 

2.2.6. Kelley-Williamson Model:
 

A. C. Kelley - J. G. Williamson (1972) apply
 

general equilibrium analysis to Japanese economic
 

history, 1885-1915, (our model will be applied to
 

the period 1880-1970) using simulation techniques.
 

Initial conditions for 1885 
are established and finally
 

demand, technological and demographic parameters are
 

estimated or assumed.
 

Their object results from the fact that "growth
 

theory, general equilibrium analysis and quantitative
 

economic history share a natural intersection, which only
 

recently is being exploited. For his part, the
 

analytical economic historian has become increasingly
 

sensitive to the limitations of partial equilibrium
 

analysis and the potential of growth theoretic appli

cations to many issues in economic history. 
At the
 

same 
time, growth theorists appear to be encountering
 

diminishing returns in their analysis of neoclassical
 

models which only a confrontation with historical
 

evidence may alleviate". The purpose of their model
 

provides an illustration 
)f how the gap Ibetween these
 

two subdisciplines might be bridged. 
They establish
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an agricultural-nonagricultural two sector model in
 

line with Jorgenson, extend it and modify it on the
 

demand side.
 

Other important points are as follows:
 

(1) Production in both sectors is described by
 

a CES production function, where the elasticity of
 

substitution in agriculture is assumed to be greater
 

than unity, while in industry it is less than unity.
 

This specification is 
consistent with considerable
 

empirical evidence, and the comnon observation that
 

industrial technology in the low income Asian economy
 

is heavily influenced by imported modern techniques.
 

They hypothesize that technology characterizes a
 

labor-saving bias in industry and a labor-using bias
 

in agriculture.
 

(2) They use a linear expenditure system for the
 

demand side of their model and they maintain that a
 

subsistence consumption value must be satisfied before
 

income is allocated to other groups. This subsistence
 

consumption 
 value, which is the minimum essential
 

amount of food, is symbolized as Y in their model.
 

For example, agricultural demand equation (2) of
 

Table 2-2 may be transformed as follows:
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Table 	2-2. Summary of Kelley-Williamson Model
 

Static Equations
 

Production 1
 

(1) Yi(t) Ai{ E(xK i ( t)) - P + (i-E) (yLi (t)- )- p- P 

(i = 1,2) 

Worker and Capitalist Commodity Demand 

(2) DI1 (t) 
Lj (t) 

- 1jyw(t) + (1 - a )y 
-j 1J 

(j = 1,2) 

(3) D2j(t) 02j t 
-(yw(t) - y) ij + a2j 

Lj (t) P(t) 

(4) Cl (t) = ] 1 l-s)r(t)xK + (1 - 011)Y 

21{(5) C2 (t) = (ti) - s)r(t)xK - y} 

(6) I(t) sx (r(t)K) 

Factor Demand
 

F1
(7) w(t) = 
L
 

2 
(8) w(t) = ;(t)FL 

L
F1 

(9) r(t) = 
2 

= P(t)FK(10) 	 r(t) 


Employment
 

(11) 	 K = K1 (t) + K2 (t) 

(12) 	 L = Ll (t) + L2 (t) 

Market Ralancinq Equations 

(13) 	 Y1 (t) = Dll(t) + D1 2 (t) + Cl (t) 

(].4) 	 Y2 (t) = D2 1 (t) + D2 2 (t) + C2 (t) + I(t) 
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(2)' Dl(t) = Y+ 8 1j (yw(t) - Y )] Lj(t) ; 

Nonagricultural demand equation (3) may be transformed
 

as follows:
 

(3) D 2 (t) = a (yw(t) - y) Lj(t)
2j2j 
 FM~t
 

Y is deducted from their wage received and added to
 

agricultural demand function (2)1.
 

In summary, the formal static model (Table 2-2) is 

composed of sixteen endogenous variables (Qi(t) = output, 

Ki(t) = capital, Li(t) = labor force, w(t) = wage rate, 

r(t) = return on capital, P(t) = the relative price 

of industrial goods, Dij(t) = worker's demand, Ci(t) = 

capitalist's demand, and I(t) gross investment,= 

i = 1 = rural, i = 2 = urban, j = 1 = agricultural output, 

j = 2 = industrial output), and four exogenous variables 

(K(t) = K, L(t) = -, x(t) = R, and y(t) = y). 

The dynarnic properties of the system are determined
 

by the following equations: 

x(t) = x(o)e~ k t 

y(t) = y(o)e , where, K, AL refer to the 

rate at which physical capital and labor are augmented
 

through technical change. 
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K(t) = I(t) - 6K(t), where 6 is a depreciation
 

parameter,
 

L(t) = [n1u(t) + n2 (1 - u(t))], where u(t) is 

the level of urbanization.
 

The Kelley-Williamson model is 
a modification
 

of the Jorgenson agriculture-nonagriculture 
two
 
sector model. 
Their contribution consists of the
 

following points: 
 (1) They consider the capital
 

input in agricultural production function and the
 
C.E.S. ;rcnluction function is used. 
 (2) People are
 
divided into workers and capi.talists and each has a 
different demand function, and the subsistence
 

consumption bundle is considered in the demand
 

functions.
 

However, the model would be improved: (1) If
 
they treat population and labor as 
nonidentical, since
 
children and old people do not contribute to the
 

production side but they do demand agricultural and
 

nonagricultural products. 
 In other words, Kelley-

Williamson treat population and labor as 
though they
 

were identical. 
Japanese and United States experiences 
show that the growth rates of population and labor are 
very different in the short run and the ratio beLween 
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labor and population changes considerably over time.
 

For example, in the Japanese economy the ratio varies
 

from 57% around 1890 to 42% around 1950, and in the
 

U.S.A. economy it varies from 49% around 1945 to
 

35% around 1890.
 

(2) If they had considered the difference in
 

wages and rents between the agricultural and nonagricul

tural sector and the factor mobility condition,
 

because empiricLl data indicate such differences.
 

(3) If they elaborated on the demand side and
 

estimated the demand coefficients from the work done
 

by many different authors. Therefore, I wonder whether
 

the estimates they obtained are consistent, dependable
 

and significant. Also, they didn't consider the saving
 

from wages and ignored the fact that a farmer is a
 

mixture of both laborer and capitalist.
 

(4) If they did not assume that the rate of factor
 

augmentation coefficients in both agriculture and
 

nonagriculture are the same. This assumption contains
 

a serious defect in that it is impossible to measure
 

the contribution of agricultural technical change to
 

economic development independently.1
 

1 In their model, total productivity in agriculture
 
and nonagriculture are expressed as follows: T1 = XK (
and T = ' + X C where a and y are the labor L K 
share in agriculture and nonagriculture. If we assume 
T, = 0, then T2 = 0 automatically because a and a cannot 
be zero simultaneously.
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They applied general equilibrium analysis to
 

Japanese economic history, 1885-1915, and .he initial
 

conditions for 1885 were estimated. 
Therefore,
 

they used the structure of 1885 to simulate the model.
 

However, our model covers 
the period 1880-1970 and the
 

entire period is divided into decades. We trace the
 

structural changes through remeasurement of the model
 

and simulate, taking account of the structural changes
 

plfsented in the chapters which follow.
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CHAPTER III
 

A COMPOUND TWO SECTOR MODEL
 

In this chapter, we are going to build theoreti

cally a four sector model which is called a compound
 

two sector model. Empirically we are going to use a
 

two sector model, which is derived from the compound
 

two sector model because data for the four sector
 

model is not available. This may be done in later
 

work.
 

3.2.A and 3.2.B explain the static relationships
 

of the four sector model. 3.2.C does the same thing
 

for the reduced two sector model which will be used
 

empirically. 3.2.D derives the dynamic relationships
 

according to the static model 3.2.C.
 

3.1. Diaqrammatic Explanation:
 

First we divide the whole economy into two sectors:
 

an agricultural and . nonagricultural sector. Then,
 

each sector is subdivided into a capital sector and a
 

consumption sector. Thus, the whole economy is divided
 

into four sectors. This is a type of synthesis of two
 

kinds of two sector models (i.e., an agriculture-non

agriculture two sector model and a capital-consumption
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two sector model), which we will call a compound two
 

sector model.
 

We can reduce the four sector model 
(the compound
 

two sector model) into 
a traditional agriculture-non

agriculture two sector model by summing the agricultural
 

consumption sector and agricultural capital sector into
 

one agricultural sector and by summing the nonagricul

tural consumption sector and nonagricultural capital
 

sector into one nonagricultural sector. 
We can also
 

reduce the compound two sector model into a traditional
 

consumption-capital two sector model by summing the aqri

cultural consumption sector and the nonagricultural con

sumption sector into one consumption sector, and also by
 

summing the agricultural capital sector and nonagricul

tural capital sector into one capital sector.
 

When we consider the beginning of economic develop

ment, such as the Meiji era of Japan and most of the
 

undcrdeveloped countries, an agriculture-nonagriculture
 

two sector model is useful; but when we consider the
 

fully matured economy, such as the present U.S.A. and
 

Japan, where agriculture is less influential to the 
econ

omy, a capital-consumption two sector model is 
more
 

applicable. 
 In this thesis, we consider the economic
 

development since 1880 to 1970 of Japan and make a few
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comparisons with the U.S.A. 
Therefore, at least for
 

theoretical consideration, a new model, which is called
 

a compound two sector model and is 
a sort of synthesis
 

of the capital-'consumption two sector model and agri

culture-nonagriculture two sector model, will be con

structed. 
 Our model is a bridge which combines the two
 

kinds of two sector models, which were therefore sep

arately considered.
 

As illustrated by Figure 3-1, the whole economy is
 

first divided into an agricultural sector and a non

agricultural sector. In the agricultural sector the
 

agricultural consumption goods (Ylj) and the agricul

tural capital goods (Y12 ) are produced by using the
 

agricultural capital (K1 ), agricultural labor (LI)
,
 

agricultural land (B) and some current inputs (Y2 ).
 

The interesting point is that a farmer on a family
 

farm is a mixture of laborer and capitalist, i.e., if
 

we assume that (1) the production function is homogeneous
 

of degree 1 and 
(2) the market is assumed to be perfectly
 

competitive, then Labor's share is 
a = and the cap

italist's share 8 = rK in Y = WL + EK. But a family farmer
Y p P
 

is a mixture of the two; therefore, he can earn the
 
whole income Y = wL + rK .
 This fact is neglected in
 

P P
 
the Kelloy-Williamson model. 
 For example, the demand
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functions of farmer and nonfarmer are assumed iden

tical. They only distinguish between laborer and
 

capitalist. Our model distinguishes between the de

mand functions of farmers and nonfarmers and this
 

point is discussed mathematically in detail in
 

section 3.2.
 

In the nonagricultural sector, the nonagricultural
 

consumption goods(Y 21 )and nonagricultural capital goods
 

(Y22)are produced by using the nonagricultural capital
 

(K2)and the nonagricultural labor(L 2).
 

In our model two important points which affect the
 

output side and input side are stressed. One is techni

cal change and the other is population growth. Techni

cal. change in agriculture would affect the output of
 

agriculture (i.e., YII, Y1 2 ), the input (labor LI, capital
 

K1 , and land B) in agriculture through the production
 

function, and the output and input in nonagriculture
 

through the factor market. 
In the same way, technical
 

change in nonagriculture would affect the output of non

agriculture (i.e., Y21
 ' Y22 ), the input (labor L2 ,
 

capital K2 ) -n nonagriculture through the output, and
 

the output and inputs of agriculture through the factor
 

market.
 

Total population is divided into two groups. 
 One
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is labor, the other is nonlabor. Population would
 

affect the supply of goods through labor, and it also
 

affects the demand for goods.
 

In another way, the whole economy is also divided
 

into two other sectors, i.e., the production sector and
 

household sector. In the production sector, agricultural
 

consumption goods (YII), nonagricultural capital goods
 

(Y21), are produced by using labor, capital and land.
 

In the household sector, decisions are made as to the
 

number and timing of children and amount of consumption
 

(demand for the agricultural goods and nonagricultural
 

goods). Population size is determined through the
 

household sector's utility function, i.e., the birth
 

rate, death rate and migration; the total population is
 

divided into the labor force and nonlabor force.
 

Household savings is total income minus consumption
 

and contributes to capital accumulation.
 

Agqregate supply should meet aggregate demand, as
 

shown in Figure 3-1. Another point in this figure is
 

that if a farmer (a mixture of laborer and capitalist)
 

migrates from the agricultural sector, he would usually
 

become either one or the other.
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3.2. Mathematical Explanation
 

The following mathematical explanation is the
 

theoretical statement of a compound two sector model.
 

3.2.A. and 3.2.B. are basically the sections which
 

explain the compound two sector model shown in the dia

grammatic explanation of the last section. 
Readers who
 

are interested in the difference between the Kelley-


Williamson model and Yamaguchi model 
(especially on the
 

demand side before we aggregate it into equation (3-47)
 

in 3.2.C.) may obtain some benefits from reading what
 

follows:
 

[3.2.A. Income and Expenditure in a Compound Two
 

Sector Model.]
 

(3.2.A.a.) Distribution of Income in 
the Individual
 

Sectors. 
 At first the whole economy is divided into an
 

agriculture and a nonagriculture two sectors.
 

A.a.(1). Agricultural Sector: 
 If we assume
 

a linear homogeneous pioduction function, two inputs
 

(labor and capital) and perfect competition, then the
 

agricultural consumption goods sector's income 
(Yll) is
 

divided into the labor's share 
(wL) and the capitalist's 

share (rK) . However, because the family farmer is a 
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mixture of a capitalist and laborer, he earns the
 

total share.
 

Therefore, in the agricultural consumption goods
 

sectori
 

Wl11l + rllK 1 1 = farmer's real income (3-1)
 
I - PIl PIl out of consumption
 

goods production.
 

whe-re subscript i = 1 agriculture sector
 

i = 2 nonagriculture sector
 

j = 1 consumption sector
 

j = 2 capital sector.
 

In the same way, as for agricultural capital goods
 

sector's income (Y12 ) would be as follows:
 

w12L12 + r1 2 K1 2 = farmer's real income (3-2)

12 - P12 
 P12 	 out of capital goods
 

production.
 

A.a.(2). Nonagricultural Sector: The consump

tion goods income (Y21 ) in the nonagricultural sector
 

would be divided into the labor's share w2L2 and the
 

capitalist's share r2K2.
 

Therefore!
 

=
Y21 w2 1L21 + r21 K2 1  	 (3-3)
 

P21 P21
 
= 	Laborer's + Capitalist's
 

share share.
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22 

In 	the same way, the nonagricultural capital goods
 

sector's income would be divided into the labor's
 

share plus the capitalist's share.
 

Sw2L22 + r22K22  	 (3-4)
 
= 
 P4-
 P22
 

= 	 Labor's + Capitalist's
 
share share.
 

(3.2.A.b.) Expenditure in the Individual Sectors.
 

A.b. (i). The total expenditure in the aqri

cultural 	sector (PIYI) is divided into the consumption
 

expenditure of farmers for the agricultural consump

1
tion goods (D11 ) plus the consumption expenditure of
 

farmers for nonagricultural consumption goods (DI) plus
 

farmer's savings (S1 ) i.e.,
 

P 	= y + 1 DD +D S1.35 Wl1 1 llI+ P1 2Y12 - 11 2 + s (3-5) 

A.b.(2). The total expenditure i the nonaqri

cultural goods setor is largely divided into two. One
 

is the labor share's (w2L2 ) expenditure. Another is the
 

capitalist share's (r2K2 ) expenditure.
 

A.b.2.(a). Labor's cxpenditure: The nonagri

cultural goods sector's labor expenditure (w2L2 ) is
 

divided into the expenditure for agricultural consumption
 

goods (D2) plus the expenditure for nonagricultural con
t ol
 

sumption goods (D21) plus their savings, i.e., nonagricultural
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consumption goods sector's labor savings (S2L ) i.e.,
 

w L wL +wL22 = D2L + D2L + s2L. (3-6)2 2 
 w21L21 + w22L22 1 1 21 

A.b.2. (b). 
 Capitalist's expenditure: The
 

nonagricultural goods sector's capitalist expenditure
 

(r2K2 ) is divided into the expenditure for the agri-

cultural consumption goods (D2) plus the expenditure
11K
 

for nonagricultural consumption goods (D2) 
 plus their
 

savings (S2K) i.e.,
 

r K D2 K + D2 K + 2K (3-7)
2 2 11 21
 

Therefore, from the above,
 

(3.2.A.c) Total Demand for Agriciiltural Consumption
 

Goods.
 

A.c.(i). is the sum of
 

1 L + D2K 

+ D11 11 1 
 38
 
The agricultural sector's demand function for the agri

cultural consumption goods (DI ) is a function of total
 
11
 

expenditure in agriculture (PlY,) and the price of the
 

agricultural consumption goods(P1 1)
, i.e.,
 

D I1 = f (PIyI, P11 ). 
 (3-9)
 

Similarly,
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D2 = f (w2L2 ' PII) and (3-10) 

D2K
DII11 f (r112K21( 2 2 'P1 1 "~ (3-11)(3-11) 

A.c. (2). Total Demand for Nonaqricultural
 

Consumption Goods: is the sum of
 

D2K + D2L " (3-12)
 
21~ 2i. 21
 

Similarly,
 

,D11 = q (PIYI P2 1 ) (3-13) 

D 1 = q (r2K2, P21 ) (3-14)
 

D21 = g (w2 L2 , P2 1 ) . (3-15) 

(3.2.A.d.) Total Savings is the Sum of Eacl Sector's
 

Savings, i.e.,
 

S1
S = + S2L + S2 K 

(3-16)
 

The agricultural sector's savings (SI ) is the agricultural
 

sector's total expenditure (PlY,) minus the agricultural
 

sector's expenditure for the aqricultural consumption
 

goods (Dll) minus the agricultural sector's expenditure
 

for nonagricultural consumption goods (D1) i.e.,

21
 

S1 = PIYI - D1 -1
 

= PIYI - f (PYI , Pll ) - g (PyI, P21 )
 

= b (PIYI, PII, P2 1 ) " (3-17)
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Similarly,
 

S2LwL - 2L _D 2L 
s2L =22 2 -1D1 21 

= h (w2L2 , Pill P 2 1) (3-18) 

S = h (Y2K2 , Pill P 2 1 ) (3-19) 

(3.2.B. Static Relationship in a Compound Two
 

Sector Model.)
 

(3.2.B.a.) Equilibrium of Demand and Supply in
 

the Indi,, dual Sectors. From the above formulation,
 

we can get the following equilibrium of the dcmand and
 

the supply in the individual sectors
 

+PIIYII = D1 D2L + D2K (3-20) 

= + 111 1 1 1 
=1 2K 

P21Y21 = D 1 + D2K + D2L (3-22) 

1 2K 21 

P22Y22 = D1 + D2K 
(-3D22  D22 


(3.2.B.b.) Production Function in the Individual
 

Sectors.
 

B.b. (). Agricultural consumption goods sector
 

YII = f (Kil, Lill Bil TII) , (3-24) 

where B denotes land.
 

B.b. (2). Agricultural capital goods sector
 

Y12 = f (K 1 2 , L 1 2 , B 1 2 , T 1 2 ) " (3-25) 
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B.b.(3). Nonagricultural consumption goods sector: 

Y21 = f (K2 1 , L21 , T2 1 ) - (3-26) 

B.b. (4). Nonagricultural capital goods sector:
 

fY22 = (K22, L2 2 , T2 2 ) - (3-27) 

(3.2.B.c.) Employment Condition for Labor 

L = L + L1 2 + L2 1 + L22 . (3-28) 

(3.2.B.d.) Employment Condition for Capital 

K = KII + K1 2 + K21 + K22 . (3-29) 

(3.2.B.e.) Input Demand Conditions; the demiand 

for fa tors in each sector depends on the price fo: 

the output, the rate of return paid to the factor,
 

and the marginal productivities of the factors, i.e.
 

B.e. (1). Agricultural consumption goods sector 

aYii = (1+i) W11 (3-30)
 
@L1 1 p1 1
 

DY11 = (1+12) rll 
 (3-31)8KI1 
 PII
 

aY = (1+7r3 ) b11 
 (3-32)
 

11p
 1
 

where, iT expresses the degree of imperfect 

competition. 
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B.e.(2). Agricultural capital goods sector
 

DYI12 
= (1+7T4 ) 'l 2

3L12 P12 (3-33)
 

DY12 = (1+w5) r12 
 (3-34)
 

aY12 = (l+n6 ) b12 
 (3-35)
 
aBI12 
 P1 2
 

B.e. (3). Nonagricultural consumption goods
 

sector
 

DY21 
= (1+7T7) 
'21 

3L21 P21 (3-36)
 

DY21 = (1+78) r2 1*9 (3-37)T2 1 P2 

B.e.(4). Nonagricultural capital goods sector
 

aY22 = (1+n ) w22
 

L22 9P22 (3-38)
 

aY22 = (i+wi0) r22 
 (3-39)
 
K22 P722
 

(3.2.B.f.) 
The Supply of Inputs to Each Sector is
 
Related to Inter-sec 
)r Mobility Conditions. 
If m is
 
the ratio of earnings of comparable human inputs in
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agriculture consumption sector to other sectors, then
 

the inter-sector mobility condition would be as 
follows:
 

wll =m 2w12 
 (3-40)
 

w11 :m 3w21 
 (3-41)
 

Wll 	 m4w22 (3-42)
 

where 
m expresses the degree of imperfect competition
 

in factor market. 

(3.2.B.g.) 	 Similarly, for Capital Inputs,
 

r11 2r12 
= n	 (3-43) 

rll= 	 n 3 r2i (3--44) 

rll= 	n4 r2 2 
 (3-45)
 

(3.2.B.h.) 	 Price
 

P 2 2 = 	1 . (3-46) 

The following is 
the sumnmary of a compound two sector
 

model.
 

(1) Equilibrium of demand and supply 

Y 	 I i (D1 + D2L +D2K)
 
1
F ( 2K K
 

Y11 12 12
12=--1- (Dl 2K
 

=Y21 	 i__ (DI + 2+ D 2L
P21 21 21 
 21 

= 1 (D1 + D2 K)
P22 22 	 22 (c.f. saving on the following page.)
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(2) 	Production Function
 

y 1= f (KII, L11 , B11 , T11 )
 

Y1= f (K1 2, L1 2 , 
 B,2 , T1 2)
 

Y21 = f (K2 1 ' L2 1 , T2 1)
 

Y22 = f (K2 2
 ' L 2 2 , T 2 2) 

(3) 	Labor and Capital 

L = L11 + L1 2 + L2 1 + L 2 2 

K 	 K 4.K12 + K21 + K22K1 


(4) 	Input Demand
 

DY 	 = (I+w1 ) Wll Y12 = (1+7T4) w12 
3LII P11 aL12 P1 2 

BY 11= (1+72 rl) Y12 = (i+IT5 ) r1 2K11  P11  8K12 P12 

( 3) b+ S11= 6) b12 
BP 1 l 	 1BI2 	 P 1 2 

Y21 	 = 1i+T7) w21 = (1+9) w22B 2 2 

;L21 
 P2 1  DL2 2 P2 2 

aY21 = (1+78) '21 DY2 2 = (1+110) 2 
DK21 P21 aK2 2
 P22 
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(5) 	 In, '- Supply
 

Wll=w12rll~ = 
n2 r12
 

W1= m2w2 r = n2r2
 
w m3w21 
 r11 n3r21
 

wll= m4w 2 2  	 rll =n4r22 

(6) Price 	 Saving
 

P2 2 = 1 , s= P Y D1 - Dl 
1 11 21 

,= h (P1Y1	 P11' P21 

2L 2L 
S2L = w 2L 2- D11 - D21 

h (w 2 L2 , PII, P 2 1 ) 

°
s21K = h(r 2 K2 ' P11 P2 1 ) 

(3.2.C. A Reduced Agriculture-Nonagriculture Two
 

Sector Model.-


The above stated equations are the theoretical
 

statement of a compound two sector model. If we sum
 

i = 1 and i = 2, then we get a consumption-capital two 

sector model wh .ch appears useful in the study of a 

inatured economy such as the present U.S.A. and Japan. 
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If we sum j = 1 and j = 2, then we get an agricultural

nonagricultural two sector model which is very important
 

in the beginning of the economic growth.
 

For estimating purposes the model will be simplified
 

to an agricultural-nonagricultural two sector model by
 

summing j 2.1
= 1 and j = This model is useful for
 

considering the Meiji era of Japan and the early period
 

of the U.S.A. and askshow much technological change in
 

agriculture contributed to the nation's growth, and how
 

population growth affected the growth. 
 In our model,
 

the rate of technical change in agriculture, technical
 

change in nonagriculture, population growth, total
 

growth of labor and the rate of total capital accumulation
 

are regarded as given exogenously. Given these rates,
 

our model determining endogenously the following variables:
 

real per capita income, total labor and total capital
 

amoung sectors and the terms of trade (agricultural price/
 

nonagricultural price).
 

The compound two sector model will be reduced into
 

agriculture-nonagriculture two sector model as 
follows:
 

1 Even if we reduced our model into an agricultur
nonijriculture two sector model, we should notice that 
eaich sector produces capital goods and consump1tion
goods. 
 Therefore, we still maintain the characteristics
 
of the compound two sector model.
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(3 .2.C.a.) 
 The Total Demand for the agricultural
 

products would be aggregated in the following form.2
 

Y1 = Y + Y12 = f (a, Q, p, E) . (3-47) 

In this study, the demand for farm products (Y)
 

is assumed to be a function of real per capita income (E),
 

the price of farm products relative to nonfarm products
 

(P), population (Q), 
 and a demand shifter (a). At
 

first a log-log linear demand function is assumed.
 

In future work, we hope to relax this assumption and
 

extend the analysis.
 

(3.2.C.b.) Agricultural Output (YI) is the 
sum
 

of farm output (Y1 ') plus current inputs purchased from
 

the nonfarm sector (Y2 ')
 

= +Y Y1' Y2' (3-48)
 

If we define c as the proportion of current
 

agricultural inputs purchased from the nonfarm sector
 

to agricultural output, then
 

Y 
 (3-49)
Y1
 

2 =lP 1 + 2L + 2K 

1P11 11 from equation (3-20). 

Y2 P 12 1(DI22 + D2K)1
 from equation (3-21).
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Therefore, the farm output production function can
 

be expressed as follows3 .
 

= +Y1 YII Y12 = (l-c) g(KILIT 1 ) (3-50) 

Nonfarm products are produced by using capital in
 

nonagriculture K2 and labor L2 '
 

2= + 22= h(K 2 'L 2 ,T 2) • (3-51) 

(3.2.C.c.) Total Emloymvnt for Labor is the
 

sum of 

L L L 2 + + + Q -NL1 L11 L12 L21 L22 

(3-52) 

where Q = population, N = Nonlabor. 

(3.2.C.d.) Similarly, Total Employment for Capital
 

is the sum of
 

K = K1 + K2 = K11 + K12 + K21 + K22 (3-53) 

Input demand conditions.
 

The demand for factors in each sector depends 

on the price, of the output, the rate of return paid 

3 Y'1= g(K l ' Lit T1 ) 

therefore, Y1 - Y2 = Y = g(Kl, L I , T1 ) 

therefore, (1-c) Y1 g(Kl, LI, T1 )= 

therefore, Y1 = (l-c)- 1 g(Kl' LI' TI) 
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for the factor, and the marginal productivities
 

of the factors, i.e.,
 

(3.2.C.e.) Capital Demand in Each Sector: 

= k 1 g'rlP1 k, (3-54) 

r2 = P2 mk h' (3-55) 
2 k 

(3.2.C.f.) Labor Demand in Each Sector: 

wl =P1 ML (3-56) 

w2 = P22LMm 2 h'L2 (3-57) 

(3.2.C.g.) Intersector Mobility Condition for 

Wage Rate 

WI = mw w2 (3-58) 

Migration goes from the agricultural sector to 

the nonagricultural sector if wl<mw w2 *
 

(3.2.C.h.) Intersector Mobility Condition
 

for Interest Rate
 

r I = m r 2 (3-59) 

Capital flows from agriculture to nonagriculture 

if < m rr1 
 r 2 

(3.2.C.i.) The price Plj of the farm produced
 

componcn of agricultural output Ylj may differ from
 

the price Pl of total output (which includes purchased
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intermediate inputs). 
 PI and P1 are related as follows:
 

Pl.- (1-c) P1 ' + c P 2 1 (3-60) 

.(3.2C.j.) Finally, total nominal income (PQE)
 
is the sum of the agricultural nominal income (PLY1 ) plus
 

the nonagricultural nominal income (P2Y2).
 

PIYI + P2Y2 = PQE . (3-61)
 
This equation should be in our model; in other
 

words, real per capita income E must be an endogenous
 

variable because it is determined by Y1, Y2 and P2
 ' 
P1 

which are all endogenous in the model and because it
 

enters the demand relationship (4-47). 
 If this aspect
 
were to be neglected, as in the Tolley-Smidt model and
 

Tolley-Smidt type models, simulation would lead to
 

erroneous results. 
 (See Appendix G).
 

The great difference between the Tolley-Smidt model
 
and this model is that: 
 (1) they define all variables
 

in per capita terms, and therefore subtract population
 

effects from their model. 
In our model, we use aggregate
 
terms instead of per capita ones and can consider
 

explicitly the population effects on economic growth.
 
(2) similarly, population and dema.ndthe shifter are 
separ':tcd in the agricultural demand function (3) equation 
(3-61) introduces real per capita income as an endogonous 

variable.
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In summary, the static relationships are as
 

follows:
 

Agricultural demand (1) = f (a, Q, P, R)Y1 

function
 

Agricultural production 
 (2) Y1 = 1 (1*, Kl Tl) 
function 1-c g 

Nonaqricultural pro- (3) = h (L2, K2, T2 )
Y2 

duction function
 

r(4)
L + L 2 =L Q- N
 

Adding up constraint
 

t(5) K + K2 = K 

(6) wI = P1 mLl gL 1 

(7) w2 =P 2 m h 

Proportionality of = mL2 hLl 
value of marginal 
product to factor (8) =rl PI' mkI gk1 
price 

(9) 
 r2 = P2 mk2 hk2
 

Factor mobility (10) w1 = mw w2 
condition 

(11) rl = mr r2
 

Price relationship (12) 
 P1 = PI' (1-c) + c P2 ' 

Income identity (13) 
 Ply1 + P2 Y2 = PQE .
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The simiplified example of the main structure of
 

our model is as 
follows, if we assume for simplicity
 

that:(1) the demand function is log-log linear, (2) the
 

agricultural :nd nonagricultural production fuaetions
 

are of the Cobb-Douglas type and only capital and
 

labor are used as inputs, (3) no current input is
 

purchased from nonagriculture, (4) agricultural real 

wage is equal to nonagricultural real wage, (5) agri

cultural real interest is equal to nonagricultural
 

real interest, and 
(6) there exists perfect competition:
 

Y1 = aQP£ E 
 (3-62)
 

Y = T Ka LU (3-63)
1 11 1 

Y2 = T2 K6 L2Y (3-64)
 

Li + L2 LL (3-65) 

K1 + K2 = K (3-66)
 

P1 , up Y1 (3-67)
1 L1 

w = P2 h' =YP2 (3-68)
2L2 
 2 L
 



-- 
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' r P1 $P (3-69) 
1 1'~K 

r =P 2 h'K P2 y(
K2 
(3-70) 

PIY1 + P2 = PQE (3-71)
 

li'c seven equai-ions from equation (6) to 
(12) in the
 

summary of the static relationship can be reduced to two
 

equations as follows:
 

(6') P cp 2'- 1ch' L1N Nw (372
1 CcI L2 - (3-72) 

p - cp 2 9K 

(7') and 

1 
h' - Nr (3-73)1 - c K 

where, Nw = mw~mL /22 mL1 (3-74)
 

Nr = m m / mKr r K2 K (3-75) 

P11 

1 =(3-76) 

and
 
!2 

P2 P2 (3-77) 

[3.2.D. Dynamic blation:;'ti.] 

If we define da, for example, as the rate of change 
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of the variable a with respect to time and define
 

a letter with * as the percentage rate of change of 
i1da 

a variable with respect to time, then a = 

Differentiating (3-47) totally and converting in 

proportional rates of changes, the dynamic equivalent
 

of the demand relation is: 

(1)' Y1 = a + Q + TP + cE (3-78) 

where n is the price elasticity of demand for farm
 

products and c is 
the income elasticity.
 

If we define i' as
1 the percentage rate of change
 

of outp~ut per unit of input in the farm .t 
:tor and a
 

as 
the share o.' product accruing to the human input
 

in farming, 8 as 
the share of product accruing to
 

the capital input, then the production function for 

the farm sector is: 

(2)' = c C T + + 8 1 + (l-X-8) B 

(From equation 3-50) (3-79)
 

(3)1 12 = T2 + + 6K 2YL 2 (3-80)
 

(From equation 3-51)
 

if we define y as 
the share of product accruing to the 

hum,.n input in nonfarm sector, 6 as the share of 

protitict arcruing to the capital input. 

The total input identities are;
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(4)' L1L1 + L2L2 = LL = QQ - NN (3-81) 

(From equation 3-52) 

where Q = Birth rate (b) - Death rate (d) 

+ Immigration (I) - Outmigration (o) 

(5)' KI 1 + K2k 2 =K . (3-82) 

(From equation 3-53) 

The factor mobility condition can be converted 

to the following equation: 

(6)" K 1 - K 2 - (L 1 - L2 ) =N -Nr (3-83) 

(From equation (6)' and (7)')
 

which comes from the following condition:
 

gL1
 

hL2 Nw (3-84)
 

9K. - Nr 

h(From equation (3-72) (3-73))
 

(See Appendix in the end of the chapter.) 

This equation shows how labor and capital migrate
 

from one sector to another sector if the wage or interest
 

rate differs between two sectors.
 

The terms of trade equation is:
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-cp2 
 2 

+ c = T2 -T + (y-6) (l-K I ) 

+ 6Nr + YNw (3-85)
 

(From equation (6') and (7'))
 

(See Appendix at the end of this chaptc-.
 

This equation relates the terms of trade, tcchnical 

change, sectoral allocation of resourcus, etc. Assuming, 

for simplicity, that the degree of imperfection remains 

constant (i.e., Nr and Nw equal zero), then this 

equation shows that the rate of change of the terms 

of trade depends on (1) the difference in the rate 

of technical change in the two sectors, (2) the difference 

in the labor shares in the two sectors, (3) the change 

in the labor capital ratio in the agricultural sector. 

Finally, equation PIYI + P 2Y2 = PQE would be 

changed. as follows: 

(8)' ' Y1 + XP + (1-X) Y2 - E = P3 + Q 
(3-86)
 

where, X = ~PlYl agricultural income
 
PQE total income
 

PI
 
P = 2
 

and
 

P=
P3 P 2 
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The following tables give a summary of the dynamic
 

relationships. The equations are already exhibited
 

in matrix form with the endogenous variables on the
 

left hand side and the exogenous variables on the
 

right hand side, Table 3-1 and 3-2.
 

The purpose of this thesis is to evaluate (1) how
 

technical change in agriculture (TI ) and nonagriculture
 

(T2 ) contributed to economic growth; (2) how population
 

growth affected economic growth and (3) the pos-:iblc
 

effect on the Japanese economy of a faster rate growth
 

in population between 1880 and 1970. In particular
 

we present the hypothesis that the population aspects
 

of the Meiji era of Japan contributed to the Meiji
 

miracle of the Japanese economy. In concrete words,
 

the slow population growth, as mentioned in Chapter IT,
 

contributed to the Meiji Japanese economy.
 

The procedure is as follows: In the above matrix,
 

technical change in ac,'.culture (TI), technical change 

in nonagriculture (T2 ) and the population growth (Q)
 

are on the right hana side; in order words, they form
 

the b vector in AX = b. For each set of values for the
 

exogenous variables, we can solve for a set of values
 

for the endogenous variables (X's) by solving X = A-ib.
 



Table 3-1. Sriary of the dynaic equations of a reduced agriculture-nonagriculture two sector model. 

(1) AzCric' tural 

f: nction 
-E = a + Q 

(2) Acrinitural 
production 
ft"nction 

-aK 
1-c 

--- C+T 
1 

+ (1--K--)B 

(3) Nonagricultural 
production 
function 

Y2 -6K 2 

L 1 1  

-YL 2 

L2L = 

2 

L 

(5) 

Adding 
constraint k K1 1 

K 

k Kk22 

L L 

K 

(6) 

(7) 

Factor 

mobility
ccnxitionsc 

K1 -K 

(y-t)K1 

2 -L_ + L2 

+ 

+ p 
p 

WINr 

c_P2+C] 

P-cp 2 
c 

-c 
C +T 2 

(8) Incocre 
iden tity 

YI + (1-X) 2 + P E 
-T (1-a- 8 )B+6N +0q 

rP 
w 

V.. 



Table 3-2. A matrix ex>position of a reduced agriculture-nonagriculture two sector nodel 

1 0 0 0 0 0 - -E Ya + Q 

1 0 - 0 -a 0 0Y2 --- C + T+(I-a-M) 

0 1 0 -6 0 -Y 0 0 
 K1 T2
 
L1 L2
 

0 0 0 0 0 0 K
S L 2 

0 0 k- k 0 0 0 0 L1 K
 

0 0 1 0 L2 Nw - Nr
 

0 0 ya 0 a0 0 p Cc+T 
P-cp [2 C - +2T 

I I 

X l-X 0 0 0 -1 E "+P 

We can also write this rnatrix as follows: A X b 

Where A: 8 x 8 
x: 8 x 1 
b: 8 xl 
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If we changu the values of the b vector, then we can
 
obtain 
a new set of endogenous variables X. 
Therefore,
 
we can evaluate how technical change of agriculture
 
and nonagriculture contributed to economic growth, 
labor allocation, capital allocation and 
terms of
 
trade movement. We can also evaluate the population 

growth in the same way. 
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APPENDIX FOR CHAPTER III
 

Proof of Equation (6")
 

Suppose agricultural production is as follows:
 

Y = T1 La K Bl--


Y1 a-1 Bi-a-8
 
Therefore, = 
 T1 aL1 K1 B
 

aY-i 8 l-ci-8 ct-2 8 
Therefore, d( = aL 1 K B dT + T c(c-l)L 1 K 

11 1 11 

Bl-a- , 	+ T Icl -1K -Bl-a-adK 11 1


+ TiaL1 Ki(l-a-8)B-a di3 

d(Dl ) dT1 dLl dKlThrfr, 
q 1 Y t--+ C-T
1L 1 ~ - + K 

(L1 

+ 	(l-a- 8)dBB
 
B
 

In this same way,
 

Y
 
1 )


a-Y) dL 
 dK1+ - dB
 
gK y +
I 
 -l-K
1 	 B
 

Suppo.ie thu nonasricultural productiol function iti 

as £ullors: 

http:Suppo.ie
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Y = T [-KP 	 + (1- )L2- 1 
2 2 2 	 2 

DY 2 -p -p - -1 
TK T 2 [CK 2 + (1- ) L 2 Ip -p-2 

1 

TY2 -p-i -p -p -1-i
Therefore, d( --	 2) = K2 [K 2 + 	 (I_-)L 2 ] dT 2 

1-p -p %-i1 -p-2
+ 	 (p+l) T 2 [ K + (1-E)L I- K dK

2 2 2 2 
--p 	 2
-- -p-i -P-1 

(-i-i) T [2 + (1-C)L 2 ] K E(-p)K dKP 2 2K2 	 2 2 -p -p -1--2 -p-i -p-i 

+ 	 (p+i) T 2 [ K2 + (1-C)L 
2 

IP - K 
2 

(I-C)L dL 
2 2 

_K 2 ) dT 2 (l+p) K
 
Therefore, h' = 2
2

~2P 	 -( 
2 

-P p+l 

[K + (1-)L 2 ]K 

dK2 (1+)) 	(i-) dL 2 
+K 2 -P 	 -p p+l 

2 2In Lic same wa 	,

Y2
 

d( **-)dT (1+p) dK
 
h' - y2 2 2
 

2 2 T2 -- p -p p+1 
L2 [K 2 + (1-C)L 2 ] K22 	 2 

(p+l) (I-) 	 dL dL2 

+ -P -p p+ - (p+I) -L2
 
[ K + (1-C)L 2 ] L2
 

Theoroforu, Nw - )lN 22 -,_ L2 ", .,L 	 K R 

= - Ll + 	 (p+i) L2 - (p+l) K2 • 
In the ca:;c, 	 of the Cobb-Douglar, function, p 0. 

Then , w" Nr = 'i K2 - L, + L 2 

Q.E.D.
 



78 

Proof of equation (7")
 

For simplicity, we assume that current inputs 

purchased from nonagriculture are equal to zero, 

i.e., c = 0. 

Then what we have to prove is as follows:
 

=T2 - T1 + (y-t)(LI-Kl) + 6Nr + YNw
 

However, 

Pl mLg = W 

and
 

P22P mmL22 hhLL1 = ww2 =lwW
 

P1 - wlmwmLhT2 _ mwmL2 hL 2 hL2 
Therefore, PP-P2=- mLlgLlWl - mLlgLl = NawgL 1Thrfoe 


yT2 (L2) l-Y
 

dT1 

Therefore, P = P1 - P2 = T2 - T1 + (l-y)(K 2-L2) 

(l-d (Ki-L) + Nw 

=2 -1 + (y-t)(L.IKI) + 6Nr + YNw 

Q.E.D.
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CHAPTER IV
 

EMPIRICAL RESULTS OF THE MODEL
 

In this chapter, the empirical results of using
 

our model are presented in five sections.
 

First, the growth rates of exogenous variables, 

such as technical change and population growth, and 

endogenous variables, such as real per capita income, 

arre measured for the period 1880-1970. 

Second, matrices of "growth rate multipliers"
 

are obtained for the model in every decade.
 

Third, comparisons are made of the Japanese and
 

U.S. growth rate multipliers.
 

Fourth, the historical contribution of oxogenous
 

variables on endogenous variables are estimaLed Ln
 

every decade.
 

Fifth, to determine alternative growth Ipath

the complete model is simulated by assuming difiFrent
 

values for the exogenous variables from the actual
 

values in every decade.
 

4.1. Measurement of the Growth Rates of Exogonous
 

and Encogenous Variables: 
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(1) The growth rates of total labor and capital
 

stock are measured by using Long-Term Economic Statistics
 

(1966). They are calculated for every year during
 

1880-1970. The yearly growth rates are averaged for
 

every decade. In order to get the rate of technical
 

change in a.riculture (T1 ) and nonagriculture (T2), it
 

is necessary to know the factor shares. Fortunately,
 

the factor shares for the U.S.A. and Japan have been
 

calculated by other authors; the factor shares for
 

Japanese agriculture have been calculated by Yamada and
 

Hayami (1972). Agricultural factors in Table 4-1 are
 

adapted from their work. 1 

The annual growth rates of the endogenous variables
 

reported in Appendix B are used to compute their average
 

values for each ten years, as shown in Table 4-2. The
 

averages for the entire period 1880-1970 are as follows:
 

Real agricultural output (Y1) = 3.8% 

Real nonagricultural output (Y2) = 7.2% 

Agricultural labor (L I )  =-0.5% 

Nonagricultural labor (L2) = 2.7% 

Agricultural capital (K1 ) = 0.6% 

Nonagricultural capital (K2) = 3.0% 

1 The difference between the calculations b, Yamada 
and Hlayami and those used in this thS i.. i: thc! II-i 
ment of current inputs purchased from nonagricultu:,e. 
See Appendix C.
 



Table 4-1. Parameter "alues of matrix A: 
 Japanese economic structure
 

Labor's 
share in 
agriculture 

Year (1) 

= 1=rlKl
Y1 

1880 0.58 
1885 0.57 
1890 0.54 
1895 0.54 
1900 0.56 

1905 0.55 
1910 0.56 
1915 0.55 
1920 0.55 
1925 0.59 

1930 0.61 
1935 0.55 
1940 0.55 
1945 0.55 
1950 0.55 

1955 0.65 
1960 0.57 
1965 0.'0 

Source: Appendix C. 

Capital's 

share in 

agriculture 


(2) 


Y1 


0.12 

0.12 

0.12 

0.11 

0.10 


0.11 

0.11 

0.12 

0.12 

0.11 


0.12 

0.13 

0-i0 

0.i0 

0.10 


0.12 

0.13 

0.16 


Labor's 

share in 

nonagriculture 


(3) 


wL2Y2 


0.70 

0.70 

0.70 

0.70 

0.70 


0.70 

0.70 

0.65 

0.-% 

0.670 


0.70 

0.65 

0.65 

0.70 

0.85 


0.85 

0.75 

0.70 


Capital's 

share in 

nonagriculture 


(4) 


6=r2K2
Y2
 

0.30 

0.30 

0.30 

0.30 

0.30 


0.30 

0.30 

0.35 

0 10 

0.30 


0.30 

0.35 

0.35 

0.30 

0.15 


0.15 

0.25 

0.30 


Price
 
elasticity of
 
agricultural
 

goods

(5)
 

-0.60
 
-0.60
 
-0.60
 
-0.60
 
-0.60
 

-0.60
 
-0.60
 
-0.60
 
-0.60
 
-0.50
 

-0.60
 
-0.60
 
-0.60
 
-0.60
 
-0.60
 

-0.60
 
-0.60
 
-0.60
 



Table 4-1. (continued) 

Year 

Income 
elasticity 
of 
agricultural 
goods 

(6) 
E 

Proportion of 
total labor 
in 
agriculture 

(7) 
L 

Proportion 
of capital 
stock in 
agriculture 

(8) 
K, 

Share of 
income 
produced by 
agriculture 

(9) 
- p 

1 
Y 

L K PQE 

I 0 
irz5 
iL.)0 
Ic1.95 
1900 

0.40 
0.40 
0.40 
0.40 
0.40 

0.75 
0.68 
0.63 
0.60 
0.57 

0.63 
0.59 
0.55 
0.50 
0.44 

0.47 
0.30 
0.32 
0.31 
0.32 

1U05 
110 
1915 
1N2 0 
1925 

0.40 
0.40 
0.40 
0.45 
0.45 

0.55 
0.54 
0.53 
0.51 
0.49 

0.40 
0.35 
0.29 
0.22 
0.19 

0.34 
0.34 
0.28 
0.'26 
0.24 

1930 
1935 
19-10 
i9145 
1930 

0.35 
0.35 
C.35 
0.45 
0.45 

0.47 
0.44 
0.42 
0.44 
0.45 

0.16 
0.14 
0.11 
0.10 
0.0V 

0.19 
0.21 
0.16 
0.27 
0.22 

15.5 

i5 

0.45 
0.45 
0.45 

5 

0.38 
0.30 
0.24 

0.09 
0.08 
j.07 

0.18 
0.13 
0.08 

rN 



Table 4-2. Average crowth rates of endogenous variables for each decade 

Endogenous variables 

Grm-th rate cf real 
acricw!tural outut 

Gra.;th rate of real 

nonagricultural
ouq~ut 

Y1 
1 

Y2 

1880 
--

1890 
----------------
3.70 

(2.93)1 
13.01 

1890 1900 
-- --

1900 1910 
------------

2.46 4.77 
(1.42) (2.42) 
3.48 1.01 

1910 1920 
-- --

1920 1930 
PERCENT

5.21 1.46 
(2.95) (1.50) 
5.52 7.50 

1930 
--

1940 

3.76 
(1.06) 
4.09 

1940 
--

1950 

(-0.20) 

1950 
--

1960 

4.93 
(5.36) 
15.48 

1960 
-

1970 

(5.46) 

Growth rate of agri-
cultural labor 

Growth rate of non-

agricultural labor 

T 

. 

L2 

-0.26 
(-0.26) 
5.45 

-0.06 
(-0.05) 
2.43 

-0.11 
(-0.27) 
1.42 

-0.10 
(-1.22) 
0.94 

0.00 
(0.02) 
1.64 

-0.29 
(-0.29) 
1.94 

1.74 
(1.74) 

-1.74 
(-1.74) 
4.71 

-3.34 
(-3.34) 
3.14 

Rate of agricultural
capital ac--=.ulation 

Pate of nnagricultural 
capital accun-ulaticn 

K1 
. 

K2 
2 

0.13 
(0.65) 
1.50 

0.46 
(1.00) 
2.50 

0.84 
(1.72) 
2.80 

0.50 
(0.93) 
4.70 

0.71 
(1.05) 
2.80 

0.35 
(0.72) 
4.00 

(-1.40) (4.56) (6.74) 

Rate of the temrms of 
trade (price of 
agriculture/price 
of nornaricuiture) 

Gra.-th rate of real 

per capita inc.-e 

p 

E 

2.33 

6.25 

£.50 

2.53 

-0.41 

0.13 

0.83 

3.51 

0.41 

0.76 

3.73 

2.41 9.52 

Source: Aztxundix B. 
-
1 Values carert-esis are the grcth rates as revised by Yarnada and Hayami (1972). 

\Jo
CO
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Terms of trade (P) = 1.2%
 

Real per capita income (E)= 3.6%
 

As stated above, the rate of technical change in
 

agriculture can be expressed as:
 

T Y cz - c__-C - (1 - cx- )-

T1 = Y1 - aL1 -K c
 

and the rate of technical change in nonagriculture as:
 

T2 = Y2 - YL2 - 6K 2 

Therefore, we can calculate technical change in both 

sectors by using these empirical endoqenous variables. 

We would expect T1 and Y to fluctuate together,. 
in the 

. 

short run, because the fluctuations of L,, K1 , B, and C 

are very small. In the same way, T2 and Y2 will fluc

tuate together in the short run. 

for technical change in aciqriculturr, areThe results 

rates obtainedshown in Fici-ire 4-1. From these annual wo 

the average growth rates for each ten year period. The 

values below the graph of technical change in agriculture 

are the average annual. growth rates for each decade. For 

Japanese nonagriculture, the factor shares in Table 4-1 

from R. Sato's work. 2 The results forare recalculated 


technical changes in nona(Iriculture are shown in Figure 4-2.
 

2 See Appendix C. 



% FIGURE 4-I 
60-1 Rate Of Technical Ch-nge In Agriculture In Japan

NOTE: Fluctuations Partially Come From 
Ti50 The Fact That We Used The Five YearsAverage Factor Share For Each Five Year 

Tt 0.SOURCE: 
Appendix B
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If we compare technical change in agriculture and
 

technical change in nonagriculture, we discover that
 

whenever wars occurred (Sino-Japanese war in 1894,
 

Russo-Japanese war in 1904, World War I in 1914-18 and
 

World War IT in 1939-45), technical change in nonaqri

culture was very small, and smaller than that in
 

agriculture (Figures 4-1 and 4-2). Another interesting
 

point is that technical change in aqriculture in the
 

early periods fluctuates much more than in 
 the later
 

periods. This is explained by the fact that uncertain
 

factors such as weather 
 had a much greater effect in he 

early period of Meiji, so that output fluctuations occur 

much more frequently in agriculture. 

In the period 1920-1930, technical change in agri

culture was quite low. This corresponds to the period
 

of Japanese agricultural depression. Japanese agri

culture, which had accomplished high rates of technical
 

change, faced a serious problem in this period. 
 In more
 

recent data, 3 
technical change fluctuates far less in
 
the early days of Meiji (Figure 4-3). The figure also 

shows that technical change in the 1920-1930 decade was 

only 1.142 and that technical change in the 1.940-1950 

3 S. Yainlda and Y. Hayami (1972). 



% SOURCE: Appendix B 

NOTE: This is Made From The Revised LTES
I 40 See Appendix B 
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decade was -1.15%.
 

The demand shifter is obtained from the income
 

elasticity and the price elasticity of demand by using
 

equation 3-78 in Chapter III. The income elasticities
 

and price elasticities in Table 4-1 are used and adapted
 

to calculate the demand shifter. 
These values are
 

taken from H. Kaneda (1968) who insisted on the particu

larity of the demand for food by the Japanese people,
 

and who disputed the traditional assumption of high in

come elasticities in the early Meiji era. Noda (1963)
 

and others obtained income elasticities of approximately
 

0.80 in the early period of Meiji. However, Kaneda in

sisted that the Japanese income elasticities in tihe early
 

period of Meiji were smaller and did not differ as much
 

as for other countries over time.
 

The calculated demand shifter for agricultural goods
 

in Japan is shown in Figure 4-4. The numbers in the
 

lower part of the graph are the average rates of chancre
 

of the demand hifter for each decade.
 

The annual growth rates of the exogenous variables
 

reported in Appendix B are used to compute the average growth
 

rates for each decade as shown in Table 4-3. The average
 

growth rates for the r:.ire period 1880-1970 are calcu

lated from this table and are as follows:
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Table 4-3. Average growth rate of exogenous variables for each decade 

1880 1890
Exogenous variables -- --

1890 1900Raeo"iutr1--------------------PERCENT 

1900 
--

1910 

1910 

1920 

1920 
--
1930 

1930 
--

1940 

1940 
--
1950 

1950 
--
1960 

1960 
-

1970 

Rate of agricultural 
technical change 

T1 3.85 2.43 2.69 5.19 1.38 3.88 5.82 

Rate of nonarricultural 

technical chn-ige 
T2 8.04 1.00 -0.80 3.50 5.30 155 10.30 

Gra&th rate of popL-

lation 

Q 0.86 0.95 1.16 1.21 1.42 1.13 1.56 1.17 1.04 

Grath rate of labor 

Growth rate of capital 

L 

K 

1.46 

2.15 

0.93 

1.71 

0.55 

2.13 

0.41 

3.56 

0.83 

2.93 

0.93 

3.27 

2.25 

5.78 

1.23 

Source: Appendix B. 

Ho 
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Technical change in agriculture (TI ) = 3.6') 

Technical change in nonaqriculture (T2 = 4.1% 

Population (Q) = 1.2% 

Labor (L) = 1.1% 

Capital (K) = 3.1% 

In the long run, e.g., 100 years, the growth rate
 

of the population is almost equal to the growth rate of
 

labor; however, if we consider each decade, the growth
 

rates differ (see Table 4-3).
 

In Chapter III our model was expressed in matrix
 

form as follows:
 

-1 - 1
X = A b (A = 8 x 8, X = 8 x 1, b = 8 x 1)
 

Where,
 

X (vector of endogenous variables) contains:
 

= growth rate of real agricultural output 

Y2 = growth rate of real nonagricultural output 

K = rate of accumulation of agricultural capital 

= rate of accumulation of nonagricultural capital
K2 


L = growth rate of agricultural labor
 

= growth rate of nonagricultural labor
2 


P = rate of change Qf terms of trade 

E = growth rate of real per capita income 
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b (vector of exogenous variables) contains t1 

important variables:
 

Q = population growth
 

T1 = rate of technical change in agriculture
 

2 = rate of technical chanqe in nonagriculture
 

L = growth rate of labor
 

K = rate of accumulation of total capital
 

-1
A (matrix of growth rate multipliers) 

In section 4.1, we measured the growth rates of Lhe 

exogenous variables. This corresponds to the vector b 

in our mrfdel. The measurement of endogenous variables 

corresponds to the vector X. 

In section 4.2, 
we are going to obtain matrices of
 

growth rate multipliers which corresponds to the A-1
 

matrix in our model.
 

In section 4.4, 
we are going to examine how histori

cally the growth rate of the exogenous variables have
 

contril'uted to the rate of change of the enclogenous 

variables. Mathematically we will use the following pro

cedure.
 

In matrix form, we 
can express our model as follows:
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xI all a1 2  - - - - a18 
X2 

X3X4 
a2 1  

I 
b2 
b3o.b4 

X5 br., 
X6 
X7 b7D-
X8 a81- - - - - - - a8 8 b8 

Let Xi be the observed rate of change of any of the en

dogeneous variables. And let Xi 
 be the contribution of
 

the rate of change of the jth exogenous variable to the
 
rate of change of the ith endogenous variable. Therefore,
 

8Xi =E X' 

j=1 

Also, Xij = aij bj, 

where, aij is the ijth element of the inverse matrix of
 

A, or what we previously called "the growth rate multi

plier", anc! bj is the historically recorded rate of change 

of the exogenous variable.
 

Mathemai-i.cally, we are co:oiputing the following expressions: 

(Xij)t = (aijbj)t 

where, Xij is the contribution of the rate of change b 

to the rate of change of Xi in the period of t, and aij
 

-
is the ij-th element of the A 1 matrix. 

As the simplest example, we assume that only two 

exognous and two endogenous variables are in our m.]:del, 

as follows:
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X -1
= A b 

y all a1 2;11=f: 
]
Y2 a21 

:2 T1a22
 

or
 

=
Y1 allTl + al2Q
 
Y2 = a2+T 1 4 i22 Q
 

As mentioned above, aij 
is called the growth rate multi
plier because it gives us th-4c eff',cts of the exogenous 
variables on the endocenous variables. The historical
 
contribution 
of the rate of technical chanqe in agri
culture 
 (TI) to the growth rate of real aqricul tural out
put (YI) coL'responds to allT1 in our simplost mod,l:1. 

In section 4.5, to determine how growtlh ratC, difer, 
the complete model is simulated by assuIminq different 
values for the exogenous variables from the actual values,
 
i.e., changes are made in the values. of T1 or Q in the 
simplest model and changes in Y1 and Y2 are observed. 

4.2. The Growth Rate Mutip]ers (inverse matrix of A). 
The second stage of the empirical work is to obtain 

the in\.,Tne matrix of A (we call the el.omentr oF Lh.i.; .in
mati ix,oye l', "grcowth .a Lc mu].ltipliers" boci!1--e ive' 

us the effects of the exoqenous v"i-ia).,: on ill, ,h' n n 
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variables) and to consider the sign of the growth
 

rate multipliers. 
 In other words, we consider the
 

effects of demand shifter (a), technical change in
 

agriculture (T1 ), technical change in nonagriculture
 

(T2 ) , total labor (L), total capital (K), factor 

mobility conditions (Nw and Nr) on real. output in
 

agriculture (Y1 ), real output in nonagriculture (Y2 )'
 

capital inputs in each sector (K1 and K2 ), labor inputs
 

in each sector (L1 and L2 ), relative price (P), and real
 

per capita income (E).
 

Tolley-Smidt, for their model, chose typical values
 

for the U.S. economic structure for a thirty year time
 

span and observed how much technical change in agriclI.

ture contributed to real nonagricultural output. Kel.ley-

Williamson applied general equilibrium analysis to 

Japanese economic history, 1885-1915, using simulation 

techniques. Initial conditions for 1885 were established 

and demand, technological and demographic parameters 

were estimated or assumed. 
 But a model is more desirable 

if it has more empirical content. In such a sen;e,, it 

is unnatural to assume typical values or initial co.di.t-ons 

for thirty years. 

Theorefore, we divide the entire perio into d(--dc u 

and obtain the typical empirical values in our mock for 
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each decade and observe the effect7s of the exogenous 
variables on the endogenous variables for each decade. 
This enal)les us to observc the impact of the exogenous 

variables changes over time. 

In order to measure these effects, it is necessary
 
to know the factor shares in agriculture and nonagri
culture, 
income elasticity for agricultural products,
 
price elasticity for agricultural products, the pro
portit,,i of labor allocation between the two sectors, 
the proportion of capital allocation between the two
 
sectors and the share of nominal agricultural :ncorne
 

in tot-al income.
 

Factor sharos, income 
elasticity and pric,, ci]ar:LJcxil/
have alr.eady been shown in Table 4-1. The proportion of 
labor allocation and capital allocation between the two
 
sectors and the share of nominal aqricu].tural inincome 
total inCoL.,. are also in Table 4-1.
 

Next, we consider 
 the sign of the gIrowth rate multi
p.iers (the elements of the A- 1 mntr.ix:) for Jap;in. Tab] : 
4-4 ';N;TmarLz.S the siqns of the effects and uach analy:;:is 

will be made. 



Table 4-4. Effect of rates of change of exogenous variables cn rates of change of endogenous variables 

Exogenous 
Sign of effect cn gro-wth rate of endogenous variablesReal Pealvariables Agri- Nonagri- Agri- Nonagri-agri- nonagri- cultural cultural cultural 

Tenrs Real
culturalcultural cultural of percapital capital labor labor trade capitaoutput output cat 

inccrre(YI) (Y2 ) (KI) (L)(P) (E) 

Grm-thpopulationrate of 
(Q) + + + 

Rate of techni
cal changeagriculture in (T 1 ) + + + + +
 

Rate of techni
cal change in
 
nonagriculture (T 2 ) - + + + + + 

Graowth rate oftotal labor (L) + + + + + + + 

Grc..;th rate oftotal capital (1) + + ++ + + 

Source: .ppendix D 

Co 
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An increase in the growth rate of population will
 

incrcnse the rate of growth of food demand.
 

Therefore, we would expect the following 
(The
 

values in parentheses are the empirical results of the
 

1 growth rate multipliers in 1880.)
 

all + a18 -=ay>0 	 increase in growth rate of
 
real agricultural output.


(0.63 - 0.25) = 0.38 

28
-

a 2 1 + a 	 decrease in growthi rate of 
real nonagriculiural output.


(-2.38 + 0.95) =-1.43 

a31 + a38 0 	 increase in rate of accumu

lation of agricultural

(1.23 - 0.49) 0.74 capital stock. 

a41 + a48 D1<02decrease in rate of accumu
lation of nonagricul tural 

(-2.10 + 0.84) = -1.26 capital stock. 

a 51 + a 58 = >0 	 increase in growth rate of 

agricultural labor.(0.83 - 0.33) = 0.50 

a6 + a6 =L -<0
 
61 6 8 = < decrease in growth rat:o of
DC) nonagricultural labor.
 
(-2.50 + 1.00) = -1.50 

a 7 1 + a78 - <0 	 decrease in rate of change
of the terms of trade. 

(-0.04 + 0.02) = -0.02 

The ompl i rical. results show that the name signs hold 
for all periods:. 



a8 1 + a88 -Q <0 decrease in growth rate of
 
AQ real per capita income.
 

(-0.98 - 0.61) = -1.59 

An increase in the rate of technical change in
 

agriculture will contribute positively to both the
 

agricultural and nonagricultural output side. However,
 

probably fewer agricultural inputs will be necessary
 

because of Engel's law (i.e., the demand for agricul

tural goods does not increase as much).
 

Therefore, we would expect the following:
 

a1 2 - a17 = >0 increase in growth rate of 
1t real agricultural output. 

(0.49 + 0.21) 0.70 

a22 - =_02 10
 
22 27 increase in growth rate of
real nonagricultural output.
 
(1.93 - 0.78) = 1.1r 

a32 - a TI < 0 	 decrease in rate of accumu
lation of agricultural
 

(-1.00 + 0.41) = -0.59 capital stock. 

a42 -2 >0  increase in rate of accumu
1 lation of nonagricultural 

(1.70 - 0.69) = 1.01 capital stock. 

42 - 057 - <0 decrease in growth rate of 
1 agricultural labor. 

(-0.68 + 0.27) = -0.41 
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a62 -a 6 7 = >0 increase in growth rate o'
 
(=1 nonagricultural labor.
(2.03 - 0.82) = 1.21 

a7 2 - a7 7 = rj i <0 	 decrease in rate of change 

(0.03 - 0.81) = -0.78 of the terms of trade. 

a82 - a87 - >0 	 increase in growth rate of
 

(1.27 - 0.70) = 0.57 real per capi!a income. 

An increase in the rate of technical change in 
non

agriculture will contribute to nonagricultural output.
 

However, probably agricultural output would hardly be
 

affected. Or, rather, agricultural inputs would move
 

to the nonagricultural sector and a.; 
a resi lt agricul

tural output may decrease.
 

Therefore, we would expect:
 

-: <0
+a 1 7 T13 	 de,?rease in growth rate of
 
T2 real agricultural output..
 

(0.13 - 0.21) =-0.08 

a23 + a27 = >0 	 increase in growth rate ofreal nonagricultural output. 
(0.50 + 0.78) = 1.28 

a33 + a37 - RK, <0 	 decrease in rate of accumu

'1+2 	 lation of agricultural
 
(0.26  0.41) = -0.15 capital stock. 

a 4 3 + a4 7 - -- >0 	 increase in rato f) iV 'tililt.-
T2 lation of nongricul lural
 

(-0.45 
+ 0.69) = 0.24 capita] tr-ock. 
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a < decrease in growth rate of
 
53 +57 

-

< agricultural labor.
 
(0.18 - 0.27) = -0.09 

a6 3 + a6 7 w " >0 increase in qrowth rate of
 
aT2 nonaaricultural labor.
 

(-0.53 + 0.82) = 0.29
 

a7 3 + a7 7 = >0 increase in rate of change

xT2 >of the terms of trade.
 

(-0.01 + 0.81) = 0.80 

a83 +a 8 7 - >0 increase in qrowth rate of 
012 real per capita income. 

(0.32 + 0.70) = 1.02 

An increase in the rate of growth of labor will in

crease 
outouts and labor inputs in both sectors. How

ever, for the same reason as stated above, less agri

c.ltural capital will be necessary.
 

Therefore, we would expect the following:
 

= >0 increase in growth rate of,4 real agricultural output.
 

(0.35)
 

a24 2 >0 increase in arowth rate of
 
of real nonagricultural output.


(1.56) 
a <0 decrease in rate oF accumu

a3 4  - lation of aqricultura. 

(-0.45) capital stock.
 

A 2 >0 increase in rate of accumuaL lation of nonjagricultural
 

(0.76) capital stock.
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a54 >0 increase in growth rate of
 
D- agricultural labor.
 

(0.70)
 

a64 2 >0 increase in growth rate of

L0 nonagricultural labor.
 

(1.90) 

a74 =---- >0 	 increase in rate of change
 

aL 
 of the terms of trade.
 
(0.11)
 

a8 4 - >0 	 increase in growth rate of
 
real per capiLa income.
 

(1.04)
 

An increase in the rate of accumulation of capital
 

will increase outputs and 	capital inputs in both sectors.
 

However, less agricultural labor would he nec-s::nary. 

Thernfore, we would expect thu fo]lowinq: 

a1 5 -.- >0 	 increase in growth rate of 
real agricultural output.

(0.12)
 

a2 5 - IY2 >0 	 increase in growth rate of 
a2 =real 	 nonagricultural output.


(0.29)
 

a3 5 - >0 	 increase in rate of accumu
lation of agricultural ca,i La]

(1.01) 	 stock.
 

a45 = DK, >0 	 increase in r:tc! of ac:(:umu
lation of nonagricutl Lural 

(0.99) 	 capital stock.
 

5 >0 	 increase in growth rate of
 
agricultural labor.
 

(0.005) 
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= 5 2 decrease in growth rate of
 
65 K nonagricultural labor.
 
(-0.01)
 

a75 - 2. <0 	 decrease in rate of change
of the terms of trade.
 

(-0.10)
 

a85 - >0 	 increase in qrowth rate of
 
real per capita income.
 

(0.16)
 

Now, using the values of the growth rate multipliers
 

for each decade, we ask the auestion how population
 

growth affected the t-conomic development of Japan over
 

time. If population increases, real per capita income
 

decreases, but there are also po-:itive effects on income 

throuqh in--r,,ased la]borA supply. Therefore, in orde(r t-o 

know the net effect of population, w( need to distinquish 

population from labor. 

Now we propose the hypothesis that if there is no
 

technical chanqe, the population increase will have a 

neqative effect on economic growth even if we subtract 

the positive effect of labor on economic growth. This 

question is very imoortant for Po]icymakinq in developi.nq 

countr cs and tho Japanese experience may help to provide 

an answer. 

Figures 4-5 and 4-6 show how, based on the Japainee 

experience, pe:.,ulation and labor growth and the rate of
 

technical chaiige in agriculture and in nonagriculture 

http:developi.nq
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JL 

18 30 1 0 1920 1940 1960 

SOURCE: Appendix D 

Effect Of Labor Supply Growth On Real Per
JL Capita Income Growth 
LE Effect Of Capital Supply Growth On Real Per

"-K =Capita Income Growth 
JE Effect Of Population Growth On Real Per 
- = Capita Income Growth 

FIGURE 4-5
The Effects Of Populafion(Q), Labor(L), and Capital(K) On 
Real Per Capita Income(E) In Japan 

NOTE: If We Consider The Lag Between Populatinr, Growth
And Labor Growth, The Net Negative Effect' Becomes
Larger Than Tnat Shown Above 
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If 80 I9 0 0 1620 1040 1960 

SOURCE: Appendix D 

tE : Effect Of Rate Of Agricultural Technical 
T, Change On Real Per Capita Income Growth 

-E EffChange Rate Of Nonagricultural Technical
Jt2 Chne onReal Per Capita Income Growth 
SE Effect Of Population Growth On Real Fer 

2L- -- Capita Income Growth 

FIGURE 4-6 
The Effects Of Technical Change In Agriculture(T1 ), Technical 
Change In Nonagriculture(T ), And Population(Q) On Real 
Per Capita Income(E) In "apan 
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affect real per capita income growth over tinir. These
 

fiqures plot the growth rate multipliers for every five
 

year period. From these figures, we can say that the
 

rate of technical change in agricu.1ture and nonagri

culture affected real per capita income growth posi

tively, i.e., IF >0 and )P ,0.
 
3#1 T2
 

On the one hand, population qrowth has negative
 

effects on real per capita income growth, as we expected,
 

while on the other hand, population qrowth also has
 

positive effects through the supply of 
labor. If babies
 

are born, they do not participate in economic activity 

until they enter the labor force with a certain time lag, 

about fifteen years. Therefore, the differ,nce btween 

the positive effect of labor growth and the negative ef

fect of population growth is the "net population effect".
 

The negative effect of population growth on economic
 

growth (real per capita income) decreases over time.
 

The positive effect of labor growth also slightly do

crearies over time but is 
not as great as the crff.ct or 

popu1at:ion growth. Therefore, the ncet neqltive re feet 

is larger in the ear].y Meiji period . If tLhis 1:; gen,. ra]ly 

tru- for developing countries, this would b-),an .impol ant 

implication for nolicymaking, sinceo the populat-ion gIrowth 
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rates in these countries are over 3 per cent. The
 

poorer a country, the greater the negative impact of
 

population growth on its growth rates.
 

Rate of technical change in agriculture had a
 

relatively large effect on real per capita income
 

growth at the beginning of the Meiji era. This effect
 

decreases over time, except for the 1950's. Around
 

1935, 1940, 1945 and 1950, many trends of the effects 

were reversed due Co World War II. We can say that 

World War II reversed Japanese economic devv.Iopment
 

quite significantly. 2 On the other hand, the rate of
 

technical change in nonagriculture has an almost con

stant effect on real per carp,.ta income growth over ,:im. 

Now, we divide the whole economy into agriculture 

and nonaqriculture and observe the effects of these exo

genous variables such as agricultural technical. change,
 

nonagricultural technical change, population, capital
 

and labor on the real agricultural output and the real
 

nonagricultural output, Figures 4-7 and 4-8. The ef

fect of population growth, technical chanqe in agri

culture and technical change in nonagriculture on real
 

2 The U.S. experience is different from that of Japan,
 
i.e., the effect of World War II was not as great for 
the U.S. economy as for Japan. The Great Depression 
reversed U.S. economic development as we will see in 
the next section. 

http:carp,.ta
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L00I8 [l 1920 1 0 1I-60 

SOURCE: Appendix D 

Effect Of Rate Of Agricultural Technical Change On
T 
____ 

"Real Agricultural Output Growth 
=Effect Of Rate Of Nonagricultural Technical Change On-I aT2 Real Agricultural Output Growth 
Effect Of Population Growth On Real Agricultural
Output Growth
 
Effect Of 
 Labor Supply Growth On Real Agriculiural 
Output Growth 
Effect Of Capital Supply Growth On Real Agricultural

dl< Output Growth 

FIGURE 4-7 
The Effects Of Population(O), Technical Change In Agriculture(T ),
Technical Change In Nonagriculture (T2 ), On Real Agriculture Output(Y)
In Japan 
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",A--A. " 

IE 1900 1920 1940 1960 0 2 

SOURCE: Appendix D jo 

A( 

".2J : ~eEffecit Of Rote Of Nonagricultural
/cc Change On Nonagricultural

Real Output Growth 
J2=EffectTL Of Labor SupplyNoogriculturol GrowthReol Output GrowthOn 

The -Effert Of reate Of AgriculturalT, FchnicaI Change On Nonagricultural
.IReal Output GrowthY2Effect Of Capital Stock Growth OnJK Nonogriculturcl Real Output Growth
=YEffect Of Population Growthjc~Nonagricultural On 

Real Output Growth 

FIGURE 4-8
The Effects Of Agricultural Technical Change (TI),Population(Q), Nonagricultural Technical Change (T2 ), 

Labor Supply(L )
Demand Shifter(a), On Nonagricultural Capital (K ),Real Output(Y2 ) In Japan 
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agricultural and nonagricultural output demonstrates
 

several additional points:
 

Population growth has a positive effect on real
 

agricultural output growth, i.e., DYl >0. The effect
 

increases slightly over time. This means that people
 

eat slightly more food or the aqe composition of the
 

population pyramidl changes over time. But population 

growth has a negative effect on real nonagricultural
 

output, i.e., Y2 <0. These facts are consistent with
 

the following empirical result. Namely, if population
 

growth increases, capital and labor growth in agricul

ture increase and capital and labor growth in nonagri

culture decrease, i.e., _- >0' >>Of and
 

W_ <0.
 

Rate of technical change in agriculture has an al

most constant or slightly declining positive effect on 

real agricultural output growth over time, i.e., _-.-.>0. 

Rate of technical change in nonagriculture also has an 

almost constant (or slightly declining) positive effect 

on real nonagricultural output growth, i.e., _7i > 

The effct of the rate of technical change in one 

sector on the real output growth of another sector is 

more interesting. The rate of technical chancge in aqri

cutiire has a positive effect on real nonafricul tural outplut 



growth, i.e., 9
 
g t 1>0.However, the rate of technical
 

change in nonaqriculture has no effect, or rather a
 

negative effect, on real agricultural output growth,
 

i.e., DYI <0. This is consistent with the fact that
 
DT2
 

capital and labor growth in agriculture decrease when
 

the rate of technical change in nonagriculture in

creases, i.e., D and
<0 <0. The effect of the
 
DT 


2
rate of technical change in agriculture on real non

agricultural output growth is strong at the beqinning
 

of economic development, and decrea:es'.: in ir)ortance
 

over time; however, the negative ofsmall effect tho 

rate of technical change in nonagriculture on rc.!
 

agricultural output growth is almosi: constant ovr-r tij.le. 

Therefore, the Japanese experience suggests that agri

cultural technical change contributed significantly to 

nonagricultural real output, especially at the beginning 

of Japanese economic development, and decreased in 
im

portance over time, 
 However, nonagricultural technical
 

change did not influence agriculture or slightly bsorbed
-.


agricultural inputs, such as 
labor and capital, and had
 

a small negative effect on 
real agricultural output 

growth. 

The larger negative effect of population growth on 

real oer capita income growth in the early periodsof 

economic development, and this asymmetry of the effects 
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of the rate of technical change in one sector on 

real output growth in the other sector, are the 

two most important conclusions to be drawn from our 

model.. 

The effects of the exogenous vaiables on the 

terms of trade, labor and capital allocation among 

sectors are investigated in detail in Appendix E. 

Therefore, readers who are interested in these re

sults may benefit from reading it. 

4.3. A Comparison of U.S. and Japanese Growth 

Rate Multipliers. 

In this section we compare the differences in the
 

growth rate multipliers of the Japanese and U.S. eco

nomies for the period 1880-1960.
 

Table 4-5 contains the empirical values for the 

labor share in agriculture and nonagriculture, capital 

share in agriculture and nonagriculture, price elasti

city of agricultural goods, income elasticity of agri

cultural goods, proportion of total labor in agricu]

ture, proporLion of capital stock in aqriculture, ain 

share of income produced in agriculture, of the ,iapanrise 

a,,d U.S. economies for the period 1880-1'160. The vari

ables must be known in order to obtain tHe growth rate 

multily.-iers (the inverse matrices of A). 



Table 4-5. Parameter values of matrix A: U.S. - Japanese comparison 

Labor's 

share in 

agriculture 


Year (1) 


w L 

Y1 


1880 0.58 

1390 0.54 

1900 0.56 

1910 0.56 

1920 0.55 


1930 0.61 

1940 0.55 

1950 0.55 

1960 0.57 


1880 0.70 

1890 0.80 

W0O 0.70 

1910 0.55 

1920 0.60 


1930 0.45 

1940 0.60 

1950 0.50 

1960 0.40 


Scurce: Appendix C.
 

Capital's 

share in 

agriculture 


(2) 


r K 


YI 


0.42 

0.46 

0.44 

0.44 

0.45 


0.39 

0.45 

0.45 

0.43 


0.30 

0.20 

0.30 

0.45 

0.40 


0.55 

0.40 

0.50 

0.60 


Labor's 

share in 

nonagriculture 


(3) 


w L 


YA 


0.70 JAPAN 

0.70 

0.70 

0.70 

0.70 


0.70 

0.65 

0.85 

0.75 


U.S.A.
 

0.67 

0.67 

0.67 

0.67 

0.65 


0.65 

0.65 

0.66 

0.69 


Capital's 

share in 

nonagricuiture 


(4) 


r K2
 
Y
 

0.30 

0.30 

0.30 

0.30 

0.30 


0.30 

0.35 

0.15 

0.25 


0.33 

0.33 

0.33 

0.33 

0.35 


0.35 

0.35 

0.34 

0.31 


Price
 
elasticity of
 
agricultural
 

goods
 
(5)
 

-0.60
 
-0.60
 
-0.60
 
-0.60
 
-0.60
 

-0.60
 
-0.60
 
-0.60
 
-0.60
 

-0.60
 
-0.55
 
-0.45
 
-0.35
 
-0.25
 

-0.25
 
-0.25
 
-0.35
 
-0.25
 



Table 4-5. (continued)
 

Year 

Income 
elasticity 
of 
agricultural 

goods
(6) 

10 

1)00 
1,i0 
1920 

0.40 
0.40 
0.40 
0.40 
0.45 

iC*0 
1 -10 
1451 
y1-to 

0.35 
0.35 
0.45 
0.45 

1 
1 3 

0.58 

0.50 
0.45 
0.34 
0.20 

-0.20 

0.20 

0.26 
0.25 

Prooortion of 

total labor 

in 

agriculture 


(7) 
L--I 

L 

0.75 JAPAN 
0.63 
0.57 
0.54 
0.51 

0.47 
0.42 
0.45 
0.30 U.S.A. 

0.46 

0.42 
0.38 
-1.30 
0.26 

0.23 
0.19 

0.14 
0.10 

Proportion of 

capital stock 

in 

agriculture 


(8) 

K 

K 


0.88 

0.85 

0.79 

0.71 

0.58 


0.49 

0.38 

0.32 

0.24 


0.57 


0.54 

0.44 

0.38 

0.33 


0.27 

0.28 


0.26 

0.24 


Share of
 
income
 
produced by
 
agriculture
 

(9)
 
l y , 

PQE
 

0.47
 
0.32
 
0.32
 
0.34
 
0.26
 

0.19
 
0.16
 
0.22
 
0.13
 

0.28
 

0.24
 
0.19
 
0.15
 
0.12
 

0.12
 
0.08
 

0.06
 
0.06
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Figure 4-9 and Figure 4-10 show how population
 

and labor and technical change in agriculture and non

agriculture affect real per capita income. 
The solid
 

lines indicate the effects on 
the Japanese economy and
 

the dotted lines the U.S. economy. The results show a
 

clear contrast between the Japanese and U.S. economies.
 

Generally speaking, the Japanese effects are 
larger
 
than the U.S. ones but almost all the effects of the
 
Japanese economy have been decreasing in strength over
 

time and approaching those of the U.S. 
 As observed
 

above, the net negative effects of population growth
 

on 
the real per capita income growth of Japan were
 

large in the early period of economic development and
 

decreased in 
strength over time. 
 However, the net
 

negative effects of population growth on real per capita
 

income growth in the U.S.A. are almost constant over
 

time and not as large as the Japanese ones 
in the early
 

periods, nor as 
small as the Japanese ones in the later
 

periods. 
 There is little difference in the effects of
 

the rate of technical change on real per capita income
 
growth in the U.S. and Japan, except for the fact that
 
the effect on the Japanese economy is slightly larger
 

in the early period than that of U.S.the ec.)nomy, and 
dcl'i';ar',os in strength, approaching that theof U.S. 



11 

FIGURE 4- 9 
2-


The Effects Of Population(Q), Labor(L), and Capital(K) 
On Real Per Capita Income(E) In Japan and U.S.A. 
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SOURCE: Appendix F 
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4-10FIGURE 

2 The Effects Of Technical Change In Agriculture(Ti),
Nonagriculture(T2 ), Population (Q), and Labor (L) On
Real Per Capita Income(E) In Japan and U.S.A. 

JAPAN---


U.S..-...........
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SOURCE: Appendix F 
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Next, we divide the whole eceomy into agri

culture and nonagriculture and observe the effects
 

on agricultural and nonagricultural output (Figures
 

4-11 and 4-12). If we observe carefully, we find
 

that the U.S. and Japanese economies have very dif

ferent trends. Population growth has an effect on
 

are
real agricultural output growth. The effects 


almost equal for the U.S. and Japanese economies in
 

the 1380's. However, the trend of the U.S. economy 

is to rise more rapidly than for Japan over time. 

This is because either the people themselves eat more, 

or the age composition structure changes over time
 

(e.g., immigration may change the age composition).
 

On the contrary, the effects of the rate of agri

cultural technical change on real agricultural output
 

growth decrease as a trend, especially in the U.S. econ

omy over time.
 

In the case of the Japanese economy, the effect of
 

agricultural technical change on real agricultural out

put is almost consta:'t and is still larger than that of
 

population growth on real agricultural output. However,
 

the effect has a downward slope as a trend in the U.S.
 

economy and is smaller than the effect of population
 

growth after 1910. Thi.s means that in the U.S. econoily 
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FIGURE 4-I1 
The Effects Of Technical Change In Agriculture (I), 
Nonagriculture (T2 ), ar.d Population (Q) On Real 
Agricultural Output (Y,) In Japan and U.S.A. 

JAFAN
 

U.S.-.
 

..- .... 

I0o 120 1920 , I 16019I0 


Effect Of Population Crowth On Real 
- Agricultural Output Growth 

'W1 Effect Of Rate Of Technical Change !n 
T1 Agriculture On Real Agricultural Output Growth 
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-I J Nonagriculture On Real Agricultural Output Growth 

SOURCE: Appendix F 
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FIGURE 4-12 
The Effects Of Technical Change In Agriculture (TI), 
Nornogrculture(T2 ), and Population (0) On Real 
Nonagriculture Output (Y2 ) in Japan and U.S.A. 
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factors influencing demand had a larger effect on real
 
agricultural output than factors influencing supply.
 
Furthermore, nonagricultural technical change has little
 
or no effect on real agricultural output in the U.S.A.
 

As we have observed before, population growth had
 
a fairly large negative effect on real nonagricultural
 
output in economic development, but the strength of
 
the effect has diminished over time. 
 Similarly the
 
effects of agricultural technical change and nonagri
cultural technical change have diminished over time in
 
Japan. 
 However, in the U.S. economy, these effects
 
were much smaller in the 1880's than in the Japanese
 
economy and remained almost constant in the 1920's,
 
and even after 1920 showed little decrease. As Figure
 
4-12 shows, nonagricultural technical change has an
 
almost constant effect on real non-agricultural output
 

in the U.S.A.
 

Therefore, generally speaking, the U.S. and Japanese
 
economies have quite different characteristics. 
 Especi
ally the facts are very striking that 
(1) the negative
 
net population effects are quite different between these
 
two countries and 
(2) the Japanese effects are larger
 
than those of the U.S. 
 However, almost all the effects
 
of thi.' Japaoste economy have been decreasing in strunJ1A) 



over time and approaching those of the U.S.
 

4.4. Histc-;ical Contributions of Technical Change, 

Popnlztion ani! Labor Growths to Real Pr Capita Income, 
Real Agricultural and Nonaqricultural Output and the 

Terms of Trade. 

In this section we will ask 
(1) how much Japanese
 

technical change in agriculture and nonagriculture con

tributed to economic growth and the factor distribution 

among sectors, and 
(2) how much population growth af

fected Japan's economic development.
 

Tables 4-6, 4-7, 4-8 and 4-9 show the historical 

contribution of the four major exogenous variables to
 

.t hQ .igh . endogenou,. v ar iables . 

Figures 4-13, 4-14, 
4-15 and 4-16 illustrate these
 

contributions diagrammatically. 
 The historical growth
 

rates for each decade of the endogenous variables
 

(real per capita income, real. agricultural output, real 

nonagIricultural output and terms of trade) art! shown as 

hisLoqrams. The lines indicaLe the contribution of th(! 

gro,.h.,L rate of the four principal exogynou; variab].,,s 

(toi lnicil change in both sec Lors, populia- ion and Iii bor) 

to the growth rate of the endogenous variablo.r;. For 

example, in Figure 4-13, the growt-h rate of real per 

capita income was 6.25% durinq the 1880's. T']ecInical 



Table 4-6. The historical contribution of technical change in agriculture to the growth rate 
of the eight endogenous variables as average percentages per year in each decade 

1880 1890 1900 1910 1920 1930 1940 1950 
Endogenous variables . ...... ..... .. ... 

1890 1900 1910 1920 1930 1940 1950 1960 
- -PERCENT --- -------------

Gracth rate of real Y1 2.72 1.61 1.70 3.18 0.82 2.19 3.23 
agricultural output 

Grcxth rate of real Y2 3.16 1.72 1.60 2.61 0.57 1.35 1.71 
nonagricultural. output 

Growth rate of agricul- K, -1.99 -1.50 -1.90 4.15 -1.16 -3.47 -4.61 
tural capital 

Gra,;tJ rate of nonagri- K2 2.85 1.50 1.27 1.69 0.28 0.56 0.45 
cultural capital 

Grcwth rate of agri- L1 -1.55 1.20 -1.44 -2.75 -0.73 -2.28 -3.14 
cultural labor 

Grc;.*th rate of non- L 2 3.29 1.80 :1.75 3.10 0.70 1.78 1.92 
agricultural labor 

Pate of chance of 
te~rz of trade 

the P -2.38 -1.99 - .24 -4.24 -1.09 -3.14 -4.50 

Grcx;th rate cf real E 2.08 1.06 6.88 1.58 0.37 0.87 1.17 
per caita inccre 

Source: Grozv'h rate ultipliers in Appendix D and Tiblbe 4-3 

Note: 	 As technical change in agriculture appears twce in the b matrix, i.e., b2 and b7 , the values 

listed in tnis table are thie product of technLcal change in agriculture for each multiplied 
by the sunaticn cf ai7 plus ai7 (i = 1, ... 4). 
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Table 4-7. The historical contribution of technical thange in nonagriculture to the grcwth rates of theeight enfogencus vari'ables as average rcentages per year in each decade 
1880 1890 1910100 1920Z.nccncus variables 193 1940 195-0
 
i890 1900 
 1910 1920 
 1930 1940 
 1950 1960
 

Gr.':th rate of real 
 YC
acriltural output -0.59 -0.09 0.6T7 -0.34 --. 27-0.27 -0.23 
 -0.49
 

Growth rate of real
ncragricultural output 
Y2 9.69 .17 -0.i3 3.95 

95.57 
1.73 10.62 

Grx.-th rate of agricul- K1 -1.03 -0.15 
 0.16 -0.71 
 -0.56 
 -0.46
tural capital -0.87
 
Graith rate of nonagri-

0.15
K2 1.49 -0.11 
 0.29 
 0.13 
 0.07
cuitural capital 
 0.09 
Grcwth rate of agricul-
 L1 -0.80 
 -0.13
tural labor 0.12 -0.47 -0.35 -0.30 -0.59 
Grck.;tJ' rate of nonagri- L 1.73 0.18 -0.15 0.53cultural lahcr 0.34 0.24 0.37 
Rate of change of the 
 p 6.21 0.84 
 -0.69 
 2.96 4.37 1.31


te -.s of trade 
Gr'.:thi rate cf real per 
 E 8.63 
 1.05 -0.82 
 3.57 
 5.22 
 1.60
c - .a - n c se 10 . 14 
Sou_-ce: Gro.--th rate multipliers in A;ppendix D and Table- In the saeme way as for technical change in 

4-3 
technical agriculture,change in nonagriculture the values in this tablefcr each decade multiplied by the surgation of 

are the product of 
(i = i, ... ai 3 .md 7" N, 

8.42 



Table 4-8. The historical contribution of population to the graqth rates of the eight
endogencus variables as average percentages per year in each decade 

1880 1890 1900 1910 1920 1930 1940 1950Erdogenous variables .. .. .. .. .. ...... 
1890 1900 1910 1920 1930 1940 1950 1960 

Gra-th rate of real -------------------------------- E-N-------------------------PERCENTY1 0.31 0.40 0.56 0.58 0.64 0.66 0.57 
agricultuiral output 

Growth rate of real Y2 -0.89 -0.84 -0.76
-0.89 -0.67 -0.52 -0.37
 
nonagricultural output 

Growth rate of agri- K1 0.55 0.73 1.06 1.21 1.33 1.34 1.03 
cultural capital
 

Growth rate of nonagri- K2 -0.80 -0.73 -0.71 -0.50 -0.31 -0.21 -1.01 
cultural capital 

Gr:orth rate of agricul- L1 0.43 0.59 0.79 0.81 0.85 0.88 0.70 
tural labor 

Grc-th rate of nonagri- L 2 -0.92 -0.88 -0.96 -0.91 -0.81 -0.69 -4.28
 
cultural labor
 

Rate of change of the P -0.02 -0.02 
 -0.03 -0.03 -0.05
-0.04 -0.06
 
terms of trade 

Growth rate of real E -1.38 -1.41 -1.57 -1.61 -1.78 -1.41 -1.37
 
per capita incre
 

Source: Gra.Th rate multipliers in Appendix D and Table 4-3 

N 
0 



Table 4-9. The historical contribution of labor to the gr.,th rates 
as averaz.e percentages per years in each accae 

of the eight endogenous variables 

I 

Endogenous variables 
1880 

--
1890 

--
190 

--
1910 

--
1920 

--
1930 
--

1940 
--

1950 
-

0 0 
c 

1890 1900 1910 1920 1930 
PERCEN T.. 

1940 1950 1960 
. . . . . . . . . . . . . . 

S=
Cn 5-6 a ca-lthrate of realagricultural output Y 0.52 0.28 0.15 0.11 0.26 0.20 0.72 

c_ 
30 

x 
Gra..th rate of real non-

agricultural output 
Y2 1.91 1.12 0.63 0.41 0.81 0.85 2.40 

:3 
CL 0 

Gra;.th rate of agri-
cultural capital 

K1 -0.56 -0.41 -0.29 -0.24 -0.47 -0.64 -1.32 

o Gr.,th rate of nonagri-
cultural caoital 

K2 0.81 0.41 0.19 0.10 0.11 0.10 0.13 

-cultural 

Grc.,-th rate of agri-
labor 

L1 1.02 0.60 0.33 0.25 0.53 0.51 1.35 

G-rcx.:th rate of non-
agricultural labor 

L2 2.39 1.42 0.82 0.59 1.12 1.26 2.80 

C: ~ter,-Ls 

Rate of change of the 

of trade 

P 0.17 0.14 0.08 0.04 0.09 0.10 0.43 

U1 
Grc.;-t: rate of real 
per capita incc:e 

E 1-55 0.90 0.49 0.34 0.70 0.74 2.18 

Source: GrcF-.7Th rate .:-lutipliers in Appendix D and Tab:c 4-3~rV 

4:
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% FIGURE 4-13 
The Contribution Of Exogenous Contribution Of 
Variables To Real Per Capita Tecngricultuol10-

Income In Japan .L hnical Change 

The Histogram Shows The
 
Historical Average Growth Rate
 
Of Real Per Capita Income
 
In Each Decade 

8 

7

6 

5Ia \ .:
 

3-


Cot ribution Of 
.Lbor2 


-,/ Contibution Of
 
1' / ---, Ag uicultuaI
 

Technical Change 

IW 19hn 1920 1940 1960 

- "-Contribution Of
 
SOURCE A and ......----- Population
 

SOURCE: Appendix B and Appendix D 



129 
10 

FIGURE 4-14
 
The Contribution Of Exogenous Variables To Real
 

9 Agricultural Output In Japan
 
The Histogram Shows The Average Growth Rate Of Real
 

8 Agricultural Output In Each Decade
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The Contribution Of Exogenous
Variables To Real Nonagricultural 

14- Output In Japan 
The Histogram Shows The Average 
Growth Rate Of Real Nonagricultural 

13. Output
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FIGURE 4-16 

The Contribution Of Exogenous Variables
 
To Rate Of Change Of The Terms Of
 

9 Trade In Japan Contribution Of
C ongriutnaO 

The Histogror,. Shows The Average eNonagricultural 
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change in nonagriculture contributed 8.63% to this
 

rate of change, while population growth had a negative
 

contribution of -1.38%. The four qrowth contributions
 

do not add up to 6.25 because the other factors (exo

apnous variables) are not plotted.
 

When we observe the effect of population on real
 

per capita income in terms of the growth rate multipler,
 

we findi a larger negative effect at the heqinning of
 

economic development that decreased in imortance o'er 

time (TViqure 4-5). However, Figure 4-13 ,sllows that the 

neqat i.ve contribution of population to real per capita 

incnme is almost constant. This means that the Japanese 

people have been wise enough not to increase population 

growth in the beginning of economic development, when 

the net negative effect would have been large. In fact, 

ponulation growth in 1.880 was less than 0.9% (Table 4-3). 

The reasons for small growth rates in real per
 

caoita income in the 1900's and 1920's are somewhat
 

di fFornt. In the 1900's, the Sino-Japenese War in 

1804 and Russo-Japanese War in 1904 had adverse effeuLs 

on reail oor capita income. In the 1920's the aqricul

tufral depression was vfery serious. In fact, the rate. 

of agricultural technical change was only 1.38, during 

this decadle -- the lowest for the periods calculated 

(Table 4-2). 
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Some of the interesting facts are that overall
 

nonaaricultural technical chanae has contributed more
 

to economic development than agricultural technical
 

change but aqricultural technical change made a fairly
 

strong positive contribution to real per capita income
 

in the early economic development of Jaoan. In fact,
 

agriculture in the 1890's and 1900's contributed more
 

than nonaqriculture, and agriculture was very important,
 

especially when the Jaoanese economy exnerienced trouble.
 

Agriculture in the 1880's and 1910's also made a large
 

contribution to real per capita income. 
 The contribution
 

of nonagricultural technical change varies considerably
 

from one period to another, but the contribution of
 

agricultural technical change has been fairly stable
 

over time.
 

The fortunate variation in Japanese population growth,
 

the importance of nonagricultural technical change, the
 

importance of aqricultural technical change in the early
 

economic development and during the period in which the
 

Japanese economy experienced depression, are three im

portant features of the Japanese experience. 

Figure 4-14 and Figure 4-15 show the contribution 

of technical change and population to the real agricul

tura] and nonagricultural Severaloutput. conclusJons 

may be drawn from these figures. 
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First, technical change in each sector clearly con

tributed to the real output of each sector.
 

Second, population growth made a positive contribution
 

to real agricultural output but a negative one to real
 

nonagricultural output in a fairly stable way over time.
 

This resulted from the increase in food demand.
 

Third, technical change in agriculture made a large
 

contribution to real nonagricultural output, especially
 

in the early economic development; however, technical
 

change in nonagriculture made little contribution, or
 

a slightly negative contribution to real agricultural
 

output. This is an interesting illustration of asymmetry
 

of technical change.
 

Technical chanqe in agriculture and technial
 

chance in nonagriculture have made offsetting contri

butions to the terms of trade. The average rate of
 

change of the terms of trade during the period 1880

1940 was 1.2%.
 

E.;\idenco of the role of population control, the
 

il,"ltan', or" arri culture in the earJ.y economic develop

menL, Ltln importance of overall nonagricult-ural techni

cal change and the consequences of the period of de

pression in the Japanese economy may be useful findings
 

for policy options of developing c.ountrios.
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4.5. Simulation of the Model.
 

In the last section, we measured how much techni

cal change in both sectors and population growth con

tributed historically to the economic development of
 

Japan during the period 1880-1960. Here, we will
 

simulate our model and determine how economic growth
 

in Japan would have differed from the actual economic
 

growth if Japanese population growth rates had been as
 

high as 3% or so, instead of around 1%, which was the
 

Japanese actual population growth rate. This exercise
 

may shed some light on the population proLlems develop

ing countries face today.
 

The Japanese actual average growth rates of the
 

endogenous variables in each decade as shown in Table
 

4-2, the exogenous variables in Table 4-3 and the growth
 

rate multipliers in Appendix D are necessary for our
 

simulation. Table 4-6 shows the contribution of techni

cal change in agriculture to the eight endogenous vari

ables. Therefore, the values of the contribution to
 

real per capita income, real agricultural output and
 

real nonagricultural output are the same as the values
 

in Figures 4-13, 4-14 and 4-15. Table 4-7 shows the
 

contribution of technical change in nonagriculture to
 

the oiqht. endoqenous variables. Some of these values 
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also 	correspond to the values in Figures 4-13, 
4-14
 

and 4-15. 
 We found before that the rates of Japanese
 

technical change in both sectors were very high: 
 3.6%
 

in aqriculture and 4.1% in nonagriculture over the
 

entire period 1880-1960. 

Therefore, as the first simulation approach,
 

suppose that there were no technical changetin either
 

sector. 
 In this case, how would Japanese economic
 

development have differed? 
Table 4-10 shows the results
 

of this simulation.
 

Noteworthy points are summarized as 
follows:
 

(1) 	The growth rates of real per capita income
 

decrease significantly, ana are negative
 

in most of the decades. This means that
 

the absolute value of real per capita in

come decreases.
 

(2) The growth rates of the agricultural in

puts 	 increase and those of nonagricultural 

outputs and inputs decrease. Therefore,
 

if depressions occur and there is 
no
 

technical change in either sector, many 

people who enclaged in nonaqriculiure will 

return to agriculture. This wellis con

firmed by Japanese historical evidence. 



Table 4-10. 	 Simulated growth rates of endogenous variables assuming no technical change in either 
sector as average percentage per year in each decade 

1880 1890 1900 190 1920 1930 1940 1950

Endogenous variables 	 ................
 

1890 1900 1910 1920 1930 1940 1950 1960 

- --------------- -P E R C E N T- - ------------
Gra.-*.t rate of real Y1 1.57 0.94 3.00 2.37 0.91 1.34 	 2.19
 

agricultural 	output (3.70)1 (2.46) (4.77) (5.21) (1.46) (3.76) 	 (4.93) 

Graoth rate of real non- Y2 0.16 0.59 -0.46 -1.04 	 1.01
1.36 	 3.15
 
agricultural 	output (13.01) (3.48) 
 (1.01) (5.52) (7.50) (4.09) (15.48)
 

Growth rate of agri-	 3.15 2.11 3.07
K1 5.36 2.43 4.28
 
cultural capital (0.31) 
 (0.46) (1.33) (0.50) (0.71) (0.35)
 

Growth rate of nonagri- K2 -2.86 0.85 1.64 2.72 2.39 3.37 
cultural capital (1.50) (2.50) 12.80) (4.70) (2.80) (4.00) 

Gr ;th rate of agri- L1 2.09 1.27 1.21 3.12 1.08 2.29 1.99 
cultural labor (-0.26) (-0.06) (-0.11) (-0.10) (0.00) (-0.29) (-1.74)
 

Grc.th rate of non- L2 0.43 0.45 -0.18 -2.69 0.60 -0.08 2.42
 
agricultural labor (5.45) (2.43) 
 (1.42) (0.94) (1.64) (1.84) 	 (4.71)
 

Rate of change of the p -1.50 1.65 2.52 2.11 -2.87 5.56
 
te=s of trade (2.33) (0.50) (-0.41) (0.83) (0.41) (3.73)
 

Gr--_-h rate cf real E -4.46 0.42 0.07 -1.64 -4.83 -0.06 -1.79 
per capita inCa~e (6.25) (2.53) (0.13) (3.51) (0.76) (2.41) (9.52) 

Sc-ces: Tables 4-2, 4-6, 4-7 
he value within each set of parenthesis is the actual Japanese grcwth rate. 1 
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Figures 4-13, 4-14, and 4-15 also can be used
 

to produce the same simulation results under the
 

same assumptions. For example, the histogram in
 

figure 4-13 shows that real per capita income growth
 

was 6.25% per year in the 1880's. The contributions
 

of agricultural and nonagricultural technical change
 

to real per capita income growth were, respectively,
 

2.08, and 8.63% in that decade. Therefore, real per
 

capita, ircomo would have been 4.17% 
(6.25 - 2.08) if
 

there had been no agricultural technical change in
 

that decade. The difference between the height of
 

the histogram and that of the contribution of agri

cultural technical change in Figure 4-13 is a simu

lation result of real per capita income growth under
 

the assumption of no agricultural technical change.
 

As the second simulation approach, suppose that
 

there was no agricultural technical change. Then how
 

would Japanese economic development have differedl?
 

Figures 4-17, 4-18 and 4-19 show the results of our
 

simulation. 1
 

These figures show the actual growth rates of the
 

endocenous variables in Japan, the growth rates of the
 

1 	 The Kelley-Williamson model cannot make this kind of 
simuiatioi :lecause they treat aqriculLural and non
ac.-icultu. .i technical chanrjo inLird,,il, y as
 
mentioned in section 2.2.6 of Chapter II.
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FIGURE 4-18
10 Simulation Results Of Real Agricultural Output 

Under Different Conditions In Japan 
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endogenous variables under no agricultural technical
 

change, the growth rates of the endogenous variables
 

under no nonagricultural technical change and the
 

growth rates of the endogenous variables under 3%
 

population growth.
 

The figures imply the following:
 

(1) Generally speaking, nonagricultural
 

technical change has had a very im

portant role in Japanese economic
 

development. If there had been no
 

nonagricultural technical change,
 

the growth rate: of reAl per capita
 

income and of real nonagricultural
 

output would have differed signifi

cantly from the actual Japanese
 

exprience. However, real agricul

tural output would have had-almost
 

no change.
 

(2) If there had been no agricultural
 

technical change, the growth rates
 

of real per capita income would have
 

fallen by 0.5% to 2.0%, and the growth
 

rates of both agricultural and non

agricultural outputs would have fallen
 

considerably.
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As stated before, the Japanese average annual
 

population growth rate was 1.2% for the entire period
 

1880-1970. However, many developing countries have a
 

3 or 4% average annual population growth rate today.
 

If Japanese average annual population growth rates
 

had been 3%, what would have happened to Japanese
 

economic development, as reflected in per capita in

come, agricultural and nonagricultural output and
 

labor and capital allocation among sectors.
 

In ordinary theory, the labor growth rate and
 

population growth rate are assumed to be the same.
 

However, columns (1) and (4) in Table 4-11 show that
 

this assumption is invalid in the short run. There

fore, our method relaxes this traditional assumption.
 

Table 4-11 shows the hypothesized population and
 

labor growth rates for the simulation along with the
 

actual ones. Column (2) and column (S) contain the
 

hypothesized average population and labor growth rates. 

Column (5) is obtained by adding (4) plus (3) of the 

previous decade. For example, the average labor growth 

rates of 3.07% in the 1890's was obtained by summing 



Table 4-11. Assi-mtions of population and labor growth for simulation 

Actual 
average 

population 
grcx-th 
rate 

Average 
population 

gra.;th rate 
of siula-

tion 

The difference 
between s-rfilla-
tion and actual 

growth rate 

Actual 
average 
growth 
rate of 
labor 

Average 
labor 

growth 
rate of 

simulation 
(1) (2) (3) = (2) - (1) (4) (5)=(4) t+(3)t -1 

-------------------------- PERCENT 

1880 - 1890 0.86 3 2.14 1.46 1.46 
1890 - 1900 0.95 3 2.05 0.93 3.07 

1900 - 1910 1.16 3 1.84 0.55 2.60 

1910 - 1920 1.21 3 1.79 0.41 2.25 

1920 - 1930 1.42 3 1.58 0.83 2.62 

1930 - 1940 1.13 3 1.87 0.93 2.51 

1940 - 1950 1.56 3 1.44 

1950 - 1950 1.17 3 1.73 2.25 3.69 

1960 - 19-0 1.04 3 1.96 1.33 3.06 

Source: Table 4-2 

H 
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2.14 in column 
(3) and 0.93 in column (4).1 Columns
 

(2) and 
(5) indicate that the simulated population
 

and labor growth rates are different.
 

Wc simulated our model based on 
this assumption.
 

Table 4-12 is the result of the simulated growth rates
 

of the endogenous variables assuming a 3% population
 

growth rate and the actual rate of technical change.
 

The results are summarized as follows:
 

(1) Generally speaking, the growth rates of
 

the endogenous variables in the 

Before we simulate our model, 
it is necessary to ex
plain our assumption in more detail. 
 Our assumption
i:s based on the following food consumption p tterns
of one pe].on for every age as shown in Figure 4-20.
 

(We assume that children do not consume as much foodas adults and areas Bthe A and are equal. Then theresults are the 
same as 
under the assumption that
children do not consume until 10 years old and after
ten years they consume adults quantities.)
 

Food Consumption
 

B 

Figure 4.20 

Food cons;umption 
pattern for each age. 

10 15 
 age
 
0 



--------------------------

Table 4-12. 	 Simulated growth rates of endogenous variables assuming 3% population grc,,th rate and actual 
rate of technical change as average percentages per year in each decade 

1880 1890 1900 1910 
 1920 1930 1940 1950
Endcgencus variables ................ 

1890 1900 1910 1920 1930 1940 1950 1960
 

PERCENT
Grcy..th rate of real 
agricultural output 

Y1 5.30 
(3.70)1 

4.64 
(2.46) 

6.92 
(4.77) 

7.26 
(5.21) 

3.64 
(1.46) 

6.14 
(3.76) 

7.58 
(4.93) 

Gra.t:h rate of real non- Y2 11.83 4.54 1.68 5.90 8.66 5.01 18.46 
agricultural output (13.01) (3.48) (1.01) (5.52) (7.50) (4.09) (15.48) 

Growth rate of agri-
cultural capital 

K1 1.49 
(0.13) 

1.41 
(0.46) 

2.68 
(1.33) 

2.21 
(0.50) 

2.04 
(0.71) 

2.20 
(0.35) 

Growth rate of nonagri-
cultural capital 

K2 -0.58 
(1.50) 

1.55 
(2.50) 

1.89 
(2.80) 

4.00 
(4.70) 

2.49 
(2.80) 

3.71 
(4.00) 

Growth rate of agri-
cultural labor 

2.26 
(-0.26) 

3.78 
(-0.06) 

3.49 
(-0.11) 

3.31 
(-0.10) 

3.48 
(0.00) 

4.14 
(-0.29) 

2.27 
(-1.74) 

Growth rate of non-
agricultural labor 

L2 4.63 
(5.45) 

4.34 
(2.43) 

2.80 
(1.42) 

1.90 
(0.94) 

3.45 
(1.64) 

3.50 
(1.94) 

8.20 
(4.71) 

Rate of change of the P 2.44 0.89 -0.12 3.00 0.61 3.87 
terms of trade (2.33) (0.50) (-0.41) (0.83) (0.41) (3.73) 

Gra.th rate of real E 2.97 1.06 -1.58 1.39 -0.77 0.65 9.58 
per capita income (6.25) (2.53) (0.13) (3.51) (0.76) (2.41) (9.52) 

Sources: Tables 4-2, 4-8, 4-9 
Note: Groth rate multipliers in Appendix
1 The value within each set of parenthesis 

D. 
is the actual Japanese growth rate. 
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agricultural sector are larger than
 

those in nonagriculture. 
 In fact,
 

the growth rates of capital in non

agriculture become smaller than the
 

actual Japanese growth rates. 
 The
 

growth rates of labor in agriculture
 

increase considerably because of the
 

increase in the demand for food and
 

the 	increase in supply of labor.
 

(2) 	The growth rates of real per capita
 

income become smaller than the actual
 

growth rates except during the 1950's.
 

But tl-is results from the fact that
 

the average labor growth rate of the
 

simulation, 3.06% 
in the 1950's, is
 

larger than the average simulation
 

population growth rate of 3% as 
shown
 

in Table 4-11. However, the absolute
 

values of real per capita income do
 

not decrease except during the 1900's
 

and 1920's. 
 This is because we still
 

assume high technical change in agri

culture and nonagriculture.
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If Japanese average annual population growth had
 

been as high as 
it is today in the developing countries,
 

the growth rate of real per capita income in Japan
 

might have been substantially lower.
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CHAPTER V 

SUMMARY AND CONCLUSIONS
 

The general objective of this study was to measure
 

the effects of differential rates of technical change
 

in the agricultural and nonagricultural sectors and
 

of population growth on Japanese economic development 

in every decade for the period 1880-1970. 

A compound two sector model, which is a synthesis 

of an agriculture-nonagriculture and a consumption

capital goods two sector model, was constructed 

theoretically. Empirically, this model was reduced
 

into zin agriculture-nonagriculture two sector model.
 

In contrast to A. C. Kelley and J. G. Williamson's
 

work, agricultural and nonagricultural technical change
 

were treated independently, and the labor participation
 

rate was not assumed to be a fixed proportion of the 

population. Also, much of the empirical anilysis 

focused on the change in economic structure over.1 time 

by estimating the economic structure for ever.y decade 

rather than simulation on a fixed structure as done 

by Kelley and Williamson for a thirty year span. 
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The period covered in this study extended the time span
 

to ninety years.
 

The following empirical analyses were carried 

out in our model using X = A-Ib (where X is the vector 

of rate of change of the endogenous variables, A-1 

is the matrix of growth rate multipliers and b is
 

the vector of rate of change of the exogenous
 

variables):
 

(I) 	Growth rates of the exogenous variables
 

were measured during the period 1880-1970.
 

(2) 	Matrices of "growth rate multipliers", which
 

give us the effect of the exogenous variables
 

on the endogenous variables, were obtained
 

for every decade during the period 1880-1970.
 

(3) Comparisons were made of the Japan.'se and U.S.
 

growth rate multipliers for every decade.
 

(4) The historical contributions of the exogenous
 

variables on the endogenous variables were
 

estimated for every decade.
 

(5) 	To determine alternative growth paths, the
 

complete model was simulated by assuming
 

different values for the exogenous variables
 

from the actual values of each decade.
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Major implications which can be drawn from the
 

results of this study of Japan and the United States
 

are:
 

Generally speaking, high rates of technical change
 

and relatively low population growth are characteristics
 

of Japanese economic development. The average rates of
 

technical change in both sectors wore about four times
 

as large as population growth rates during the period
 

1880-1970. The average rate of population growth dur

ing the period 1880-1900 was only about 0.9%. This 

low population growth contributed te Japanese economic 

development considerably as the values of the "growth
 

rate multipliers" indicated.
 

The growth rate multipliers in every decade show, 

among other conclusions, that the n-qative demand effect 

of population growth on per caoita income always outweighs
 

its positive effect through the resulting increase in
 

labor supply. However, the "net negative effect" do

crea,os over time in Japan. For example, in 1880 the 

net negative effect was about 0.5 which means that real
 

per capita income decreased about 0.5% if the population
 

and labor supply increased by 1%. This net negative
 

effect decrcsed to around 0.3 in 1950-1970. If this
 

is generally true for- developing countries, this would
 

be aii impovr 'Iant" implication for l m0 i '',r, :-; I l : 

the popu l.at.iol gIrowth 
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rates in these countries are around 3%.
 

The net positive effect of population on real
 

agricultural output was 
larger than that on real
 

nonagricultural output.
 

Technical change in agriculture had a fairly
 

large effect on real per capita income during early
 

economic development. 
However, its importance decreased
 

gradually over time. 
 Technical change in nonagriculture
 

had a large constant effect on real per capita income
 

over time. 

Technical change in agriculture had a large
 

effect on real nonagricultural output and inputs during
 

early economic development. 
However, the importance
 

decreased very rapidly over time. 
 For example,
 

the growth rate multiplier of technical change in
 

agriculture to real nonagricultural output in 1880
 

was 1.15. It decreased to 0.16 in 1965. 
 Technical
 

change in nonagriculture had little or no effect on
 

real agricultural output.
 

Overall, in Japan, nonagricultural technical 

change has cont:. buted more to economic development 

than agr.cultural technical change. Iiowever, the 

contribution of the latter was more stable from dcade 
to decade and particularly durin the early economic 

development and depression periods. 
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Especially, the contribution of nonagricultural
 

technical change in the 
1880's, 1920's and 1 9 5 0's 
is
 
worthy of mentioning. 
Without these nonagricultural
 

contributions, the Japanese economic development
 

process would have differed considerably. However,
 

we cannot forget the contribution of agricultural
 

technical change in the early economic development.
 

For example, agricultural technical change contributed
 

more than the case of nonagricultural technical change
 
to real per capita income in the 18 90's and 19 00's.
 

Also technical change in agriculture contributed greatly
 

to nonagricultural output while 
 technical change in
 

nonagriculture made little 
or almost no contribution
 

to agricultural output. 
We mentioned that overall
 

nonagricultural 
technical change was 
a major factor
 

in Japanese economic development. 
 It must, however, 

be kept in mind that the agricultural sector contributed 

to the nonagricultural sector significantly in ways 

which are 
not easily captured in our model, but which
 

have received much attention.l
 

Such contributions 
the of the agricultural sectornonagricultural are tosector as follows: (1) agriculturesupplies the increased food demand resultingincreases; from population(2) high rate of saving of farmers providescapital for nonagricultural modernization; (3) the transferof l.ab.r from the -!gricultural sector provides a SLh (Idy labor.supply to the nonagricultural sector. 



154 

A comparison of Japanese and U.S. growth rate
 

multipliers shows that the structure of the U.S. and
 

the Japanese economies have become more similar over
 

time. One of the differences between U.S. and Japanese
 

economie:; was 
that the net negative population effect
 

in the U.S.A. did not decrease like that in Japan and
 

was constant (around 0.4) over time. However, the
 

negative demand effect of population growth on per
 

capita income still outweighed its positive effect
 

through the resulting increases in labor supply.
 

The main simulations show the following: With
 

a population growth rate of 3%, o-, in the absence of
 

either agricultural technical change or nonagricultural
 

technical change, growth rates of real per capita
 

income would have fallen by 1.5% to 3%, by 0.5% to 2%
 

and by O' to 10%, respectively. Labor allocation and 

output mix would have differed substantially in each
 

of these cases. 

Growth rates of real per capita income would have
 

fallen in an almost parallel way, although the degrees
 

2 The relatively smaller cost of population growth 
in terms of per capita income growth in the U.S. might
have resulted front the fact that a large component of
the U.S. population growth resulted from immigration
until the 1920's. 
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of each decrease were different for each decade in all
 
the simulations. 
However, the 
growth rates 
of real
 

per capita income would have fallen to quite different
 

degrees from decade to decade in the 
absence of
 

nonagricultural technical change. 
For example, in
 
the 
absence of nonagricultural technical change, the
 
growth rates of real per capita income would have
 

fallen 8.5% 
and 10% in the 
18 8 0's and 19 50's, but
 

only 1% and 1.6% 
in the 1890's ad 19 3 0's, respectively.
 

Real agricultural output would have increased
 

considerably (about 2%) 
but real nonagricultural outx.- t
 
would have increased only about 1% or 
less with a
 

population growth rate of 
3%. 
 In the absence of
 
agricultural technical change, both real agricultural
 

and nonagricultural output would have decreased.
 
However, real agricultural output would have had almost
 

no effect in the absence of nonagricultural technical
 

change. 
Again, real nonagricu.tural output would have
 

had a very different locus in the absence of 
non-.
 

agricultural technical change.
 

Labor allocation and output mix, therefore, would 
have differed substantially in each of the simulations. 
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INTRODUCTION TO APPENDICES
 

The Appendices are organized as 
follows:
 

Appendix A summarizes the list of notations
 

used in the text and Appendices of the thesis.
 

In Appendix B, the yearly growth rates of
 

endogenous (Table B-l) and exogenous (Table B-2) 

variables and the averages for each decadu 
are listed
 

for the period 1880-1970. In our model, X = A-ib, 

calculation of the growth 
rates of endogenous variables
 

is necessary to obtain vector X; 
calculation of the
 

growth rates of exogenous variables is necessary to
 

obtain vector b.
 

Appendix C shows the structures of the Japanese 

and U.S. economies necessary to obtain the A -1 
 matrix
 

(growth rate multipliers) in our model, X 
= A- 1 b.
 

In Appendix D, Japanese empirical resul'Ls of
 

the growth rate multipliers of every five years 
for
 

the period 1880-1965 are introduced. 

Appendix E is a continuation of section 4-2 in 

Chapter IV and observes the dynamic changerof the
 

effects of exogenous variables on (1) capital stock
 

and (2) labor allocation between sectors and 
(3) the
 

terms of trade.
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Appendix F contains the international comparisons
 

of growth rate multipliers between the Japanese and
 

U.S. economies in each decade for the period 1880-1960.
 

In Appendix G, we present a Tolley-Smidt type
 

model used as the first step in building our model from
 

the Tolley-Smidt model. 
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APPENDIX A: 
 SUMMARY OF NOTATION
 

a = Shifter of demand for agricultural products
 

B = Land
 

C = 
 Current agricultural inputs purchased from
nonfarm sector as 
a proportion of agricultural
 
output.
 

D = Expenditure of i to jj 
E = Real disposable per capita income 

K = Farm capital stock
 

K2 = Nonfarm private capital stock
 

K = Total private sector capital stock
 

L = Farm labor inputs 

L2 = Nonfarm private labor inputs
 

L 
 Total private sector labor inputs
 
mr = 
 Ratio of return to capital in farm sector to
 

return in nonfarm sector
 
M = Ratio of capital return to its marginal revenue 

product in farm sector 
m = Ratio of capital return to its marginal revenue
2 
 product in nonfarm sector
 

= 
 Ratio of earnings of labor in farm sector to 
labor earnings in nonfarm sector 

ML = Ratio of labor return to its marginal revenue
1 product in farm sector 
m = Ratio of labor return to its marginal revenue
 

product in nonfarm sector
 

N = Nonlabor
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N = 	 Ratio of capital earnings to marginal revenue 
product in farming divided by comparable ratiofor nonfarm sector
 

Nw = 	 Ratio of labor earnings to marginal revenue 
product in farming divided by comparable ratiofor nonfarm sector
 

Pl = Price of agricultural output
 

PI' = Price of farm output (value added on farm)
 

P2 = Price of nonagricultural output
 

P2= 	Price of current agricultural inputs purchased

from the nonagricultural sector 

P = Ratio of price of agricultural products to 
price of nonfarm output 

P3 = Ratio of price of all goods to price of all 

nonfarm output 

Q = Population 

r = Return per unit to capital in farm sector
 

r2 = Return per unit to capital in nonfarm sector
 

S = 	 Saving 

T = 	 Technical change in agriculture 

T2 = 	 Technical change in nonagriculture
 

wI = 	 Return per unit to labor inputs in farm sector 

w2 = Return per unit to labor inputs in nonfarm 
sector 

Y = Agricultural output 

Y = 	 Farm output 

Y2= 	 Nonagricultural output
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Y2' = Agricultural current inputs purchased from
the nonfarm sector
 

a = Labor's share in agriculture 

= Capital's share in agriculture 

y = Labor's share in nonagriculture 

6 = Capital's share in nonagriculture 

= Share of income produced in agriculture 

n = Price elisticity of agricultural goods 

E = Income elasticity of agricultural goods 

7 = Degree of imperfectness 

LTES= Estimates of Long-term Economic Statistics
 
of Japan since 1868
 

JSY = Japan Statistical Yearbook 

HSJE= Hundred-Year Statistics of the Japanese Economy
 



Table B-I -- Annual and ten-year average growth rates of endogenous variables, 1880-1968 

Yer Grcwth Rates Of: 

Real 
agri-

cultural 
output 

Real 
non-

agri-
cultural 
output 

Agri-
cultural 
capital 

Nonagri-
cultural 
capital 

Agri-
cultural 
labor 

Nonagri-
cultural 
labor 

Terms 
of 

trade 

Real 
por 
capita 
incCme 

NLnrber (1) (2) (3) (4) (5) (6) (7) (8) 

Y1 

% 

Y2 

% 

K1 
% 

K2 
% 

L1 
Percent %% 

L2 P 

% 

E 

%_ 

1880 - 1881 
1882 
1883 
1884 
185 

- 2.35 
3.64 

- 8.65 
- 1.30 
16.56 

- 8.78 
16.75 
50.64 
29.87 
9.42 

0.46 
0.04 
0.00 

- 0.58 
0.29 

0.62 
0.56 
1.39 
1.09 
0.84 

- 0.23 
- 0.31 
- 0.14 
- 0.16 
- 0.34 

7.65 
7.36 
5.91 
5.78 
5.59 

- 9.81 
- 9.39 
- 3.47 
- 1.90 
11.53 

- 2.52 
0.43 
9.57 
7.06 

10.92 

o 

1S6 
!83/ 
188 
1659 
1890 

- 1.82 
- 3.39 
- 1.00 
- 3.30 
38.79 

19.58 
- 0.76 

7.79 
2.75 
2.80 

0.25 
- 0.08 
- 0.08 
0.38 
0.62 

2.56 
1.14 
2.88 
2.06 
1.96 

- 0.39 
- 0.27 
- 0.13 
- 0.24 
- 0.32 

5.34 
4.76 
4..20 
3.94 
3.97 

5.01 
- 7.80 
- 5.47 

6.08 
14.36 

24.37 
- 4.73 

4.78 
- 0.86 
13.50 

10 years 
average 3.70 13.01 0.13 1.50 - 0.26 5.45 2.33 6.25 

E 



Table B-I - Continued 

Year Growth Rates Of: 

Real 
agri-

cultural 
output 

Real 
non-

agri-
cultural 

Agri-
cultural 
capital 

Nonagri-
cultural 
capital 

Agri-
cultural 
labor 

Nonagri-
cultural 
labor 

Terms 
of 

trade 

Real 
per 

capita 
incme 

output 

Number (1) (2) (3) (4) (5) (6) (7) (8) 

Y1 
%_ 

Y2 
% 

K1 
% 

K2 
% Percent 

Lp 
% % 

E 

1890  1891 
1892 

-13.45 
3.87 

20.95 
- 8.11 

0.58 
0.66 

1.83 
1.67 -

0.01 
0.19 

2.89 
3.36 -

1.52 
0.91 

5.93 
5.33 

1893 
1694 
1895 

- 5.29 
19.75 

- 1.27 

9.44 
4.68 
4.43 

0.16 
0.08 
0.98 

2.53 
2.07 
2.08 

- 0.35 
- 0.13 
- 0.01 

3.18 
2.78 
2.34 -

0.20 
2.49 
6.18 

6.03 
10.96 

- 1.93 

1896 -11.76 - 5.91 1.05 3.14 0.34 1.67 3.51 -11.26 
1897 
1898 
1899 

0.93 
39.91 

-19.28 

- 1.05 
- 8.14 
11.16 

0.40 
0.52 
0.12 

3.86 
2.89 
2.05 

- 0.27 
0.08 
0.23 

2.64 
1.76 
1.55 

- 0.87 
4.25 

-12.21 

0.95 
5.29 
4.06 

1900 11.21 7.36 0.04 2.83 - 0.18 2.15 - 2.57 0.02 

10 years 
average 2.46 3.48 0.46 2.50 - 0.06 2.43 0.50 2.53 

0 



Table B-I -- Continued 

Year Grawth Rates Of: 

Real 
agri-

cultural 
output 

Real 
non-
agri-

cultural 

Agri-
cultural 
capital 

Nonagri-
cultural 
capital 

Agri-
cultural 
labor 

Nonagri-
cultural 
labor 

Terms 
of 

trade 

Real 
per 

capita 
inone 

output 

Nturber (1) (2) (3) (4) (5) (6) (7) (8) 

Y1 Y2 K1 K2 L1 L2 p E 
% % % % Percent °-% 

1900 - 1901 
1902 
1903 
1904 
1905 

8.49 
-14.73 
21.51 
5.10 

- 2.24 

7.13 
0.38 

-14.78 
- 4.92 
- 5.10 

-

0.32 
0.59 
0.70 
0.82 
0.90 

1.99 
2.02 
2.08 
2.20 
2.43 

- 0.26 
0.09 

- 0.44 
- 0.21 
- 0.19 

2.16 
1.39 
2.18 
1.49 
1.68 

- 3.21 
8.81 
5.77 

- 7.40 
- 3,72 

4.18 
- 7.70 
- 4.07 
- 2.13 
- 8.44 

1906 
1907 
1908 
1909 
1910 

24 -9 
8.._7 
5.63 

- 2.95 
- 6.29 

10.00 
0.11 
9.91 
4.91 
2.46 

1.71 
1.91 
0.49 
1.38 
1.17 

3.07 
3..1 
3.44 
7.87 

- 0.76 

- 0.20 
0.20 

- 0.17 
- 0.04 
- 0.14 

1.37 
0.86 
1.16 
1.00 
0.66 

0.01 
1.76 

- 3.45 
- 5.30 

2.59 

15.01 
0.88 
4.56 

- 0.30 
- 0.70 

10 years
average 4.77 1.01 0.84 2.80 - 0.11 1.42 - 0.41 0.13 

a. 



Table B-I -- Continued 

Year Growth Rates Of: 

Real 
agri-

cultural 
cutput 

Real 
non-
agri-

cultural 

Agri-
cultural 
capital 

Nonagri-
cultutal 
capital 

Agri-
cultural 

labor 

Nonagri-
cultural 
labor 

Terms 
of 

trade 

Real 
per 

capita 
incane 

output 

NLwber (1) (2) (3) (4) (5) (6) (7) (8) 

Y1 Y2 K1 2 L1 L2 P E 
% %_ % % Percent % % % % 

1910 - 1911 
1912 
1913 
1914 
1915 

19.89 
2.33 
0.86 

- 3.45 
2.29 

2.30 
11.79 
3.01 
7.05 

- 3.45 

0.51 
0.65 
0.54 
0.39 
0.71 

4.26 
4.24 
4.72 
3.10 
2.50 

- 0.12 
- 0.16 
- 0.14 

0.09 
- 0.23 

0.88 
0.90 
0.76 
0.30 
0.70 

11.61 
8.10 
2.36 

-16.81 
-13.10 

7.00 
8.39 

- 3.30 
- 0.38 

1916 
1917 
1918 
1919 
1920 

9.17 
- 0.51 

3.60 
-35.69 
53.65 

- 3.01 
- 2.23 

7.39 
41.56 

- 9.21 

0.42 
0.56 
0.42 
0.59 
0.14 

3,20 
4.89 
6.50 
7.08 
6.30 

-
-

0.04 
0.04 
0.01 
0.11 
0.08 

-

0.28 
0.29 
0.21 
0.09 
5.14 

- 8.76 
7.61 

17.97 
19.30 

-20.02 

11.23 
4.18 
2.19 
3.65 

- 2.80 

10 years 
average 5.21 5.52 0.50 4.70 - 0.10 0.94 0.83 3.51 

o-I0 



Table B-I -- Continued 

Year GC,.;th Rates Of: 

Real Peal Agri- Nonagri- Agri- Nonagri- Terms Real 
agri-

cultural 
non-

agri-
cultural 
capital 

cultural 
capital 

cultural 
labor 

cultural 
labor trade 

per 
capita 

output cultural income 
output 

Number (1) (2) (3) (4) (5) (6) (7) (8) 

Y1 Y2 K1 K2 L1 L2 P E 

% % % % Percent % % % % 

1920 - 1921 1.70 18.84 0.28 4.26 0.00 1.76 17.51 - 1.15 
1922 - 0.S9 3.52 0.17 3.57 0.00 1.73 - 9.28 0.68 
1923 - 1.53 - 3.87 0.76 1.99 0.00 1.71 4.93 - 0.31 
1924 6.41 12.51 0.51 2.26 0.00 1.68 5.95 10.60 
1925 7.80 7.90 0.78 2.47 0.00 1.65 6.81 1.70 

1926 - 4.96 8.64 0.57 3.07 0.00 1.61 1.18 - 3.95 
1927 6.60 6.12 1.11 3.11 0.00 1.61 - 6.89 - 2.19 
1928 - 1.90 4.03 0.93 2.72 0.01 1.56 - 1.71 5.63 
1929 3.24 7.69 0.79 2.67 0.00 1.55 1.69 4.52 
1920 - 1.88 9.61 1.17 2.20 0.00 1.52 -16.08 - 7.96 

10 vears 
averace 1.46 7.50 0.71 2.80 0.00 1.64 0.41 0.76 

Ha. 



Table B-I -- Continued 

Year Growth Rates Of: 

Real Real Agri- Nonagri- Agri- Nonagri- Terms Real 
agri- non- cultural cultural cultural cultural of pr 

cultural agri- capital capital labor labor trade capita 
output cultural incmie 

output 

Number (1) (2) (3) (4) (5) (6 (7) (8) 

Y1 Y2 K1 K2 L1 2 P E 
% % % % Percent % % % % 

1930 - 1931 3.96 8.47 0.87 1.80 - 0.27 3.77 7.29 - 0.12 
1932 8.21 - 5.27 0.54 2.00 - 0.27 1.49 3.07 4.78 
1933 8.40 - 7.76 0.22 2.70 - 0.28 4.18 - 6.44 4.91 
1934 -15.36 12.57 0.06 3.39 - 0.28 6.62 9.12 2.93 
1935 7.95 9.20 0.25 3.84 - 0.29 3.80 12.03 5.75 

1936 7.78 3.77 0.41 3.95 - 0.28 2.87 1.86 3.81 
1937 2.73 - 6.66 - 0.47 4.14 - 0.29 2.02 -14.06 10.60 
1938 0.48 0.85 - 0.03 4.79 - 0.31 2.02 1.14 - 2.57 
1939 10.19 12.58 0.89 7.01 - 0.29 1.94 22.93 0.59 
1940 3.26 13.18 0.75 6.68 - 0.29 4.06 0.32 - 6.56 

10 years 
average 3.76 4.09 0.35 4.00 - 0.29 1.94 3.73 2.41 



Table B-i -- continued 

Year Growth Rates Of: 

Real 
agri-

cultural 
cutput 

Real 
non-

agri-
cultural 

Agri-
cultural 
capital 

Nonagri-
cultural 
capital 

Agri-
cultural 
labor 

Nonagri-
cultural 
labor 

Terms 
of 

trade 

Real 
per 

capita 
income 

output 

Number (1) (2) (3) (4) (5) (6) (7) (8) 

Y1 Y2 K1 K2 L1 L2 P E 
% % % % Percent % % % 

1940 - 1941 - 1.59 0.52 0.15 3.12 
1942 - 0.57 - 2.42 1.85 - 3.32 
1943 - 2.55 - 0.83 - 2.12 
1944 - 3.50 1.13 - 5.42 
1945 - 3.08 3.23 

1946 - 1.01 4.51 43.83 
1947 2.96 4.38 47.97 
1948 3.19 5.60 57.47 
19 .9 3.89 5.87 2.83 42.19 
1950 3.31 0.42 - 4.71 2.33 5.56 

10 years 
average 1.74 

o-i
(7N 



Table B-I -- continued 

Year 

Real 
agri-

cultural 
output 

Nuber (1) 

Y1 

% 

1950 - 1951 15.78 
1952 - 0.71 
1953 - 9.27 
1954 9.65 
1955 19.54 

1956 - 5.16 
1957 3.89 
1958 3.91 
1959 5.79 
1960 5.85 

10 years 
average 4.93 

Real 
non-

agri-
cultural 
output 

(2) 

Y2 


% 

13.93 

18.17 

24.34 

10.85 


12.92 

8.07 


13.06 

18.68 

19.30 


15.48 


Gracth Rates Of-

Agri-
cultural 

.onagri-
cultural 

Agri-
cultural 

capital capital labor 

(3) (4) (5) 

K1 K2 L1 

% Percent % 

4.62 - 4.63 
2.53 1.97 
2.37 - 0.71 
2.81 - 1.04 
2.88 0.85 

6.11 - 2.53 
2.22 - 2.06 
3.44 - 4.55 
3.98 - 1.71 
4.56 - 2.97 

3.55 - 1.74 

Nonagri-
cu1 tural 
labor 

(6) 

L2 

% 

6.28 

3.67 

8.92 

2.79 
4.64 


4.83 

5.36 

3.80 

2.33 

4.48 


4.71 


Terms 
of 

trade 

(7) 

P 

% 

Real 
per 

capita 
income 

(8) 

E 
% 

25.76
 
2.37
 
6.31
 
3.25 
9.41
 

9.33
 
7.16
 
0.48
 

13.25
 
17.94
 

9.52
 

0 



Table B-I --

Year 

Nuber 

1960 - 1961 
1962 
1963 
1964 
1965 

1966 

1967 

1968 

1969
 
1970
 

Continued 

Real 
aari-

cultural 
Cutput 

(1) 

Y1 

1.61 

5.90 


-64.65 


.Grcxqth 

Real Agri-
non- cultural 

agri- capital
cultaral 
output
 

(2) (3) 

Y2K 
% %

1 

8.38 

8.19 


Rates Of: 

Nonagri- Agri-
cultural cultural 

capital labor 

(4) (5) 

K2 L1% Percent % 

- 2.69 
- 2.99 

- 5.06 

- 3.33 
- 3.62 

- 3.40 

- 2.41 
- 4.86 

Nonagri-
cultural 
labor 

(6) 

L 2 
% 

2.98 
2.95 

3.11 

2.93 
3.33 


3.77
 
2.63
 
3.45 

Terms Real 
of per

trade capita 
incane 

(7) (8) 

P E
% % 

12.23 
3.34
 

20.48
 
7.69 
2.64
 

oH 
O 



Table B-2. 
 Annual and ten-year average growth rates of exogenous variables, 1880-1970
 

Year Growth rates of: 
Popu-
lation 

Techni-
cal change 
in agri-
culture 

Techni-
cal change 
in non-
agricul-

Labor Capital Land Proportion-. of current 
agricultural inputs 
purchased from non
farm sector to agri-

Number (1) (2) 
ture 

(3) (4) (5) (6) 
cultural output 

(7) 

Q 1 2 L . BC 

1880 - 1881 0.86 -2.55 -14.32 1.74 0.45 0.14 2.49 
1882 0.80 3.80 11.43 1.72 0.33 0.30 -0.73 
1883 
1884 
1885 

0.83 
1.05 
0.92 

-9.26 
-2.14 
18.92 

46-08 
25.50 
5.25 

1.55 
1.57 
1.46 

0.85 
0.36 
0.47 

0.60 
0.13 
0.22 

5.50 
9.61 

-20.39 

1880 
1887 

0.60 
0.42 

-2.08 
-3.42 

8.17 
-4.44 

1.42 
1.38 

13.75 
0.67 

0.39 
0.55 

3.86 
0.28 

1888 
1889 
1890 

0.84 
1.14 
1.09 

-1.24 
-3.55 
41.36 

3.98 
-0.63 
-0.57 

1.31 
1.22 
1.21 

1.75 
1.41 
1.51 

0.60 
0.23 
0.44 

1.87 
2.90 

-27.21 

10 years 0.86 3.85 8.04 1.46 2.15 0.36 -2.18 
average 

0 



Table B-2. (continued) 

Year Growth rates of: 
Poou-
lation 

Techni-
cal change 
in agri-

Techni-
cal change 
in non-

Labor Capital Land Proportion of current 
agricultural inputs 
purchased from non

culture agricul- farm sector to agri-

Number (1) (2) 
ture 

(3) (4) (5) (6) 
cultural output 

(7) 
Q T2 L kBC 

1890 - 1891 0.87 -15.34 18.38 1.07 1.22 0.49 24.26 
1892 0.64 4.00 -10.97 1.14 1.12 0.38 -2.69 
1893 0.87 -6.10 6.45 1.00 1.84 0.27 10.71 
1894 0.69 20.87 2.11 1.01 1.36 0.52 -13.29 
1895 1.01 -1.64 2.17 0.93 1.68 0.61 0.57 

1896 1.05 -13.54 -8.02 0.88 2.10 0.47 16.42 
1897 
1898 

0.97 
1.15 

0.65 
42.30 

-4.06 
-10.20 

0.91 
0.77 

2.64 
1,93 

0.57 
0.70 

1.94 
-28.39 

1899 1.21 -21.69 9.46 0.78 1.38 1.03 28.52 
1900 1.02 11.41 5.01 0.80 1.78 0.47 -3.10 

10 years 0.95 2.43 1.00 0.93 1.71 0.55 3.50 
average 

'Ij 
I-3 



Table B-2. (continued) 

Year Growth rates of: 
Popu-
lation 

Techni-
cal change 
in agri-

Techni-
cal change 
in non-

Labor Capital Land Proportion of current 
agricultural inputs 
purchased from non

culture agricul- farm sector to agri-

Number (1) (2) 
ture 

(3) (4) (5) (6) 
cultural output 

(7) 
Q T1 L k A C 

1900 - 1901 1.17 8.53 5.02 0.77 1.55 0.47 -0.89 
1902 1.36 -16.95 -1.20 0.65 1.54 0.36 23.57 
1903 1.29 23.13 -16.93 0.70 1.67 0.02 -13.67 
1904 1.29 6.20 -6.63 0.55 1.40 0.73 -12.74 
1905 1.05 -25.41 -7.00 0.64 1.91 0.33 37.74 

1906 0.90 25.92 8.11 0.51 2.59 0.39 -15.67 
1907 0.80 7.31 -1.43 0.50 2.35 1.49 6.98 
1908 1.16 5.13 8.G7 0.44 2.65 0.76 2.88 
1909 1.23 -3.21 1.84 0.44 2.99 1.68 17.90 
1910 1.30 -10.12 2.09 0.32 2.67 0.85 6.27 

10 years 1.16 2.69 -0.80 0.55 2.13 0.71 5.24 
average 

3 



Table B-2. (continued) 

Year 

Nu: er 

VIpu-
lation 

(1) 

Techni-
cal change 
in agri-
culture 

(2) 

Growth rates of:Techni- Labor Caoital 
cal change 
in non-
agricul-
ture 

(3) (4) (5) 

Land 

(6) 

Proportion of current 
agricultural inputs 
purchased from non
farm sector to agri
cultural output

(7) 
Q 

1910 - 1911 
1912 
1913 
1914 
1915 

1.36 
1.45 
1.44 
1.43 
1.37 

20.19 
2.57 

-0.86 
-2.89 
2.11 

0.40 
9.89 
1.n0C 
5.91 

-4.69 

L 

0.34 
0.34 
0.28 
0.19 
0.21 

k 
3.15 
3.25 
3.59 
2.47 
2.17 

B 
0.95 
0.92 
0.41 
0.50 
0.72 

-4.60 
-4.23 
13.50 
-6.04 
-0.07 

1916 
1917 
1918 
1919 
1920 

1.41 
1.19 
1.12 
0.54 
0.80 

9.64 
-2.22 
2.50 

-48.24 
66.14 

-4.16 
-3.90 
5.29 

39.50 
-14.70 

0.11 
0.12 
0.11 
0.02 
2.40 

2.65 
3.80 
4.57 
5.28 
4.65 

0.83 
0.90 
1.09 
0.48 
0.45 

-6.11 
11.57 
5.14 

86.39 
-41.87 

10 years 1.21 5.19 3.50 0.41 3.56 0.73 5.37 
average 



Table B-2. (continued) 

Year Growth rates of: 
Popu-
lation 

Techni-
cal change 
in agri-
culture 

Techni-
cal change 
in non-
agricul-

Labor Capital Land Proportion of current 
agricultural inputs 
purchased from non
farm sector to agri-

Number (1) (2) 
ture 

(3) (4) (5) (6) 
cultural output 

(7) 
Q T1 T2 L K B C 

1920 - 1921 1.17 1.9i 16.33 0.86 3.71 0.06 -1.67 
1922 1.28 -1.34 1.24 0.85 3.25 0.11 2.52 
1923 1.30 -3.74 -5.67 0.85 2.51 -0.74 15.10 
1924 1.34 7.51 10.65 0.85 2.55 -0.59 -5.19 
1925 1.42 8.60 6.00 0.84 2.67 -0.24 -4.67 

1926 1.74 -8.38 6.59 0.82 3.15 -0.04 20.44 
1927 1.54 7.57 4.06 0.83 3.32 0.15 -5.54 
1.928 1.52 -3.14 2.12 0.81 3.04 0.27 5.54 
1929 1.39 2.42 5.80 0.81 2.73 0.09 3.46 
1930 1.50 -1.33 7.89 0.80 2.38 0.33 -3.67 

10 years. 1.42 1.38 5.30 0.83 2.93 -0.06 2.63 
average 



Table B-2. (continued) 

Year Growth rates of: 

Number 

Popu-
lation 

(1) 

Techni-
cal change 
in agri-
culture 

(2) 

Techni-
cal change 
in non-
aqricul-
ture 

(3) 

Labor 

(4) 

Capital 

(5) 

Land 

(6) 

Proportion of current 
agricultural inputs 
purchased from non
farm sector to agri
cultural output 

(7) 

1930 - 1931 
1932 
1933 
1934 
1935 

1.56 
1.57 
1.50 
1,21 
1.44 

1.84 
12.41 
9.88 

-19.87 
9.50 

10.57 
-6.91 

-11.50 
6.91 
5.38 

-2.12 
0.64 
2.06 
3.42 
1.97 

2.24 
2.28 
2.82 
3.06 
3.33 

0.63 
0.63 
0.61 
0.21 
0.28 

9.92 
-18.72 
-8.42 
28.78 
-6.83 

1936 
1937 
1938 
1939 
1940 

1.35 
0.65 
0.70 
0.45 
0.78 

6.45 
4.05 

-0.66 
11.73 
6.55 

4.59 
-9.32 
-2.00 
9.11 
8.34 

-1.71 
0.99 
1.00 
0.98 
2.20 

3.57 
3.41 
3.34 
3.41 
5.21 

0.44 
0.19 

-0.30 
-0.01 
-0.03 

6.49 
-3.38 
7.04 

-6.86 
-16.10 

10 years 1.13 3.88 1.55 0.93 3.27 0.26 -1.01 
average 



Table B-2. (continued)
 

Year 

Popu-
lation 

Techni-
cal change 
in agri-
culture 

Number (1) (2) 

Q l 

1940 - 1941 
1942 
1943 
1944 
1945 

0.28 
0.98 
1.38 
0.68 

-2.17 

1946 
1947 
1948 
1949 
1950 

4.99 
3.04 
2.44 
2.21 
1.74 

10 years 
average 

1.56 

Growth rates of: 
Techni-
cal change 
in non-
agricul-
ture 

(3) 

Labor 

(4) 

Capital 

(5) 

Land 

(6) 

L k B 

0.30 
0.06 

-0.33 
-0.41 
-0.55 
-1.25 
-3.77 

-2.70 
4.22 

-0.94 

0.43 
0.43 
0.38 
0.39 
0.39 

-0.43 

Proportion of current
 
agricultural inputs
 
-urchased 
 from non
farm sector to agri
cultural output
 

(7)
 

C
 

I



Table B-2. (continued) 

Year 
Growth rates of: 

Number 

Popu-
lation 

(1) 

Techni-
cal change 
in agri-
culture 

(2) 

Techni-
cal change 
in non-
agricul-
ture 

(3) 

Labor 

(4) 

Capital 

(5) 

Land 

(6) 

Proportion of current 
agricultural inputs 
purchased from non
farm sector to agri
cultural output 

(7) 
Q T1 2 L KBC 

1950 - 1951 
1952 
1953 
1954 
1955 

1.56 
1.54 
1.40 
1.38 
1.22 

12.99 
10.74 
11.27 
8.46 
6.87 

1.40 
2.95 
4.91 
1.28 
3.18 

4.04 
4.27 
4.67 
5.64 
4.32 

0.34 
0.25 
0.19 
0.52 
0.79 

-2.01 
42.59 
-2.37 
-6.43 

1956 
1957 
1958 
1959 
1960 

1.00 
0.84 
0.92 
0.95 
0.84 

-7.50 
2.99 
7.18 
4.13 
3.01 

7.78 
3.77 
9.55 

16.04 
15.10 

2.05 
2.68 
0.93 
1.02 
2.13 

5.16 
6.54 
7.10 
7.08 
8.97 

0.53 
0.53 
0.33 
0.13 

-0.02 

12.14 
6.18 

-2.49 
7.21 

12.32 
10 years 

averag e•

1.17 10.30 2.25 5.78 0.38 7.46 

N, 



Table B-2. 


!ear 


Number 


1960 - 1961 
1962 
1963 
1964 

1965 


1966 

1967 

1968 

1969 

1970 


10 years 

average
 

(continued)
 

Growth rates of:
 
Popu-
lation 

Techni-
cal change 

Techni-
cal change 

Labor Capital Land 

in agri- in non-
culture agricul-

(1) (2) 
ture 

(3) (4) (5) (6) 
A T2 L KBC 

0.93 
0.95 
1.03 
1.07 
0.87 

0.01 
3.15 

-1.49 
0.17 

1.28 
1.24 
0.85 
1.30 
1.60 

0.23 
-0.07 
-0.34 

0.90 
1.06 
1.13 
1.22 
1.17 

2.09 
1.51 
1.67 
0.76 
1.07 

1.04 1.33 

Proportion of current
 
agricultural inputs
 
purchased from non
farm sector to agri
cultural output


(7)
 

4.89
 
7.91
 

00
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Explanations for the individual columns in Table B-I
 

(1) The growth rate of real agricultural output. 

This is 
the sum of real farm output (Y].') plus
 

real current inputs purchased from the nonfarm sector
 

(Y2 ' ) ." 

Real farm output (Y1 ') is obtained from the value
 

of the current prices of value added in agriculture
 

(Pl'Yl')(column (1) of Table 13, p. 182, 
in LTES, vol.
 

9) divided by the index of prices of all commodities
 

(PI') (column (13) of Table 8, p. 160, in TrIES, vol. 9), 
or alternatively, we can get real farm output 
(Y1 1 )
 

from column (6) of Table 13, p. 182 in LTES, vol. 9. 

Real current inputs purchased from the nonfarm sector
 

(Y2) are obtained from the farm value of current inputs 

of nonagricultural origin (column (2) of Table 15, 

p. 185, in LTES, vol. 9).
 

Therefore, real agricultura]. output (Yl) is the sum 

of real farm output (Yl') plus current inputs purchased
 

from the nonfarm sector (Y2 '). We calculatcd the yearly 

growth rates of real agricultural output ( 1) from this 

real agricultural output (Yl) and also obtained the 

valur, s of the average for each decade. 
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(2) 	The growth rate of real nonagricultural output.
 

First, we obtain the total national income
 

(PLY1 + P2Y2 ) estimated by Y. Yamada 
(p. 28 of HIS.E).
 

We also obtained the value of agricultural output
 

(PIYI). This Pily is obtained from the value of the
 

current prico (Pl1 Y) 
 plus farm value of current in

puts purchased from nonagriculture (P2 'Y 2 ') (column 

(12) of Table 14, p. J.83, in LITES, vol. 9). 'Phcrefore, 

we can obt ain the value of nonagricultural output 

(P 2 Y2 ) by subtracting this (PlY,) from total notonal.
 

income 
(P1Y! + P 2 Y2 ). We can also obtain the price 

index of nonagricultural goods (P2 ) (we took the price
 

of total manufacturing products) (column (1) in Table
 

15 of LTES, vol. 8).
 

Thus, the real nonagricultural output (Y2 ) is ob

tained from dividing the value of nonagricultural out

put 	(P2Y2) by the price index of nonagricultural goods
 

(P2 ). 
The yearly growth rates and average for each de

cade of real nonagricultural output are calculated from
 

these values.
 

(3) 	The growth rate of agricultural capital stock.
 

Agricultural capital stock is found in column 
(12)
 

of Table 3, p. 154, in LTES, vol. 3. From thesc 
values
 

we can got the yearly growth rates and the average for
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each 	decade.
 

(4) 	The grow,th rate of nonagricultural capital stock.
 

Nonagricultural capital stock is obtained by sub

tracting agricultural capital stock from total net
 

capical stock, which is the last column of Table 1,
 

p. 149, in LTES, vol. 3. The yearly growth rate and
 

average for each decade are calculaLed from these values. 

(5) 	 The growth rate of agricultural labor. 

This is calculated from the to'-al of agricultural 

gainful worker,, (column (3) of Table 33, p. 218, in 

LTES, vol 9). The yearly growth rate and averacc for 

each decade are calculated from these values. 

(6) 	 The growth rate of nonaricultural labor. 

First, nonagricultural labor is obtained by sub

tracting the agricultural labor from the total labor 

(p. 56 in HSJE until 1942 and JSY after 1947 (no dati 

is available for the period 1943 to 1946) . This may 

be published in LTIES, vol. 2 in the near future.).The 

yearly growth rate and average for each decade arc cal

culatod from these data. 

(7) 	The change of the terms of trade. 

We know the value of farm output (]'I'YI) , value 
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of the current input purchased from nonagriculture
 

(P2 'Y2 '), and real agricultural output (Y
1 ). Therefore,
 

we can obtain the price index of agricultural output
 

(PI) from dividing the sum of Pl'Yl' and P2'Y2 ' 
by YI"
 
We also.know the price indexes of nonagricultural
 

products (P2). Therefore, the terms of trade 
(agri

cultural price / nonagricultural price) are obtained
 

from these two values.
 

(8) The qrowth rate of 
real per capita income.
 

We know the total national income (PY 1 + P2Y2).
 

Total population is obtained from pp. 12 and 13 
o IMI-E
 

until 1964 and from JSY after 1964. 
 The general prim..
 

indexes (P) are taken from the 1st 
 column of Table 2,
 

p. 135, in LTES, vol. 8.
 

From dividing the total national income 
(PiYl + P2Y2 )
 
by the general price index 
(p), we can obtain the real
 

national income. 
 If we further divide this real national
 

income by total population, we can get the real per
 

capita income (E). 
 The yearly growth rate and its aver
age for cach decade are calculated from these.
 

Explanations for the individual columns in Table B-2.
 

(1) 
The growth rate of total population.
 

Growth rates and those of each decade are obtained
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from 	published total population in HSJE and JSY.
 

(2) 	Thc rate of technical change in agriculture.
 

As stated in 
 the 	 text, the rate of technical change 
in agriculture can be expressed as:
 

1 - C 
We know the growth rate of real agricultural out

put (YI), agricultural labor 
(LI) and capital (1i).
 
The growth rate of land 
(B) and the proportion of
 
current agricultural inputs purchased from the nonfarm
 
sector to agricultural output 
(6) are explained later
 
in this Appendix. 
 The 	factor shares of labor 
(a) and
 
capital () are available in Appendix C. 
Therefore,
 
we can 
calculate the rate of technical change i.o 
agri

culture by using these values.
 

(3) 	 The rato of technical change in nonIgriculttre. 

In 
the 	same way as for technical change in agricul
ture, we can obtain the rate of technical change in
 

nonagriculture.
 

(4) 
The 	growth rate of 1-otal 
labor.
 

As mentioned before, we can obtain the total labor
 
dati from HSJ., p. 56. The yearly growth rat. s and 
thoso for each decade's average are 	obtained from these 

vailuI(. 
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(5) 	The growth rate of total capita].
 

We have the data of aggregate capital stock until
 

1940 in Table 1, p. 149, in LTES, vol. 3 and capital
 

stock in agriculture until 1962 in Table 3, p. 154, in
 

LTES, vol. 3. However, those are two kinds of capital
 

stock series. 
 One is net term and the other is gross
 

term.
 

It is always difficult to gather capital stock data
 

in any country. Japan is 
no exception, especially the
 

data of aggregate capital stock after 1940. 
 Only Refer

ence Table 3, p. 262, 
in LTES, vol. 3 is available with
 

respect to aggregate capital stock after World War II.
 

However, this is given in gross term. 
When we cal

culate the rate of technical change in agriculture, we
 

used the growth rate of net capita]. stock in agriculture
 

simply because wi. used net real agricultural output.
 

Fortunately, with respect to the growth rate, net and
 

gross are not very different, especially when we 
take 

the decade's average growth rate. Therefore:, we adopY.[:d 

aggreqaLt capital stock by grous term5in order to oblAin 

consistent data 	after World War II. 

(6) 	 The growth rate of land. 

Column (14) of Table 32, p. 216, in LTES, vol. 9, 

gives us the data for total area of arable land in
 

all 	Japan. Therefore, 
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the growth rates, yearly and decade's average, of land
 

are obtained from these values.
 

(7) 	The change in the proportion of current agricu

tural inputs purchased from the nonfarm sector to
 

agricultural output.
 

We know the data for real agricultural output (YI)
 

and current agricultural inputs purchased from the non

farm sector (Y2 '). Therefore, we can obtain the value 

of the proportion of current agricultural inputs pur

chased from the nonfarm sector to agricultural output 

(c) and their yearly and average growth rates for each
 

decade.
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APPENDIX C: PARAMETER VALUES OF MATRIX A
 

(a) Explanations for the individual columns in Table
 

4-1:
 

(1) and 
(2) Labor's and capital's share in aqriculture.
 

Labor's and capital's share in agriculture were
 

recalculated from the data in the appendix of Yamada
 

and Hayami (1972). This recalculation was done be

cause they included the factor share of current inputs
 

in their calculation.
 

However, when we constructed our model, we had
 

treated real agricultural output as the sum of farm out

put plus current inputs purchased from nonagriculture
 

instead of treating current inputs as an input. There

fore, we subtracted the current inputs term from their
 

data and recalculated the factor share. 
 (In 1880, for
 

example, labor's share equaled 58% and capital's share
 

12%.) Therefore, land's share must hcive been 30%.'
 

(3) and (4) Labor's and capital's share in nonaqri

culture.
 

The nonagricultural factor share is developed by
 

R. Sato (1968). But, unfortunately, we could no: obl,iin 

any data before 1930. Therefore, we a-sumiud that labor's 
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share in nonagriculture was 70% and capital's 30%.
 

This is 4,ot too an unreasonable assumption judging
 

from the Japanese data of the subsequent years.
 

The share after 1930 is calculated by taking the
 

five-year's average centering the years shown on page
 

279 of Sato.
 

(5) and (6) Price and income elasticities of agjricul-


Lural goods. 

H. Kane(a (2.968) recalculated the earlier works
 

of Nah*ayama and Noda (1958) and Noda and Yamadi2 (1963). 

He mentioned that income elasticities estimat,-d by 

Nakayama and Noda would be 0.32 and Yamada and Noda 

0.50 instead of approxim.,tely 0.80 in 1878-l9> . 

Therefore, w. adopted 0.40 as the income elasticities 

of this period. 

Kaneda obtained the income elasticities of 0.494
 

for March 1921, 0.386 for 1926/27, 0.347 for 1931/32
 

and 0.329 fo; 1935/36. We adopted the income elasti

cities; of 0.45 for the 1920's and 0.35 for the period
 

1930-19145.
 

With respect to the income elasticities of the 

post World War II years, he obtained 0.481 for 1953, 

0.456 for 1957 and 0.472 for 1961 for urban worker's
 

households and around 0.530 for farm househoid!. 
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Independently, Y. Yuize 
(1964) obtained the value of
 

0.455 for the period 1956-1962. Therefore, we adopted
 

0.45 	as the income elasticity of the postwar years.
 

As for the price elasticities for the postwar years,
 

H. Kaneda obtained -0.7C2 
for urban workers' households
 

and -0.172 for farm households. Y. Yuize obtaincd price
 

elasticities of -0.696. We adooted the price elasti

city 	of -0.60 for the postwar years.
 

V;.t-h respect to pre-World War II, published sources
 

are 	not available. However, the Japanese incomu elasti

cities were almost constant over the whole period, as
 

we have observed above. Therefore, we adopted the price
 

elasticities of -0.60 for the per4od of pre-World War I. 

(7) 	 Proportion of total 1hor in aqriculturc. 

We krow the data of agricultural labor and totail
 

labor from Appendix B. Thus, we can obtain this 
pro

portion of total labor in agriculture.
 

(8) 
Proportion oF trI-al capital in agriculture.
 

From Appendix B, we know the data of the capital
 

series. Therefore, we can obtain this proportion of
 

total capital in agriculture. The value of 1945 is
 

interpolated and the one of 1965 is extrapolated.
 

(9) 	Shar-e of income produced in ariciLuture. 

In the same way as for (7), (8), (9), we can pro

duce 	 this series. 
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(b) 	Explanations for the individual columns in Table
 

4-5:
 

JAPAN 

(J.l) Labor's share in agriculture. 

This is the same as column (1) of Table 4-1. 

(J.2) Capital's share in agriculture.
 

In order to be able to compare the characteris

tics of both the Japanese and U.S. economies, an effort
 

was made to use similar kinds of data and conditions.
 

Thus, we assumed, for simplicity, that there are
 

no current inputs purchased from nonagriculture and
 

that inly labor and capital are used as inputs. This
 

compromise comes from the fact that it is almost im

possiblc to gather comparable full data with respect
 

to all items for 90 yearE for both the Japanese and
 

U.S. 	economies.
 

From this assumption, capital's share in agri

culture is obtained by subtracting labor's share in
 

agriculture from 1.00.
 

(J.3 	and 4) Labor and capital's share in nonagriculture.
 

These are the same as in columts (3) and (4) of
 

Table 4-1.
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(J.5 and 6) 
Price and income elasticities of agri

cultural goods. 

These are also the same as 
those in columns (5)
 
and (6) in Table 4-1.
 

(J.7 and 9) Proportion of total labor and share of
 

income produced in agriculture.
 
These are also the same as 
those in columns (7)
 

and (9) in Table 4-1. 

(J.8) 
Proportion of total capital in aricui-ure.
 

Since in these international co'a risons we
 
assumed two inputs (capital (K) and labor (L)) in our
 
agricultural production function, we have to include
 
the land value in the agricultural capital.
 

Therefore, we multiplied the arable land 
(column
 
(14) of Table 32, p. 216, LTES, vol. 9 by 0.0269 million
 
yen (tho pric. of land 
(100 cho) in 1935) and added the
 
value to net agricultural capital (column (12) of Table
 
3, p. 154, LTES, vol. 3 or column (8) of Table 29,
 
p. 212, LTES, vol. 9) and net total capital (the second
 
column from the 
last of Table 1, p. 149, 
LTES. vol. 3).
 
Thus, we obtained the data of agricultural and total
 
capital including the value of agricultural 
land.
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We can obtain the data of the proportion of
 

total capital in agriculture from these two up until
 

1940. 
 After 1940 it is difficult to obtain the total
 

capital data.
 

With respect to total capital after 1940, we
 

can obtain it only from Reference Table 3 in LTES, vol.
 

3. However, this is the value in 1960 prices. 
 .
There

fore, it is necessary to recalculate into the values
 

of 1934-36 prices. In addlition, total capital is
 

measured in gross terms 
instead of net terms, 
as we
 

used so 'ar. However, fortunately when we compare the
 

gross and net capital stock, we find that the growth
 

rates are not too different.
 

Thus, we now compar-
 the total gross capital in
 

1939 in Reference Table 3 in LTES, vol. 3 with that of
 

1950, obtaining a value 1.2 times larger in 1950 than
 

1939; likewise, 2.0 times greater in 1960 than 1939.
 

Hence, we multiplied 1.2 and 2 times by the valleo of
 

net total capital (the second column fr 
i the last of
 

Table 1, p. 149, LTES, vol. 3) in 1950 arid 
1960 to get 

the value of net total capital in 1950 and 19G0, re

spectively. 

As for agricultural capital and land valuu, we 

also have the data after 1940. Tlhercvfoi:i, we can 
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measure the proportion of total capital in agricul
ture (-K) 

K 

U.S.A.
 

(U.1 and 2) 
Labor's and capital's shares in agriculture.
 

We obtained labor's share in U.S. agriculture
 

from p. 49 of G. A. MacEachern (1964), who used the data
 

of King, Johnson and Purdue. He included many estimates
 

in his Figure 1.
 

Therefore, it is difficult to tell which result
 

is best. We adopted King's labor share for 1880, 1890
 

and 1900. 
 For 1910, 1920 and 1940 we adopted Johnson's
 

estimate. For 1950 and 1960, we adopted the Purdue
 

estimates.
 

(U.3 and 4) 
Labor's and capital's share in nonagiiculture.
 

These are recalculated from R. Sato's work (1968).
 

He does not have data before 1909. However, we assumed
 

a labor share's constancy before 1909. This is not an
 

unreasonable assumption judging from MacEachern's
 

Figure 1 on page 49.
 

For the share after 1909, we took the five year's
 

average centering the year shown.
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(U.5 and 6) Pric and income elasticicies of agricul

tural goods.
 

L. Jureen (1956) gives a table of prewar and post

war income elasticities at varying income levels. 

From this table, we can obtain the income elas

ticities for each period, if we know per capita income.
 

The results show that the income elasticity was 0.29
 

in 1880 and 0.25, 0.23, 0.17, 0.12, 0.12, 0.12, 0.15,
 

0.15, and 0.15 in 1890, 1900, 1910, 1920, 1930, 1940,
 

1950, 1960 and 1970, res!,ectively.
 

However, Brandow (1961) shows that income elas

ticity for agricultural goods for 1950-60 is around
 

0.25-0.30. Tolley-Smidt (1964) also adopted an income
 

elasticity for agricultural goods of 0.25. The values
 

of Jureen are obtained from the multicountry curves.
 

Therefore, we assumed that the U.S. economy had hiyher
 

income elasticities for each per capita income th,'-
 in
 

the usual case. Therefore, we ,iultiplied Jureen's
 

values for each year by 1.5 
or 2.0 and obtained the
 

values in Table 4-5 of the text.
 

Price elasticities, for consistency, are assumed
 

to be slightly higher values than income elasticities, 

as we as;sumed for the Japanese economy. 

http:0.25-0.30
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(U.7 and 8) Proportion of total labor and capital in
 

agriculture.
 

These values are obtained from J. W. Kendrick
 

(1961).
 

For labor, we obtained these values from the last
 
three columns of Table A-VI, p. 305.
 

With respect to capital, we adopted real farm
 
capital stock and the summation of this real farm capital
 
stock plus real private nonfarm nonresidential capital
 
stock in Table A-XV, p. 320. 
 From these we obtained
 

the proportion of total capital in agriculture.
 

(U.9) 
 Share of income produced in agriculture.
 

We obtained these values from column (1) and (8)
 
of Table A-III, p. 298, 
of J. W. Kendrick (1961).
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APPENDIX D: 
 GROWTH RATE MULTIPLIERS OF THE JAPANESE
 

ECONOMY
 

The following are the Japanese empirical results
 
of the growth rate multipliers (inverse matrix of A)
 
in secticn 4.2 in Chapter IV. 
The text discusses the
 
interpretation of the sign and value of element a. 
and 

the dynamics of these over timge. 
1J 

In this calculation, the factor shares in both 
sectors, price elasticity, proportion of total labor
 

and capital in agriculture and share of income produced
 
in agriculture in Appendix C are used. 
Appendix C ex

plains these values in detail.
 

Table D - 1. 
Growth rate multipliers of the Japanese
 

economy in the 1880's
 
1880Jan
 

0.63 0.49 
 0.13 0.35 
 0.12 
 0.006 -0.21 -0.25
-2.38 1.93 
 0.50 1.56 
 0.29 -0.04 0.78 0.95
1.23 -1.00 
 0.26 -0.45 
 1.01 0.29 -0.41 -0.49
-2.10 1.70 
 -0.45 0.76 0.99 
 -0.50 0.69 0.84
0.83 -0.68 0.18 
 0.70 
 0.005 -0.05 -0.27 -0.33
-2.50 
 2.03 -0.53 1.90 
 -0.01 0.15 
 0.82 1.00
-0.04 0.03 
-0.01 
 0.11 -0.10 -0.03 0.81 0.02
-0.98 1.27 0.32 
 1.04 
 0.16 -0.04 
 0.70 -0.61
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1885 Japan
 

0.60 0.47 0.17 0.35 0.14 0.006 -0.24 -0.24
-1.71 1.50 1.31
0.52 0.25 -0.05 0.68 0.68
 
1.07 -0.94 0.30 -0.38 1.03 -0.43
0.33 -0.43


-1.54 1.36 -0.43 
 0.55 0.95 -0.48 0.62 0.62
 
0.84 -0.74 
 0.23 0.70 0.03 -0.06 -0.34 -0.34


-1.78 1.57 
 -0.50 1.64 -0.05 0.13 0.71 0.71

-0.03 
 0.02 -0.01 0.12 -0.11 -0.04 0.84 0.01

-1.02 1.20 1.06 -0.05
0.41 0.18 0.66 -0.59
 

Table D - 2. Growth rate multipliers of the Japanese 

economy in the 1890's
 

1890 Japaon 

0.67 0.42 0.31
0.18 0.14 0.01 -0.25 -0.27

-1.59 1.39 0.57 1.24 
 0.24 -0.06 0.60 0.64

1.18 -1.03 0.32 -0.40 
 1.04 0.37 -0.45 -0.47
 

-1.44 1.26 -0.39 0.49 -0.46 0.58
0.95 0.54 

0.97 -0.85 0.26 0.67 0.04 -0.06 -0.37 -0.39


-1.65 1.44 -0.4S 1.56 -0.06 0.11 0.62 0.66

-0.03 
 0.02 -0.01 0.14 -0.13 -0.06 0.81 0.01

-0.88 1.08 0.99 -0.06
0.44 0.17 0.59 -0.65
 

l895 Japan 

0.70 0.39 
 0.19 0.30 0.14 0.01 -0.28 -0.28

-1.47 1.29 
 0.59 1.20 0.23 -0.07 0.58 0.59
 
1.29 -1.13 0.36 -0.44 1.06 
 0.43 -0.51 -0.51
 

-1.29 1.13 -0.35 0.44 0.94 -0.43 0.51 0.51

1.03 -0.90 0.28 0.65 0.05 
 -0.06 -0.41 -0.41


-1.54 1.35 -0.43 1.53 
 -0.08 0.09 0.61 0.62

-0.03 0.03 -0.01 0.15 
 -0.14 -0.06 0.85 0.01
 
-0.81 1.02 
 0.47 0.97 0.16 -0.06 0.58 -0.68
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Table D - 3. Growth rate multipliers for the Japanest
 

economy in the 1900's
 

1900 Japan
 

0.75 0.35 0.20 0.29 
 0.14 0.0Z -0.30 -0.30
-1.34 1.17 
 0.64 1.18 0.23 -0.06 0.54 0.54
1.41 -1.23 0.38 -0.50 1.07 
 0.48 -0.57 -0.57
-1.11 0.97 -0.30 0.39 0.94 
 -0.38 0.45 0.44

1.09 -0.95 
 0.30 0.62 
 0.06 -0.06 -0.44 -0.43
-1.44 
 1.26 -0.39 1.51 -0.07 0.08 0.58 
 0.58
-0.04 
 0.03 -0.01 0.13 -0.12 -0.06 0.87 0.02
-0.68 0.92 0.49 0.94 
 0.16 -0.06 0.55 -0.73
 

1905 Japan
 

0.79 0.31 0.21 0.27 
 0.14 0.02 -0.31 -0.32

-1.28 
 1.10 0.66 1.15 0.24 -0.05 0.51 0.51
1.52 -1.31 0.40 -0.53 1.07 0.52 
 -0.60 -0.61
-1.01 0.87 -0.27 0.35 
 0.96 -0.35 
 0.40 0.40

1.14 -0.98 0.30 
 0.60 0.05 -0.06 -0.45 -0.46
1.39 1.20 -0.37 1.49 -0.06 0.07 
 0.55 0.56
-0.05 0.04 -0.01 
 0.15 -0.13 -0.07 0.87 
 0.02
-0.59 0.85 
 0.50 0.90 
 0.17 -0.05 0.52 -0.7G
 

Table D - 4. 
Growth rate multipliers of the Japanese
 

economy in tha 
19 10's
 

1910 Japan
 

0.82 0.29 0.22 
 0.27 0.14 
 0.03 -0.32 -0.33
-1.20 1.04 
 0.68 1.13 0.25 -0.04 0.47 0.48
1.62 -1.40 
 0.43 -0.57 1.06 0.56 
 -0.64 -0.65
-0.87 0.75 -0.23 0.31 
 0.97 -0.30 
 0.34 0.35
1.15 -0.99 
 0.30 0.59 0.04 -0.06 -0.45 -0.46

-1.35 
 1.16 -0.36 1.48 -0.05 0.07 0.53 
 0.54
-0.06 
 0.05 -0.01 0.14 -0.12 -0.07 0.87 0.02
-0.53 0.8 0 0.52 
 0.88 0.17 -0.04 0.50 -0.79
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1915 Japan
 

0.81 0.28 0.23 0.27 0.15 0.02 -0.33 -0.32
 
-1.05 0.93 1.01
0.70 	 0.31 -0.02 0.43 0.42
 
1.68 -1.49 0.48 -0.57 1.06 
 0.58 -0.69 -0.67
 

-0.68 0.61 -0.20 0.23 0.98 -0.24 0.28 0.27
 
1.11 -0.98 0.32 0.62 0.04 -0.08 -0.45 -0.44
 

-1.25 1.11 -0.36 1.43 
 -0.04 0.09 0.51 0.50
 
-0.05 0.04 -0.01 0.10 -0.09 -0.06 0.86 0.02
 
•-0.54 0.76 0.56 0.83 0.24 -0.02 
 0.46 -0.78
 

Table D - 5. Growth rate multipliers of the Japanese 

economy in the 1920's
 

1920 Japan
 

0.82 0.28 0.27 0.30 0.16 0.05 -0.32 -0.37
 
-0.95 0.84 0.68 1.00 0.25 -0.01 
 0.37 0.43
 
1.76 -1.55 0.58 -0.55 1.09 
 0.68 -0.69 -0.79
 

-0.50 0.44 -0.16 0.15 0.97 -0.19 0.19 0.22
 
1.10 -0.97 0.37 0.66 0.06 -0.06 -0.43 -0.50
 

-1.15 1.01 -0.38 1.36 -0.06 0.07 0.45 0.52
 
-0.08 0.07 -0.03 0.15 -0.13 -0.09 0.84 0.04
 
-0.51 0.71 0.57 0.85 
 0.19 -0.02 0.41 -0.77
 

1925 Japan
 

0.83 0.26 0.28 0.32 0.15 0.04 -0.33 -0.37

-0.85 0.76 
 0.71 0.98 0.26 -0.004 0.34 0.38
 
1.72 -1.53 
 0.59 -0.57 1.08 0.70 -0.69 -0.77
 

-0.40 	 0.36 -0.14 0.13 0.98 -0.16 0.16 0.18 
1.0P -0.97 0.37 0.64 0.05 -0.07 -0.44 -0.49|


-1.04 0.93 -0.36 1.34 -0.05 0.07 0.42 0.47
 
-0.06 0.05 -0.02 0.11 -0.09 -0.07 0.84 0.03
 
-0.46 0.65 0.85
0.60 	 0.21 -0.01 0.38 -0.79)
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Table D - 6. Growth rate multipliers of the Japanese 

economy in the 1930's 

1930 Japan 

0.86 0.19 0.25 0.25 0.13 0.04 -0.38 -0.30 
-0.76 0.72 0.78 1.02 0.29 0.01 0.34 0.27 
1.71 -1.60 0.49 -0.70 1.02 0.71 -0.76 -0.60 

-0.33 0.30 -0.09 0.13 1.00 -0.14 0.15 0.11 
1.08 -1.00 0.31 0.56 0.01 -0.08 -0.48 -0.38 

-0.96 0.89 -0.27 1.39 -0.01 0.07 0.43 0.34 
-0.05 0.04 -0.01 0.09 -0.08 -0.06 0.85 0.02 
-0.47 0.63 0.68 0.89 0.25 0.003 0.37 -0.84 

1935 Japan 

0.90 0.17 0.25 0.22 0.15 0.04 -0.39 -0.31 
-0.72 0.66 0180 0.92 0.34 0.008 0.31 0.25 
1.84 -1.70 0.51 -0.69 1.04 0.71 -0.81 -0.64 

-0.30 0.28 -0.08 0.11 0.99 -0.12 0.13 0.10 
1.20 -1.11 0.33 0.55 0.02 -0.09 -0.52 -0.42 

-0.94 0.87 -0.26 1.35 -0.02 0.07 0.41 0.33 
-005 0.05 -0.01 0.10 -0.08 -0.07 0.86 0.02 
-0.39 0.57 0.68 0.79 0.28 0.001 0.35 -0.86 

Table D - 7. Growth rate multipliers of the Japanese 

economy in the 1940's 

1940 Japan 

0.89 0.16 0.26 0.21 0.16 0.05 -0.48 -0.31 
-0.68 0.64 0.80 0.91 0.31 -0.007 0.37 0.24 
1.94 -1.83 0.57 -0.74 1.12 0.80 -1.05 -0.68 

-0.24 0.23 -0.07 0.09 0.98 -0.10 0.13 0.08 
1.26 -1.19 0.37 0.52 0.08 -0.06 -0.69 -0.44 

-0.91 0.86 -0.27 1.35 -0.06 0.04 0.50 0.32 
-0.07 0.06 -0.02 0.13 -0.10 -0.09 1.04 0.02 
-0.44 0.57 0.71 0.82 0.27 -0.01 0.40 -0.85 
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194 5 Japan
 

0.90 0.21 0.30 
 0.27 0.16 0.06 -0.36 -0.41
-0.77 0.67 0.75 0.94 
 0.25 -0.003 0.31 0.35
2.04 -1.80 0.67 -0.64 
 1.15 0.83 -0.82 -0.92
-0.23 0.20 -0.07 0.07 
 0.98 -0.09 0.09 0.10

1.27 -1.12 
 0.42 0.60 0.09 -0.04 -0.51 -0.57


-1.00 0.88 -0.33 1.31 -0.07 
 0.03 0.40 0.45
-0.10 0.09 0.16-0.03 -0.13 -0.11 0.88 0.04-0.34 0.57 0.62 0.80 0.19 -0.02 0.36 -0.85 

Table D - 8. Growth rate multipliers of the Japanese
 

economy in the 1950's
 

1950 Japan
 

0.90 0.19 0.31 0.24 0.14
0.20 -0.45 -0.401-0.90 0.81 0.68 
 1.16 0.05 -0.06 0.45 0.41

2.07 -1.87 0.73 -0.72 1.23 1.01 -1.04 
 -0.93
 

-0.20 0.18 -0.07 0.07 0.98 
 -0.10 O.10 0.09

1.25 -1.12 0.44 0.57 
 0.14 0.06 -0.63 -0.56


-1.02 0.92 -0.36 1.36 
 -0.12 -0.05 
 01 1 0.46

-0.25 0.22 -0.09 
 0.39 -0.33 -0.29 1.12 0.11

-0.56 0.72 
 0.58 1.04 0.01 -0.08 0.50 -0.75
 

1955 Japan
 

0.90 0.17 0.33 
 0.32 0.15 0.08 -0.38 -0.40
 -.0.59 0.54 0.78 1.07 0.13 0.003 0.25 0.27
1.60 -1.47 0.59 -0.59 1.05 -0.67
0.86 -0.72
 
-0.16 
 0.15 -0.06 0.06 1.00 -0.09 0.07 0.07
1.09 -1.00 0.40 0.03
0.60 -0.03 -0.46 -0.49
-0.67 0.61 1.25
-0.25 -0.02 0.02 0.28 0.30
-0.08 0.08 -0.03 0.19 
 -0.17 -0.15 0.85 0.04

-0.34 0.49 0.70 
 0,97 0.11 -0.008 0.29 -0.85 
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Table D - 9. Growth rate multipliers of the Japanese 

economy in the I Ps 

1960 Japan 

0.91 
-0.43 
1.62 

-0.14 
1.23 

0.14 
0.41 

-1.53 
0.13 

-1.16 

0.36 
0.83 
0.63 

-0.06 
0.48 

0.28 
0.89 

-0.52 
..05 
0.61 

0.18 
0.23 
1.08 
0.99 
0.06 

0.07 
0.002 
0.84 

-0.07 
-0.06 

-0.39 
0.18 
-0.69 
0.06 

-0.52 

-0.41" 
0.19 

-0.73 
0.06 

-0.56 
-0.53 
-0.05 
-0.26 

0.50 
0.05 
0.38 

-0.2. 
-0.02 
0.77 

1.17 
0.16 
0.83 

-0.03 
-0.14 
0.20 

0.03 
-0.13 
-0.01 

0.22 
0.80 
0.21 

0.24 
0.02 

-0.88 

1965 Japan 

0.92 
-0.29 

0.11 
0.28 

0.38 
0.88 

0.29 
0.80 

0.17 
0.30 

0.04 
0.01 

-0.39 
0.12 

-0.42 
0.13 

1.42 
-0.11 
1.16 

-0.37 
-0.02 
-0.19 

-1.37 
0.10 

-1.12 
0.35 
0.02 
0.27 

0.59 
-0.04 
0.48 

-0.15 
-0.01 
0.84 

-0.47 
0.04 
0.62 
1.12 
0.08 
0.76 

1.02 
1.00 
0.01 

-0.005 
-0.08 
0.28 

0.77 
-0.06 
-0.13 
0.04 

-0.07 
0.01 

-0.60 
0.05 

-0.49 
0.16 
0.76 
0.14 

-0.64 
0.05 

-0.52 
0.17 
0.01 

-0.91) 
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APPENDIX E: 
 THE EFFECT OF EXOGENOUS VARIABLES ON
 

ENDOGENOUS VARIABLES
 

In this Appendix, we observe the effect of exo

genous variables on (1) capital stock, 
(2) labor
 

allocations between sectors and 
(3) the terms of trade
 

(agricultural price over nonagricultural price).
 

(1) 	Effects of the exogenous variables on capita].
 

stock. 
First we observe the effects of exo

genous variables on the capital stock allocation between
 

sectors, Figures E-l, E-2. 
 We already know that if
 

total capital stock increases, capital stock in agri

culture increases, i.e.. 
 i >0.
 

If population increases, capital stock in agricul

ture will increase because the demand for food increases.
 

Figure E--l 
shows that labor in agriculture will in

crease 
if population increases. 
T£his results from the
 

same reasoning. If we observe the trend of the popu

lation effect on agricultural capital, we 
find the four
 

large wars 
affected Japanese agriculture considcerably.
 

Whencver wars occured, more agricultural capital and
 

labor was needed to support population growth.
 

The dotted line shows the dynamics of the popula

tion effect on agricultural labor. 
 This 	trend is very
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FIGURE E- I2-

Effect Of Exogenous Variables On Agricultural Capital 
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SOURCE: Appendix D 
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similar to the trend of agricultural capital.
 

Another possible reason besides the effects of
 

wars is that age structure change also affects these
 

trends too. 
 Another dotted line _Y illustrates this
 

fact.
 

If people eat the same amount and the age structure
 

does not change, then probably real output in agricul

ture will increase in a constant manner if population
 

increases. 
 But until 1940 this trend has changed
 

slightly. This is probably because Japanese people
 

started to eat more or 
(2) age structure has been chang

ing. 
 After World War II the trend of _ is constant.
 
*•Q
The trends of the dotted lines _Lt and DKI de-

crease over time. "
This is due to tecnical &nge in
 

agriculture after World War II. 
 Technical change in
 

agriculture has an 
almost constant negative effect on
 

agricultural capital stock. 
This is because we use less 

capital and labor in order to produce a cert-iin amount 

of food if technical change in agriculture occurs. For 

simil r reasons total labor has a negative effect on
 

agricultural capital.
 

If total capital increases, nonagricultural
 

capital stock also increases, i.e., DK2 >0" If popu

lation increases, capital in nonagriculture would
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decrease because of the increase in demand for food
 

and capital in agriculture. The trend of thi!: effect
 

sharply decreases as the economy grows. In other
 

words, in the beginning of economic development, popu

lation growth has a large negative effect on capital
 

accumulation in nonagriculture. If the traditional
 

view before 1957 that "capital formation is the key to
 

understanding the process of economic development" is
 

correct, then too much population has a really perverse
 

effect on economic development.
 

According to this view, technical change in agri

culture has a strong effect on economic development, 

especially at the beginning of development.
 

Total labor has a positive effect on nonagricul

tural capital stock, especially a relatively large
 

effect at the beginning of economic development and
 

the strength of the effect decreases over time. If
 

total labor increases, agricultural capital decreases
 

and instead nonagricultural capital increases.
 

Technical change in nonagriculture also has a
 

very small positive effe,' on nonagricultural capital. 

(2) Effects of the exogenous varnab>l:, -n ;oi : 

allocations between sectors. So far we
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observed the effect of the exogenous variables 
on
 

capital stock allocation between sectors. 
 Now we
 

observe the effect on labor allocation between sectors, 

Figures E-3, E-4.
 

Technical change in agriculture has negative ef
fects on agricultural labor because a certain amount
 

of food can be produced 
 with less capital and labox.
 

Technical change 
 in agriculture has a positive effect
 
on nc.naggricultural 
 labor, which is in clear conLrast 
to acjricultural labor. The effect of t(chnical change 
in agriculture on nonagricultural labor has a large
 
effect at the beginning of economic development, but 

decreases in strength over 
time.
 

Technical change in nonagriculturE! has near zero 
effect on the labor allocation between sectors, a 
slightly negative effect on agricultural labor, and a 
slightly positive effect on nonagricujtural labor.
 

From these facts, we can say that technical change 
in agriculture and nonagriculture both have a negative 

effect on agricultural capital and labor. That is, 
if
 
the economy grows through technical change, agricul

tural labor and capital decrease. 

On the contrary, technical change botlhin sector 



FIGURE E-3Effect Of Exogenous Variables On Agricultural Labor 

JL 

-
SOURCE Apd 0 .. 
L ~~~ .. , dT2
 

-A L L ,.. -A,
. . 4 -. , 

SOURCE: Appendix D 



209 

2- FIGURE E-4 
Effect Of Exogenous Variables On Nonagriculturol Labor 
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has positive effects on nonagricultural capital and
 
labor, especially a relatively large effect at 
the
 
beginning of economic development but decreases in
 
strength over time. 
 This is in clear contrast to the
 
effect on agricultural capital and labor, which is,
 
roughly speaking, almost constant over time.
 

Another impressive point is that agricultural
 
labor increases but nonagricultural labor decreases
 
when population increases. 
This results from the in
crease in the need for food when population increases.
 
The stress point is that at the bcyinning of economic
 
development, labor in nonagriculture decreasces 
con
siderably. 
 If what G. H. Fei and G. Ranis said, i.e.,
 
if economic development occurs through the release of
 
agricultural labor into the nonagriculture sector, is
 
true, then population growth, especially babies who are
 
not in the 
labor force, has a negative effect on eco

nomic development.
 

Technical change in both agriculture and nonagri
culture has positive effects 
on economic development
 

through labor allocation, i.e., technical change in 
agriculture has 
a negative effect on agricultural
 
labor and a positive effect on nonagricultural labor.
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Total labor has a positive near constant effect
 

on agricultural labor. 
 Total labor has a large posi

tive effect on nonagricultural labor and decreases in
 

strength over -ime.
 

Total caoital has a relatively small influence on
 
labor allocation and almost constant 
(near zero) effect
 

over time.
 

(3) 
Effects of the exogenous variables on the
 

terms of trade. Generally speaking, the terms
 
of trade between agriculture and nonagriculture have
 

relatively constant effects 
over time except during the
 

period of World War II, 
as shown in Figure E-5.
 

Technical change in agriculture has a negative near
 

constant effect on the terms of trade and technical
 

change in nonagriculture has a positive near constant
 

effect 
on the terms of trade over time, except during
 

the period of World War II.
 

If wc consider the effects of total labor on real
 

output in agriculture and nonagriculture, the effect on
 

the nonagriculture real output is 
larger than the effect
 

on the agriculture output; therefore, the terms of
 

trade have a positive effect, even though they are
 

nearly zero.
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-I 

2- FIGURE E-5 
Effect Of Exogenous Variables On The Terms Of Trade 
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For similar reasons as 
for total labor, with
 

certain exceptions, capital and population have nega

tive constant effects on the 
terms of trade between
 

agriculture and nonagriculture over 
Lwne, also.
 



214 

APPENDIX F: 
 GROWTH RATE MULTIPLIERS OF THE JAPANESE
 

AND U.S. ECONOMIES.
 

The following are the international comparisons
 

of Japanese and U.S. growth rate multipliers (inverse
 

matrix of A).
 

In this calculation, factor share in both sectors,
 

price elasticity, proportion of total labor and capital
 

in agriculture and share of income produced in agricul

ture in Appendix C are used.
 

Table F-1. Growth rate multipliers of the Japanese
 

-0.01 0.004 -0.002 -0.03 


and U.S. economies in 1880 

1880 

Japan 
0.59 

-2.37 
0.36 

-2.64 
0.75 

-2.26 
0.05 

-0.96 

0.52 
1.93 

-0.29 
2.15 

-0.61 
1.83 

-0.04 
1.25 

0.12 
0.50 
0.08 

-0.56 
0.16 

-0.48 
0.01 
0.33 

0.36 
1.58 

-0.13 
0.98 
0.72 
1.84 
0.10 
1.06 

0.29 
0.84 
0.92 
1.60 

-0.17 
0.51 

-0.13 
0.52 

-0.003 -0.24 
-0.05 0.98 
0.09 -0.15 

-0.64 1.09 
-0.07 -0.31 
0.21 0.93 

-0.02 0.98 
-0.04 0.87 

-0.24 
0.95 

-0.14 
1.06 

-0.30 
0.90 

-0.02 
-0.62 

U.S.A. 

0.80 
-0.79 
0.68 

-0.90 
0.86 

-0.73 

0.32 
0.66 

-0.57 
0.76 

-0.72 
0.61 

0.34 
0.67 
0.28 

-0.38 
0.36 

-0.30 

0.46 
0.90 

-0.20 
0.27 
0.75 
1.21 

0.20 
0.43 
0.91 
1.11 

-0.11 
0.09 

-0.03 
-0.04 
0.30 

-0.40 
-0.16 
0.14 

-0.35 
0.34 

-0.30 
0.40 

-0.37 
0.32 

-0.47 
0.46 
0.40 
0.52 

-0.50 
0.42 

0.03 
 0.01 1.00 0.003
-0.34 0.57 
 0.58 0.77 0.37 
 -0.03 
 0.43 -0.80
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Table F-2. 
 Growth rate multipliers of the Japanese
 

and U.S. economies in 1890 and 1900
 

1890 

Japan 
0.61 

-1.8 
0.34 

-1.93 
0.84 

-1.43 
0.08 

-0.85 

0.47 
1.38 

-0.30 
1.68 

-0.73 
1.25 

-0.07 
1.06 

0.17 0.32 
0.57 1.26 
0.009 -1.12 

-0.53 0.69 
0.23 0.70 

-0.39 1.51 
0.02 0.13 
0.45 1.00 

0.31 
0.69 
0.92 
1.47 

-0.21 
0.35 

-0.18 
0.51 

-0.003 -0.29 
-0.07 0.75 
0.11 -0.16 

-0.62 0.91 
-0.10 -0.40 
0.17 0.68 

-0.03 0.96 
-0.06 0.72 

-0.24 
0.63 

-0.14 
0.77 

-0.34 
0.57 

-0.03 
-0.66 

U.S.A. 
0.8 

-0.70 
0.70 

-0.82 
0.88 

-0.64 
-0.02 
-0.33 

0.26 
0.62 

-0.62 
0.72 

-0.78 
0.56 
0.02 
0.53 

0.32 
0.73 
0.27 

-0.31 
0.34 

-0.24 
-0.01 
0.63 

0.47 
0.95 

-0.28 
0.32 
0.65 
1.25 

-0.12 
0.80 

0.11 
0.40 
0.93 
1.09 

-0.09 
0.07 
0.13 
0.37 

-0.06 
-0.06 
0.34 

-0.40 
-0.15 
0.11 
0.06 

-0.04 

-0.36 
0.30 

-0.30 
0.35 

-0.38 
0.27 
1.01 
0.38 

-0.42 
0.35 

-0.35 
0.41 

-0.44 
0.32 
0.01 

-0.83 

1900
 

Japan
 

0.70 0.39 
 0.19 0.31 
 0.28 
 0 -0.33 -0.281
-1.33 1.16 0.64 
 1.18 0.61 
 -0.06 0.63 
 0.53
0.44 -0.38 0.12 -0.16 0.90 0.15 
 -0.21 -0.18
-1.65 1.44 
 -0.45 0.60 1.39 
 -0.57 0.78 
 0.66
0.90 -0.78 0.24 0.67 
-0.21 -0.12 -0.42 
 -0.36
-1.19 1.04 -0.32 1.43 
 0.28 0.16 
 0.56 0.48
0.06 -0.06 0.02 0.12 
 -0.16 -0.04 
 0.97 -0.03
-0.66 0.90 0.50 0.94 
 0.46 -0.05 0.63 -0.74
 

U.S.A.
 

0.87 0.21 0.32 
 0.37 0.16 -0.02 -0.32 
 -0.39
-0.57 0.53 
 0.79 0.89 
 0.42 -0.02 0.21 0.26
0.81 -0.74 0.29 -0.31 0.87 0.39 
 -0.29 -0.36
-0.63 
 0.58 -0.23 0.24 1.10 
 -0.31 0.23 0.28
0.89 -0.82 0.32 0.66 
 -0.15 -0.19 -0.32 
 -0.40
-0. 55 0.50 -0.20 1.21 0.09 0.12 0.20 0.25
-0.003 0.002 0.00 
 -0.03 0.03 
 0.17 
 1.00 0.001
-0.30 0.47 0.70 0.79 
 0.38 -0.02 
 0.30 -0.86
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Table F-3. Growth rate mUltipliers of the Japanese
 

and U.S. economies in 1910 and 1920
 

1910
 

Japan 

0.77 
-1.18 
0.58 

-1.42 
0.92 

-1.08 
0.05 

-0.50 

0.33 
1.02 

-0.50 
1.23 

-0.80 
0.93 

-0.04 
0.77 

0.20 
0.69 
0.15 

-0.37 
0.24 

-0.29 
0.01 
0.53 

0.28 
1.13 

-0.21 
0.52 
0.67 
1.39 
0.12 
0.88 

0.26 
0.58 
0.86 
1.34 

-0.22 
0.25 

-0.15 
0.42 

0.01 
-0.04 
0.20 

-0.50 
-0.14 
0.16 

-0.05 
-0.04 

-0.36 
0.55 

-0.27 
0.66 

-0.43 
0.50 
0.18 
0.57 

-0.31 
0.47 

-0.23 
0.57 

-0.37 
0.43 

-0.02 
-0.80 

U.S.A. 

0.91 
-0.45 
0.85 

-0.52 
0.96 

-0.41 
0.01 

-0.24 

0.13 
0.43 

-0.81 
0.50 

-0.91 
0.39 

-0.01 
0.38 

0.26 
0.87 
0.25 

-0.15 
0.28 

-0.12 
0.004 
0.78 

0.22 
0.83 

-0.31 
0.19 
0.65 
1.15 
0.12 
0.76 

0.18 
0.46 
0.75 
1.15 

-0.28 
0.12 

-0.12 
0.40 

0.02 
0 

0.38 
-0.23 
-0.27 
0.1i 

-0.08 
-0.01 

-0.27 
0.13 

-0.25 
0.16 

-0.29 
0.12 
1.00 
0.22 

-0.31 
0.15 

-0.29 
0.18 

-0.33 
0.14 

-0.004 
-0.92 

1920 
Japan 

0.78 
-0.90 
0.72 

-0.99 
0.84 

-0.87 
0.02 

-0.46 

0.31 
0.80 

-0.63 
0.87 

-0.74 
0.77 

-0.02 
0.67 

0.26 
0.70 
0.24 

-0.33 
0.28 

-0.29 
0.006 
0.59 

0.30 
0.99 

-0.23 
0.32 
0.73 
1.28 
0.14 
0.85 

0.27 
0.50 
0.84 
1.22 

-0.19 
0.20 

-0.15 
0.40 

0.04 
0.002 
0.28 

-0.39 
-0.16 
0.17 

-0.07 
-0.01 

-0.38 
0.44 

-0.35 
0.48 

-0.40 
0.42 
0.99 
0.48 

-0.35 
0.41 

-0.32 
0.44 

-0.38 
0.39 

-0.01 
-0.79 

U.S.A. 

0.95 
-0.38 
0.90 

-0.44 
0.99 

0.07 
0.37 

-0.88 
0.43 

-0.97 

0.17 
0.93 
0.16 

-0.08 
0.17 

0.14 
0.83 

-0.43 
0.21 
0.52 

0.10 
0.47 
0.71 
1.14 

-0.32 

0.01 
-0.01 
0.42 

-0.21 
-0.27 

-0.22 
0.09 

-0.20 
0.30 

-0.22 

-0.19 
0.08 

-0.18 
0.09 

-0.20 
-0.35 0.34 -0.06 
 1.17 0.11 0.10 
 0.08 0.07

0.005 -0.005 0.00 0.05 -0.05 -0.03 1.00 0.00

-0.22 0.34 
 0.84 0.76 0.42 -0.01 0.17 -0.96
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Table F-4. Growth rate multipliers of the Japanese
 

and U.S. economies in 1930 and 1940
 

1930
 
Japan
 

0.84 0.22 0.24 0.26 0.20 0.03 -0.45 -0.29
 
-0.76 0.71 0.78 
 1.02 0.48 0.01 0.41 0.27
 
0.82 -0.76 0.23 
 -0.34 0.81 0.34 -0.44 -0.29


-0.79 0.73 -0.22 0.33 1.18 -0.33 0.42 0.28
 
0.85 -0.79 0.24 0.64 -0.20 -0.17 -0.45 -0.30
 

-0.75 0.70 -0.21 1.32 0.17 0.15 0.40 0.26
 
0.003 -0.003 0.001 0.09 -0.09 
 -0.05 1.00 -0.001
 

-0.46 0.62 0.68 0.89 0.41 0.003 -0.84
0.43 


U.S.A.
 

0.97 0.06 0.17 0.09 0.13 0.04 -0.22 -0.19
 
-0.31 0.31 0.94 
 0.77 0.49 0.02 0.07 0.06
 
0.94 -0.92 0.17 -0.35 0.59 0.38 -0.21 -0.19
 

-0.35 0.34 -0.06 0.13 
 1.15 -0.14 0.08 0.07
 
0.99 -0.97 0.17 0.63 -0.43 -0.37 -0.22 -0.20
 

-0.30 0.29 -0.05 1.11 0.13 0.11 0.07 
 0.06
 
0.01 -0.01 0.002 0.20 
 -0.20 -0.15 1.00 -0.002
 

-0.16 0.28 0.85 0.71 0.42 0.01 
 0.16 -0.97
 

1940
 
Japan
 

0.88 
 0.17 0.26 0.21 0.21 0.04 -0.48 -0.31
 
-0.60 0.56 0.82 0.88 0.51 0.03 0.32 0.21
 
0.91 -0.86 0.27 -0.35 0.76 0.38 -0.49 -0.32
 
-.0.56 0.53 -0.16 0.21 1.15 -0.23 0.30 
 0.20
 
0.85 -0.80 0.25 0.67 -0.23 -0.23 -0.46 -0.30
 
--0.62 0.58 -0.18 
 1.24 0.16 0.17 0.34 0.22
 
-0.02 0.01 -0.002 0.10 -0.10 -0.06 1.00 0.002
 
-0.36 0.50 0.73 0.79 0.45 0.02 
 0.36 -0.87
 

U.S.A.
 

0.96 0.05 0.18 0.14 0.09 0.01 -0.23 -0.19
 
-0.28 0.27 0.95 
 0.78 0.44 -0.02 0.06 0.06
 
0.90 -0.88 
 0.16 -0.43 0.72 0.46 -0.21 -0.1.8
 

-0.35 0.34 -0.006 0.17 1.11 -0.18 0.08 0.07
 
1.01. -0.99 0.19 0.51 -0.32 -0.30 -0.24 -0.20
 

-0.24 0.23 -0.04 1.11 0.08 0.07 0.06 0.05
 
0.01 -0.01 0.001 
 0.05 -0.05 -0.04 2.00 -0.001
 

-0.18 0.25 0.89 0.73 0.41 -0.02 -0.96
0.12 
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Table F-5. Growth rate multipliers of the Japanese
 

and U.S. economies in 1950 and 1960
 

1950
 

Japan
 

0.90 0.19 
 0.31 0.24 
 0.27 0.14 
 -0.45 -0.40

-0.63 0.57 
 0.78 1.07 0.28 0.07 0.32

1.00 -0.90 0.35 -0.35 0.80 

0.28
 
0.50 -0.50 -0.45
-0.47 0.42 -0.17 0.16 -0.23 0.24 0.211.10 


0.81 -0.73 0.28 0.72 
 -0.16 -0.15 -0.41 -0.36-0.66 0.60 -0.23 1.23 0.13 0.13 0.33

-0.06 0.05 -0.02 0.32 -0.29 

0.30
 
-0.19 1.03 
 0.03
-0.31 0.50 
 0.67 0.96 
 0.21 0.04 
 0.38 -0.86
 

U.S.A.
 

0.95 0.06 
 0.23 0.13 0.16 0.04 
 -0.32 -0.25
-0.22 
 0.21 0.95 0.74 0.42 -0.01 0.07 0.061

0.88 -0.87 0.22 -0.34 0.69 0.43 -0.30 
 -0.23
-0.31 0.31 -0.08 0.12 1.11 -0.15 0.10 0.08
1.03 -1.01 0.25 0.61 -0.36 -0.34-0.36 -0.27-0.17 0.36 -0.04 1.06 0.06 0.06 0.06 0.04

0.02 -0.02 0.01 0.15 -0.17 -0.13 0.99 -0.01

-0.14 0.20 0.90 0.72 0.39 -0.02 0.11 -0.96 

1960 
Japan
 

0.94 0.14 0.37 0.26 0.24 0.09 -0.51 -0.42-0.37 0.34 0.870.86 0.32 0.03 0.20 0.170.98 -0.90 0.39 -0.32 0.80 0.51 -0.53 -0.44-0.31 0.29 -0.12 0.10 1.06 -0.16 0.17 0.14
0.91 -0.83 0.35 0.70 -0.18 -0.49-0.23 -0.41-0.39 0.36 -0.15 1.13 0.08 0.10 0.21 0.17-0.01 0.01 -0.01 0.18 -0.18 -0.13 1.01 0.01-0.15 0.32 0.81 0.300.83 0.03 0.21 -0.93 

U.S.A.
 

0.9. 0.05 0.23 0.11 0.17 0.06 -0.23 -0.24-0.17 0.17 0.96 0.74 0.39 0.00 0.04 0.040.90 -0.88 0.21 -0.27 0.60 0.39 -0.2] -0.22-0.28 0.28 -0.07 0.09 1.13 -0.12 0.07 0.07 
1.06 -1.05 0.25 0.68 
 -0.48 -0.44 -0.25 -0.27-0.12 0.12 -0.03 
 1.04 0.05 ,0.05 0.03 0.0 110.05 -0.05 0.01 0.28 -0.31 -0.24 0.99 -0.01-0.10 0.16 0.92 0.72 0.35 -0.01 0.08 -0.98 
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APPENDIX G: TOLLEY-SMIDT TYPE MODEL
 

In section 2.2.6 of Chapter II, 
we introduced the
 
Tolley-Smidt model, 
 In their model they measured every
 

quantity in per capita terms and subtracted the popu

lation effects.
 

Therefore, in this thesis another model, a so

called Tolley-Smidt type model, is constructed, Table
 

G-1 and Table G-2. 
 This model is similar to the Tolley-


Smidt model, except that Tolley-Smidt used- every
 

quantity in per capita terms while we use aggregate
 

terms. 
 We also modified the agricultural production
 

function and considered land as 
an input.
 

Another difference between this Tolley-Smidt type
 

model and our model is that we put equation (3-61) into
 

our model. 
 In other words, we used real per capita in
come as an endogenous variable. 
Thus, the Tolley-Smidt
 

type-model is a modification of the Tolley-Smidt model,
 

enabling us 
to consider the population problem.
 

Further, our model in the text is developed from
 

these models.
 

Therefore, here, the Tolley-Smidt type dynamic
 

model is summarized as follows. 
 (Table G-1.)
 

The important point is that this Tolley-Smidt type
 

model does not contain equation (3-61).
 



Table G-1. Summary of Tolley-Smidt type model 

'1 + j+~ 

-sk -1 Cc C + T1 + (1-a-6) 

y2 -6k2 YL2 2 

LILI + L2 L2 = LL 

k1k1 + k2k2 kk 

k, 

(Y-ot)k 1 

k2 - Ll + L2 

-(Y-a)L 1 + P 
-cO2 

,[ 

~ N 

2 ' 
--P-CO 

-(l-

+ 

-s) 6 

1
_ 

+ 6 N + Yf{w 



Table G-2. A matrix exposition of Tolley-Smidt type model. 

10 0 0 0 0 -n I + hE+ 

1 0 -6 0 -L 0 0 Y2 1 C2+ + + T l 

o 1 0 -6 0 -Y 0 K2 

o 0 0 0 0 K2 LL 

0 0 k0 0 0 €L0l0k 

0 

0 

0 

0 

1 

y-l 

-1 

0 

-1 

d,-y 

1 

0 

0 

PcP 

2 Nz 

2 ' {c + 

We can also write this matrix as 

Where A: 7 x 7 
X: 7 x 1 
b: 7 x 1 

0-cP2 

follows: 

A 

Poc0 2 

-(1--) 

X = 

i-c C+ 

B + 6 Nr 

b 

T2

+ yNw 
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However, equation (3-61) should be included in
 

the Tolley-Smidt and Tolley-Smidt type models because
 

real per capita income E) is determined by real agri

cultural output (Yi) and real nonagricultural output 

(2) which are endogenous variables in their model,
 
and also because real per capita income 
 E) enters the
 

demand relationship (3-47). 
 If this equation is neg

lected, simulation would lead to erroneous results. 

In section 4.5 of Chapter IV, we made simulations
 

of our model. 
 In the same way, when we assumed no
 

technical change in both sectors, in the Tolley-Smidt
 

or Tolley-Smidt type model, 
we obtainedi new growth
 

rates of real agricultural output (YI) 
 and real non

agricultural output (Y2 )h and Y2
If Y1 change, then 

the growth rate of real per capita income () changes 

too. Therefore, we have to include this new value of
 

E into their model. The result will again change Y1 

and Y2, in return, again changing E. We have to per

form such endless substitutions over and over again. 

In the 
same way, when we assumed 3% population
 

growth and put total labor, which was obtained from the
 

assumption of 3% population as Table 4-12 of Chapt:er 
IV
 

shows, we obtained new growth rates of real agricultural
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output (Y1 ) and nonagricultural output (Y
2 ). Therefore,
 

again we have to do endless substitutions. 
For this
 
reason we had to include the equation (3-61) in the
 
Tolley-Smidt and Tolley-Smidt type models.
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