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INTRODUCTION

N RECENT years, an increasing number of governments of developing countries
I have become more aware of the serious challenge rapid population growth
poses to their social and economic development. Despite such recognition,
however, population factors have been integrated into development planning
schemes to only a limited extent, primarily because of inadequate knowledge of
various important interactions among population and socioeconomic variables.
Hence, a systematic and comprehensive framework for analyzing the effects of
population changes upon an economic system is urgently needed.

This paper attempts to furnish a clearer understanding of the way demographic
factors are linked to social and economic development, by drawing upon a long-
term simulation model of the first thirty-five years of the Japanese modernizing
process. Modification of the model to incorporate demographic factors permits
us to explore how Japanese demographic conditions contributed to Japan’s early
economic progress. In addition, we explore the relevance of the early Japanese
experience to present-day developing countries, particularly in Asia, in hopes of
providing a useful basis for formulating more effective population planning policies
in their development schemes.

I. DUALISTIC ECONOMIC DEVELOPMENT OF MEIJT JAPAN

Japan has been described by some economists as the classic example of dualistic
economic development [4]. In this section, we will briefly discuss a few funda-
mental economic elements underlying the dualistic processes of prewar Japan.

In 1867, Japanese feudalism, which had lasted for several centuries, ended with
the collapse of the Tokugawa Shogunate, and the Meiji government was estab-
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lished in 1868. One of the primary political concerns of the new government was
to mobilize all available resources to widen and strengthen the economic base for
industrialization. Due to the mounting Japanese fear of colonization by advanced
foreign powers, the Meiji government avoided any major inflow of capital from
Western countries.! Consequently, most of the financial resources required for
industrialization had to be generated internally, particularly from the agricultural
sector. '

After having emerged from long-lasting feudal social and economic relations,
Meiji farmers adapted themselves with remarkable rapidity to nmew cultivation
techniques and new market conditions. The annual average growth rate of agri-
cultural productivity increased from 0.1 per cent to between 0.8 and 1.2 per cent
in early Meiji [9, pp. 294-324]. This rapid increase was brought about through
heavy utilization of fertilizers, improvement of irrigation and drainage systems,
and the adoption of new agricultural technologies, including superior seeds and
better cultivation methods. It is interesting to note that from 1878 to 1882 paddy
yields per hectare were estimated to be in the vicinity of sixty-three bushels, which
was a productivity level that corresponds to that of developing countries in Asia
in the 1960s [17]. This equivalence of yields may underscore the applicability
of the Meiji experience to some of the contemporary developing countries in Asia.
This adaptation in rural sectors occurred with little financial assistance from the
urban sector or the government. Rather, it was rural sectors that financed the
strenuous efforts for modernization in urban sectors.

The transfer of financial resources from rural, agricultural to urban, modern
sectors was institutionalized by the Land Tax Reform of 1873 [11]. Using the
surplus siphoned off from the agricultural sector, the Meiji government displayed
strong initiative in launching a variety of industrialization projects. One of the
principal inputs required for industrialization under state patronage was imported
technologies and machinery from advanced Western countries. Besides imported
equipment, the services of foreign experts were also provided to many government-
operated enterprises. As a result of the massive importation of such foreign
industrial technologies and equipment, Japan’s balance of payments was in large
deficit, especially in the early stages of Meiji development [6]. Export com-
modities were basically primary products such as raw silk, silver, copper, and
lacquerware at the time.

From the beginning of the 1880s government factories and businesses were
transferred at bargain prices to private businesses. This created a number of
leading industrial combinations (zaibatsu). This sale of government-owned indus-
trial facilities to private entrepreneurs contributed to the takeoff of Japanese
economic development.

In addition to capital, the agricultural sector supplied its surplus labor to
industrial sectors. Rural areas were densely inhabited by the end of the Toku-
gawa period, and the shift of the agricultural surplus labor to urban areas was

1 Rostow insists that Japan is one of the few countries in which economic takeoffs occurred
with virtually no capital imports [18]. )
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facilitated by a rapid increase in demand for labor in urban, modern sectors.
Increased labor mobility was further spurred by aggravated economic conditions
in rural sectors created by heavy land taxes.?

With both capital and abundant labor, Japan completed 1ts takeoff stage around
the turn of the century, and entered Rostow’s so-called “drive to maturity” stage
[18]. It is widely documented that there were three leading initiators of the Japa-
nese economic takeoff, i.e., the textile industry, the railway industry, and the mining
of coal [11]. The textile industry, in particular, was a remarkable success under
private entrepreneurship. Through successful import substitution, the production *
level of this industry quadrupled from 1887 to 1890. The volume of cotton
products exported surpassed that of cotton imports in 1897, and by 1918 Japan
surpassed both the United States and India in the amount of cotton fabric exported.

Following the rise of light industry as exemplified by the textile industry, heavy
industry started to grow rapidly. Iron and steel factories were established at the
beginning of the twentieth century. At the same time, other related heavy indus-
tries began to prosper, including metallurgy, machinery, equipment, and ship-
building. One may consider Japanese industrial capitalism was fully established
by the 1900s [17]. As shown in Figure 1, the level of nonagricultural production
rose substantially in the early 1900s, especially after the Russo-Japanese War
(1904-5). In 1895, light industry constituted approximately 80 per cent of total
industrial production, but as a result of the spectacular growth of the heavy indus-
trial sector, it dropped to 62 per cent by 1920.

The upsurge of militarism also contributed to Japanese industrial growth.
Industrial production levels were greatly affected by the Sino-Japanese War
(1894-95), the Russo-Japanese War, and World War I (1914-18). Almost 55
per cent of the national and local expenditures for the entire Meiji period went
for state services including military outlays.?

II. DEMOGRAPHIC CHANGES IN THE PRE-CENSUS PERIOD

Japan conducted its first population census in 1920. Prior to this date, publi-
cation of vital statistics had begun in 1900, and despite questions concerning
reliability of the data, several demographers have attempted to use the official
statistics to estimate population growth and its changes during the period before
the first census. Among these, estimates by Okazaki and Yasukawa, made on
the basis of the 1920 population census by the reverse survival method, are most
often cited [13] [25, pp. 1-27]. Table I compares their estimates of total popu-
lation, crude birth rate (CBR), and crude death rate (CDR). Total population
of the Okazaki estimate exceeds that of the Yasukawa’s for early Meiji while the
opposite is the case for later years of the estimation period.

As illustrated in Table I, both the Yasukawa and Okazaki estimates show

2 Davis explains the migratory movement of surplus labor by his theory of multiphasic
response [3, pp.345-66).

3 These expenditures, which were basically directed for unproductive purposes, might be
regarded as a flaw in Japan’s prompt industrializing process [15].
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Fig. 1. Pattern of GDP and Sectbral Growth, 1885-1920, as
Expressed in Terms of 1934-36 Constant Prices
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relatively slow population growth in early Meiji. In both, the rate of population
growth exceeds 1.0 per cent during the period 1900-1905. This rise in growth
rate is attributable principally to a considerable decline in mortality and a modest
rise in fertility. These demographic changes were brought about by the gradual
disappearance of infanticide and improved living conditions resulting from eco-
nomic development. The rate reached its peak in the period 1910-15 in the
Okazaki estimate, while the Yasukawa estimate shows the highest rate in 1920.
After 1920, the recorded data indicate a sustained reduction of fertility. Although
the two sets of estimates produce similar results when employed in regression
equations, for consistency, the Okazaki data have been used throughout this
study (see Appendix B for regression equations using the Yasukawa data).

III. EARLIER MODELS

In recent years a limited number of long-term econometric models for prewar
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TABLE 1
COMPARISON OF POPULATION SIZE AND VITAL RATEs, 1870-1920
Yasukawa Estimate Okazaki Estimate
Total Population CBR CDR Total Population CBR CDR
(1,000) (%0) (%o) (1,000) (%o) (%0)
1870 35,384 30.9 25.8 36,288
1875 36,528 34.4 26.1 37,198 36.3 31.3
1880 38,174 33.9 26.6 38,166 364 31.3
1885 39,634 322 25.9 39,245 33.9 28.3
1890 41,020 32.1 25.3 40,353 33.7 28.1
1895 42,472 33.8 24.9 41,789 343 27.3
1900 44,392 35.6 25.0 43,785 36.3 27.0
1905 46,825 34,4 24.8 46,257 35.2 24.2
1910 49,637 36.9 24.2 49,066 37.0 25.3
1915 52,949 35.4 23.4 52,500 35.6 22.1

1920 55,963 38.1 21.8 55,450 332 23
Sources: [13] [25]. )

Japan have been developed. However, these growth-oriented models have been
designed primarily to analyze changes in pre-World War II economic activities,
and demographic factors have been treated in an extremely limited and crude
manner. Among these models, the one developed by Kelley and Williamson for
prewar Japan over the period 1887—-1915 deserves attention [5]. In their model,
population growth affects the economy through its positive effects on savings and
capital accumulation due to a reduction in labor’s share, and through its negative
impact on the growth of the capital-labor ratios. The net impact of population
growth is, therefore, subject to the interaction between these two opposing effects.
By experimentally tripling the population parameter, Kelley and Williamson ex-
amined the impact of the high population growth rates prevailing now in the
contemporary developing world. Their conclusion is somewhat surprising: the
population pressures such as those presently experienced would have exerted
minimal impact on Meiji economic development. Based on this finding, Kelley
and Williamson concluded that the Japanese economic historian’s preoccupation
with non-demographic determinants of Japanese economic growth represents a
well-placed emphasis.

Following the Lewisian theory of economic development, Minami and Ono [8]
built an econometric model for prewar Japan covering the period 1906—40. Their
model was formulated so as to test several hypotheses including the effect of
population growth upon disguised unemployment and wage differentials, and to
analyze structural effects of total and working-age populations upon the Japanese
economy. Minami and Omno attempted to treat both birth and death rates as
endogenous variables, but met with limited success. Nevertheless, it is important
to note that population structural changes were included in the model in the
context of capital formation, which in turn would effect the level of output.

Using an extremely simplified version of the framework of the Coale-Hoover
type, Tachi and Okazaki [21, pp. 497-515] presented the relationship between
population growth and economic changes over the period 1882-1937. They
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concluded that higher Japanese population growth would have reduced total
savings, and consequently would have slowed the pace of capital formation.
Because their system has proven to be oversimplified, however, interpretation of
these computed results needs appropriate caution.

IV. A NEW MODEL

From the above review of the previous attempts at modeling the prewar J apanése
development process and population changes, it is clear that the simulation model
presented here is the first endeavor to treat population factors explicitly and with
a level of sophistication and elaboration adequate for the analysis of early Japa-
nese development.

We propose a two-sector model, comprised of “primary” and “non-primary”
industry, designed to capture the dualistic process of early Japanese development.
Following conventional growth economics, the model has been framed to describe
a development path at full employment. That is, the structure assures the ex ante
equality of investment and savings.

The structural relationships of the model have been estimated on the basis of
annual aggregate data over the period 1885-1920. This data period corresponds to
the takeoff of Japanese economic development and its subsequent path to maturity,
and was chosen for the following reasons. Firstly, because by the year 1920,
Japanese industrialization was well on its way toward its maturity stage [18], the
period leading up to that date appears to have the greatest relevance for contem-
porary developing regions. Secondly, in terms of the development of the Japanese
demographic data base, the year 1920, marked by the first nation-wide Japanese
census, is a critical cutoff point. Thirdly, for the construction of the economic
system, we have heavily drawn upon data published by K. Ohkawa and his asso-
ciates in Estimates of Long-term Economic Statistics in Japan since 1868 [12],
and most of the data we have employed in the present study are available only
for the period after 1885.

To facilitate our discussion, the theoretical linkage of the simulation model is
depicted in Figure 2. The simulation model comprises twelve behavioral equa-
tions, and eleven identities and definitions. The coefficients of each equation have
been estimated by ordinary least squares.*

Production function for the primary sector is:

Y,»=[0.157 —0.000126¢—0.0001 1£2-++0.000004813
—0.000005(¢ — 12)2. D1 4-0.000001(¢—24)%. D2].
[e0-0114¢, K, (P]0-106,[0-0104 <N, PJo-524,
LD o280, (1)
The gross domestic product of the primary sector is determined by time (2) and

three productive inputs in this sector, namely, capital (K), labor (V), and the
agricultural land stock as measured in terms of paddy field acreage (LD).

4 For a comprehension of the variables used in each equation, see Appendix A.
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Fig. 2. Schematic Flow Chart of the Simulation Model

771
Population_.l Tpﬂ_.l ¢ *l_.

Estimate

3

EACt

[Tz 1- 5
[76 ] -
75 IXtL

~ e |

Note: The explanation of all the variables which appear in the model is given in
Appendix A,

When we attempted to apply the conventional Cobb-Douglas production func-
tion, the estimated coefficient for capital proved to be negative. This unsatisfactory
result was in agreement with earlier empirical findings of a study over the com-
parable time period [7]. For this reason, we have adopted the estimated parame-
ters and coefficients for K, N, and LD for the Cobb-Douglas production function
utilized by Kelley and Williamson.® Moreover, we have applied factor-augmenting
technical changes to both capital and labor; these efficiency-oriented units of the
productive inputs, as distinguished from the conventional physical -units, are
crucial to understanding the development of contemporary developing countries
as well as Meiji growth experience. By slightly modifying estimates computed by
Yoshihara [26] for the interwar period, Kelley and Williamson selected 0.0194
for labor and 0.0114 for capital stock. The difference between these two parame-
ters reflects a labor-augmenting-bias view of Meiji history.®

Given these parameters, we have estimated the pattern of the residuals as a
function of time. As shown in equation (1), this residual component is expressed

5 Based upon a study previously done by Yamada and Hayami [24], Kelley and Williamson
[5] set factor shares in the total cost of agricultural production as follows: capital share=
0.196, labor share=0.524, and land share=0.280.

6 It should be also noted that because Kelley and Williamson assigned the hypothetical
value 100 to primary output as well as each of these productive inputs as initial con-
ditions, one needs numerical adjustments to relate the predicted value for ¥? and the
observed one.
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as a spline function, DI and D2 being dummy variables [19, pp. 132-39]. DI=1
if ¢ is greater than 12, and is otherwise 0. D2=1 in the range where ¢ is greater
than 24, and is otherwise 0.
Production function for the non-primary sector is:
Y, =[0.9985].[eft - K,_ 1710803, [er? . N,7]0-197 (2)
where '
p=0.485-+0.185T7—0.120¢+0.0134#2—0.00054z
+0.00054#2.D3 4+ 0.000001 (¢t —17)3.D4 ,
7 =0.823+0.315T71—0.205¢+0.023:2—0.0013
+0.0009(¢ — 8)®+ D3 4 0.0000016(t — 17)3.D4 .

Mainly because most of the industrial sector promoted capital-intensive and labor-
saving production modes over the period under study, the production function for
the non-primary sector involves capital stock with a lag of one year and labor
currently employed. '

Kelley and Williamson have used the CES production function on the grounds
that Meiji industry drew heavily upon imported Western technology, thus per-
mitting only a limited range of factor substitution [22]. We have, however, utilized
the Cobb-Douglas production function, which features unitary elasticity of sub-
stitution, for the following two reasons. Firstly, as compared with the CES
function, the Cobb-Douglas function is much simpler in form, thus requiring less
computational effort and making its interpretation easier. Secondly, the perform-
ance of CES and Cobb-Douglas functions yield almost the same results for the
time period in question.

As in the case of the primary production function, the parameters for factor
shares are directly adopted from the Kelley and Williamson study. This Cobb-
Douglas production function also incorporates technical factor-augmentation. The
rates of augmentation through technical change to labor and capital have been
computed in the following manner. First, the selected values of parameters were
incorporated in a conventional Cobb-Douglas production function. This was then
applied to the observed data to obtain a set of residuals. The trend of the residuals
was then estimated by a spline function of time. The year 1895 was deleted as
an outlier (77 =1 for 1895). Both D3 and D4 are dummy variables; the former
takes a value of 1 if ¢ is greater than 8, and is otherwise 0, and the latter equals
1 if ¢ is greater than 17, and is otherwise O.

Saving rate function is:

1n[(0.4—SR,)/SR,1=2.601 — 9.818 (Y,/EAC,)+ 0.576 T2, (3)
(0.745) (0.157)

DW=0,990, R?=0.847.

In our model, one of the important propellents of the Meiji economy is savings
which contribute to capital accumulation. The level of savings is accounted for
by GDP per EAC. Note that EAC represents total population adjusted by equiva-
lent adult consumer units. Following the previous study [10], weights for EAC
are 0.25 for age 0-4, 0.4 for 5-9, and 0.6 for 10-14. It should be stressed,
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however, that a deletor variable 72 (=1 for 1905) has been included in the
function to capture the irregularity of the savings level due to the effect of the
Russo-Japanese War.

To avoid the possibility of plunging into a negative saving rate or of exceeding
a reasonable ceiling rate, we have estimated the saving rate function in a logistic
form with a range of 0 to 0.4. The rationale for selecting 0.4 as the ceiling is
that the highest saving rate recorded in Japan is slightly less than this. Standard
errors are noted in parentheses under the estimated regression coefficients.

Savings allocation function is:

1n[(0.9—B,)/B,]=3.818—34.371(GDP,/TP,) , (4)
C(L56)

DW=1.253, R?=0.934.

Gross savings are allocated between the two sectors on the basis of per capita
GDP which reflects stages of economic development. In a rapidly growing econc-
my where industrialization is the core of its development, an increasing amount
of gross savings needs to be invested for further expansion of its non-primary
productive capacity. .

It should be noted, however, that we have set a ceiling for this allocative
mechanism, so as not to exceed a critical minimum level of the primary compo-
nent of GDP. Thus, we have employed the logistic equation as expressed in
equation (4). We have selected a value of 0.9 for the ceiling, on the basis of
current Japanese economic data.

Depreciation function for primary and non-primary sectors is:

D,2»=21.457+0.0137K,_,?, (5)
(0.001)
DW=0.157, R2=0.912, _
=50.343+0.0694K,_;", (6)
(0.001)

DW=0.292, R2=0.994.

In the production functions, as expressed by equations (1) and (2), capital stock
appears in net terms, so that adjustment is necessary to allow for depreciation in
each sector.
Labor force participation rate function is:
V,=0.575—-0.0000163CW,—0.00015EDUC,
(0.0002) (0.0003)
+[— 00637(Yt 1/TP,_1)—1—42 32(Y,_1/TP,_1)?
.27 (27.8)
—210.66(Y;_1/TP;_1)*— 846.19(Y,;_1/TP, 1—0.14)3.D5]. D6
(107.2) (1859.3)
—0.094(1 —D6)+1n(Y,_1/TP,_5)
(0.04)
+0.019472 —0.0293T3, (7)
(0.01) (0.008)
DW=1.149, R2=0.958.
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The labor force participation rate (V), as measured in terms of the ratio of the
labor force (N) to the working-age population aged 10-64 (WP), is determined
by the following three variables: the percentage of student enroliment in com-
pulsory education (EDUC), the child-woman ratio (CW), and per capita GDP
(Y/TP). In the long run, improved educational levels tend to contribute to
greater employment opportunities for women in urban modern sectors. On the
other hand, an increase in student enrollment rates leads to a loss of child labor,
particularly in rural areas. The net outcome of these opposite labor effects can
be statistically measured. The regression result indicates that the latter effect
exceeds the former. '

As discussed in depth elsewhere [14, pp.440-85], higher fertility tends to
depress female labor force participation. The child-woman ratio is, therefore,
expected to have a negative impact on the labor force participation rate. In
addition, the level of economic development, as represented by Y/TP, may
stimulate the labor force participation rate as a result of increased demand for
labor and rising wage rates in the modern, industrial sectors. To capture non-
linearity, we have used a spline function. The dummy variables, D5 and D6,
take a value of 1 in the ranges shown below and are otherwise O:

0<Y, 1/TP, 1<0.140 for D5,
0<Y,./TP, 1<0.163 for D6.

In addition to these explanatory variables, we have included in this equation two
deletor variables reflecting irregularities due to war influences, i.e., T2=1 for
1905 and T3=1 for 1915.

Rural-urban migration function is:

A,= —0.0176 + 1.0164,_1—0.00012[(Y,_"/¥,_s") — 11, (8)
(0.003) (0.003)

DW=1.004, R>=0.999.

In our model, the labor force, which is the product of V and WP, can be divided
into labor force engaged in the primary sector and that engaged in the non-primary
sector. Changes in A, the proportion of total labor force in the primary sector,
may be accounted for by a lagged rate of increase in non-primary output. An
increase in the production of urban, non-primary sectors required an expanded
supply of labor to migrate from rural, primary sectors.

In order to make our supply-oriented equilibrium growth model complete as
a theoretical system, we need the following identities and definitions:

Y, '—‘Ytp‘l'Ytna ' (9)
'S, =SR,;Y,, (10)
S;» =(1—By)S:, an
S =B,+Ss, (12)
I» =82, (13)
I =8~, (14)

sz:Kt-ip'l‘Itp—Dtp ’ (15)

3
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K=K, "+I,"—D;", (16)
N, =V,.-WpP,, {amn
NP=A,-N;, (18)
Nit=(1—A4,)+N,. v 19)

In the above, we have already linked the supply component to part of the demand
side in connection with savings and investment as expressed by (13) and (14).
Let us now look into other elements of aggregate demand on a function-by-
function basis.
Consumption function is:
C,=854.42+0.0048EAC,+0.658Y, , 20)
(0.04) 0.07)
DW=0.957, R2=0.985.

The consumption function, which is of a Keynesian type, comprises GDP (Y),
and total population adjusted by equivalent adult consumer unit (EAC). The
incorporation of these weights reflects the effect of age structural changes induced
by fertility variations upon the level of aggregate consumption.
Government expenditure function is:
G,=—11960+372.041nY,+863.11n TP,+ 182.4T4+791.7T5 , 21
(254.9) (669.2) (67.2)  (51.6)
DW=1.741, R2=0.935.

This specified equation relates government spending (G), which is assumed to be
all consumption, to the level of GDP (Y) and total population size (TP). Since
the Meiji government experienced two major wars during the estimation period,
we have included dummy variables, 74 and T, to capture irregularities in gov-
ernment spending patterns. 74 is defined to represent the effect of the Sino-
Japanese War on government outlays (T4=1 for 1894 and 1895) and T35, that
of the Russo-Japanese War (T5=1 for 1904, 1905, and 1906).
Export function is:

X,= —826.32-+794.67(Y,»/1000) — 237.57(¥ » /1000)>
44.0)

(571.3) (1
+26.023(Y;/1000)8 — 75.34(Y ,» /1000 — 5.0)3. D7
(11.5) (21.5)
—346.55T6, (22)
(119.9)

DW=1.362, R2=0.976.

Unlike most econometric models constructed for Japan, ours does not include
variables reflecting world business fluctuations and changes in relative prices.
Instead, we have related exports (X) to the level of non-primary production in
the form of a cubic spline function and have taken into account the effect of
World War I, by introducing T6, which takes a value of 1 for 1919 and 1920
and is otherwise 0. The growth of Japanese exports was directly supported by
the expansion of non-primary production such as cotton and other textile prod-
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ucts. In addition, the dummy variable, D7, takes the value 1 if Y™ exceeds 5
billion yen. : ,

It should be noted, however, that this cubic spline function yields a downward
slope after Y reaches a value of 8.5 billion yen. In order to cope with this diffi-
culty, the following equation has been utilized for Y above this value:

X,=-519.6+4+0.2305Y,~, @2h
(0.06)

DW=0.517, R2=0.620.

Because the main focus of this study does not fall on the relationship between
exports and economic development, we have confined ourselves to simple specifi-
cations.
Import function is:
M,=—1749.3+0.041EAC,+0.141Y,+420.572, 23)
(0.02) 0.09) (99.3)
DW=1.317, R2=0.956.

An increase in total EAC is related to greater imports, including foodstuffs. As
discussed in the previous section, in the process of import substitution, the growth
of the non-primary sector required a vast amount of foreign-made production
equipment from Western countries. This process is represented by the level of
the gross domestic product. Furthermore, to avoid the spurious influence of the
abrupt decline in exports after the Russo-Japanese War, we have incorporated
a deletor variable T2, which takes a value of 1 for 1905 and is otherwise 0. This
import function completes the demand side of our model.

V. PERFORMANCE OF THE MODEL

To examine the goodness of fit of these estimated equations, we have conducted
a final test of the model.” Results of the final test show our model to be equipped
with a fully satisfactory level of simulatability. To briefly illustrate this conclu-
sion, we will examine the performance of a few key variables, drawing upon the
accompanying two graphs (Figures 3 and 4). '

Figure 3 presents observed and simulated values of primary output, non-primary
output, and total output, and clearly shows an extremely good fit. Despite con-
siderable fluctuations observed with respect to primary output, the simulated
values reflect the general upward trend of observed primary production. The
simulated values of non-primary output and total GDP are also very close to
those observed. Figure 4 clearly illustrates that the variation in per capita GDP
is also well predicted by the simulation model.

7 1t should be stressed that the equations have been estimated not for the system as a whole
but independently of each other, and appropriate numerical adjustments are needed to make
the model workable. In the process of the final fest, therefore, we have adjusted the inter-
cept of the saving rate function, so as to improve the performance of the model. Because
the original intercept (2.601) in equation (4) yields somewhat lower values of economic indi-
cators such as per capita GDP, the intercept has been changed to 2.542.
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VI. DEMOGRAPHIC ASPECTS OF DEVELOPMENT

Primarily because of the limited availability of data on important demographic

parameters like total fertility rates, population growth during the Meiji period

was treated as an entirely exogenous component of our model. Consequently,
the simulations represent the impact of whatever changes in fertility and mortality

did, in fact, occur, but we have no way to assess the impact of demographic

change as a separate element in Meiji economic development.

Partly to remedy this deficiency, and partly to gain additional insight into the
role of demographic elements in the developing countries of present-day Asia,
we have made a series of additional experiments in which population growth is
no longer treated as an exogenous factor, but is introduced as an endogenous
component of the model.

Since the absence of data makes it impossible to derive the necessary equations
from the Meiji period itself, the following procedure was employed. Equations
relating total fertility rate (TFR), mean age at child-bearing (MACB), and life
expectancy at birth (eo) were fitted to data drawn from fourteen developing coun-
tries in Asia today. From these, age-specific fertility and mortality rates can be
derived as shown below, and the resulting population growth can be generated
endogenously. When these equations are inserted in the model in place of the
exogenously given population growth, simulation over the Meiji period shows how
the Meiji economy would have developed had it been subject to the demographic
relationships found in present-day developing Asian countries instead of to those
that actually governed Meiji development. Comparison with the actual develop-
ment of Meiji Japan then gives us important clues as to how demographic factors
affected the course of that development.

For purposes of comparison, four cases are analyzed.

Case I: Both birth and death rates are given from the actually observed data
for the period 1885-1920 in Japan. (This case corresponds to the
final test of the model as described earlier.)

Case II: Both fertility and mortality rates are derived from the functional rela-
tionships estimated from the intercountry data available for present-day
developing countries in Asia.

Case III: The fertility rate is computed from the fertility function estimated for
developing countries in Asia today, while the death rate is given from
the observed data for Meiji Japan.

Case IV: Mortality is derived from the mortality function estimated for develop-
ing countries in Asia, and the birth rate is exogenously given on the
basis of the experience of Meiji Japan.®

8 Due to the absence of any reliable data on the number of births to women of each age
group over the time period under study, we have attempted to estimate age-specific fertility
rates for the simulation exercise of case IV in the following manner. Because age at
marriage rose substantially in Japan prior to World War II, due to improve educational
levels, age-specific fertility rates for young age groups fell. Taking into account this
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The derivation of fertility and mortality functions reflecting the demographic situ-
ation in contemporary developing countries in Asia deserves some explanation.
For the fertility function, we have selected fourteen developing countries in Asia
and have compiled the data on per capita GDP, and the total fertility rate and
mean age. at child-bearing circa 1970.° For these developing countries, we have
also collected the data on the mean expectation of life at birth around 1970.
The Brass fertility estimation has been employed to compute age-specific fer-
tility rates (ASFRs). One of the principal inputs required by this method is a
value for mean age at child-bearing (MACB). Drawing upon a set of intercountry
data, we have related MACBs to variations in per capita GDP (Y/TP) as follows:

MACB,=29.192—0.000899(Y,/TP,) , 24
" (0.0005)
R2=0.194.

The main reason that the explanatory power of this estimated equation is fairly
low, is that the variation of MACBs for these developing countries is relatively
limited with respect to that of per capita GDP. Since MACB is nearly constant,
errors arising from this estimation are small.

Besides MACBs, the Brass fertility estimation requires a value for the total
fertility rate (TFR). Like the MACB function, the variation in TFR is related to
that in per capita GDP, as shown below:

In (TFR —3000)=8.334—0.00625(Y,/TP,) , 25)
(0.0008)
R>=0.838.

Utilizing these estimated valueé, we can estimate ASFRs at the age a by the fol-
lowing equation developed by W. Brass [1]:

demographic phenomenon, we have related age-specific fertility rates for age groups 15-19
and 20-24 to the percentage of the enrollment of both males and females at the secondary
level (ENR), drawing upon data for the period 1925-37. The estimated equations can be
expressed as follows:

ASFR (15—19):=0,071—0,00638ENR:,
(0.0002)

DW=2.530, R2=0997,
ASFR (20—24):=0,307—0.0175ENR:,
(0.002)

DW=2.094, R2=0.994.

For age groups other than these two groups, the general fertility rates have been com-
puted from both Okazaki and Yasukawa estimates for the period 1885-1920, which in
turn, have been checked against the post-censusal general fertility rates. Once they were
matched against the observed values, the fertility patterns for each year were used to
estimate the age-specific fertility rates of other age groups, namely, 25-29, 30-34, 35-39,
40-44, and 45-49, by proportional statistical adjustments. We have employed these esti-
mated values as approximate ones.

These fourteen developing countries in Asia include Afghanistan, Bangladesh, Burma,
Hong Kong, India, Indonesia, West Malaysia, Nepal, Pakistan, Philippines, Republic of
Korea, Singapore, Sri Lanka, and Thailand. The data on per capita GDP are available
in the World Bank publication [23], and the values of both MACB and TFR are obtained
from Palmore’s estimates [16]. :

o
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ASFR,,,=[TFR/99826.751[0.25(MACB,+ 14.8 —a)*
—11(MACB,+14.8 —a)®—0.25(MACB,+ 19.8 —a)*
+11(MACB,+19.8—a)?] . (26)
The mortality values have been calculated via the following two steps. Firstly,
the functional relationship between life expectancy at birth (eo) and per capita
GDP has been estimated. The estimation has been conducted for both sexes,
using the data on the fourteen developing countries in Asia.’® The estimated
result can be shown as follows:

e, (male)=9.98+9.821In (Y,/TP,) , @27
(1.54)
R2=0.771,
e, (female) =4.25+11.651n (Y,/TP)) , (28)
(1.90)
R2=0.757.

Secondly, the estimated values obtained from these equations have been used to
compute the value of L. (the number of years lived at the age x) from the west
levels of the Coale-Demeny regional model life tables [2].

Let us now analyze the results of these four simulation cases. Table II sum-
marizes the changes in selected variables in the simulation experiments. In this
table, case I provides the base for highlighting the difference in key variables
between observed and counterfactual population growth patterns,

Case II is a dismal reflection of the fertility and mortality changes being
observed in present-day developing countries in Asia. The result is caused by
pronounced differences between the demographic mechanism of Meiji Japan and
those of these developing countries. If Meiji Japan had been subject to the
fertility function currently found in these developing countries, it would have
experienced a higher fertility rate than it in fact did. Moreover, had the mortality
mechanism of these countries existed in Meiji Japan, the Meiji mortality level
would have been substantially lower. Because of its higher fertility and lower
mortality, case II yields enormous population growth over the simulation period.
As compared with case I, the population for case II is 21.7 per cent larger in
1900, and 59.2 per cent larger in 1920. Although lower mortality produces
a larger labor force from the first year of the simulation period, faster population
growth adversely affects growth of GDP and per capita GDP. As shown in
Figure 5, per capita GDP for case II falls to 40 yen by 1920, as opposed to growth
to 212 yen for case I. The decline in per capita GDP depresses the saving rate
and works against the accumulation of capital. Consequently, although both GDP
and capital stock increase up to the turn of the century, they decline considerably
for the rest of the simulation period. It should also be noted that as one of the
side effects of such rapid population growth, the flow of capital into the non-

10 The data on life expectancy at birth have been gathered from the work conducted by
Swanson et al. [20, pp. 5-10]. The fourteen developing Asian countries included in this
mortality estimation are the same as in the case of the fertility estimation (see footnote 8).
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TABLE 1I
SIMULATED VALUES OF SELECTED VARIABLES FOR FOUR DIFFERENT CASES

Year 1000 ¥ vy 1,500 NYN o K kvyk SR
(’ )(¥ Million) g ) (¥ Million) X"/

Persons Persons (%)
Case 1
1886 39911.00  3960.09 0.574 21392.02 0.213 779290 0.270 8.4
1890 41018.99  4548.29  0.605 22573.54 0235 822296 0.254 9.5
1895 4247099  5365.12  0.643 23692.79 0.265 9269.01 0.267 11.0
1900 44392.99  6140.65 0.667 24583.19 0.297 10892.51 0.314 123
1905 46825.00 6741.34  0.667 2615991  0.332 12555.16 0.357 13.0
1910 49637.00 7582.81 0.676 26481.98 0.369 14755.83 0.405 14.1
1915 52949.00 8932.79  0.707 24951.01 0.410 1778798 0.466 16.0
1920 5596299 11843.81 0.742 27171.66 0.453 23391.03 0.563 21.1
Case II
1886 40114.54  3922.84 0.571 21556.86 0.207 7831.56 0.281 8.3
1890 4359295  4377.70  0.590 22659.79  0.229  8093.05  0.240 8.7
1895 48527.18  4679.23  0.590 23860.91 0.259 8617.86 0.202 8.5
1900 54036.89  4434.01  0.528 25868.69 0.290 9021.67 0.160 7.4
1905 60529.60 3811.27 0.410 26755.43  0.324 8933.72 0.110 3.7
1910 68498.31 3376.24 0.271 27909.94 0.361 8717.54 0.064 5.2
1915 78054.25  3240.45 0.145 30120.86 0.401 8463.19 0.027 4.8
1920 89079.56  3286.48 0.023 3350478 0.444  8250.49 0.002 4.6
Case III

1886 39563.94 391633  0.5718 21450.99  0.2075 7833.37 0.2812 84
1890 40839.90 441175  0.5952 22445.12  0.2294 8143.50 0.2482 9.2
1895 42889.13  5021.78  0.6214 23551.11  0.2587 8940.03 0.2390 10.1
1900 45324.68  5466.38  0.6230 25176.61  0.2903 10063.85 0.2508 10.5
1905 48226.87 5519.49  0.5929 2649239  0.3245 10864.09 0.2453 6.3
1910 51782.13  5272.74  0.5300 27468.79 03617 11474.83 0.2197 8.9
1915 56377.11 5176.29  0.4645 28526.57 0.4012 11825.09 0.1831 8.1
1920 61709.50 5196.93  0.3906 30167.05  0.4442 12077.51 0.1458 7.5

Case 1V
1886 39957.82 3923.31  0.571 21564.59 0.207 7832.01 0.281 8.3
1890 4280931  4401.52  0.591 22806.59 0.229 8106.40 0.243 8.8
1895 46859.92  4807.14  0.598 24257.62 0.259 8703.56 0.212 8.9
1900 51290.62  4708.94  0.552 2620438 0.290 9262.52 0.181 8.0
1905 56416.81 4132.86 0.453 26924.23  0.324  9303.14 0.134 4.0
1910 61766.54 3645.59 0.326 2759441 (0361 9165.00 0.087 57
1915 68382.63  3457.30 0.208 29073.19 0.401 8950.74 0.048 5.2
1920 75089.44  3457.99  0.098 31157.82 0.444 8762.73  0.017 5.0

primary sector is severely limited, thus hindering the process of industrialization.

Case III is a reflection of the mortality rate actually observed during the Meiji
period but combined with the fertility rate currently observed in the developing
countries in Asia. At the level of economic development of Meiji Japan, the
fertility mechanism in the developing countries yields a population larger than
that of case I, but considerably smaller than that of case II. In 1900 the former
is approximately 16 per cent smaller than the latter, and in 1920 the difference
becomes more than 30 per cent. Although case III involves substantial popu-
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Fig. 5. Changes in per Capita GDP in Four Different Cases

200

150

100

AN I~

N . Case Il
~ . T —
\\ . [
N
~N hiN
AN
\\ .
AR
~ ~~
N Sl
~ R
50 ) T Case {1V

Case H

1 i 1 1 I ! 1 Year
1885 1890 1895 1900 1905 1910 1915 1920

lation growth, the economy still embodies the driving force to increase GDP up
to the turn of the century, consequently raising per capita GDP, as indicated
in Figure 5. The growth of per capita GDP contributes to that of the savings
rate, which in turn, leads to the expansion of capital stock. Towards the end of
the nineteenth century, however, increasing pressure of higher population growth
results in a continuous decline in per capita GDP. Subsequently, reduced per
capita GDP leads to decrease in the saving rate and in the proportion of capital
to be allocated to the non-primary sector, thus retarding the process of indus-
trialization. The share of non-primary output in terms of GDP expands from
57 per cent in 1886 to 62 per cent in 1900, but after that it shrinks continuously
to 39 per cent in 1920. Per capita GDP for the final year of simulation is eighty-
four yen, which equals 40 per cent of per capita GDP for case I in the corre-
sponding year. ‘

Case IV, which assumes the mortality mechanism of the developing countries
and the fertility rate actually observed in Meiji Japan, shows results quite close
to those of case II. The population of case IV grows at a rate considerably faster
than that for case I or case III and slightly slower than that for case II. Per
capita GDP rises slightly in the early years of simulation, but thereafter declines
continuously to forty-six yen in 1920, only 22 per cent of per capita GDP for
case I in the same year. The saving rate follows a similar pattern. The share of
capital stock allotted to the non-primary sector decreases from 28 per cent in
1886 to only 1.7 per cent in 1920. Although both GDP and the proportion of
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TABLE 1II
REQUIRED SAVING RATES FOR ACHIEVING MEIJI DEVELOPMENT
(%)
Demographic Condition
Year .

Case I Case II Case III Case IV

1886-90 9.07 22.24 11.89 18.27
1891-95 10.34 20.71 10.99 17.26
18961900 11.78 17.31 11.38 16.85
1901-5 11.91 19.26 12.17 19.41
1906~10 13.55 22.49 . 13.36 21.57
1911-15 15.20 23.51 14.27 24.05
1916-19 18.35 28.14 17.80 28.87

non-primary output to GDP increase in the early part of simulation, they decline
drastically after 1895.

These simulated results clearly suggest that population growth observed in
contemporary developing countries in Asia is vastly different from that during
the Meiji period in Japan. Had the Meiji economy faced the same population
growth pattern as modern Asian developing countries, the Meiji economy would
have been unable to follow the sustained growth path it did follow.

Secondly, contemporary developing Asian countries differ from Meiji Japan
more profoundly i mortality than in fertility. This may reflect the fact that the
mortality decline in Meiji Japan was closely linked to its economic development,
while that in the contemporary developing countries in Asia has been achieved
by imported medical technologies and public health measures from advanced
countries.

Finally, in contrast to the conclusion reached by Kelley and Williamson [5],
our simulation findings indicate that Japanese demographic conditions, particularly
mortality changes during the Meiji period, which are unusual by contemporary
standards, played a vital role in facilitating and initiating Japanese economic
growth. : :

In the above simulation exercises, we have analyzed the effect of alternative
demographic conditions upon the Meiji economy. Let us now go a step further,
and examine the saving rates that would be required in each case to achieve the
same per capita GDP as actually experienced in Meiji economic progress. The
computational results are shown in Table III. Before we interpret these results,
two remarks should be made. First, case I, indicating the change in the saving
rate observed in Meiji Japan, provides the base for determining required additional
saving rates under the three alternative population growth paths. Second, because
the computed required saving rates fluctuate considerably year by year, we have
smoothed them out by taking the average value of saving rates in each five-year
period, as shown in Table III, in order to see the general trend in required saving
rates for each population growth pattern.

Case II, which portrays the most dreary economic development course, requires
the highest savings in early years. In the first five years, for instance, it requires
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TABLE 1V
SAVING RATES IN SOME SELECTED DEVELOPING COUNTRIES IN ASIA
(%)
Year Republic of Korea Indonesia Thailand
1965 8.75 8.30 21.95
1970 17.59 12.27 25.65
1975 18.90 16.67 27.42

Sources: Compiled from various issues of Bank of Korea, National
Account of Korea, and International Monetary Fund, Financial Statisrics.

a rate 2.45 times as high as in case I. Although the required saving rate for case
II decreases considerably in the early 1900s, it increases markedly towards the
end of the simulation period. By and large, case IV follows a similar changing
pattern, but as compared to case II, case IV requires noticeably lower saving
rates in the first half of the simulation period and somewhat higher saving rates
in the latter half. Both case II and case IV need much higher saving rates than
case I throughout the simulation period.

In contrast, case III which shows a pattern conspicuously different from both
case IT and case IV, requires substantially lower saving rates. In fact, case IlI is
quite comparable to case I. Although case III needs saving rates slightly higher
than case I in the first decade of simulation, in the 1900s the former requires
lower saving rates than case I. It should be stressed that such initially required
saving rates for case III fall within the range of saving rates observed in a few
selected developing countries in Asia, as indicated in Table IV. This suggests
that if population growth were slowed to match that of Meiji Japan, the con-
temporary developing countries in Asia could place themselves on an equally
rapid economic development path.

VII. CONCLUDING REMARKS

The two-sector model which we have developed incorporates demographic vari-
ables more explicitly and elaborately than any other model previously formulated
for Meiji Japan. Our model appears to satisfactorily account for the dualistic
process of Japanese modern development.

One of the major findings of our simulation work is that the demographic
mechanism in the present developing countries in Asia is enormously different
from that of Meiji Japan. For this reason, one may say that the demographic
pattern observed during the Meiji period is unusual by contemporary standards.
One should note, however, that the main source of this demographic uniqueness
lies in the slow decline in mortality. While Meiji Japan experienced a slow but
sustained decline in mortality in line with its economic development, the con-
temporary developing regions of Asia have been undergoing sharp mortality
reduction through medical technologies and public health measures imported from
advanced countries. Only if these countries can balance this drop with a more
rapidly declining fertility will they be in a position to achieve economic develop-
ment comparable to that of Meiji Japan.
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Insofar as fertility is concerned, both Meiji Japan and the contemporary de-
veloping nations in Asia seem to have a considerable degree of compatibility and
similarity. In this context, further analyses on the fertility behavior of Japan in
its early stages of development might yield findings both useful and relevant to
these developing nations.
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APPENDIX A

Endogenous variables:

Y =gross domestic product (million yen at 1934-36 constant prices)
C =personal consumption (million yen at 1934-36 constant prices)
G = government spending (million yen at 1934-36 constant prices)
M =imports (million yen at 1934-36 constant prices)

X =exports (million yen at 1934-36 constant-prices)

K =end-of-year capital stock (million yen at 1934-36 constant prices)
D = depreciation (million yen at 1934-36 constant prices)

N =labor force (1,000 persons)

V =labor force participation rate

A=nproportion of the labor force in the primary sector
B=proportion of gross savings in the non-primary sector
SR =saving rate

S=gross savings (million yen at 1934-36 constant prices)

I=gross investment (million yen at 1934-36 constant prices)

Exogenous variables:

LD =agricultural land stock (1,000 ha)
TP =total population (1,000 persons)
EAC =equivalent adult consumer unit
CW = child-woman ratio
WP =working-age (10-64) populauon (1,000 persons)

EDUC =enrollment rate in compulsory education

T1=deletor variable (=1 for 1895)
T2 =deletor variable (=1 for 1905)
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T3 =deletor variable (=1 for 1915)

T4=dummy variable (=1 for 1894 and 1895)
T5=dummy variable (=1 for 1904, 1905, and 1906)
T6=dummy variable (=1 for 1919 and 1920)

DI=dummy variable (=1 if ¢ is greater than 12, and is otherwise 0)
D2 =dummy variable (=1 if ¢ is greater than 24, and is otherwise 0)
D3 =dummy variable (=1 if ¢ is greater than 8, and is otherwise 0)
D4 =dummy variable (=1 if ¢ is greater than 17, and is otherwise 0)

D5 =dummy variable (=1 if 0<Y¢-1/TP;-1=0.140)
D6=dummy variable (=1 if 0<Y;-1/TP;-1=0.163)
D7 =dummy variable (=1 if Y™ exceeds 5 billion yen)
t=time
a=age

n=non-primary sector
p=rprimary sector

APPENDIX B

Saving rate function:
In [(0.4—SR,)/SR;]1=2.567—9.753(Y,/EAC,)+0.565T2 ,
’ (0.734) (0.157)

DW=0.990, R2=0.849.

Labor force participation rate function:
V,=0.6386—0.00045CW,+0.00099EDUC,
(0.0001) (0.0002)

+16.854(Y ;-1/TP;_1)—49.63(Y,_1/TP,_1)?
(1.63) (19.4)

+112.57(Y,_1/TP,_1)*—1434.6(Y,_;/TP,_1—0.14).
(69.9) (1191.2)

D51+ D6—-1.3728(1—-D6)In (Y ,_1/TP;_y)

(0.03)
—0.019472+0.0121T3,
- (0.005) (0.005)

DW=1.275, R>=0.978.

Consumption function:
,=138.28+0.0334EAC,+0.609Y,,
(0.04) 0.07)

DW=0.964, R2=0.985.

Government expenditure function:
G,=—12093+379.7InY,+868.31In TP,+179.9T4+790.6T5 ,
(260.0) (704.0) (67.0) (51.7)
DW=1.733, R2=0.935. :

(3)

(7

(207)

@19
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Import function:

M,=—1779.7+0.041EAC,+0.143Y ,-+ 415.7T2, (23
(0.02) (0.04) (99.5)

DW=1.320, R2?=0.956.





