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Depopulation and importance of
agriculture in Japan: implications
from the overlapping generations and
general equilibrium growth
accounting model

Tomoko Kinugasa* and Mitoshi Yamaguchi

Graduate School of Economics, Kobe University, 2—1 Rokkodai-cho, Nada-ku,
Kobe, 657-8501, Japan

We investigate the effects of demographic change on agriculture and nonagriculture in Japan
whileconsidering capital accumulation and total population and labour. Combining the overlap-
ping generations model with the three generations and general equilibrium growth accounting
models, we simulate the effect of demographic change on agricultural and nonagricultural
inputs and outputs. Our simulation analyses show that demographic change greatly influenced
agriculture and nonagriculture through capital accumulation although the influences of total
population and labour were not negligible. Remarkable demographic dividendslike the decline
of young dependents and increase of adult longevity greatly influenced capital accumulation
in Japan in the 1950s to the 1990s, which decreased the importance of agriculture. In the
future, aggregate capital in Japan will presumably decrease due to a decline of the working age
population, which may result in the disappearance of the advantages of nonagriculture and an

é

Routledge

Taylor & Francis Group

increase of the importance of agriculture.

I. Introduction

Thisstudy investigates the effects of demographic change onindus-
trial structure in Japan considering capital accumulation, labour
force, and total population. Simulation analyses using Growth
Rate Multipliers (GRMs) and an Overlapping Generations (OLGS)
model indicate a rapid demographic change after World War 11;
for example, decreased fertility and increased adult longevity stim-
ulated capital accumulation, which increased the importance of
nonagriculture.

After World War |1, Japan experienced a remarkable demo-
graphic transition. At the beginning of the twentieth century, both
fertility and mortality were high; however, mortality (especialy
adult mortality) declined rapidly. Subsequently, fertility began
to decline. Fertility declined rapidly in the 1960s and 1970s,
and is low today. Moreover, the population started to decline in
2005, and it is expected that it will continue to decline in the
future. The effects of depopulation on the economy are contro-
versial. A decrease in population can increase per capita income

*Corresponding author. E-mail: kinugasa@econ.kobe-u.ac.jp

if other conditions do not change, however, it may decrease the
labour force and the possibility of innovation. High life expectancy
in Japan, also a characteristic of the country, is the highest in
the world. Higher life expectancy may encourage capital accu-
mulation, which is considered a positive aspect of population
aging.

Consideration of agriculture is essential when we discuss the
development of a country. Agriculture is fundamental to human
activity. Malthus (1798) stated that the rel ationship between popul a-
tion and agriculture isimportant. Extensive research has attempted
to explain economic development in relation to agriculture using
a dual economy model.l The dual economy model assumes two
sectors: the agricultural and the nonagricultural sectors. The agri-
cultural sector is traditional, self-sufficient, and characterized by
low productivity. The nonagricultural sector is modern, profitable,
and highly productive. According to the dual economy mode, it is
necessary to have a technical change in agriculture at the onset
of economic development, to move labour and capital into the
nonagricultural sector.

1 For example, Lewis (1954), Ranis and Fei (1961), Jorgenson (1961), Kelley et al. (1972).
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Yamaguchi’s (1972, 1973, 1982, 2001) dual economy model was
noteworthy in that it distinguished between changes in popula-
tion and labour force. The author established a general equilibrium
growth accounting model. In this study, we devel oped a new model
that can capture the agricultural and nonagricultural distortion
problems based on Temple (2005) and Hayashi and Prescott (2008).

The model analyses the effects of eight exogenous variables,
including agricultural and nonagricultural technologies, total pop-
ulation, total labour, aggregate capital stock, land, demand shifter
of agricultural products, and wage gap between the agricultural and
nonagricultural sectors, on eight endogenous variables, including
agricultural and nonagricultural outputs, labour and capital, relative
prices of agricultural and nonagricultural products, and per capita
income.

It isalso important to consider the working and saving behaviour
of people when we discuss the effects of demographics on eco-
nomic growth. A considerable volume of research has attempted to
examine the economicimplications of demographic transition. Dur-
ing ademographic transition, the young dependency rate decreases,
while the share of the working-age population increases. This stage
is called the ‘first demographic dividend.” Bloom and Williamson
(1998), Bloom et al. (2000), and Kelley and Schmidt (2001, 2005)
found that changes in age structure result in changes in the labour
force, thus significantly contributing to economic growth. Demo-
graphic changes also influence saving behaviour. According to the
lifecycle hypothesis, individuals save when they are young and
employed and spend their savings after retirement (Modigliani and
Brumberg, 1954; Tobin, 1967). Changes in the young dependency
ratio could alter age-earning and consumption profiles. In particular,
a higher young dependency ratio can result in increased consump-
tion at ayounger age (Mason, 1981, 1987; Higginsand Williamson,
1997).

The concept of the * second demographic dividend' has also been
attracting the attention of population economists. Increased adult
longevity can increase the savings of prime-age adults, resulting in
capital accumulation (Leeet al., 2001; Kinugasa and Mason, 2007;
Mason and Kinugasa, 2008). Capital accumulation significantly
contributes to economic growth. In many developed countries,
including Japan, the first demographic dividend has aready disap-
peared. Declining growth of the labour force can suppress economic
growth. On the other hand, the second demographic dividend could
still continuein developed countriesin thefuture. Thelife expectan-
cies of old people are gradually increasing and many developed
countries may still have opportunities for economic devel opment.
(Mason, 2007; Ogawa, 2007; Mason and Kinugasa, 2008).

The research discussed above does not analyse the effects of
demographic changeonindustrializationintermsof capital accumu-
lation. Kinugasa and Yamaguchi (2008) combined the OLG model
of Kinugasa and Mason (2007) and the general equilibrium growth
accounting model of Yamaguchi (1982, 2001). Kinugasa and Yam-
aguchi analysed the effects of changesin the number of children and
adult longevity on capital accumulation, and examined how capital,
which isinfluenced by the demographic change, affects agricultural
and nonagricultural inputs and outputs. Their smulation analysis
with Japanese data showed that a rapid decline in the number of
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children and an increase in adult longevity stimulated capital accu-
mulation, which increased the importance of nonagriculture from
the 1960s to 1990s. In this research, we develop the analyses of
Kinugasa and Yamaguchi (2008) in the following four points and
investigate the effects of demographic change on agriculture and
nonagriculture from a broader perspective. First, we consider the
effects of demographic change on per capita income and indus-
tria structure, in terms of labour force and total population, aswell
as capital accumulation. Second, we estimate the effects of demo-
graphic change not only in the past and the present but also in the
future. Third, we use the model that can consider the distortion
problem as stated above. Fourth, we consider domestic capital and
capital depreciation, whichtheresearch of KinugasaandYamaguchi
(2008) did not consider.

Our findings regarding the relationships between demographic
change, capital accumulation, and importance of agriculture are
summarized by the flowcharts presented in Fig. 1.2 In thisfigure, a
broad arrowhead indicates that the effect is strong, athin arrowhead
indicates that the effect is weak, and a dashed arrowhead indicates
that the effect appears after a while. Fig. 1(a) presents the rela-
tionship from the 1950s to 1990s. According to our OLG model,
Japan experienced a rapid decline in the number of children and
arapid increase in adult longevity during the period, which stim-
ulated capital accumulation. Moreover, the labour force increased
rapidly because the working-age population increased, and thisalso
stimulated capital accumulation. According to the results from the
GRMs of the general equilibrium growth accounting model, capital
accumulation stimulated industrialization; that is, it decreased the
importance of agriculture.® The analysis using GRMsalso indicates
that anincreasein labour force decreased theimportance of agricul-
ture and increased per capita income. Increased per capitaincome
also increased capital accumulation according to the OLG model,
which further decreased the importance of agriculture according to
the general equilibrium growth accounting model. From the 1950s
to 1990s, the popul ation growth rate was a so high, which increased
the importance of agriculture according to the general equilibrium
growth accounting model.

Fig. 1(b) describes the outlook for Japan. It is expected that the
number of children will decrease and adult longevity will increase
gradually, which will encourage capital accumulation and, as a
result, increase the importance of nonagriculture sightly. Accord-
ing to our OLG model, a decline in the labour force will decrease
capital accumulation to a large extent, which will make agricul-
ture more important. The general equilibrium growth accounting
model implies that a decrease in the labour force will directly
increase the importance of agriculture. The model also indicates
that a decrease in capital accumulation caused by a decrease in
the labour force will decrease per capita income, and this will fur-
ther decrease capital accumulation. The population will continue to
decrease in Japan in the future, and this may increase the impor-
tance of nonagriculture according to Malthus's law as indicated in
the general equilibrium growth accounting model. However, this
effect will not be large. To sum up, in Japan, the importance of
agriculture will increase in the future considering the demographic
situation.

2 |n our theory, we do not consider linkage of demographic variables and treat different demographic variables, such as an increase in labour force, a
decrease in the number of children/an increase in adult longevity, and an increase in popul ation independently, because to consider these connections
in theory would over-complicate the discussion. However, we use rea data for three demographic variables, and the interrelationship between these
demographic variables isincorporated in the simulation analysis, we would like to deal with these issuesin future research.

3 Henceforth, the importance of agriculture (nonagriculture) implies the relative importance of agriculture (nonagriculture) with respect to

nonagriculture (agriculture).
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(a) Japanese experience from the 1950s to 1990s

T. Kinugasa and M. Yamaguchi
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Fig. 1. Outline of relationships between demogr aphic change, capital accumulation, and importance of agriculture.
Note: ‘OLG’ indicates the Overlapping Generations model. ‘GRM’ indicates the Growth Rate Multiplier in general equilibrium growth accounting

model.

Theremainder of thisarticleis organized asfollows: The general
equilibrium growth accounting model established by Yamaguchi
(1982, 2001) isintroduced in Section Il. Section |1 also describes
how total population, labour, and capital influence endogenous vari-
ables such as agricultural and nonagricultural outputs and inputs.
Section |11 describes the OLG model, which considers three gen-
erations, and explains the effects of demographic change, such as

changes in present and past fertility and adult longevity, on capital
accumulation. Moreover, this section also examines the influence
of present and past fertility and adult longevity on aggregate capi-
tal. Based on the models described in Sections 11 and 111, and using
Japanese data, we simulate the effects of demographic change on
agricultural and nonagricultural outputs and inputsin Section V.4
Section V presents the conclusion.

4 Our model combines two different kinds of models. Therefore, the models might not be entirely consistent. An OLG model is used to calculate the
growth rate of aggregate capital. Although simulated growth in aggregate capital is obtained in the discrete OLG model, we multiply the simulated
growth rate of capital based on the discrete OL G model with agrowth rate multiplier of the continuous general equilibrium growth accounting model.
However, the model’s implication would not be remarkably influenced given the inconsistency. Moreover, our OLG model with three periods is a
necessary assumption in the discussion on the effects of various demographic variables, such as the number of children and adult and child mortality,

on the economy.
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Il. General Equilibrium Growth Accounting
Model

The Computable General Equilibrium (hereafter CGE) model
has prevailed since 1975. However, Ezaki (1984) evaluated that
Yamaguchi (1969, 1972, 1973, 1982) made the bridge (i.e. Yam-
aguchi is the first person who applied the theoretical genera
equilibrium growth model to CGE model intheworld) to the present
CGE model. More accurately, Kelley et al. (1972) and Kelley and
Williamson (1971, 1974) also began to build the bridge to the
present CGE model in the early 1970s. Kelley and Williamson
(1971) published a CGE model similar to the present CGE model.
However, although the Yamaguchi model is a CGE moddl, thisis
also ageneral equilibrium growth accounting model with endoge-
nous variables precisely coinciding with actual values. In thissense,
Yamaguchi models are also growth accounting models and are com-
pletely different from Kelley and Williamson and other present CGE
models.

Since the beginning of the 1970s, Yamaguchi (1973) evaluated
the Kelley—Williamson model very highly. However, he criticized
the following three points of their works. First, the Stone-Geary
model is the idea model for a demand system and is used in
many recent studies, including Kelley—Williamson works. How-
ever, not enough research existsfor thismodel to adopt the rigorous
sectoral differences of parameters between agriculture and nona-
griculture. Second, population and labour were treated as a single
variableintheir model. Yamaguchi greatly criticized their treatment.
Although it took a long time to consider Yamaguchi’s criticism,
Bloom and Williamson (1998) finally recognized this importance
and used |abour and population independently. Mason (2005, 2007)
and Mason and Kinugasa (2008) found the first and second div-
idend by treating labour and population independently. These are
very important findings in population studies.

Recent researches on economi ¢ devel opment, which must becon-
sidered in our study, are in the following three areas. The first area
is the agricultural-nonagricultural distortion problem. Hayashi and
Prescott (2008) consider that the labour barrier existed because the
pre-war patriarchy forced the son designated as the heir to remain
in agriculture. Moreover, Temple (2005) pointed out the problem of
distortion, i.e. output | osses associated with factor misallocation and
aggregate growth in the presence of factor market distortion. There-
fore, we considered the problem of distortion and assume imperfect
competition in both labour and capital markets (myg, mp, mg, my,
Nw, and N, in our model described in Appendix 1 and Table Al).

The second area is the reconfirmation that agriculture is the
centre of development (Gollin et al., 2002), although this conclu-
sion may be reversed when we consider the international situation
(Matsuyama, 1992). | n other words, two opposing opinionsfor agri-
culture exist. Gollin et al. (2002) believe that agriculture is very
important and must occupy the central topic of development. On
the other hand, Matsuyama, for example, opposes thisthinking with
respect to international trade. Asthethird area, Temple (2005) eval-
uates that the two-sector model is still important in the research of
development. Therefore, we use the two-sector model in this study.
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Laitner (2000) (on page 546) suggest that while an unusual thrift
may lead to a high income level (as shown in Solow’s framework),
causality can run the other way: ahigher standard of living can lead
to a higher measured savings rate. In our study, we calculate how
population, labour, and capital stock influence income levels and
sectoral outputs through savings.

In this study, we explain the extension of the growth accounting
genera equilibrium model (as stated above, we assume imper-
fect competition, i.e. the distortion problem in our model here)
of Yamaguchi (1982, 2001).5 The authors considered a two-sector
economy consisting of agricultural and nonagricultura sectors and
established a general equilibrium growth accounting model.8 Fur-
ther, they calculated the effects of eight exogenous variables on
eight endogenous variables.” Each effect is referred to as a GRM,
which reflects the percentage increase of an endogenous vari-
able given a 1% increase in a certain exogenous variable. GRMs
are expressed by aligning endogenous and exogenous variables;
for example, YaK is the effect of a 1% increase in aggregate
capital on agricultural output. Yamaguchi and colleagues also cal-
culated the contributions of exogenous variables to endogenous
variables by multiplying the GRMs and the growth rates of the
exogenous variables.

Table 1 presents the GRMs with respect to capital, labour, and
population. This table shows that aggregate capita (K) has the
following effects on the endogenous variables.® An increase in
aggregate capital increases both agricultural and nonagricultural
outputs; however, it hasalarger effect on nonagricultural output than
onagricultural output, (YuK > YaK > 0). Moreover, anincreasein
aggregate capital hasapositive effect on both agricultural and nona-
gricultural capital, and its effect on nonagricultural capital islarger
than that on agricultural capital, (KyK > KoK > 0). An increase
in aggregate capital decreases agricultural labour, but increases
nonagricultural labour (LAK < 0, LmK > 0). Thesefindingsimply
that capital accumulation induces growth in both agricultural and
nonagricultural sectors; however, it has a greater positive effect on
nonagricultural growth. Therefore, capital accumulation is likely
to accelerate industrialization. Moreover, an increase in aggregate
capital increases per capitaincome (EK > 0).

Growth in the labour force can aso increase the importance of
nonagriculture. Growth in total labour increases both agricultural
and nonagricultural output and labour, but increases nonagricultural
output and labour more than the corresponding agricultural output
andlabour (YmL > YaL > O,LmL > LaL > 0). Anincreaseinthe
labour force increases nonagricultural capital, but decreases agri-
cultural capital (KaL < 0, KmL > 0). It is aso confirmed that an
increase in the labour force increases per capitaincome (EL > 0).

Malthus's law holds for the effects of population growth on
endogenous variables. An increase in population increases agri-
cultural inputs and outputs and decreases nonagricultural inputs
and outputs (YAQ > 0, YMQ < 0, KaQ > 0,KmQ < 0, LaQ > O,
LmQ < 0). Moreover, anincreasein popul ation decreasesper capita
income (EQ < 0).

To sum up, increases in capital and labour decrease the impor-
tance of agriculture and increase the importance of nonagriculture.

5 See also Yamaguchi and Binswanger (1975) and Yamaguchi and Kennedy (1984a, 1984b).

6 This model is further explained in Appendix 1.

7 The exogenous variables are agricultural technical growth (Ta), nonagricultural technical growth (Ty), population (Q), total labour force (L),
aggregate capital (K), land (B), demand shifter of agricultural products (a), and wage gap between the agricultural and nonagricultural sectors (myy).
The endogenous variables are agricultural output (Ya ), nonagricultural output (Y ), agricultural labour (La ), nonagricultural labour (L), agricultural
capital (Ka), nonagricultural capital (Ky), relative prices of agricultural goods and nonagricultural products (P), and income (E). Here, aggregate

capital refers to domestic capital.

8 These findings are valid for the entire analysis period except for 1945. Japan was at war in 1945; hence, this year can be considered an exception.



Table 1. GRMsfor aggregate capital, labour, and population

YaK  YmK  KaK  KwK LaK LwK EK  YaL YuL KalL KuL LaL LuyL EL  YaQ YuQ KaQ KuQ LaQ LuwQ EQ

1890 0.10 0.30 0.96 1.03 -0.02 005 022 048 08 -014 009 092 116 073 009 -022 022 -014 012 -025 -110
1895 0.10 0.33 0.96 1.02 -0.02 004 025 049 08 -012 o007 093 113 071 008 -019 021 -012 011 -022 -110
1900 0.09 0.37 0.97 101 -0.02 003 029 o051 075 -012 006 094 112 068 008 -017 021 -011 011 -021 —-110
1905 0.09 041 0.95 1.02 -0.03 005 033 048 076 -018 008 09 117 069 013 -024 032 -014 017 -029 -115
1910 0.09 0.42 0.94 1.02 -0.03 005 034 048 075 -019 007 09 116 068 013 -022 033 -012 017 -028 -114
1915  0.09 051 0.94 1.02 -0.03 004 042 047 062 -018 006 09 114 059 014 -018 034 -010 019 -025 -—-111
1920 0.09 0.41 0.94 100 -0.03 004 034 046 0717 -020 004 08 112 066 016 -017 035 -008 021 -022 —-1.09
1925 0.08 0.40 0.94 1010 -0.03 003 033 049 0717 -022 004 08 112 066 017 -015 036 -006 022 -020 -108
1930 0.10 0.46 0.97 101 -0.02 002 042 051 063 -022 003 o087 111 061 017 -012 034 -005 021 -018 —1.09
1935 011 051 0.96 101 -0.03 002 046 046 056 -020 002 08 110 05 017 -011 035 -004 022 -017 -—-107
1940 0.09 0.55 0.97 1.00 -0.02 001 049 046 051 -020 002 087 109 05 017 -009 036 -004 024 -016 —-106
1945 011 0.53 1.02 1.00 001 -001 o047 049 050 -014 002 0912 107/ 05 011 -007 024 -003 015 -012 -104
1950 0.09 0.55 0.97 100 —-0.02 001 048 046 052 -020 002 08 110 051 016 -010 037 -004 022 -018 —-106
1955  0.08 0.30 0.92 101 -0.05 003 027 047 08 -032 003 078 113 07/ 028 -016 049 -005 034 -020 -1.09
1960 0.09 0.37 0.93 101 -0.06 002 034 042 072 -027 002 079 109 069 026 -011 047 -004 036 -015 -—-108
1965 0.11 0.32 0.92 101 -0.06 002 031 042 074 -027 002 078 107 072 029 -009 04 -003 037 -011 -106
1970 0.0 0.32 0.93 101 -0.06 002 031 o042 074 -027 002 078 107 072 029 -009 044 -003 037 -011 -106
1975 011 0.37 0.92 1.00 -0.05 003 031 042 074 -027 002 078 107 072 029 -009 04 -003 037 -011 -106
1980 0.10 0.32 0.94 1.00 —-0.06 001 031 o042 073 -028 002 076 106 072 030 -008 046 -002 038 -009 -—-105
1985 011 0.40 0.92 101 -0.05 002 031 041 073 -028 001 O76 106 073 030 -008 046 -002 038 -009 -105
1990 0.0 0.32 0.91 1.00 -0.07 001 031 o041 072 -029 001 074 105 072 031 -007 047 -002 039 -008 -104
1995  0.09 0.35 0.93 101 -0.06 002 031 040 072 -029 001 075 105 070 031 -007 048 -001 039 -008 -104
2000 0.11 0.32 0.92 101 -0.06 002 031 o040 074 -030 001 074 103 072 032 -007 048 -001 040 -007 -104

Note: The data from columns YaK to EK are adopted from Yamaguchi (1982, 2001). New values from columns Ya L to EQ are estimated by using the data of Yamada and Hayami (1972), Minami and Ono
(1978), Ohkawa (1972), and Ohkawa and Shinohara (1979).
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Table 2. Equationswith respect to the OLG model
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An increase in the population increases the importance of
agriculture. Aggregate capital and labour positively affect per capita
income, and total population negatively affects per capitaincome.

Ill. Demographic Change and Capital
Accumulation in the OLG Model

This section presents an OLG model to investigate the effects of
demographic change on capital accumulation. Table 2 presents key
equationsin our OLG model. Our model issimilar to Kinugasaand
Yamaguchi (2008), although it considers international capital flow.
The OLG model considers the existence of different generations at
the sametime. We assume that there are three generations: children,
prime-age adults, and elderly. Child age, prime age, and old age are
set at age zero, one, and two, respectively. Children are considered
to be dependent and not employed. Prime-age adults take care of
children and work, and save to consumeintheir old age. The elderly
areretired and spend the savingsthey accumulatein their prime-age
years.2 Not all children survive to prime-age and not all prime-age
adults survive after retirement.

The utility function of a prime-age adult is expressed in
Equation 1 of Table 2. Prime-age adults at time t decide on their
present consumption for themselves and their children, and their
consumption in the future maximizesthelifetime utility asshownin
Equation 1 of Table 2. Inthe equation, cyt, C2t+1, and Cot represent
the consumption of prime-age adults, the el derly, and the dependent
children, respectively. q; is the survival rate of prime-age adults
until old age and is used as a measure of adult longevity. Prime-age
adults decide c1 ¢, Cot+1, and Cot. The parameter « impliestherate
at which parents discount the utility of children, and it is assumed
that 0 < x < 1. It isalso assumed that ¢ > 0, so that the marginal
utility with respect to the number of children declines according to
the number of children. The parameters Ao, A1, and A2 reflect the
relative importance of consumption for children, prime-age, and
post-retirement, respectively. p isthe discount rate; that is, the rate

of time preference. The intertemporal elasticity of substitution is
given by (1/6).10

Prime-age adults obtain wage income Ayw; per unit of labour,
where A; is the level of technology and w; is the wage per effec-
tive worker. The total time available for a prime-age adult is one
unit. v units of time need to be spent to nurture one child, and
prime-age adultswith n children work for (1-vn) unitsof time. They
allocatetheir earningsto their own consumption, to that of their chil-
dren, and to savings. Therefore, their budget constraint is given by:
C1t + NtCot + S1t = Awe (1 — vnt), where sp ¢ represents savings
by prime-age adults. After retirement, the elderly consume the pro-
ceeds from their savings. Thus, the budget constraint of the elderly
is™cpt11 = (14 rer1)set/qr. According to thebudget constraints
of prime-age adults and the elderly, the lifetime budget constraint
faced by prime-age adults is derived as shown in Equation 2 of
Table 2. Consumers determine their children’s consumption and
their own consumption in prime-age and post-retirement, thus max-
imizing life utility as given in Equation 1 under the lifetime budget
constraint given in Equation 2.

Savings by prime-age adultsis cal culated as shown in Equation 3
in Table 2 based on the utility maximization problem. In Equation 3,
ds1t/9qt > 0 holds, and the savings of prime-age adults increase
if the adult survival rate increases. Intuitively, if consumers are
aware that they will live longer, they are more likely to have
higher savings in preparation for old age. Equation 3 also implies
ds1t/0ne < 0if 6 > . Savings by prime-age adults decreases with
an increase in the number of children as long as 6 > ¢. More-
over, expenditure on children correspondingly increases with an
increase in the number of children, while the wage income of
prime-age adults decreases because raising children requires the
expenditure of time. Therefore, higher fertility decreases savings by
prime-age adults.

Based on theindividual utility maximization problem, aggregate
capital isdetermined as detailed in Appendix 2. The aggregate cap-
ital at t + 1, Wi+1, is given by Equation 4 in Table 2, where K is
the domestic capital and F isthe foreign capital. From Equation 4,

9 For simplicity, we assume that there are neither bequests nor transfers from children to parents.

10N this research, we assume that (1/6) > 1. Anincrease in the interest rate will increase savings by prime-age adult s if (1/6) > 1. On the other
hand, an increase in the interest rate will decrease savings by prime-age adultsif (1/6) < 1.

11n this model, availability of insurance against longevity risk is assumed. A consumer purchases an annuity at the beginning of age 2 if insurance
companies are risk neutral and annuity markets are perfect. The rate of return for the surviving elderly is (1 + ri+1)/at), whereryy1 isthe riskless
interest rate on savings. The return with regard to annuitiesis ((1 + ri+1)/qt). Since returns on insurance are higher than on regular notes, individuals
restrict their savings to insurance. After retirement, the elderly consume the proceeds of their savings. See Yaari (1965) and Blanchard (1985) for

details.
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thetotal savings of prime-age adults at timet formulates the aggre-
gate capital in the next period.12 Higher savings of prime-age adults
result in higher capital accumulation. In this context, the number
of prime-age adults at time t is expressed as N1t = ptNot—1 =
ptnt—1N1t—1, where pt is the survival rate of children. Therefore,
Equation 4 can berewritten asW4+1 = S1.tptnt—1N1t—1. Weassume
that the ratio of domestic capital to aggregate capital, d, is exoge-
nous, and domestic capital at timetisgiven by K1 = dit1Wii1.
Then, we obtain Equation 5 as shown in Table 2.

The growth rate of domestic capital K is defined as shown
in Equation 6 of Table 2. According to Equations 5 and 6, the
effect of an increase in adult longevity at time t on the growth
rate of domestic capital at time t + 1 is given by 9K 1/9¢ =
Ot+1(3s1,t/90t)PtNe—1N1t—1/Kt > 0. Thisindicatesthat anincrease
inadult longevity at timet increasesthe growth rate of domestic cap-
ital at timet + 1 givenanincreasein the savingsof prime-age adults
at time t.13 In this model, an increase in adult longevity at time't
does not influence the growth rate of domestic capital at the same
time.

The effect of an increase in the number of children at time
t on the growth rate of capital at time t+ 1 is 9K.1/9n =
Oi+1(3S1t/9nt) /Kt < 0. Thenumber of children at timet decreases
domestic capital at timet + 1. If the number of childrenincreasesat
timet, prime-age adults save less during the same period; thus, less
capital is accumulated at timet + 1. On the other hand, the growth
rate of capital at timet is not affected by the number of children at
the same time.

The influence of the number of children at time t on the
growth rate of capital at time t + 2 is expressed as 9K o/0n =
(dy151,tPptNLt — Oy 2(dSLe/dN)Pk—1N1—1)/KZ ; > 0. Thenum-
ber of children at time t increases the number of prime-age adults
who can accumulate wealth at timet + 1, which resultsin a higher
capital growth at timet + 2. Moreover, less capital is accumulated
at timet + 1, which givesrise to a higher growth rate of capital at
timet + 2. Therefore, the growth rate of aggregate capital increases
attimet + 2if fertility increases at timet. To sum up, anincreasein
fertility prevents capital accumulation in the short run. As children
grow, the increase in the prime-age population stimulates capital
accumulation.

According to the OLG model, a typical demographic transition
such as declining fertility and mortality may either increase or
decrease the growth of aggregate capital stock. Therefore, adetailed
simulation analysis would be helpful to precisely investigate the
effect of demographic change. In the next section, we set the values
for the parameters to simulate the influence of demographic change
on capital accumulation in Japan.
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IV. Simulation Analysis using Japanese Data

In this section, we estimate the effects of demographic change on
capital and agricultural and nonagricultural inputs and output in
the past, present, and future. The simulation method is detailed in
Appendix 3. First, growth in aggregate capital is simulated using
data from the number of children per adult, and adult and child
longevities based on the OLG model in Section Il1I. Then, the
sums of contributions of simulated aggregate capital, population,
and labour to agricultural and nonagricultural inputs and outputs
are calculated. 1

Fig. 2 showsgraphs of demographic variables such asthe number
of children per adult, the child survival index, and the adult survival
index,> and growths in population and labour from 1890 to 2025.
Thenumber of children per adult increased moderately from 1890 to
1935, and began to decline rapidly in 1965. The number of children
declined rapidly from 1965 to 1980. Since the 1990s, the number
of children per adult has decreased gradually, and it is expected to
decrease continuously in thefuture. The child survival index did not
change significantly before the World War |1 and increased consid-
erably in 1950. Since then, Japan’s child survival index has been
close to 100%, and this figure is expected to remain high in Japan.
A significant increase in the adult survival index was not seen until
around 1950. Adult longevity increased rapidly from the 1950s to
1990s. Since 1990, it has continued to increase and is estimated to
increase gradually in the future.

From Fig. 2(b), labour force growth rate was much lower than
the population growth rate, primarily because of a high fertility
rate. After the World War [1, the growth rate of the labour force
increased sharply and was greater than the population growth rate
from 1950 to 1995.16 Japan had a high cyclical population growth
rate from 1890 to 1970. Since 1970, the population growth has
slowed, and became negative around 2005. Growth rates of the pop-
ulation and labour force are estimated to continuously decrease in
the future. Furthermore, it is expected that the labour force growth
rate will be lower than the population growth rate until 2020.17
The period in which labour force growth was greater than the
population growth may be the period in which Japan benefited
from the ‘first demographic dividend, as mentioned in Section I.
It is likely that Japan had a great opportunity to use the first
demographic dividend during the high economic growth period
after the war. However, the first dividend has not been effective
since 2000.

Fig. 3 presents the simulation results for the effects of demo-
graphic change on agricultural and nonagricultural outputs and
inputs considering changes in labour, total population, and capi-

12 Because the model assumes only one period of working life and wealth is not accumulated across generations, the economy’s aggregate capital
stock at time't is equal to the flow of savings at timet — 1. Thisis atypical assumption in the OLG model with two or three generations as Higgins
(1994) and Kinugasa and Mason (2007) did. This might be problematic; however, to overcome this problem, we need to set up an OLG model with
many generations, which will over-complicate our model. The characteristic of our overlapping generations model is that it considers consumption
for children and different survival rates for adults and children.

3 We can calculate the effect of adult longevity at timet on growth of capital at timet + 1 as: 9K12/90 = —0h1(3s1t/90)Pene—1Ke42/KZ 4 < O.
Anincreasein adult longevity at timet decreases the growth in capital at timet + 2 because of theincreasein the numerator. Thisand 9K1/9¢ > O
imply that a continuing increase of adult longevity increases the rate of capital accumulation.

141 this research, many variables such as demographic variables and land are assumed to be exogenous. We need further discussion regarding the
determinants of these variables; however, our discussion would become over-complicated if we regard these variables endogenously.

15 Appendix 2 describes how to calculate child and adult survival indices.

16 Thelabour force and population growth ratesin the 1970s were exceptional . The popul ation growth rate increased primarily because of an increased
fertility rate during the second baby boom, and the growth in the labour force declined, primarily because of an increase in unemployment during the
second oil crisis.

17 According to the data, the growth of the labour forceis higher than that of population in 2025, probably because the death rate of first baby-boomers
born from 1947 to 1950 will become high.
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tal accumulation!® (The data are taken from Yamada and Hayami
(1972), Minami and Ono (1978), Ohkawa (1972), Ohkawa and
Sinohara (1979), Ohkawa et al. (1966) and others). The effects of
demographic change on agricultural inputs and outputs are calcu-
lated as the sum of the products of GRM and the growth rate of
rel ated exogenous variables. For example, the contribution of demo-

graphic change to agricultural output is calculated as YaK - K +
YaL-L+YaQ-Q, and the contribution of demographic change
to nonagricultural capital is calculated as KmK - K + Kyl - L +
KmQ - Q, where K is the smulated growth in domestic capital
based on our OLG model (Equation 6 in Table 2). The results
are illustrated in Fig. 3(a). We also calculate the contribution of
demographic change to agricultural and nonagricultural inputs and
outputs when we do not consider the effects of demographic change
on aggregate capital and only the effects of growths of population

and labour are considered. In this case, the contribution of demo-
graphic changes on agricultural output is YaL - L 4+ YaAQ- Q, and
the contribution of demographic changes to nonagricultural capital
isKmL - L+ KmQ - Q.29 Theresults are presented in Fig. 3(b).
Fig. 3(a) shows that demographic change significantly con-
tributed to increasesin both agricultural and nonagricultural capital.
The contribution of demographic change to nonagricultural capital
was dlightly more than the contribution to agricultural capital until
1955, and it was much more than the contribution to agricultural
capital from 1960 to 1970. Demographic change positively influ-
enced agricultural and nonagricultural output from 1890 to 2000,
and the effect of demographic change on nonagricultural output
was much larger than that on agricultural output from 1930 to 1985.
Demographic characteristics in Japan seem to have had an insignif-
icant effect on agricultural and nonagricultural labour compared
with outputs and capital in both sectors throughout the period, but

18 The research of Kinugasa and Yamaguchi (2008) did not consider domestic capital and capital depreciation. A detailed explanation is given in

Appendix 3.

19When we do not consider the effects of demographic change on aggregate capital, we do not use an OL G model. We calculate the contributions of
demographic change to agricultural and nonagricultural output and input based only on GRM.
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(a) Contribution of Demographic Change to Agricultural and Nonagricultural Inputs and Outputs
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increased both agricultural and nonagricultural labour from 1900
to 1950.2° From 1955 to 1980, demographic change is simulated
to decrease agricultural labour and increase nonagricultural labour,
and from 1985 to 1995, it is simulated to increase both agricultural
and nonagricultural labour, but simulated to increase nonagricul-
tural labour more than agricultural labour. From 2005 onward, the
simulated contribution of demographic changeto agricultural labour

is negative. From 2010 onward, the simulated contribution to nona-
gricultural labour is negative. Throughout the period from 1905 to
1995, the simulated effect of demographic change on nonagricul-
tural labour was greater than agricultural 1abour, with the exception
of 1945. After 2005, demographic change is simulated to decrease
nonagricultural labour more than agricultural labour. On the whole,
Fig. 4(a) impliesthat demographic changeincreased theimportance

201 1910, the effect of demographic change on agricultural capital was negative, which was exceptional.
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Fig. 4. Simulated changesin importance of agriculturein terms of output, capital, and labour

of nonagriculture before around 2000. Since the beginning of the
twenty-first century, demographics have influenced and will con-
tinue to negatively influence both agriculture and nonagriculturein
termsof output, labour, and capital . Itisexpected that theimportance
of agriculture will increase relative to nonagriculture in the future
because demographic characteristics will influence nonagriculture
more negatively than agriculture.

Fig. 3(b) illustrates the contribution of demographic change to
agricultural and nonagricultural inputs and outputs when we do not
consider the effect of demographic change on aggregate capital and
only consider the effects of the growth in population and labour.
The scale of the vertical axisin Fig. 4(b) is much smaller than that
in Fig. 4(a), which implies that the effect of demographic changes
on agriculture and nonagriculture is much smaller when we ignore
its effect on aggregate capital. From 1905 to 2000, demographic
changes are simulated to increase agricultural and nonagricultural
outputs, but the simulated contribution of demographic changes
to agricultural output is larger than that to nonagricultural output
from 1905 to 1950. From 1955 to 1965, and from 1980 to 1995,
demographic changes are simulated to contribute to the growth of
nonagricultural output more than agricultural output. From 1970
to 1975, Japan experienced a second baby boom, and the popu-
lation growth rate was higher than the growth rate of the labour
force. During that period, growths in population and Iabour influ-
enced agriculture more favourably than nonagriculture. In 2000,
the simulated effect of demographic change on agricultura output

is still positive and the simulated effect on nonagricultural effect is
negative. In 2005 and 2010, the simulated effects of demographic
change on both agricultural and nonagricultural outputs are nega-
tive, but the effect on nonagricultural output is more negative than
that on agriculture, primarily because growth in the labour force
declined more than population growth. After 2010, the effect of
demographic change on agricultural output is more negative than
that on nonagricultural output. Population growth is expected to
decline more than growth in the labour force, and Malthus's law
may dominate. The population consuming food will decrease and
agriculture will decline more than nonagriculture. The simulated
effect of demographic change on agricultural capital is positive in
2000 and 2005, whilethe effect on nonagricultureis negative during
the same period. Demographic change is simulated to negatively
influence agricultural capital and positively influence nonagricul-
tural capital after 2010. According to Table 1, depopulation tends
to decrease agricultural capital and increase nonagricultural capital,
and the declinein labour force growth tendsto increase agricultural
labour and decrease agricultural capital. It seems that depopulation
will have a stronger effect on agricultural and nonagricultural cap-
ital than will the decrease in the labour force. Depopulation and a
labour force decrease are simul ated to decrease both agricultural and
nonagricultural labour after 2005 and decrease agricultural labour
more than nonagricultural labour after 2010.

Fig. 3(b) implies that demographic change contributed to agri-
culture more favourably than nonagriculture before 2000, primarily
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because of an increase in population. According to Malthus's law,
an increase in population increases agricultural outputs and inputs
because morefood isrequired to feed alarger population. Theresult
inFig. 3(b) isdifferent from that in Fig. 3(a) and may not be consis-
tent with the fact that Japan experienced remarkable industrializa-
tion after World Wer 1. Therefore, it would beimportant to consider
the effect of demographic change on capital accumulation when we
discuss the effect of demographic change on industrial structure.
On the other hand, capital accumulation stimul ated by demographic
changes was not the only factor that brought about industrialization
after World War 11. Technical changesin agriculture and nonagricul-
ture sectors also remarkably influenced industrial structure. In this
study, we do not discussin detail about technical change. However,
it would be important to discussit in future research.

Fig. 3(c) shows the simulated contribution of demographic
change to per capita income in cases for which the effects of
demaographic change on domestic capital areconsidered and not con-
sidered. Thisfigureimpliesthat capital accumulation stimulated by
demographic change significantly contributed to economic growth
in the late twentieth century. If demographic change did not influ-
ence capital accumulation at all, there would not be high economic
growth after World War 11; high population growth could negatively
influence per capita income, athough the high growth rate of the
labour force encouraged economic growth. Fig. 3(c) indicates that
economic growth will be negative according to the demographic sit-
uation in Japan, primarily because of a decrease in capital growth,
athough depopul ation may increase per capitaincomein the future,
if we do not consider the effect of demographic change on capital
accumulation.

In this study, we attempt to cal culate changes in the importance
of agriculture based on the simulation results in Fig. 4. We define
changesin theimportance of agriculture in terms of output (capital,
labour) asacontribution of demographic changeto agricultural out-
put (capital, labour) minus that to nonagricultural output (capital,
labour). If the simulated change in the importance of agriculture
is positive, it indicates that demographic change is simulated to
influence agriculture more favourably than nonagriculture. Fig. 4
presents the results. The importance of agriculture is determined
from Fig. 4 (a). Simulated changes in the importance of agriculture
in terms of output had been negative until 2000, with one exception
in 2000. Theimportance of agriculturein terms of capital and labour
had been decreasing until 2000, with afew exceptions. It seemsthat
demographic changes influenced the importance of agriculture in
termsof output much moreseverely thanintermsof capital or |abour.
From 1955 to 1985, when simulated domestic capital was quite
high, the importance of agriculture decreased significantly in terms
of output and input. Fig. 4(a) showsthat changesin the importance
of agriculture in terms of both output and input became positive in
2005, and will continueto be positivein thefuture. Thisimpliesthat
agriculture may become increasingly important in the near future.

Fig. 4(b) is calculated from the resultsin Fig. 3(b). If we do not
consider the effect of demographic change on capital accumula
tion, the demographic changes such as changes in population and
labour influence the importance of agriculture in terms of capital
or labour more than that in terms of output. Changes in population
and labour increased theimportance of agriculture until 1950. From
1955 to 1965, demographic change influenced nonagriculture more
advantageously than agriculture in terms of output, while it influ-
enced agriculture more favourably than nonagriculture with regard
to capital and labour in 1960 and 1965. In 1970, the importance of
agricultureincreased with respect to all three aspects. Demographic
change decreased the importance of agriculture in terms of output
from 1975 to 1995 and in terms of capital and labour from 1985
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to 1995. In 2000, the importance of agriculture in terms of output
increased, and it is expected to increase in 2005, 2010, and 2015,
but decrease in 2020 and 2025. If we do not consider the effects of
demographic change on capital accumulation, demographic change
will not increase the importance of agriculture in the near future.
In 2020 and thereafter, population growth will be lower than the
growth in the labour force; therefore, the importance of agriculture
will decrease according to Malthus's theory.

Finaly, it is preferable to intuitively explain the above stated
discussion. Thereason for the increased relative importance of agri-
culturein case of adecreasein capital stock (owing to adecreasein
population) isasfollows. Anincreasein capital stock wouldincrease
per capitaincome and relatively increase the demand of nonagricul-
tural goods, resulting from Engel’s law. Therefore, a decrease in
capital would decrease per capitaincome and relatively increasethe
demand for agricultural goods. This is an intuitive explanation of
the above discussion.

This study also showed some other interesting findings. First, we
showed the importance of agriculture in the future, and measured
the extent of decreasein per capitaincome as popul ation and capital
decreaseinthefuture (by using thevaluesof EQ, EL, EK inTable 1).
In other words, this study showed that population growth is neces-
sary to avoid a decrease in per capitaincome in the future. Second,
we measured the extent of growth in output (by using the values of
YaQ, YmQ, YaLl, YmL, YaK, YuK in Table 1) and input (by using
thevaluesof LAQ, LmQ, LaL, LmL, LaK, LmK, KaQ, KmQ, Kal,
KmL, KaK, KpmK in Table 1) when each of population, labour, and
capital stock increase by 1%. Therefore, we can measure the change
inindustrial structurewith aconcrete number. Inthisway, thisstudy
reveals severa fact findings, which are included in Table 1.

V. Conclusion

The effects of demographic change on agriculture and nonagri-
culture have been discussed using Malthus's model. However, the
effects were not adequately researched in terms of capital accumu-
lation. Many recent studies on economic devel opment have focused
on growth theory but fail to consider agriculture and nonagriculture.
It is, therefore, important to discuss the interaction between agri-
culture and nonagriculture when we discuss development, because
agriculture produces food, which is essential for life. The research
of KinugasaandYamaguchi (2008) considered capital accumulation
and analysed the effects of demographic changes on agriculture and
nonagriculture.

However, they did not consider the effects of population and
labour. Moreover, they researched only past effectsand failed to con-
sider domestic capital and capital depreciation. They also failed to
consider thefactor distortion problemintheir model. Thisstudy con-
siderscapital accumulation, total labour, and population, and analy-
ses the effects of demographic changes on agriculture and nonagri-
culture in the past, the present, and the future. Our study confirms
that itisimportant to consider capital accumulation when discussing
the effects of demographic change on agriculture and nonagricul-
ture; our simulation results differed significantly when we did not
consider the effects of demographic change on capital accumulation.

Our simulation analyses indicate that demographic changes can
significantly influence capital accumulation and the importance of
agriculture. A decrease in the number of children and an increase
in adult longevity stimulated capital accumulation, promoted eco-
nomic growth, and increased the importance of nonagriculture
to a significant extent from the middle of the twentieth century
until around 2000. Japan took advantage of the first and second
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demographic dividends in the second half of the twentieth century,
which may have contributed to industrialization and decreased the
importance of agriculture. Today, Japan is experiencing depopu-
lation, athough the second demographic dividend continues. The
decline in population growth may increase the importance of nona
griculture with a decline in the demand for food. However, more
importantly, a decline in labour force growth resultsin adeclinein
capital accumulation, which in turn will decrease the importance
of nonagriculture more than agriculture. Therefore, the importance
of nonagriculture will not continue and the relative importance of
agriculture may increase in the near future.

This study does not consider the effects of demographic changes
on technical change. However, demographic changes could sig-
nificantly influence technical change, as Yamaguchi (1982, 2001)
indicated. Analysing this issue is an important subject for future
research. Moreover, this study assumed only a lifecycle model,
whereas we need to consider intergenerational transfer. Traditional
intergenerational transfer, whereby children take care of their par-
ents when they age, has been common in Japan. Today, the social
security system playsanimportant roleinintergenerational transfer.
The difficulty in analysing intergenerational transfer is that obtain-
ing reliable datais not easy; however, this analysis is important in
taking intergenerational transfer into account in the future.
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Appendix 1. Outline of general equilibrium
growth accounting model

The genera equilibrium growth accounting model is formulated
using thefollowing 12 equations.2! Thisisdifferent fromYamaguchi

T. Kinugasa and M. Yamaguchi

(1982, 2001) and his colleagues.

Ya = aQP"E? : Agricultural demand function (A1)

Ya =Talya Kﬁ BY-«~# : Agricultural production function
(A2)

Yv =Tm L,’\’,I K,‘f,, : Nonagricultural production function (A3)
L = La + Lm : Sectoral alocation of labour (A4)
K = Ka + Kwu : Sectora allocation of capital (A5)

Ya . .
Wa = MaPa x : Wage = (Degree of Distortion)
A
x (Value marginal product of labour) (AB)
Ym . .
Wy = Mpy Py (L—) . Interest rate = (Degree of Distortion)
M

x (Vaue marginal product of capital) (A7)

Y,
ra = mgBPa (Kijx) . Interest rate = (Degree of Distortion)

x (Vaue marginal product of capital) (A8)
rm = mMuéPy <:—"’:> . Interest rate = (Degree of Distortion)
x (Vaue marginal product of capital) (A9)
wa = my Wy : Wage gap in the two sectors (A10)
ra = m ry : Interest rate in the two sectors (A11)

P'QE = PaYa + Py Yw : Identical equation for income (A12)

The subscript A represents the agricultural sector and the subscript
M represents the nonagricultural (or manufacturing) sector. The
notation m (i = 1, 2, 3, and 4) in Equations A6-A9 represents the
degree of imperfect competition ininput markets of each sector. The
exogenous variables are agricultural technical growth (Ta), nona
gricultural technical growth (T ), population (Q), total labour force
(L), aggregate capital (K), land (B), demand shifter of agricultural
products (a), and the wage gap between the agricultural and nona-
gricultural sectors (my). The endogenous variables are agricultural
output (Ya), nonagricultural output (Yu), agricultural labour (La),
nonagricultural labour (L), agricultura capital (Ka), nonagricul-
tural capital (Ky ), relative pricesof agricultural and nonagricultural
products (P), and income (E).%

From Equations A1 to A12 in the above model, other than the
eight abovementioned variables, agricultural wage (wa ), nonagri-
cultural wage (W), agricultural interest rate (ra), and nonagricul-
tural interest rate (rv) are also endogenous. From Equations A6
toAll, wa, Wnm, ra, andry arecancelled out and the following two
equations are derived (we define Ny and Ny as Ny = mymp/my,
Nr = my my/mg).

Nw P(aYalw)

N (¥Yula)
_ P(BYaKwm)
~ (BYmKa)

2lyamaguchi (1982, 2001) conceived his model to include a degree of competitiveness between the agricultural and nonagricultural sectors.

2 Table Al gives the definitions of these parameters,
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From these equations, we obtain the following:

Nw  (xdKalm)
Nr — (yBKmLa)
[(@8)®y TMNYN?]

P= a—y, B—3
[(8B)aTaly "Ky “Bl-o—F]

(A13)

The static model with 12 equations (from EquationsA1toA12) can
be converted into a dynamic model with eight equations by taking
thelogarithm of both sides of each equation and differentiating with
respect to timet, as follows:

Ya =a+Q+nP+¢E
Ya =Ta +ala +BKa + (1 —a — B)B
Ym =Tw + vLm + Km
L =laLla +ImLy
K =kaKa + kmKwm
NW—Nr:KA—KM +LM—LA
P=Tw—Ta+ (¢ —a)la+ (6 —pKa
—(1—a—B)B+yNy + N,
Q=xYa+@—-x)Ym —E (A14)

A dotover avariable, such as Ya, denotes the growth rate. | repre-
sents the share of agricultural labour to total labour, Iy isthe share
of nonagricultural labour to total labour, ka is the share of agricul-
tural capital in aggregate capital, ky is the share of nonagricultural
capital inaggregate capital, and x isthe share of agricultural income
to total income.

These equations can be expressed through a matrix, as follows:

1 0 0 0 0 0 -5 -0\ [YA
1 0 - 0 —a 0 0O O Ym
0o 1 0 -5 0 —y 0 O© Ka
0 o 0 0 Ia Im O O Km
0 ©0 ka  kw 0 0 0 O La
0 ©0 1 -1 -1 1 0 O iy
0 0 B—8 0 a—y O 1 0 p
x 1-x 0O 0 0 0 0 -1 E
VA Y=
_ a+0 _
Ta+(1-—a—pB)B
Tm
L
= K (Al5)
NW - Nr
TM—Ta—(1—a—-B)B+yNy+N
Q

b

The equation Zx = b can also be represented as x = Z~1b. Each
component of the matrix of Z~1 isthe GRM. For example, the com-
ponent of the first row and the fifth column of Z—1, ¢15, represents
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aYa /0K, which givesthe percentageincreasein agricultural output
for al% increasein aggregate capital . The contribution of an exoge-
nous variable to an endogenous variable is obtained by multiplying
the GRM and the growth rate of the exogenous variable.

Appendix 2. Determinant of aggregate capital

Gross national saving at time t (S) is given by the change of
aggregate asset plus depreciation,? that is, § = (K41 + Ft41) —
(Kt + Ft) + £Kt,whereK isdomestic assets, F isforeign assets, and
& isthe depreciation rate. Net national saving (S — £Kt) isequal to
the aggregate national income minus total consumption; therefore,

(K1 + Fre1) — (Ke + Ft) = Wi (1 — v AtNg ¢ + re(Ke + Fr)

— (ngCotNoyt + C1,tN1t + C2,tN2 )
(A16)

where No isthe number of children; Ny ¢, the number of prime-age
adults; and N2,t, the number of the elderly. From budget constraints
of prime-age adultsand the elderly and Equation A 16, we can obtain
Equation 4 in Table 2.

Appendix 3. Assumptions in the simulation
analysis and parameters

Inthesimulationanalysisof domestic capital in Equation5in Table2
and growth of domestic capital, under the following assumptions.
Each age consist of 30 years.; child age from (0 to 29 years old),
prime-age(30to 59 years), and old age (60 to 89 years) . Each period
should also consist of 30 years, however, in Equation5in Table 2, the
capital inthenext period is based on saving behaviour 30 years pre-
viously, which is not a realistic assumption. Therefore, we assume
oneperiod consistsof 5 years; that is, domestic capital isdetermined
by the saving behaviour of prime age adults 5 years previously. K,
growthrate of domestic capital per 1year, iscalculated every Syears.

The value of the following parameters are assumed referring to
Higgins (1994).2* The utility weights are assigned as: g = 0.5,
A1 =1, and A2 = 0.9, which implies that the consumption of chil-
dren is 50%, while that of the elderly is 90% of the prime-age
consumption. 6 is determined to be such that the intertemporal elas-
ticity of substitution (1/0) is 1.3. Under thisvalue of 9, an increase
of interest rate moderately increases saving by prime-age adults.
K« isset at 0.53, so that the utility of children is discounted and is
equivalent to 53% of prime-age adult’s utility. v isset at 0.1 so that
10% of working timeis devoted toraise 1 child. It isassumed that ¢
is0.1; hence, the marginal utility of the number of children declines
toavery small extent with adeclinein the number of children. Wage
(w) isset constant at 1. Thetechnological level isassumedtobelin
1890 and its annual growth is assumed to be based on contributions
of demographic change to income per capita. Theinterest rate(r) is
set at 5% for 1 year; therefore, 1+ r = 4.322 for 30 years.

We assumethat the ratio of domestic capital to the aggregate cap-
ital, di, isthe ratio of investment to saving. The data on investment
and saving arefrom Maddison (1992) until 1980 and Japan, Ministry
of Internal Affairs and Communications, Statistics Bureau and the
Director-General for Policy Planning (Statistical Standards), Statis-
tical Research and Training Institute, Capital Finance Accounts —
93SNA (1980-2002, F.Y.1980-2002)’, for 1981 and after. In this

23\We assume a small open economy in order to keep the interest rate constant with the world interest rate. Perfect capital mobility is assumed in a
small open economy, in which the domestic economy is able to borrow and lend in the international capital market at a given interest rate. Whether
the economy islending or borrowing capital isan important issue; however, we are merely concerned with the aggregate capital holdings of a country

for the sake of simplicity.

241t might be problematic to use the parameter of Higgins (1994), which is constant and not specific to Japan. However, it is quite difficult to obtain
these parameters based on available data, so we use the same parameter as Higgins.
25 \Where data for the total population were unavailable, we used the mean of the adult (child) survival rates for males and females.
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analysis, we consider capital depreciation assuming that capital is
depreciated 5% ayear, and 1 unit of capital becomes 0.77 unitin 5
years.

Regarding demographic variables, population data are from
Japan Satistical Yearbook. Labour force data are obtained from
Ohkawa and Shinohara (1979) (from 1890 to 1950), ‘Historical
Statistics of Japan’ (from 1950 to 2000), and Cabinet Office in
Japan (2004) (from 2005 to 2025). Adult and child survival ratesare
calculated using the life table from the Health and Welfare Statis-
tics Association in Japan (from 1890 to 2000) and estimated life
table from National Institute of Population and Social Security
Research in Japan (from 2005 to 2025). The adult survival index

is defined as 389 o) Lx/ Y52 5 Lx, Where Ly is number of years

Appendix 4

Table Al. Definitions of variablesand parameters

T. Kinugasa and M. Yamaguchi

lived between the exact age x and the exact age x + 1.2° The child
survival index isdefined as 22 5 Lx/ 322 Lx. For the number of
children per adult, we divide the population aged 0—29 by that aged
30-59. The dataare obtained from the Historical Statistics of Japan
from the Statistics Bureau and the Statistical Research and Training
Ingtitute in Japan (from 1890 to 2000) and from National Institute
of Population and Social Security Research in Japan (from 2005
to 2025).

When we calculate contribution of demographic change to agri-
cultural and nonagricultural inputs and outputs, we use GRMs
presented in Table 1. Yamaguchi (1982, 2001) calcul atesthese from
1880 to 1965, whereaswerecal cul ate them from 1970 to 2000. After
2005, we assume that GRMs are constant at the values of 2000.

Number of children
Number of prime-age adults
Number of the elderly

Child survival rate

Variables Definitions Parameters Definitions
0) Definition of growth accounting model Parameters
Ya Agricultural output n Price elasticity of agricultural products
Ym Nonagricultural output ¢ Income elasticity of agricultural products
La Agricultural labour a Share of agricultural labour in agricultural output
Lm Nonagricultural labour B Share of agricultural capital in agricultural output
Ka Agricultural capita y Share of nonagricultural labour in nonagricultural output
Km Nonagricultural capital 3 Share of nonagricultural capital in nonagricultural output
P Relative prices of agricultural and nonagricultural products A Share of agricultural labour in total labour
P’ Consumer price index Im Share of nonagricultural labour in total labour
E Income per capita [N Share of agricultural capital in total capital
wa Agricultural wage km Share of nonagricultural capital in total capital
W Nonagricultural wage X Share of agricultural income in total income
ra Agricultura interest rate
™ Nonagricultural interest rate
Ta Agricultural technical growth
T™ Nonagricultural technical growth
L Total labour force
B Land (i)'sVariables Continued from (i) of left side
a Demand shifter of agricultural products my Distortion of agricultural labour
My Wage gap between agricultural and nonagricultural sectors mp Distortion of nonagricultural labour
Ny = mymy/my mg Distortion of agricultural capital
N, = mymy/mg m Distortion of nonagricultural capital
(i) Definition of OLG Model Parameters
Co Consumption of children A0 Relative importance of consumption in childhood
c1 Consumption of prime-age adults Al Relative importance of consumption in prime age
C2 Consumption of the elderly A2 Relative importance of consumption in old age
n Number of children per prime-age adult K The rate at which parents discount the utility of children
q Adult longevity (adult survival rate) € (See the explanation in Section [11)
s Saving of prime age adults 0 Discount rate
A The level of technology of the whole economy 0 Reciprocal of intertemporal elasticity of substitution
w Wage v Time taken to raise one child
r Interest rate & Depreciation rate
S Gross national saving
w Aggregate capital
K Domestic capital
F Foreign capital
No
N1
N2
p
d

Ratio of domestic capital to aggregate capital

Note: In Section |11, variables are expressed using subscripts of time. For example, co; is the consumption of children at timet.
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