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Abstract

This study examines the effects of regional childcare policy on regional and total fertility,
interregional migration, capital accumulation, and welfare. The study utilizes an overlapping
generations model with endogenous fertility and two asymmetric regions; one region has children
who do not have access to childcare facilities, whereas the other region does not. In this setting,
Hashimoto and Naito (2023) showed that a regional childcare policy can increase both regional and
total fertility. However, they did not refer to welfare effects. As the government's ultimate objective
is to maximize or improve social welfare, it need not necessarily focus on overcoming declining
fertility rates. Therefore, this study explores whether the childcare support policy of Hashimoto and
Naito (2023) has improved the social welfare of the economy. Under a plausible rate of labor income
share, the childcare support policy raises consumption owing to a decrease in capital accumulation.
Thus, childcare support policy increases social welfare when the fertility rate rises or is unaffected,
and it does not necessarily increase social welfare if it causes a decline in the fertility rate.
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1. Introduction
Low fertility is a prevalent phenomenon in most developed countries. Low fertility rates are expected
to lead to a population decline, as observed in countries such as Japan. Population decline has various
negative impacts on the economy: smaller market size, decreased labor force, deterred economic
growth, and consequently, decreased consumption and savings. Whether these effects exist is highly
empirical, but a decrease in the population of a society indicates that the society will eventually
disappear, and ceteris paribus, tax revenues will decrease. Therefore, population decline is an
economic problem that governments at various levels need to overcome. The female labor force is
expected to compensate for the resulting labor shortages; hence, various private and public support
measures have been implemented to increase women's labor participation and employment rates.
According to Statistics Bureau of Ministry of Internal Affairs and Communications in 2024,
dual-income families accounted for 71% of all families in 2023, up from 38% in 1980. It is interesting
to determine who raises children in countries with declining fertility rates. In general, childcare
obligations seem to impose a greater burden on women than on men in these countries. Waitlisted
children are those who cannot access to adequate childcare facilities.! Households that are unable to
leave their children in adequate childcare facilities tend to face a decrease in available working hours.
When families are unable to find adequate childcare facilities for their children, it gives rise to the
problem of waitlisted children. Figure 1 shows the distribution of waitlisted children among
prefectures in Japan in 2020. Overall, 0.45% of children in 2020 were waitlisted in prefectures
comprising large cities, which are labelled as urban areas, compared with 0.41% for prefectures

without large cities. The ratio of waitlisted children is higher in urban areas than in rural ones.

1 For the term "Waitlisted children,” please see the following website: https://www.mhlw.go.jp/english/org/pamphlet/dl/serviceguide2022.pdf
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Figure 1. Percentage of waitlisted children among prefectures in Japan, 2020
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Source: Children and Families Agency in Japan (https://www.cfa.go.jp/policies/hoiku/torimatome/r5)

Figure 2 indicates the fertility rates for each prefecture in Japan in 2020. There are differences
in both the fertility rates and percentage of waitlisted children among prefectures. Furthermore, lower
fertility rates have been observed in urban areas. For instance, prefectures such as Tokyo, Osaka, and
Kanagawa, which include major Japanese metropolises, exhibit lower fertility rates, whereas the
fertility rates in prefectures such as Miyazaki, Shimane, and Fukushima, which are geographically
distant from Japan's metropolitan areas, are relatively high. Figures 1 and 2 jointly suggest a negative
relationship between the ratio of waitlisted children and fertility rate in Japan, although other factors
are not controlled for.

The distribution of the working population across Japan also exhibits a significant variation.
Figure 3 indicates the percentage of the working-age population in each prefecture to the total
working-age population of Japan in 2020. However, this percentage is relatively high in urbanized
areas such as the Tokyo and Kansai metropolitan areas, which have Osaka and Kyoto as the core city,

respectively.
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Figure 2. Fertility rates for each prefecture of Japan, 2020
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Source: Ministry of Health, Labour and Welfare in Japan (https://www.mhlw.go.jp/index.html)

Figure 3. Labor force of prefectures in Japan, 2020
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Source: Statistics Bureau of Ministry of Internal Affairs and Communications in Japan (https://dashboard.e-stat.go.jp/)
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A large working-age population in an urban region reduces wages in that region and simultaneously
increases them through concentration effects. In addition, congestion generally occurs in residential
and work regions where the population is concentrated. The issue of waitlisted children is a typical
example of this congestion phenomenon. It is necessary to account for differences in the distribution
of the working-age population when the interregional gap in fertility rate or waitlisted children are
investigated because family planning decisions are made by adults who are generally also of working
age.

Extensive research has been done on the relationship among fertility, population, and the
regional economy. Using a two-region overlapping generations model, Sato and Yamamoto (2005)
showed that a decline in child mortality results in a decrease in the fertility rate, leading to a
demographic transition. Using a multi-region overlapping generations model, Sato (2007)
demonstrated that a concentrated economy causes an increase in population, leading to congestion,
which explains the decrease in fertility. Goto and Minamimura (2019), by using a multi-country
overlapping generations model, found that economic integration can lead to population concentration
in larger countries, a decrease in fertility in these countries, and a decrease in population size in the
long run. Yakita(2011) introduced public goods into an overlapping generations model with two
regions and an asymmetric production technology, and analyzed how the benefits from spillovers of
regional public goods affect demographics. Several studies have empirically analyzed regional
concentration or fertility. Koka and Rapallini (2023) examined how the aging of the population in
Italy affects policies regarding childcare assistance. They used a stochastic voting model with
commitments to estimate the desired policy and showed childcare subsidies positively affect fertility
rates and improve welfare. Schoppa (2020) examined how Japan has adopted this menu of policies
over the past 30 years in the hopes of increasing its fertility rate. Although previous studies have
explored interregional migration and regional fertility, focusing on various features of the regional
economy that exist, the issue of waitlisted children has not yet been extensively studied. Some
exceptions are as follows. Kawabata(2014) empirically clarified that accessibility to childcare
facilities makes it difficult for women with children to get the jobs they want.

Hashimoto and Naito (2021) used a two-region overlapping generations model with
endogenous fertility to study the effect of a decrease in the exogenous probability of a child becoming
a waitlisted child. Hashimoto and Naito (2024) analyzed the childcare policy that decreases the
probability of a child becoming a waitlisted child, which is determined endogenously. Although they
analyzed the impact of childcare policy on regional fertility, total fertility, interregional migration,
and capital accumulation, they did not mention social welfare. Therefore, this study conducts a

welfare analysis.
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The remainder of this paper is organized as follows. Section 2 presents a two-region
overlapping generations model of endogenous fertility that incorporates waitlisted children,
interregional migration, and government behavior. Section 3 analyzes capital accumulation and
population distribution in equilibrium. Section 4 examines the effects of childcare policy on regional
fertility, interregional migration, and capital accumulation. Section 5 presents the welfare analysis
and discussion. Section 6 concludes the paper.

2. The model

To incorporate the regional differences in fertility and labor force mentioned in the previous section,
we develop the multi-region model to analyze the impact of regional childcare policy on social
welfare theoretically. We consider a closed economy with two regions, which is populated by
overlapping generations of individuals who live for three periods. Each individual chooses to live in

either region u or region r and makes a fertility choice.

2.1 Individuals

In the first period, the individuals are children who make no decisions.? They become adults in the
second period and engage in decision-making; they choose whether to reside in region u or r at the
beginning of this period, whether to have children, how to allocate their time between work and
childrearing, and whether to save the income they earn. The migration caused by changing the region
of residence is assumed to occur only once in life; once individuals reside in a region during the
second period, they remain there in the third period. In the third period, they retire and consume all
of their savings. Adults derive utility from the number of their children and their own consumption
during retirement. Thus, the adult population in any period t consists of the adult population in
regions u and r, N, = N* + NJ, where N, and N/ represent the adult population in period t and the
adult population in the region i(= u, r), respectively. The preferences of an adult of region i in period
t are defined based on the number of children n} and consumption ct, in the retirement period.

Assuming that all individuals have a common preference, the utility function is given by

Ui =ylnni + (1 —)Incl,, 0<y<1, (i=ur) (1)

2 spite that individuals in the childhood don't make any decisions, we explicitly mention the existence of the childhood period, because it is useful
for intuitive understanding of the structure of the model and results being derived. It is notable that the structure of the mathematical optimization
problem is no different from the standard two-period OLG model, where the lifetime period is explicitly stated as two periods.
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where y reflects fertility preferences and 1 — y indicates consumption preferences. We assume that
parenting is time-consuming. Each individual allocates their time between childrearing and work; an
increase in childrearing time means a decrease in work time, which in turn leads to a decrease in labor
income at any given wage rate. We also assume that childrearing time is proportional to the number
of children, specified as zint, where z! € (0,1) denotes the unit childcare cost in period t in region
i. z! is generally supposed to depend on the availability of public childcare services and other
personal and social circumstances, including whether one works from home, transportation status,
and has familial support. The childrearing environment varies from region to region; therefore, z;*
and z{ generally differ. As Hashimoto and Naito(2023) stated, the supply of childcare services is
insufficient to satisfy the demand in Japan; this problem is particularly acute in urban areas. When
the supply of childcare services is insufficient, a disparity arises, with some parents being able to
access them and others being unable to do so. 3 We assume that the supply of childcare facilities is
insufficient in region u and that, consequently, access to the facilities is assigned to a portion of the
adults there. The unit childcare cost in region u is denoted by z if the parents do not have access to
their desired childcare facilities and by uz if they can access the childcare facility they prefer, where
u € (0,1). If the assigned childcare facility does not support the parents' work schedules, they will be
forced to significantly reduce their working time when they have children. 4 u stands for the
inefficacy of childcare facilities in supporting working parents; a larger u implies that the parent
incurs greater childcare costs. > We assume that the assignment of childcare facilities is probabilistic
and that parents face a situation in which the facilities are not available with standby probability p; €
(0,1). The more childcare facilities there are, the more likely it is that childcare facilities will be
available. Thus, the standby probability p, can be considered a function of the sufficiency of childcare
facilities in region u, denoted by f;; p; = p(f;). f increases as the government in region u, ceteris
paribus, increases the supply of public childcare facilities. The parents in region u face a unit
childcare cost of z with probability p(f;) and uz with probability 1 — p(f;) when determining the
number of children they will have at the beginning of period t. Thus, the unit childcare cost in region

u, z¢, is defined as a linear combination of the two situations, weighted by each probability:

z¢t = [p(f) + (A = p(f))ulz. ()

3 For an account of regional differences in the waitlisted children issue, see Hashimoto and Naito(2021)

4 Childcare facilities are less useful for parents when they open late, close early, or frequently call the parents in for various reasons.
5 In general, parents may be classified in one of two ways: those who do not want to utilize childcare facilities and those who want to work part-time

or full-time and would like to utilize childcare facilities. The study model considers only the latter.
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In contrast to region u, we assume that, in region r, childcare facilities meet the demand such that
all parents can use them if they desire. For the model to be tractable, the childcare cost in region r,
z[, is assumed to be common across parents and constant over time, zZ. ® The budget constraints for

each adult in region u in period t are given by
A =[p(f) + A —p()ulzn)w = st ©)
and
Rey1St' = cthr 4)

where n¢, w¢, and s¢* are the number of children, wage, and savings in region u, respectively. R;,
and cf', ; denote the gross rates of return on capital and consumption during retirement, respectively.
The rate of return on capital is the same for the two regions because we assume that the capital market
is integrated within the economy. By maximizing (1) subject to (3) and (4) with respect to ny and

ctv1, We obtain

u _ Y
= Aol ()

and
Ciy1 = Repr (1 — y)wi (6)

(5) shows that a higher standby probability p(f;) results in fewer children.” The budget constraints

of the individuals in region r are given by
(1 —=znp)wi = s¢ (7)
and

Rey1S{ = €41 (8)

& We also posit the existence of insurance companies that behave competitively. With the assumption that the administrative costs per contract are

negligible, payments are made on an actuarially fair basis. Each individual in region u buys actuarially fair insurance before they make decisions.

7 We set up the model in such a way that the determination of fertility is not affected by the wage rate. Then, the role of the accessibility to childcare

service in the determination of fertility can be investigated with mathematical clarity, and the set makes it easier to derive clear policy implication

conducting.
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To simplify the analysis, we assume Z is equal to uz. By maximizing (1) subject to (7) and (8) with

respect to n} and c/, ;, we obtain the optimum as follows.
14
and

Cty1 = Rey1 (1 —y)w(. (10)

We assume that [p(f;) + (1 — p(fp)u)]zn¢ < 1 holds. This ensures that the savings, s, in (3) is
positive. zn{ < 1 is also assumed for s{ > 0. These restrictions are attributed to the fundamental
assumption that one unit of time endowed to each individual cannot be lent or borrowed between
individuals. The regional fertility gap seen in (5) and (9) captures that in the reality illustrated in
Figure 2.

As the adult population of the economy in period t is simply the total population of the
generation born in period t — 1, N;, we define ¢, as the ratio of the adult population in region u to
the adult population of the economy, that is, N*/N;. As the economy consists of two regions, two
hypothetical population distributions between the regions should be considered. The first is expressed
as ¢, = 1, where all individuals reside in region u. We define this situation as "concentration”. The
otheris 0 < ¢, < 1, where some individuals reside in region u and others reside in region r. This is
denoted as "dispersion™. In any period t, adults choose their residential regions to maximize their
lifetime utility. By substituting (5) and (6) into (1), we obtain the indirect utility function of each
individual in region u as follows.

Ve =In (o) Renn (1= )W) (11)
t [pe+(1-prulz t+1 t

From (1), (9) and (10), the indirect utility function of each individual in region r can be expressed as

follows.

v =1n(Y) Rea@—ywDi. (12)
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Assuming that individuals can migrate between the regions without costs, the utility levels equalize
between the regions when dispersion occurs. When V¥ = V! holds, we obtain the following no-

arbitrage condition for a dispersion economy. &

-v

o (=) (13)

wi (A-wpe+u

As a result of utility maximization, we find two notable outcomes. One outcome is the regional

fertility gap. Note that Z = uz is assumed. ° From (5) and (9), we have
ny < nj. (14)

The economic intuition for this result is as follows. The expected unit childcare cost in region u is

higher than that in region r. Thus, parents in region u choose lower fertility as the optimum.

The other outcome is the regional savings gap. By substituting (5) and (9) into (3) and (7),

respectively, we obtain
s¢ = (1 —py)wt (15)
and
st = (1 —y)we. (16)
As (13) shows that w] < w{, it is assured that
s > st (17)

The intuition for the optimal savings result is as follows. n}* < n{ shown in (14) requires cf* > c[
when the utilities in regions u and r are equal. As the preferences and rates of return on capital are
common across the regions, the savings in region u must be higher than those in region r for ¢ >

cl.

8 As will be discussed later, when the equality in (13) does not hold but V'; > VI does, all individuals live in region u.

® If the assumption concerning unit childcare cost is relaxed appropriately, any cases of the regional fertility gap are feasible, and more complicated

analyses can be demonstrated with other assumptions; however, these do not reflect the reality of the regional fertility gap.
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2.2 Production

Let us suppose that final goods are produced in regions u and r. Although the goods are
homogeneous, the production technologies are assumed to be different between the regions such that
production is capital-intensive in region u and labor-intensive in region r. To maintain the
transparency of the analysis, we assume that production in region u requires capital and labor as input
factors, whereas production in region r uses only labor as an input factor. Based on these

assumptions, we specify the aggregate production function as follows.
Y, = A[KF(LH)™% + bLT], a € (0,1), 4,b >0 (18)

where K, denotes the capital stock of the economy and L. represents the labor supplied by
individuals in region i(= u, ). Assuming perfectly competitive markets for goods and factors, the

returns on labor and capital are given by

wi = (1—-a)(1 —DAKI (L™ (19)
wl = Ab, (20)
Ry = a(1 = D)AKF (L', (21)

where T represents the tax rate charged by the regional government on output in region u. From (19)

and (20), the relative labor demand function is expressed as follows.
Y= b (1 - D)(1 - @KELH ™. 22)
t

2.3 Government

We assume that the regional government that provides childcare facilities in region u uses all the
revenue from taxation on production in region u. Letting G, represent government spending in region
u in period t, the balanced budget constraint of the regional government in region u in period t is

given by
Gt = TAKta(LIi-L)l_a.

The regional government provides childcare facilities to reduce the shortage of childcare services in

region u. We consider the supply of childcare facilities effective if it reduces the probability that each
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parent has waitlisted children. We denote the effective supply of childcare facilities as f;. With g,
representing government spending per adult in region u in period t, we assume that f; increases in

proportion to the increase in g,; that is,

ft = Agt!

where g, = G;/N{. This is the production function for effective childcare facilities, where 1 > 0
reflects the efficiency of government provision. 1° As p, is positive and less than unity, we specify it
as p; = f, '. ! By substituting the optimal labor supply in region u, (1 — y)@N;, into L%, p; is
obtained as follows. 2

pe= QA1 -yt (2) (23)

where k, denotes per-adult capital stock, defined as K;/N;. Although social welfare or economic
growth in the long run are the most important policy goals, faced with the reality of urgent problems
including low fertility or population decline, we observed that governments attempt to increase
fertility with various supporting measures for having and rearing children. In this sense, the real
government is a somewhat myopic decision-maker. We assume that the government's objective in
this model is not to increase regional or social welfare but to increase regional fertility. Moreover, as
a myopic decision-maker, the regional government is assumed to set the tax rate by taking K;, N,
and ¢, as given when it administrates the childcare policy. Hence, this myopic regional government
believes that increasing the tax rate increases the supply of childcare facilities, lowers p,, and raises

the fertility rate in region u, as shown by the budget constraint of the government and (23). 13

101t is natural to believe that A decreases as the diversity of geographical relationship between office and home (e.g., commuting direction and

commuting distance) increases, implying greater difficulty in reducing the shortage of childcare facilities owing to, for example, a "spatial mismatch"

in the supply and demand of childcare facilities. ft is assumed to depreciate perfectly within a period.

ke

-1
! The assumption of p, < 1gives the lower bound for the equilibrium capital-labor ratio in region u: (AA(1 =)' *1)« < o
t

12 The formulation is not only simple but also practically valid because the standby probability can never be zero. In reality, there are mismatches
regarding the location of childcare facilities and content of the services provided. Consequently, an increase in childcare facilities does not always

alleviate the problem of waitlisted children. For an empirical study on location mismatches, see Kawabata(2014).

13 This paper does not consider the optimal policy issue.
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3. Equilibrium

This section discusses the market equilibrium, which describes the determination of ¢, p;,
m;, K;, and N;. We also examine the short-run effect of a tax increase on ¢, and p, taking K, and N,
as given. Although ¢, is determined by individuals' residential choices, it must also clear the labor
markets in both regions. Given ¢, N, individuals' optimal labor supply by utility maximization, (1 —
y), forms the labor supply in region u, (1 —y)¢:N,;, whereas labor demand in region u, L}, is
optimally determined by profit maximization. Substituting the labor market clearing condition (1 —
Y)$:N, = L} into (22), we obtain

wl

We _ p-1(1 — PN I R
v - -a) [(1—y)(1—a)¢t]' (24)

Using (13), (23), and (24), ¢, in equilibrium is shown to be a linear function of k, as follows.

e = Q(Dky, (25)

where Q(7) is characterized by the parameters in (13) and (24). 1* According to (25), ¢, increases in
proportion to k;; however, the upper bound of ¢, is unity by definition. (25) shows that when k;
increases, w¢ increases in the labor market, more individuals live in region u, and a threshold value
exists for w} such that all individuals live in region u. Let k represent the value of k, where the value

of ¢, in (25) is unity. That is, k is defined as
k=)™ (26)

If k, exceeds k, ¢, is set to unity, and all individuals reside in region u. Otherwise, ¢, is related to
k. asin (25). Noting that k is a function of 7, that is, k(7), the determination of ¢, can be summarized

as follows.

b, = {Q(r)kt ifk, < k(1), 27)

1 ifk, > k(7).

4 depends not only on  but also on the other parameters included in (50) in the Appendix. However, we denote this simply as Q(t) because we

focus on the policy change captured by a change in 7. See the Appendix for the derivation of (25).
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Thus, ¢, and p, are uniquely determined in equilibrium with a given k., respectively. ** An
economy with k, < k(z) exhibits dispersion, whereas an economy with k. > k(t) displays

concentration. Notably, the capital-labor ratio in region u, —, is always constant at k(z) when the
t

Ke
L
economy exhibits dispersion, that is, when 0 < ¢, < 1, whereas it is k, when the economy displays
concentration, that is, when ¢, = 1. Therefore, p, can be easily proven to take a constant value
independent of k, in the dispersion interval k, < k(7). It decreases as k, increases in the
concentration interval k, > k(). In addition to these properties, the fertility and wages in region u
take constant values in the dispersion interval k, < k(t) and increase as k, increases in the
concentration interval k, > k(t). The determination of ¢, in the process of economic development
can explain the reigonal gap in labor force illustelated in Figure 3.

As ¢, is determined such that the no-arbitrage condition on residential choice and the labor
market equilibrium condition, both of which depend on t, are satisfied, a change in 7 should affect
¢, through multiple channels.

Considering (13), (23), and (24), we obtain the derivative of ¢, with respect to 7 from (25)

and assume its sign to be positive.

06 1 Yy (@-wpe

t _ 1-t t(1-y)pu+1-wpt

ot |kt is given — i[ y (-wpt ] > 0. (28)
ol A-vp+@-wpe

The sign of the denominator is positive, but that of the numerator is indeterminate. Thus, the sign of
(28) is generally indeterminate: given k., an increase in T may increase or decrease ¢,. The economic
intuition is as follows. The tax increase lowers both the expected unit childcare cost in region u and
the after-tax marginal product of labor in region u. The former enhances the attractiveness of region
u as a place to raise children, incentivizing individuals to live in region u. The latter diminishes the
demand for labor, making it more difficult for individuals to work in region w. If the former outweighs
the latter, a tax increase enhances the concentration ratio. This is a desirable situation in which the

policy leads to a population increase in region u with N, given.

With 2% > 0, (25) and (26) show that

- -1
** Note that p, < 1 gives the lower limit of k(z) as (AA((1 — 0)(1 —y)* D).
16 This situation can be naturally denoted as a desirable or favourable one for a regional government facing a severe population decline.
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aQ(7)

"D >0 (29)
and
%O <o, (30)

respectively. Figure 4 illustrates the relations among (28), (29), and (30).

Figure 4. Impact of 7 on ¢,

¢e

(r <1
ﬂ(T'!)kt 0(r)ke

ﬂ(mﬂ(f)

0 k() k(7) k¢

Recalling that ¢, is a function of t with k, as given, the differentiation of (23) with respect to

T yields
d Pr
% = Pt (g) Lﬂ_ﬁ h %l (31)

If % > 0 holds, as assumed thus far, then the sign of (31) is indefinite. In the following analysis,

9¢

e < 2 such that
i a

T

we assume that

a:

P <0 (32)

holds. Noting that ¢, = 1 in concentration, the corresponding part for the case of k, > k() is

ope

- <0, (33)
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The case of % < 0 indicates that a tax increase policy raises the fertility in region u, resulting in

regional population growth.

In the subsequent analysis, we assumed that the tax increase policy increases ¢, and lowers
pe; the regional government can implement the policy as desired in the short run. 1’ The discussion
above is summarized as follows. With a given k,, the myopic regional government can set t such that
both ¢, and n{* increase. This concerns the short-run effect of the policy in the sense that k. is given.
We stress that our analysis is conducted only in the case where the childcare support policy in region
u by the myopic regional government of region u (i.e., the policy that aims at both an increase in n}
and in ¢,) is successful in the short run, and we examine whether regional and/or social welfare in
the long run also increase in that case. '® As the dynamic side of the model implies, k, generally
changes with population growth and capital accumulation in the long run; Figure 4 shows that when
k. falls, in the long run ¢, reaches less than the level before the policy is implemented, and, when
that is the case, (23) shows a possible decline in the fertility rate in region wu.

We express the total adult population in period t + 1, Ny, 4, as

Neyy = [nf e + ni (1 — ¢)N;. (34)
Denoting the total fertility of the economy in period t, % as my, (34) is revised to
t
me = (' —ny) +ng. (35)

Given t, the dynamics of m; is non-monotonic in k,. As shown in the previous sections, ¢;
increases proportionally to k;, and n;* and n} are constant in dispersion; if ¢, is unity, n;* increases
in concentration as k; increases because p; decreases as k; increases in that case. Considering these
properties, together with the negative sign of (n} —n}), it is straightforward to show that m;
decreases proportionally to k. in dispersion, whereas m;(= nt) increases as k; increases in

concentration. Figure 5 illustrates the dynamics of m.

" Hashimoto and Naito (2023) focused on this case, but they did not conduct a welfare analysis. This study discusses its impact on social welfare in
detail and attempts to sound a warning about the nature of policies that focus only on population and fertility rates, regardless of how serious the

population decline will be.

18 We demonstrate that the policy leads to situations other than those in this case. It is sufficient to deal only with this case to show that the potential
differences between the short- and long-run, or between population growth and welfare improvements in regional policies and their desired effects for

the region, may not be so for the economy as a whole.
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Figure 5. Total fertility m,
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Given k;, although m; changes with z, the relationship is complex. Denoting ¢, and n} as
¢:(7) and n*(7), respectively, the differentiation of (35) with respect to 7 yields

om (@ | 9¢e()

= = ¢ ——+——0"(1) —n").

As shown, the total effect of an increase in 7 can be interpreted as a combination of the following
two effects. One is the effect on an individual's fertility rate, which the first term in the right-hand
side of the above derivative represents, and the other is the effect on interregional population

migration, which the second term in the right-hand side represents. Hereafter, we refer to the former
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as "the individual effect” and the latter as "the migration effect.” The individual effect is positive in
that m, increases as 7 increases, whereas the migration effect is negative in that m, decreases as t
increases. It is worthwhile to provide an intuitive explanation for the migration effect. (n*(t) —n")
always holds, as shown in (14); thus, an increase in the ratio of the adult population in region u to
that in region r increases the number of parents with fewer children and decreases the number of
parents with more children. In concentration, an increase in t negatively impacts the standby
probability p, as in (33), and thus increases total fertility m, (= nt) as the migration effect does not
occur by the definition of concentration. However, in dispersion, an increase in T shapes the variations
in outcomes with respect to changes in m,. Moreover, the key factor shaping this contrast is
interregional migration. This suggests that interregional migration is an important factor for a better

understanding of demographics.

3.1 Capital accumulation
The goods market in period t clears when the aggregate savings in period t are equal to the aggregate
investment in period t. Recalling that capital depreciates perfectly in a given period, we obtain the

following goods market clearing condition in period t:
Kipq = S{ENE + s{N/. (36)

Dividing both sides of (36) by N, and using (35), (36) is revised as follows.

Kppq = Pese +A-d0)se. (37)

mg
Considering that ¢;, s¢, s{, and m; depend on k, and t, we obtain k;,, as a function of k; and t,

which is a nonlinear difference equation. We express it as
kevr = W(ke 7). (38)

Two shapes of W depend on k, because ¢, depends on k. from (27): the case of k, > k and that of
k., < k. Thus, each of these two cases must be considered separately. For k. < k, the population

distribution displays dispersion, and for k, > k, it exhibits concentration.

Dispersion case: k, < k

We prove the convexity of W(k,;t) for k, < k. When k, is smaller than k, ¢, is not unity
and is defined as Q(7)k; given by (27). Moreover, the equilibrium values for p;, w, and thus s}* are
constant in this case because k. /¢, in (23) and (19) is constant at k(7) or Q() . Noting that p, and

s¢ are independent of k,, the differentiation of (37) with respect to k; is as follows.
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dk 1 (9 2
T = (SR (st — sDme — [esit + (1~ sT1 5 > 0. (39)

As (s —sf) is positive, % is zero, and % is negative, the sign of (39) is strictly positive.
t t

Moreover, the differentiation of (39) with respect to k; is

amt

2
Phen _ L%{% (st = st yme = [fest' + (1= po)st1 5

dk? m3 9k, 9k, } > 0. (40)

We now define (38) for k, < k as W, (k; T), which is an increasing and convex function of k,.

Concentration case: k; > k
We confirm the concavity of W(k,; t) when k, > k. As given by (27), ¢, equals unity for
k. > k. Substituting (15) and (16) into (37), (37) is revised to

koo =5 (1= @) (L= D)1= P) B = 1) + k“z), (41)

where B = (14)1(1 — y)*~1. We define (38) for k, > k as W, (k,; T). Assumption a € (0,1) in
(18) proves that W, (k;; ) is an increasing and concave function of k. As previously mentioned, (38)

can be summarized as follows.

Y, (k1) ifke < k(1)

. - (42)
W, (ks 1) itk = k(1)

Wk 1) = {

_ > _ _ _ -1
where ¥, (0; 7) = M > 0 and W, (0; 7) = 20 “i“ DUD .19

¥ 1t is useful to know ¥;(0;1)(j = 1,2) > Otoillustrate the graph of ¥, (k,; 7) in the subsequent analysis.
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Figure 7. Possible cases of steady states
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3.2 Steady state

We define the steady state as an equilibrium path where capital per adult k; takes a constant value
over time. Let k(7) represent capital per adult when the tax rate is . Moreover, we denote k() at
the dispersion steady state as k*(t) or k*. Once k(t) is determined, the steady state values of the
other endogenous variables are determined. Given t, the steady state values of ¢, p;, n¢', and m, are
¢ (1), p*(v), n** (1), and m*(7), respectively. As W(k,; t) is an increasing S-shaped function with

d?keqq

a fixed positive intercept on the vertical axis and limy, _, 4 o 2
t

= 0, the dynamic system will either

depict an economy with one stable steady state, or that with two stable steady states and one unstable
steady state, depending on parameters such as 7. The results are shown in Figure 7. There are two
cases for economies with a unique steady state. One is an economy with a unique steady state
characterized by concentration (Point A in Figure 7), and the other is an economy that has a unique
steady state characterized by dispersion (Point D in Figure 7). These steady states are globally stable;

thus, for an economy with any initial value of k;, k, converges to a unique steady state; the stability
of Point D is assured by assuming % <latk; = k*(t) (Point D in Figure 7). In case of multiple
t

steady states, one of the two stable steady states is concentration (Point B in Figure 7), and the other
is dispersion (Point C in Figure 7); the unstable steady state (Point U in Figure 7) is dispersion.
Although an equilibrium path has various patterns depending on k, and parameters such as t, it is

uniquely determined when k, and t are given. Any steady state is considered with an appropriate k.

57



4. Policy effects on the steady state value: ¢*(7), p*(7), n**(7), and m* (1)

This section considers the impact of promoting childcare policy on ¢*(7), p*(z), n**(7), and m*(t),

S

which are the values at the dispersion steady states. As the Appendix shows, the sign of % I

O, (ke;7)

indefinite, whereas that of is definitely negative. Since we focus only on the case where

OWq (ke;7)

Y(k;; T) is a continuous function, we assume that < 0 holds. As the promotion of childcare

policy rotates W, (k.; t) clockwise around the vertical intercept and shifts W, (k;; t) downward,
maintaining the continuity of W(k,; 7), the dispersion steady state is supposed to move to a new

dispersion steady state.

Figure 8. Possible cases of steady states
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Impact of T on ¢*(7)

The impact of T on ¢(7) is not uniquely determined when the steady state at Point C moves
to that at Point D. As k decreases with an increase in 7, the steady state at Point C may move to either
D, or D, in Figure 8. This is because t has two types of impacts, as in (27). One is the impact on ,
and the other is the impact on k*. The former has a positive effect on (), whereas the latter has a
negative effect on k*; the impact of T on ¢ () is ambiguous. An increase in T does not necessarily

increase the ratio of the adult population in region u in the long run.
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Impact of T on p*(7)

We now consider the impact on p*(7). Using (29), (23) shows that the sign of _apa*T(T) is
negative, whereas that of% is ambiguous. Childcare policy reduces the standby probability not

only in the short run but also in the long run.

Impact of T on n** (1)

610 (T)

Considering —— < 0, (5) shows thatag—:* > 0 holds. Childcare policy reduces fertility in

region u not only in the short run but also in the long run.
Impact of T on m* (1)

Finally, we consider the impact on m*(t). From (35), the total fertility at the steady state,

m*(t) is given as m* (1) = ¢ * (r)(n** () —n") + n". By differentiating m*(z) with respect to ,

we obtain:
om*(r) _ 99" (1) , yx nr aon¥ (1')
5 = (Y (D) ") +——= (43)
The sign of 220 ( ) is indefinite despite the fact that 222 (T) > 0. The ambiguity of the sign of === a¢ (T)

leads to the result. The promotion of childcare policy does not always improve the total fertility rate.

One significant result of the analysis conducted is that the regional childcare policy in region
u can increase fertility in region u in both the short and long terms. The policy is successful for

regional governments whose objective is to increase regional fertility.

5. Welfare

5.1 Impact of T on regional and social welfare

This section considers the impact of childcare policy on increasing T by comparing the regional and
social welfare at the steady states. First, we consider the welfare of each region. We define the indirect
utility of individuals in each region as regional welfare. As the indirect utilities in both regions are

equal under the dispersion equilibrium (V* = V"), V" is given by
V' (t) = ylnn"" () + (1 — y)Inc™ (1), (44)

where n"*(t) and ¢"*(7) denote the number of children and retirement consumption in region r at a
steady state, respectively. From (9) and (10), (44) is revised as
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V(@) = yin(£) + (1 = p)In[R" (1 - y)Ab]. (45)

By differentiating (45) with respect to 7, the impact of T on V" (7) is given by

aVT(r) 1-y OR" >
ot R* 01 0. (46)
Using (19) and (23), we write R* as
1 a-1
R =Ae(1-D)(1 -1 (5= (T)) . (47)

By differentiating (47) with respect to 7, we obtain

1

aaR* = Aa(1 - V){ (@) - (1 -1)(a—D(OQ)" BQS)} 20 (48)

1) (1') v (v)

Assuming > 0, the sign of —T is indeterminate. Consequently, the sign of . is

indeterminate. Next, we define social welfare as W, which is the weighted average of each regional

welfare Vi(i = u,r) with ¢ as the weight; that is,
W= ¢Vt + (1— ¢)VT. (49)

As V% is equal to V", W in (49) can be reduced to VV". Therefore, the results for regional welfare

apply directly to the study of the impact of 7 on W.

5.2 Discussion

The promotion of childcare policy in region u is designed to increase both the fertility rate of region
u and the ratio of the population in region u to that in the economy in the short run, increase the
fertility rate of region u in the long run, and increase the population ratio of region u in the long run.
The indefinite impact of childcare improvement policy on social welfare is based on ¢, which plays
a key role in this study. This result is similar to that obtained for the total fertility rate.? Although our
analysis is limited to the case in which the regional fertility policy succeeds, such a policy affects the
path of capital accumulation, changes the capital intensity of production in region u because of the
ratio of the adult population in region u, and alters its marginal products. Therefore, policy effects

have various outcomes. The degree of change in the net interest rate, resulting from an increase in

2 See Hashimoto and Naito (2023) for a detailed discussion of this mechanism.
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marginal products of capital, is noteworthy. The promotion of childcare support policies in region u,
as described above, has been shown to reduce both the regional and social welfare in region u. This
implies a decrease in consumption that leads to a welfare loss, outweighing the welfare gain from
having children. Although we do not refer to the case where the impact of policy decreases ¢, or does
not affect it, an increase in t in those cases always decreases marginal products and welfare because
of declining net interest. Summarizing the above, a loss in social welfare comes from a significant
decrease in consumption in retirement. Thus, the regional government needs to introduce other
policies that increase the marginal productivity of net capital or reduce the decline in consumption in
retirement in order for the regional social welfare to increase when the regional childcare support
policies are implemented to raise the regional fertility. Theoretically, there is a steady state in which
all individuals reside in region u. Although the social welfare function in this case is defined by the
indirect utility function in region u, we can develop a similar argument.

As fot determination of t, we have not analyzed the optimality for 1. First, the government
determines t without considering the reaction of individuals and firms to the governent policy.
Therefore, we do not refer to the optimal rate of t to maximize social welfare
because this model is not set up properly to pursue the optimality for t. If we refer to the optimal rate
of 1, an additional assumption on the government behavior must be imposed. As for social welfare,
we have another controversial issue to discuss. The issue is the difficulty in defining the social welfare
in overlapping generations models. While we have defined social welfare based on the lifetime utility
of any generation in the steady state, there are other definitions of social welfare. For instance, a
weighted sum of the utilities of different generations in a given period in the steady state is
considerable; it is not easy to determine the weight. It is interesting to discuss the determination of
the weight because it is related to the silver democracy issue; the weight can be related to the ratio of
the young to the elderly generation. It is also possible to define social welfare as the sum of the

indirect utilities of individuals in both regions.

6. Conclusion

This study investigated the effect of regional childcare policy on welfare at steady state in an
overlapping generations economy that consists of regions u and r, which complements Hashimoto
and Naito (2023) who analyze its effect only on the fertility rate and capital accumulation.
Reconfirming the existence of two types of steady state equilibria, we conducted a welfare analysis
only in the case of the dispersion equilibrium, in which the two regions exist. We explored the effect
of promoting childcare support in region u on welfare in the long run, limited to the case in which

the policy works well as anti-population-decline in the sense that it raises both the fertility rate of
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region u and the population ratio of region u. The analysis clarified that the success of regional
childcare support policy as an anti-population-decline policy did not guarantee an increase in welfare.
Extending the analysis to other possible cases easily brings about various welfare effect outcomes. A
primary factor shaping these outcomes is the variety of policy effects on population ratios in the short
run. For regional population growth policies to be implemented in a way that results in welfare
improvement, it is suggested that regional governments consider not only the improvement of
childcare environment and boosting of fertility rates in their own regions but also the policy impact
on the population distribution of the whole economy. This implies that the central government should
implement policies that can target population distribution throughout the economy in coordination
with population policies implemented by regional governments. Future studies should consider

effective population growth policies based on intergovernmental cooperation and competition.
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Appendix
A. Derivation of (25)

Combining (13) with (22), we obtain

2 { b . (1)1% [w+(1- u)pt]ﬁ}? (50)

(1-D(1-a)(1-0)~%(1-y)~*(1-0) 1~V

Considering that p, in (50) is a function of% as in (23), the derivative of ¢, with respect to k; is
t

obtained as

dgr _ ¢¢
TR (51)

Using the implicit function theorem for the case of % > 0, ¢, can be expressed as a function of k;:
t
e = P(ke; 7).
Then, the integration of (51) shows that ¢, is a linear function of k, such that

e = Q(Dky,

where Q(7) is characterized by the parameters in (50).

. ow
B. Sign ofE

This section describes how an increase in t shifts W(k;; 7).

Bl. k, >k

Because ¢, is unity by definition, as in (27), for the case of k, > k, substituting ¢, = 1 for
(37), we obtain k., = W, (k;; 7) as follows.

=5t
kt+1 - n}p (52)
where si* and n¢ are defined as follows:

st =Al-a) (1 -1 -0)"* (1 —y) (k)™
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and

nt = (M22) [py(2) + (1 pe(D)ul ™.

By differentiating (52) with respect to T given k, > k, we obtain

akt+1 _ St _ 1 1—,[1. apt(T)
[ -0 (u+(1—u)pt(1)) or I (53)

Since 1, u, and p, are positive and strictly less than unity, and % always has a negative sign in

the case of k, > k as shown in (33), the sign of (53) is definitely negative. Thus, an increase in T

always shifts down W, (k;; 7).

B2. k, <k

Because the case of k, < k is characterized by 0 < ¢, < 1, kyyq = W, (ks; 7) is given by
(37); that is,

Pest+(1-pe)sy

Kerr = v ampont (4)

where n¥ is the same as for k, > k, but s¥ differs as follows:
u 1-a 1-a (ke ¢
st = A1 - a)(1 - 1)1 —0)' 41— )t (L)
¢t

Considering that s{ and n! are independent of z, the differentiation of (54) with respect to t gives

Okers _ 1
ot ((F-nDeernp)?
x [t = s 28+ ¢, ZE] (it = D + 1)
— (¥ = sDepe + 5D [t — D) 22t + o, 2] (55)
where
i e R (56
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and

ong _ -(1-p) u 9pe(7)
at (/.L+(1—/.L)pt(‘l')) L ot (57)
From (31), we have
0bt _ ¢ e T
ot ar (1 + ot pt)' (58)

Together with (56), (57), and (58), (55) can be revised as follows:

Okers 1
at  ((n¥-nD)¢p+nl)?

{nst —npsD 2+ m, (1 - 2osp)
¢
+[(Fst = nitsp) Z 4 my + ((s¥ = sD)be + SDbe

X (ﬁ) nd %] %pit} Z 0. (59)

As the sign of (1 — 2 s#) can be positive, negative, or zero, determining the sign of (59) is

1-7

impossible. Thus, an increase in T may shift W; (k;; t) up, down, or have no effect.
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