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Abstract
This paper argues that the expectation of having to provide care for aging parents in the
future may be a major factor contributing to the current low fertility rate in Japan. Using
data from the 1998 and 2008 National Family Research of Japan (NFRJ) surveys and a
Poisson-logit hurdle model, this paper examines whether the expectation of having to
look after parents in the future affects a couple’s current family planning. The first-stage
model of a couple’s family planning decision is a logit model which examines the
decision of whether or not to have any children, and then in the second stage a Poisson
model is applied to explain the number of children a couple has conditional on the
couple having at least one child. The empirical evidence presented suggests that there are
strong generational effects, and that for the post-war cohort, an increase in the probability
of having to look after a parent increases the probability of a couple being childless.
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1. Introduction

The purpose of this paper is to examine whether the expectation of having to provide
care for aging parents may be a major factor contributing to the current low fertility rate
in Japan. In so doing, this paper provides a link between the combination of a low
fertility rate and an aging population that have become major concerns for many
developed countries. Most of the countries in the Organization for Economic
Cooperation and Development (OECD) have shown significant drops in their
fertility rates since 1970 [OECD (2014)], and at the same time, life expectancy has
risen due to improvements in medicine. Subsequently, their populations have been
aging rapidly. An aging population challenges the maintenance of a pay-as-you-go
pension system and also raises concerns that there may be a shortage of labor
supply. These concerns raise policy interest in how we can increase the fertility rate.
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The Japanese total fertility rate hit a minimum of 1.26 in 2005, and although recent
statistics indicate a slight recovery in the fertility rate to 1.43 in 2017, the absolute
number of births continues to decrease [Ministry of Health, Labour and Social
Welfare (MHLSW) (2018b)]. Over the past three decades, the proportion of childless
couples in Japan has more than doubled, and the proportion of couples with more
than two children has shrunk (see Table 1).

Recently, the Japanese government has attempted to increase the availability of
childcare to boost fertility [see, e.g., Nagase (2018)]. Numerous empirical studies for
different countries have examined the effects of fiscal instruments which aim to boost
female employment and fertility. Some examine the impact of cash benefits on fertility
[Kearney (2004), Milligan (2005), Björklund (2006), Haan and Wrohlichc (2011),
Cohen et al. (2013), Palermo et al. (2016)], whereas others examine the effects of the
cost and availability of childcare on fertility [Blau and Robins (1989), Del Boca (2002),
Mörk et al. (2013), Nagase (2018)]. However, the empirical evidence on the effects of
such policy measures is mixed [see Gauthier and Bartova (2018) for a recent survey
related to the impact of leave provisions]. Although providing cash benefits, reducing
the cost of childcare, and/or increasing the availability of childcare and childcare leave
may be important factors to increase fertility, this paper will examine this issue from a
different perspective, that is, it examines whether the expectation of having to look after
parents in the future has any effects on a couple’s fertility.

One phenomenon that has attracted attention recently is the “sandwich family”
which refers to couples who are trying simultaneously to raise young children, to
take care of aging parents and to work full time [see Fox (2012)]. This paper
considers the possibility that couples who expect that they will have to care for their
aged parents in the future may reduce the number of children they plan to have. We
argue that these couples do so because they try to avoid or reduce the possibility of a
sandwich generation where the couples have to look after both their parent(s) and
their dependent children at the same time. Japan’s Employment Status Survey

Table 1. Number of children born to couples with a marriage duration of 15–19 years

Year

Number of children

Total (%)0 1 2 3 4 or more

1977 3.0 11.0 57.0 23.8 5.1 100

1982 3.1 9.1 55.4 27.4 5.0 100

1987 2.7 9.6 57.8 25.9 3.9 100

1992 3.1 9.3 56.4 26.5 4.8 100

1997 3.7 9.8 53.6 27.9 5.0 100

2002 3.4 8.9 53.2 30.2 4.2 100

2005 5.6 11.7 56.0 22.4 4.3 100

2010 6.4 15.9 56.2 19.4 2.2 100

2015 6.2 18.6 54.0 17.9 3.3 100

Note: For each year, the figures shown are the percentage of first-marriage couples who have been married for 15–19
years (excluding couples who did not state the number of their children) in each group.
Source: National Institute of Population and Social Security Research (IPSS) (2017).
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provides a picture of the actual impact of caring for family members on household
activities [Ministry of Health, Labour and Social Welfare (2012)]. During the 5-year
period from October 2007 to September 2012, about 487,000 Japanese workers quit
their jobs to provide care to an aged or sick family member, that is, nearly 100,000
workers per year. About 80% of these workers are female. Notwithstanding these
results, Oshio and Usui (2017) find that providing informal parental care has little
impact on the female employment of women aged 50–59, that is, whether these
women work or not. In contrast, Shimizutani et al. (2008) find that the introduction
of the Long-term Care Insurance Scheme in 2000 had significant positive effects on
employment and hours worked due to the reduction in caring responsibilities.

At the time it was founded in 2000, Japan’s Long-term Care Insurance Scheme was a
public universal long-term care insurance system initially financed by a levy on all
individuals aged 40 and over. The benefits provided by the scheme depend on the
needs of the individual, and the care recipient had to pay for a part of the cost of the
services being provided [see Campbell et al. (2010) for further details]. It is important
to note that this paper examines data prior to the introduction of the Long-term Care
Insurance Scheme in 2000, so that the responsibility for looking after aged parents was
primarily on the shoulders of family members rather than private institutions. Table 2
reports who takes care of a family member when that member is in need of care after
the Long-term Care Insurance Scheme was introduced. More than 95% of such frail
family members are aged 65 years or older [MHLSW (2017)]. According to Table 2, in
2016, a little less than 60% of family care providers live with the family member when
that family member is in need of care. In 2016, even with the Long-term Care
Insurance Scheme in place just over 70% of the care providers are cohabiting and
non-cohabiting family members, and only 13% of them are private care providers!

The cost of private care is very expensive. It is estimated that in 2018 before social
security payments, an individual who receives private care spends on average around
170,000 Japanese yen [US$1,550 ($1 = 110 yen)] per month for these services
[MHLSW (2018a)]. In 2015, the Nihon Keizai Shinbun reported that the average
duration of aged parental care was 4 years and 11 months, and the average monthly
out of pocket cost for aged parental care was 69,000 Japanese yen1 which was about
16% of the average monthly household income of 430,000 yen at the time. Thus, on
average, the total cost of care is 4 million yen for 4 years and 11 months. If a couple
decides to put a parent in a nursing home, then the monthly nursing home fees
range from 150,000 to 300,000 yen excluding one-off entry fees.

The long-term decline in the fertility rate in Japan means that over time aged parents
have to be looked after by fewer children, and possibly for longer periods of time due to
the rise in life expectancy. For the children who are potential care providers, this means
that the cost of future care of their aged parents has increased substantially over time.
Departures from the workforce or reductions in their market labor supply due to the
provision of family care lead to a reduction in an individual’s lifetime income, and
this in turn potentially reduces their demand for children.

There is of course a literature that links the available social security package to a
couple and the number of children they have [e.g., Boldrin and Jones (2002) and
Boldrin et al. (2015)], however, our search of the literature suggests that the only
other paper that discusses a direct link between caring for the aged and child rearing

1“Kaigohi, taishoku made ni sonaeru (Nursing Care Costs, Making Preparations before Retirement),”
Nihon Keizai Shinbun, 7 October 2015, p. 29 (in Japanese).
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Table 2. Who looks after a frail family member in Japan?

Year Total Sub-total

Cohabiting family members

Non-cohabiting
family members

Private
caregivers Other

Not
knownSpouse Child

Spouse
of child

Mother
or

father

Other
family

members

2001 100 71.1 25.9 19.9 22.5 0.4 2.3 7.5 9.3 2.5 9.6

2004 100 66.1 24.7 18.8 20.3 0.6 1.7 8.7 13.6 6.0 5.6

2007 100 60.0 25.0 17.9 14.3 0.3 2.5 10.7 12.0 0.6 16.8

2010 100 64.1 25.7 20.9 15.2 0.3 2.0 9.8 13.3 0.7 12.1

2013 100 61.6 26.2 21.8 11.2 0.5 1.8 9.6 14.8 1.0 13.0

2016 100 58.7 25.2 21.8 9.7 0.6 1.3 12.2 13 1.0 15.2

Source: MHLSW (2012, 2014, 2017).

286
K
ei

Sakata
and

C
.R

.
M
cK

enzie

https://doi.org/10.1017/dem
.2020.35 Published online by Cam

bridge U
niversity Press

https://doi.org/10.1017/dem.2020.35


is Sakata and McKenzie (2014). Their focus is on the connection between the expected
burden associated with caring for parents and the quality of children, rather than the
quantity of children that is analyzed here. Sakata and McKenzie’s (2014) proxy
variable for the expected future burden of caring for parents is based solely on the
number of parents and parents in law who are alive at the time of the couple’s
marriage divided by the total number of siblings of the husband and wife including
themselves. In contrast, in this paper, an estimate of the probability that a couple
will look after their parents or parents-in-law is obtained from a model estimated
using past data and the characteristics of the couple at the time of their marriage.
There is evidence that the probability of having to look after parents reduces the
probability of having any children.

Forward looking behavior by agents is strongly emphasized in economics. However,
considering young adults’ family planning decisions, there is an issue about how far into
the future agents look. In our data set, the average ages that men and women married
were 27.7 and 24.9 years old, respectively.2 For their parents who were living at the
time of their marriage but who had died by the time of the survey, the average time
from the marriage to their death was 15.2 years and 20.5 years for the husband’s
father and mother, and 16.7 years and 21.9 years for the wife’s father and mother,
respectively. Assuming that caring occurs immediately before the death of the parent,
this means that if they engage in caring, husbands and wives are on average likely to
be in their 40s. It could be suggested that events expected to happen 15–20 years in
the future have little impact on current behavior, but there is evidence to suggest
these events can have an impact. According to the Public Opinion Poll on Old Age
Care (Koureisha kaigo ni kan suru yoron chosa)3 conducted by the Japanese Cabinet
Office in 2003, 67% and 69% of males and females in their 20s report that they have
some anxieties about family members requiring long-term care in the future.
According to the Survey on the Financial Asset Choice of Households (Kakei ni
okeru kinyu shisan sentaku ni kan suru chosa) 20014 conducted by Japanese Ministry
of Internal Affairs and Communications (2017), 8.6% and 23.1% of households
headed by someone in their 20s and 30s, respectively, reported that some of their
saving was motivated by preparing for their own life in old age. For young Americans
aged 22–35, Knoll et al. (2012) show that a significant minority have individual
retirement accounts. Murata (2003) suggests that uncertainty about public pension
system payments has an impact on the current wealth holdings of young Japanese
households (those with a husband aged between 23 and 45). Thus, there is some
evidence to suggest that young adults do look quite far ahead into the future to make
their intertemporal decisions related to saving.

In this paper, we estimate how the expectation of having to provide care for aging
parents affects a couple’s current fertility using a two-stage model. The first stage of
a couple’s family planning decision is a logit model which examines the decision of
whether or not a couple have any children, and then in the second stage a Poisson
model is applied to explain the number of children a couple has conditional on the
couple having at least one child. Our findings show that there are strong generational

2These averages differ from those reported in Table 4 because no selection rules are applied here.
3Some details of the survey in Japanese are available from URL: https://survey.gov-online.go.jp/h15/h15-

kourei/2-1.html (accessed May 18, 2020).
4A summary of the survey results in Japanese is available from URL: https://www.yu-cho-f.jp/research/

old/research/kinyu/2bu/houdou-20010611-2.pdf (accessed May 18, 2020).
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effects, and that for the post-war cohort, an increase in the probability of having to look
after a parent increases the probability of a couple being childless.

The rest of this paper consists of four sections. Section 2 discusses the burden
hypothesis and section 2 introduces the empirical model, section 3 introduces the
empirical model, whereas section 4 describes the data. Section 5 reports the estimation
results and discusses their implications. Section 6 contains a brief conclusion.

2. Theoretical model

The neoclassical economic theory of fertility contends that the decision to have a child is
a function of the costs and benefits of children subject to an income constraint and an
individual’s preference for children. Under such a utility maximization process, the
neoclassical economic theory of fertility predicts that any reduction in the cost of
having children or any increase in income induces an increase in the demand for
children [Becker (1993)]. If an individual has to leave the labor force or reduce his/her
labor supply so as to care for frail and aging parents, the individual’s lifetime income
will be reduced dramatically. In addition, if the cost of (an)other good(s) namely, the
cost of future care for aged parents, increases, individuals may have to compromise
their consumption on children. We argue that any increase in the cost of future care
for aged parents will reduce the demand for children. Thus, an increase in the future
burden of caring for frail and aging parents reduces the demand for children.

Here, we use a simple model to develop some of the points argued by Becker (1993).
Suppose we have a consumer who lives for two periods. In the first period, the
consumer (generation 2) has children (generation 3) and provides assistance to his/
her parents (generation 1).5 In the second period, the generation 2 consumer receives
assistance from his/her children. Suppose that the generation 2 consumer’s
consumption in period j is denoted by Cj, the number of children is given by N, and
that the generation 2 consumer’s utility function is given by

U = lnC1 + alnC2 + bln(1+ N), (1)

where α > 0 and β > 0, and the consumer’s budget constraint is assumed to be

C1 + C2/(1+ r)+ gN + A21 = Y + A32/(1+ r), (2)

where r is the interest rate, γ > 0 is the cost of having each child, the financial assistance
provided by the generation 2 consumer to the consumer’s parents in the first period is
denoted by A21, the financial assistance provided by the consumer’s children to the
consumer in the second period is denoted by A32, and the net present value of the
total income earned by the generation 2 consumer in the first and second periods is
given by Y. It is easy to show that if the generation 2 consumer’s choice variables are
C1, C2, and N, then the solution for N to maximize the utility function in (1) subject
to the budget constraint in (2) is given by

N = [b(Y + A32/(1+ r)− A21)− g− ag)]/[g+ ag+ bg], (3)

5Assuming that having children and providing assistance occurs in the same period corresponds to the
“sandwich family” phenomena. Having these events occur in different periods does not undermine the
essence of the points we are making here.
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so that

dN/dA21 = −b/[g+ ag+ bg] < 0. (4)

The result in (4) is not surprising given the form of the utility function in (1), as it is easy
to show that consumption in both periods and children are “normal” goods, so that
demand for these goods will increase if the total income of the generation 2 consumer
increases. In this case, the available resources for the generation 2 consumer are
Y +A32/(1 + r)−A21, so an increase in expenditure on the parents in generation 1
naturally leads to a fall in the available resources for the generation 2 consumer, lower
consumption in both periods 1 and 2, and a lower number of children in generation 3.6

The expected cost to a couple today of looking after a parent in the future has several
important dimensions including: the level of care that the parent requires; the duration
of time that the parent requires care; the actual cost (economic and psychological) of
looking after the parent; how many years into the future it will be that the parent is
expected to begin to require care; and the couple’s expectation of the probability that
they will be caring for the parent. The actual cost of looking after the parent may
depend on factors such as the parent’s customary standard of living which might
depend on socio-economic background; location; and the income of the child (since
cost is relative to income).7,8 Using JSTAR data from 2007, 2008, and 2009, Ibuka
and Ohtsu (2020) provide some evidence for Japan on how the socioeconomic status
(SES) of the children affects the probability that they look after their parents or
parents in law. Although finding that for those households in higher SES categories
there is a higher probability of providing care, Ibuka and Ohtsu (2020) do not find
any systematic connection between particular SES measures and the care
probabilities. Of all the dimensions of the expected cost to a couple today of looking
after a parent in the future, given the data available in the surveys we are using we
focus on the probability that the child will care for a parent in the future.

6The presence of parents or parents-in-law in a household can potentially have a positive effect on the
decision to have a child. For Japan, the most recent evidence suggests that co-residence with a mother or a
mother-in-law is associated with a higher probability of labor force participation of the wife, whereas
co-residence with a father or father-in-law has no effect on the labor supply of the wife [see Mano and
Yamamura (2011)]. The standard explanation for this is that in Japan mothers and mothers-in-law help
shoulder the burden of housework, whereas fathers and fathers-in-law do not and merely add to the
burden of housework. This suggests that the costs of having children for a husband and wife are quite
dependent on whether they co-reside with a parent or parent-in law, and the gender of the co-residing
parent or parent-in-law. Unfortunately, the data set used in this paper does not contain any information
on co-residence with parents or parents-in-laws, so we are unable to investigate this channel.

7We are grateful to an anonymous referee for raising this issue.
8In order to take account of the expected cost of looking after a parent on the problem here, as discussed

in the online Supplementary material, we added the predicted income of the couple at the time they
married to each of the probabilities of looking after your own mother and father and your in-laws. This
income could potentially influence the probabilities in several ways: if caring for parents is a “normal”
service in the economic sense of the word, a higher level of income may lead the couple to be more
likely to provide care to their parents or parents in law; or the couples’ income may be correlated with
their parents’ income, and parents who have experienced a higher standard of living may expect a
higher level of care from their children which may deter children from looking after their parents or in
laws. The couples’ income at the time they married was not significant in explaining any of the care
probabilities. Since we do not have any information on the geographic location of the parents or
parents-in-law at any time in their life, we are unable to incorporate that information into our analysis.
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3. Empirical model

We first discuss how we model the impact of the probability of having to look after a
parent on a woman’s fertility (section 3.1), and then we consider the question of how to
estimate the probability that a person has to look after a parent or a parent in law
(section 3.2).

3.1 Estimating the effects of the probability to look after a parent on fertility

This section discusses modeling a couple’s decision relating to their family size. It is
assumed that couples decide on their family size at the time of their marriage.9 To
be specific, the dependent variable to be explained is the number of children born to
a woman who is aged 45 years or older as we assume that women of this age have
completed their childbearing activities. The focus of the analysis is whether the
estimated probability of the couple being the primary care provider for at least one
parent or parent in law, Pi, has any effects on the wife’s fertility.

As the existing literature [e.g., Melkersson and Rooth (2000) and Santos Silva and
Covas (2000)] has argued, there may be a significant difference between childless
couples and couples with at least one child. Both Melkersson and Rooth (2000) and
Santos Silva and Covas (2000) argue that the outcome of zero children may result
from two distinct sources: a couple choosing to have no children or a couple being
physically unable to have children at all, whereas the outcome of one or more children
is just a result of a couple’s choice. Given this difference between childless couples and
couples with children, one way of modeling this is to use a Poisson logit hurdle model.
The first-stage model is a logit model that examines the decision of whether to have a
child or not, and in the second stage for couples who decide to have children a
standard Poisson regression model is used to explain the number of children they have.
Another reason for preferring the Poisson hurdle model is that the Poisson model
which assumes that the mean and the variance of the number of children are the same
cannot explain the observed under-dispersion in the number of children.

If the number of children that couple i has is denoted by yi, then assuming a Poisson
hurdle model means the probability of having 0, 1, …, N children is given by [see
Winkelmann (2003) and Cameron and Trivedi (2013)]:

Prob(yi = 0|xi) = wi (5a)

Prob(yi = j|xi) = (1− wi)l
j
i exp (−li)/[(1− exp(−li))j!], j = 1, 2, 3,... (5b)

where wi is given by a logistic function, namely, wi = 1/(1+ exp (x′ig)) and
li = exp (x′ib).

10 In this model, E(yi|yi > 0) = 1+ exp(x′ib) and E( yi > 0) = 1− wi, so
that for variables that are continuous ∂E(yi|yi > 0)/dxi = exp (x′ib)b, ∂E( yi > 0)/δxi =
wi(1−wi)γ, and ∂E(yi)/∂xi = exp (x′ib)b (1− wi)l

j
i. It should be noted that the

standard Poisson model and this Poisson hurdle model are non-nested models, so

9The reason for this restriction is that if a later date is used for the timing of the decision about family
size, it is not possible to incorporate information on the timing of the death of parents because this
information is not fully available for parents-in-law in our data set.

10Although they assumed to be the same here, the explanatory variables appearing in wi, and λi could be
different. We have no reason to believe that some of the control variables we use should only appear in one of
the equations.
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that one way to choose between them is to use an information criterion like the Akaike
information criterion (AIC) or the Bayesian information criterion (BIC).

If we think of the bivariate choice problem of having no children or some children,
the model in equations (5a) and (5b) will imply this choice is determined by a logit
model with Prob( yi = 0|xi) = wi and obviously Prob( yi > 0|xi) = 1− wi. In fact, as
McDowell (2003) indicates an equivalent way to estimating the model in equations
(5a) and (5b) by maximum likelihood is to first estimate a logit model with Prob( yi
= 0|xi) = wi and Prob( yi > 0|xi) = 1−wi, and then for yi > 0 to estimate a Poisson model.

The vector of control variables, xi, includes the probability of the couple looking after
their parents and/or parents-in-law, Pi, that is discussed in detail in section 3.2, and other
control variables such as the husband’s age at the time of his marriage, the wife’s age at the
time of her marriage, the husband’s education level, the wife’s education level, an urban
dummy, and seven regional dummies. In addition, we include a 0–1 dummy variable
which takes the value 1 if husband is an only child and 0 otherwise to control for
some of the effects of being the eldest son.11 The a priori expectation is that a higher
probability of the couple looking after their parents and/or parents-in-law will tend to
reduce the number of children the couple has.

3.2 Estimating the probability of having to look after a parent

As indicated in Table 2, in Japan the primary care providers for frail aging parents are
typically other family members rather than private care providers. If a parent or
parent-in-law has died before the survey, the 1998 National Family Research of Japan
(NFRJ98) survey contains information on whether the respondent reports that he/she
was the primary care provider for that person before they died. For each deceased
father, mother, father-in-law, or mother-in-law, the NFRJ98 survey asks respondents
whether the relevant parent or parent-in-law required care for a period before they
died, and if the answer is yes, respondents are then asked “(t)o what extent were you
involved in caregiving and nursing?” The respondent picks an answer from one of
the following five choices: (1) I was the primary person involved in care providing
and nursing; (2) I was involved, though not as the primary care provider; (3) I was
somewhat involved; (4) I was not much involved; and (5) I had very little
opportunity to be involved because of the person’s sudden death. Based on cases
where the relevant parent or parent-in-law had already died by the time of the
survey, Table 3 provides information on whether the parent or parent-in-law
required care, and when care was required who provided what level of care to whom.

Perhaps the most surprising finding in Table 3 compared to the conventional
wisdom is that for their own parents both the husband and wife report that they are
just as likely to be the primary care provider. For example, 16.7% of husbands report
they were the primary carers for their fathers. On the contrary, 14.7% of wives were
the primary carers for their fathers. Wives are more likely to be the primary carers
for their own mothers than their husbands (24%), but still 18.5% of husbands were
the primary carers for their own mothers. In the Japanese context, it is not
surprising to find that husbands do not look after their in-laws as the primary care
provider (less than 4% for in-laws), but their wives do and they are more likely to do

11In Japan, eldest sons traditionally are expected to have a boy to carry on the family line. This tradition
may increase the likelihood of having children. Unfortunately, the survey we are using does not have any
information on the birth order for the respondent’s spouse, so if the husband is not the respondent to the
survey we are unable to identify whether he is the eldest son when he has siblings.
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Table 3. Who provides how much care to whom?

Care
giver Care receiver

Requiring care Care level conditional on requiring care

Requiring
care (%)

Sample
size

Primary
caregiver

(%)

Involved
but not
primary
caregiver

(%)

Somewhat
involved

(%)

Not much
involved

(%)

Sudden
death
(%)

Total
(%)

Sample
size

Husband Father 59.3 1,111 16.7 30.4 24.8 23.3 4.9 100 658

Mother 64.5 971 18.5 32.4 24.1 22.5 2.6 100 623

Father-in-law 53.8 712 3.7 15.3 30.0 45.8 5.3 100 380

Mother-in-law 59.1 691 3.9 16.2 31.7 44.1 4.1 100 413

Wife Father 54.9 1,233 14.7 26.8 31.6 22.5 4.4 100 675

Mother 65.7 1,080 24.0 26.5 29.3 17.5 2.7 100 709

Father-in-law 60.0 757 35.2 17.3 25.0 19.3 3.3 100 452

Mother-in-law 67.8 857 47.3 19.8 17.0 13.6 2.2 100 581

Notes: (1) The columns labeled “Requiring care” report the percentage of care givers who reported that the relevant care receiver required care before his/her death and the sample size on which
this calculation is based. The columns labeled “Care level conditional on requiring care” report the percentage of respondents who said they provided a particular level of care for a specified
parent or parent-in-law conditional on having reported that the specified parent or parent-in-law required care for a period of time before his/her death. In both cases, the information is only
available if the relevant parent or parent-in-law has died by the time of the survey, and in the case of the “Care level,” the care giver reported that the relevant parent or parent-in-law required
care for a period before his or her death. This is one of the important reasons for differences in the sample sizes for identical care givers.
(2) This table contains estimates of whether care was required for the two types of caregivers and four types of care receivers based on respondents’ answers to questions 32, 33, 34, and 35 for
his/her father, mother, father-in-law, and mother-in-law, respectively, on the 1998 NFRJ survey. This table contains estimates of the care level provided by the two types of caregivers and four
types of care receivers based on respondents’ answers to supplementary questions 1 for questions 32, 33, 34, and 35 for his/her father, mother, father-in-law, and mother-in-law, respectively, on
the 1998 NFRJ survey. It should be noted that these questions are only asked on the 1998 NFRJ survey.
Source: Computed from the 1998 NFRJ survey.
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so than for the case of the wife looking after her own parents! In total, 35.2% of wives
were the primary carers for their father-in-law and 47.3% of them were the primary
carers for their mother-in-law. The proportions of wives who became the prime
carers for their parent-in-laws are much higher than that of their own parents. In the
case of wives, there is a strong cultural expectation that they will be strongly involved
in caring for their husbands’ parents.

In order to measure the future burden of caring for aged parents, we construct a
probability of having to look after a parent or parent-in-law in the future. For the ith
couple, let pijk be the probability of individual j in couple i looking after parent k
where j denotes either the husband (h) or wife (w) and k refers to the husband’s (h)
or wife’s (w) parent(s). For example, for the husband of the ith couple, the
probability of looking after his own parent(s) (husband’s parents) is denoted by pihh
and the probability of looking after his parent(s)-in-law (wife’s parent) is denoted by
pihw.

In order to estimate the probability of looking after a parent in the future, the
information in NFRJ98 is more appropriate than the information on whether
the respondent is currently involved in caregiving and nursing a parent as many of
the respondents do not yet have aging frail parents. Another advantage of this
information is that when computing the probability of looking after a parent we can
take account of those cases where a parent’s death was sudden and the respondent
did not have to provide any care to that parent.

Denoting the husband and wife by h and w, respectively, we construct four 0–1
dummy variables careijk ( j = h, w, k = h, w) which take the value one if the ith
respondent was the husband ( j = h) or wife ( j = w) and “the primary person
involved in care providing and nursing” for k’s parents where k denotes the husband
(h) or the wife (w), and 0 otherwise, and denote the associated probability of
careijk = 1 by pijk, then the following probit model is used to model pijk and explain
the two outcomes for careijk, for each value of j and k, namely,12,13

pijk = Pr (careijk = 1) = Pr (CAREijk + hijk > 0),

j = h, w; k = h, w; i = 1, . . . , Njk

(6)

where ηijk is a normally, identically and independently distributed random variable with
expected value zero and variance 1, and Njk is the available sample size for the relevant
combination of j and k.

12In theory, for each parent or parent-in-law, a multinomial logit model with three choices: the husband
is the primary care provider; the wife is the primary care provider; and neither the husband nor the wife are
the primary care provider, could be considered. However, in order to estimate this model we need to
observe for each parent or parent-in-law, both the husband and the wife’s responses to the questions
about whether or not they were the primary care provider. For the 1998 NFRJ survey, we only observe
the respondent’s answers to the questions, that is, either the husband’s responses or the wife’s responses,
but not both. For the 2008 NFRJ survey, we do not observe either the husband’s responses or the wife’s
responses.

13It is natural to expect that the wealth of the parents might influence whether they choose care that
could be acquired in the market, or non-market care provided by one or more children. Unfortunately,
the surveys we are using have no information on the assets or wealth held by the parents. The 1998
survey collects information on the educational level of the parents, but it only relates to the father. The
2008 survey does not even collect this information. Incorporating this information on the father’s
educational level into our models would lead to a sample size reduction of around 60%.
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For CAREijk, the following four models are assumed:

CAREihh = b10 + b11siblings hi + b12one parent hi + b13birth year hi

+ b14educ hi (7)

CAREihw = b20 + b21siblings wi + b22one parent wi + b23birth year hi

+ b24educ hi (8)

CAREiww = b30 + b31siblings wi + b32one parent wi + b33birth year wi

+ b34educ wi (9)

CAREiwh = b40 + b41siblings hi + b42one parent hi + b43birth year wi

+ b44educ wi (10)

where siblings ji is the number of js siblings [husband ( j = h) or wife ( j =w)],14

one parent ji is a 0–1 dummy variable which takes the value one if one of js parents
is already deceased at the time of his/her marriage, and 0 otherwise [husband ( j = h)
or wife ( j = w)], birth year ji is the year of the birth of individual j [husband ( j = h)
or wife ( j = w)], and educ ji is the years of education for individual j [husband
( j = h) or wife ( j = w)]. As Table 2 indicates, in around 25% of all cases a cohabiting
spouse is the care provider, so the variable one parent ji highlights the fact that if
one of the parents is already deceased at the time of a couple’s marriage, the
probability of having to look after a parent should increase. birth year ji is included
to control for cohort effects, and educ ji is used as a proxy for income. Although
parental income at the time of marriage may be an important predictor of the
probability of their children having to provide future care, such information is not
available in our data set.15 When estimating equations (7)–(10), the values of the
variables at the time of the couple’s marriage are used. Similarly, when the
probability of looking after a parent is calculated the explanatory variables used in
equations (7)–(10) are measured at the time of the couple’s marriage.

In equations (7)–(10), one key issue is the sign of βi1, i = 1, 2, 3, 4, that is, the impact
of the number of siblings. There are a number of possibilities depending on what
assumptions are made. If we assume that the couple in question is completely selfish,
then they will not care about the provision of care for their parents or for their
parents-in-law by themselves or by their siblings, and so the number of siblings that
a couple has should be irrelevant, that is, βi1 = 0, i = 1, 2, 3, 4 [the other coefficients
in equations (7)–(10) would also be expected to be zero]. If care provision is driven
by a “warm glow” motivation, then the couple may provide care to their parents
(or parents-in-law) depending on the strength of the warm glow motivation. In this

14It might be argued that birth order could be important for determining who cares for the parent
among the siblings, but unfortunately, we could not incorporate the information on the birth order of
the respondents among siblings due to the unavailability of the relevant data.

15Although, the data set contains information on the level of education for the father and the occupation
of father when the respondent was 15 years old, this information is not available for the father-in-law of the
respondent. Since we need both information on parents and parents-in-law to estimate the probability of
future care for an aging parent, we could not incorporate this information in our estimation.
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case, the provision or lack of provision of care by siblings is again irrelevant. One simple
story for why βi1 > 0 is that if there is only one primary care provider, then on a
probabilistic basis with more siblings, the likelihood of being the primary care
provider can be expected to be smaller. A more sophisticated story would assume
that the couple and the couple’s siblings are all altruistic with respect to their parents
(and parents-in-law), so that the provision of care for their parents (parents-in-law)
by them and their siblings can be viewed as being a version of a public goods game.
Assuming that both parents and children only care about the total contribution
made by the children, increases in the number of siblings will reduce the individual
contributions made to the first-generation parents by each second-generation sibling.16

Once estimates of the parameters of equations (7)–(10) have been obtained, using
these estimated coefficients and a different sample of all the available married men
and women, respectively, including those who yet to experience the death of their
parents or parents-in-law in the 1998 and 2008 NFRJ surveys estimates of pihh and
pihw, and piww and piwh can be obtained by inserting the values of explanatory
variables and estimated parameters into equations (6)–(10).

Caregiving and nursing of a frail parent should be seen as the joint product of
couple. For example, a husband may not be the primary care provider if he is the
breadwinner of the household, but his wife can be the primary care provider. Thus,
the probability of the couple having to look after at least one of their parents or
parents-in-law as a couple, Pi, can be written as17:

Pi = 1− (1− pihh)× (1− pihw)× (1− piww)× (1− piwh). (11)

Here, (1− pihh) is the husband’s probability of not becoming the primary care provider
for his parents. Therefore, (1− pihh) × (1− pihw) × (1− piww) × (1− piwh) is the
probability that neither the husband nor the wife are the primary care provider for
any of their parents or parents-in-law.

4. Data

The data used in this paper are drawn from two repeated cross-section surveys, the 1998
and 2008 National Family Research of Japan (NFRJ, Kazoku nitsuiteno Zenkoku Chousa)
surveys.18 These surveys are conducted by the Japan Society for Family Sociology, and the
data are archived in the Social Science and the Social Science Japan Data Archive,
Information Center for Social Science Research on Japan, Institute of Social Science,
The University of Tokyo. The surveys were conducted by the drop-off-pick-up method.
In the 1998 survey, 10,500 individuals who were aged between 28 and 77 as of
December 1998 were surveyed with a response rate of 66.52% (6,985 responses). In the
2008 survey, 9,400 individuals who were aged between 28 and 72 as of December 2008

16This setting is a slightly different to the basic public goods game where subjects choose how much of
their private tokens to put into a public pot, knowing that they will receive an equal share of all the tokens
in the pot. In this game, there are strong incentives to free ride [see Mercier Ythier (2006) for an excellent
survey, and Isaac and Walker (1988) for evidence on the impact of increasing the number of participants on
free riding].

17The computation in equation (11) assumes that each of the events is independent. The data set we have
does not allow us to adequately consider the possibility of dependencies among the events.

18The survey data collected in 2003 are not used because the sample is limited to people who are aged 48
years and over.
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were surveyed, and the response rate was 55.35% (5,203 responses). The properties of the
1998 and 2008 NFRJ data sets, including their representativeness, are discussed in Japan
Society of Family Sociology (2000, 2010), respectively.19

In our fertility analysis, the two surveys are pooled and a survey year dummy is added
[see Roberts and Binder (2009)]. One of the advantages of using the NFRJ data sets is that
they contain rich information on parents and siblings. Here, information on whether the
married respondent’s parents and parents-in-law are alive at the time of the respondent’s
marriage is used. Furthermore, information on the number of siblings the respondent has
and the number of siblings for his/her spouse has is also used.

4.1 Sample selection

We estimate our models explaining the number of children for households that satisfy the
following eight criteria. First, couples where the wife’s age is 45 years or older in order to
focus on those women who have completed child bearing. Second, we focus on married
respondents where the husband’s age at the time of the marriage is 18 years old or older
and the wife’s age at the time of the marriage is 16 years old or older. This is because the
Japanese legal age for marriage is 18 for men and 16 for women. Third, we only use
respondents who are currently married and who have never been divorced or widowed.
Divorcees or widows may have children from their previous marriage, but the NFRJ
surveys do not contain information on their previous marriages. Fourth, we also
exclude an observation if the wife’s age at her marriage was 45 or older as she is
unlikely to have any child. Fifth, we drop observations which report a deceased child as
this can have an impact on later fertility decisions. Sixth, in order to control for
outliers, observations where there are 10 or more siblings (99% quantile) are excluded.
Seventh, we exclude all marriages from 1997 onward to eliminate the actual or
anticipated effects of the Long-term Care Insurance Act (Kaigo Hoken Ho) which
passed into law in December 1997 and came into effect on April 1, 2000. Eighth, we
exclude all observations which do not contain all the information on all the variables
required for estimating the relevant model. After imposing these selection criteria, 4,045
observations remain. Descriptive statistics for this sample are summarized in Table 4.
Using the mean (2.2) and the standard deviation of the number of children (0.88)
reported in Table 4, we can see that the variance of this variable (0.77) is just one-third
of the size of the mean, a strong indicator of under-dispersion.

5. Results and discussion

All results reported are obtained using STATA Version 16 [StataCorp. (2019)]. Table 5
reports the results of estimating equation (6) with each of (7), (8), (9) and (10) for two
cases, one where the number of siblings is the only explanatory variable, and the other
which also includes the birth year of the carer, a dummy for the carer having a
university education, and a dummy for one of the relevant parents being dead. The
sibling variables all have negative estimated coefficients and the variables are
statistically significant in the cases of a husband looking after his parents in law
[(5.3) and (5.4)] and a wife looking after her own parents [(5.5) and (5.6)] and her
parents in law [(5.7) and (5.8)], that is, as the number of siblings increases the

19Japanese language versions of the 1998 and 2008 questionnaires are available at the following URL:
https://nfrj.org/nfrj_profile.htm (accessed November 11, 2020).
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Table 4. Descriptive statistics for the samples used to estimate the logit, Poisson, and Poisson-logit hurdle models

Variable Sample size Mean Std. Dev. Min Max

Estimated probability of having to look after a parent 4,045 0.685 0.047 0.528 0.791

Number of children 4,045 2.202 0.880 0 6

Number of husband’s siblings 4,045 3.645 2.125 0 9

Number of wife’s siblings 4,045 3.507 2.034 0 9

Husband has one parent alive (1 if only one of the husband’s parents is alive) 4,045 0.225 0.418 0 1

Wife has one parent alive (1 if only one of the wife’s parents is alive) 4,045 0.185 0.388 0 1

Husband’s birth year 4,045 1940.712 9.728 1911 1967

Wife’s birth year 4,045 1943.473 9.288 1917 1963

Husband university educated (1 if the husband has a university degree or higher) 4,045 0.224 0.417 0 1

Wife university educated (1 if the wife has a university degree or higher) 4,045 0.052 0.222 0 1

Husband’s age at marriage 4,045 27.150 3.578 19 53

Wife’s age at time of marriage 4,045 24.385 3.326 16 43

Husband is an only son (1 if the husband is an only child) 4,045 0.062 0.241 0 1

Urban (1 if lives in a urban area) 4,045 0.577 0.494 0 1

1998 survey dummy 4,045 0.713 0.452 0 1

1st_child (1 if had first child) 4,045 0.964 0.187 0 1

2nd_child (1 if had second child) 3,889 0.885 0.319 0 1

3rd_child (1 if had third child) 3,427 0.371 0.483 0 1

First born a girl (1 if the first child is a girl) 3,889 0.475 0.499 0 1

No boys (1 if both of the two children are girls) 3,427 0.229 0.420 0 1
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probability of being the primary care provider falls. In the equations analyzing the
factors affecting a husband being the primary care giver for his parents [equations
(5.1) and (5.2)] nothing is statistically significant. This suggests that it is rather hard
to systematically forecast whether or not a husband will look after his own parents.
For the other equations, none of the variables apart from the number of siblings are
individually or jointly significant.

Given the results in Table 5, we use the parameter estimates from the models that
only contain the number of siblings [(5.1), (5.3), (5.5), and (5.7)], to compute the
probability of a married couple having to look after at least one parent, Pi. Since Pi is
a generated regressor, the standard errors in any model that uses this generated
regressor will, in general, not be computed appropriately [see Newey and McFadden
(1994)], so bootstrapped standard errors based on 1,000 replications are reported.20

It can be argued that there may be substantial generational differentials in fertility
among the respondents.21 Japanese society has undergone a huge transition during
the World War II and the post-war period. Urbanization and the rise of the nuclear
family can be expected to have huge impacts on family planning and the support
families provide for frail aging parents. To account for possible cohort effects, the
sample was divided into three groups according to the “generation” the husband
belonged to: those husbands born before 1938; those husbands born between 1937
and 1947; and those husbands born after 1946.22 We used this division to compare
the post-war generation and previous generations, and at the same time, to maintain
a sufficient sample size in each cohort.

5.1 Preliminary logit analysis

Before estimating the Poisson-logit hurdle model specified in equations (5a) and (5b),
some preliminary logit analyses to show the difference between childless couples and
couples with one or more children are conducted. Three logit models for the first
birth, the second birth, and the third birth, respectively, are estimated. For the first
birth case, the dependent variable is a 0–1 binary variable which takes the value 1 if
the couple has at least one child and 0 otherwise. For the second (third) birth case,
the dependent variable is a binary variable which takes the unity if the couple has at
least two (three) children, and takes the value 0 if the couple has only one child (two
children). Of course, the logit analysis for the first birth is part of the analysis
involved in the Poisson-logit hurdle model. Moreover, as Wakabayashi and Kureishi
(2011) indicate, there is evidence to suggest that a son preference exists among the
older generation in Japan, so we include an additional variable to account for son
preference in the models for second and third births. “First born a girl” is a dummy
variable that takes the value 1 if the first child is a girl, and 0 if it is a boy. “No
boys” is a dummy variable which takes the value unity if the first child and second

20This bootstrap needs to incorporate the estimation of the four care models and the fertility models
together to consistently estimate the standard errors of the fertility model.

21A similar argument could be made for the care giving equations but the sample sizes available do not
really allow us to divide the sample into realistic cohorts.

22In this analysis, the probability of having to look after a parent or parent-in-law is based on the
estimates reported in Table 6 that use the whole sample. Ideally, it would have been better to estimate
each of the models on each of the cohort samples, but this was not possible given the small sample
sizes that would result in each case.
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Table 5. Probability to look after a parent or parent-in-law

Main care provider
Husband Wife

Care recipient
Own parent Parent-in-law Own parent Parent-in-law

Variables (5.1) (5.2) (5.3) (5.4) (5.5) (5.6) (5.7) (5.8)

Number of husband’s siblings −0.0043 −0.0039 −0.0187* −0.180*
[0.005] [0.006] [0.010] [0.010]

Husband has one parent alive −0.0362
[0.029]

Husband’s birth year 0.0021 0.0027
[0.002] [0.002]

Husband university educated 0.0145 −0.0235
[0.039] [0.016]

Number of wife’s siblings −0.0139*** −0.0137*** −0.0293*** −0.0290***
[0.004] [0.004] [0.005] [0.006]

Wife has one parent alive 0.0507
[0.037]

Wife’s birth year 0.0019 −0.0039
[0.002] [0.004]

Wife university educated 0.1937 0.0803
[0.146] [0.167]

Sample size 914 885 473 459 1,033 996 663 644

Log likelihood −432.8 −418.3 −83.89 −78.52 −512.0 −490.1 −457.3 −442.8

Pseudo-R2 0.0007 0.0035 0.0572 0.0793 0.0285 0.0346 0.0042 0.0195

(Continued )
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Table 5. (Continued.)

Main care provider Husband Wife

Care recipient Own parent Parent-in-law Own parent Parent-in-law

Variables (5.1) (5.2) (5.3) (5.4) (5.5) (5.6) (5.7) (5.8)

Wald1 0.628 2.874 8.486*** 10.96** 27.74*** 31.06*** 3.796* 5.53

Wald2 2.43 3.15 5.34 1.17

Notes: (1) Each equation is estimated as a probit model where the dependent variable takes the value of 1 if husband (or wife) was the main care provider for the particular care receiver, and 0
otherwise. This variable is not conditioned on whether the care recipient having received care before his/her death.
(2) For each variable, marginal effects are reported, and the figures in brackets are robust standard errors.
(3) The statistical significance of variables or Wald tests at the 1%, 5%, and 10% significance levels are denoted by ***, **, and *, respectively.
(4) All equations include a constant term whose estimated coefficient is not reported.
(5) Wald1 reports the value of a Wald test for the null hypothesis that all the coefficients (excluding the constant) are jointly zero.
(6) Wald2 reports the value of a Wald test for the null hypothesis that all the coefficients except for the constant and the coefficient for the number of siblings are jointly zero.
(7) The two parent-in-law equations, equations (5.4) and (5.8), do not contain the one parent dummy because it was a perfect predictor.
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child are both girls, and 0 otherwise. Son preference would be consistent with positive
coefficients on the First born a girl and No boys in the models for second and third
births, respectively.

The estimated results for the logit analyses for the first, second, and third births are
summarized in Table 6. In addition to results for the full sample, this sample is divided
into three sub-samples to try and account for cohort effects. For first births, the
probability of having to look after at least one parent is significant and has a
negative impact overall and for the post-war cohort born after 1946. This suggests
that for the post-war cohort a couple with a high probability of looking after a
parent in the future is more likely to be childless. On the contrary, for both second
and births, the estimated coefficient on Pi is not significant in any case. Thus, there
appears to be some strong cohort effects. The post-war generation, born after 1946,
is more likely to reduce the family size when they face a high probability of having
to look after a parent. The results for the post-war cohort are consistent with the
macro-data reported in Table 1. According to Table 1, there has been a significant
increase in the proportion of couples that are childless, but the proportion of couples
with two children has remained rather steady.

It is important to note that the empirical evidence suggests there is a son preference
in Japan as the “First born a girl” dummy has a positive and significant coefficient for
second births [equation (6.5)] and the “No boys” dummy has a positive and significant
coefficient for third births [equations (6.9) and (6.10)]. However, the younger
generation cohort (husband born after 1946) does not have a son preference as the
coefficients on these variables tend to be insignificant for the younger cohorts. These
results are consistent with Wakabayashi and Kureishi (2011).

5.2 Poisson-logit hurdle analysis

Before estimating a Poisson hurdle model, it is worth estimating a standard Poisson
model. The results of estimating a Poisson model are reported in Table 7. Using all
the observations, the probability of having to look after at least one parent has a
positive, but insignificant estimated coefficient. When the sample is divided into the
three cohort groups, the estimated coefficient on the probability of having to look
after at least one parent is only significant in the case of the cohort born after 1946,
and in this case it has a negative sign, that is, an increase in the probability of
having to look after at least one parent reduces the number of children. This is
consistent with the findings from Table 6. Later marriage ages for both husbands
and wives tend to be associated with fewer children. However, it is worth noting that
the deviance goodness-of-fit and the Pearson goodness-of-fit tests all indicate that
the Poisson distribution is not a good choice to explain these data. In addition, the
diagnostic tests for under-dispersion indicate the presence of a considerable amount
of under-dispersion.

As discussed earlier, the difference between childless couples and couples with
children may be significant, and one way of modeling this is to use a Poisson logit
hurdle model. As McDowell (2003) points out maximum likelihood estimates of the
Poisson-logit hurdle model can be obtained by estimating a logit model for the no
children or some children outcomes, and then estimating a Poisson model for the
number of children conditional on there being one child. Since the results of the
relevant logit models are reported in Table 6, Table 8 only reports the marginal
effects obtained for estimating a Poisson model for the number of children
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Table 6. Results of estimating logit models for each birth occurrence

First child Second child Third child

All

Husband’s
birth year
<1938

Husband’s birth
year >1937 and

<1947

Husband’s
birth year
>1946 All

Husband’s
birth year
<1938

Husband’s birth
year >1937 and

<1947

Husband’s
birth year
>1946 All

Husband’s
birth year
<1938

Husband’s birth
year >1937 and

<1947

Husband’s
birth year
>1946

(6.1) (6.2) (6.3) (6.4) (6.5) (6.6) (6.7) (6.8) (6.9) (6.10) (6.11) (6.12)

Probability of
having to look
after a parent

−0.1927** −0.0767 −0.0437 −0.5761** 0.0506 −0.0431 0.0896 0.1510 0.3563 0.2635 0.2120 −0.5766
[0.094] [0.127] [0.124] [0.245] [0.131] [0.199] [0.230] [0.280] [0.231] [0.351] [0.397] [0.494]

Husband university
educated

0.0007 −0.0012 0.0257* −0.0097 −0.0014 −0.0255 0.0067 0.0137 0.0435** 0.0058 0.0347 0.0761**
[0.007] [0.015] [0.015] [0.012] [0.0131] [0.026] [0.221] [0.021] [0.022] [0.044] [0.036] [0.034]

Wife university
educated

0.0068 0.0122 −0.0212 0.0199 −0.0006 0.0090 −0.0401 0.0196 −0.0242 0.0639 0.0648 −0.1110
[0.013] [0.016] [0.019] [0.022] [0.023] [0.053] [0.037] [0.036] [0.042] [0.113] [0.071] [0.057]

Husband’s age at
marriage

−0.0005 −0.0009 0.0020 −0.0038* −0.0024 −0.0028 0.0010 −0.0051 −0.0105*** −0.0150*** −0.0019 −0.0028
[0.001] [0.001] [0.002] [0.002] [0.002] [0.003] [0.003] [0.004] [0.003] [0.005] [0.005] [0.006]

Wife’s age at
marriage

−0.0070*** −0.0054*** −0.0073*** −0.0070*** −0.0096*** −0.0092** −0.0137*** −0.0058 −0.0097*** −0.0148*** −0.0174*** −0.0079
[0.001] [0.002] [0.002] [0.002] [0.002] [0.003] [0.004] [0.040] [0.017] [0.006] [0.006] [0.007]

Husband’s birth
year

0.0002 0.0004 −0.0002 0.0002 −0.0001 −0.0092 −0.0051 0.0003 −0.0032*** −0.0124*** −0.0094 0.0076
[0.000] [0.001] [0.002] [0.002] [0.001] [0.002] [0.004] [0.003] [0.001] [0.003] [0.006] [0.004]

Husband is an only
son

−0.0013 −0.0094 −0.0150 0.0385 0.0183 −0.0155 0.0607 0.0245 −0.0239 0.0054 −0.0547 0.0216
[0.012] [0.018] [0.018] [0.027] [0.022] [0.037] [0.051] [0.049] [0.037] [0.058] [0.030] [0.064]

Urban −0.0104 −0.0087 −0.0057 −0.0147 −0.0266** −0.0214 −0.0422** −0.0150 −0.0490*** −0.0987*** −0.0535* 0.0224
[0.006] [0.010] [0.010] [0.014] [0.011] [0.018] [0.020] [0.019] [0.017] [0.028] [0.030] [0.031]

1998 survey
dummy

0.0022 −0.0349 0.0098 0.0006 −0.0504*** −0.0558 −0.0610** −0.0385* −0.0559*** −0.0522 −0.0417 0.0064
[0.007] [0.018] [0.011] [0.016] [0.013] [0.037] [0.023] [0.023] [0.022] [0.050] [0.032] [0.040]

First born a girl 0.0222** 0.0128 0.0239 0.0298
[0.010] [0.017] [0.018] [0.019]

No boys 0.0441** 0.0760** 0.0172 0.0405
[0.019] [0.032] [0.032] [0.035]
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Regional dummies Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Sample size 4,045 1,423 1,378 1,244 3,889 1,376 1,331 1,182 3,427 1,209 1,167 1,051

Log likelihood −555.0 −172.4 −167.9 −200.5 − 1,337.8 −476.7 −455.3 −392.8 − 2,213.3 −765.0 −721.5 −687.4

Pseudo-R2 0.120 0.122 0.107 0.176 0.037 0.044 0.057 0.036 0.021 0.061 0.022 0.020

Wald Test 153.6*** 57.41*** 43.68*** 98.89*** 101.16*** 43.99*** 52.53*** 30.53** 88.76*** 85.45*** 29.72** 28.19**

Notes: (1) For each variable, marginal effects are reported, and the figures in brackets are bootstrapped standard errors based on 1,000 replications. The statistical significance of variables at the
1%, 5%, and 10% significance levels are denoted by ***, **, and *, respectively. All equations include a constant term whose estimated coefficient is not reported.
(2) Wald Test is a Wald test of the null hypothesis that all coefficients in the model (except for the constant) are jointly zero.
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Table 7. Estimates of a Poisson model

(7.1) (7.2) (7.3) (7.4)

All
Husband’s birth year

<1938
Husband’s birth year >1937 and

<1947
Husband’s birth year

>1946

Probability of having to look after a parent 0.1524 0.0079 0.1805 −1.6973*
[0.399] [0.566] [0.561] [0.887]

Husband university educated 0.0513 −0.0517 0.0758 0.1111
[0.035] [0.072] [0.053] [0.059]

Wife university educated 0.0006 0.0897 −0.0511 −0.0267
[0.065] [0.170] [0.112] [0.089]

Husband’s age at marriage −0.0249*** −0.0410*** 0.0025 −0.0210**
[0.005] [0.009] [0.009] [0.011]

Wife’s age at marriage −0.0446*** −0.0378*** −0.0620*** −0.0470***
[0.006] [0.012] [0.010] [0.012]

Husband’s birth year −0.0067*** −0.028*** −0.0188** 0.0144
[0.002] [0.006] [0.008] [0.007]

Only son 0.0618 −0.0013 0.0268 0.2306**
[0.067] [0.052] [0.100] [0.106]

Urban −0.1037*** −0.1381*** −0.1103** −0.0344
[0.029] [0.052] [0.045] [0.051]

1998 survey dummy −0.1422*** −0.2340*** −0.0826 −0.0282
[0.034] [0.077] [0.050] [0.063]

Regional dummies Yes Yes Yes Yes

Sample size 4,045 1,423 1,378 1,244

Log likelihood −6,023 −2,148 −2,007 −1,856

Akaike Information Criterion (AIC) 12,079.8 4,327.8 4,045.7 3,744.3
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Bayseian Information Criterion (BIC) 12,180.7 4,411.9 4,129.3 3,826.3

Wald Test 247.8*** 161.5*** 77.63*** 71.79***

Deviance goodness-of-fit test 1,577.9*** 566.2*** 458.4*** 527.3***

Pearson goodness-of-fit test 1,340.0*** 494.3*** 387.5*** 423.6***

Test for Underdispersion (1) −62.12*** −34.94*** −42.72*** −33.13***

Test for Underdispersion (2) −61.94*** −35.78*** −42.49*** −32.66***

Notes: (1) The statistical significance of variables at the 1%, 5%, and 10% significance levels are denoted by ***, **, and *, respectively.
(2) The estimates of the constant terms are not reported.
(3) The figures in brackets are bootstrapped standard errors based on 1,000 replications.
(4) Wald Test is a Wald test of the null hypothesis that all coefficients in the model (except for the constant) are jointly zero.
(5) The deviance and Pearson goodness-of-fit tests are tests of goodness of fit. Significant values suggest the Poisson model is inappropriate.
(6) Test for Underdispersion (1) and (2) are t-tests based on Cameron and Trivedi’s (1990) equation (4.5) where the predicted expected value of the dependent variable and a constant are used as
the explanatory variable, respectively. Negative values are indicative of underdispersion.
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Table 8. Estimates of the Poisson portion of the Poisson-logit hurdle model

(8.1) (8.2) (8.3) (8.4)

All
Husband’s birth year

<1938
Husband’s birth year >1937 and

<1947
Husband’s birth year

>1946

Probability of having to look after a parent 0.5478 0.1865 0.2438 −0.7193
[0.345] [0.543] [0.513] [0.749]

Husband university educated 0.0384 −0.0674 0.0230 0.1203**
[0.032] [0.069] [0.047] [0.051]

Wife university educated −0.0292 0.0496 −0.0211 −0.0970
[0.059] [0.173] [0.102] [0.079]

Husband’s age at marriage −0.0228*** −0.0385*** -0.0019 −0.0089
[0.005] [0.009] [0.076] [0.009]

Wife’s age at marriage −0.0205*** −0.0172* −0.0404*** −0.0213**
[0.006] [0.010] [0.009] [0.011]

Husband’s birth year −0.0077*** −0.0304*** −0.0190** 0.0145**
[0.002] [0.005] [0.008] [0.006]

Only son 0.0713 0.0559 0.0718 0.1488
[0.059] [0.107] [0.084] [0.099]

Urban −0.089*** −0.1287*** −0.1027** −0.0979
[0.026] [0.048] [0.042] [0.047]

1998 survey dummy −0.1438*** −0.2029*** −0.0966** −0.0102
[0.032] [0.075] [0.045] [0.056]

Regional dummies Yes Yes Yes Yes

306
K
ei

Sakata
and

C
.R

.
M
cK

enzie

https://doi.org/10.1017/dem
.2020.35 Published online by Cam

bridge U
niversity Press

https://doi.org/10.1017/dem.2020.35


Sample size 3,898 1,379 1,336 1,183

Log likelihood −5,774 −2,055 −1,902 −1,783

Akaike Information Criterion (AIC) 11,612.5 4,175.2 3,867.9 3,629.3

Bayesian Information Criterion (BIC) 11,814.2 4,343.5 4,035.2 3,793.4

Wald Test 176.16*** 152.89*** 60.64*** 80.65***

Notes: (1) This table reports the Poisson portion of the Poisson-logit hurdle model. The logit portions of these models are reported in Table 6. The log likelihoods, AICs and BICs reported in this
table are for the Poisson-logit hurdle models as a whole not just for the Poisson portion of the model.
(2)The statistical significance of variables at the 1%, 5%, and 10% significance levels are denoted by ***, **, and *, respectively.
(3) The estimates of the constant term in the Poisson models are not reported.
(4) The figures in brackets are bootstrapped standard errors based on 1,000 replications.
(5) Wald test is a Wald test of the null hypothesis that all coefficients (except for the constant) in the Poisson model are jointly zero.
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conditional on there being one child. The AIC or the BIC reported in Table 8 are for the
Poisson-logit hurdle model, and when compared with the models in Table 7 lead to a
clear choice in all cases in favor of the Poisson hurdle models reported in Table 8.
However, in none of these models does the probability of having to look after a
parent or parent-in-law have a positive statistically significant. This is consistent with
results reported for second and third births in Table 6. Later marrying by wives and
in some cases for husbands lead to fewer children.

6. Concluding remarks

This paper examines whether the expectation of having to look after parents in the
future affects current fertility. The main focus of research in this area has been on
the effects of factors such as female labor force participation, childcare availability,
and childcare benefits on fertility. In contrast, this paper proposes that the
expectation of future care for aging parents may be another major factor
contributing to the low fertility rate in Japan. As far as we know, no study has
examined the effects of the future burden of aging parents on fertility. In this paper,
a Poisson-logit hurdle model is used to examine this issue. The first-stage model is a
logit model which examines the decision of whether to have a child or not, and in
the second stage the number of children is explained using a Poisson model. The
empirical evidence based on estimates of the logit Poisson hurdle model suggests
that there are strong generational effects. In particular, for the post-war cohort, an
increase in the probability of having to look after a parent increases the probability
of couples being childless.

Under the Japanese Long-term Care Insurance Law (Kaigo hoken ho) of 1997, a
Nursing Care Insurance system which aims to reduce the burden of aged care on
families by introducing a compulsory national nursing care insurance levy, and using
the revenue from that levy to fund nursing care for those requiring it began
operation on April 1, 2000. Kan and Kajitani (2014) find that the introduction of the
Public Nursing Care Insurance significantly reduced the time that wives devoted to
nursing care. If the expectation of having to look after parents in the future affects
current fertility, then as Kan and Kajitani (2014) find the introduction of long-term
care benefits in 2000 should reduce some of the burden on families to care for their
parents and possibly work to increase the fertility rate over the short- and long-term.
The Japanese fertility rate has slightly increased since 2005 and casual empiricism
might suggest that this results from this policy change. Our next research goal is to
examine the impacts of the introduction of compulsory long-term care benefits
scheme in 2000 on fertility.

The analysis in this paper has assumed that the age at which the husband and wife
get married are not affected by the probability that they will have to look after their
parents or parents-in-law. Given that women bear a disproportionate weight of the
burden associated with caring for parents and parents-in-law, it is possible that
women delay the age at which they marry or do not marry at all. Since the age at
which the wife marries has (a) a statistically significant and negative effect on
whether to have children or not, and (b) in the case where the couple decides to
have children, this age also has in most cases a statistically significant negative effect
on the expected number of children, considering this indirect channel for their
impact of the probability of care could lead to an even stronger effect than is found
in this paper.
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One potential motive for parents to have children is that if the parents think about
their own aged care in the future. In this case, there would seem to be an incentive to
have more children, but for your own care it is not obvious whether it is better to have a
small number of high quality children or a large number of lower quality children, or to
choose to save for old age rather than having children.

Supplementary material. The supplementary material for this article can be found at https://doi.org/10.
1017/dem.2020.35.
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