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Abstract

By using a dynamic micro-simulation model named INAHSIM, we conducted a population-household projection in
Japan for the period of 2015 to 2070. Due to rapid aging of the population, the distribution of the elderly (65 years
old or older) by living arrangements has a profound impact on the social system. Especially, the choice of the elderly
among a) living in one-person households, b) co-residing with child households, and c) living in institutions, are
crucial indicators for the future social burden of the elderly in Japan. In this paper, we projected the number and
proportion of the elderly by living arrangement in future years. Trends of those elderly who have little relatives,
therefore having high risk of dying in solitude, were also featured.

Keywords: dynamic micro-simulation, population-household projection, living arrangements of the elderly,
co-residing with a child, institution rate, solitary rate

1. Introduction

Most elderly people value their independence and would prefer to continue to live in their own homes. Long-term
care (LTC) policies in many OECD countries aim to help people to live independently in the community for as long
as possible and rates of home care have increased in recent years (Muir, 2017). Most older adults prefer to age in
place, that is, in their homes and communities, and this is unlikely to change in the foreseeable future (Johnson Jr. &
Appold, 2017). Our challenge therefore is to figure out how to ensure that as many older adults as possible can
actualize their desire to live out their lives in their home and community (Cirillo, 2017). Elderly people who are
burdened by excessive housing costs or who occupy rental properties will likely encounter the most difficulty aging
in place (Johnson Jr. & Appold, 2017).

Japan’s population is aging rapidly as fertility rate remains low and life expectancy continues to extend. Living
arrangements of the elderly have changed so far and further change may happen. Based on the 2015 Population
Census, among the Japanese elderly population aged 65 or over, 17.7% live in one-person households, 34.9% in
couple-only households, 36.3% live with the child generation, and 6.0% live in institutions (Fukawa, 2017a). Living
arrangements of Japanese elderly are still quite unique as seen in Table 1. Co-residing with a child was once very
common among Japanese elderly. The co-residing rate of the elderly aged 65 or over declined from 70% in 1980,
through 50% in 2000, and to 36% in 2015. This trend demonstrates that co-residing is moving away from behavior
based upon traditional obligation ideology, becoming a behavior based upon strategic choices for maximizing mutual
benefits and adapting to the changing societal environment (Hiroshima, 1987).

INAHSIM is a dynamic micro-simulation model, which was first developed in 1984-85 in Japan (Note 1). From the
INAHSIM model, we can obtain a population-household projection in a coherent manner as well as dynamic
statistics which are difficult to obtain from static surveys or macro simulation (Fukawa, 2012). As an example of
such output, we prepared an index named solitary rate of the elderly.

In this paper, basic features of the INAHSIM 2018 Simulation were described in Section 2, and results about living
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arrangements of the elderly were shown in Section 3. We discussed how the living arrangements of the elderly affect
future Japanese society in Section 4, focusing on institution rate and solitary rate (see below). Japan is already the
most aged country among major developed countries, and its aging rate (the proportion of those who are 65 years old
or over to the total population) is expected to increase around 38% in 2065 (National Institute of Population and
Social Security Research, 2017). Therefore, Japan must deal with issues related to aging societies as a front runner
among developed countries.

Table 1. Living Arrangements of the Elderly (65+) in Six Countries: 2014

France Germany Japan a Sweden UK  USA
One-person senior household 37.0 36.5 17.7 36.8 32.1 27.1
2 or more seniors in household 51.0 49.3 34.9 54.8 47.7 41.2
Other household types 12.0 14.3 47.4 8.4 202 31.7

a: 2015
Note: Japanese data is based on Fukawa (2017a).
Source: OECD Affordable Housing Database (version December 2016).

2. INAHSIM 2018 Simulation
2.1 Basic Features

In the INAHSIM 2017 Simulation--setting 2015 as the start year--a population-household projection was done for
the period of 2015-2065 (Fukawa, 2017b). Observing the basic framework of the 2017 Simulation, the 2018
Simulation had kept the following characteristics: a) the Initial Population was formed by using the INAHSIM model
itself; b) the dependency of the elderly was formed based on the data of the Long-term Care (LTC) Insurance; and c)
institutions were included in the model as a possible option for the elderly to move (Fukawa, 2017b). However, the
2018 Simulation had the following features different from the 2017 Simulation:

- Base year was same (2015), but the simulation period was extended to 2070;

- Initial Population was created using the past 4 years of data (1990, 2000, 2010, and 2015);
- One-year dependency transition of the elderly was further improved;

- Standard merger rate of aged parent(s) with a child was modified; and

- Probability of the elderly to move to an institution was modified.

Various transition probabilities were used in the model. The death rate is given by age (single year of age) and sex
for those who are less than 65 years old, but for those who are 65 years old or over it is determined by dependency
transition which is given by age group and sex. Concerning household merger, we employed four kinds of rates
(Note 2).

The dependency of the elderly aged 65 or over is classified into 4 levels as follows (Fukawa, 2012):
Level 0: No disability and completely independent;

Level 1: Some disability but basically independent;

Level 2: Slightly or moderately dependent;

Level 3: Heavily dependent; and

Level 4: Death.

Levels 2 and 3 correspond to persons eligible for the LTC Insurance, and Level 3 corresponds to care need
assessments 4 and 5 in particular.

Co-resident rate will be influenced by the merger rate of aged parent(s) with a child, which changes according to
marital status, average age and dependency of the elderly.

We denote [x, y] if the number of same-generation relatives (namely brothers-sisters as well as their spouses) is x and
the number of child-generation relatives (namely children including nephews and nieces as well as their spouses) is y,
and we defined solitary rate of the elderly (65+) as the percentage of those who are [0 & 0] or [1 & O].
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2.2 Simulation Cases

The total fertility rate was assumed to remain the same throughout the simulation period, and we assumed three
levels (TFR=1.4, 1.6 and 1.8). On the other hand, the death rate was assumed to decline gradually, with resulting life
expectancy at birth as 85.3 years for males and 91.2 years for females in 2070. The other transition probabilities,
including the possibility of the elderly to move to institutions, remain the same throughout the simulation period.

We assumed two cases concerning the possibility of the elderly to move into institutions. Standard Case traces the
situations in 2015, and Independent Case represents a society where the elderly’s use of institutions is less likely.
This process occurred separately from the merger of aged parent(s) with a child.

2.3 Total Population and Aging Rate in 2020-2070

According to the 2018 simulation, the total population continues to decline from 127 million in 2015 to 79 million in
2070, while aging of the population will continue from 27% in 2015 to 39% in 2070, if future TFR remains at 1.4
(Fig. 1). Future total population will be more or less in line with the result of the latest official population projection
published by the IPSS (National Institute of Population and Social Security Research) in April 2017 (IPSS, 2017),
and future aging rate for the case of Standard & TFR=1.4 will be similar to the Middle scenario by the IPSS, as
shown in Figure 1.
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Note: Middle, Low, High mean middle, low, and high scenarios of the Population Projection by the IPSS as of April
2017 respectively.
Figure 1. Total Population and Aging Rate

3. Simulation Results
3.1 Living Arrangements of the Elderly

Table 2 shows the living arrangements of the elderly (65+) from 2020 to 2070 (the others which shared 5-6% were
eliminated from the table). According to the simulation, the proportion of one-person households will increase from
the present 18% to 30% in Standard Case and 34% in Independent Case in 2060, and it will decrease afterwards. The
proportions of couple-only households as well as co-residents with a child will continue decreasing throughout the
projection periods. However, the proportion of those elderly who live in institutions (institution rate), which was 6%
in 2015, will steadily increase throughout the projection periods to 15% in Standard Case and 8% in Independent
Case in 2070.
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Table 2. Living Arrangements of the Elderly: 2020-2070

(In %)
65+ 85+
Year Standard Case Independent Case Standard Case Independent Case

1P Cy Co I 1P Cy Co 1 1P Cy Co I 1P Cy Co I
2020 214 344 323 6.6 219 358 326 4.1 197 11.0 448 199 221 141 462 13.1
2030 243 29.6 325 82 256 314 332 39 208 112 422 224 253 13.0 46.1 112
2040 27.7 26.5 30.6 9.0 295 280 317 4.1 225 107 397 236 278 137 435 118
2050 299 251 289 103 321 265 30.1 4.8 247 99 355 266 303 128 392 142
2060 30.1 223 283 133 341 237 296 6.4 253 95 31.8 305 344 129 336 156
2070 29.6 215 27.6 150 336 238 279 79 247 76 306 339 338 106 329 192

(Note) 1P: One-person, Cy: Couple only, Co: Co-resident with a child, I: Institution

The living arrangements of the elderly are rather different between males and females. Reflecting the difference in
death rates, the number and proportion of one-person households is much higher for females than males in 2015.
However, the increase in the proportion of one-person households among elderly males is faster than females, and
both the number and proportion of one-person households for males are catching up to that for females in 2070 (Fig.
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Figure 2. Number and Proportion of the Elderly Living in One-Person Households According to Age Group and
Sex: 2020-2070
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Figure 3 shows the proportion of the elderly living in couple-only households according to age group and sex. The
rate is higher for males than females at each age group, and the rate will further gradually decline for both males and
females in future years.
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Figure 3. Proportion of the Elderly Living in Couple Only Households According to Age Group and Sex: 2020-2070

Figure 4 shows the co-resident rate of the elderly according to age group and sex from 2020 to 2070. The co-resident
rate of the elderly increases with age, and the historical trend of declining co-resident rates will be maintained in
future years.
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Figure 4. Proportion of the Elderly Living with Child Generation According to Age Group and Sex: 2020-2070

The co-resident rate of the elderly aged 65 or over declined from 70% in 1980 to 50% in 2000, and it was 36% in
2015. Future co-resident rate of the elderly aged 65 or over will remain at around 30% if present trends continue to
exist in future (Fig. 5).
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Figure 5. Co-Resident Rate of the Elderly (65+ & 85+) with Child: 2000-2070

The proportion of female elderly staying in institutions was 7.6% in 2015, which was twofold of male elderly (Table
3). The institution rate of the elderly will increases steadily from 6.6% in 2020 to 15% in 2070. Female elderly have
a higher value of institution rate and lower value rate of having a spouse than male elderly throughout simulation
period.

Table 3. Living Arrangements of the Elderly (65+) by Sex: 2020-2070, Standard Case
(in %)

Year Total Males Females

1P Cp  Co-resident with child 1 IP  Cp  Co-resident with child 1 IP  Cp  Co-resident with child I

a b c d a b c d a b c d

2015 17.7 349 5.6 78 155 72 60 133 432 69 46 203 28 38 21.1 285 47 103 119 105 7.6
2020 214 344 53 83 124 62 66 173 416 63 42 155 35 53 246 288 46 115 101 82 7.7
2030 243 29.6 4.7 83 125 70 82 214 356 55 47 158 38 68 266 248 41 110 99 94 93
2040 27.7 265 4.0 73 124 69 90 259 312 47 43 151 39 75 291 226 35 97 102 92 103
2050 299 251 39 6.6 122 62 103 288 290 44 41 146 36 91 307 220 35 87 103 83 114
2060  30.1 223 3.8 6.8 11.6 6.1 133 292 262 44 43 138 3.7 116 308 192 34 88 9.8 80 147
2070  29.6 21.5 4.0 63 114 59 150 291 253 44 38 135 3.6 129 299 184 36 83 98 7.8 167

(Note 1) 1P: One-person, Cp: Couple only
a, b: Co-resident with child (Couple) of elderly couple (a) or elderly without spouse (b).
¢, d: Co-resident with child (Without spouse) of elderly couple (c) or elderly without spouse (d).
I: Institution
(Note 2) Values in 2015 above the dotted line are based on Fukawa (2017a).

Figure 6 shows the proportion of the elderly living in institutions according to age group and sex from 2020 to 2070.
The proportion of the elderly living in institutions increases with age for both males and females, and due to aging of
the elderly population, the proportion will steadily increase among the oldest elderly for both males and females.
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Figure 6. Proportion of the Elderly Living in Institutions According to Age Group and Sex: 2020-2070

3.2 Elderly in Solitude (Solitary Rate)

Table 4 shows the number and proportion of those elderly (65+) who have little relatives, namely no
brothers-sisters/their spouses and no children/their spouses (=[0 & 0]), or 1 brothers-sisters/their spouses and no
children/their spouses (=[1 & 0]). The proportion of those elderly aged 65 or over who have little relatives (solitary
rate) increases from 1.6% in 2020 to 10% in 2070. Similarly, the proportion of those elderly aged 85 or over who
have little relatives increases from 3% in 2020 to 13% in 2070. Assumptions on future fertility rate have little impact
on the solitary rate.

Table 4. Number and Proportion of Those Elderly Who Have Little Relatives: 2020-2070

(a) TFR=14
65+ 85+
Year Number (1,000) % Number (1,000) %
[0&0] [1&0] Total [0&0] [1&0] Total
2020 435 132 567 1.6 147 30 177 3.0
2030 696 288 984 2.7 161 43 204 2.8
2040 1,179 590 1,769 4.7 179 89 268 3.0
2050 1,808 810 2,618 7.1 422 167 589 6.9
2060 2,127 920 3,047 8.9 800 262 1,062 10.5
2070 2,211 914 3,125 10.1 1,015 281 1,296 12.8
(b) TFR=1.8
65+ 85+
Year Number (1,000) % Number (1,000) %
[0&0] [1&0] Total [0&0] [1&0] Total
2020 417 136 553 1.6 113 35 148 2.6
2030 739 257 996 2.8 198 25 223 3.1
2040 1247 564 1,811 4.8 216 75 291 32
2050 1778 782 2,560 6.9 465 150 615 7.3
2060 1988 846 2,834 8.4 788 282 1,070 10.7
2070 1920 738 2,658 8.7 963 296 1,259 12.4

Published by Sciedu Press 40 ISSN 2330-2143 E-ISSN 2330-2151



http://sass.sciedupress.com Studies in Asian Social Science Vol. 5, No. 2; 2018

Figure 7 shows the solitary rate according to age group and sex from 2020 to 2070. The rate will steadily increase in
future years, and around 10% of the elderly in 2070 will face the risk of dying in solitude.
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Figure 7. Proportion of Those Elderly Who Have Little Relatives According to Age Group and Sex 2020-2070

4. Discussions

Living arrangements are especially important for the elderly because they spend most of the day inside their homes.
It is desirable if older persons are able to live where they wish, which is usually their own home. However, most
people will, at some time, need to consider alternate living arrangements. Concerning living arrangements of the
Japanese elderly in future years, we focused on those elderly who are living in one-person households, with children,
and in institutions. Trends of those elderly who have little relatives, therefore having high risk of death in solitude,
were also featured.

The followings are among the main findings from the simulation:

-The proportion of one-person households among the elderly will increase from 18% in 2015 to 30% in 2060. The
number and proportion of one-person households was much higher for females than males in 2015, but they will be
parallel between males and females in 2070.

-The share of couple-only households will decline throughout the simulation period.

-The co-resident rate of the elderly aged 65 or over will decline from 36% in 2015 to 28% in 2070. It increases with
age, and the historical trend of declining co-resident rates will continue but reach plateau around 2060.

-The proportion of those elderly who live in institutions will steadily increase from 6% in 2015 to 15% in 2070. The
number of female elderly staying in institutions is higher than that of male elderly. The proportion of the elderly
living in institutions increases with age for both males and females, and it increases steadily from 2015 to 2070 with
considerable similarity between males and females.

-The proportion of those elderly (65+) who have little relatives will increase from 1.6 % in 2020 to 10 % in 2070.
The solitary rate will steadily increase in future years, and it will reach 10% or above in 2070 for the elderly aged 80
Or Over.

The longer life expectancy of women has consequences in relation to the gender gap for elderly people living alone.
According to the population and housing census, there were almost two million elderly women living alone in the
EU-28 in 2011, which equated to more than one-third (36.9%) of all women aged 65 and over, compared to just over
one-sixth (16.9%) of all men aged 65 and over were living alone (Eurostat, 2017). Among those aged 85 and over,
the share of the population living alone was considerably higher, reaching 49.5% for women and 27.8% for men
(Eurostat, 2017). In the US, after rising steadily for nearly a century, the share of older Americans who live alone has
fallen since 1990, largely because women ages 65 to 84 are increasingly likely to live with their spouse or their
children (Stepler, 2016). From 1990 to 2014, the share of older adults (65+) living alone declined by 3 percentage
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points, to 26% (males from 15% to 18%, females from 38% to 32%), but the share of the oldest old elderly (85+)
living alone increased from 37% to 40% (Stepler, 2016). Concerning Japanese elderly, the share of the population
living alone will increase from 18% in 2015 to 30~34% in 2060, which is still lower than the present level in France,
Germany and Sweden. Moreover, the gender gap for elderly people living alone may be narrowed in Japan according
to our simulation.

Elderly with higher incomes tend to live alone as a way to preserve their privacy and independence, and many
elderly people with higher incomes reside with their families because of the economic needs of their sons, who make
use of their housing and financial resources (Fernandes Bolina & Mara dos Santos Tavares, 2016). Despite problems
such as feelings of loneliness, social isolation, physical limitations, and unbalanced meals, almost 90% of elderly
people living alone in the US express a keen desire to maintain their independence (Kaplan & Berkman, 2016).
Concerning Japanese elderly, co-residing with a child was once very common and the co-residing rate of the elderly
aged 65 or over was 70% in 1980. But the rate has declined steadily through 50% in 2000 to 36% in 2015, and it will
further decline to 28% in 2070. The rate of co-residence between adult children and elderly parents has continued to
decrease due to fading value of filial piety (Ichimura et al., 2017), and this tendency will continue, but co-residing
with children will remain in Japan as an option for the elderly in future years.

In 2011, the proportion of elderly people in the EU who were aged 6584 years and living in an institutional
household (health care institutions or institutions for retired or elderly persons) was 1.7%, but the share was 12.6%
among those aged 85 and over (7.6% for males, 14.8% for females) (Eurostat, 2017). According to our simulation,
the proportion of elderly aged 85 and over who live in institutions will increase from 21% in 2015 to 34% in 2070, if
we assume the prevalence of present institution rate. However, the institution rate in this paper is rather theoretical,
considering only demand side, and the logic employed is natural but not reflecting actual scenes. In reality,
institution rate depends on the availability of places on long term care institutions and their costs as well as on living
arrangements, marital status, and dependency level of the elderly. In fact, it is difficult to maintain a one-person
household if dependency level becomes high. Moreover, home care is often a more expensive way of managing
severe needs than institutional care, but some older people prefer to remain in the community even with relatively
severe needs, reading to a trade-off between controlling public expenditure and offering choice and independence to
LTC users (Muir, 2017).

Connectivity--the ability to use technology, access services, travel easily and socialize—is a key issue as the
population ages, and connectivity is crucial in allowing people to care for others, interact socially, participate in
society, and access services such as health prevention and health treatment (Government Office for Science, 2016).
In 2016, close to half (45 %) of those aged 65 to 74 years in the EU-28 used the internet at least once a week, and
just over one quarter (26 %) of them made use of internet banking (Eurostat, 2017). Once the elderly are confident
enough to use technology, they start using the internet actively, just like younger generations, and the internet opens
up a wealth of new opportunities and services that may be of particular interest to the elderly (Eurostat, 2017).

Certain factors, such as education, labor force participation, contact with children, social interaction, and health,
emerge as very important in the determinants of the likelihood of elderly depression in China, Korea, and Japan;
there also are differences in the magnitude of these effects, and the importance of factors such as age, marriage, and
wealth (Ichimura et al., 2017). In accordance with aging of the population, the cases of elderly death in solitude have
been spotlighted in Japan recently. As community networks are diminishing, those elderly who have little relatives
have high risk of death in solitude. According to our simulation, one out of ten elderly aged 65 or over will face the
risk of death in solitude in 2070.

From the INAHSIM model, we can obtain a population-household projection in a coherent manner. Fukawa (2017c),
for example, applied the simulation results to make a projection of health and long-term care expenditures in Japan.
Due to rapid aging of the population in Japan, the distribution of the elderly by living arrangements and dependency
level is important information for the future social system. The choice of the elderly among a) living in one-person
households, b) co-residing with child households, and ¢) moving to institutions, has a profound impact on the society,
especially on future LTC expenditures in Japan. The above mentioned results may change according to assumptions,
but simulation results are useful in considering ways how to reorganize the social support systems under the
circumstances of aging of the population and low fertility in Japan. In considering a suitable scale of social benefits,
simulation results are indispensable to persuade the general public to accept a higher contribution or lower benefit.
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5. Conclusions

By using a dynamic micro-simulation model named INAHSIM, we conducted a population-household projection in
Japan for the period of 2015-2070. Among the elderly (65 years old or older), the proportions of those who live in
one-person households will increase from the present 18% to 30%, living in institutions from 6% to 15%, having
little relatives from 1.6% to 10% in 50 years. All these trends suggest that there is quite a strong pressure for elderly
care in Japan, and a paradigm change is necessary to construct a sustainable elderly care system. Simulation results
are useful in considering ways how to reorganize the social support systems under the circumstances of aging of the
population and low fertility in Japan.
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Notes

Note 1. INAHSIM is a dynamic micro simulation model, which simulates the actual society through changing
personal segments, marital segments and household segments. The operation of each event is carried out once a year,
and the order of operation is as follows: marriage, birth, death, divorce, separation of household, merger of
household, and institutionalization.

Note 2. The following four rates are used for household mergers in the INAHSIM:
(a) Co-residency rate of adult child with parents upon marriage;

(b) Reuniting rate of adult child to the parent’s household upon becoming widowed;
(c) Reuniting rate of adult child to the parent’s household upon divorce; and

(d) Merger rate of aged parent(s) with child.
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