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Introduction

• Japan is one of the lowest birthrate and the fastest aging
population
◦ Korea & China: currently total fertility rate lower than Japan

• Population has already peaked out in 2008

• This presentation: population aging ⇔ macroeconomy &
public debt
◦ I will present a menu of potentially important policies
◦ Not sustainability: sustainable by assumption
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Population Aging in the World
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Source: OECD. Left: percentage of elderly (65+). Right: total fertility rate. While
the aging of society is progressing worldwide, it is especially true in Japan. The
total fertility rate (TFR) is well below the population replacement level of 2.06,
and the TFR is expected to remain low and population aging continues.
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Why Important?: Macroeconomic View

Population aging will put preasures on reforms of:

1. Public pension system

2. Health insurance system

3. long-term care system: elderly care
◦ 1:3 ⇒ Public debt accumulation

Population aging also has the macroeconomic impacts:

4. Shortage of labor supply
◦ Female workers ⇐ marriage, child care etc.
◦ Elderly workers: 65+
◦ Foreign workers/guest workers
◦ Education (productivity)/AI

5. Capital accumulation (savings)
◦ 4:5 ⇒ Economic growth and factor prices
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This Presentation

• This presentation will organize policy proposals that could improve
the current situation and discuss potentially effective policies

• Overview of the liturature:
◦ A large number of papers have already been written with Japanese

data/calibrated parameters
◦ Still, there may be a shortage

• Focus on overlapping generations (OLG) models ⇒ most variables
here are exogenous except macroeconomic variables
◦ Not explain why/how: what happen if...
◦ Importance of general equilibrium effects and budget constraint of the

governement
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Literature Review: OLG Models (Incomplete List)

OLG Models excluding Researches on Japanese Economy
• Canonical overlapping generations (life cycle) model

◦ Samuelson (1958), Diamond (1965), Auerbach and Kotlikoff (1987)

• Social security reforms and public debt:
◦ De Nardi, et al. (1999), Nishiyama and Smetters (2005,2007),

Kotlikoff et al. (2007), Peterman and Sager (2022)

• Health insurance and nursing care insurance:
◦ Attanasio et al. (2011), Conesa et al. (2018), Braun et al. (2017,2019)

• Labor supply:
◦ Nishiyama (2019)

• Savings and capital assumulation:
◦ Scholz et al. (2006), Attanasio et al. (2007), Braun et al. (2017),

Auclert et al. (2021)

• Immigration:
◦ Storesletten (2000,2003), Busch et al. (2019)
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Literature Review: Public Debt (Incomplete List)

Research on Japanese Economy: Not OLG Model
• Sustainability of Japanese government bonds (JGBs)

◦ U.S.: Bohn (1998), Blanchard (2019,2023)
◦ Japan: Broda and Weinstein (2005), Doi (2006), Oshio and Oguro

(2013), Hoshi and Ito (2014), Yoshino et al. (2015), Eguchi and
Hatano (2022)

• Generation accounting:
◦ Auerbach, Kotlikoff and Leibfritz (1999), Yoshida (2005), Kitaura

(2016)

• Macro simulation on social security reform:
◦ Fukawa and Sato (2009)
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II. Model
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A Benchmark Model: Overview

A benchmark OLG model:

1. Households maximize their utility over life cycle

2. Firms maximize their profits

3. Population aging

4. Dynamic general equilibrium:
◦ market clearing: goods, labor and capital markets
◦ government budget balance incl. social security system
◦ (steady state and) transition

5. Calibrate model parameters to match Japanese economy
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Demogarphics

• t: calender time

• j ∈ {0, ..., js, ..., jr , ..., J}: age
◦ j ≤ js − 1: childhood (no economic activity)
◦ js ≤ j ≤ jr : working age
◦ jr + 1 ≤ j ≤ J: retired
◦ jr : mandatory retirement age

• Population dynamics:
◦ ζj,t : survival probability from age j to j + 1
◦ µj,t : cohort size
◦ the cohort size µj,t evolve as

µj+1,t+1 = ζj,tµj,t
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Households’ Problem

Instantaneous utility function:

u(cj ,t+j−1) =
c
1−γ
j ,t+j−1

1− γ

• cj ,t : consumption of age j at time t

• γ: relative risk aversion
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Households’ Problem (cont.)

After-tax labor income:

yj ,t = (1− τy
t )ỹj ,t

• ỹj ,t = wtηj : before-tax labor income
◦ wt : macroeconomic wage level (=1 in the benchmark year)
◦ ηj : age specific productivity

• deterministic
• = 0 after retirement

• τy
t : sum of

1. labor income tax τl
t

2. payroll tax for public pension τss
t

3. universal health insurance premium τuhi
t

4. long-term care insurance premium τlnc
t
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Households’ Problem (cont.)

Budget constraint of individual:

(1+ τc
t )cj ,t + aj+1,,t+1 = yj ,t + ss(ŷ) + Rt(aj ,t + bt)−mj − ξ∗

• τc
t : consumption tax at period t

• sst(ŷ) : pension benefit (> 0 if j > jr)
◦ ŷ : past average earnings that determines the earnings-related part of

the public pension (kosei nenkin) ⇒ next slide

• aj ,t : a composite of capital and government bonds
• bt : accidental bequest

◦ lump-sum transfer by the government

• Rt : after-tax gross return

• mj : mandatory medical and long-term care expenditures

• ξ∗: lump-sum tax
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Households’ Problem (cont.)

Public pension system:

• Two-tier structure of public pension system based on Japanese
system

ss(ŷ) = ρ0 + ρ1ŷ

◦ ρ0: basic pension (kokumin nenkin in Japanese)
◦ ρ1: coefficient for earnings-related part (kosei nenkin in Japanese)
◦ ŷ : record of past earnings (hosyu hirei part)

• Transition of the record of the past earnings

◦ ŷj+1 =
j ŷj+min(ỹj ,t ,y

max)
j+1 if j ≤ jr

◦ ŷj+1 = ŷj if j > jr
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Households’ Problem (cont.)

Medical expenditure:

• mj : out-of-pocket expenditure from medical treatment and
long-term nusring care

• Out-of-pocket expenditures consist of medical expenditure and
long-term care expenditure:

mj = λh
j m

h
j + λlml

j

◦ mh
j : medical expenditure by age

◦ ml
j : long-term care expenditure by age

◦ λh
j : copay for medical expenditure: age dependent

◦ λl
j : copay for nursing care expenditure
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Medical Expenditure: Calibration
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Source: Author’s calculation from the Estimates of National Medical Care
Expenditure and the Statistics of Long-term Care Benefit Expenditures. Left:
average expenditure on medical treatment by age. Right: average expenditures on
long-term care by aging.
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Copayment Rate by Age: 2019
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Copayment rate for medical expenditure

Copayment rates differ by age: 30% before 69, 20% between 70 and 74, 10% after
75. Children under age 6 pay 20%, but the model does not count children directly.
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Households’ Problem (cont.)

Savings on capital and government bond:
• Two types of assets: capital and government bond

◦ different interest rates: rkt and rd

◦ rkt : endogenous in the model, rd : exogenous

• How to determine capital and government bond holdings
◦ introduce share parameter ϕ: exogenous
◦ aj,t = (1− ϕ)× CAPITAL+ ϕ ×DEBT

• Braun et al. (2015) assume time variant share parameter

• After-tax gross return on individuals’ savings

Rt = 1+ (1− τk
t )r

k
t (1− ϕ) + (1− τd

t )r
dϕ

◦ ϕ: bond holdings, 1− ϕ: capital holdings
◦ τk

t : capital income tax
◦ τd

t : tax on return from government bond
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Technology

Production function:

• Cobb-Douglas production function

Yt = ZtK
α
t L

1−α
t

◦ Zt : total factor productivity (exogenous)

• Aggregate capital
Kt = ∑

j

µj ,taj ,t

• Aggregate labor
Lt = ∑

j

µj ,tηj
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Government Budget

Government’s budget constraint:

Gt + (1+ rd )Dt−1 + St +Mt = T y
t + T a

t + T c
t +Dt + ξ∗

• Revenue:
◦ T y

t : labor income tax
◦ T a

t : capital income tax
◦ T c

t : consumption tax (endogenous)
◦ Dt : newly issued government bond
◦ ξ∗: lump-sum tax/transfer

• Expenditure:
◦ Gt : government expenditure (exogenous)
◦ Dt−1: government bond issued in the last year
◦ St : public pension expenditures
◦ Mt : medical expenditure + long-term care expenditure
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Competitive Equilibrium

The competitive equilibrium consists of:

1. Households’ optimization

2. Firms’ optimization

3. Government budget balance: unified
◦ public pension
◦ health insurance
◦ long-term care insurance

4. Goods market, capital market, and labor market clearing
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III. Calibration
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Demographics

Population distribution
• National Institute of Population and Social Security Research
(IPSR)
◦ projection from 2020 to 2070
◦ Three variants for fertility and mortality rates
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Population Projection
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Source: “Population Projections for Japan” released in 2023 by IPSS. Left: the
dynamics of total population. Right: fraction of each age group.
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Other Calibrated Parameters

Parameter Description Values

Preferences
β subjective discount factor 1.028 (K/Y = 2.5)
γ risk aversion 2.0

Labor market

{ηj}jrj=20 labor income BSWS

Technology
g TFP growth rate 1.0%
α capital share 0.3783
δ capital depreciation rate 0.0842
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Other Calibrated Parameters (cont.)

Parameter Description Values

Government
τl labor income tax 7%
τss payroll tax 18.3%
τc consumption tax 10%
τk capital income tax 35%
τd tax on gov. bond return 20%
D/Y net debt to GDP ratio in 2019 1.5625
rd int. on government bond 1.0%
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IV. Results and Discussion
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Consumption Tax Rate

This figure plots the consumption tax rate needed to balance the government’s
budget constraint. In equilibrium, the consumption tax rate will exceed 40%
around 2060.
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Debt to GDP Ratio

The model assumes that individual savings are allocated exogenously to capital
accumulation and government bond holdings at a rate of ϕ and 1− ϕ. If this ratio
remains unchanged, the government debt ratio is projected to increase by about
25%. Note that the COVID-19 shock is not included in this simulation.
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Comparison

• Previous studies have also used the consumption tax rate to
calculate future burdens

• NOTE: NOT arguing that the entire amount of public debt should
be covered by the consumption tax
◦ just for measurement purpose

• Other research:
◦ Braun and Joines (2015): 46% in 2070
◦ Kitao (2015a): 48% in 2070

• Why differences? ⇒ model specification and calibrated parameters
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Comparison in the Literature

tax rate, the debt–GDP ratio begins to decline almost immediately. The rapid stabilization of the debt, despite a delay in
raising the consumption tax rate, is the result of an immediate increase in labor supply in anticipation of higher out-of-
pocket healthcare costs in old age. Saving also increases, resulting in a larger capital stock and higher output in future years.
Relative to a normalized value of 100.0 in the year 2007, detrended per capita output peaks in 2030 at 115.4 and remains
above 100.0 until 2112 before settling at 98.1, which is 9.6 percent above the Baseline.

In addition to putting upward pressure on government healthcare payments, an aging population increases public pension
outlays. As noted above, the Japanese government has already taken steps to limit the growth of pensions and our Baseline
transition incorporates these policy changes. Further restraints on the growth of pension benefits might be a plausible
alternative or a complement to the higher medical copayments just analyzed. We next examine the effects of reducing pension
benefits by 10 percent as compared to current law. As in many other countries, a retiree's pension in Japan depends on lifetime
earnings. We assume that the replacement rate (the ratio of the pension to average annual earnings) is reduced by one
percentage point for individuals born in 1960, by an additional percentage point for the 1961 birth cohort, and so on until the
reduction reaches 10 percent for individuals born in 1969 and later. The replacement rate is unchanged for those already
retired or near retirement. The rationale for this phase-in is similar to that for the delayed increase in copayments, and the
“grandfathering” of current retirees and older workers has precedent in pension reforms enacted in other countries.

This phased reduction in the generosity of the pension system (the Lower Pensions policy) has surprisingly different
effects on the government fiscal situation as compared to the Higher Copay policy. The debt–GDP ratio falls significantly
when copayments are increased, while reducing pension benefits puts upward pressure on the deficit. Higher copayments
also result in lower consumption taxes, whereas lowering pensions generally results in higher taxes until early in the next
century.

The main reason for these differences is that increases in copayments encourage work effort while public pension benefit
cuts discourage it. The Lower Pensions policy does not directly alter the labor income tax rate, including the social insurance
payroll tax, but it does lower the incremental pension benefits accrued from an additional hour of work. The resulting fall in
labor supply leads to less saving and capital in the intermediate term and less output than either the Higher Copay or the
Baseline policies for most of this century. Reducing public pension benefits eventually leads to more saving, capital, and
output, but the increases are small. For instance, terminal steady-state output in the Lower Pensions scenario is only 2.1
percent higher than the Baseline.

So far we have concentrated on public policies that reduce resources to the elderly. Reducing general government
expenditures is another way to proceed. We simulate a policy (Lower Purchases) that eventually reduces government
purchases 10 percent below the trend incorporated in our baseline policy. This reduction is phased in, one percentage point
per year, between 2018 and 2027. The tax rate path implied by this policy is almost the same (within one percentage point)
as the Baseline policy until 2028 but is noticeably lower beyond that point. The maximum tax rate of 38 percent is in effect
for almost 50 years, from 2076 to 2123, after which the rate declines gradually to its long-run value of 21.11 percent.

Finally, we have also considered the possibility that, through price controls, rationing, or other policies, the government
might restrain the growth of aggregate healthcare spending, both public and private.31 A 10 percent reduction in the time-
series index of healthcare costs, ζt, below the trend value in our baseline case that is phased in, by a one percentage point
reduction per year between 2018 and 2027, has similar effects to a 10 percent reduction in government purchases. The
maximum tax rate is 40 percent between 2076 and 2123, after which the rate declines gradually to its long-run value of
22.92 percent.

Fig. 6. Consumption tax rate and government debt under alternative spending policies.. The Baseline policy assumes no expenditure cuts. The High Copays
policy assumes that health care copayments for retires aged 70þ gradually rise to 30 percent. The Lower Pensions policy assumes that public pension
payments are gradually reduced by 10 percent and the Lower Purchases policy assumes that general government purchases are gradually reduced by 10
percent.

31 Japan currently regulates the price of medical services fairly stringently, and it is unclear how feasible a further 10 percent reduction would be.
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Figure 15: Consumption tax rate 2010-2200: pension reforms

As we saw in section 4.2, although the reforms will directly reduce individuals’ life-
time assets due to lower expected transfers after retirement, individuals who anticipate the
change will save more on their own to smooth consumption over the life-cycle and undo the
reduction in life-time assets. Implicit retirement saving provided by the government will
be replaced by private own savings. The difference, of course, is that the former is financed
by pay-as-you-go intergenerational transfer through taxation and the implicit assets one
expects to receive in future cannot be used productively as an input of production. Private
saving, however, is rented out and contributes to additional aggregate capital and increases
output.21 Output increases even further since the policy also increases aggregate labor
because agents work longer to save more for retirement. As shown in figure 16, both
aggregate capital and labor are much higher than in the baseline case under all three
reform scenarios. As the capital rises by more than labor, the wage rate will be higher
than in the baseline case, which provides further incentives to work more.

21Note that a fraction of private saving will be used to purchase government debt, but because the
level of government debt does not vary across experiments by assumption, additional saving will raise
the private capital.

32

Left: Braun and Joines (2015), Figure 6 (a). Right: Kitao (2015a), Figure 9.
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Social Insurance Reforms

1. Public pension reforms
◦ lower pension & higher copay: Braun and Joines (2015)
◦ removing earnings-related part: Okamoto (2013)
◦ individual retirement accounting: Kitao (2015b)

2. Health insurance reforms
◦ Hsu and Yamada (2019), Fukai et al. (2022)

3. long-term care reforms
◦ Mikoshiba (2023)

⇒ No single policy reform can have a major impact on fiscal
sustainability: İmrohoroğlu et al. (2016)
⇒ Fiscal reforms improve welfare of future generations
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Public Pension Reforms: D/Y

Accounting approach: Imrohoroglu et al. (2016)
• Note: different model and different calibration parameters

◦ Consumption tax rate: fixed
◦ Govt budget constraint no longer satisfied ⇒ D/Y diverge

jr = 70 and Earnings
Benefit Benefit tax rate

Baseline jr = 70 cut by 10% cut by 10% up by 5%

2020 1.640 1.624 1.518 1.504 1.637
2040 2.632 2.381 2.223 1.998 2.286
2060 4.411 3.577 3.553 2.803 3.497

• Raising the retirement age to 70, or benefit cut by 10%, reduces the debt to
GDP by 80% in 2060, still insufficient for fiscal sustainability
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Macroeconomic Implications

• Labor supply
◦ Population size shrinks and dependency ratio increase
◦ Additional labor supply: elderly, female, foreign workers

• Female worker: Kitao and Mikoshiba (2020), Kitao and Mikoshiba
(2023), Kitao and Nakakuni (2023)

• Foreign worker: Shimasawa and Oguro (2010), Imrohoroglu et
al. (2017), Kitao and Yamada (2021), Okamoto (2021)

• Savings and capital accumulation
◦ Blanchard (2021,2023): arrival of low interest rate society

• Goodhart and Pradhan (2020) has a different view

◦ Population aging push down the rate of return from capital

• Krueger and Ludwing (2007), Braun et al. (2007), Yamada (2012),
Auclert et al. (2020)

◦ Population aging also causes secular stagnation/low inflation rate

• Eggertsson et al. (2019), Braun and Ikeda (2022)
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Population Projection
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Source: “Population Projections for Japan: 2021 to 2070” by The National
Institute of Population and Social Security Research. Percentage of workers
(15-64) reaches almost 50%.
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Capital to Output Ratio (K/Y): Model

Left: Predicted K/Y path based on the model. Right: Predicted rate of return
from capital calculated from the model. Return on capital is expected to decline
by about 2% from the current level.
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V. Conclusion
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Conclusion: What’s Next?

• Recent studies show that if this trend continues, public debt,
measured as a ratio to GDP, will continue to increase
◦ Sustainability is a great concern

• The relationship beweeen (a huge amount of) public debt and
economic growth is still unclear
◦ ⇒ the economic growth alone cannot resolve the sustainability issue:

Imrohoroğlu and Sudo (2011), Hansen and İmrohoroğlu (2016),
Imrohoroğlu et al. (2016)

• Need more reseach on:
◦ Family, marriage and female/male labor supply
◦ Human capital: Vogel et al. (2017), Abbott et al. (2018)
◦ Political feasibility: Conesa et al. (1999), Yamada (2011), Song et

al. (2012), Muller et al. (2016)
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Thank you!
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