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1 Introduction

Public universal health insurance is provided in many countries and it aims at enhanc-
ing equality of health care, as encouraged by the World Health Organization (WHO).
However, as population aging has advanced, health care costs have increased in tandem,
which is one of the most important factors that have worsened fiscal balances in many
countries. Thus, health insurance reform is a pressing issue facing these countries.

Any public health insurance reform that aims at improving fiscal balances would
consider an increase in copayments. Such a reform would have macroeconomic and
welfare impacts as individuals react by changing their labor supply and savings to
prepare for an increase in the cost of health care. These effects have been already
quantified in several papers, including Attanasio et al. (2011), Thori et al. (2011), Hsu
and Lee (2013), McGrattan et al. (2018), and Hsu and Yamada (2019). Nonetheless,
by assuming that medical expenditure is totally exogenous, these studies do not focus
on elastic medical demand. In general, changes in the price of goods and services affect
their demand, and medical demand is no exception. When raising copayments directly
affects demand for medical care, the price elasticity of medical demand may be critical
in evaluating the effects of the reforms on the macroeconomy and individual welfare.

This is the motivation behind my development of a dynamic general equilibrium
model of overlapping generations with heterogeneous individuals that allows for en-
dogenous medical spending and I use this to examine the effects of public health in-
surance reforms. The model features individual heterogeneity in income, wealth, and
health to analyze the effects of the reforms on individuals, including those with low
income and poor health who may incur a large burden. Using the model, I examine the
effects of health insurance reforms in Japan that propose an increase in copayments.
The Japanese economy is an interesting case as it has experienced rapid and signif-
icant demographic aging, which is also expected to continue in the future.! I study
both stationary equilibrium and transitional dynamics, with and without the reform,
and quantify the welfare effects of the reform on both future generations and current
generations.

I find that the price elasticity of medical demand plays a critical role when assessing

!Population aging has led to an increase in total health care expenditure from 4.6% (relative to
GDP) in 1990 to 7.9% in 2018. Almost all of these large medical costs have been financed by health
insurance premium and public funds (tax). Under these circumstances, the government plans an
increase in out-of-pocket copayments to reduce medical costs and mitigate the tax or premium burden
on the young.



the effects of public health insurance reform. The supporting evidence is two-fold.
First, in the stationary equilibrium analysis, the welfare of future generations is much
more improved in the calibrated economy with elastic medical demand than in the
counterfactual economy where all medical demand is inelastic. If the copayment rate for
the elderly aged 75 and over is raised from 10% to 20%, new-born individuals are better
off by 0.99% in the calibrated economy compared with 0.18% in the counterfactual
economy, in terms of consumption equivalent variation.

The mechanism underlying this result is as follows. When confronted with uncer-
tainty regarding health status, individuals are exposed to medical expenditure risk.
Reforms that raise copayments will increase the burden of medical expenditure, while
they will also encourage precautionary savings, increase capital stock, and increase the
wage rate. By improving government finances, such reforms will also reduce health
insurance premiums which are required to sustain the health care system. Future gen-
erations have greater utility because the positive effects of lower premiums and higher
wages outweigh the negative effect of the increased medical expenditure risk. In ad-
dition, in the calibrated economy, individuals can mitigate the burden of the increase
in out-of-pocket medical costs by reducing their own elastic medical demand. This
reduction in medical expenditure leads to a further decline in premiums, and therefore
overall welfare gains for future generations become larger.

Second, in the analysis of transitional economies, reforms that raise copayments
bring smaller welfare costs to those who are currently elderly, unhealthy, or with low
educational level in the calibrated economy than in the counterfactual economy. Fur-
thermore, the reforms improve welfare for current young generations in the calibrated
economy, including those with poor health and low income. This is in stark contrast
with the result in the counterfactual economy, where the reforms reduce welfare for all
current generations.

As mentioned above, the reform has both positive and negative effects on individual
welfare. The significant negative effect would be inevitable for current old generations,
especially those with poor health and low education, who have less time or opportunity
to prepare for the increased burden of their large medical expenditure. Nonetheless,
in the calibrated economy, the effect of the increased medical burden is mitigated, and
the effect of the reduction in the premium becomes greater than in the counterfactual
economy because individuals reduce their discretionary medical spending to avoid med-
ical expenditure risk. Hence, the negative welfare effect on current generations becomes

smaller.



In particular, with an increase in copayments from 10% to 20%, on average, the loss
for those aged above 65 with poor health will be 4.00% in terms of consumption equiv-
alent variation in the calibrated economy, compared with 4.79% in the counterfactual
economy. In addition, on average, the loss for those with low education will be 4.52% in
the calibrated economy compared with 5.78% in the counterfactual economy. Moreover,
compared with the older and retired population, the younger working population have
lower medical expenditure and can enjoy greater benefits from the lower premium and
the higher wage. As a consequence, the reform has a positive effect on young adults,
even if they have poor health or low income. Individuals aged below 39 with poor health
and those aged below 34 with low education benefit from the copayment increase.

Although this paper focuses on the Japanese economy, other developed countries
with public universal health insurance systems (e.g., France, Germany, Italy, and U.K.)
could face similar fiscal challenges to Japan. Some emerging countries, including Brazil,
Malaysia, South Africa, and Thailand, have also established public health insurance
systems. Understanding the consequences of health insurance reform in Japan would
be useful for other countries as well by providing them with insights into the effects of
the reform on the aggregate economy and individual welfare.

The rest of the paper is organized as follows. Section 2 considers this paper in
relation to the existing literature. Section 3 builds a dynamic, stochastic, general
equilibrium, overlapping generations model. Section 4 calibrates the model to the
Japanese economy by matching key variables, including the price elasticity of medical
demand. Section 5 reports the numerical results and quantitatively compares aggregate
features and welfare under the reforms in the steady states. Section 6 presents the
transitional dynamics under the reforms, and Section 7 discusses the additional reform.

Concluding remarks are given in Section 8.

2 Related Literature

This paper contributes to the literature on the effects of health risk or medical ex-
penditure risk on the decisions of individuals. Kotlikoff (1989) simulates the life-cycle
model and finds that uncertainty regarding health expenditure has a large impact on
precautionary saving. Hubbard et al. (1994) and Palumbo (1999) study the role of
medical expenditure risk in predicting the saving behavior of individuals. De Nardi et

al. (2010) and French and Jones (2011) estimate a structural model to analyze how



medical expenditure risk affects retirement decisions or savings. Contrary to these stud-
ies, this paper develops a general equilibrium model and examines the relation between
these risks and households’ decisions such as medical consumption and savings over the
life-cycle.

This paper also builds on the huge literature on general equilibrium models with
heterogeneous individuals and incomplete markets pioneered by Bewley (1986), Aiya-
gari (1994), and Huggett (1996). The model is often used to study various social
security systems, especially the pension system. In an early study, Imrohoroglu et al.
(1995) investigate the social security optimal replacement rate that maximizes the social
welfare. Other studies, such as Conesa and Krueger (1999), Nishiyama and Smetters
(2007), Imrohoroglu and Kitao (2009, 2012), and Kitao (2014), quantify the welfare
impact of alternative pension reforms in an economy with idiosyncratic risk.

A general equilibrium life-cycle model has recently been used to analyze health
insurance systems. For example, Attanasio et al. (2011) investigate the impact of
population aging on the financing of Medicare, the universal health care program for
the elderly in the U.S. Hansen et al. (2014) and Conesa et al. (2018) also investigate the
role of Medicare using a quantitative model. Other papers study the Affordable Care
Act (ACA) or Obamacare (e.g., Pashchenko and Porapakkarm, 2013; Jung and Tran,
2016), Medicaid for the poor (e.g., Kopecky and Koreshkova, 2014; Pashchenko and
Porapakkarm, 2019), the purchase of private health insurance (e.g., Jeske and Kitao,
2009; Hsu and Lee, 2013; Hsu et al., 2016), and nursing home expenses (e.g., Kopecky
and Koreshkova, 2014).

In contrast, in Japan, there are only a few theoretical and quantitative analyses of
public health insurance reform. Thori et al. (2011) and Braun and Joines (2015) build
a life-cycle model with medical systems and examine the economic and welfare impact
of higher copayment policies. While both papers abstract from intra-generational het-
erogeneity, McGrattan et al. (2018) develop a model with income heterogeneity and
find that lower-income individuals would experience larger welfare losses under a policy
of raising copayments. Hsu and Yamada (2019) construct a model with uncertainty
about health /medical expenditure and argue that reforms of universal health insurance
are significantly harmful for current generations who are elderly or unhealthy, although
welfare for future generations is improved.

Almost all papers mentioned above assume that all medical spending are necessary
and unavoidable for individuals. However, much empirical evidence suggests that med-

ical demand and expenditure are affected by shifts in medical prices. These findings
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imply that the medical spending of individuals has a considerable discretionary com-
ponent. In the U.S., Manning et al. (1987) and Newhouse et al. (1993) find that
high out-of-pocket price reduces medical expenditure and the price elasticity of medical
demand is approximately -0.2. Similar results are obtained in subsequent papers by
Card et al. (2008, 2009), Chandra et al. (2010), Baicker et al. (2013).

In Japan, Bhattacharya et al. (1996) is the first paper to estimate the price elasticity
of medical demand using microdata. Ii and Ohkusa (2002) use original surveyed data
and find that the price elasticity of medical services is between -0.36 and -0.23. Kan
and Suzuki (2006, 2009), based on a natural experiment, report a smaller elasticity of
-0.05. Shigeoka (2014), implementing a regression discontinuity design, argues that the
price elasticity for those of age 70 is around -0.2. Fukushima et al. (2016) find that the
price elasticity of medical spending by the elderly is -0.16 at the aggregate level.

To analyze precisely the impact of public health insurance reform, my model fea-
tures elastic medical demand, as observed in many empirical papers. Previous studies
incorporate endogenous medical expenses in several ways. The common modeling ap-
proach is that of health capital pioneered by Grossman (1972). It assumes that medical
spending represents investment in future health and this assumption is used in several
papers including Fonseca et al. (2009), Jung and Tran (2016), Yogo (2016), and Hall-
iday et al. (2019). A complementary approach assumes that individuals obtain utility
from medical spending itself, and this is employed by several papers such as McClellan
and Skinner (2006), De Nardi et al. (2010, 2016), Finkelstein et al. (2013), Bajari et
al. (2014), and Pashchenko and Porapakkarm (2019).

This paper adopts the latter approach for two reasons. First, while the health capital
approach provides an intuitive theory, most empirical studies find that the effects of
medical expenditure on health or mortality are small or insignificant (Newhouse et al.,
1993; Baicker et al., 2013; Shigeoka, 2014). Baicker et al. (2013) find that Medicaid
coverage does not significantly promote individuals’ physical health but can improve
mental health through a reduction in anxiety or depression. This is consistent with
additional utility from medical spending as in Pashchenko and Porapakkarm (2019).

Second, the health capital model considers all medical spending as direct inputs into
the production of good health. However, one purpose of reforms that raise copayments
in Japan is to reduce excessive medical expenditure, including unnecessary expenses

that do not improve health, and to promote appropriate health care utilization.? Hence,

2For example, there is unnecessary expenditure associated with visiting multiple medical institutions
to treat a disease (hashigo-jushin) and visiting emergency departments on holidays or at night despite



it is desirable to isolate such discretionary or avoidable components of medical spending,
by using medical expenditure in the utility function approach employed by McClellan
and Skinner (2006) and Pashchenko and Porapakkarm (2019), in assessing the impact

of the reforms.

3 A Quantitative General Equilibrium Model

In this section, I present a general equilibrium model of overlapping generations with
intra-generational heterogeneity in income, wealth, and health status. The model fea-
tures individuals’ decisions on medical spending as well as consumption, labor supply,
and savings over the life-cycle, which allows us to quantify the effects of the health
insurance reform on individual welfare. Importantly, the model can shed light on a

potential role of elastic medical demand, which is the main focus of this paper.

3.1 Demographics

Time is discrete and one period corresponds to a year. The economy is populated
by overlapping generations of individuals of model age 7 = 1,2,---,80. Individuals
enter the economy with no initial assets at actual age 21 (j = 1) and retire at age 65
(jr +1 = 45). They face mortality risk and the maximum age is 100 (j; = 80). The
size of new cohorts grows at rate n;. Let 1;; denote the probability that an individual
of age j at time t survives to the next period ¢t + 1. Unconditional probability of living
up to age j at time ¢ for those who were born in period ¢ — j + 1, denoted by g¢;, is

given as follows:
Tt = Vj—10-1Vj-24-2° V1i—ji1, (1)

where the survival probability in the final period of the life is zero, 9;,; = 0, and the

initial unconditional survival probability is unity, ¢;, = 1.

3.2 Income Uncertainty and Health Status

There is no aggregate risk in the economy, but individuals face idiosyncratic uncertainty
with respect to their individual labor productivity and health status. The labor produc-
tivity z; of age j evolves stochastically according to a Markov chain IT (z;, z;41). At age
J, an individual health status h; can be either “good” (h; = ¢) or “bad” (h; = b), and

non-severe diseases (kombini-jushin).



the health status evolves via a Markov chain II (hj, hj41). There are no state-contingent
securities to insure against these idiosyncratic risks. Individuals, however, can partially

insure themselves against the risks by accumulating precautionary savings.

3.3 Endowments and Preferences

Individuals are endowed with one unit of time that can be allocated for work and
leisure. During the working age, earnings are given by wn; .;(;;, where w; is the wage
rate at time ¢ and [;; is hours of work of age j at time ¢. In addition, ;. is a labor
efficiency profile which depends on age 7 and innate ability e. I assume that individuals
enter the economy with ability e and this ability type is fixed throughout their lifetime.
Therefore, individuals’ earnings differ due to the idiosyncratic risk and the fixed innate
ability.

Individuals choose consumption c; and leisure 1 — [; in each period, which bring

utility:

@ (1=
[] (1 1_3)7 } ’ (2)

where o is a consumption share in utility and ~ is the relative risk aversion.

u(cj,lj) =

Individuals also choose medical spending m;, which has the following features. First,
medical spending depends on health status. Individuals with poor health demand more
medical services than healthy individuals. Next, a fraction, 1 — A;, of medical spending
is covered by the government. The actual medical burden for individuals is only A;m;
and \; represents the copayment rate at age j. Finally, medical spending has two
components: necessary spending m;;, and discretionary spending m; — m; ;. While
the former component represents essential and unavoidable medical expenses that are
exogenous to individuals, which I call medical need, the latter component represents
medical expenses that individuals can choose in a discretionary manner. In each period,

individuals derive utility from the discretionary medical spending, denoted as

(m; —mg5) "

e 3)

where €, 5, is a deterministic utility parameter, which depends on age and health status

v (my, M5 n) = €jn

)

and governs the marginal utility from medical spending.



To summarize, individual’s expected lifetime utility is given by

U=E|> g {ule;, ) + o (my,mm)} (4)

=1

where E is the expectation operator and  denotes a subjective discount factor. As
shown in equation (1), g; is the unconditional survival probability.?

It is worth emphasizing that individuals are assumed to get utility from medical
spending itself. This assumption is used in several papers with endogenous medical
expenditure models, such as De Nardi et al. (2010, 2016), Finkelstein et al. (2013), and
Bajari et al. (2014). They assume utility from total consumption of medical goods.
Contrary to these studies, McClellan and Skinner (2006) and Pashchenko and Pora-
pakkarm (2019) consider that medical spending has both necessary and discretionary
components and only discretionary component brings benefits to individuals.

I follow the latter papers to capture both aspects of medical expenditure (risk and
consumer choice), which are essential for assessing the welfare impact of the reform on
heterogeneous individuals by age, income, and health. Additional utility from discre-
tionary health care spending can be interpreted as all potential benefits derived from
the purchase of medical services including improvement in mental health brought by
getting a medical examination or happiness achieved by gathering and talking to friends

at clinics or hospitals.®

3.4 Production Technology

Firms are competitive and produce a homogenous good using capital stock and labor

according to a constant returns to scale technology:

Yi = KN, ()

3] assume that neither health status nor medical spending affect the survival probability, mainly
because data on health-dependent mortality rates are not available in Japan. Halliday et al. (2019)
find that survival motives for health investment, which captures the rise in medical spending aimed at
improving survival prospects, are quantitatively less important.

4Lawrence (1985) finds that the number of elderly patients in Japan had increased significantly
increased following the institution of free medical care for the elderly in 1973, and notes that this
change was brought about by the emergence of rojin saron — general socializing with friends at a
clinic.



where Y; is aggregate output, K, is aggregate capital, NV, is aggregate effective labor, and
« is capital’s share of output. A homogenous good can be used as either consumption,
medical consumption, or investment.

Firms maximize profits by setting marginal productivity of capital and labor equal

to their factor prices, respectively:
re =K NS =8 w, = (1—a) KON, (6)

where r; is the interest rate and ¢ is a depreciation rate of capital.

3.5 Government

The government sector has the general budget and also runs public health insurance

and public pension systems.

3.5.1 General budget

The general budget is balanced in every period.> Revenues consist of tax on consump-
tion, labor income, capital income, and accidental bequests with the corresponding tax
rates given by 7¢, 7!, 7F, and 77, respectively. Expenditures consist of an exogenous
government spending G; and a subsidy for medical care p,M B;, where M B, is the
medical benefits that are covered by the general budget or the public health insurance

system, given by

MBy =3 {1 =) me ()} 10 (s), (7)

where p;, denotes the population of age j at time ¢ and ®; (s) is a distribution function
over individual state variables s = {j,a, e, z, h}, where j is age, a is assets, e is a fixed
ability, x is an individual labor productivity, and A is health status. The government
finances a fraction ; of the benefits and the remaining 1 — ¢, of them is financed by

public health insurance.

5The general budget abstracts away from government debt for simplicity as in Hsu and Yamada
(2019) and Fukai et al. (2021) who study the welfare effects of medical expenditure risks and the role
of public health insurance in Japan.



Put together, the government’s budget constraint is given by

Gi+oeMBy =Y (7fci (5)) 1ju®i () + D (Trwmj il (5)) 15491 (5) +

s

> (e ac (s) + beqr)) e (s) + Y (7 (1= ¥mram1) a1 (5)) iymra1 @i (5), - (8)

S
where beq; is a transfer of accidental bequests. The after-tax bequests left by the

deceased are distributed to all survivors in a lump-sum fashion:%
LA =) (= jo1e-1) ar (5)] pj—1,-1Pe—1 (s)

beqy = = ir : (9)
> Mt
j=1

3.5.2 Public Health Insurance

Public health insurance is available to all individuals regardless of their age, income
level, and health status. The public health insurance system covers the medical benefits
that exceed the subsidy from the government with a health insurance premium imposed

on labor income:

(1= ) MBy =Y (7" winj el (5)) 1% (s) (10)

s

where 7, is a health insurance premium. The left-hand side of equation (10) is the
medical expenditure financed by the public health insurance sector and the right-hand

side is the premium revenue.

3.5.3 Public pension

The government operates a pay-as-you-go public pension system, which is assumed to

be self-financed:

D Preattie®i (s) = Y (Tfwinyensly (s)) 0@ (5), (11)

S

6There are no bequest motives in the model. Horioka (2021) suggests that, in Japan, the selfish
life-cycle model with unintended or accidental bequests is more applicable rather than the dynasty or
altruism model.
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where pj . is pension benefits and 77 is a pension premium. Following Conesa ct al.
(2018) and Hsu and Yamada (2019), the pension benefits are given by

0 ifj<j +1

L , (12)
He,ttht lfj Z Jr +1

Pjet =

where 0., denotes the social security replacement rate conditional on the individual’s

ability level.”

3.6 Individuals Problem

The individuals problem can be formulated recursively, with time scripts omitted for
simple exposition. An individual chooses consumption ¢, labor supply [, medical spend-
ing m, and savings ¢ to maximize the expected discounted sum of utility in the rest of
the life. The value function V' (s) of an individual in state s = {j,a,e,x,h} is given as

follows:8

Vi (s) = max [u(c,1) + v (m,myz) + BY;E{V (s)}], (13)

c,lm,a

subject to

a +(1+7%c+A\m

=1+ (1 —7%r] (a+beq) + (1 — 7" — 70 — ™) wn ;L + pje, (14)
where
a > 0, (15)
c>0, 0<1<, (16)
where s = {j +1,d,e2 = Tjt1, h' = hj+1} is state in the next period. Individuals

are not allowed to borrow against future income because of the borrowing constraint
(15).

" Although pension benefits depend on an individual’s past earnings in the actual economy, there
is a huge additional burden for computation by introducing a new continuous state variable such as
past individual earnings. Thus, I posit that the difference in the benefits arises from the difference in
individual’s innate ability e, as in Attanasio et al. (2011) and Conesa et al. (2018).

8As seen in equation (14), consumption tax is not imposed on medical consumption. In the actual
economy, the costs of treatment and drugs covered by public health insurance are tax-free.
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3.7

Competitive Equilibrium

A competitive equilibrium for this economy consists of a sequence of individuals’ de-

cision rules {c¢; (s),l; (s),my; (s), a1 (s)}, firms’ decision rules {K;, N;}, factor prices

{ry,w¢}, government tax systems {th, e Ttk,Ttb}, pension systems {77, 0, .}, health in-

surance systems {77, Aj;, ¢;}, government consumption G, accidental bequests beg;,

and a population distribution over state variables ®; (s) such that:

1.

2.

Individuals solve the optimization problems described in Section 3.6.

Firms maximize their profits and factor prices are determined competitively.

. All budget constraints for the government sector are satisfied.

. The labor and capital markets clear:

Ni =) (el () pya®e (s), (17)

s

Ky = Z (ai (s) + beqr) 1149 () - (18)

s

. The goods market clears:

Y, =Cy+ Ky — (1= 0) K] + Gy + M, (19)

where C} is aggregate consumption, given by

Cr =" cr(s) 1Py (). (20)

s

Aggregate medical expenditure M, is financed by the general budget, the public

health insurance system, and individuals as follows:

My = {1 = N) me ()} @i (s +Z e (5)) 154D (5)

~
=M By

={peMBi + (1 — ) M B} + Z jtme (8)) 1y ®Pe ()
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= @ MB+ Y (7" wimewily () P () + Y (Ajuma () py®e (5). (21)
Subsidy S G

-

vV vV
Premium Out-of-Pockets

4 Calibration

This section describes the calibration of parameters. The model parameters consist
of two groups. Parameters in the first group are standard in the literature, and their
values are summarized in Table 1. Parameters in the second group are specific to this
model. Specifically, I calibrate the model to the Japanese economy of 2010 by assuming
that the economy is in a steady state, which I call the initial steady state. The model
economy is solved from 2010 to 2250 in which the economy reaches the final steady

state. The calibrated parameters are summarized in Table 2.

Table 1: Parameters Set Outside the Model

Parameter Description Source Value
Labor productivity process

p persistence parameter Hsu and Yamada (2019) 0.98

o standard deviation Hsu and Yamada (2019) 0.09
Preference

0 risk aversion Pashchenko and Porapakkarm (2019) 3.0
Production technology

« capital share Imrohoroglu and Sudo (2011) 0.377

o capital depreciation Imrohoroglu and Sudo (2011) 0.08
Government

G government spending MOF (2010) 13.8% of GDP
T¢ consumption tax in 2010 5.0%

Tk capital income tax Imrohoroglu and Sudo (2011) 39.8%

Y inheritance tax Okamoto (2013) 10.0%

TP pension premium {in 2010, in the final steady state} {16.1%, 18.3%}
@ fraction of subsidy MHLW (2010) 44.0%

4.1 Demographics

In the initial steady state, the population distribution is set to the actual data in 2010,
where the data are taken from the National Institute of Population and Social Security

Research (IPSS).? The growth rate of new cohorts n is set at the IPSS projection up to

9Since I use the actual population in 2010, the population in the initial steady state is not stationary.
I assume that individuals solve the optimization problem given the survival probabilities of 2010, and

13



Table 2: Parameters Calibrated Specific to the Model

Parameter Description Target Value

Medical expenditure

w fraction of medical need price elasticity = —0.2 0.5

Utility of medical spending (“good” health)

£ (9) age-dependent component mss/my = 3.35 0.024 if 50 < j < 55
msgo/my = 3.15 0.0047 4+ 0.00025 if 57 > 55

Eg health-dependent component m; = 49,825 yen 1.2E-6

Utility of medical spending (“bad” health)
mso/my = 1.62 —0.009 it 7 <50

g5 (b) age-dependent component mss/my = 1.84 —0.015 if 50 < j < 55
mgo/my = 1.95 —0.0695 + 0.0009;5 if 7 > 55

€ health-dependent component m; = 1,078,197 yen 0.0017

Preference

o] subjective discount factor K/Y =3.0 1.0056

o weight on consumption average work time = 40% 0.405

Government

7l labor income tax in the initial equilibrium 12.67% in the “Elastic Case

12.5% in the “Inelastic Case”

2050, and the rate is assumed to change linearly to zero by 2065 and remain constant
after 2065. The survival probabilities 1; are set to the IPSS estimate up to 2060, and

they are assumed to be constant after 2060.

4.2 Health Shock, Medical Need, and Marginal Utility of Med-
ical Spending

This section describes the calibration of the medical need m;; and the preference for
medical spending ¢;5, both of which depend on age and health. The calibration is
conducted for the model to match the following target values: actual medical expendi-
ture and the estimated price elasticity of medical demand. The calibration procedure
consists of two steps. First, the health status in the model is defined, and medical
expenditure by age and health is constructed from data. Second, the parameters m;},

and €, are set to match the target values.

aggregate variables are calculated using the actual age-distribution of 2010.
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Figure 1: Transition of Health (Left Panel) and Health Distribution (Right Panel)

4.2.1 Transition of Health and Medical Expenses

As mentioned by Hsu and Yamada (2019), micro-level panel data on health and medical
expenditure are not publicly accessible in Japan. To obtain the medical expenditure
profiles, this paper uses Fukai et al. (2018), who estimate the health expenditure for
men of age 0-60 using data from the Claims Database of Japan Medical Data Center
(JMDC). They provide the rich micro-based results regarding health distribution and
age- and health-dependent medical expenditure. In my model, an individual health
status is binary, “good” (h = g) or “bad” (h = b). The classification of health group
is based on the amount of medical expenditure, according to Fukai et al. (2018). The
health transition probabilities in my model are set by using the population distribution
of health conditions by age group reported by their paper. The calibrated health
transition probabilities and health distribution are shown in Figure 1. The probability
of transitioning from “good” to “bad” is monotonically increasing with age, whereas that
from “bad” to “good” declines with age.

Fukai et al. (2018) also report the distribution of annual medical expenditure by
age group. Using these data, the life-cycle profiles of medical expenditure for “good”

and “bad” health conditions are calibrated, as shown in Figure 2.1°

4.2.2 Medical Need and Preference for Medical Spending

In the model, the medical need m;;, and the preference for medical spending €, are

the key parameters to determine the price sensitivity of medical demand. Solving the

1OFor more details about the computation of age- and health-dependent medical expenditure, see
Appendix A.
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Figure 2: Medical Expenditure by Age and Health

individuals problem described in Section 3.6 yields total medical expenditure as

1—|—7’C) c !
m= |&;n — + M - (22)
[j (5 L{cou—wl—”}l U

~
Discretionary Medical Expenditure

Equation (22) indicates that total medical expenditure consists of discretionary medical
expenditure and medical need. While the discretionary part depends on medical price
A, the necessary part does not. Since the price elasticity of medical demand is defined as
a change in total medical expenditure composed of these two parts in response to price
changes, the elasticity in the model is affected by the fraction of necessary spending in
total medical spending.

Thus, I calibrate the medical need and the preference parameter for medical spend-
ing to match the medical expenditure obtained in Section 4.2.1 and the estimated price
elasticity of medical demand in Japan. The target elasticity is -0.2, based on the esti-
mates by Shigoka (2014) and Fukushima et al. (2016). I assume that the medical need
is zero in good health, but it is positive in bad health, given by

0 ifh=g
Mip = , 23
" {wxmg;;fa ith=>b 24)
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where w is the fraction of the medical need in bad health and m;.lf;f“ is the medical ex-

penditure estimated in Section 4.2.1. The medical need specification (23) reflects that
healthy people are often subject to non-severe diseases such as coughs and abrasions,
which would be entirely discretionary medical expenditure; unhealthy people would
have necessary and unavoidable medical expenditure for severe diseases or hospitaliza-
tion.

The parameter for marginal utility of medical spending is assumed to have the

following specification:

ein = exp (&5 (h) x j) X &, (24)

where the first term of the right-hand side captures the growth rate of medical expenses
with aging and the second term captures the different amounts of medical expenses by
health status.

The calibration is conducted as follows. First, parameter w in equation (23) is fixed
at a certain value. Next, ¢;, is set as follows. Its component &; (h) is assumed to take
different values for three age groups (below 70, from 70 to 74, and 75 and over) and
the two health conditions, and ¢;, is assumed to take different values depending on the
health condition. In total, there are eight unknown parameters (i.e., &; (h) for each age
group by health and £;, by health). These parameters are set to match eight moments
(i.e., the growth rates of medical expenses from 21 to 70, from 21 to 75, and from 21
to 100 by health, and the amount of medical expenses at age 21 by health). Finally, I
calculate the price elasticity of medical demand and check if the average price elasticity
is consistent with the value of -0.2.1 If the elasticity diverges from -0.2, a new value is

set for w and the process is iterated. This iteration method gives the result of w = 0.5.12

HWe can obtain the price elasticity by comparing the two steady state economies with different
copayment rates. The first is the economy with current copayment rates and the second is the economy
with increased copayment rates. The price elasticity represents how medical expenditure changes in the
second economy compared with the first economy. In the model, older people have smaller elasticity
than younger people because they face a higher probability of bad health and larger medical need. This
result is consistent with Sawano (2000), who finds that medical demand of the old is less price-elastic
than that of the young.

12Note that the value of w is not obtained directly from the data but implicitly induced by the
estimated price elasticity. Accordingly, w = 0.5 indicates that the model successfully generates the
price elasticity of -0.2 by assuming that half the medical costs of unhealthy individuals are essential,
although the true size of the medical need in the actual economy is not known. Since the main purpose
of this paper is to build an economy with the estimated elasticity of Japan, I do not discuss here the
direct estimation of medical need.
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Figure 3: Labor Efficiency Profile by Education

4.3 Endowments and Labor Productivity Shock

The individual labor efficiency 7. is set using data from the Basic Survey on Wage
Structure (BSWS) by the Ministry of Health, Labour and Welfare (MHLW). Fixed
ability e is assumed to represent an individual’s educational level which has four clas-
sifications: university or graduate school (high), technical college and junior college
(upper-middle), senior high school (lower-middle), and junior high school (low).'* The
estimated wage profiles for each educational level are shown in Figure 3.14

The individual labor productivity shock x is approximated by an AR (1) process
with a three-state Markov chain using the method of Tauchen (1986):

log(z41)=plog(z;) + m;, (25)

where 7; ~ N (0,02). Following Hsu and Yamada (2019), persistence parameter p is
set at 0.98, and standard deviation of the shock o, is set at 0.09.

13Population share of these workers is calibrated based on the estimates of the BSWS and set at
31.6%, 17.7%, 46.0%, and 4.7%, respectively.
14The mean value of the average labor efficiency of each educational level is standardized to one.
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4.4 Preferences and Technology

The subjective discount factor 8 is chosen such that the initial stationary equilibrium
of the economy features a capital-output ratio of 3.0. The weight on consumption o is
set so that individuals spend approximately 40% of their disposable time on work. The
risk aversion parameter 7 is set at 3 as in Pashchenko and Porapakkarm (2019). This
value is consistent with the estimates by De Nardi et al. (2010) and Bajari et al. (2014),
who find that the risk aversion over consumption is about 2, whereas that over medical
spending is around 3.1 The capital share « is set at 0.377, and the depreciation J is
set at 0.08, based on Imrohoroglu and Sudo (2011).

4.5 Government
4.5.1 Government Expenditure, Taxes, and Social Security

The government spending ratio G/Y is set at 13.82% to match the actual data for
2010.'6 The ratio is assumed to be constant in the model. The consumption tax rate

¢ is set at 5% in the initial steady state. Importantly, the rate is assumed to be

-
endogenously determined to satisfy the government’s general budget in the final steady
state and during the transition. The capital income tax rate 7% is set at 39.8% following
Imrohoroglu and Sudo (2011), and the inheritance tax rate 7° is set at 10% according
to Okamoto (2013). The labor income tax rate 7! is set in a way that the government
budget (8) holds in the initial steady state. These tax rates are assumed to be constant.

The premium for public pension system 77 is set to the actual value. Specifically, the
premium is 16.058% in 2010, is increased linearly to 18.182% by 2016, and is constant
at 18.3% thereafter. The replacement rate 6, is set to satisfy the pension budget (11).
In doing so, the replacement rates are assumed to take different values depending on
education and the difference reflects the average labor efficiency of each educational

population.

>Based on the weight on consumption o of 0.405, we obtain the risk aversion over consumption
(y—1)o+1of 1.81.

16 According to the Ministry of Finance (MOF), while Japanese government expenditure in 2010
was 95.3 trillion yen, expenditure on social security and medical care was 28.9 trillion yen. Since
nominal GDP in 2010 was 480.2 trillion yen, government expenditure of output is set at 13.82%
(=(95.3-28.9)/480.2).
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Figure 4: Medical Expenditure over the Life-Cycle (model and data)

4.5.2 Public Health Insurance

All residents are covered by universal health care and they benefit from public health
insurance. The copayment rate A; currently depends on age: 30% under age 70, 20% be-
tween age 70 and 74, and 10% at age 75 and over.'” Medical benefits, excluding out-of-
pockets from total medical expenditure, are financed by the health insurance premium
and the government’s subsidy. According to the MHLW data, the revenues from the
subsidy and the premium in 2010 were 14,261 and 18,132 billion yen, respectively. Thus,
the fraction of the government’s subsidy ¢ is set at 44.0% (=14,261/(14,261+18,132)).
The premium for public health insurance system 7" is set to balance the budget for

the health insurance system (10).

4.6 Model Fit

Thus calibrated, the model economy resembles very closely the age-profiles of medical
expenditure in Japan, as shown in Figure 4. Moreover, the total medical expenditure-

to-output ratio in the initial steady state is 7.2%, which also matches the data for 2010.

1"In the actual economy, the copayment rate is still 30% for those who are over age 70 but have as
much income as active workers. However, they represent only 7% of the population, and I therefore
omit them.
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Table 3: Wealth Distribution

Data “Elastic Case” “Inelastic Case”

Quintiles  1st 0.3% 0.3% 0.3%
2nd 3. 7% 3.2% 3.2%
3rd 9.8% 9.9% 9.9%
4th 21.3% 24.2% 24.4%
5th 64.9% 62.4% 62.2%
Top 1% 10.2% 5.9% 5.8%
5-1%  19.4% 17.7% 17.7%
10-5% 15.4% 15.4% 15.4%
Zero wealth 11.0% 7.9% 7.9%

Notes: “Data” shows the results for the year 2014, estimated from Kitao and Yamada (2019).

In the numerical analyses of the paper, I refer to the model economy with elastic
medical demand (i.e., price elasticity of -0.2) as the “Elastic Case”. I also consider
the counterfactual, referred to as the “Inelastic Case” where all medical expenditure
is essential (i.e., zero price elasticity). Specifically, the medical expenditure shown in
Figure 2 is assumed to be essential in this counterfactual. Comparing the effects of the
health insurance reforms in the two economies enables us to shed light on the role of
the price elasticity of medical demand.

Table 3 shows the wealth distribution in data and the two model cases. Although
the model is not calibrated to match the distribution, the model successfully generates

a concentration and right skewness of wealth observed in the data.

5 Steady State Results

The focus of this section is to investigate the long-term impact of public health insurance
reforms on the aggregate economy and individual welfare. Specifically, I consider the
following three policy reforms regarding the health insurance system and compare the

steady state economies under these reforms.'®

e Benchmark: Maintaining the current health insurance system (i.e., the copayment
rates are 30% for those under age 70, 20% for those age 70-74, and 10% for those

age 75 and over)

18For details of the numerical procedures, see Appendix B.1.
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e Reform 1: Raising the copayment rate for those age 75 and over from the current
10% to 20%

e Reform 2: Raising the copayment rate for those age 70-74 from the current 20%
to 30%, and for those age 75 and over from the current 10% to 30%

Reform 1 is the scenario that the Japanese government has been discussing, and Reform
2 is the scenario in which a copayment rate of 30% is imposed on those of all ages. To
shed light on the role of elastic medical demand, I quantify the impact of the health
insurance reforms in two cases: the “Elastic Case” and the “Inelastic Case”.

In calculating the steady states under different medical insurance systems, the gov-
ernment budget (8) and the public health insurance budget (10) are satisfied as follows.
In the benchmark economy, the consumption tax 7¢ is used to balance the government
budget (8) and the premium 7" is adjusted so that the public health insurance budget
(10) is balanced. Under Reforms 1 and 2, given the consumption tax computed under
the benchmark, the fraction of government subsidy ¢ is adjusted to satisfy the govern-
ment budget. As in the benchmark economy, the premium 7 is used to balance the

public health insurance budget.’

5.1 Macroeconomic Effects of Reforms

I first discuss the macroeconomic impacts of raising copayments. Table 4 summarizes
the long-run effects of the reforms on the aggregate economy. The reform of a rise
in copayments substantially increases aggregate capital stock. This is mainly because
individuals save more for self-insuring against higher out-of-pocket health costs. The
increase in saving is used for accumulating capital, leading to an increase in the aggre-
gate stock of capital. The reform also increases aggregate labor supply, because the rise
in copayments improves the health insurance budget and leads to a reduction in the
health insurance premium imposed on individual workers. The decrease in the premium
stimulates labor supply, leading to an increase in aggregate labor. Consequently, total
output increases, and therefore the ratio of medical expenditure to output decreases.
Since the rise in capital is greater than that in labor, the capital-labor ratio goes up

and the wage rate increases.

9The Japanese government aims to reduce the burden of health insurance premiums on younger gen-
erations by introducing reforms that raise copayments. This paper therefore assumes that government
sector fiscal imbalances are eventually absorbed by health insurance premiums.
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Table 4: Long-term Effects of Reforms that Raise Copayments

“Elastic Case” “Inelastic Case”
Bench Reform 1 Reform 2 Bench Reform 1 Reform 2

Consumption tax 7¢ 10.8%  10.8% 10.8% 11.2% 11.2% 11.2%
Fraction of subsidy ¢ 44.0%  46.3% 47.9% 44.0%  43.1% 41.7%
Premium 7™ 5.2% 4.3% 3.7% 5.4% 5.1% 4.7%

Capital K — 33%  165% — 35% 179%
Labor N — +0.4% +0.8% — +0.5% +1.0%
Wage rate w - +1.1% +2.1% - +1.1% +2.5%
Medical spending M — —5.2% —8.4% - —0.0% —0.0%
Medical spending of output M/Y  7.1% 6.6% 6.3% 7.5% 7.3% 7.2%

CEV 0.00% 0.99% 1.54% 0.00% 0.18% 0.25%

Notes: Capital, labor, wage rate, and medical spending under Reforms 1 and 2 are expressed
in terms of the percent change from those under the benchmark policy. CEV shows the welfare
effects.

These patterns are observed similarly in both the elastic case and the inelastic
case. However, the health insurance premium declines more in the elastic case than the
inelastic case. In both cases, individuals respond to the rise in copayments by increasing
precautionary savings as mentioned above, but in the elastic case, the individuals also
respond by reducing discretionary medical expenses. This decline in medical demand
leads to a decrease in the aggregate medical coverage M B, which in turn improves the
budgets of the government and the public health insurance system. Specifically, since
the government budget (8) is assumed to be balanced through a change in the fraction
of the medical coverage ¢, a decline in M B leads to an increase in the government
coverage. As a result of the decrease in M B and the increase in the government
coverage, the amount of resources that the public health insurance needs to cover —
the left-hand side of the health insurance budget (10) — decreases, leading to a greater

decline in the premium.

5.2 Welfare Effects of Reforms

Next, I study the effects of the reforms on welfare for future generations. The welfare
effects are measured by the Consumption Equivalent Variation (CEV), which repre-
sents the percentage change in consumption in the remainder of an individual’s life to
make them indifferent between the benchmark economy B and the economy under al-

ternative policy A. The CEV based on the ex-ante expected lifetime utility of new-born
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individuals is given by

' : (VA (s)dd! (s) = [ VP (s) dDP (s =
Elastic Case : CEV = (va (5)dDB (s) — [ VD (s)dDB ( ) -1, (26)

In3w

s)

SV (5) A2 (s) ) Y (27)

JVE(s)d®" (s)

where s = {j =1,a=0,e,2,h} is the new-born individual’s state vector. V (s) and

Inelastic Case : CEV = (

Vin (8), respectively, are the expected lifetime utility and the utility from medical spend-
ing of an individual of type s, and ® (s) is the stationary distribution of the population

over type s.

5.2.1 Welfare Effects for All Individuals

Table 4 also shows the welfare effects of the reforms for new-born individuals. Inspection
of the last row of the table reveals that, in both the elastic case and the inelastic case,
new-born individuals on average have a positive CEV. This implies that reforms that
raise copayments can improve the welfare of future generations. However, a much larger
gain is expected in the elastic case. For example, under Reform 1, while CEV is 0.99%
in the elastic case, it is 0.18% in the inelastic case.

To further investigate why reforms that raise copayments increase the welfare of
new-born individuals and why the larger welfare improvements are expected in the
elastic case than in the inelastic case, I here decompose the welfare changes by the
reform into several components.?’ First, following Conesa et al. (2009), I decompose
CEV into three components: one stemming from the change in consumption, one from
the change in leisure, and one from the change in medical spending. The consumption
component captures a welfare change that would occur if the other individual decisions
— leisure and medical spending — do not change. The same is true for each component
of leisure and medical spending.

Table 5 presents the results of this welfare decomposition. It shows that the overall
welfare improvement is primarily attributed to the change of consumption. The welfare
gains from the increase in consumption more than offsets the welfare losses from the
decrease in leisure (increase in hours worked) and the decrease in medical spending.

Moreover, in the elastic case, total welfare improvement by the reform becomes larger

20For details of the calculation of welfare decomposition, see Appendix C.
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Table 5: Welfare Decomposition: Consumption, Leisure, and Medical Spending (in
CEV)

“Elastic Case” “Inelastic Case”
Reform 1 Reform 2 Reform 1 Reform 2
All 0.99% 1.54% 0.18% 0.25%
- Consumption 1.73% 3.14% 0.95% 2.10%
- Leisure —-0.58%  —1.23% —-0.76%  —1.81%

- Medical spending —0.16%  —0.33% — -

for the following two reasons. First, leisure declines less, which is led by the smaller
increase in labor supply, as shown in Table 4. Second, consumption increases more. In
the elastic case, with price-elastic medical demand, the additional effect of decreasing
medical spending is generated, although the increases in capital and labor, and therefore
those in output, are smaller. The decline in medical spending allows for a greater
increase in consumption, because individuals face a choice between consumption goods
and medical goods.

Next, following Harenberg and Ludwig (2019), I decompose CEV into two com-
ponents: the partial equilibrium (PE) effect and the general equilibrium (GE) effect.
The PE effect captures the effect under the assumption of fixed prices and consists of
the following tax effect and risk exposure effect.?’ The tax effect is the positive effect
whereby a reduction in the health insurance premium burden is less distortionary to
labor supply and savings. The risk exposure effect is the negative effect whereby a re-
duction in medical coverage by the government reduces an individual’s ability to insure
against medical expenditure risk. On the other hand, the GE effect captures the effect
from the adjustment in prices and implies that the rise in precautionary savings will
increase the wage rate and reduce the interest rate.

Table 6 presents the results of this decomposition. As observed from the table, first,
the overall positive welfare effects are brought by larger positive GE effects, although
PE effects are negative. Negative PE effects indicate that the burden from the increase
in risks outweighs the benefit from the reduction in premiums. However, in total, these
welfare losses are overridden by the welfare gains from the GE effects that come from the
increase in the wage rate. Second, in the elastic case, the overall welfare improvements

are expected to be greater, mainly because the negative PE effect becomes quantita-

2'Hence, the PE effect captures the welfare change that would occur if the prices {r,w} and the law
of motion ®; do not change.
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Table 6: Welfare Decomposition: PE and GE (in CEV)

“Elastic Case” “Inelastic Case”
Reform 1 Reform 2 Reform 1 Reform 2
All 0.99% 1.54% 0.18% 0.25%
-PE  —2.03% —4.62% -3.95% -9.62%
- GE 3.02% 6.16% 4.13% 9.87%

tively smaller. In the elastic case, the risk exposure effect becomes weaker because of
the smaller proportion of unavoidable medical spending. Also, the tax effect becomes
stronger because of the larger premium reduction. Hence, the welfare losses from the
PE effect will be mitigated.

5.2.2 Welfare Effects for Individuals by Education

Now, I focus on the heterogeneity in welfare effects of the reforms across educational
groups. Table 7 reports the welfare effects for those with different educational levels.
Differences as well as similarities between the elastic case and the inelastic case are ob-
served from the table. In both cases, individuals with high and upper-middle education
enjoy greater welfare improvements than those with lower-middle and low education,
because they have higher labor productivity and income and benefit more from the
premium reduction. In general, the public health care system gives benefits to those
with lower education who cannot fully self-insure against health shock, whereas it poses
a large tax burden on those with higher education who earn more labor income. Since
reforms that increase copayments imply a shrinking of the role of public health care,
they benefit people with higher education but are detrimental to people with lower
education.

However, note that, while people with lower-middle and low education have welfare
gains in the elastic case, they will face welfare losses in the inelastic case. For example,
under Reform 1, CEV for those with low education is 0.82% in the elastic case, compared
with -0.10% in the inelastic case. This large discrepancy between the two cases comes
from the difference in the price elasticity of medical demand. As mentioned earlier, in
the elastic case, reforms that raise copayments bring about a decline in total medical
expenditure and much lower health insurance premiums. This is because individuals
can mitigate their heavier burden arising from an increase in out-of-pocket spending

by reducing their medical demand. Consequently, even for people with lower-middle
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Table 7: Long-term Welfare Effects by Education of Reforms that Raise Copayments
(in CEV)

“Elastic Case” “Inelastic Case”
Reform 1 Reform 2 Reform 1 Reform 2
- High 1.23% 2.07% 0.58% 1.17%
- Upper-middle  0.98% 1.51% 0.16% 0.18%
- Lower-middle 0.89% 1.32% 0.03% —-0.12%
- Low 0.82% 1.17% —-0.10%  —0.42%

and low education, the burden of larger out-of-pocket expenses is outweighed by the

benefits from lower premiums and higher wages.

6 Transitional Dynamics

The previous section studied the long-term effects of health insurance reforms by com-
paring two steady states — one with the benchmark health insurance and another with
the reformed health insurance. However, this analysis is silent about how the economy
reaches a new steady state after the reform is implemented. In this section, I study
transitional paths from the initial economy of 2010 to the final steady state, triggered by
potential reforms that raise copayments.?? Using these paths, I investigate the welfare
impact of the reforms on current generations in the initial year of 2010.

I assume that, under the benchmark policy, there is no change in the health care
system of 2010, and under Reforms 1 and 2, a new policy of the increase in copayments
is implemented in 2011. Under all scenarios, demographics evolve according to the
population projection described in Section 4.1. The survival rates are set at the IPSS
projection up to 2060 and assumed to be constant after 2060. The fertility rates are set
at the IPSS projection up to 2050, and assumed to converge to zero by 2065. As life
expectancy increases, the dependency ratio (the ratio of the population aged 65 and
above to those aged 21-64) is projected to rise from 40% in 2010, to almost 90% in
the early 2060s, and to converge to 54% in the long run. During the transition, total
population will decrease sharply and eventually shrink to 46 million people, half of the
initial population size.

In calculating transitional paths under the benchmark policy, consumption tax 7¢ is

used to satisfy the government budget (8) every period, whereas the fraction of govern-

22For details of the numerical procedures, see Appendix B.2.
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Figure 5: Aggregate Capital, Labor Supply, and Wage Rate during 2010-2100

ment subsidy ¢ will keep a constant rate.?> Under Reforms 1 and 2, the government is
assumed to follow the same consumption tax path as the benchmark policy and adjust
the fraction of subsidy ¢ to balance its budget. Under all reforms, premium 7™ is used
to balance the public health insurance budget (10) every period. All the other fiscal

variables will be unchanged throughout the transition.

6.1 Macroeconomic Variables

Figure 5 shows the dynamic paths of aggregate capital, aggregate labor, and wage rate
in 2010-2100 in the elastic case. Aggregate capital stock will increase by the early 2030s,
but then will continue to decline. The initial rise is because of more savings encouraged
by longer life expectancy, and the subsequent decline is due to demographic shifts and
a fall in population. Aggregate labor will experience a monotonic decline, because of
a fall in working-age population due to the low fertility rate and the retirement of
the baby-boom generations. The wage rate rises initially but later declines slowly in
line with a decrease in capital. When the copayment rates are raised over time, both
aggregate capital and labor are much higher. The increase in capital is mainly because
of a rise in precautionary savings, and the increase in labor is a consequence of a rise
in hours-worked stimulated by a decline in the health insurance premium. Since the
increase in capital is greater than that in labor, the wage rate also becomes higher.

As shown in Figure 6, the ratio of medical expenditure to output rises with aging,

23] assume that the consumption tax is endogenously determined every year. Hence, past changes
such as the increase from 5% to 8% in 2014 and the increase from 8% to 10% in 2019 are not embedded
in my computation.
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reaches a peak in the 2060s, and eventually, gradually declines as the dependency
ratio declines. Health insurance premiums follow a similar hump-shaped path. Under
Reforms 1 and 2, higher capital and labor results in higher output. Thus, the ratios of
medical expenditure to output are lower than under the benchmark policy. Moreover,
reforms that raise copayments are expected to bring a greater reduction of the ratio
in the elastic case than in the inelastic case, since total medical expenditure itself
declines in the former case. This decline in medical expenditure leads to a larger drop

in premiums under Reforms 1 and 2 in the elastic case.

6.2 Welfare Effects on Current Cohorts

In the steady state analysis in Section 5.2, we observed that reforms that increase
copayments improve the welfare of future generations, and a greater welfare gain is
expected in the elastic case. In this section, I study the welfare effects of the reforms
on individuals who already exist in the initial economy before the reforms. To calculate
the welfare of current generations, I introduce a new state vector ss, which adds the
time period ¢ to individual state variables s = {j, a, e, z, h}. The definition of the CEV

for current generations, specifically those alive in 2010 (¢ = 1) at age k, is the same as
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Figure 7: Welfare Effects of Reforms that Raise Copayments on Current Generations
by Age and Health

the CEV for future generations in equations (26) and (27), except that the individual’s
state vector s is replaced by ss = {j = k,a,e,z,h,t = 1}.

Figure 7 shows the welfare effects on current cohorts who are different in age and
health status. In the inelastic case, all generations have lower utility, regardless of
their age and health status. Old and unhealthy individuals suffer a greater welfare loss
because they are likely to have higher medical expenditure and less opportunity or time
to prepare for the increase in copayments. For example, under Reform 1, on average,
the loss in good health for those aged below 65 is 1.21%, and for those aged above 65
is 4.45%. In addition, on average, the loss for those aged above 65 is 4.45% in good
health compared with 4.79% in poor health.

In the elastic case, however, such negative welfare effects become smaller, since indi-
viduals can mitigate the burden of the increase in medical expenditure risk by reducing
their discretionary medical spending. When medical demand is elastic to medical price
changes, raising copayments brings about a decline in medical demand, and therefore
a greater reduction in insurance premiums, making the negative risk exposure effect
weaker and the positive tax effect stronger. In particular, under Reform 1, on average,
the loss for those aged above 65 with poor health will be 4.00% in the elastic case,
compared with 4.79% in the inelastic case. Meanwhile, young individuals under age
39, even those with poor health, improve their utility because of lower premiums and
higher wages.

Figure 8 shows the welfare effects on current cohorts who are different in age and

educational level. In the inelastic case, all individuals, except for very young people with
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Figure 8: Welfare Effects of Reforms that Raise Copayments on Current Generations
by Age and Education

high education, experience welfare losses. The reforms are more detrimental to those
with lower-middle and low educational levels, as they have less total income, including
labor income and pension benefits, and therefore a larger proportion of medical need in
their total income. For individuals with lower education, the benefit from the decline
in the premium becomes smaller and the burden of the increase in medical expenditure
risk becomes larger. In particular, under Reform 1, on average, while the loss for those
above age 65 with high education is 3.08%, that for those with low education is 5.78%.

Nonetheless, in the elastic case, because the decline in medical demand leads to a
greater reduction in premiums, the loss for those with low education is mitigated: on
average, 4.52% in the elastic case, compared with 5.78% in the inelastic case. Moreover,
the reform is beneficial to young individuals, including those under age 36 with lower-
middle education and those under age 34 with low education. Since they have smaller
medical expenditure and benefit significantly from lower premiums, the reform can

improve their welfare.
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7 Alternative Policy Experiments

The analyses in Sections 5 and 6 reveal that it may be difficult to get the support from
many current generations for reforms that increase copayments, in spite of the positive
welfare effects on future generations.?* Indeed, the Japanese government is concerned
about the possibility that raising copayments could increase the burden on the current
elderly, especially those with poor health or low income. For this reason, the government
plans to raise the copayment rate for the elderly age 75 and over whose annual income
is higher than 2 million yen from the second half of 2022. To understand the impact of

such reforms with income threshold, I here consider additional experiments as follows:?

e Reform 1-1: Raising the copayment rate for those above age 75 with high, upper-
middle, and lower-middle education from the current 10% to 20%, while keeping

the current rate for those with low education

e Reform 1-2: Raising the copayment rate for those above age 75 with high educa-
tion from the current 10% to 20%, while keeping the rate for those with all the

other levels of education

Regarding income threshold, I use educational levels of the elderly as proxies for their
income levels. This is because, in this paper, I assume that all individuals withdraw
from the labor market at age 65 permanently and after live on pension benefits which
depend on their educational levels.

Table 8 compares the long-term effects of the additional reforms in the elastic case.
Under Reform 1-1, individuals with low education gain greater welfare improvements
because they do not face increased out-of-pocket medical expenditure, while enjoying
the reduction in premiums. However, because of their small medical expenditure, the
effects of Reform 1-1 on the macroeconomy and average welfare are not quantitatively
different from those of Reform 1. On the other hand, under Reform 1-2, individuals with
high education suffer welfare losses. In addition, although all individuals with the other
educational levels increase their welfare, the gains are less than those under Reform 1.

Since Reform 1-2 brings the copayment increase for only those with high income, the

241 discuss the sensitivity of my numerical results to alternative assumptions about the model and
calibration in Appendix D.

ZReform 1-1 reflects the opinion of the National Federation of Health Insurance Societies (Kenko
hoken kumiai rengokai) that copayments should be 20% in principle but 10% for those with low
income. Meanwhile, Reform 1-2 reflects the opinion of the Japan Medical Association (Nihon ishikai)
that copayments should be 10% in principle but 20% for those with high income.
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Table 8: Long-term Effects of Reforms with Income Threshold

“Flastic Case”
Bench Reform 1 Reform 1-1 Reform 1-2

Premium 7™ 5.2% 4.3% 4.4% 4.8%

Capital K - +3.3% +3.1% +1.1%
Medical spending of output M/Y  7.1% 6.6% 6.7% 6.9%

CEV 0.00% 0.99% 0.97% 0.51%
- High education 0.00%  1.23% 1.15% —0.05%
- Upper-middle education 0.00%  0.98% 0.89% 0.71%
- Lower-middle education 0.00%  0.89% 0.81% 0.70%
- Low education 0.00%  0.82% 1.92% 0.70%

effects of the reduction in the premium will be smaller compared with Reform 1. As a
result, positive welfare effects also get smaller.

Figure 9 shows the welfare effects on current cohorts by educational level.?® Under
Reform 1-1, all low-education individuals have greater welfare, while the welfare im-
provements for young people with other educational levels are slightly less than those of
Reform 1. On the other hand, under Reform 1-2, all the current population, including

the elderly, but excepting high-education individuals, experience welfare improvements.
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Figure 9: Welfare Effects on Current Generations by Age and Education under Reforms
with Income Threshold

26Under all reforms, a new policy increased copayments is assumed to have been implemented in
2011.
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Accordingly, the copayment increase with income threshold can offer a welfare trade-
off between future and current generations. From the viewpoint of ex-ante welfare for
new-born individuals, a uniform increase in copayments, such as proposed in Reform
1, is favorable. From the viewpoint of welfare for current cohorts, an increase in copay-

ments for high-income groups only, such as in Reform 1-2, is beneficial.

8 Conclusion

This paper quantifies the welfare effects of public health insurance reforms in Japan that
raise copayments. I develop a dynamic stochastic general equilibrium overlapping gen-
erations model with heterogeneous individuals who are different in their age, education,
labor productivity, wealth, and health status. In particular, I consider two models with
different assumptions about medical demand: price-elastic and price-inelastic. While
the former model assumes that individuals optimally choose medical spending as well
as consumption and labor supply over the life-cycle, the latter model assumes that all
medical expenditure is essential and unavoidable for individuals. By examining and
comparing the effects of reforms on the welfare of future and current generations, I sug-
gest that the price elasticity of medical demand is significantly important in evaluating
the welfare impact.

Reforms that raise copayments increase out-of-pocket medical expenses, and indi-
viduals become exposed to more medical expenditure risk. On the other hand, such
reforms encourage individuals to save more and increase aggregate capital, leading to
a rise in the wage rate. They also allow for a reduction in health insurance premiums
by improving the government budget. These reforms bring welfare gains for future
generations because the positive effects arising from reduced premiums and increased
wages are greater than the negative effects arising from increased medical expenditure
risk. However, current generations, especially those in old age, with poor health, or low
education, may suffer significant welfare losses.

However, in the economy with elastic medical demand, because the reforms bring
about a reduction in medical demand, the negative effect of higher medical expenditure
risk is mitigated, and the greater positive effect of the lower premium is realized. Hence,
the welfare of future generations is improved much more than in the economy with
inelastic medical demand. Moreover, these reforms improve the welfare of current

young generations, including unhealthy and low-education individuals, whereas the
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welfare of all current generations deteriorates in the economy with inelastic medical
demand. These contrasting results reveal that, by not taking into account the elastic
medical demand as observed in the actual economy, we may underestimate the positive
effects of reforms that raise copayments while emphasizing their negative effects.

I also note that my model abstracts from the relation between health status and
labor efficiency or survival probability, mainly because of the difficulty of accessing
micro-level data in Japan. In addition, the healthcare system and medical services in
the actual economy are more complex than this paper has assumed: high-cost medical
expense benefits (kogaku ryoyohi seido), medical deductions (iryohi kojo), private health
insurance, and hospitalization. These important extensions to investigate precisely the

policy impacts are left in future research.
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Appendix

A Calculation of Medical Expenditure Profiles

In this paper, I compute age- and health-dependent medical expenditure as follows.
First, using the population distribution by age and health group reported by Fukai
et al. (2018), I calculate the population share of those with “good” health and “bad”
health. Their paper classified people into five health groups according to annual med-
ical expenditure: 0-7,800 yen for Q1 (best health condition), 7,801-24,000 yen for Q2,
24,001-54,000 yen for Q3, 54,001-266,999 yen for Q4, and 267,000 yen and over for Q5
(worst health condition). I assume that “good” and “bad” health groups in my model
correspond to Q1-Q4 and Q5 groups in their paper. For example, in the age group
20-24, there are 98% with “good” health and 2% with “bad” health.

Next, by combining these population share with the distribution of medical expen-
diture by age group, I calculate medical expenditure by age and health group. Fukai
et al. (2018) also present the average medical expenditure in the percentiles of each
age group: 1%, 5%, 10%, 25%, 50%, 75%, 90%, 95% (top 5%), and 99% (top 1%).
First, in all age groups, I linearly interpolate these medical expenditures and obtain
the medical expenditure by health group. Second, I linearly interpolate the medical
expenditure of each age group over age and then obtain the age- and health-dependent
medical expenditure.

However, there was a gap between these calculated medical expenditures and average
health care expenditure in 2010 reported by the MHLW. For this reason, finally, given
the health distribution, I recalibrate the medical expenditures in the model so that they

match the actual medical costs.

B Computational Algorithm

B.1 Computation of the Steady States

The numerical method of the stationary equilibriums is basically the same as Huggett
(1996). For example, consider the final steady state under the benchmark policy. We
find a set of capital-labor ratio K//N that leads to the equilibrium prices {r, w}, con-
sumption tax 7¢ that balances the government budget, and health insurance premium

7™ that balances the public health insurance budget. Computational steps are described
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below.

1. Guess aggregate capital K™ and aggregate labor supply N, and calculate factor

prices {r,w}. Set initial values of consumption tax (7¢)"* and premium (7)™,

2. Given {r,w} and government policies {G/Y, Thork b TP 0., N, go}, compute pol-
icy functions using the Endogenous Grid Method (EGM) backwardly.

3. Compute the population distribution function ® from policy functions.

4. Using the distribution function, calculate aggregate variables such as capital K™,

labor supply N consumption C, and medical expenditure M.

new

5. Find the consumption tax (7¢)"“" so that the budget constraint of the government

sector holds.

6. Find the premium (7™)"" so that the budget constraint of the sector of public

health insurance holds.

7. If Kt Ni (7)™ and (7)™ are close to K¢w, New (7€) and (7)),
respectively, then stop the computation. Otherwise, update these initial values,

and restart from Step 2.

B.2 Computation of the Transitional Dynamics

For example, consider the benchmark policy. Given the initial steady state in 2010
(t = 1) and the final steady state in 2250 (¢ = T") computed by the above algorithms,

we find the transition path between the two steady states as follows.

CNT T
1. Guess aggregate capital {(Kt)“"} , aggregate labor supply {(Nt)"”} , and
t=1 t=1
T
bequests {(beqt)zm} , and calculate a sequence of factor prices {r;, wt}le. Set
t=1
NT -

initial sequences of consumption tax {(th)lm} and premium {(Ttm)lm} :
t= t=1

: . T
2. Given {r;, w; } and government policies {(G/Y)t T TR T T Oty Nty gpt}tzl, com-

pute a sequence of policy functions using the EGM backwardly from 2250 to 2010.

3. Given the policy functions computed in Step 2, calculate the population distribu-

tion function ®; from 2010 onwards.
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4. Using the distribution function, calculate aggregate capital { (Kt)"ew}thl, aggre-
gate labor supply {(Nt)"ew}le, bequests {(beqt)"ew}le, aggregate consumption
{C,}],, and total medical expenditure {M;}/_,.

C)new

5. Find the consumption tax { (7} }le so that the government sector satisfies its

budget every period.

6. Find the premium {(7/*)"}]_, so that the public health insurance sector satisfies

its budget every period.

7o { ()™ b { )™ {bea)™ b ()} and { () are close to { ()",
{(N)™ ™}, {(beqy)" ™}, {(£)""}, and {(7;™)"""}, respectively, then stop the com-
putation. Otherwise, update the initial sequences of K;, NV;, beg;, 77, and 7;"*, and

restart from Step 2.

C Welfare Decomposition of CEV

C.1 Consumption, Leisure, and Medical Spending Effects

Consider the elastic case. The decomposition of welfare into the components arising

from changes in consumption, leisure, and medical spending is as follows.?"

W (A, 14, mA)
W (B, 1B, mPB)

(1+CEV) = ]M =(1+CEV,)(1+CEV)(1+CEV,,), (28)

where

W (e,1,m) = / V (s) do (s) — / VB (5)ddP (s) (29)

CEV, =

A B B0
W(c 17 m )] 1 (30)

W (cB, 1B, mB)

2"In the inelastic case, CEV can be decomposed into two parts: that arising from changes in con-
sumption, and that arising from changes in leisure.

W (e4,14)

v(llfw)
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W (CA’ZA’mB) e

CEV, = T (1B B -1, (31)
W (CA, ZA, mA) ﬁ

CEV,, = W (A, 1%, mB) -1, (32)

where CEV,, CEV,, and C'EV,, respectively, denote the contributions from consump-

tion, from leisure, and from medical spending.

C.2 Partial Equilibrium and General Equilibrium Effects

The decomposition of welfare into partial equilibrium (PE) and general equilibrium
(GE) effects is as follows.

CEV = CEVpg + CEVgp, (33)
where
1
W (e, 14, mA) | 7T . . .
CEVpg = [W(CB,ZB,mB) —1lr=rw=w",®(s) =07 (s)|, (34)

where CEVpg and CEVgg, respectively, denote the contributions from the PE effect
and from the GE effect.

D Robustness Analysis

D.1 Price Elasticity of Medical Demand

The main analysis in this paper focuses on a calibrated economy with price elasticity
of -0.2 estimated from Shigeoka (2014) and Fukushima et al. (2016). However, some
empirical papers report a wider range of elasticity in Japan.?® I assess the effects of

public health insurance reform under economies with alternative price elasticity levels

Z8For example, Bhattacharya et al. (1996) find the price elasticity of demand for outpatient care to
be between -0.54 and -0.12 and Ti and Ohkusa (2002) report the price elasticity for medical services to
be between -0.36 and -0.23. For the empirical literature on the price elasticity of medical demand in
Japan, see Ii and Bessho (2006).
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Table 9: Sensitivity Analysis: Price Elasticity of Medical Demand

Elasticity=—0.3 “Elastic Case” (Elasticity——0.2)
Bench Reform 1 Reform 2 Bench Reform 1 Reform 2
T 5.0% 3.9% 3.2% 5.2% 4.3% 3. 7%
MY 6.9% 6.2% 5.8% 7.1% 6.6% 6.3%
CEV 0.00% 1.38% 2.16% 0.00% 0.99% 1.54%
- High education 0.00% 1.55% 2.50% 0.00% 1.23% 2.07%
- Low education 0.00%  1.27% 1.93% 0.00%  0.82% 1.17%
Elasticity=—0.1 “Inelastic Case” (Zero elasticity)
Bench Reform 1 Reform 2 Bench Reform 1 Reform 2
T 5.3% 4.7% 4.3% 5.4% 5.1% 4.7%
MY 7.3% 7.0% 6.8% 7.5% 7.3% 7.2%
CEV 0.00% 0.55% 0.83% 0.00% 0.18% 0.25%
- High education 0.00%  0.88% 1.59% 0.00%  0.58% 1.17%
- Low education 0.00%  0.31% 0.28% 0.00% —0.10% —0.42%

of -0.3 and -0.1.2° The former economy considers the situation where medical demand
is more price-elastic than the calibrated economy (namely, the elastic case). On the
other hand, the latter economy considers the situation where the elasticity level lies
between the level of the calibrated economy and that of the counterfactual economy
(namely, the inelastic case).

Table 9 shows the results under these alternative economies with different elastici-
ties. Under the economy with higher elasticity, reforms that increase copayments bring
a greater reduction in medical expenditure and a greater decline in health insurance
premiums. The main reason is that individuals reduce their large discretionary medi-
cal spending to avoid the increased medical expenditure risk when medical demand is
more sensitive to price changes. Consequently, welfare improvements are expected to be
greater. In contrast, even with the smaller elasticity of -0.1, welfare gains are expected
to be larger than in the inelastic case. Moreover, CEV for those with low education
also takes positive values.

Thus, although the quantitative results depend on the elasticity value, considering
non-zero elasticity provides us with the qualitative result that raising copayments brings
more benefits for future generations and, in addition, positive effects even for those with

low education.

291 recalibrate the fraction of the medical need w and the preference for medical spending ¢ 5, to
match the medical expenditure m?‘}f“ and the price elasticity. For example, w takes the values of 0.15

when the elasticity is -0.3 and 0.85 when the elasticity is -0.1, respectively.
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Table 10: Sensitivity Analysis: Risk Aversion

“Elastic Case” “Inelastic Case”
Bench Reform 1 Reform 2 Bench Reform 1 Reform 2

™ 5.4% 4.5% 3.8% 5.6% 5.2% 4.7%
v=2 K — +2.8% +5.8% — +3.0% +6.7%

CEV  0.00% 1.03% 1.68% 0.00% 0.38% 0.72%

Tm 5.2% 4.3% 3.7% 5.4% 5.1% 4.7%
v = 3 (Baseline) K — +3.3% +6.5% - +3.5% +7.9%

CEV 0.00% 0.99% 1.54% 0.00% 0.18% 0.25%

T 5.0% 4.2% 3.6% 5.3% 5.0% 4.7%
v =4 K — +3.6% +7.1% +3.9% +8.8%

CEV 0.00%  0.91% 1.37% 0.00%  0.02% —0.15%

D.2 Risk Aversion

In my model, the effects of reforms that raise copayments may depend on the relative
risk aversion v because public health insurance plays an important role in helping risk-
averse individuals smooth their consumption over the life-cycle. 1 experiment with two
additional values of the risk aversion at 2 (less risk-averse), and 4 (more risk-averse),
as opposed to 3 in the baseline case.?’

Table 10 summarizes the results for alternative values of v. With higher risk aver-
sion, individuals have more precautionary savings to self-insure against higher out-of-
pocket health costs. As a result, the reform further increases aggregate capital stock,
leading more rise in the wage rate. Note that, despite the stronger GE effect from the
increased wage, the reform brings smaller welfare improvements for more risk-averse
individuals. Furthermore, in the inelastic case with v = 4, even future generations
suffer welfare losses. These results indicate that there are large negative PE effects
when individuals favor lower medical expenditure risk. This can be attributed mainly
to the significantly large risk exposure effect caused by a decline in medical coverage

by the government, given that the reform brings almost the same tax effect of premium

reduction between the cases with different risk aversion.

30Besides the values of w and ¢, 5, the discount factor 3 is also recalibrated to match the capital-
output ratio of 3.0. The value is set at 0.9963 with v = 2, and 1.0144 with v = 4, respectively.
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D.3 Social Welfare Programs

The baseline model does not include government transfers such as safety-net programs,
which guarantee each individual a minimum subsistence level of consumption. If the
economy includes such a program, some poor individuals would rely on this, especially
in the inelastic case where all medical expenditure is an unavoidable risk. Hence,
even though an additional tax burden would be required to sustain the program, the
welfare costs of the reform for low income households would be smaller. However,
the quantitative results may not change much, because the population share of low-

education households is very small in the baseline calibration, approximately 5%.

D.4 Private Health Insurance

There is no private health insurance market in the baseline model. The main reason is
that, in Japan, private schemes have played a small and supplementary role. Colombo
and Tapay (2004) overview the private health insurance markets in OECD countries
and show that the proportion of Japanese total medical expenditure covered by private
health insurance is only 0.3%.

However, when raising copayments reduces health coverage by the government, the
role of private health insurance may be more important for individuals who become
exposed to larger medical expenditure risk. Hsu et al. (2016) develop a general equi-
librium life-cycle model and find that there is a negative relation between household
saving and private insurance under the economy with a small social welfare program.
According to their findings, in my model without such program, private health insur-
ance can provide an alternative method to mitigate the burden of the reduction in
health insurance coverage. Thus, in an economy with private health insurance, the
reforms would increase aggregate savings and the wage rate less than I have expected

in my main analysis, and bring smaller welfare improvements.

D.5 Tax Adjustment

One of my main findings in the baseline simulation is that raising copayments allows
for a greater reduction of the premium in the elastic case than in the inelastic case.
The reasons for this are twofold, as mentioned in Section 5.1. First, individuals reduce
their discretionary medical expenses. Second, the government increases the proportion

of subsidy for medical care to adjust its fiscal imbalance.
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If T allow the government to use the consumption tax to balance its budget, instead
of the proportion of the medical subsidy, the first channel remains, but the second
channel disappears. In this case, because the difference in the tax effect of premium
reduction between the elastic case and the inelastic case would become smaller, the
welfare improvements of current young generations in the elastic case could be quanti-
tatively smaller than the baseline simulation. On the other hand, both young and old
people benefit from a decline in consumption tax, since the tax is levied equally on all
residents, regardless of age. Consequently, with a consumption tax adjustment relative
to a proportion of the subsidy adjustment, the welfare loss for the elderly would also
become smaller.

Nonetheless, government financing policy does not affect the main results that more
benefit and less burden are brought about by an increase in copayments in the elastic
case than in the inelastic case, because the results are basically attributed to the first
channel of reducing the amount of medical expenditure. In the elastic case, individu-
als can mitigate the risk of increased out-of-pocket costs by curbing medical demand,
and the decline in medical expenditure leads to a larger reduction in medical benefits,

thereby lowering the premium.
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