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Abstract

This paper examines an optimal rate of national burden, to establish guidelines for
fiscal reform in Japan’s graying society. The paper looks at the Japanese tax and social
security systems through an extended life-cycle general equilibrium simulation model.
It explicitly considers the benefit that the government provides to households, which
enables us to evaluate the balance between benefits and burdens in a comprehensive
way. Simulation results show that an optimal rate of national burden is high when
households put a great utility weight on the benefit from public services, and that it is
low when the degree of publicness of government expenditure is high. They also suggest
that an optimal rate of national burden would rise as Japan ages and may exceed 50%

during raid aging of the Japanese population.
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1 Introduction

With a population that is aging faster than any other in the world, Japan faces serious
public finance problems, particularly when it comes to tax and social security issues.
The structural reforms are urgently needed to accommodate the impending
demographic change. There has been recently increasing discussion about the “national
burden rate” in Japan. When reconstructions of public finance or fiscal structural
reforms were implemented in past years, one of the government’s aims was to keep a
national burden rate below 50%. One of the main reasons for this is that as a national
burden rate becomes high, the economic vitality is diminished.

Several recent studies, however, suggested that the size of the welfare state has no
relation to the rate of economic growth. For example, Atkinson (1999) reported that the
results of econometric studies of the relationship between social transfer spending and
growth rates are mixed: some find that high spending on social transfers leads to lower
growth, others find the reverse, and thus that the studies of the aggregate relationship
between economic performance and the size of the welfare state reviewed in his book do
not yield conclusive evidence.

This paper aims to establish guidelines for fiscal reform in Japan’s graying society.
The paper looks at the Japanese tax and social security systems through an extended
life-cycle general equilibrium simulation model. There have been many papers that
studied tax reforms using this kind of model, for instance, Auerbach and Kotlikoff
(1987) and Altig et al. (2001). Those papers published, however, incorporate taxes into
the model but do not take account of the aspect of that government expenditure
enhances households’ utility. Moreover, few studies examined an optimal rate of
national burden, taking entirely account of the benefit that the government provides to
households.

Therefore, we explicitly consider the aspect of that public services improve
households’ welfare, which is the main contribution of this paper. This enables us to

evaluate the balance between benefits and burdens in a comprehensive way, and thus to



investigate an optimal rate of national burden. We explore an optimal rate of national
burden during raid aging of the Japanese population.

When taking account of the aspect of that households have the benefit from
government spending, there are two crucial two points. One is to what degree
households put a utility weight on the benefit from government expenditure, compared
with their private consumption. The other is to what degree the goods and services that
the government provides to households take on the character of public or private goods.
If government expenditure takes on the character of public goods, its benefit to
households is far and wide. On the other hand, if government expenditure takes on the
character of private goods, its benefit to households is limited and narrow. Because
simulation results depend substantially on the parameter values that determine these
degrees, we undertake sensitivity analyses for changes in these parameter values.

This paper is organized as follows. The following section identifies the basic model
employed in the simulation analysis. Section 3 explains the method of simulation
analysis and the assumptions adopted. Section 4 evaluates the simulation findings and

discusses policy implications. Section 5 summarizes and concludes the paper.

2 Theoretical Framework

The life-cycle growth model employed in this paper is grounded in the microeconomics of
intertemporal choice, and the macroeconomics of savings and growth. The simulation
model has three features. First, aggregate assets of the economy in each period consist
of the assets of different generations that maximize their lifetime utility. This allows us
to rigorously analyze changes in the supply of assets caused by demographic changes.
Second, assets in the capital market, where aggregate assets appear as real capital,
affect the production level. Third, it is possible to estimate realistic
consumption-savings profiles for the elderly, by incorporating life-length uncertainty
and unintended bequests into the model.

We calibrate the simulation of the Japanese economy by employing population data



estimated by the National Institute of Population and Social Security Research in 2002.
The model has 75 different overlapping generations. Three types of agents are
considered: households, firms, and the government. The basic structure of households is

as follows.

2.1 Household Behavior

Households are divided into three income classes: low, medium, and high.t A single
household type represents each income class. Each household has the same mortality
rate and the same utility function. Unequal labor endowments, however, create
different income levels. Each household appears in the economy as a decision-making

unit at the age of 21 and lives to a maximum of 95. Households face an age-dependent

probability of death. Let ¢, ,; be the conditional probability that a household of age ]
lives to j+1. Then the probability of a household of age 21 surviving until age S can

be expressed by
s-1
ps = qu+l|j . (1)
j=1

The probability q;,,; is calculated from data estimated by the National Institute of
Population and Social Security Research (2002).

The utility of each household depends on the levels of consumption and the public
services that the government provides to each household. There is no choice between
leisure and labor supply. Each household works from age 21 to RE, the retirement age.
The labor supply is inelastic before retirement and zero after retirement (see the first
comment in Section 4.2 for the explanation of this setting). Each household that
maximizes expected lifetime utility makes lifetime decisions at age 21 concerning the
allocation of wealth between consumption and savings. The utility function of a
representative household of income class i, the form of which is assumed to be

time-separable, is
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where CSi represents consumption (or expenditure) at age S, ¢ the adjustment
coefficient for discounting the future, and y is the intertemporal elasticity of

substitution in different years. The superscript i(=1,m,h) stands for low, medium,

and high-income classes, respectively.

The goods and services that the government provides to households are

incorporated making reference to Borcherding (1985). G, is government spending on
goods and services in year t, AN, the size of the households, namely, the total
population at period t, x aweight placed on the benefit from government
expenditure (i.e., public services), and the exponent p is the degree of publicness. If
p is zero, then the government expenditure, G,, is purely public. On the other hand,

if p isunity, then G, is purely private. It needs to be noted that, as the value of p

is large, the degree of publicness is low.

The flow budget constraint equation for each household at age S is

AL ={+rl—-7)}A +{1—7,(wx'e,) -7, }wx'e, + b +a, — (1+7,) C, (3)

where As' represents the amount of assets held by the household at the beginning of
age S, r theinterestrate, W the wage rate per efficiency unit of labor, and €, is the
age profile of earnings ability for the household that belongs to the medium-income
class.? bsi is the amount of public pension benefit, and a; is the amount of bequest to
be inherited at age S. TW(WXieS) is the tax rate on labor income, 7, thaton
consumption, 7, thaton interestincome, and 7, is the contribution rate to the public
pension scheme. X' is the weight coefficient corresponding to the different levels of
labor endowments among the three income classes. The medium-income class is used as
ayardstick, and thus x" =1. x' and X" reflect the realistic differences in earnings

ability across the three income classes.



The tax system consists of labor income, interest income, consumption, and
inheritance taxes. Labor income is progressively taxed. The symbol 7, (WXieS) in
equation (3) signifies that 7, is a function of Wxies. The progressive tax schedule is
incorporated in the same manner as in Auerbach and Kotlikoff (1987): by choosing two
parameters labeled o and /[, we set the average tax rate TW(WXieS) equal to
a+0.5p(wx'e,) for all values of Wx'e,. The corresponding marginal tax rate is
a+ B(wx'e,). Setting #=0 amounts to proportional taxation. One may make the tax
system more progressive, holding revenue constant, by increasing £ and decreasing
a simultaneously. On the other hand, interest income and consumption are

proportionally taxed: the tax rates on interest income and consumption are 7z, and 7,

respectively.

Variables related to the public pension program in a pay-as-you-go system are

represented by
{b; =H' (s>ST)

i , 4
b;=0 (s<ST) @

where the age at which each household starts to receive public pension benefits is ST,

L i 1 & .
the average annual remuneration is H '(= EZ‘WX'eS , and the replacement ratio is
s=21

6. Thus bsi rigorously reflects differences in earnings ability across the three income
classes.

There are unintended bequests caused by uncertainty over the length of life. The
bequests, which were held as assets by deceased households, are handed to surviving

50-year-old households. Therefore a; is positive if and only if s =50, and otherwise is

zero. The inheritance is transferred within the households who belong to the same
income class. When BQti is the sum of bequests inherited by 50-year-old households at

period t, a;, is defined by

al — (1_Th)BQti
N, pgp(1+n) 2’

(%)



where

BQtI = Nt Z ( ps - ps+1)(1+ n)—(S—Zl) A¥I+1 ' (6)

s=21
N, is the number of new households entering the economy as decision-making units at

period t, n isthe common growth rate of successive cohorts, and 7, is the

(proportional) tax rate on the inheritance of bequests. In the steady state of a life-cycle
growth model, the amount of inheritance received is linked to the age profile of assets
chosen by individuals.

Let us consider the case in which each household maximizes its lifetime utility
under a constraint. Each household maximizes equation (2) subject to equation (3) (see
Appendix A). From the utility maximization problem, the equation expressing evolution

of consumption over time for each household is characterized by

4
Csi+1 _ |:( ps+l ]{1+ r(l_ Ty )}:| C; _ (7)
P, 1+6

If the initial consumption level, C;l, is specified, optimal consumption behavior of all

ages can be derived from equation (7). The amount of assets held by each household at
each age can be obtained from equation (3). The expected lifetime utility of each
household is derived from equation (2).

The social welfare function, which takes account of different earnings abilities and
thus provides different levels of consumption, is given by

SW=U'+U"+U". ®)
This function is derived from a summation of the expected lifetime utilities at age 21 for
the three income classes. When comparing steady states, it is not necessary to take
account of the utilities of all overlapping generations existing at period t.Acomparison
of the lifetime utility of a single cohort is sufficient, because our purpose is to compare
the welfare level among simulation cases. The social welfare function is of the
“Benthamite type,” but depends mainly on the utility of the low-income class, like the

“Rawlsian type.”3 It is maximized if all income classes have the same level of



consumption.

With regard to the basic structure of firms, a single production sector is assumed to
behave competitively using capital and labor, subject to a constant-returns-to-scale
production function. See Appendix B for the basic structures of firms and the

government, and market equilibrium conditions.

3 Simulation Analysis

The method of simulation employed in our analysis represents the economy as a general
equilibrium system. We investigate an optimal tax rate on consumption, by comparing
the equilibrium solutions that are calculated under given and counterfactual conditions.
This method permits us to numerically calculate various economic variables and to
recognize concrete policy implications. It is especially useful when examining policy

packages, or when there are multiple policies that work in a differing direction.

3.1 Method of Simulation

The simulation model presented in the previous section is solved under the hypothesis
of perfect foresight by households. Households correctly anticipate the interest, wage,
and tax rates. If tax and public pension systems are determined, the model can be

solved using the Gauss-Seidel method (see Okamoto (2004) for the computation process).

The parameter values « and f, which denote tax progressivity on labor income, and
the tax rates on interest income (7,) and inheritance (z,), are exogenously given.
Thus, tax revenue neutrality makes the tax rate on consumption (7.) endogenous.

With regard to the public pension system, the replacement ratio (&) is exogenously

given. Therefore, the contribution rate (rp) is made endogenous.

3.2 Simulation Cases

We consider three demographic regimes, namely, the 2005 current steady state and the
2025 and 2050 aged steady states. Case A is the current benchmark of 2005. Cases B

and C are the benchmarks of an aged Japan projected for 2025 and 2050, respectively.



Cases A, B, and C differ in population structure.4 Different survival probabilities (p,)
and different growth rates of successive cohorts (Nn) create different age structures of
the population among the three demographic regimes (see Table 1 for the parameter
values that characterize the three steady states).

In aged steady states, Japan faces a decline in the proportion of working population,
with a subsequent decrease in aggregate output (Y,); hence, it raises the ratio of the
total tax revenue (T,) to aggregate output (Y,), this represents a substantial increase
in tax burden in an aging society. Under tax revenue neutrality, there is the extra
burden caused by a transition from the current state (Case A) to the aged states (Cases
B and C). In an aging society, tax policies that stimulate capital accumulation can be
required, and a consumption tax promotes capital formation more than other tax
regimes (see Okamoto (2005a, 2005b) for the details). Furthermore, there is politically
every possibility of raising the tax rate on consumption in the current Japan. Therefore,
in our simulation, a consumption tax covers the extra tax burden caused by a transition
to an aging society. In addition, when maximizing the social welfare, we consider the
cases in which the tax rate on consumption is adjusted.

The simulation results depend substantially on the weight parameter, u, placed

on public services in the utility function. The parameter value is assigned to 0.1 in the
benchmark cases. Because the setting of the weight parameter is crucial for the purpose
of our analysis, a sensitivity analysis is undertaken. We consider simulation cases in
which it is decreased to 0.01 and increased to 0.3. The results also depend on the
parameter, o, that determines the degree of publicness on government expenditure.
The parameter value is assigned to 0.88 in the benchmark cases. We consider the cases
in which it is decreased to 0.75 and increased to unity. The following simulation cases

are now considered.

1 Three benchmarks for 2005, 2025, and 2050

Table 2 shows the simulation cases and empirical results on the three benchmarks for



2005, 2025, and 2050.

Case A (Benchmark of the 2005 current state)
The utility weight, g, is set to 0.1. The tax system on labor income has a realistic
progressiveness, which has the average tax rate of 6.77%. Tax rates on consumption,

interest income, and inheritance are 5%, 20%, and 10%, respectively.

Cases B (Benchmark of the 2025 aged state) and C (Benchmark of the 2050 aged state)

The utility weight, u, is the same as Case A. The tax system on labor income and the
tax rates on interest income and inheritance are also the same as those in Case A. The

extra tax burden, caused by a transition to an aged society, is covered by a consumption

tax.

2 The cases that maximize the social welfare for 2005, 2025, and 2050
Table 3 presents the simulation cases and empirical results on the cases that maximize

the social welfare for the three benchmarks.

Case A*
In Case A, the tax rate on consumption is adjusted so as to maximize the social welfare.

Arise in the tax rate leads to an increase in the government expenditure.

Cases B* and C*
In Cases B and C, the tax rate on consumption is adjusted so as to maximize the social

welfare, which gives Cases B* and C*, respectively.

3 Changes in the utility weight parameter given on public services for 2005, 2025, and
2050

In contrast to Cases A, B, and C, the weight parameter, u, given on the benefit from

government expenditure is changed to 0.01 and 0.3. Table 4 presents the empirical

results of the transitions of an optimal tax rate on consumption, an optimal rate of tax

burden, an optimal rate of national burden for £ =0.01, 0.1, and 0.3.
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Cases A-1 and A-2
In contrast to Case A, the utility weight, u, is changed to 0.01 and 0.3, which yields

Cases A-1 and A-2, respectively.

Cases A-1* and A-2*

In Cases A-1 and A-2, the tax rate on consumption is adjusted so as to maximize the
social welfare, which gives Cases A-1* and A-2*, respectively.

cases B-1, B-2, B-1* and B-2*

In the 2025 aged steady state, the similar simulations as Cases-A are conducted. Cases
B-1, B-2, B-1*, and B-2* correspond to Cases A-1, A-2, A-1*, and A-2*, respectively.
Cases C-1, C-2, C-1* and C-2*

In the 2050 aged steady state, the similar simulations as Cases-A are undertaken.
Cases C-1, C-2, C-1*, and C-2* correspond to Cases A-1, A-2, A-1*, and A-2*,

respectively.

4 Changes in the degree of publicness on government expenditure

Table 5 shows the empirical results of different degrees of publicness on government

expenditure in the 2005 current benchmark case.

Case A-a

In contrast to Case A, the exponent, p, that determines the degree of publicness is
decreased to 0.75, which yields Case A-a. In this case, the government expenditure

takes more on the character of public goods.

Case A-b

In contrast to Case A, the exponent, o, is increased to unity, which gives Case A-b. In

this case, the government expenditure takes on the character of purely private goods.

Cases A-a* and A-b*

In Cases A-a and A-b, the tax rate on consumption is adjusted so as to maximize the

11



social welfare, which gives Cases A-a* and A-b*, respectively.

3.3 Specification of Parameters

This paper examines an optimal rate of national burden for an aging Japanese economy,
through comparing steady states. We choose parameter values that are realistic for the
economy. Thus, the economic variables in the benchmark simulation (i.e., Case A), such
as the ratio of capital to income (K/Y) or that of capital to labor (K/L), are close to the
values that are suggested in the Economic and Social Research Institute (2005). The
parameter values used in the simulation are given in Table 6.

First, the weight parameter, u, in the utility function in equation (2) is assigned to
0.1 in the benchmark cases. Because no studies have estimated explicitly this utility
weight parameter, we made reference to Aschauer (1985) as a second-best means. In
that study, effective consumption C* is characterized by

C*=C+¢G,
where C is private consumption and ¢ denotes the degree of substitution between
C and G (i.e., government spending). The parameter ¢ signifies the marginal
benefit of government expenditure. Aschauer’s study estimated ¢ to lie between 0.2
and 0.4.

Second, survival probabilities ( p,) are calculated from the National Institute of
Population and Social Security Research (2002). Our model makes no sex distinction,
and thus this study uses the male—female average values for 2005, 2025, and 2050.
Based on the above data, the percentages of aged population (65 or above) in the total
population (21 or above) in 2005, 2025, and 2050 are 24.90%, 34.63%, and 44.47%,
respectively. Common growth rates of successive cohorts (n) are chosen so that the

percentages in the simulation equal the estimated values (see Table 1).

Third, the method of assigning the weight given to labor endowments for the three
income classes is explained. Table 7 shows the data from the Ministry of Finance (2005).

This table presents the effective tax rates of wageworkers on a national income tax and
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a residence tax, with regard to a couple with two children. In our model, the three
representative households, namely, low, medium, and high-income classes, have
different earnings ability. Table 7 suggests that each income class, which accounts for
one third of the total population, corresponds to the representative household earning 5,
7, and 10 million yen on an annual base. The weight on labor endowments for each
income class corresponds to the ratio of its amount of earned income. The
medium-income class is used as a yardstick, thatis, X" =1; x' and x" are assigned
so as to reflect different earnings ability across the three income classes.

Fourth, the method of assigning the parameter values that determine tax
progressivity on labor income, namely, « and f, is described. Table 7 presents the
effective tax rate calculated from a national income tax and a residence tax for each
income class. The parameters on labor income are chosen so that the effective tax rate
for each income class in the simulation is close to the value indicated by Table 7.

Finally, with regard to the public pension system, the replacement ratio of pension
payments () in Case A is adjusted so that the contribution rate (z,) equals the

actual value of 13.58% in employee pension plans (Kosei Nenkin)in 2005.

4 Simulation Results

According to the Ministry of Finance (2005), the rate of tax burden (= (National taxes +
Local taxes) / National income) is 21.5%, the rate of social security (= Social security /
National income) is 14.4%, and thus the national burden rate, which is the sum of them,
is 35.9% in 2005. In our benchmark simulation (i.e., Case A), the rate of tax burden is
12.94%, the rate of social security is 12.06%, and the national burden rate is 25.00%, as
shown in Table 2. The rate of tax burden in our simulation is substantially lower than
the actual rate, because our model does not introduce corporate tax, property tax, and so
on. On the other hand, the rate of social security is close to the actual rate, although our
simulation deals only with a public pension scheme. Therefore, in our setting of the

simulation, the national burden rate is fairy lower than that in the Japanese reality.
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This paper investigates an optimal tax rate on consumption so as to maximize the
social welfare function. A rise in the tax rate on consumption increases the total tax
revenue, which means an increase of government expenditure. This increase enhances
the households’ utility, because our model takes account of the benefit that the
government provides to households. With regard to the social security system, our
model only considers the current Japanese public pension program operated in a
manner that is almost similar to a pay-as-you-go style. The replacement ratio in the
current pubic pension system is kept constant in all simulations.5 Therefore, it should
be noted that an optimal rate of national burden in this paper signifies the sum of an
optimal rate of tax burden (which is led by examining an optimal rate on consumption)
and a constant rate of pubic pension (= Public pension / National income).

In this paper, the influence on capital accumulation is regarded as an indicator of
efficiency. The reason is that, under the assumption of an inelastic labor supply, the
level of the total output depends solely on the level of the capital stock, as indicated by
equation (14). The social welfare function represented by equation (8) is dependent on

the aspects of both efficiency and equity.

4.1 Findings and Policy Implications

1 Three benchmarks for 2005, 2025, and 2050

Table 2 shows the simulation cases and empirical results on the three benchmarks for
2005, 2025, and 2050. Cases A, B, and C are the benchmarks for 2005, 2025, and 2050,
respectively. Under revenue neutrality, a consumption tax covers the extra tax burden
caused by a transition from the current state to the aged states. In Cases B and C, the
revenue-neutral tax rate on consumption is increased to 6.54% and 9.57%, respectively.
As population aging, the contribution rate to the public pension scheme (i.e., payroll
tax) sharply rises under a constant replacement ratio. Table 1 suggests that the rate
rises from 13.58% (Case A) to 21.57% (Case B) and 32.61% (Case C).

The capital-labor (K/L) ratio increases from 2.78 (Case A) to 3.10 (Case B), and then
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decreases slightly to 2.93 (Case C). The K/L ratio is determined by the amounts of
capital accumulation and labor supply. Both of them would decline as population ages.
With regard to capital formation, in an aging society, there are many cohorts that
dissave their assets based on their life-cycle motive. With regard to labor supply, it
decreases drastically from 349.6 to 306.2 and 260.0 under the setting of a constant
population, as shown in Table 1.

The rate of tax burden rises from 12.94% (Case A) to 14.61% (Case B) and 17.31%
(Case C), because there is the extra tax burden caused by a transition to the aged states.
The rate of social security dramatically rises from 12.06% (Case A) to 19.30% (Case B)
and 29.06% (Case C), because the current public pension program is fundamentally a
pay-as-you-go style. Thus, the national burden rate rises substantially from 25.00%

(Case A) to 33.90% (Case B) and 46.37% (Case C).

2 The cases that maximize the social welfare for 2005, 2025, and 2050

Table 3 presents the simulation cases and empirical results on the cases that maximize
the social welfare for the three benchmarks of 2005, 2025, and 2050. In the current
benchmark, the optimal tax rate on consumption rises drastically from 5% (Case A) to
20.17% (Case A*). As population ages, it rises slightly to 20.38% (Case B*) and 20.45%
(Case C*). The rate of tax burden rises from 12.94% (Case A) to 23.71% (Case A*). As
population ages, it also rises slightly to 24.57% (Case B*) and 25.14% (Case C*). Thus,
the national burden rate rises from 25.00% (Case A) to 35.77% (Case A*). As population
aging, it rises dramatically to 43.86% (Case B*) and 54.20% (Case C*), because of a
substantial increase in the rate of social security.

Thus, the simulation results suggest that an optimal rate of national burden would
rise with population aging and may exceed 50% during raid aging of the Japanese
population. When evaluating this simulation result, it needs to be noted the fact that

the national burden rate in the setting of our simulation is lower than the actual rate.
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3 Changes in the utility weight parameter given on public services

With regard to the weight parameter, &, given on the benefit from government

expenditure in equation (2), we assign to 0.1 in the benchmark simulation. To ascertain
the effects of different weight parameters on the simulation results, we consider the
cases in which u is changed to 0.01 and 0.3. Table 4 shows that, when the weight is
lowered to 0.01, the optimal tax rate on consumption decreases dramatically from
20.17% (Case A*) to 7.48% (Case A-1*). As population aging, it rises slightly to 7.60 %
(Case B-1*) and 7.71 % (Case C-1*). When the weight is raised to 0.3, the optimal tax
rate on consumption increases to 29.34% (Case A-2*). As population ages, it rises
slightly to 29.61 % (Case B-2*) and 29.65 % (Case C-2%*).

Table 4 also presents the simulation results on optimal rates of tax burden and
national burden for 2005, 2025, and 2050. The results are similar as those on an optimal
tax rate on consumption. When the utility weight parameter is high (i.e., #=0.3)in
2050, the optimal rate of national burden is approximately 60% (Case C-2*). The results
suggest that, if households think highly of the benefit from government expenditure in
their utility, the optimal tax rate on consumption (and thus the optimal rate of national
burden) is high.

To establish the relationship between the assignment of the utility weight

parameter u and the actual Japanese economy, an additional simulation was

conducted. The result shows that the Japanese current tax rate on consumption of 5% is

optimal when the weight parameter u equals 0.00517. This means that, only when

the utility weight on public services is so low, the current tax rate on consumption is

justified.

4 Changes in the degree of publicness on government expenditure

With regard to the exponent, p, that determines the degree of publicness on

government expenditure in equation (2), we assign to 0.88 in the benchmark simulation

making reference to Borcherding (1985). To ascertain the effects of different degrees of
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publicness on the simulation results, we consider the cases in which o is changed to
0.75 and unity. In Case A-a where p is 0.75, the government expenditure takes more

on the character of public goods. On the other hand, in Case A-b where p is unity, the

government expenditure is purely private goods.

Table 5 shows the empirical results of different degrees of publicness on
government expenditure. When government expenditure takes more on the character of
public goods (o =0.75), the optimal tax rate on consumption decreases dramatically
from 20.17% (Case A*) to 8.64% (Case A-a*). Hence, in Case A-a*, the optimal rates of
tax burden and national burden diminish to 15.80% and 27.86%, respectively. On the
other hand, when government expenditure takes entirely on the character of purely
private goods ( p =1), the optimal tax rate on consumption increases substantially to
37.47% (Case A-b*). Thus, in Case A-b*, the optimal rates of tax burden and national
burden increase to 33.09% and 45.15%, respectively.

Therefore, the simulation results suggest that, when the degree of publicness of
government spending is high, in other words, as government expenditure takes more on
the character of public goods, the optimal rate of national burden is low. These results

are generated by the concavity of the underlying utility function employed in our model.

4.2 Comments

For interpreting the simulation results, the following four comments need to be taken
into account. First, our model assumes an /nelastic labor supply. Therefore, there is only
a partial impact of progressive taxation and no excess burden. An e/astic labor supply
needs to be introduced to analyze the effects of tax reforms in a comprehensive way.
Several investigations, however, showed that labor supply is fairly inelastic for the
after-tax wage rate /n Japan. For instance, Asano and Fukushima (1994) reported that
the estimated value of compensated elasticity of labor supply is 0.27. It should be noted
that their study estimated only the size of the substitution effect. If the income effect

were also estimated, a still smaller elasticity of labor supply for the after-tax wage rate
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would be obtained 7in Japan.
An elastic labor supply can be assumed by incorporating leisure into the utility
function in addition to consumption, such as in Auerbach and Kotlikoff (1987) and Altig

et al. (2001):

U=t S s e e

l_ s=21

/4

where |; represents leisure at age S+ 20, x the utility weight on leisure, and ¢& is

the intratemporal elasticity of substitution between consumption and leisure. The
weight on leisure x is assigned to 1.5 in Auerbach and Kotlikoff (1987) and 1.0 in Altig
et al. (2001), respectively. On the other hand, Homma et a/. (1987b) estimates the
weight parameter to be 0.1 using Japanese data, which is much smaller than that in the
United States. Thus, the parameter x is assigned to 0.1 in the studies on the Japanese
economy, such as Homma et a/. (1987a), lwamoto (1990), and Uemura (2001). Such
large difference suggests that, even if elastic labor supply were introduced, simulation
results would not change so much as long as we conduct an analysis on the Japanese
economy.

Second, our simulations are limited only to the steady states. The model takes
account of the effects of demographics, by comparing the three steady states for 2005,
2025, and 2050. Thus, our study lacks the consideration of a transitional path. Tax and
social security reforms have different effects on different generations. Specifically,
current and future generations experience different impacts of these reforms.6
Therefore, it is necessary to take account of not only steady states but also a

transitional process in an aging society.

Third, the simulation model is solved under the hypothesis of perfect foresight.
Households correctly anticipate the interest, wage, tax, and contribution rates. Without

the assumption of perfect foresight, households that maximize their lifetime utility
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would have more assets, resulting in more capital accumulation. As households are
more risk averse, this effect is greater.

Finally, because the simulation results are dependent on the given parameters, we
must be careful about the effects of any parameter changes. As shown in Tables 4 and 5,
a slight change in the parameters of « (the weight on public services) and p (the
degree of publicness) in the utility function has a substantial effect on the results. Also,
a slight change in the parameter of intertemporal elasticity of substitution, y, fairly

affects capital formation.

5 Conclusions

This paper examined an optimal rate of national burden, to establish guidelines for
fiscal reform in Japan’s graying society. The paper looked at the Japanese tax and social
security systems through an extended life-cycle general equilibrium simulation model.
It considers the benefit that the government provides to households, which enables us to
evaluate the balance between benefits and burdens in a comprehensive way.

Simulation results showed that, when households put a great utility weight on the
benefit from public services, an optimal rate of national burden is high. This implies
that, if the government provides in an appropriate way the public services that meet the
demands of households, the optimal rate is high. They also suggested that, when the
degree of publicness of government expenditure is high, an optimal rate of national
burden is low. In other words, if government expenditure takes more on the character of
public goods, the optimal rate is low.

Moreover, simulation results indicated that, as population ages, an optimal tax rate
on consumption rises gradually and the contribution rate to the public pension program
with a pay-as-you-go scheme dramatically rises under a constant replacement ratio.
Therefore, an optimal rate of national burden would rise with population aging, and it

may exceed 50% during raid aging of the Japanese population.
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Notes

1

Okamoto (2005a) also incorporated three representative households with different
earnings abilities. Altig et a/. (2001) dealt with differences of lifetime earnings
ability by incorporating 12 lifetime-income groups into a life-cycle model.
Furthermore, Okamoto (2005b) introduced numerous representative households
with continuous income distribution in each cohort.

To estimate the age profile of earnings ability, €., the following equation is
employed:

Q=a,+a,A+a,A* +a,L +a,l°,

where Q denotes average monthly cash earnings, A age, and L the length of

one’s service for all workers. Table 8 presents the parameter values estimated using
data in the Ministry of Health, Labor and Welfare (2004). Because bonuses account
for a large part of earnings in Japan, monthly cash earnings used here contain
bonuses.

The model employs a simple utilitarian social welfare function based on the steady
state utility for a single generation. The function is most sensitive to income
changes for the low-income class due to the concavity of the underlying utility
function. As the parameter of intertemporal elasticity of substitution, y, is lower, it
depends more on the welfare of the low-income class. It becomes Rawlsian if
u=u'.

Population is the same across Cases A, B, and C. The population AN, is assigned to
180.98 in all simulation cases.

Under a constant replacement ratio of the current Japanese public pension system,
we maximize the social welfare. This is because, due to rapid aging of the Japanese
population, the benefits to be paid through the system are not profitable especially
for future generations. Therefore, we decided that, in the simulation, the public
pension program is maintained as the current system.

For example, a change from a labor income tax to a consumption tax creates income
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transfers among generations during the transition. At the onset of policy reform, the
elderly who had already paid their labor income tax will have to pay an additional
consumption tax. Because this generation would suffer from a double burden, the
transition to a consumption tax is not Pareto improving.

7 Okamoto and Tachibanaki (2002) incorporate the basic pension (i.e., the flat part)
into the public pension program. In that study, the general tax revenue covers one
third of the basic pension, along the lines of the current Japanese tax and public

pension systems.

Appendix A

To consider the utility maximization problem over time for each income class, namely
the maximization of equation (2) subject to equation (3), let the Lagrange function be

L'=U"+ ii‘s[— A +L+rQ-7)FA +{L—7,(wx'e,) — 7, }wx'e, +b) +a; — (1+ Z'C)Csi]

s=21
9)
where /1; represents the Lagrange multiplier for equation (3) and superscripts

i(=1,m,h) denote low, medium, and high-income classes, respectively. The first-order

conditions for s=21,22,---,95 can be expressed by

i 1
A p@ro) P {C - Are) =0, (10)
d_i

=2 + A, fl+r(l-7,)}=0. (11)
62\3+l '

The combination of equations (10) and (11) yields equation (7) that determines the slope
of the age-consumption profile over the life cycle. For a given C;l, equation (7) solves
the path for consumption. Transformation of equation (7) leads to the following

expression:

7(s-21)
CS" ( Ps j {w} C;l_ (12)
P, 1+6

Integrating equation (3) and using the initial and terminal conditions A;l = AJ,G =0,
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caused by no intended bequests, produces the following equation:

§{1+ rl-z,)y**’@+r,)C!

s=21
RE ) ) 95 ) .
=Y {+r@-r) ¥ -7, (wx'e) — 7, Iwx'e, + D {L+r(1-7,)} b + {1+ r(l-7,)} Pay,
s=21 s=ST

13)
To derive C;l, equation (12) is substituted into this lifetime budget constraint. Thus,

we can find an optimum solution for C,,.

Appendix B

Section 2 describes the basic structure of households in the simulation model. This
appendix presents the basic structures of firms and the government, and market

equilibrium conditions.

Firm Behavior

The model has a single production sector that is assumed to behave competitively using

capital and labor, subject to a constant-returns-to-scale production function. Capital is

homogeneous and non-depreciating, while labor differs only in its efficiency. All forms of

labor are perfect substitutes. Households in different income classes or of different ages,

however, supply different amounts of some standard measure per unit of labor input.
The production function is assumed to be of the constant elasticity of substitution

form:

1-=
o
i)

L1 N
Y, = B|:8Kt o +(1-e)L, rf} (14)

where Y, represents the total output, K, the total capital, L, the total labor supply

measured by the efficiency units, B a scaling constant, ¢ a parameter measuring the

intensity of use of capital in production, and ¢ is the elasticity of substitution between

K, and L,. Using the property subject to a constant-returns-to-scale production

function, we can obtain the following equation:
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Y, =rK, +wL,. (15)

Government Behavior

The government sector consists of a narrower government sector and a pension sector.
The narrower government sector collects taxes and spends them on general
governmental expenditure. There is no outstanding debt, and thus balanced budget
policies are assumed.

The budget constraint of the narrower government sector at time t is given by
G, =T, (16)

where T, is the total tax revenue from labor income, interest income, consumption, and

inheritance. The public pension system is assumed to be a simple pay-as-you-go scheme.

The budget constraint of the pension sector at time t is given by

R =B, (17)
where R, is the total contribution to the pension schedule, and B, is the total pension
benefit to generations of age ST and above.

Both of these sectors are financed independently and separately. No transfer is

made between the sectors.” G,, T,, R, and B, are defined by

95

G, =N, D p,(1+n) g, (18)
s=21

T, = LX, +7,rAS, + 7,AC, + 7, BQ,, (19)

R =7,wL, (20)
95

B, =N, > p,(1+n) b, +b +b'}, (21)
s=ST

where g is annual government expenditure for each cohort, and
BQ, =BQ' +BQ" +BQ. (22)

LX, is the tax revenue from labor income, which is led by a summation of the three

income classes with the same weight:

RE
LX, =N, > p,(d+ n)‘(s‘ﬂ)[ozwx'es +%,B(Wx'es)2 +owx™e, +%ﬂ(wx"‘es)2 +owx"e, +%ﬂ(wxhes)2}

s=21
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(23)
Similarly, aggregate assets supplied by households, AS,, and aggregate consumption,

AC, , are obtained by a simple summation of the three income groups:

95

AS, =N, D p(@+n) LA + A" + A}, (24)
s=21
95

AC, =N,> p,A+n)“*{C +C +C}. (25)

s=21

Market Equilibrium
Finally, equilibrium conditions for the capital, labor, and goods markets are described.
1 Equilibrium condition for the capital market
Because aggregate assets supplied by households are equal to real capital, we get
AS, =K,. (26)
2 Equilibrium condition for the labor market
Measured in efficiency units, because aggregate labor demand by firms is equal to

aggregate labor supply by households, we get

RE
L =N, D p,@+n)2Lx" +x™ + x"}e, . 27)

s=21
3 Equilibrium condition for the goods market
Because aggregate production is equal to the sum of consumption, investment, and
government expenditures, we get
Y, = AC, + (K., - K,)+G,. (28)
An iterative program is performed to obtain the equilibrium values of the above

equations.
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Table 1 Parameter values that characterize the three steady states

Current steady

Aged steady state

More aged steady

Parameter
state (Cases A) (Cases B) state (Cases C)

Survival probabilities,

2005 2025 2050
P, (year)
Growth rate of successive

0.0069 -0.0047 -0.0153
cohorts, n
New entrants in period

1.2179 0.8280 0.5485
t, N,
Labor supply, L, 349.6 306.2 260.0
Contribution rate, 7, 13.58% 21.57% 32.61%
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Table 2 Empirical Results on the three benchmarks for 2005, 2025, and 2050

Case A Case B Case C
(Benchmark for 2005)| (Benchmark for 2025)| (Benchmark for 2050)
Weight parameter in
.. *0.1 *0.1 *0.1
utility, u
Government expenditure,
*50.96 *50.96 *50.96
G
Tax rate on labor income, . a =-0.0325 . a =-0.0325 . a =-0.0325
T, (WXies) £ =0.0628 £ =0.0628 £ =0.0628
Tax rate on consumption,
5% 6.54% 9.57%
z-C
Tax rate on interest
. *20% *20% *20%
income, 7,
Tax rate on inheritance,
*10% *10% *10%
Th
Capital-labor ratio, K/L 2.78 3.10 2.93
Interest rate, r 4.54% 3.87% 421 %
Wage rate, W 1.000 1.020 1.010
Rate of tax burden, T/Y 12.94% 14.61% 17.31%
Rate of social security,
12.06% 19.30 % 29.06%
B/Y
National burden rate, 25 009 33.900¢ 46.37%
(_I_ n B)/Y . 0 . 0 . 0
Social welfare, SW -32.541 -35.816 -44.008

Asterisks (*) before the rate indicate that the variable is exogenous.
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Table 3 The cases that maximize the social welfare for 2005, 2025, and 2050

*

SW

Case A* Case B* Case C*
(2005) (2025) (2050)
Weight parameter in
. *0.1 *0.1 *0.1
utility, u
Government expenditure,
*93.38 *85.71 *74.03
G
Tax rate on labor income, . a =-0.0325 . a =-0.0325 . a =-0.0325
T, (WXieS) £ =0.0628 £ =0.0628 £ =0.0628
Optimal tax rate on
] . 20.17% 20.38% 20.45%
consumption, 7,
Tax rate on interest
] *20% *20% *20%
income, 7,
Tax rate on inheritance,
*10% *10% *10%
Th
Capital-labor ratio, K/L 2.78 3.10 2.93
Interest rate, r 4.54% 3.87% 4.21 %
Wage rate, W 1.000 1.020 1.010
Rate of tax burden, T/Y 23.71% 24.57% 25.14%
Rate of social security,
12.06% 19.30 % 29.06%
B/Y
National burden rate, 35 770, 43.86% 54,200
(T n B)/Y . 0 . 0 . 0
Maximized social welfare,
-16.346 -21.326 -33.552

Asterisks (*) before the rate indicate that the variable is exogenous.
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Table 4 Empirical Results of the cases with different utility weights on public
services for 2005, 2025, and 2050

1 Transition of an optimal tax rate on consumption

The utility weight

2005

2025

2050

41 =0.01

7.48% (Case A-1%)

7.60 % (Case B-1%)

7.71 % (Case C-1%)

#=01

20.17% (Case A*)

20.38% (Case B*)

20.45% (Case C¥*)

1=0.3

29.34% (Case A-2*)

29.61 % (Case B-2¥)

29.65 % (Case C-2*)

2 Transition of an optimal rate of tax burden

The utility weight

2005

2025

2050

4 =0.01

14.91% (Case A-1%*)

15.46% (Case B-1%)

15.81 % (Case C-1%)

23.71% (Case A*)

24.57% (Case B*)

25.14% (Case C¥*)

29.00% (Case A-2%)

30.03% (Case B-2%*)

30.74% (Case C-2%*)

3 Transition of an optimal rate of national burden

The utility weight

2005

2025

2050

41 =0.01

26.97% (Case A-1*)

34.75% (Case B-1%)

44.87% (Case C-1%)

u=0.1

35.77% (Case A*)

43.86% (Case B*)

54.20% (Case C*)

1 =0.3

41.05% (Case A-2%)

49.33% (Case B-2*)

59.80 % (Case C-2*)
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Table 5 Empirical results on different degrees of publicness on government

expenditure

p=0.75 p =0.88 =100

(Case A-a*) (Case A*) (Case A-b*)
Optimal tax rate on consumption, T: 8.64% 20.17% 37.47%
Rate of tax burden, T/Y 15.80% 23.71% 33.09%
National burden rate, (T +B)/Y 27.86% 35.77% 45.15%
Maximized social welfare, SW~ -10.919 -16.346 -27.995

Table 6 Parameter values used in the simulation analysis

Parameter description

Parameter values

Adjustment coefficient for discounting the future 0=0.02
Intertemporal elasticity of substitution y=0.25
The degree of publicness of government spending p=0.88
Elasticity of substitution in production c=06
Weight parameter in production e=0.2
Scale parameter in production B =0.9634
Retirement age RE =60
Starting age for receiving public pension benefits ST =65
Replacement ratio for public pension 0=0.3718
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Table 7 Effective tax rates for national income tax and residence tax of

wageworkers
Income Total amount of | Weight on Total amount of annual taxes: | Effective
class annual income labor national income tax and tax rates
(million yen) | endowments | residence tax (thousand yen) (%)
Low 5 x' =0.7143 177 3.54
Medium 7 x™"=1 418 5.97
High 10 x" =1.4286 1,041 10.41

Data given are for a couple with two children.

Source: Ministry of Finance (2005).

Table 8 Estimation of the age profile of earnings ability

a‘O al aZ a‘3 a‘4
-0.31291 | 0.08333 | -0.00112 | 0.12496 | -0.00168
(-0.53353) | (2.04195) | (-3.04843) | (2.22492) | (-1.12888)
S.E.=0.0847

R? =0.9903
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