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Abstract

In predicting the impact of policies on macroeconomic variables, the government must 
consider the effect of household fertility choices on demographic trends, as macroeconomic 
variables can be influenced by population scale. Therefore, this paper presents a comprehensive 
survey of existing studies with endogenous fertility models and examines the effect of various 
policies on macroeconomic variables through simulation analysis based on the overlapping 
generations model (OLG) of Oguro et al. (2011), which determines population growth 
endogenously, with the growth rate affected by household fertility choices. Our results 
demonstrate a major effect on future population and public debt predictions studied in a 
scenario combining fiscal reform and introduction of child benefits.
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1.　Introduction

Decreasing birthrates coupled with an aging population, progressively seen in Japan and 
many other advanced countries, are causing demographics to change. Such changes affect 
not only public finance and social security, but also macroeconomics as a whole. However, 
fertility choice, one example of individual decision-making, is influenced by the environment 
enveloping that process. Here, the focus is on the effect child benefits (such as the child 
allowance) have on macroeconomics.

By this we mean that the pay-as-you-go public pension system comes with a birth rate 
externality triggering incentives for a “free ride” for children of other families, ultimately 
lowering birth rate from the socially optimal value. The child allowance is one policy that 
internalizes this externality. Moreover, this internalization may possibly be implemented by 
both policies, increasing pensions— depending on the fertility rate—as well as child 
allowance, both theoretically equal. Therefore, if pay-as-you-go public pension has a 
mechanism reducing the fertility rate, to what degree would a child allowance expansion 
improve the fertility rate? Answering this question requires an exhaustive and judicious 
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“empirical analysis,” for which two predominant methods exist.
One method is econometric analysis. Normal econometric analysis assumes a function in 

which the birth rate = f (child allowance, income, etc.) to analyze increases in birth rate based 
on a child allowance expansion using past time-series data. This method clarifies the influence 
a child allowance expansion wields on the birth rate. 

Although the importance of econometric analysis is accepted, the method may be lacking 
from an economics perspective. Policy merits are generally compared by evaluating the utility 
of the economic entity. To simplify the discussion, let us consider an economy in which the 
youthful generation (20 years and younger) is comprised of 1 person, the working generation 
includes 3 persons, and the retired generation is represented by 1 person. In this economy, only 
the working generation is a “productive population”; the retired and youthful generations are 
both dependent populations and each person in the working generation performs 100 units of 
productivity. In this scenario, as the productive population is 3 and the dependent population 
2, the average individual share of the “economic pie” is 60 (100×3÷5). On the other hand, as 
child allowance expansion increases the youthful generation from 1 to 2 people, the dependent 
population rises to 3, decreasing the average share of the pie to 50 (100×3÷6). In other words, 
as the birth rate improves, the dependent population increases, possibly causing a temporary 
reduction in the economic entity utility. However, in the mid- to long-term, the youthful 
generation (20 years and younger) will mature and join the labor market, increasing the 
productive population. This should increase the average pie share per person, possibly 
increasing the economic entity utility for the mid- and long-term. This scenario also promises 
enhanced mid- to long-term public and public pension financing generated by increased tax 
revenue and social insurance premiums. Yet such econometric analysis is limited as the 
influence of child allowance on the economic entity utility differs by generation. This is where 
a second type of empirical analysis—namely, simulation analysis— comes into play.

This paper uses simulation analysis to clarify the influence of child benefits, pension 
reform, and fiscal reform on macroeconomics as well as on current and future generations. 
To do so, we apply the general equilibrium Overlapping Generations Model (OLG model) 
constructed by Oguro, Takahata and Shimasawa (2011). Before discussing the analysis, we 
would like to touch upon the issue of the most desirable method of funding for child benefits. 

This topic is important, as selecting the financial resources to cover the cost of child 
benefit expansion is a problem unique to the OLG model with endogenous fertility, and does 
not affect the OLG model with exogenous fertility. As a result, the influence exerted on the 
utility of current and future generations will vary according to the financial resources selected 
to fund child benefits.

For the sake of comparison, let us examine existing studies involving the OLG model 
with exogenous fertility.

For the standard OLG model represented by Diamond (1965) and others, it is well 
established that consumption taxation (VAT) is the most effective method to raise financial 
resources for the welfare of future generations, followed by wage taxation and capital income 
taxation, the second and third methods of choice, respectively, given the future path of 
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government expenditure. This can be explained as follows.
The first benchmark is the theorem of zero taxation of capital income, derived from 

Atkinson and Stiglitz’s (1976) theorem of optimal tax. The theorem is best understood by 
considering the OLG model with two generations, working and retired, living concurrently. 
At the first period (working period), each generation earns wage income by providing labor 
force, consumes a part of that income, and saves the remainder. At the second period (retired 
period), the retired generation consumes the principal and the interest derived from that 
saving. In this setting, Atkinson and Stiglitz (1976) have proved that the case in which the 
consumption tax of the first period is different from that of the second period is not optimal. 
In addition, since these respective differing consumption taxes have the taxation property for 
the interest on the savings consumed in the retired period, this theorem suggests that zero 
taxation of capital income is optimal; it holds in the OLG model with multi-concurrent 
generations and exogenous fertility.1 Similarly, Chamley (1986) and Judd (1985) also indicate 
that zero taxation of capital income in the OLG model with exogenous fertility and taking 
over inheritance among generations is most effective in the long term.

Moreover, on the steady state, the equation (1 – wage tax rate) × (1 + consumption tax 
rate) = 1 holds and consumption taxation becomes equivalent to wage taxation with no 
borrowing constraint and no change in government policies. Because of this, a switch in 
government policies from wage-based to consumption-based taxation, if implemented at a 
tax rate equivalent to that described previously, may have no influence on the generation 
immediately after the policy change, but the effect during the transition period may differ. 
Taxation on the retired generation’s consumption in the early stage of the transition period 
presents less distortion as it works like a lump-sum tax. In other words, considering 
intertemporal government budget constraints with the zero-sum feature of intergenerational 
income transfer, this policy would result in a transfer of income from the retired generation 
to the working and future generations.

An increase in the public debt tends to instigate the crowding-out effect, which may lead 
to a restrained accumulation of capital and a decrease in future economic growth. In the same 
manner, according to Hatta and Oguchi (1999), among others, the pay-as-you-go public 
pension also carries an “implicit debt” of approximately 150% of GDP and may inhibit future 
growth. Although public pensions transfer income from the working and future generations 
to the retired generation, implementation of the above-mentioned policies would have the 
opposite effect, transferring the income from the retired generation to the working and future 
generations, resulting in an increase in capital accumulation and enhanced future growth.

From this we can infer that, in the standard OLG model with exogenous fertility and 
given the future path of government expenditure, consumption taxation (VAT) would most 
often be the optimal source of funding for expenditure, followed by wage taxation and capital 
income taxation, in that order. However, as the assumptions in the OLG model with exogenous 

1 The reader should remember that Atkinson and Stiglitz’s (1976) partial equilibrium analysis greatly 
influences the optimal tax rule, while considering the OLG model with exogenous fertility based on 
the evaluation criteria of the growth process known as the “Golden Rule.”
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fertility are realistically modified, the conclusions drawn—such as the theorem of zero 
taxation of capital income—begin to differ.

For example, Cremer and Gahvari (1995) indicated that if the wage income in the second 
(retired) period is uncertain, it is desirable that the taxation imposed on the second-period 
consumption is higher than that of the first (working) period. This means that capital income 
taxation is desirable.

Similarly, Conesa et al. (2007) suggest that, when life expectancy and wage income are 
uncertain, a capital income tax is desirable. Saez (2002) adds that zero capital income taxation 
is not always optimal, as the desirable savings rate differs with varying levels of individual 
skill. Moreover, Weinzierl (2007) shows that, when wage income varies with age and there 
are heterogeneous demographics, a 15% tax would increase social welfare more than the 
zero-taxation scenario. In addition, Hubbard and Judd (1986) found that, when the capital 
market is incomplete and there are borrowing constraints, the implementation of capital 
income taxation can be justified.

As described above, modifications by Atkinson and Stiglitz (1976) suggest that there are 
various justifications for the implementation of capital income taxation. However, these are 
based on the OLG model with exogenous fertility; research on the justification of capital 
income taxation, assuming the OLG model with endogenous fertility, remains insufficient. 
Our results show that the child-rearing cost is the key parameter in the OLG model with 
endogenous fertility. For example, zero capital income taxation may no longer be considered 
optimal if the child-rearing cost is an increasing function of lifetime income. This can be 
explained as follows. First, zero capital income taxation is desirable in the standard OLG 
model with exogenous fertility; however, in comparison to nonzero capital income taxation, 
both lifetime income and child-rearing costs increase for future generations. If the positive 
effect of increased lifetime wages is overshadowed by a larger negative effect of increased 
child-rearing costs, the relative value of lifetime wages for child-rearing costs decreases due 
to the lifetime budget constraints of each generation. In such a case, although the 
implementation of capital income taxation is in fact justified, research based on the OLG 
model with endogenous fertility is not being pursued.

On the basis of the findings of Oguro et al. (2009), we construct an OLG model with 
multi-concurrent generations and endogenous fertility, assuming consumption, wage, capital, 
and other taxations as potential funding sources for increased child benefits, to analyze the 
effect on the welfare of each generation. We then analyze the effect on the welfare of each 
generation from the perspective of future social security reforms in two hypothetical cases: 
reducing pension benefits and using consumption tax to partially fund pension benefits.

According to our simulation results, the welfare for the future generation in the case with 
child benefits expansion funded by capital income tax is greater than in the case with child 
benefits expansion funded by consumption tax. This indicates that zero taxation of capital 
income in the OLG model with endogenous fertility is not the most effective in the long term.

Our research is organized as follows. In Section 2, we survey an OLG model with 
endogenous fertility. In Section 3, we explain the OLG model with multi-concurrent 



Policy Research Institute, Ministry of Finance, Japan,  Public Policy Review, Vol.9, No.4, September 2013 637

generations and endogenous fertility used in this paper. In Section 4, we describe the data, as 
well as the calibration and simulation scenarios used in our research. In Section 5, we evaluate 
the simulation results. Finally, in Section 6, we summarize our results and suggest topics for 
future discussion. 

2.　Survey on an OLG Model with Endogenous Fertility

In this section we introduce existing studies with endogenous OLG models, which 
determine the population growth rate endogenously. To do so, we first present classic OLG 
models and the issues they present, followed by OLG models with endogenous population 
growth, concluding with a case which introduces information asymmetry.

(1) From exogenous to endogenous population growth 

The model with an endogenous population growth rate involves a mechanism in which 
the number of births selected by each household based on certain motivations is reflected in 
the population growth rate of the entire economy. As the population growth rate is determined, 
the population of the following period is revised, affecting per capita capital. Therefore, the 
population growth rate wields influence on the conditions for optimal consumption in the 
economy, just as it is affected by the amount of household savings.

The OLG model related to an exogenous population growth rate has been widely used for 
analysis since studies emerged by Samuelson (1958) and Diamond (1965). Samuelson (1958) 
maintains that each generation can sufficiently prepare for retirement without public pensions 
if money is available whose rate of return is equivalent to the population growth rate. Diamond 
(1965) goes on to argue the theory, stressing the “Golden Rule” of capital accumulation. In 
the OLG model, as individual household savings are not optimal for the economy as a whole, 
a capital savings level maximizing per capita consumption can be achieved through measures 
such as the issuance of government bonds. This capital savings level is stipulated if the 
economic growth rate—the sum of the population growth rate and the technical progress 
rate—and the interest rate become equal, a condition often referred to as the “Golden Rule.”

For instance, when the economic growth rate is lower than the interest rate, the latter can 
be lowered to narrow the gap by increasing current generation consumption with a bond 
issuance, resulting in an enhanced welfare level for all generations. In this sense, initial 
resource allocation was dynamically inefficient. Conversely, with an economic growth rate 
higher than the interest rate, the existing public debt (i.e. bonds) can be reduced to increase 
per capita consumption for current and future generations. This would, however, call for a tax 
increase on the current generation, which cannot improve the welfare of a specific generation 
without lowering the welfare of the others. In this sense, initial resource allocation was 
dynamically efficient.

Samuelson (1975) discussed levels of optimal population growth rate in this type of OLG 
model with an exogenous population growth rate, where per capita consumption varies with 
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the population growth rate. Although this research uses a model that does not allow for 
household fertility choices, it does show that specifying population growth rate maximizes 
per capita consumption, and goes on to clarify the characteristics of such a growth rate. 

In reference to this research, Deardorff (1976) points out that using a specified function 
will not produce constant results. Michel and Pestieau (1993) take this a step further and, in 
keeping with the response by Samuelson (1976), study how the outcome changes when the 
function form is specified.

As this type of OLG model expanded into the latter half of the 20th century, the Malthus 
theory of a birth rate increasing with income no longer accommodated all conditions. A model 
was then developed placing fertility choices in an economical framework to elucidate such 
conditions. For example, Becker and Lewis (1973) identified cases in which the fertility rate 
decreases when the characteristics of children are taken into consideration. Willis’s (1973) 
model integrating household productivity intended to demonstrate a decreasing fertility rate.

As this type of OLG model evolved, researchers inevitably began studying an OLG 
model determining the population growth rate endogenously along with considerations 
explaining fertility choices based on economics.

(2) Studies on optimal population growth rate 

Based on this background and assuming households are exercising fertility choices, 
research examined the economic growth rate and optimization using a model in which the 
population growth rate reflected their fertility choices. Initial and contrasting research offered 
two assumptions concerning costs incurred by households with children: Eckstein and Wolpin 
(1985) proposed that the costs were compensated for in utility gained, while Bental (1989) 
postulated compensation through an income transfer of a fixed amount after retirement. In 
the former assumption, children are recognized as consumption goods, but in the latter, as 
investment goods. Both cases strive to maximize utility under normal conditions, comparing 
market-equilibrium resource allocation and optimal resource allocation with and without 
money.

In Eckstein and Wolpin (1985), market-equilibrium resource allocation and optimal 
resource allocation agree when currency circulation does not exist, but not when it is present. 
The research also indicates that, with currency circulation, factoring in public pension aligns 
the two types of resource allocation. 

On the other hand, Bental (1989) reported that market-equilibrium resource allocation 
and optimal resource allocation without money coincide only when the retired generation 
receives an income transfer from the young generation and the child-care cost is a fixed rate. 
If these conditions are not met, a public pension dependent on the number of children is 
necessary to achieve optimal resource allocation at equilibrium. Further, similar results are 
gained with or without money if the rate of return on accumulated savings is higher than that 
of childcare; however, if the rate of return on childcare is higher, the birth rate will increase, 
achieving an optimal resource allocation at market equilibrium through child allowance or 
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capital income taxation.
The common theme throughout is that policies such as child support are necessary to 

achieve optimal resource allocation at market equilibrium as the latter realized with money 
differs from the generally-accepted optimal resource allocation. 

Incidentally, the motivation for having children in developed nations with established 
social security programs approximates that described in Eckstein and Wolpin (1985), 
explaining ongoing research with similar models. Becker and Barro (1988), while assuming 
the same motivation, studied an endogenous population growth model within the dynasty 
model, which applies a utility function that discounts and sums the future generation’s utility, 
investigating the characteristics of each variable in the static state. Barro and Becker (1989) 
investigated the soundness and uniqueness of this analysis. However, none of these papers 
discuss optimality.

In a study by Nishimura and Zhang (1992), the utility is gained from the level of 
consumption per child, not the number of children, while exploring the optimality of resource 
allocation in the setting with income transfer from the young to the old. The authors analyze 
the optimality of market-equilibrium resource allocation with a model for maximizing utility 
in the static state in an economy without money. This analysis showed that market-equilibrium 
resource allocation does not coincide with optimal resource allocation. Based on this research, 
Nishimura and Zhang (1995) went on to study a public pension system in which the pension 
amount is fully or partially dependent on the number of children. In both cases, optimal 
resource allocation was not achieved in a decentralized economy.

Research on various models investigated policies for realizing optimal resource allocation 
in market equilibrium. For example, van Groezen et al. (2003) analyzed the dynastic model 
using a specific case to find the optimal ratio between public pension and child allowance. 
This was followed by other studies, including Abio et al. (2004), concerning the supply of 
female labor, and Fenge and Meier (2009), which investigates both public pension payments 
as dependent on the number of children and alternative child support policies.

Cigno (1983) considers not an explicitly OLG model, but rather a simple life cycle model. 
The study shows that, as in the setting with a pay-as-you-go pension system, optimal resource 
allocation cannot be achieved with a setting that dissociates the private and social marginal 
benefits from children. 

In addition, Nerlove et al. (1986) points out that optimal resource allocation may differ 
depending on the social welfare function configuration. As the social welfare function is key 
in determining an efficient allocation, Michel and Wigniolle (2007) and Golosov et al. (2007) 
discuss the efficiency in a model with an endogenous population growth.

(3) Integrating asymmetric information 

The above discussion has focused on a model with endogenous population growth in 
terms of optimal market-equivalent resource allocation. Finally, keeping in mind conditions 
in developed nations, we consider research looking at information asymmetry involving 
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policies stipulating a model based on children as a consumption incentive.
Information asymmetry involves both adverse selection and moral hazards. Beginning 

with adverse selection, we examine Cremer et al. (2008). This research assumes that 
childrearing ability varies from one individual to another, stipulating that such differences 
cannot be externally observed. It indicates that optimization problems will vary with the 
pension financing method, and shows how fitting policy can be determined when childrearing 
ability is observable vs. unobservable. Since positive externalities appear when children exist 
under a pay-as-you-go system, there must be child-support subsidies in both cases. However, 
since differences emerge in subsidies when declarations are self-made, the study clarifies that 
subsidies should not be uniformly given, regardless of type.

Research incorporating moral hazard, on the other hand, includes Cremer et al. (2006). 
This study presumes a model in which the number of births depends on the household’s level 
of effort. As results differ according to the levy system supporting the pension, the research 
separates cases in which the level of effort directed at childrearing is observable from those 
in which it is unobservable.

Many studies such as these consider information asymmetry. The difficulty 
with　sequential studies into fertility choices and childrearing, or issues surrounding 
information about labor supply, could occur in the real world and are beneficial when 
considering an actual desirable organized system. However, in the argument developed by 
the current paper, as there has not, to date, been sufficient simulation analysis using a 
simplified model, information asymmetry has been lacking and an endogenous fertility 
model showing a consumption incentive for having children has been employed. For this 
reason, this paper does not delve further into an information asymmetry model.

3.　The Model Structure

In this section, we describe the demographic and economic structure of our model. The 
model used here is a computable general-equilibrium OLG model with perfect foresight 
agents, multiple periods, and endogenous fertility. In our model, there is a representative 
individual for each generation in the household sector. Each individual at age 20 maximizes 
his/her intertemporal utility function with consumption and the number of children. The 
representative competitive firm has a standard Cobb–Douglas production technology and 
maximizes its profits. In our model, not only the goods market but also factor markets are 
perfectly competitive. The model has five main building blocks: (1) household behavior, (2) 
firm behavior, (3) the public pension, (4) the government, and (5) market equilibrium. Details 
of each block follow.

(1) Household behavior

There is a representative individual for each generation in the household sector. We 
assume that preference forms are the same for all agents in all generations. Moreover, each 



Policy Research Institute, Ministry of Finance, Japan,  Public Policy Review, Vol.9, No.4, September 2013 641

individual lives for a fixed number of periods. In each period of the model, the oldest 
generation dies and a new one enters. Further, the representative individuals maximize their 
intertemporal utility function with consumption and the number of children subject to their 
lifetime income. They are also assumed to be rational and with perfect foresight. Each 
generation enters the labor market at age 21, bears and brings up their children at ages 21 to 
M  + 20, retires at age Q , is granted a pension at Q , and dies at age . In addition, each 
supplies labor inelastically, and the utility functions of the t-th generation born in year t are 
specified as:

jtZ

j

j
t

t
cnU  (1)

where  refers to the weight between number of children and consumption,  the 
preference parameter of number of children, j the j-th period of life,  the pure rate of time 
preference, and  the reverse of the elasticity of intertemporal substitution of consumption. 
The arguments of the utility function are the number of children ( ) and the consumption 
per period ( ).

In addition, we assume that the number of children ( ) whom the t-th generation bears 
at the j-th period of life is the following:

tjjt npn MjifpandMjifpwhere jj  (2)

where  refers to the possibility that each generation bears the children at the j-th 
period of life and this parameter is assumed to be exogenous.

Moreover, the technological progress  is assumed to be exogenous and labor 
embodied. We model age-specific labor productivity by assuming a hump-shaped age-
earnings profile, that is, a quadratic form of its age j, so its age-wage profile je  takes the 
following form:

jje j  (3)

The intertemporal budget equation of each generation is described as follows:

 (4)

where  refers to the factor of the present discounted value derived from the gross 
interest rate after tax , the rate of return rt, and the capital income tax ttr  in 
year t, and  is the child-rearing cost at the g-th period of life;  is the government subsidy 
in year t;  is the consumption tax rate in year t;  is the labor income tax rate in year t; 
is the public pension premium rate in year t; is the net lifetime income of generation t; 

tw  is the wage rate in year t; tp  is the tax for pension benefit in year t; and  stands for the 
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pension benefit in year t.2 In addition, the child-rearing cost is assumed to be proportional 
to net lifetime income; that is, ttgg ctNW , where  is the constant parameter and tct  
the average rate of consumption tax imposed on the t-th generation.

Each generation maximizes its utility function (1) under the budget constraint (4).
When , the maximization procedure differentiating the household utility 

function (2) with respect to  and , subject to the individual’s lifetime budget constraint 
(4), yields the following equations concerning consumption per period and number of 
children.

 (5)

and 

If the parameter  is stable, these equations dictate the following two relationships: (1) 
as in any life-cycle model, the trade-off between current and future consumption is 
determined by the ratio of the interest rate and the time preference rate, and by the degree 
of risk aversion, and (2) the number of children declines when the child-rearing cost 
increases or the government subsidy decreases. Moreover, from these equations, the 
following forms can be shown:

Z

j
jjttt cNC

M

j
jjttt nNN  (6)

where tC  is the aggregated consumption in year t and tN  indicates the ordinal number of 
the generation born in year t. In addition, we can also derive the following physical wealth 
accumulation equation:

jtjtjtjtjtjtjtjtjt ctcwwtwRtraa

　　　　
j

g gjtjtgjt ntc , and 
Z

j
jjttt aNPA  (7)

where jta  is the physical wealth asset of generation t at the j-th period of life and tPA  is 
the aggregated private asset in year t.
2 In Japan, there are some indirect taxes (e.g., alcohol and tobacco tax) other than consumption tax. 
We calculate the indirect tax rate from the total amount of indirect tax revenue in the national account. 
The rate is about 12%. 5% is the consumption tax rate and 7% the other indirect tax rate. Therefore, 
the effect of the other indirect tax rate is also considered in our simulation. However, in the simulation, 
we focus on the effect of increased consumption tax. Hence, we let tct  represent the consumption tax 
only in our paper.
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(2) Firm behavior

The input/output structure is represented by the Cobb–Douglas production function with 
constant return to scale. The firm decides the demand for physical capital and effective labor 
in order to maximize its profit with the given factor prices of wage and rent, which are 
determined in the perfect competitive markets.

tett LAKY Q

j jtj
t

te NeL  (8)

ttt KIK  (9)

where tY  is the output,  stands for capital income share, A is a scale parameter, tK  is 
the physical capital stock, and teL  is the effective labor.

We can derive two factor prices, the rate of return rt and the wage rate per unit of effective 
labor wt, by the first-order conditions for the firm’s maximum profit:

tettt LAKrR tett LAKw  (10)

where  is the depreciation of physical capital.

(3) The public pension

The pension sector grants a pension to the retiring generations while a pension premium 
is collected from the working generations.

tettt LwwP  (11)

where tP  stands for the aggregated pension premium.
The aggregated pension benefits in year t is given by the product of the retirement-age 

population, the replacement rate, and the average earnings of each generation during the 
working period .

Z

Qj
jtjt

Z

Qj
jtjtt NNqB  (12)

where  denotes the replacement rate and tB  the aggregated pension benefit.
We explicitly model the public pension system as a pay-as-you-go scheme. The budget 

constraint of the pension sector can be shown as follows:

tt BspP  (13)

where  denotes the public subsidy to the pension scheme, financed by government 
expenditure tG .

Moreover, we assume that the public pension sector maintains a fixed replacement rate 
exogenously. As a result, in our model, the pension premium rate is endogenously determined 
in order to keep the budget constraint (13).
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(4) The government

The government sector imposes four types of taxes: the wage tax, the consumption tax, 
the capital income tax, and the pension benefit tax.

ttttttttttettt BtpPARtrCHtcCtcLwtwT  (14)

We keep all tax rates constant. The role of the government is to endogenously determine 
the rate of the public debt issue as a residual of government expenditure and revenue.

ttttt DrTGD  (15)

where tG  stands for government expenditure in year t, tT  denotes tax revenue in year t, 
and tD  denotes public debt in year t.

(5) Market equilibrium

Finally, in our closed-economy model, we require a financial market equilibrium, in 
which the aggregate value of assets equals the market value of capital stocks plus the value 
of outstanding government bonds:

ttt DKPA  (16)

4.　Data, Calibration, and Scenarios

In this section, we describe the outline of the data and the parameters of our model, and 
explain the scenarios of our simulation.

(1) Data and calibration

First, we present the values of the main parameters and exogenous variables of the model 
in Table 1. The parameter values for the households’ and firms’ behaviors are derived from 
Auerbach and Kotlikoff (1987) and various early OLG simulation studies in Japan.3 These 
parameters, such as the technological and preference parameters except the weight parameter

, are assumed to be constant.
The exogenous variables, such as the macroeconomic, fiscal, and public pension variables, 

are derived mainly from OECD (2007) and Whitehouse (2007).
In addition, the child-bearing possibility parameter is derived from the “age-specific 

fertility rate” data provided by the National Institute of Population and Social Security 
Research (2007), and the parameter values of the child-rearing cost and the government 
subsidy are derived from the special research report on the social cost of rearing children, 

3 See Sadahiro and Shimasawa (2001, 2003), Uemura (2002), and Ihori et al. (2006).
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provided by the Director-General for Policies on a Cohesive Society, Cabinet Office, Japan 
(2005).

Second, by controlling the weight parameters during the years 1900–2007, we calibrate 
our demographic projection to fit the data’s trend in “Population by Age (generation born in 
1900–2007),” provided by the Statistics Bureau, Ministry of Internal Affairs and 
Communications (MIAC), with the collaboration of other ministries and agencies in Japan.4 
4 On the calibration with the demographic projection, we also control the weight parameter α in equa-
tion (1) during the years 1900–2007. Concretely, we adapt the following operation. Let N*

t denote the 
population of the generation born in year t, provided by MIAC, and Nt, the population of the genera-
tion born in year t in equation (6). The parameter αt in the utility of the generation born in year t in-
creases (decreases), if Nt+Δ < N*

t+Δ ( Nt+Δ> N*
t +Δ, e.g., Δ = 25). In addition, the parameter αt is fixed after 

year 2007.

Table 1. Parameter values of the model

* This parameter is fixed after year 2007.

PARAMETER  VALUE 
Utility function   
Time preference rate  0.01 
Intertemporal elasticity of substitution /1  2.0 

Weight parameter between number of children and 
consumption 

 0.84* 

Production function   
Technology progress  0.002 
Capital share in production  0.3 
Physical capital depreciation  0.05 
Tax policy parameters   
Wage tax tw  20.0% 
Capital tax tr  20.0% 
Consumption tax tc  5.0% 
Pension benefit tax tp  10.0% 
Pension policy parameters   
National subsidy to pension sp  25.0% 
Replacement ratio  50.0% 
Other parameters   

 0 to 5 0.78% 
 6 to 10 0.46% 
 11 to 15 0.55% 

Child-rearing cost to net lifetime income  
 

 

 16 to 20 0.58% 

 1 to 5 3.0% 
 6 to 10 7.4% 
 11 to 15 7.0% 

Childbearing possibility 
 
 
 

 

 16 to 20 2.6% 

Government subsidy to child-rearing cost  0.1 
Age-wage profile 
 
 

0  
1 
2  

88.3 
7.08 

-0.146 
Age limit for childbearing M  40 
Age of retirement Q  65 
Average life expectancy Z  85 

g  

jp  

g=

j=
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Fig. 1 reports the actual and computed values of demographic projections. Note the close 
correspondence between the actual and calculated values.

In addition, since the model is simulated over 500 periods from 2007, the base year of our 
simulation, we ensure a sufficiently long period for a steady state to be achieved. In the 
simulation, we also keep the outstanding government debt to GDP at the same level after 
2035, by controlling consumption tax. Table 2 reports the actual values of some key variables 
in 2007 and the computed values in the model. Further, it is observed that the actual values 
closely correspond to the calculated values.

Fig. 1. Demographic projection of each generation

 
 OFFICIAL MODEL 

National Income (% of GDP)   
Private consumption 74.1% 82.3% 
Government purchases of goods and services 21.0% 24.2% 

Saving rate 3.1% 5.9% 
Government Indicators   
Pension premium to wage 14.9% 14.9% 
Gross public debt (% of GDP) 170.6% 172.2% 
Primary balance (% of GDP) -2.4% -4.3% 
Tax revenues (% of GDP) 18.4% 19.8% 
Other Indicators   
Capital output ratio 2.9 4.4 
Interest rate 1.7% 2.6% 

Table 2. Year 2007 of the baseline scenario

Source: OECD Economic Outlook No. 84, 2008, and “Annual Report on National Accounts,” the Japanese SNA 
statistics (Cabinet Office).
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(2) Scenarios

Next, we explain the simulation scenarios utilized in this paper. First of all, on August 10, 
2012, in a plenary session of the House of Councillors, a comprehensive social security and 
tax reform bill (including a consumption tax increase) passed the three (Democratic Liberal, 
Liberal Democratic, and New Komeito) parties by a majority vote. As a result, the chance 
that the consumption tax will be raised to 8% in April 2014, and to 10% in October 2015, 
increased considerably. However, paragraph 3 of supplementary Article 18 of that law 
suggests that necessary measures to suspend enforcement are flexibly provided for, so future 
economic trends may determine whether or not the consumption tax is actually raised to 
10%.

On the other hand, according to the Mid- to Long-term Economic Outlook (a conservative 
scenario) announced by the Cabinet office in August 2012, even if the consumption tax is 
raised to 10% by 2015, the fiscal balance (against GDP) is still forecast to be approximately 
3% in the red. This implies that, because each 1% elevation of the consumption tax produces 
approximately 2.5 trillion yen in revenue, the consumption tax would need to be raised to 
16% to achieve equilibrium with the Primary Balance by 2020. For this reason, the 
International Monetary Fund (IMF) indicates that Japan should reduce its growing sovereign 
debt, and gradually increase its consumption tax from 5% to 15% (June 17, 2011, Reuters).

We have considered 9 scenarios. Scenario 1 presents the basic case, calling for the 
consumption tax to remain at 5%, with neither expansion of child benefits nor cuts to pension 
benefits. Scenarios 2 to 5 assume 100% increase in child benefit after 2015. Then, the 
additional financial resource in Scenario 2 is covered by the increase in consumption tax, in 
Scenario 3 by the increase in wage tax, in Scenario 4 by the increase in capital income tax, 
and in Scenario 5 by the increase in government bond revenue. On the other hand, Scenarios 
6 and 7 are those of the public pension reform. Scenario 6 assumes 50% reduction of the 
aggregated pension premium by increasing the consumption tax after 2015. Scenario 7 
assumes 10% reduction of the public pension benefit and 100% increase in child benefit after 
2015. Finally, Scenarios 8 and 9 are those of the accelerated fiscal reform. Scenario 8 assumes 
no expansion of child benefits but an increase in consumption tax to 15% (consumption tax 
reform) from 2015. Scenario 9 is the policy mix of Scenario 2 (permanent expansion) and 
Scenario 8.

5.　Simulation Results

This paper examines simulation results based on provisions in the 3rd and 4th sections. 
These simulation results are noted in Table 3 and Figs. 2 through 6. Table 3 shows 
macroeconomic trends, Fig. 2 depicts population transitions in future generations, Fig. 3 
shows aging rate trends, Fig. 4 presents trends in total fertility rate (TFR), Fig. 5 lays out the 
public debt balance per employee, and Fig. 6 demonstrates each generation’s utility. We 
examine each of the above results in greater detail below.
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Fig. 2. Simulation results: demographic projection of future generations

Fig. 4. Simulation results: total fertility rate

 

Fig. 3. Simulation results: retired population ratio 
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(1) Demographic projection and macroeconomic variables

First, we describe the demographic projection. Fig. 2 shows the population projection of 
future generations born in the period 2000–2030. The projection in Scenario 1 closely 
corresponds to the official estimation provided by the National Institute of Population and 
Social Security Research (2006). In contrast to Scenario 1, Scenarios 2 to 5 (100% permanent 
child benefits increases) and 8 and 9 (accelerated fiscal reform and 100% permanent child 
benefits increase) depict a population increase in the generation born after 2015. On the other 
hand, Scenarios 6 (50% reduction of the aggregated pension premium by increasing 
consumption tax) and 7 (10% reduction of the public pension benefit and 100% permanent 
child benefits increase) show a population decrease. In Scenario 9 (accelerated fiscal reform 

Fig. 5. Simulation results: debt per employee

Fig. 6. Simulation results: welfare with equivalent variation
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and 100% permanent child benefits increase), the population of the generation born in 2030 
is the highest, increasing by 181,000.

The population under Scenario 5 (financed by government debt) shows an increase of 
160,000; followed by the population under Scenario 3 (child benefits financed by increasing 
wage tax) with an increase of 158,000; the population under Scenario 2 (consumption-tax-
funded child benefits) with an increase of 149,000; and, finally the population under Scenario 
4 (capital-income-tax-funded child benefits) with an increase of 146,000. Scenario 8 (only 
accelerated fiscal reform) shows an increase of 32,000 while Scenario 6 (half of the pension 
premium covered by consumption tax) demonstrates a decrease of 19,000 and Scenario 7 
(10% reduction of the public pension benefit and 100% permanent child benefits increase), 
shows a decrease of 11,000.

Fig. 4 shows the total fertility rate (TFR) from 1995 to 2030. The projections in Scenario 
1 closely correspond to the official estimation provided by the National Institute of Population 
and Social Security Research (2006). Fig. 2 shows a TFR projection for all scenarios. For 
example, Scenario 9 shows the highest TFR with 1.51, followed by Scenario 5 with 1.48, and 
Scenario 3 with 1.47 in 2030.

Fig. 3 shows a projection of the retired population ratio from 2010 to 2050. The projection 
in Scenario 1 closely corresponds to the official estimation provided by the National Institute 
of Population and Social Security Research (2006). In comparison to Scenario 1, the 2030 
retired population ratio in Scenarios 2 to 5, with permanent child benefit increases, decreases 
between 0.30% of a point and 0.32% of a point. Similarly, the ratio in Scenario 9 decreases 
by 0.43% of a point, not a highly significant difference. Further, the 2050 retired population 
ratio in Scenarios 2 to 5, with permanent child benefit increases, decreases between 1.4% of 
a point and 1.9% of a point, compared to the other scenarios. Regardless of the long-term 
improvements, in the short term, it seems unlikely that the retired population rate will 
decrease to any significant degree in response to child-rearing benefits.

Next, we simply explain the projection from a macroeconomic perspective. As our model 
employs a life-cycle hypothesis, the savings rate is highly influenced by the aging population. 
Looking at the transition of macroeconomic variables shown in Table 3, though some cases 
show a temporary rise, in 2030 all scenarios show a decrease in the savings rate (between 
-5.62% and 2.42%), compared to the 2007 rate of 5.89%. In particular, in comparison to 
Scenario 1, Scenarios 2 (child benefits expansion financed by consumption tax, and permanent 
child benefits increases), 4 (funded by capital income tax), and 5 (funded by government 
debt), show a rise in the savings rate in 2030. Further, although Scenarios 1 to 6 show a rise 
in the savings rate in 2040, all scenarios show a decrease in 2050. Finally, the factor price 
shows a stable transition in all scenarios, fluctuating between the interest rates of 2.27% 
(wage rate) and 4.04% (92.74% to 101.89%). 

(2) Fiscal variables

In general, increased child benefits lead to more births, creating a greater workforce and 
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expanded tax base and a rise in fiscal revenue and expenditure and improvement in public 
funds (in terms of GDP). A pension system reform reducing benefits by 10% or accelerated 
fiscal reform to increase consumption taxation to 15% from 2015 will stabilize the future 
fiscal balance and the value of outstanding government bonds to GDP.

However, an expanded workforce will lower the capital-labor ratio (amount of capital 
that each employee can access), possibly increasing the interest rate while simultaneously 
restraining the wage rate. Table 3 shows Scenarios 2 to 5 (permanent child benefits increases) 
reflecting a lower capital-labor ratio for 2030 than that of Scenario 1, along with lower GDP 
and GDP per employee. On the other hand, pension and fiscal reforms, as implemented in 
Scenarios 6 through 9, result in a higher capital-labor ratio, GDP, and GDP per employee.

Given the above, the projections in Table 3 and Fig. 5 together yield that in comparison 
to Scenario 1, debt per employee in 2030 improves in Scenario 2 (consumption-tax-funded 
child benefits), Scenario 3 (child benefits financed by increasing wage tax), and pension 
reform and accelerated fiscal reform Scenarios 6 through 9.

In turn, the outstanding government debt to GDP in 2030 shows more improvement in 
pension reform or accelerated fiscal reform Scenarios 6 to 9 than in Scenario 1. 

On the other hand, Scenarios 4 (capital-income-tax-funded child benefits) and 5 (financed 
by government debt), are worse in terms of debt per employee in comparison to Scenario 1; 
Scenario 4 shows increased interest due to the lower capital-labor ratio and Scenario 5 shows 
increased public debt due to the lower capital-labor ratio and the issue of government bonds 
to fund child benefits. 

The tax changes in Table 3 also show that the funding required for increased child 
benefits ranges from 1.96% to 2.39% in Scenario 2 (consumption tax funding), 2.41% to 
2.79% in Scenario 3 (wage tax funding), and 2.34% to 8.63% in Scenario 4 (capital income 
tax funding).

(3) Welfare

Finally, we describe the welfare estimation for each generation (welfare with equivalent 
variation). Fig. 6 shows the welfare in Scenarios 1 to 9 with welfare of the generation born 
in 1930 standardized as 1. 

As the birthrate dwindles and the aging population grows, the pay-as-you-go pension 
premium increases. In addition, an increased government-issued debt to GDP inhibits 
investment of private assets in production and lowers future economic growth. As a result, 
the welfare of the working and future generations decreases in comparison to that of the 
generation born in 1930. 

However, all scenarios (except Scenario 6) have a downward convex shape, with the 
lowest welfare occurring for those born in 2025 for Scenarios 1 to 5, for those born in 2015 
for Scenario 5, for those born in 2045 for Scenario 7, for those born in 2050 for Scenario 8, 
and for those born in 2005 for Scenario 9.

In addition, among Scenarios 2 to 5, the welfare of the generations born in the period 



Policy Research Institute, Ministry of Finance, Japan,  Public Policy Review, Vol.9, No.4, September 2013 655

1955 to 1980 is lowest in Scenario 2 (child benefits expansion financed by consumption tax). 
As briefly explained in Section 2, this indicates that child benefits expansion funded by 
consumption tax results in an intergenerational income transfer from the retired to the younger 
generation.

On the other hand, the welfare for the generation born in 2050 is the highest in Scenario 
5 (financed by government debt). The next highest figure is for Scenario 4 (capital-income-
tax-funded child benefits), followed by Scenario 2 (consumption-tax-funded child benefits), 
and Scenario 3 (child benefits financed by increasing wage tax). Next is Scenario 6 (half of 
the pension premium covered by consumption tax), then Scenario 1 (current case), Scenario 
9 (accelerated fiscal reform and 100% permanent child benefits increase), Scenario 8 (only 
accelerated fiscal reform), and Scenario 7 (10% reduction of the public pension benefit and 
100% permanent child benefits increase) in that order.

Placing the highest importance on the welfare of future generations, Scenario 5 (financed 
by government debt) stands out as the most desirable option, but a closer look is necessary. 
Table 3 shows that Scenarios 1 through 7, without accelerated fiscal reform, public debt to 
GDP increases to over 300%. Therefore, from the standpoint of improving financial 
sustainability, it is likely that accelerated fiscal reform is unavoidable. In particular, in 2030, 
Scenarios 2 to 4 show public debt to GDP between 348% and 355% while in Scenario 5 it 
rises to approximately 377% (in 2050 as well). In the case when funding of child benefits 
cannot be financed by public debt, Scenario 4 (capital-income-tax-funded child benefits) 
becomes the better option.

6.　Conclusion and Future Issues

In this paper, we presented an OLG model with multi-concurrent generations and 
endogenous fertility to analyze the effects of increased child benefits and reduced pension 
benefits on the welfare of the working and future generations. The following results were 
obtained through the analysis.

First, when child benefits and accelerated fiscal reform are combined, the most benefit 
can be gained in terms of the influence on demographics. When child benefits are not funded 
by accelerated fiscal reform, funding through issuing of government bonds, by wage�  
taxation, by consumption tax, and by capital income taxation, in that order, showed 
effectiveness.    

In terms of the influence on future public debt, compared with figures projected in 2030 
under the current situation, the options that have an effect are pension reform and accelerated 
fiscal reform; the option of higher consumption tax has a particularly strong effect. 

Further, achieving either pension reform or accelerated fiscal reform together with either 
consumption tax or capital income tax shows improvement in terms of public debt per 
individual. This is because child benefits result in more people in future generations, and this 
larger population can shoulder the burden of public debt.  

With regard to the influence in society from now on, in comparison with the generation 
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born in 2050, issuance of public bonds as funding for child benefits is most effective, while 
capital-income-tax-funded child benefits, then consumption-tax-funded child benefits, in 
that order, showed effect. It is important to note that compared to other scenarios, issuing 
public bonds raises the public debt; therefore, from the viewpoint of financial sustainability, 
accelerated fiscal reform will be necessary as it looks difficult to provide benefits to the 
generation born after 2050.

Two issues remain. First, if households focus on factors of quality or of human capital in 
terms of their budgets, it is possible that the results will differ. If household budgets consider, 
in addition to the number of children, whether the aspect of quality is able to delivery utility, 
the macroeconomics of child benefit may vary. For example, if child expenses are high and 
education expenditure is also assessed as high, a subsidy may be provided. In that case, 
because costs associated with children are lessened, the number of children born may 
increase, possibly resulting in lower quality of life for the children who then may have lower 
productivity. In this way, if quality or human capital are taken into consideration, implications 
regarding the options may differ.

Second, child support that considers factors other than cost has not been considered. 
Whether the environment is supportive of raising children is naturally an influencing factor 
on whether the household decided whether or not to have children. While this paper dealt 
only with models that looked at the cost of raising children, other factors including availability 
of day care and other services certainly influence the decision. When making policy for child 
benefit, besides financial factors, it is essential to include in the proposal overall infrastructure 
conditions of the society.

In general, simulation analysis brings out multiple effects depending on the policy. To 
observe how macroeconomics change in quantitative form the general equilibrium analysis 
used here is especially useful. However, as mentioned above, several factors for testing 
remain and further research on this model is required.
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Additional Information Simulation results: welfare with equivalent variation 
Birth year Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 Scenario 8 Scenario 9 

1930 1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  
1935 0.987  0.986  0.986  0.986  0.988  0.983  0.984  0.977  0.977  
1940 0.974  0.971  0.972  0.973  0.975  0.965  0.968  0.955  0.955  
1945 0.961  0.957  0.957  0.959  0.963  0.948  0.952  0.932  0.932  
1950 0.948  0.943  0.943  0.945  0.951  0.930  0.936  0.909  0.909  
1955 0.935  0.928  0.929  0.932  0.938  0.913  0.920  0.886  0.887  
1960 0.922  0.914  0.915  0.918  0.926  0.896  0.905  0.864  0.864  
1965 0.909  0.900  0.901  0.904  0.914  0.878  0.889  0.841  0.841  
1970 0.896  0.886  0.887  0.891  0.901  0.861  0.873  0.818  0.819  
1975 0.883  0.871  0.872  0.877  0.889  0.843  0.857  0.795  0.796  
1980 0.870  0.857  0.858  0.864  0.877  0.826  0.841  0.773  0.773  
1985 0.852  0.837  0.838  0.844  0.857  0.812  0.821  0.738  0.739  
1990 0.838  0.823  0.822  0.830  0.842  0.806  0.806  0.715  0.716  
1995 0.824  0.820  0.817  0.826  0.837  0.810  0.791  0.706  0.717  
2000 0.803  0.803  0.800  0.808  0.817  0.808  0.768  0.697  0.710  
2005 0.782  0.788  0.783  0.792  0.798  0.802  0.743  0.692  0.708  
2010 0.764  0.776  0.770  0.780  0.783  0.793  0.719  0.691  0.709  
2015 0.744  0.762  0.756  0.766  0.769  0.784  0.696  0.689  0.711  
2020 0.726  0.751  0.744  0.754  0.758  0.776  0.675  0.686  0.713  
2025 0.715  0.746  0.739  0.751  0.757  0.770  0.657  0.683  0.716  
2030 0.716  0.754  0.747  0.758  0.765  0.770  0.646  0.681  0.720  

 

2035 0.721  0.764  0.757  0.768  0.775  0.773  0.641  0.680  0.724  
2040 0.727  0.773  0.767  0.778  0.786  0.774  0.637  0.678  0.727  
2045 0.733  0.782  0.776  0.786  0.794  0.775  0.635  0.674  0.729  
2050 0.737  0.788  0.783  0.793  0.801  0.774  0.637  0.670  0.728  
2055 0.742  0.794  0.789  0.799  0.806  0.774  0.643  0.668  0.728  
2060 0.747  0.799  0.794  0.803  0.811  0.773  0.655  0.671  0.731  
2065 0.751  0.802  0.796  0.806  0.813  0.773  0.672  0.676  0.735  
2070 0.754  0.802  0.797  0.807  0.813  0.772  0.692  0.680  0.737  
2075 0.755  0.802  0.796  0.806  0.812  0.770  0.713  0.684  0.739  
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