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Abstract 

In many developed countries, fertility rates are in decline and longevity is increasing. While 

greater longevity is cause for celebration, a growing elderly population increases the overall 

demand for expanded social security programs, particularly those pertaining to long-term care 

services. By considering and measuring the care burden per capita, we show that an increase in the 

fertility rate can improve household utility, even though it reduces the wage rate. The findings of 

this analysis imply that improvements in the fertility rate are desirable, as it eases burdens relating 

to long-term care services, as well as those relating to public pension plans. 
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1. Introduction 

In many developed countries, fertility rates are declining and longevity is increasing. On the face 

of it, greater longevity is cause for celebration; however, a growing elderly population also 

increases demand for expanded social security programs, particularly those pertaining to 

long-term care services. It is very important that society, at the very least, meet the demand for 

minimum necessary long-term care services for the elderly. 

Let us take a look at actual data showing what and how much individuals consume, by age, 

in Japan and the United States, two highly developed countries. Figure 1-a shows expenditures 

on goods i consumed by those in age group j, compared to people in their forties in Japan; these 

data are from the 2009 Household Survey conducted by Japan’s Ministry of Internal Affairs and 

Communications. Figure 1-b shows goods expenditures by age group, compared to 35–

44-year-olds in the United States; these U.S. data are derived from the 2009 Consumer 

Expenditure Survey conducted by the U.S. Bureau of Labor Statistics. 

These figures show that in both Japan and the United States, elderly people spend more on 

healthcare services than those in any other age group. For all goods except those in the clothing 

and footwear, transportation and communication, and education categories, consumption by 

elderly people in Japan is somewhat lower than but approximating that of people in their forties. 

In the United States, elderly people spend less money than 35–44-year-olds on apparel and 

services, education, tobacco products and smoking supplies, and personal insurance and pensions, 

but more than 35–44-year-olds on reading and cash contributions, and about the same on other 

goods. 
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Thus, when considering the problems posed by an aging population, it is very important for 

us to bear in mind differences between elderly people and the general population, in terms of the 

kinds of things they consume. Groezen, Meijdam, and Verbon (2005, 2007a, 2007b) consider 

such differences, and assume that younger people consume capital-intensive 

commodities—which are produced with capital and labor—while elderly people consume only 

or relatively more labor-intensive services, which are produced with only labor. In their 2005 

study, Groezen, Meijdam, and Verbon analyze the relationship between aging and economic 

growth. They later analyzed social security reform (Groezen, Meijdam, and Verbon, 2007a), and 

show that in a model involving a service sector, golden-rule capital stock is lower and dynamic 

inefficiency is more likely to occur than in a conventional one-sector model (Groezen, Meijdam, 

and Verbon, 2007b). These studies consider endogenous re-allocation in the labor market to be a 

result of an increase in the supply of long-term care services, while assuming that elderly people 

can purchase as many long-term care services as they like. 

However, not all elderly people can purchase sufficient long-term care services; 

economically disadvantaged elderly people who cannot save enough money to buy the services 

they need are forced to depend on government services. A full 90% of spending in the elderly 

nursing system in Japan is financed not just by insurance premiums paid by individuals over 40 

years of age, but also by public funds from the national and local governments; users are charged 

for only 10% of the costs. Even so, because their savings cannot adequately cover expenses in 

their old age, many elderly people cannot purchase even the most essential of long-term care 

services (hereafter, “minimum necessary long-term care services”). Many believe that for these 

individuals to receive the minimum necessary long-term care services, the government should 

finance all related costs by using tax monies. 

The provision of minimum necessary long-term care services requires the hiring of a 

sufficient number of long-term care workers. Long-term care workers must receive wages equal 

to those of workers in the business sector, because if the wages of long-term care workers are 

lower, no workers will choose to work in the long-term care sector. Thus, the government must 

work to make the wages of long-term care workers on par with those of business workers, by 

using tax-rate adjustments—just to provide elderly individuals with minimum necessary 

long-term care services. This, however, increases the tax burden on the working generation, in a 

society in which the number of children (and therefore the number of future caregivers and 

taxpayers) is decreasing. 

As the number of children in a society increases, the per-capita tax burden drops; however, 

wage rates decrease, as does the capital–labor ratio. The combination of these two factors 

prompts us to ask whether there is a case in which, although an increase in the number of 

children lowers the average wages, it also decreases the per-capita burden of long-term care 
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services, such that there is an overall improvement in the utility level. Furthermore, since an 

increase in the number of children reduces the per-capita tax burden—thus allowing individuals 

to increase their amounts of consumption—could this improve the utility level? The present 

study aims to explore these possibilities by using a simple overlapping generation model and 

considering fully the current, relevant issues. 

A considerable body of literature relates to the care industry. Scholars such as Sandmo 

(1990), Kleven et al. (2000), and Yoshida and Yuki (2004) analyzed the use of an optimal tax 

rate to provide funds for care services. In particular, Yoshida and Yuki (2004) incorporate 

Samuelson’s (1958) consumption–loan model in their analysis of the optimal tax rate for care 

services. Galasso and Profeta (2004) show that in terms of the economy, an aging society 

increases social security rates in relation to gross domestic product. Bethencourt and Galasso 

(2008) further point out, on the basis of voting behavior, the complementary relationship 

between healthcare and social security. 

Nevertheless, although many scholars have analyzed the problems inherent in the care 

industry, few other than Groezen, Meijdam, and Verbon (2005, 2007a, 2007b) have investigated 

the role of the labor market. Like Groezen, Meijdam, and Verbon (2005, 2007a, 2007b), the 

current study considers a two-sector model in which minimum necessary long-term care services 

are provided by the government, through the use of tax monies. Here, we analyze the effects of 

an increase in the number of children on the utility of households, when the wage rates of care 

workers are equivalent to those of business workers and there are enough care workers to 

provide those minimum necessary long-term care services. 

The remainder of this paper is organized as follows. The model and a numerical example are 

presented in section 2, and section 3 summarizes our discussion and presents topics that require 

further study. 

 

2. The Model 

In this section, we develop an overlapping generational model. Here, it is assumed that the 

lifetime of a household is divided into three periods: a youth period, a working period, and a 

retirement period. After some uncontrollable amount of consumption in the first period of life, in 

the second period, households of generation t work; bear n  children, given exogenously; 

consume a single all-purpose good; and save for retirement. In the third period, households only 

consume their retirement savings. The population transition between generations is 

1 tt nNN . tN  is the population of the t
th

 generation. Elderly households (postretirement) 

inevitably need  nh ,0  long-term care workers to provide the minimum necessary 
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long-term care services
1
. The total number of required long-term care workers, tH , is 

1 tt hNH . Some households in generation t are employed as workers in competitive firms, 

and others are employed as long-term care workers. The total number of workers in firms, tL , 

is ttt HNL  . By substituting the population transition and the total number of required 

long-term care workers into the total number of workers in the firm, the number of workers in 

firms becomes   1 tt NhnL . 

Firms produce consumption goods. In each period, the capital stock is the sum of households’ 

savings in the preceding period: ttt NsK 1 , where ts  is the average savings. (Note that 

variables bearing the notation ¯ are average values.) The capital stock lasts for only one period 

and has zero scrap value in the subsequent period. The initial capital stock ( 0K ), which belongs 

to 1N  households, is given to those who are elderly in period 0. Each of them owns 

101 /   NKs . 

In each period, the Cobb–Douglas technology is employed for production, using two inputs: 

physical capital tK  and labor tL . Moreover, 21 

ttt LKY  , such that we have 

  ttt KYr /1 1  and tt

L

t LYw /2 . Note that 121  . In addition, tr  is the 

interest rate, and 
L

tw  is the wage rate of workers in firms. Perfect competition in the factor 

markets ensures that, in equilibrium, the return from savings and wage per worker are equal to 

the respective marginal products. 

The government imposes a care tax t  on households, which is used to pay care workers 

and is divided equally them. The budget constraint for this system is 

                                                           
1
 Of course, not all elderly people need support from eldercare workers. Some can support their 

own living, or manage with support from their families. On the other hand, others inevitably need 

the support of eldercare workers; whether or not this is the case depends on their health level. 

This study, however, does not consider the health level of each household, and simply assumes 

that an elderly representative household inevitably needs h eldercare workers.  
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L
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H

ttt

H

t LwHwHw  . 
H

tw  is the wage rate of care workers; the government adjusts 

the care-tax rate to ensure that the wage rate of care workers is comparable to that of firm 

workers. The adjusted care tax endogenously becomes nhtt /*

1    , which makes the 

wage rate of care workers equal to that of firm workers. The equated wage rate is defined as 
*

tw . 

The ratio of firm workers to the t
th

 generation people is tl ; thus, the number of workers in the 

firm becomes ttt NlL  . The number of care workers becomes   ttt NlH  1 . By using the 

total number of required long-term care workers, the ratio of firm workers becomes 
*1 tl . 

The firm workers and care workers have the same utility function. For analytical convenience, 

we assume the utility function to be additively separable and logarithmic, as follows: 

   OX

t

YX

t

OX

t

YX

t cacaccU 1211 lnln),(   ,     (1) 

where X = L or H, )2,1( ja j  are the utility weights of middle-age consumption 
YX

tc  and 

old-age consumption 
OX

tc 1
2
. We assume that 0ja  and 121  aa . 

The budget constraints become 

   X

t

YX

ttt scwnb  *1  ,                     (2) 

   OX

t

X

tt csr 111   ,                    (3) 

where b  is the total cost of bearing a child, which includes the opportunity cost. Equation (2) 

expresses the situation of households whose disposable income is divided between consumption 

and savings, owing to middle age. Equation (3) expresses the situation of households that spend 

all their returns from savings on old-age consumption. Households choose savings so as to 

maximize their expected lifetime utility. The optimal savings becomes 

  **

2

* 1 tt wnbas   . Because the wage rate is the same between care workers and firm 

workers, the optimal savings also become identical. Using the optimal savings, the wage rate and 

                                                           
2
 Hereafter, the superscript Y (O) represents middle (old) age. The superscript L (H) denotes the 

variables relating to firm (care) workers. The variables with the subscript t belong to period t.  
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the optimal savings become constant: 

  212 /

212

/1

2

* )/(


 aaaw  ,                 (4) 

   **

2

* 1 wnbas    ,                  (5) 

where    hnnb  /1 * . By substituting equations (4) and (5) into equation (1), we 

derive the indirect utility function: 

       BhnawnbaaccU OY  ln1ln),( 22

**

121

**  , where 

       2112121211 lnlnln aaaaaaaaB   . 

By differentiating equation (4) with respect to n , we obtain 
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Thus, 
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What is more, since   01 bh , we have 
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           (7-b) 

The condition of equation (7-a) implies that an increase in the number of children per household 

can increase the wage rate, if the opportunity-cost rate of bearing a child is sufficiently high. 

Next, let us focus on the effects of an increase in the number of children on the household’s 

steady-state utility level. These effects can be calculated by differentiating the indirect utility 

function with respect to n : 

 
   hn
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dn
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,         (8) 

where   2121 /aaQ   and    2221121 /  aaaq  . Thus, 
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.      (9) 

The condition of equation (9) implies that an increase in a household’s number of children can 
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increase its utility level, if the opportunity-cost rate of bearing a child is sufficiently high; this 

implies children are relatively valuable.  

A comparison of the condition of equation (7-a) with that of equation (9) shows that: 

 wU bb



  if    

2

1*




 ,                    (10) 

because qQ  . The higher the care-tax rate becomes, the larger the number of required 

long-term care workers becomes. However, this number is not overly large; thus, the tax rate 

becomes less than one-half. Therefore, equation (10) implies that an increase in the number of 

children tends to increase household utility without there being an increase in the steady-state 

wage rate, when the burden of care per capita is sufficiently small. 

Let us now focus on the relationship between the number of children and household utility. 

The first term of the right-hand side of equation (8)—which implies the effects of an increase in 

the number of children on the individual disposable income rate—becomes positive (negative) if 

the number of children is less (more) than bh / . The second term on the right-hand side of 

equation (8)—which implies the effects of an increase in the amount of labor—depends on the 

value of q . q  becomes either positive, negative, or zero; if q  is zero, which would imply 

that the effects of an increase in the number of labor are canceled out, the number of children

bh /  would maximize the utility level. If q  is positive (negative), which would imply that 

the effects of an increase in the amount of labor are negative (positive), the number of children 

needed to maximize the utility level become less (more) than bh / . These relationships are 

described in Figure 2. In the case of 0q   0q , the relationships are described in 

Figure 2-a (2-b).  

The level of utility depends not only on the wage rate, but also on the disposal rate—the 

latter of which can be directly increased through a decrease in the burden of care that stems from 

an increase in the number of children. However, the wage rate can be only indirectly increased 

by an increase in the disposal rate that stems from an increase in the number of children. Thus, 

while an increase in the number of children tends to reduce the wage rate, it also tends to 

increase the utility. 

The variables are given as reasonable parameters, and we explicitly present the situation in 

Japan. We present in Table 1 the values of the main exogenous parameters of the model. One 

period in this model is converted to a 25-year span. The preference ratio between consumption in 

the working period and consumption in the retirement period is adjusted to be summed to 1.0, 
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and the annual time preference corresponds to approximately 1.0%
3
. The necessary number of 

long-term care workers per person aged 65 and over in 2007 became about 0.01, according to the 

Ministry of Health, Labor and Welfare’s Survey of Institutions and Establishments for 

Long-term Care and the Ministry of Internal Affairs and Communications’ National Census. The 

capital share rate of the production function is based on the capital distribution rate, which is 

acquired from data in the Cabinet Office’s Annual Report on National Accounts for 2003. The 

National Institute of Population and Social Security Research estimates that Japan’s 2012 total 

fertility rate (i.e., average number of children each woman has in her lifetime) was about 1.41.  

According to the exogenous variables in Table 1, we put together the endogenously 

calculated variables of this model (Table 2). As a result, we derive 

   59.9802.0  wU bb . According to the “White Paper on the National Lifestyle” (2007), 

the cost of raising a child is JPY13.02 million, and the additional costs of a second child are 

JPY10.52 million. The cost of raising 1.41 children is directly calculated as a weighted average: 

JPY12.00 million. The opportunity cost of raising children is JPY227.32 million
4
. In this case, 

the total direct and indirect cost of raising children becomes JPY239.32 million, which 

represents 27.42% per child of a household’s total income (male university graduates: 

JPY342.60 million; female university graduates: JPY276.45 million) (“Basic Survey on Wage 

Structure,” 2003). This implies 27.0b . 

A comparison of the values of Ub , wb , and b  shows that an improvement in the fertility 

rate reduces the wage rate, but also increases household utility. A numerical example where the 

values are set to accord with the Japanese situation implies that the government should support 

households in having more children, by offering subsidies or in other ways, so as to ease the 

burden placed on the working generation of funding long-term care services. 

It is generally accepted that in Japan, the demand for long-term care workers will drastically 

increase in the future. If the necessary number of long-term care workers per person aged 65 

were to increase to 0.1, we would have    63.807.0  wU bb . Even if the necessary 

number of long-term care workers per person were to grown 10-fold relative to present figures, 

an improvement in the fertility rate would definitely increase the utility level but nonetheless 

reduce the wage rate, assuming that the cost of raising children remains the same as that at 

present  27.0b . The results of these analyses imply that the demand for children who will 

ease the burden of caring for elderly generations is very large, especially when one considers the 

fact that elderly people consume only or relatively more labor-intensive services. 

                                                           
3
 When calculating these time-preference variables, we reference the study of Yanagihara and 

Kato (2006), who analyze the pension system in Japan by using an overlapping two-generation 

model. In that model, the discount rate on second-period consumption is assumed to be 0.85. 
4
 This value is calculated in the “White Paper on the National Lifestyle” (2007), as if female 

university graduates were to re-enter employment as part-time/casual workers when their 

children reach six years of age. 
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3. Conclusions and Remaining Issues 

In this study, we analyzed the effects of an increase in the number of children on an economy 

where having a sufficient number of care workers is ensured. An increase in the number of 

children can reduce the wage rate but increase household utility, even if the burden per capita of 

caring for the elderly were sufficiently small. A numerical example for the case of Japan was 

also calculated; that example implied that the government should support households in having 

more children—through the provision of subsidies or other supports—so as to ease the burden of 

long-term care services provision that is placed on the working generation. This applies not only 

to long-term care services, but also to the pressures being placed on public pension plans (e.g., 

Groezen, Leers, and Meijdam, 2003).  

To analyze the effects of an increase in the number of children on household utility when 

only the minimum necessary long-term care services are produced, we examine the exogenously 

given number of children per person. Under normal conditions, however, the number of children 

per person is a household choice variable; as such, it is not exogenously given. Thus, we should 

consider a model where a household endogenously chooses its number of children, and the 

government supports it through child allowances or similar instruments; under such conditions, 

households could increase their number of children, if they so desired. 
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Figure 1-a: Average expenditures in Japan, by age division 

 

Note. Values are calculated as   100/ 40 ii

j xx , where 
i

jx  is the expenditure of the age division j for good i. Thus, if the value is over (below) 100, it is more 

(less) than that of individuals in their forties in Japan. 
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Figure 1-b: Average expenditures in the United States, by age division 

 

Note. Values are calculated as   100/ 40 ii

j xx , where 
i

jx  is the expenditure of the age division j for good i. Thus, if the value is over (below) 100, it is more 

(less) than that of individuals aged 35–44 years in the United States. 



13 

 

Figure 2-a: The case of q > 0  
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Figure 2-b: The case of q < 0 
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Table 1 

Exogenous Model Variables  

Exogenous Variable Value 

Preference to consume in the  

working period ( 1a ) 

0.54 

Preference to consume in the  

retirement period ( 2a ) 

0.46 

Capital share rate ( 1 ) 0.3 

Labor share rate ( 2 ) 0.7 

Number of children per household 1.29 

Necessary number of long-term care 

workers per surviving elderly persons 

0.04 

 

Table 2 

Calculated Model Variables  

Variable Value 
*  0.03 

Q  0.97 

q  –0.03 

wb  23.47 

ub  0.05 

 


