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Abstract 
Population aging alters decisions of retirement and intergenerational trans-
fers simultaneously. With the consideration of both decisions, this paper in-
vestigates the economic impacts of population aging in an Overlap-
ping-Generation (OLG) model under social security coverage. Results show 
that the economy grows slower with voluntarily increased elderly labor 
supply than otherwise. Ignoring the interactions between these decisions may 
lead to a serious mis-estimation. Results also show that mandatory postpon-
ing retirement creates disincentive to saving and hinders the economy. To 
prevent the economy from slowing down and fertility from falling, mandato-
ry postponing retirement must be accompanied by a lower replacement ratio.  
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1. Introduction 

Over the last few decades, people are getting worried about the changes posed by 
the burden of population aging on the working generation and eventually on the 
economy. With population aging, working parents choose to postpone their re-
tirement [1] [2] [3]. With additional labor supply from the elderly, the economy 
grows faster. However, under Pay-As-You-Go (PAYG) social security coverage, 
working parents pay more social security tax for the elderly and save more for 
their retirement while spending less on their children [4] [5] [6] [7] [8]. The 
economy grows slower because of the loss of education investment. These two 
independent lines of literature conclude differently on the economic perfor-
mance. 

Figure 1 depicts impacts of population aging in OECD countries. Notice that 
retirement age is increasing and fertility and education investment percentage  
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Figure 1. Population aging in OECD countries in 2014. Source: Life expectancy (Life ex-
pectancy at birth), fertility (total fertility rate), saving rate (gross saving rate as % of GDP) 
from World Bank; retirement age (average effective age of retirement) and education in-
vestment (tertiary spending per student) from OECD.  
 
are decreasing simultaneously with life expectancy. Gross saving rate presents an 
inverted U pattern.  

Working parents make their decisions about their own retirement and inter-
generational transfers simultaneously. On the one hand, population aging per-
mits the working population to postpone their retirement and adjust the labor 
supply accordingly. This tends to increase lifetime income. Working parents 
have more financial resources available for children. On the other hand, it bur-
dens the working population more by increasing social security tax rate. Parents 
tend to reduce fertility and education investment. Therefore, the overall effects 
on the fertility, education and, thus, economic growth, are not theoretically clear 
yet. For example, Mizuno and Yakita [9] endogenized fertility and showed that 
population aging leads to a rise in the fertility without assessments of social se-
curity and economic performance. 

Constructing an Over Lapping-Generations growth (OLG) model with indi-
viduals making retirement decisions under social security coverage, this paper 
makes several contributions to the literature. First, this study bridges the litera-
ture of household resources allocation decisions to the literature of retirement 
decisions. Theoretical results show that the effects of heavier tax burden domi-
nate the effects of postponing retirement on the fertility and economic growth 
when population ages. Second, the results of this study help provide a better un-
derstanding of the consequences of the retirement policies. The empirical results 
show that retirement decisions might be bounded by mandatory retirement pol-
icy. These results also match the theoretical predictions that mandatory late re-
tirement policy leads to a higher fertility but a lower economic growth rate. 

2. Retirement Model 

Consider a discrete time and finite horizon OLG model with PAYG social security 
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coverage and both decisions of retirement and intergenerational transfers, in-
cluding fertility and education investment.  

The production of the homogenous output Yt uses physical capital Kt (i.e., de-
preciates fully after one period) and effective labor Ht as inputs in the conven-
tionally neoclassical fashion (Mizuno and Yakita [9]). Under perfect competition 
assumption, the real wage rate wt and the gross rate of return on physical capital 
rt are 

( )1t tw Akαα= −                          (1) 

11 t tr Akαα −+ =                           (2) 

where t t ctk K H=  represents physical capital per effective labor, A > 0 total 
factor productivity and ( )0,1α ∈  the share of Kt to Yt. 

There are a large number of homogenous working parents, school-aged young 
children, and retired grandparents in this model economy. Since our main focus 
is on the population aging in relatively advanced economies, the survival rate is 
100% from children to parents and is ( )0,1p∈  from parents to grandparents. 
A parent of generation t decides his current consumption ct, his retirement con-
sumption dt+1, number of identical children nt, children’s human capital level 
ht+1, and the amount of time in working when old ( )1 0,1tl + ∈ . His expected life-
time utility is 

( )1 1 2 1 3 1ln ln ln ln 1t t t t t tu c p d n h p lσ σ σ+ + += + + + −            (3) 

where 1 2,σ σ  and 3σ  denote the tastes toward the retirement consumption, 
children, and leisure time when old, respectively. A child of generation t + 1 ob-
tains education investment et from his parent and spends all his childhood in 
learning. He accumulates human capital according to 1

1t t th Be hβ β−
+ = . B denotes 

the productivity of learning process and ( )0,1β ∈  the elasticity of human cap-
ital accumulation with respect to education investment. The conventional as-
sumptions of diminishing returns to scale in et and constant returns to scale in 
both et and ht are applied here. 

A working parent with 1 unit of time endowment considers sacrificing δ frac-
tion of time raising each child, earning labor wage at wt, paying social security 
tax at ( )0,1tτ ∈ , saving for his own old age consumption, and investing child-
ren’s education. His budget constraints are 

( )( )1 1t t t t t t t tS n w h c e nτ δ= − − − −                  (4) 

( ) ( )1
1 1 1 1 1

1
1t t

t t t t t t

r s
d w l h M

p
τ+

+ + + + +

+
= + − +              (5) 

where 1tM +  denotes the amount of social security benefit and working parents 
participate in the actuarially fair type of saving. 

This working parent maximizes Equation (3) subject to (4) and (5). His op-
timal decisions are 

( )( ) ( )
( )( )

1 1 1 1

1 1 2 3

1 1 1
1 1

t t t t t t t t
t

t

r w h p w h pM
c

r p p
τ τ

σ σ σ
+ + + +

+

+ − + + +
=

+ + + +
          (6) 

 

DOI: 10.4236/tel.2018.815214 3483 Theoretical Economics Letters 
 

https://doi.org/10.4236/tel.2018.815214


K.-T. Hua 
 

( )1 1 11t t td r cσ+ += +                          (7) 

( )
( )

21
1

t
t

t t t

c
n

w h
β σ
τ δ
−

=
−

                         (8) 

( )1
1

t t t
t

w h
e

β τ δ
β

−
=

−
                       (9) 

( ) ( )1 1 1 3 11 1t t t t t tl w h r cτ σ+ + + += − − +                 (10) 

Let Lt denote the population of generation t. In a balanced PAYG system, tax 
revenue equals to benefits such that 

( )1 1 1 1 1 1 1 11t t t t t t t t t t tpL M pL w h l L w h nτ δ+ + + + + + + + = + −           (11) 

Equation (11) can be rearranged to show that tax rate equals to the replace-
ment ratio a multiplied by the elderly support ratio. 

( )
1

1
11

1 1 1
1 1

1

t t
t

tt t t
t t t

t t

M pL
LpL h lw h n

L h

τ
δ

+
+

++
+ + +

+ +

= ∗
 

− + 
 

             (12) 

Or 1t tpa nτ + = . Tax rate is proportional to the survival rate and replacement 
ratio. Higher fertility relieves the tax burden because more workers share it. 

Substituting Equations (1) and (2) into (11), we have 

( )1 1 1 1
1 1t t t t tpL M r Kατ
α+ + + +
− = + 

 
 

Combining Equations (1) and (2), 1t t tK L s+ = , and the last equation, we have 

( )( )1 1
1

1 1t t t
t

r s
M

p
τ α

α
+ +

+

− +
=                    (13) 

Due to the complexity of the retirement model, this study concentrates on the 
BGP equilibrium. There are three markets in the model economy—physical cap-
ital, labor, and output markets. Equation (5), (6), (7) and (10) can be used to 
solve for the optimal saving. 

( )( )( ) ( )( )
( ) ( ) ( )( )

1 2 1 2 1 1

1 1 2 3 1 2

1 1 1 1
1 1 1 1

t t t t t t t
t

t t

p r w h w h
s

r p p
α σ σ τ σ τ

α σ σ σ τ α σ
+ + +

+ +

 + − + − + − =
 + + + + + − + 

    (14) 

On the BGP, k, n, and l are constant over time (Chen and Fang, 2013). Subs-
tituting (1), (2), (6), (13) and (14) into (8), BGP fertility is 

( ) ( ) ( )( )
( ) ( )( ) ( )

2

2 1 2 3

1 1 1 1
1 1 1 1

r p r
n

r p p
β σ α τ α

δ τ α σ α σ σ σ

 − + + + − + =
 + − + + + + + 

        (15) 

Bringing Kt+1 = Ltst, ht+1 = ht and (14) into kt+1, BGP k becomes 

( )( )( ) ( )( )
( ) ( ) ( ) ( )( )

1 3 2

1 2 3 2

1 1 1 1
1 1 1 1 1

p w r
k

r n n pl p p
α σ σ τ σ τ

γ δ α α σ σ τ α σ

 + + + − + − =
   + − + + + + + − +   

 (16) 

Replacing Equation (10) with (6), (13), and (14), BGP l is 

( ) ( )( )
( ) ( )( )

3

1 2 3 2

1 1 1
1

1 1 1
r p r

l
p p

σ α τ α
α σ σ σ τ α σ

 + + + − + = −
+ + + + − +

           (17) 
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Equations (15), (16), and (17) form a system of equations that gives the solu-
tions of n, k, and l on the BGP. Finally, γ is 

( ) ( ) ( )1 1 1B A kβ β ββ β β αβγ β β τ δ α−= − − −             (18) 

3. Quantitative Analysis 

Three different scenarios are simulated in this section. At 66 denotes the scena-
rio of mandatory late retirement at the age of 66, after 60 the scenario of 
self-selection fashion of retirement age and at 60 the one without the elderly la-
bor supply. This model calibrates at 60 to fit post-war US economy. Table 1 re-
ports these calibrated values.  

3.1. Life Expectancy 

Figure 2 depicts the situation when life expectancy prolongs from 60 to 90. Re-
tirees demand more social security benefit and put more tax burden on the 
working population. Equations (6) and (8) indicate that fertility depends upon 
labor income and social security benefit. On the one hand, an increase in tax rate 
lowers labor income after tax and suppresses fertility. On the other hand, an in-
crease in social security benefit leads to a higher income after retirement. Work-
ing parents can afford to raise more children. The former dominates the latter 
and fertility declines. A prolonged life expectancy also forces working parents to 
save more for their retirement. Because of less labor income after tax and higher 
fertility, parents invest less in education. Consequently, the economic growth 
rate presents an inverted u shape. 

Comparing after 60 to at 60, working parents choose to delay their retirement 
in an aging economy. This increases labor supply and reduces the tax rate.  
 
Table 1. Variable definition and its value. 

Variable Definition Value 

pd Period of time (years) 30 

p Survival rate 0.6 

a Income replacement ratio 0.4 

δ Fraction of time raising a child 0.15 

β Elasticity of human capital accumulation  
with respect to education investment 

0.2 

α Share of capital income to total income 0.3 

σ1 Taste toward retirement consumption 1 

σ3 Taste toward leisure when old 0.36 

k Physical capital per effective labor 1 

σ2 Taste toward children 0.36 

A Total productivity 13.27 

B Productivity of learning process 2.35 
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Figure 2. Impacts of life expectancy. 

 
Because working parents expect to have additional labor income when old be-
sides more social security benefit, they don’t need to save as much for their own 
retirement. Fertility and education investment increase. Although more labor is 
supplied, less saving slows down the economy under after 60. Therefore, the 
model without endogenous retirement tends to over-estimate the economic 
performance. 

Facing population aging, the public often advocates postponing retirement 
due to labor shortage. Comparing at 66 to after 60, the elderly supply more labor 
and tax rate is lower. Working parents choose to raise fertility and education in-
vestment while saving less. The economy grows slower under at 66. On the con-
trary, rather than postponing retirement, mandatory early retirement, at 60, 
creates incentive to save more and promotes the economy. 

In the empirical evidence section, this study verifies that at 66 is more aligned 
to real world economy than after 60 and at 60 in that personal decisions toward 
retirement are often bounded by policy. The empirical results also support our 
theoretical predictions of decreasing rates of fertility and economic growth due 
to population aging. Therefore, the effects of longer working time and higher 
lifetime income are dominated by the effects of heavier tax burden due to popu-
lation aging as predicted by the theoretical model.  
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3.2. Replacement Ratio 

Figure 3 shows the situation that the replacement ratio increases from 0 to 1. 
Working parents need to pay more for the social security and earn less labor in-
come after tax. This tends to demote fertility. Meanwhile, more social security 
benefit promotes fertility. This time, the latter dominates the former. Fertility 
increases while education investment decreasing. More social security benefit 
also means working parents might save less. Consequently, the economy grows 
slower. 

Comparing after 60 to at 60, working parents decide to supply labor when old 
as long as the replacement ratio is below 0.55. With additional labor supply 
when old, tax rate drops and labor income after tax increases. Both fertility and 
education investment increase. Parents also don’t need to save as much and the 
economy grows slower. Again, the model without endogenous retirement tends 
to over-estimate the economic performance. 

Comparing at 66 to after 60, when the replacement ratio lies between 0.27 and 
0.55, the middle range, the elderly supply more labor. Lower tax rate allows par-
ents to choose higher fertility and education investment. Lowered saving because 
of more labor supply when old hinders the economy. The original purpose of 
mandatory late retirement is to increase labor supply when population ages  
 

 
Figure 3. Impacts of replacement ratio. 
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and labor shortage presents. However, it may not serve as a growth enhancer 
alone within reasonable range of replacement ratio. A reduction in the replace-
ment ratio may. Furthermore, the elderly supply more labor with a reduction of 
replacement ratio. A move from points a to b presents this situation. 

However, if low fertility is also under the spotlight, the replacement ratio re-
duction makes fertility rate even lower. For example, a move from point a to 
point b along the fertility curve under after 60. It’s a trade-off between the elder-
ly labor supply and future-generation labor supply. To maintain economic 
growth and fertility, a mandatory late retirement paired with a replacement ratio 
reduction moves the economy from point a to point c. As a bonus, the elderly 
supply more labor. 

4. Empirical Evidence 

There are several theoretical results that draw our attentions. First, although re-
placement ratio and life expectancy influent optimal decisions about retirement 
age, it might be also bounded by the mandatory retirement policy. Second, the 
delay of retirement age increases fertility, holding life expectancy constant. 
Third, if the retirement age is bounded to the policy, the economic growth 
should be negatively related to retirement age. In this section, the empirical re-
levancy of these relationships is assessed. 

This study employs data acquired from the OECD and World Bank. To sup-
port theoretical findings without distracting the attention, variables are kept to a 
minimum. Average effective age of retirement (Retirement) is the average age of 
exit from the labor force during 2009-2014. Normal retirement age (Normal) is 
the age at which an individual can retire in 2014 without any reduction to their 
pension. The men net pension replacement rate (Replacement) is the individual 
net pension entitlement divided by net pre-retirement earnings in 2014. These 
key variables are not widely available in time-series format and exhibit very high 
inertia from year to year. These two reasons may justify our use of cross section-
al data. Finally, general government spending (Govspd) in 2014 and government 
expenditure on education as % of GDP in 2014 (Pubedu) are introduced to con-
trol for the omitted variables. The regression results are as Table 2. 

Retirement equation shows a negative and significant correlation between re-
tirement age and replacement ratio and a positive and significant relationship 
between retirement age and normal retirement age. The correlation between re-
tirement age and life expectancy is insignificant but the one between retirement 
age and normal retirement age is positive and significant. This suggests that 
personal retirement decisions might be more or less bounded by governmental 
regulations. A study of population aging without considering mandatory retire-
ment might cause estimation error.  

Population aging increases lifetime income and children. Population aging 
also puts heavier burden on parents and reduces fertility. The empirical results 
support the model prediction that the latter effect dominates the former. Fertility  
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Table 2. Regressions results. 

Variables 
Retirement Fertility Growth 

Coef. Std. Dev. Coef. Std. Dev. Coef. Std. Dev. 

Intercept 37.707** 19.005 159.363*** 60.978 507.048** 255.546 

Replacement −0.045* 0.0234     

Life −0.199 0.208     

Normal 0.712*** 0.217     

Retirement   −4.997*** 1.91 −16.103** 7.071 

Retairement2   0.394*** 0.015 0.127*** 0.055 

Pubedu   0.083*** 0.052   

GDP     −0.335*** 0.009 

Govspd     0.470*** 0.103 

R2 0.397  0.291  0.527  

Note: Life represents life expectancy. ***, **, and *donate significance at 1%, 5%, and 10% level, respectively. 

 
equation shows a negative and significant correlation between fertility and re-
tirement age and a positive and significant correlation between fertility and re-
tirement age squared. Therefore, when the retirement age is greater than 12.7, 
retirement age increases fertility holding others constant. This result confirms 
the upper-right panel of Figure 2 that when holding life expectancy at a given 
level, higher retirement age (ex. at 66 compared to at 60) is associated with a 
higher fertility. 

Growth equation shows a negatively significant correlation between economic 
growth rate and retirement age and positively significant one between economic 
growth and retirement age in quadratic form. Thus, when the retirement age is 
less than 126.8, retirement age decreases economic growth holding others con-
stant. This result supports the lower-right panel of Figure 2 that when holding 
life expectancy at a given level, higher retirement age is associated with a lower 
economic growth rate. 

These results support our mandatory retirement model and its predictions 
that mandatory late retirement improves fertility but depresses economic 
growth. Therefore, population aging researches should pay more attentions to 
the effects of mandatory retirement than simply the effects of life expectancy and 
replacement ratio. 

5. Conclusions 

This paper presents an OLG model with both retirement and fertility decisions 
endogenized to study population aging and social security. Population aging al-
lows working parents to postpone their retirement and shift more resource to-
ward children. It also puts more social security burden on working parents. They 
have less resource available for the children. The results show that failing to ac-
count for either one of these two simultaneously opposite forces on the fertility 
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may lead to a seriously mis-estimation of the economic performance. 
The results also show that, rather than postponing retirement, mandatory 

early retirement creates incentive to save more and promotes the economy. 
Since labor shortage is on the center stage of policy making nowadays, postpon-
ing retirement age is a consensus and a popular policy. It is well-known that 
sometimes competitive market solutions deviate from the ones socially planned 
especially in the OLG models [10]. It is also well-known that unfounded social 
security (PAYG) reduces saving and leads to Pareto improvements [11]. In this 
study, a mandatory postponing retirement policy shifts fertility up. Because 
consumption is positively related to fertility and lifetime utility in the model, this 
postponing retirement policy leads to Pareto improvements. Therefore, it is jus-
tifiable to postpone retirement age when over accumulation occurs. For the 
postponing retirement policy to work as the growth enhancer, the accomplish-
ment of replacement ratio reduction is a must especially when the government 
intends to maintain high fertility. Due to the limitation of data quality, this study 
employs cross-sectional data from OECD and World Bank. Further research can 
use pooled cross sections data when available to closely examine the conse-
quences of changes in retirement policies. 
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