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4. Public Pension Reform under Uncertainty:
The Risk of Return and Increasing Longevity!

Naomi Miyazato?

National Institute of Population and Social Security Research

Abstruct:

The situation of the aging population in Japan is more severe than in most developed
countries. Recently, the Ministry of Health, Labor and Welfare announced the 2004
public pension reform plans, recognizing above facts. The 2004 public pension reform
plans are beneficial because the intergenerational inequality on tax burdens is
corrected due to the fixed tax rate (or the pension premium rate) the adjusted benefit
level with the current working labor force. However, we need to consider further
whether the replacement rate ratio of 50% level is optimal or not. The purpose of this
paper is to investigate the optimal level of replacement rate ratio in Japan by

considering not only the risk of fluctuation of return but also of increasing longevity.

1 This paper was written while I stayed the Wharton School, University of Pennsylvania as
a visiting research fellow of the research grant from the Imperial Gift Foundation( Boshi
Aiiku Kai) that supports this research project for the Science of Health, Labor and Welfare.
I would like to appreciate for useful comments and help from Prof. Olivia Michel during
my stay in the Wharton School. Finally, I want to note that the results of this paper do not
represent any views and opinions of the institute that I belong to.
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1. Introduction

The situation of the aging population in Japan is more severe than in most developed
countries. The percentage of people over 65 was 17.4% in 2000. It will be 22.5% in 2010,
28.7% in 2025. The present Japanese public pension is a Defined Benefit pension
system. It is based on a Pay-As-You-Go system. A Pay-As-You-Go system is vulnerable
due to the increasing aging population, and almost all people in Japan have doubts
about the sustainability of the preset public pension system.

Recently, the Ministry of Health, Labor and Welfare announced the 2004 public
pension reform plans, recognizing above facts. Characteristics of the reform plans are as
follows: 1) Pension premiums (or taxes) will increase gradually by 2022, and will be
fixed at 18.0% after 2022. 2) Benefits levels will be adjusted in conjunction with the two
factors: the size of the work force and the wage level of the work force. 3) Replacement
rate ratio will be secured at the 50% level. The 2004 public pension reform plans are
beneficial because the intergenerational inequality on tax burdens is corrected due to
the fixed tax rate (or the pension premium rate) the adjusted benefit level with the
current working labor force. However, we need to consider further whether the
replacement rate ratio of 50% level is optimal or not.

There are two main pension systems. One is the Defined Benefit pension system, the
other is the Defined Contribution pension system. Each system has an advantage and a
disadvantage. The advantage of Defined Benefit pension is that this system guarantees
some amount, in other word replacement ratio, after retirement. Therefore, the
volatility of assets or income after retirement is low. Moreover, Defined Benefit pension
reduces the risk of increasing longevity on the benefit aspect because people can receive
some amount before death. The disadvantage of this system is that the more the aging
population increases, the more the working generation has to pay taxes (or premiums).
Therefore, the rising longevity combined with low birth rate has a negative impact on
the pension tax burden aspect. On the other hand, the advantage of Defined
Contribution pension system is that this system is neutral to aging or a change of
demographic structure. In other words, aging does not have a negative impact on the
burden aspect under Defined Contribution pension system. The disadvantage of this
system is that the volatility of assets or income after retirement is high. Moreover,
Defined Contribution pension system is vulnerable to the risk of increasing longevity
from the benefit aspect because people can not receive a benefit beyond their
accumulated amount.

The purpose of this paper is to investigate the optimal level of replacement rate ratio

in Japan by considering not only the risk of fluctuation of return but also of increasing
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longevity.

2. Model description

We use the overlapping generation model to analyze the optimal level of replacement
ratio. An individual lives a maximum of N periods and faces a possibility of death at
each period. As we use the population projection published by the National Institute of
Population and Social Security Research as demographic patterns?. An advantage of
using those projected population is that simulation results are more realistic than in the
case of assuming a population growth rate is constant. We assume than individual does
not take into consideration his or her child. Thus there is no bequest motive. In addition,

we assume that individual does not have any assets before he or she enters the economy.

2.1. Utility function

We consider a representative individual with the following utility function:

N N
E [Zﬂ T f.:+i—1“(cj,r+j—1 )} (1)

j=1

where E is the expectation operator, B Jlis the time discount factor at age j, ¢jt+-1is the
consumption at age jin year t+j1, and tis generation. = jt+1 is a probability that
individual is alive at age j conditional on being alive at age 1. Survival rates of an
individual differ at each generation. According to our assumption of population
projection for Japan, the later individual enters the economy, the higher will be his or
her survival rates at each time3.

The period utility function u(c)is of the constant relative risk aversion class

¢7fl-y) v > 1
u(c)=

log(c)

<
il
—

where v is the coefficient of relative risk aversion. The more the coefficient of relative

risk aversion is large, the more individual is risk averse. If y equals 1, the period

2 In The Population Projection for Japan (2002), it is assumed that a population growth rate is
constant after 2100.

3 However, it is presumed that survival rates after 2050 is same as that of 2050 in Population
Projection for Japan (2002).
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utility function is log(c).

2.2. Budget constraints

An individual earns wage income during working periods and receives pension
benefits after retirement. The individual consumes at each period and saves the
difference between accumulated assets and consumption. We assume that individual
consumes all accumulated assets at age N if he or she lives to the maximum period N,
Thus the individual does not save at age N. Wage income is zero after retirement and
pension benefits is zero before retirement. Pension premiums (or taxes) are

proportionally imposed on wage income. Individual budget constraint is as follows:

Citnjrt TS8jpjua = (1 +ria )gj—l.(mj—l)-l + (1 ~Tija )wj.t+j-l +bj,t+j-—l (2)

where sj+.1 is savings, wjts+j1 is wage income, and bjes.1 is pension benefits at age jin
year t+fl. t t+.11s pension premiums in year t+j1 and ri+-1 is return of assets at initial
of period t+j1. The equation (2) becomes ¢jt+j-1 + Sjtrir = (1+Ites-1) Sj1,4-01 + (-7
t+-1) Wit+j-1  if individual is in working periods. As we assume assets of individual are
zero before appearance in economy, it is c1t+ s1.6= (1- 7 ) w1t at age 1. On the other hand,
it becomes Git+j1 + Sjt4j1 = (14 Lew1) Sj1,e45-D-1 + Bjesje1 if individual has retired. It is oy -1
= (1+ resN-1) SN-1,#N-1)1 + bNt+n-1 at age N if individual lives up to the maximum period N.
In this model, a public pension system is presumed as the Defined Benefit pension
system based on pay-as-you-go. Under this pension system, pension benefits are defined
by the replacement ratio multiplied by the average wage of working person. Therefore,

pension benefits are described below:

b = KW R+1=j=N (3)

Joj+t=1 JHt-1 2

where « is replacement rate ratio, R+1 is retirement age, w;,,., is average wage of

workers in year j+t-1. If individual is in working periods (1 = j= R), bjj+-1 equals zero.
We assume that the retirement age is fixed for all generations. Therefore, the later
individual enters the economy, the more he or she takes the risk of increasing longevity
because his or her mortality rate is low. For simplicity, the wage growth rate is assumed

to be constant at g. Thus the wage at next period is wjrije = (1+g)Wijsta . If the
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individual has retired(R +1 = i = N ), wj+1 equals zero. In addition, labor supply is
assumed to be exogenous. As we emphasize an advantage of the Defined Benefits
pension, we assume there is no risk of a wage fluctuation.

Another risk rises from the volatility of return of assets. We assume that return of

assets is described by the following equations:

L=u+z; (4)
g =pg, e (5)
£~N(0,c?) (6)

where u 1is the constant term and z; is the permanent error term. For simplicity, this
permanent error is assumed to follow AR(1) process that is either a unit-root or close to
a unit-root to capture the persistence of return of assets over time. The term p controls
the degree of persistence of previous error term. In addition, the transient error term ¢

is assumed to be normally distributed with zero mean and variance of o”.

2.3. Individual decision problem

The decision problem of individual can be described as the dynamic programming
problem. In this model, the state variable of generation tat age is expressed as Xjj+-1 =
(sjg+t-1)1, Z+1) and the control variable is consumption ¢jj+1 or savings sjj+1. Let
Vi ¢+j-1( X5,6+5-1) be the maximized value of the objective function of generation t at age j
with the state variable xjjet-1. Vjt+j1(Xje+51) is given as the solution to the following

dynamic program.

Vi Oey)= maxdule, o J4 B 2 ]
e jot\Kjapjor J= AXUNC +f [RTISICINTIY LA

Cjaejt 7t j-

(i=1,...,N) (7)

subject to equation(2)and V,,, ., (xj“h j)= 0

The value function at age N + 1 is identically zero because death is certain beyond age

N (x n+1,.+n = 0). The decision rules and the value functions for each age j=1, 2,... , N
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can be found by working the backward recursion from the last period of life4.

2.4. Government

A public pension system in this paper is described as the Defined Benefit pension
system based on a pay-as-you-go. A characteristic of this system is that total benefits of
retired persons and total taxes (or pension premium) of working persons are equal.
Since total benefits is pension benefits multiplied by number of retire persons and total
taxes is pension taxes multiplied by number of working persons, the budget balance is

described as follows:

N R
ij.i x Ly, =ZTi xw;, x Ly, (8)
Jj=1

J=R+l1

where Lj1is population of age jagent in year i Using equation (3) to substitute bjiin

equation (8), it exchange as follows:

N R
ZKW:'XLJ',:' =Zfiij,iXLj.i (9)
J=R+1 =t

The equation (9) implies that <t iis determined if a replacement rate ratio « settles.
The degree of « means the size of public pension because the degree of pension
benefits and taxes ( or premium) depend on «.

The purpose of this paper is to find out what level of replacement ratio leads to the
highest welfare of the individual. We can consider the optimal public pension size by

finding that replacement ratio.

3. Simulation results
3.1. Parameters setting

We explain how to select the parameters of the model. The parameters used by a
benchmark simulation are listed in Table 1.

We regard one period of the model as 5 years. The time discount factor is set as 0.98.
This value is the same as using in Feldstein and Ranguelova (2001). The coefficient of

relative risk aversion is set as 2 in a benchmark case because it is plausible that this

4 Using the budget constraint (2) to substitute for ¢jt+.1in Bellman’s equation (7), the problem reduces
to choosing the decision control variable sjjst-1 .
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value would be less than 3 and probably 2 in Feldstein and Ranguelova (2001).
[Table 1]

The demographic patterns follow the dates in the Population Projection for Japan
(2002). Since one period of the model is assumed to be 5 years, we make an population
projection in 5-year increments. Every 5 year represents an additional period. We use
those dates taking the average of male and female population. In this model, we assume
that individuals enter the economy at age 20 (model period 1) and die at age 100 (model
period 17). Thus we ignore the population dates of age below 20 although the Population
Projection for Japan shows these dates. In addition, retirement age is assumed to be age
65 (model period 9) and retirement age does not differ for all generations.

The survival rates follow the life table in the Population Projection for Japan. We also
use the average dates of male and female survival rates. In Table 2, we find that the
later individuals enter the economy, the higher the survival rates will be at every age.
Thus, the later generations that enter the economy take more the risk of increasing
longevity than generations that enter the economy at early age because retirement age
does not differ for all generations. This means that the later generations gain more
advantage of the Defined Benefits pension from the benefits aspect.

We assume that the wage growth rate gis 2 % and the expected return of assets p is
2%. The coefficient of auto-regression p is assumed to be 1, and o2 is assumed to be
0.1.

[Table 2]

3.2. Results

First of all, we show welfare levels of the generation who enter the economy in 2000
under every replacement rate ratio. We assume that the coefficient of relative risk
aversion y is 2 in Figure 1. We find that the welfare level in the case where a
replacement ratio « is over zero is higher than the case where « equals zero.
However the welfare level decreases if « 1is too high. This reason is as follows. In the
range of low replacement rate ratio, the individual gains from the advantage of the
Defined Benefits pension which covers the risk of assets fluctuation and this individual
lives longer after retirement. However the disadvantage of the Defined Benefits pension,

in which the expected return of this pension is lower than the expected interest rate,
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exceeds the advantage of this pension. The optimal replacement rate ratio of the
generation 2000 is 0.45

[Figure 1]

Next, we show the welfare levels of the generation 2000 in the case where the
coefficient of relative risk aversion vy equals 1 and 3. Figure 2 shows the case where v
is 1. We find that the optimal replacement rate ratio is 0.32 in this case. This result is
consistent with the fact that the individual is less (more) sensitive to the fluctuation of
the consumption if the coefficient of relative risk aversion is low (high). Therefore, the
degree of the advantage of the Defined Benefits pension becomes small (large). In the

case where vy is 3, the optimal replacement rate ratio is 5.0.

[Figure 2]
[Figure 3]

Next, table 3 shows welfare levels of all generations under every replacement rate
ratio. We find that the optimal replacement rate ratio of all generations is below 5.0 in
the case where y is 1 and 2. In the case where y equal to 3, the optimal level is also

below 5.0 except for those who enter the economy in 2000.

[Table 3]
[Table 4]
[Table 5]

4. Conclusion

We simply conclude as follows. If v =1, or v =2, reducing the replacement rate ratio
below 50% increases the welfare of all future generations. If vy =3, reducing the
replacement rate ratio below 50% increases the welfare of future generations except for

a generation in 2000.

Appendix 1

In this paper, we assumed that the wage growth rate is constant. Although this
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assumption is strong, we can derive the constant wage growth rate to specify the

production function using the following equations.

f(ki)zai +bk, | (A1)
a;=(+ga, (A2)
b,=u+z (A3)

where f(ki)is the output per worker, kiis the capital stock per worker in year i The term
of aj and b; follow the equations (A.2) and (A.3) respectively. g and u are constant
values. In this production function, the wage rate w;and the return of assets (or capital)

riis given by

r=r'(k)=b (Ad)

W, = f(ki)"’}ki =da, (A5)

where f'(ki) is differentiated from ki Thus, we can derive the following the wage rate

and the return of assets.

n=ptz

w, = (l+g)wt—l

Appendix 2

We describe how to calculate the optimal decision rules of the individual. We use the
grid method to solve the individual decision rules. First of all, we put a grid on the state
variable xx1= (sk,), z). We start in the last period of N of an individual’s life and solve for
the control variable sj; for grid point in the state variable xj:1,ir1 = (Sjr1,i+1, Zi+1), setting
Vi+1,#1(Xj+1,i+1) = 0. Given the maximizing control variable sj; on gridpoints, we can
determine values for the value function Vji(x;;) on gridpoints. We repeat this procedure
to solve for value functions and decision rules for all earlier periods.

In this paper, we assigned a value of 500 points and 5 points (sxJ, z) on the grid. The
spacing between points on the asset grid increases with asset levels. More specifically,
asset gridpoints are placed according to s' =0, s" =dxm*¥, m = 2,...,500, where
d= E/ 500** and 5 is an upper bound imposed on the asset grid.
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