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1 Introduction

Many developed countries that employ pay-as-you-go (PAYG) pension systems
maintain elderly living standards by adjusting pension benefits to maintain the
ratio of pensions to average wages of working generations at a constant value
(i.e., wage indexation). Under this type of defined-benefit PAYG pension scheme,
declining birth rates and aging populations have necessitated increases in the pen-
sion contributions of younger generations. However, because of the rapid pace at
which populations are aging, the conventional approach (i.e., increasing contribu-
tions to maintain pension benefit levels) imposes an excessive social security tax
burden on younger generations and endangers the sustainability of PAYG pension
systems.

Faced with these challenges, policy makers in several developed countries
have abandoned the traditional practice of continuously increasing contributions.
Instead, they employ a demographically modified indexation program. Under a
demographically modified indexation program, if the number of workers support-
ing the pension system decreases, then the wage indexation rate for pension bene-
fits also decreases even if the average wages of the working generations increase.
Hence, elderly pensions are adjusted automatically based on changes in demo-
graphic conditions. The introduction of a demographically modified indexation
program paves the way to a cap on future contribution increases or to a fixed-
contribution PAYG pension scheme. For example, the 2004 pension reform in
Japan moved away from the standard practice of increasing employee pension
contributions to guarantee a 59% benefit level and instead capped future contribu-
tions at 18.3% (i.e., a fixed-contribution program). In addition, Japan introduced
a demographically modified indexation program to ensure that the size of pension
benefits was consistent with the new contribution tdpday, many other OECD
countries are introducing automatic pension benefit adjustment mechanisms and
modified indexation systems to prevent unrestricted future contribution increases.
From a theoretical perspective, these recent PAYG pension reforms signify a tran-
sition from defined-benefit schemes to defined-contribution schemes.

This paper develops a two-period OLG model of endogenous growth with a
PAYG pension scheme and examines how PAYG pension reform from a defined-
benefit scheme to a defined-contribution schelffieces economic growth. We
show that in economies in which the old-age dependency ratio is relatively high
and the size of pensions under a defined benefit scheme is relatively large, PAYG

1The new pension level established by the 2004 pension reform was 50%. For more informa-
tion regarding the 2004 pension reform in Japan, see, for example, Komamura (2004).

2For example, Denmark, Greece, Hungary, ltaly, Korea and Turkey each have linked future
increases in pension ages to changes in life expectancy. In addition, Sweden introduced a defined-
contribution PAYG pension scheme in 1999. See OECD (2013) for additional details.
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pension reform from a defined-benefit scheme to a defined-contribution scheme
positively dfects economic growth. Furthermore, we consider how PAYG pension
reform from a defined-benefit scheme to a defined-contribution schéiextsa

the relationship between population aging and economic growth. We show that
in economies in which the old-age dependency ratio is relatively high and the
size of pensions under a defined benefit scheme is relatively large, this type of
pension reform mitigates the negative growtfeet of population aging caused

by a decline in the population growth rate or by an increase in life expectancy.

This paper is related to the vast body of literature that examinesfibete
of population aging on the sustainability of a PAYG pension system and on eco-
nomic growth. Relevant studies include those by Pecchenino and Pollard (1997),
Wigger (1999), Yakita (2001), Zhang et al. (2001, 2003, 2005), Gradstein and
Kaganovich (2004) and, more recently, Fanti and Gori (2012) and Cipriani (2014).
Using various stylized models withftierent engines of growth, these studies rig-
orously examine how economic growth exted by changes in the size of PAYG
pensions (e.g., Wigger, 1999), by the transition from an unfunded to a funded pen-
sion system (e.g., Pecchenino and Pollard, 1997), and by population aging (e.g.,
Yakita, 2001; Zhang et al., 2001, 2003, 2005). Furthermore, Fanti and Gori (2012)
and Cipriani (2014) debate thé&ects of population aging on the sustainability of
PAYG pension systems. However, to the best of our knowledge, there are few
theoretical studies that examine the impact of a transition from a defined-benefit
scheme to a defined-contribution scheme on economic growth, despite the fact that
this type of PAYG pension reform has recently become common among OECD
countries. Thus, this paper seeks to fill the gap between theoretical research and
policy debates in the political arena.

During the course of writing this paper, | found one exceptional study by Ar-
tige et al. (2014) that compares the respective macroeconomic performances of
a defined-benefit scheme and a defined-contribution scheme in an aging $ociety.
Using a two-period OLG model of neoclassical growth with general utility and
production functions, Artige et al. (2014) study how a decline in the fertility
rate and an increase in longevitffect capital accumulation and welfare under
different PAYG pension schemes. Artige et al. (2014) find that ffexteof a
decline in the fertility rate or an increase in longevity on capital accumulation is
always positive under a defined-contribution scheme, whereadfde & am-
biguous under a defined-benefit scheme. Then, they show that if two economies
are initially dynamically éicient and are identical in all respects except pension
schemes, the result of identical declines in fertility rates and identical increases
in longevity is that the welfare level of the defined-benefit economy is lower than
that of the defined-contribution economy. In Artige et al. (2014), the descrip-

3] am grateful that one of the referees apprised me of this related work.
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tion of these two economies as initially identical means that the initial size of
PAYG pensions or the demographic conditions in each of the two economies are
adjusted to ensure that all initial endogenous economic outcomes are identical.
Based on the theoretical results, Artige et al. (2014) conclude that in an aging
society, the defined-contribution scheme dominates the defined-benefit scheme in
terms of both income per capita and welfare.

Given that Artige et al. (2014)fter a comprehensive analysis with general
utility and production functions, there are many common research themes and
theoretical implications between the present study and the study of Artige et al.
(2014). However, this paper provides several original contributions that comple-
ment the analysis of Artige et al. (2014) andfelis from Artige et al. (2014) in
at least the two respects. First, to facilitate the comparison of our results with the
results obtained in previous studies on population aging and growth, we develop a
two-period OLG model of endogenous grovetha Romer (1986). Studies such as
Yakita (2001), Gradstein and Kaganovich (2004) and Zhang et al. (2001, 2003b,
2005), among others, examine how population aging caused by a decline in the
fertility rate or an increase in longevityfacts economic growth in an OLG model
of endogenous growth with social security. In particular, Tabata (2005), Ito and
Tabata (2008) and Mizushima (2009) propose various growth models that explain
the empirically observed hump-shaped relationship between the old-age depen-
dency ratio and economic growth; these growth models emphasize the design of
the social security systefnHowever, to the best of our knowledge, no study to
date has examined how the transition from a defined-benefit scheme to a defined-
contribution schemefects existing theoretical predictions regarding thiect of
population aging on growth. Therefore, this paper provides new insight into the
relationship between population aging and economic growth.

Second, this paper focuses on the role of wage indexation of pension pay-
ments and proposes a tractable PAYG pension scheme that possesses both defined-
benefit and defined-contribution aspects (i.e., a mixed payment schewii.

4Recent empirical studies by An and Joen (2006) and Prskawetz et al.(2007) suggest a non-
monotonic relationship between population aging and economic growth. Using panel data from
OECD countries during the period 1960-2000, An and Joen (2006) demonstrate a hump-shaped
relationship between the old-age dependency ratio and economic growth. Furthermore, using data
from EU-15 countries for the period 1900-2005, Prskawetz et al. (2007) find that an increase in
the working-age population (ages 50-64) positively contributes to economic growth, whereas a
large old-age population and a large young-age population each has a nefjativereeconomic
growth. Recent theoretical studies (e.g., de la Croix and Licandro, 1999; Boucekkine et al., 2002;
Miyazawa, 2006; and Kunze, 2014) attempt to explain the observed non-monotonic relationship
between population aging and economic growth.

SArtige et al. (2014) employ a lump-sum tax and a lump-sum pension payment and only
compare a pure defined-contribution scheme to a pure defined-benefit scheme. A wage indexation
specification might be more realistic and plausible in the context of a growing economy.
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the introduction of demographically modified indexation programs, PAYG pen-
sion schemes in many OECD countries possess both defined-benefit and defined-
contribution attributes. Our simple formulation of a PAYG pension scheme en-
ables us to capture these features of recent PAYG pension schemes in a reduced-
form manner. Moreover, combined with our log-utility specifications, this formu-
lation enables us to clarify the economic preconditions under which the transition
from a defined-benefit scheme to a defined-contribution scheme will positively
(negatively) &ect capital accumulation and economic growth.

This paper is organized as follows. Section 2 establishes the basic model.
Section 3 discusses the impact of PAYG pension reform from a defined-benefit
scheme to a defined-contribution scheme on existing theoretical predictions re-
garding the &ect of population aging on growth. Section 4 concludes the paper.

2 The model

We consider a two-period overlapping generations model with PAYG pensions.
In each periodl individuals are born, and each individual is endowed with one
unit of labor. The population grows at the constant rate(—1, «). Individuals

live for a maximum of two periods (youth and old age). An individual dies at the
beginning of old age with a probability of 4 p and lives through old age with

a probability ofp € (0,1]. In each period, there exists only two generations:
the active working young and the retired old. Therefore, the old-age dependency
ratio (i.e., the ratio of old dependents to the young working population) in period
t is given by%*1 = Fpn Thus, population aging is triggered if there is either

a decrease in the population growth rater an increase in the old-age survival

probability p.

2.1 Agents

Each individual derives utility from his or her own consumption in both youth and
old age. Thus, the lifetime expected utility of an individual born at peticl
expressed as

U =Inc + pindey, 1)

wherec; is consumption in youth and, ; is consumption in old age. As in Yakita
(2001) and Cipriani (2014), the instantaneous utility function is assumed to be
logarithmic for the sake of tractability.

In youth, each individual inelastically supplies one unit of labor, earns wage
incomew;, and allocatesy; to his or her own current consumpti@p savings
and the payment of social security taxes;. Following Blanchard (1985), we
assume the existence of an actuarially fair insurance for the sake of simplicity.
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The insurance company promises each individual a pay#gélst in exchange
for which the individual’s estatg accrues to the company, whewés the average
survival probability andR,; is the gross rate of interest. In old age, survivors
retire and consume their returns on private annui@@st and pension benefits

bt+1-

Thus, the lifetime budget constraints are

C+ s = (1- 1w, (2)
dt+1 = R;lst + bI+1- (3)

By maximizing (1), subject to (2) and (3), we obtain

p bt+l
= ——[(1 - m)w —
S 1+ p[( )W =
This savings equation states that a higher old-age survival probapiiitplies
higher savings, whereas both higher pension bergfitsand higher tax rates
imply lower savings.

1. (4)

2.2 Production

Each firm has constant returns-to-scale technology, and the aggregate production
function is expressed & = F(K;, AL;), whereY;, K;, andL; denote the aggregate
levels of output, physical capital, and labor input, respectiv&lyepresents labor
productivity, which is assumed to be driven by a positive spillover from the size of
aggregate capital stock to the productivity of workers in the manner suggested by
Romer (1986). To ensure the existence of a balanced growth path, as in Grossman

and Yanagawa (1993), it is assumed thatakes the following formA; = gé‘ =

%, wherek; = K;/L; anda s a positive technological parameter. Representing the
production function in ffective per capita terms; = f(I%), wherey; = Yy/ALy,

IZ( = K;/AL;, we obtain the optimal condition for a representative firm as follows:
R =1+f(a-0=Rw=["2@k = wk. The interest rate and the wage
rate per labor in #iciency units are constant over time.

To facilitate the comparison of our results with those of the existing literature
on population aging and growth, we adopt a simple Romer-type spillover spec-
ification that generates an AK-type endogenous growth path without transition.
Although this simplification clearly restricts the scope of our analysis, it yields
intuitive and manageable results.



2.3 Government

In this economy, the government pursues a social security policy based on a PAYG
pension system with a defined-benefit scheme. Let us assume that the government
balances its budget in each period and faces the following budget constraints:

Wikt = bypLi-s. (5)

To formulate the transition from a defined-benefit scheme to a defined-contribution
scheme in the simplest manner, we focus on the role of wage indexation. More
specifically, the pension payment for old agents in generatioh, by, is adjusted
according to changes in the next generation’s wages

Lt

by = [ oL

0+ (L= )l = [0+ (L= )l ©

wherenle”:p + (1 — n)¢ denotes the replacement ratio for the next generation’s
wagesw;. The replacement ratio is defined as a linear combination of a demo-
graphic adjustment component (i.%z//) and a fixed coicient component (i.e.,
¢). The indexn € [0, 1] measures the weight given to the demographic adjust-
ment component. A demographic adjustment component ﬁj;%w,) character-
izes a demographically modified indexation in which the wage indexation rate
for pension benefits decreases automatically as the size of the old-age population
increases relative to the size of the working population. In addition, the index
Y € [0, 1) measures the size of pension payments in the demographic adjustment
component, wherease [0, 1) measures the size of pension payments in the fixed
codticient component.

Given (6), suppose that = 0, the per capita pension benefit of generation
t — 1, is given simply byb, = ¢w; and that the wage replacement ratio is a fixed
constant ap € [0, 1) irrespective of the value of the old-age dependency ratio
Fpn. In this case, the PAYG pension scheme is characterized by a pure defined-
benefit scheme with a fixed replacement ratie [0,1). Next, suppose = 1,
the per capita pension benefit of generationl, is fully adjusted in response
to changes in demographic conditions and satisfies the following equality condi-
tion: ywL; = b,pL;_;. This equality condition is the well-known formulation of
government budget constraints under a pure defined-contribution scheme. There-
fore, in this case, the PAYG pension scheme is characterized by a pure defined-
contribution scheme with a fixed contribution ratec [0, 1). Finally, suppose
n € (0,1). In this case, the PAYG pension scheme is characterized by a linear
combination of a defined-benefit scheme with a fixed replacementgratii®, 1)
and a defined-contribution scheme with a fixed contribution yate[0, 1). We
refer to this type of pension system as a mixed payment scheme. Under a mixed



payment scheme, as the valueyadpproaches 1, the weight given to the defined-
contribution component increases. Therefore, the transition from a defined-benefit
scheme with a fixed replacement rati@ [0, 1) to a defined-contribution scheme
with a fixed contribution raté < [0, 1) is described simply by the increase in the
value ofp from O to 1.

As explained in the Introduction, as many OECD countries implement demo-
graphically modified indexation programs, their PAYG pension systems possess
both defined-benefit and defined-contribution components. Our simple specifica-
tion enables us to capture this combination of attributes in a reduced-form man-
nerS

By differentiating (6) with respect tg we obtain

%{ <0, for

P
T = ¢
on |>0, for £ < %.

> ¥

(7)

Giving a larger weight to the defined-contribution component implies a lower
(resp. higher) per capita pension benefit when (i) the old-age dependency ratio
Fpn is relatively high (resp. low); (ii) the fixed contribution rateunder a defined-
contribution scheme is relatively small (resp. large); or (iii) the fixed replacement
ratio ¢ under a defined-benefit scheme is relatively large (resp. small) to satisfy
o5 > 5 (respgs < 9).

From equations (5) and (6), the social security tax rate is given by

nn=t=ny+(1 —n)mrﬁ— (N, p; n). (8)

The social security tax ratedepends on the values of the old-age survival prob-
ability p, the population growth rata and the weight; given to the defined-
contribution component. To emphasize these relationships, we deseasbé, p; ;7).
Because € (0, 1), the parameter conditioﬂ/+(1—n)ﬁpn¢ < 1 must hold. Based
on (8), whermy = 1 (i.e., a pure defined-contribution scheme), the social security
tax rate is given byr; = ¢ and is constant regardless of the value of the old-
age dependency ratiﬁ’;‘. However, whem € [0,1) (i.e., a pure defined-benefit
scheme or a mixed payment scheme), the social security tax rate increases with
the old-age dependency ra% due to the #ects of demographically modified
indexation.

By differentiating (8) with respect tg we obtain

or {< 0, for 1+n >4, ©
(9 4
n ¢

>0, for 7 £ - <2
0f course, our mixed payment scheme is rather abstract and cannot capture the very com-
plicated structures of recent PAYG pension systems in their entirety. Nevertheless, this simple
framework enables us to capture several realistic features of recent pension reforms.
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Giving a larger weight to the defined-contribution component implies a lower
(resp. higher) social security tax rate when (i) the old-age dependencyl—jlﬁtio

is relatively high (resp. low); (ii) the fixed contribution rateunder a defined-
contribution scheme is relatively small (resp. large); or (iii) the fixed replacement
ratio ¢ under a defined-benefit scheme is relatively large (resp. small) to satisfy
o5 > 5 (respgs < 9).

Equations (7) and (9) indicate that in economies in which the old-age depen-
dency ratio is relatively high and the size of pension benefits under a defined-
benefit scheme is relatively large, the transition from a defined-benefit scheme
with a fixed replacement ratig € [0, 1) to a defined-contribution scheme with
a fixed contribution ratg € [0, 1) leads to a lower per capita pension benefit as
well as a lower social security tax rate. (6) indicates that the social security tax rate
increases monotonically with the old-age dependency ratio under a pure defined-
benefit scheme but remains constant under a pure defined-contribution scheme.
Therefore, when the old-age dependency ratio is relatively high and the size of
pension payments under a defined-benefit scheme is relatively large, the transi-
tion from a defined-benefit scheme to a defined-contribution scheme negatively
affects the overall size of PAYG pension.

2.4 Dynamics

The market-clearing condition for capital is givenky; = sL;orky,, = % Us-
ing (8), the per capita pension bendfiin (6) is rewritten asy; = 1Lp”r(n, P; 7)W;.
By substituting (4), (8)b.1 = 'r(n, P, R = Randw = wk into
ki1 = 1o, the gross per capita output growth r&@én this economy is described
by

ket _ P 1-=(n, p;n)

ki 1+n[l+p+7(npn)gl

We assume tha > 1, as in the literature on endogenous growthrom (10),

the gross per capita output growth r&edepends on the values of the old age
survival probabilityp, the population growth rate and the weight; given to the
component of a defined-contribution scheme. To stress these relationships, we
describeG asG(n, p; n).

w = G(n, p; 7). (10)

"When f (k) - k (k) is concave, the relationshid > 1 always holds under a ficiently small
value ofa because the relationshig§ < 0 andZ} < 0 hold.
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3 PAYG pension reform

Our purpose in this paper is to examine how the transition from a defined-benefit
scheme to a defined-contribution scherffe@s economic growth. We also con-
sider the impact of such a transition on existing theoretical predictions regarding
the dfect of population aging on economic growth. These issues are rigorously
investigated in this section.

3.1 PAYG pension reform and growth

In this subsection, we examine how the transition from a defined-benefit scheme
with a fixed replacement ratip € [0, 1) to a defined-contribution scheme with a
fixed contribution ratey € [0, 1) afects economic growth. In this paper, this type

of pension reform is described by the increased weigbiven to the defined-
contribution component. Becau%% < 0 from (10), and considering the results

of (9), by differentiating (10) with respect tg we obtain

P S ¥

?93:@5:{20, for 13”272” a1
n 0t dn <0,f0rm<5.

Equation (11) indicates that an increase in the weiglgiven to the defined-
contribution component positively (resp. negativelyeats economic growth
when (i) the old-age dependency raﬁiﬁ is relatively high (resp. low); (ii) the
fixed contribution ratey under a defined-contribution scheme is relatively small
(resp. large) or (iii) the fixed replacement raiainder a defined-benefit scheme
is relatively large (resp. small) to satisfy- > % (resp= < g).

Based on (7) and (9), when the conditigh > % (resp:> < g) holds, an
increase in the weighi given to the defined-contriﬁ)ution component negatively
(resp. positively) fiects both the per capita pension benefits and the social secu-
rity tax rate. According to (4), the lower (resp. higher) social security tax#ate
and per capita pension benebts, motivate young individuals to save more (resp.
less) for their old age, which positively (resp. negativeljets capital accumu-
lation and economic growth. These results suggest that in economies in which the
old-age dependency ratio is relatively high and the size of pension benefits under
a defined-benefit scheme is relatively large, the transition from a defined-benefit
scheme with a fixed replacement rati@ [0, 1) to a defined-contribution scheme
with a fixed contribution rate € [0, 1) negatively &ects the overall size of PAYG
pension and thus positivelyffacts economic growth.

In our simple model, as inferred from (10), any policy that reduces the size of
PAYG pension leads to higher rates of capital accumulation and economic growth.

10



Therefore, ceteris paribus, a reduction in the fixed contribution/atefixed re-
placement ratia positively dfects economic growth. Unlike these straightfor-
ward pension reduction policies, as inferred from (10), thiect of a transition

from a defined-benefit scheme to a defined-contribution scheme on the overall
size of PAYG pension and economic growth depends on the extent of population
aging. These features suggest that this type of PAYG pension reform may have
a non-trivial impact on the relationship between population aging and economic
growth. The following subsection investigates this issue more rigorously.

3.2 PAYG pension reform, population aging and growth

In this subsection, we examine how the transition from a defined-benefit scheme
with a fixed replacement ratip € [0, 1) to a defined-contribution scheme with a
fixed contribution rate € [0, 1) afects the existing theoretical predictions regard-
ing the dfect of population aging on economic growth. In this paper, population
aging is triggered by either a decline in the population growth mate an in-
crease in the old-age survival probabiljy Let us first consider the growtltfect

of population aging caused by a decline in the population growth rate. Based on
(10), which concerns thetect of the population growth rateon gross per capita
output growthG, we obtain the following proposition.

Proposition 1 .

1. Suppose that a PAYG pension is financed by a pure defined-benefit scheme
(i.e.,n = 0) or a mixed payment scheme (i< (0, 1)); then, there exists a
uniquef € (-[1 - p(ll_;:x/zd)]’ o0) such that @h, p; ) > G(n, p; ) ¥n € (—-[1 -

P-m¢ 9G(n.pin) PA-n)d7 Ay IGM.pi) o
1-ny ],oo), an >0Vne(—[1—w],n),T <0Vﬂ€(n,oo)_

2. Suppose that a PAYG pension is financed by a pure defined-contribution
scheme (i.e = 1); then &n, p; 1) satisfies™0-2D < 0 vn € (-1, ).

The proof of Proposition 1 is provided in Appendix A. Proposition 1 indicates that
when a PAYG pension is financed by a pure defined-benefit scheme &.€) or

a mixed payment scheme (i.6.€ (0, 1)), there is a hump-shaped relationship be-
tween the population growth rate and the per capita output growth rate. However,
when a PAYG pension is financed by a pure defined-contribution scheme (i.e.,
n = 1), the relationship between the population growth rate and the per capita out-
put growth rate is always negative. The existence of a hump-shaped relationship
between population growth and per capita output growth under a pure defined-
benefit scheme has been recognized in the existing literature on population aging
and growth (e.g., Ito and Tabata, 2008). This paper confirms that an analogous
prediction holds under a mixed payment scheme.

11



Figure 1 shows numerical examples of the relationship between population
growth and per capita output growth under alternative weight vajugisen to
the defined-contribution component (i.e5 0, 0.3, 0.6 and 1). In the simulation,
we assume that the production function is given¥Yoy= (K)?(AL;)**. The
parameters used in the baseline simulations are given as follews0.3, p =
0.75,1+n=0.75,¢ = 0.5,y = 0.5,6 = 1 anda = 0.028 Note that the objective
of these numerical examples is not to calibrate our simple model to actual data
but to supplement the qualitative results. The quantitative results obtained in this
paper should be interpreted with caution. Consistent with Proposition 1, when
n €[0,1) (i.e., under a pure defined-benefit scheme or a mixed payment scheme),
there is a hump-shaped relationship between the population growth rate and the
per capita output growth rate. However, whee 1 (i.e., under a pure defined-
contribution scheme), the per capita output growth rate increases monotonically
as the population growth rate declines.

Equation (10) implies that a decline in the population growth ragxerts
two competing influences on capital accumulation. Under a pure defined-benefit
scheme (i.e.y = 0) or a mixed payment scheme (i.. (0,1)), a decline in
the population growth rate increases the old-age dependency rqﬁp which
positively dfects the social security tax rate This higher social security tax rate
7 leads to a lower rate of saving by young individuals, which negativébces
capital accumulation. We denote this negatiie& of a decline im on capi-
tal accumulation as the “tax burdeffext”. Under a pure defined-contribution
scheme (i.e.y = 1), however, the social security tax rate is fixedsdatrespec-
tive of the value of the old-age dependency ratio. Therefore, the negative growth
effect of a decline im due to the tax burdenfiect does not exist under a pure
defined-contribution scheme (i.e;,= 1). Conversely, a decline in the popula-
tion growth raten mitigates the dilution of savings'- and thus positively fiects
capital accumulation. We denote this positifeeet of a decline im on capital
accumulation as the “anti-dilutiorffect”. The positive growthféect of a decline
in n because of the anti-dilutiorffect always exists irrespective of the design of
the pension scheme. Therefore, a decline in the population growth rate always in-
creases the per capita output growth rate under a pure defined-contribution scheme

8Based on estimates of the capital labor share, we set the valu@®0.3. The life tables
for the United States developed by Bell (1992) indicate that in 2000, the probability of a man
surviving to age 65 (conditional on his reaching age 15) is 0.79. Thus, the benchmark value of
old-age survival probability is set to 0.75. In addition, to achieve a TFR of 1.5 per couple, the
value of the gross population growth rate i is set to 0.75. To achieve a 50 % benefit level under
a pure defined-benefit scheme, the value of the fixed replacement raiet to 0.5. Analogously,
to achieve a 50% fixed contribution rate under a pure defined-contribution scheme, the value of
the fixed contribution rate is set to 0.5. Finally, to achieve a 2% per capita GDP growth rate at
benchmark values, the value afvas adjusted t0.02.
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(i.e.,n = 1).

Based on (10), it is easy to guess that tifeat of decreasing is likely to
be negative under a pure defined-benefit schemerfi-0Q) or a mixed payment
scheme (i.e.p € (0,1)), whenn is extremely small (i.,e.n —» -1). Because
the ratio of old to young people is large, the positive anti-dilutiiect becomes
negligible. However, because the social security tax rate is high due to the high
dependency ratio, any increase in the social security tax burden stemming from
a decline in the population growth ratecauses a considerable negative impact
on capital accumulation. Therefore, wheis extremely small, the negative tax
burden &ect is likely to dominate the positive anti-dilutioffect. Conversely, the
effect of decreasing is likely to be positive whem is extremely large (i.en —

o). Because the ratio of old to young in the population is small, the positive anti-
dilution effect becomes more serious. However, because the social security tax
rate is low due to the low dependency ratio, the negative tax buifiesct becomes
negligible. Therefore, when is extremely large, the positive anti-dilutioffect

is likely to dominate the negative tax burdefeet.

Figure 1 also shows how the transition from a pure defined-benefit scheme
with a fixed replacement ratip(i.e.,n = 0) to a pure defined-contribution scheme
with a fixed contribution rate (i.e.,n = 1) afects the relationship between the
population growth rate and the per capita output growth rate. As discussed in
Section 3.1, this type of PAYG pension reform positively (resp. negativéigyis
economic growth whegl: > % (resp. 1% < %), or 1+n < & (resp. 1+ n> &),

From (8), the overall social security tax rates remain the same regardless of the
value ofp when 1+n = %. Therefore, based on (10), the per capita output growth

rate remains the same regardless of the valugwiien 1+ n = %"’ as shown in
Figure 1. However, (10) also means that when i < %d’ (resp. 1+ n > %q’),

the overall social security tax rate decreases (resp. increases) with the value of
Therefore, the per capita output growth rate increases (resp. decreases) with the
value ofy.

These results suggest that in economies in which the population growth rate
is relatively low and the size of pensions under a defined-benefit scheme is rel-
atively large to satisfy & n < %4’, the transition from a pure defined-benefit
scheme with a fixed replacement rafi@.e.,n = 0) to a pure defined-contribution
scheme with a fixed contribution rage(i.e., n = 1) mitigates or overcomes the
negative growth fect of population aging caused by a decline in the population
growth rate’> The intuitions are explained as follows. Under (8), giving a larger

%In economies in which the population growth rate is relatively high and the size of pensions
under a defined-benefit scheme is relatively small to satisfnk 22, the transition from a pure
defined-benefit scheme with a fixed replacement gfice.,n = 0) to a pure defined-contribution
scheme with a fixed contribution rate(i.e.,7 = 1) exerts two competing influences on the growth
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weightn to the defined-contribution component decreases the impact of changes
in the old-age dependency ratio on the social security tax rate, which alleviates
the negative growthftect of a decline im due to the tax burdenfiect. Fur-
thermore, when % n < %"’, (7) and (9) indicate that an increase in the weight

of the defined-contribution component decreases the size of PAYG pensions and
increases savings, which strengthens the positive groffeicteof a decline im

due to the anti-dilution féect. These factors mitigate the negative growftiea

of population aging caused by a decline in the population growth rate. Therefore,
in economies in which the population growth rate is relatively low and the size of
pensions under a defined-benefit scheme is relatively large to satisfyd %‘”

the transition from a defined-benefit scheme with a fixed replacemenig&tio

a defined-contribution scheme with a fixed contribution gataitigates or even
overcomes the negative growtftext of population aging caused by a decline in
the population growth rate.

Analogous policy predictions hold when we consider population aging caused
by an increase in the old-age survival probability rateAs demonstrated by the
numerical examples presented in Figure 2, under plausible parameter conditions,
whenn € [0,1) (i.e., under a pure defined-benefit scheme or a mixed payment
scheme), there is a hump-shaped relationship between old-age survival probability
and the per capita output growth rafe.However, when; = 1 (i.e., under a
pure defined-contribution scheme), the per capita output growth rate increases
monotonically with the old-age survival probability rate.

Equation (10) implies that the old-age survival probability rptexerts two
competing influences on capital accumulation. Under a pure defined-benefit scheme
(i.e.,n = 0) or a mixed payment scheme (i.g.¢ (0, 1)), an increase in the old-
age survival probability ratp increases the old-age dependency rq\ﬁo which
positively dfects the social security tax rate The higher social security tax rate
7 leads to a lower rate of saving by young individuals, which negativébces
capital accumulation. We denote this negatitie& of p on capital accumula-
tion as the “tax burdenfiect”. Under a pure defined-contribution scheme (i.e.,

n = 1), however, the social security tax rate remains constaptiméspective of
the value of the old-age dependency ratio. Therefore, the negative grieth e

effect of population aging caused by a decline in the population growth rate. Based on (8), giving
a larger weighty to the defined-contribution component decreases the impact of a change in the
old-age dependency ratio on the social security tax rate, which alleviates the negative diestth e
of a decline inn due to the tax burdenfiect. However, when * n > %, (7) and (9) imply that
giving a larger weighy to the defined-contribution component leads to larger PAYG pensions and
smaller savings, which weakens the positive grovifbat of a decline im due to the anti-dilution
effect.

10The proof of this relationship is provided in Appendix C. Note that Appendix C is for the
referees’ information only and is not intended for publication).
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of p due to the tax burdenfiect does not exist under a pure defined-contribution
scheme (i.e.y = 1). Conversely, the increase in old-age survival probabpity
motivates young individuals to save more for old age, which positivécts
capital accumulation. We denote this positi¥eet of p on capital accumulation

as the “life-span ffect”. The positive growthféect of p due to the life-spanféect

always exists regardless of the type of pension scheme. Therefore, an increase in
life expectancyp always increases the per capita output growth rate under a pure
defined-contribution scheme (i.@.= 1).

Based on (10), it is easy to guess that tlffiea of increasing is likely to
be negative under a pure defined-benefit scheme:{i0) or a mixed payment
scheme (i.e.y € (0,1)), whenp is extremely large (i.e.p — 1). Because the
old-age dependency ratio is high, the negative tax burtfentdboecomes more se-
rious. However, the marginal increase in the savings rate due to an incrgaise in
low. Therefore, wherp is extremely large, the negative tax burdéieet is likely
to dominate the positive life-spatfitect. Conversely, thefiect of increasing is
likely to be positive wherp is extremely small (i.e.p — 0). Because the depen-
dency ratio is low, the negative tax burdeffieet becomes negligible. However,
the marginal increase in the savings rate due to an increasis imgh. Therefore,
when p is extremely small, the positive life-spaffect is likely to dominate the
negative tax burdenfiect.

Figure 2 also shows how the transition from a pure defined-benefit scheme
with a fixed replacement ratip(i.e.,n = 0) to a pure defined-contribution scheme
with a fixed contribution rate (i.e.,n = 1) afects the relationship between the
old-age survival probability rate and the per capita output growth rate. As dis-
cussed in Section 3.1, this type of PAYG pension reform positively (resp. neg-
atively) afects economic growth wheg: > & (resp. £ < %) or p > 40

1+n
(resp. p < “&). Under (8), wherp = 2, the overall social security tax
rate remains the same regardless of the valug dtherefore, under (10), when
p = @, the per capita output growth rate remains the same irrespective of the

value ofn, as shown in Figure 2. However, (10) indicates that when @

(resp.p < @), the overall social security tax rate decreases (resp. increases)
with the value ofy. Therefore, the per capita output growth rate increases (resp.
decreases) with the value pf

These results suggest that in economies in which the old-age survival probabil-
ity rate is relatively high and the size of pensions under a defined-benefit scheme
is relatively large to satisfp > "/(1¢+”>, the transition from a pure defined-benefit
scheme with a fixed replacement rafi@.e.,n = 0) to a pure defined-contribution
scheme with a fixed contribution rage(i.e., = 1) mitigates or overcomes the
negative growth #ect of population aging caused by an increase in old-age sur-
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vival probability!* The intuitions are explained as follows. Under (8), giving a
greater weighty to the defined-contribution component decreases the impact of
changes in the social security tax rate caused by the old-age dependency ratio,
which alleviates the negative growtlect of p due to the tax burdenfiect. Fur-

ther, whenp > 2 (7) and (9) imply that an increase in the weigtgiven to

the defined-contribution component leads to smaller PAYG pensions and greater
savings, which strengthen the positive growffeet of p due to the life-span ef-

fect. These factors mitigate the negative growtie& of population aging caused

by an increase in old-age survival probability. Therefore, in economies in which
old-age survival probability is relatively high and the size of pensions under a
defined-benefit scheme is relatively large to satjsty @ the transition from

a defined-benefit scheme with a fixed replacement ¢diitoa defined-contribution
scheme with a fixed contribution ragemitigates or even overcomes the negative
growth dfect of population aging caused by an increase in life expectancy.

4 Concluding Remarks

This paper examined how the transition from a defined-benefit PAYG pension
scheme to a defined-contribution PAYG pension scheffieets economic growth

in an OLG model with endogenous growth. We showed that in economies in
which the old-age dependency ratio is relatively high and the size of pensions
under a defined-benefit scheme is relatively large, this type of pension reform
mitigates the negative growtlftect of population aging that is caused by a decline
in the population growth rate or an increase in life expectancy.

Before concluding this paper, we must describe certain limitations of our anal-
ysis and briefly discuss directions for future research. First, we address the inter-
pretation of our numerical simulation results. The numerical simulation results
in Figures 1 and 2 appear to suggest that for economies in which the old-age
dependency ratio is fiiciently high (e.g., developed countries), the transition
from a defined-benefit scheme to a defined-contribution scheme is beneficial for

n economies in which old-age survival probability is relatively low and the size of pensions
under a defined-benefit scheme is relatively small to sap's;fy@, the transition from a pure
defined-benefit scheme with a fixed replacement gafice., = 0) to a pure defined-contribution
scheme with a fixed contribution ratg(i.e.,n = 1) exerts two competing influences on the growth
effect of population aging caused by an increase in old-age survival probability. According to (8),
an increase in the weightgiven to the defined-contribution component decreases the impact of
changes in the social security tax rate caused by the old-age dependency ratio, which alleviates
the negative growthfect of p due to the tax burdenfiect. However, whemp > @, (7) and
(9) imply that an increase in the weightgiven to the defined-contribution component leads to
larger PAYG pensions and lower savings, which weakens the positive gréeth ef p due to the
life-span dfect.
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economic growth because it mitigates the negative growfgceof population

aging caused by a decline in the population growth rate or an increase in life
expectancy. However, as inferred from (11), whether the dependency ratio is suf-
ficiently “high” depends on the PAYG pension system parameters, namely, the
fixed contribution rates under a defined-contribution scheme and the fixed re-
placement rati@ under a defined-benefit scheme. Therefore, the relative size of
pensions under fierent pension schemes is also relevant. However, itiiswlit

to predict the true values of these pension parameters based on actual data because
the pension scheme specified in this paper is rather abstract. Moreover, to the best
of our knowledge, there is no reliable measure to assess the relative size or rela-
tive importance of a defined-contribution scheme. Although we confirm that the
qualitative results obtained based on Figures 1 and 2 hold for various combina-
tions ofy and¢, our simulation results should be interpreted with caution when
formulating policy prediction$?

The second limitation, which is related to the first, is that the scope of this
paper is restricted to a simple, analytical and solvable version of an endogenous
growth model with rather abstract pension schemes and specified utility and pro-
duction functions. These simplifications enable us to obtain intuitive and manage-
able results. However, the application of our simple framework to assess the likely
impact of policy reform is obviously limited because our framework omits many
important pension scheme design details. For example, although policies that en-
force later retirement are commonly used to ensure the sustainability of PAYG
pension systems, retirement is not considered in our model. Therefore, the de-
velopment of a more elaborate numerical version of an endogenous growth model
that fully accounts for many important pension scheme design details and the con-
struction of a reliable measure to assess the relative size and relative importance
of a defined-benefit scheme are promising directions for future research.

Appendix A: Proof of Proposition 1

Because the proof of Proposition 1-2 is self-evident, this Appendix provides only
the proof of Proposition 1-1. Let us denote the old-age dependency raieby
£ Under (8) and (10), the gross per capita output growth@aterewritten as

1+n”
_ 1-1(zn)
[1+p+7(ZnE]

=+ 1 -n2zp =1(Zn).

w = G(z 1),

2In Appendix B, we present numerical examples undéffedént values ofs ande.

17



Becauser € [0,1), the old-age dependency ratianust satisfy the following

conditions:z € (O, (iz;”qﬁ). By differentiatingG(z; n7) with respect t@, we obtain

160G 1

Goz zZ1-7)(1+p+ ) h2).

where

h@) = (1 - v - 2(L- )AL + P) + b = [ + (L= ).

Note thath(z) satisfies the following propertiesh@ < 0, lim,oh(z) = (1 -
)L+ p+nyg) > 0, Iimz_)% h(2 = -(1-m)(1+ p+ §) < 0. Because

sign%2] = sigrih(2)], the above relationships show that there is a unigue ~

(0, 72) such thatG(zn) > G(zn) ¥z € (0, =), B2 > 0Vz € (0,2),

B < 0vz e (2 &%) Recalling thatz = £ andsigi%] = -sign%2],
we can easily demonstrate that there is a unigae(=[1 — p(ll_;n'zb)"’], o) such that
G(A, p;n) > G(n, p; ) ¥n € (—[1— 21209 o), 28000 gy e (—[1- B9 ),

aG( ) 1-ny on 1-ny
n.pi o
- < 0Vne (R, o).

Appendix B: Footnote 12

In this Appendix, we briefly examine thefects of diterent combinations of
PAYG pension parametegsandy on the numerical simulation results presented
in Figure 2, wherep = 0.5 andy = 0.5 hold. To avoid unnecessary lexicographic
explanations, we provide only two intuitive examples. Figure 3 shows the case
in which ¢ = 0.3 andy = 0.5 hold, whereas Figure 4 shows the case in which
¢ = 0.5 andy = 0.3 hold. The values of the other parameters are the same as
those in the baseline simulation case of Figure 2.

As discussed in Section 3-2, whentIn = %"’ the per capita output growth

rate is the same regardless of the valug.oHowever, when  n < %4’ (resp.
l+n> %’), the per capita output growth rate increases (resp. decreases) with the
value ofn. Because the value é:f in Figure 3 (resp. Figure 4) is smaller (resp.

larger) than the value o?f in Figure 2, the threshold value of the population
growth rate in Figure 3 becomes smaller (resp. larger) than the threshold value of
the population growth rate in Figure 2. Therefore, in Figure 3 (resp. Figure 4), the
range of parameter values of the population growth rate under which an increase
in i positively dfects economic growth becomes smaller (resp. larger) relative to
Figure 2.
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Appendix C: Footnote 10 (This Appendix is for the
referees’ review only and is not intended for publica-
tion.)

By differentiatingG(z; ) with respect tqgo, noting thatz = —=, we obtain

_
— 1+n’

1+n@ 3
G dp zZ{1-7)(L+p+7Y

a(p),
where
Q(p) = 11— 9 = (1~ m)g22+ P + (g — b + (L= 21

Note thatq(p) satisfies the following properties?.g% < 0, limpoq(p) = (1 -
)1+ mp‘g) > 0. Therefore, suppose the following parameter conditions hold:

QL) = L= — (L= )] + (o — [ + (L= )2

W
2_
1+n Tl R <0

Becausesigr[%] = signq(p)], we can conclude that there is a unique {0, 1)
such thaG(n, p; ) > G(n, p;77) Vp € (0, 1), %pp") > 0Vp e (0,P), %ppn) <0

¥n e (p,1). Intuitively, the parameter conditions to assgfg) < 0 hold when the
population growth rate is suficiently small.

References

[1] An, C-B. and S-H. Jeon, 2006, “Demographic change and economic growth:
An inverted-U shape relationshigtonomics Letter92(3), 447-454.

[2] Artige, L., Cavenaile, L. and P. Pestieau, 2014, “The Macroeconomics of
PAYG Pension Schemes in an Aging Societf§ORE Discussion Paper
201433.

[3] Bell, F. C., A. H. Wade, and S. C. Goss, 1992, Life Tables for the United
States Social Security Area 1900-2080. Washington, DC: Government Print-
ing Office.

[4] Blanchard, O. J., 1985, “Debt, Deficits, and Finite Horizodsurnal of
Political Economy93(2), 223-247.

19



[5] Boucekkine, R. and D. de la Croix, 2002,* Vintage Human Capital, De-
mographic Trends, and Endogenous Growtbtirnal of Economic Theory
104(2), 340-375.

[6] Cipriani, G., 2014, “Population aging and PAYG pensions in the OLG
model,” Journal of Population Economic27(1), 251-256.

[7] de la Croix, D. and O. Licandro, 1999, Life Expectancy and Endogenous
Growth” Economics Letter$5(2), 255-263.

[8] Fanti, L. and L. Gori, 2012, “Fertility and PAYG pensions in the overlapping
generations model,JJournal of Population Economigc5(3), 955-961.

[9] Gradstein, M. and M. Kaganovich, 2004, “Aging population and education
finance,Journal of Public Economi¢c88(12), 2469-2485.

[10] Grossman, G. M. and N. Yanagawa, 1993, “Asset bubbles and endogenous
growth,” Journal of Monetary Economi¢c81(1), 3-19.

[11] Ito, H. and K. Tabata, 2008, “Demographic structure and growth: Tieete
of unfunded social securitfgconomics Lettersl00(2), 288-291.

[12] Komamura, K., 2007, “The 2004 Pension Reform and the Impact of Rapid
Population Aging,The Japanese Journal of Social Security Pqliéyl),
144-156.

[13] Kunze, L., 2014, “Life expectancy and economic growtAgurnal of
Macroeconomics39(PA), 54-65.

[14] Miyazawa, K., 2006, “Growth and Inequality: a Demographic Explanation”
Journal of Population Economids(3), 559-578.

[15] Mizushima, A., 2009, “Intergenerational transfers of time and public long-
term care with an aging populationJournal of Macroeconomi¢s31(4),
572-581.

[16] OECD, 2013, Pensions at a Glance 2013: OECD and G20 Indicators, OECD
publishinghttp : //dxdoi.org/10.1787/ pensionglance— 2013- en

[17] Pecchenino, R. and P. Pollard, 1997, “Thi#eEt of Annuities, Bequests
and Aging in an Overlapping Generations Model of Endogenous Growth,”
Economic Journal07(440): 26-46

[18] Prskawetz, A., T. Fent, W. Barthel, J. Crespo-Cuaresma, T. Lindh, B.
Malmberg, M. Halvarsson, 2007,“The Relationship between Demographic
Change and Economic Growth in the EU,” Report for Tendef2005035

20



[19] Romer, P.M., 1986, “Increasing returns and long-run growdbfirnal of
Political Economy94(5), 1002-1037.

[20] Tabata, K., 2005, “Population aging, the costs of health care for the elderly
and growth,”Journal of Macroeconomi¢c®7(3), 472-493.

[21] Wigger, B.U., 1999, “Pay-as-you-go financed public pensions in a model of
endogenous growth and fertilityJournal of Population Economic42(4),
625-640.

[22] Yakita, A., 2001, “Uncertain Lifetime, Fertility and Social Securitigurnal
of Population Economicd.4(4), 635-640

[23] zhang, J., Zhang, J., and R. Lee, 2001, “Mortality Decline and Long-run
Economic Growth,Journal of Public Economi¢$80(3), 485-507

[24] zZhang, J., Zhang, J., and R. Lee, 2003, “Rising Longevity, Education, Sav-
ings, and Growth,Journal of Development Economj@¥(1), 83-101

[25] Zhang, J., Zhang, J., and R. Lee, 2005, “THeeE&t of Life Expectancy on
Fertility, Saving, Schooling and Economic Growth: Theory and Evidence,”
Scandinavian Journal of Economjc7(1), 45-66

21



Figure 1 Relationship between 1+n and g
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Figure 2 Relationship between p and g
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Figure 3 Relationship between 1+n and g
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Figure 4 Relationship between 1+n and g
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Figure 4: Relationship between gross population growth i and economic
growthg under alternative values qfvxﬂgjengb =05andy =0.3



