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What can China Expect from an Increase of the Mandatory
Retirement Age?
Peter J. Stauvermann and Jin Hu*

Because of an aging population, China is expected to raise the mandatory
retirement age in order to mitigate the pressure on its pension system. Using
an Overlapping Generations model we analyze the economic impacts resulting
from an increase of the life expectancy and an increased retirement age on
the pension system. The results show that it is ambiguous if an increasing
retirement age will cause an increase or decrease of the pension benefits. We
show that, the higher the share of capital income, the more probable it becomes
that an increase of retirement age will exacerbate China’s pension problems.
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1. INTRODUCTION
China like many other countries, even though has a relatively young
population (median age in 2015 was 37.1 years), is facing an aging problem
and it will have to struggle with it in the future. The life expectancy
at birth in China was 76 in 2014 — an increase of 3 years and 6 years in
comparison to 2004 and 1994, respectively.1 The average annual population
growth rate decreased from an annual average of 1.23 percent during 19901995 to 0.52 percent during 2010-20152 . The total fertility rate (children
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per female) decreased from 2.4 in 1990 to 1.6 in 2014 and it is expected that
the fertility rate will stay around 1.7 during the 2050s3 . Another indicator
which can be used to emphasize the change of the demographic structure in
China is the old age dependency ratio4 . China’s old-age dependency ratio
has continuously increased since the 1970s (7 old to 100 young), in 2015
the respective value was 13 and according to the population projections of
the United Nations, this indicator is expected to remain increasing for the
next fifty years and may reach nearly 40 in 2050.
With such an adverse demographic trend, the pension and also the
healthcare system come under financial pressure, because the ratio between
contributors and potential receivers is decreasing. Therefore, the financial
sustainability of the systems must be taken into question.
The current pension scheme of China for the enterprise workers consists
of two parts: one part is organized like a pay-as-you-go pension system,
where the contribution rate is 20% and a second part which is fully-funded,
where the contribution rate is 8%.5 The contributions of the latter part go
into an individual account, and when workers are retired, the balance of
the account will be paid to them on a monthly basis. The contributions of
the former part lead to pension benefit claim which is related to the years
of employment and the employee’s salary.
The current pension system in China is confronted with some inherent
conundrums, which have not been and will not be easily resolved by politics. Besides some institutional challenges,6 the most important one for
the pension system is the demographic trend toward an aging population.
China’s pension age is 60 for men, 50 for women who are blue collar workers, and 55 for women who are white collar workers. Thus, as the life
expectancy in China is increasing but the retirement age being unchanged,
the ratio of the retirees to the workers is increasing. At the moment, the
pension can still cover the demands of the retirees, but in the long run, the
pension system will run into financial trouble if the aging trend continues.
As potential pension crisis looms, some experts suggested that China
should progressively prolong the retirement age, proposing that the mandatory retirement age should be raised by five years each for women and for
men (Sin, 2005, Oksanen 2010). The government has also signaled its intention to follow this advice by setting a timeline for the move. Officials from
3 World

Bank (2016): http://data.worldbank.org/indicator/SP.DYN.TFRT.IN?page=1
age dependency ratio, is the ratio of people older than 64 to the (working)
population of the age between 15-64. The usual indicator in the data is the number of
elderly per 100 working-age persons.
5 In 2015 a similar pension system was introduced for the public service and public
institutions.
6 For example the pension system is organized at a provincial level, so that every
province has its own pension system and pension claims are hardly to be transferred
from one provincial pension system to another.
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the ministry of human resources and social security had recently unveiled
a detailed plan for raising the mandatory retirement age: the retirement
age of females should be increased by one year every three years, and the
male retirement age should be deferred by one year every six years, so that
the retirement age for males and females in China could be equalized in
2045. However, this is one of many other alternative proposals still under
discussion to the best of our knowledge.
The resulting question is then: does an increase of the mandatory retirement age help to solve China’s pension problems?
In order to have a deep insight into this issue, this paper aims to analyze
the economic effects caused by an increase of the working time. Because of
the fact that the increase of mandatory retirement age is politically mostly
justified by the increase of the life expectancy, we additionally investigate
the economic effects generated by an increase of the life expectancy. The
rest of the paper is organized as follows: in the following section, we review
shortly the relevant literature. Then we introduce the model and derive the
respective equilibrium values by assuming that China is best represented
as a closed economy. In the fourth section, we analyze the impacts caused
by an increase of the life expectancy and an increased retirement age. In
the last section, we conclude.
2. LITERATURE REVIEW
Although the aging of societies can be observed since decades, only a relative small number of papers investigated theoretically the effects caused
by (mandatory) retirement age on pension benefits. Further, the majority
of the literature is concerned with the normative and political-economic issues of the retirement age (Hu 1979, Marchand et al. 1996, Crettez and Le
Maitre 2002, Momota 2003, Conde-Ruiz and Galasso 2004, Casamatta et
al 2005, Lacomba and Lagos 2006, Zhang and Zhang 2009, Gonzalaez-Eiras
and Niepelt 2012, Michel and Pestieau 2013). We found only three studies
(Kunze 2014; Fanti 2014 and 2015) considering the positive analysis of a
change of the retirement age, which are directly comparable to our paper.
Using a three period (childhood, adulthood, old age) OLG model (Diamond
1965), Kunze (2014) and Fanti (2014, 2015) investigate the effects caused
by an increasing retirement age, where the individual utility function only
depends on the consumption in the two last periods of life and where population growth is exogenously given. However, the papers are different
regarding the assumed production technology. Fanti (2015) uses an AK
production function introduced by Grossman and Yangawa (1993). In contrast Fanti (2014) applies a standard Cobb-Douglas production function,
while Kunze (2014) uses an approach where human capital accumulation is
the driver of growth and applies this idea to a Cobb-Douglas function with
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human capital. The human capital accumulation process is modeled by
using an idea introduced by Azariadis and Drazen (1990) combined with
a human capital technology used by Kunze (2012) and Lambrecht et al.
(2005). It is worth to note that the adults work in the second and third
period of life where the third period is separated into a working phase and
a retirement phase. The transition from one to the other phase is determined by the retirement age. Further, an adult inherits the human capital
from her parents and it can be improved through investments in this stage
of life. The improved human capital increases the labor productivity in
the third period of life. Hence, the adult solves a trade-off between investments in human and physical capital, where the latter investments lead to
an interest payment and the former to an increased wage income in the
third period of life. In our view Kunze’s model fits to analyze the idea of
life-long learning.
Not surprisingly, the outcomes of the three models differ. Kunze (2014)
derives an inverted U-shaped relationship between retirement age and growth.
The results of Fanti (2015) are obvious because an increasing retirement age
leads to a decline of savings and therefore to a decline of the growth rate of
incomes and pension benefits. The reason is that the capital accumulation
is the driver of growth in models with an AK production function. In the
model of Fanti (2014), the results are not unique and depend on the capital
income share — if the share exceeds 50%, the pension benefits will decrease.
A different strand of literature (Echevarrı́a and Iza 2000, Echevarrı́a 2003,
Echevarrı́a and Iza 2006) uses a finite horizon Blanchard-Yaari model to
investigate the relationship between life-expectancy, economic growth and
pensions. Like in Kunze (2014) a trade-off between investing in human
and physical capital is decisive that an older retirement age leads to higher
yields of human capital investments, which finally leads to higher growth
rates and pension benefits.
However, beside this theoretical literature, some authors like Zeng (2011)
or Chen and Groenewold (2017) try to estimate the effects caused by an increase of the retirement age on China’s pension system. The disadvantage
of these models is that a number of ad hoc assumptions have to be made
and important features of the economy are ignored. For example, in both
papers the capital stock, human capital stock, the fertility rate and growth
rate is taken as exogenously given. However, because of these strong assumptions the demographic change is the most influential factor in these
models. Therefore it is not surprising that an increase of the retirement
age has positive effects.
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3. THE MODEL
Our model differs from the literature in the sense that we extend the Diamond’s (1965) OLG model by including endogenous fertility decisions. For
this purpose we consider Becker’s (1960) quality-quantity trade-off (Stauvermann and Kumar 2016; de la Croix and Doepke 2003, 2004) between
parental investments in human capital and the number of children. We
assume that parents enjoy the number of children as well as the children’s
level of education. The adults supply their labor wage inelastically in the
second and partly in the third period of life. Similar to Kunze (2014),
the length of the working time in the third period of life depends on the
mandatory retirement age. Our model can be classified as an extension
and a generalization of Fanti’s (2014) model, and it is a complement to
Kunze’s (2014) model.
The human capital accumulation technology is similar to the one used
by de la Croix and Doepke (2003, 2004), Azariadis (1993), Azariadis and
Drazen (1990), Stauvermann and Kumar (2016), among others. The human capital per capita ht+1 is represented by

Bht qtε , for Bqtε − 1 > 0
,
(1)
ht+1 =
ht ,
for Bqtε − 1 ≤ 0
where B > 0, h0 = 1 and ε ∈ (0, 1). The parents invest qt ≥ 0 in the
education of each child. To avoid the existence of low development traps
we make the simplifying assumption that B > 1/qtε . We note that we do
not take into account positive externalities generated in the human capital
building process, like it is proposed by Lucas (1988).7 Furthermore, we
interpret, like Galor and Weil (1999); de la Croix and Doepke (2003, 2004)
and Stauvermann and Kumar (2016, 2017), children’s human capital as
child quality in the sense of Becker (1960). As Diamond (1965), we assume
three periods of life — childhood, adulthood and old age. Only adults
make economic decisions. They receive a labor income of ht wt , where ht
is the human capital stock resulting from education in childhood and wt
is the wage rate per human capital unit. Additionally, they decide about
the number of children nt , where the child-rearing costs including a child
tax are eht wt and the educational costs per child are qt ht wt . The variable
1 > e > 0 is exogenously given and expressed as a share of the wage income.
To consider the one-child policy of China we make the assumption, that
the child rearing costs e includes the fine charged by the government for
getting too much children. The fine can be interpreted as a child tax.8
7 By

omitting this aspect, our results become more robust.
simplicity we assume that all children are taxed in our model. The exclusion of
the first child or in our context the first half of a child would increase the paperwork
without gaining any additional insight.
8 For
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Furthermore, adults consume c1t units and save a part of their incomes st ;
and they have to contribute τ P ht wt to the pension system in the second
period of life. The corresponding budget restriction in the second period
of life is given by:
c1t = ht wt (1 − τ P − (qt + e)nt ) − st .

(2)

Moreover, the seniors enjoy their third period of life only with the survival
probability ρ. The surviving seniors work the fraction ω of the last period
of life, and they enjoy their retirement by a fraction 1 − ω. The fraction ω
determines the mandatory retirement age. The consumption expenditures
of the seniors are sourced by three incomes: their wage income ω(1 −
τ P )ht wt+1 in the third period of life, their savings plus interest, and their
pension benefit Pt+1 . Even in third stage of life, they have to contribute
ωτ P ht wt+1 to pension system. The corresponding budget restriction in the
third period of life is represented by:
c2t+1 = (1 − τ P )ωht wt+1 + Pt+1 +

Rt+1 st
.
ρ

(3)

Following Ehrlich and Lui (1991) and Cipriani (2014) the probability ρ to
be alive in the third period is assumed to be exogenously given. Moreover,
as Cipriani (2014), we assume a perfectly competitive financial market with
the risk-free interest factor Rt+1
ρ . Because of the assumption made above,
the individual capital stock is growing: ht+1 > ht , and thus the wage
income per time unit of a senior worker is lower than that of an adult
worker.
To make comparisons with the related literature mentioned above possible, we extend the utility function of Michel and Pestieau (2013) by adding
a term depending on the human capital and number of children. Therefore,
the utility of a representative individual born in period t − 1 is given by:
Ut (c1t , c2t+1 , nt , qt , ω) = ln(c1t ) + ρχ ln(c2t+1 ) + µ ln(nt ht+1 ) + θ ln(1 − ω). (4)
Further, the subjective discount factor χ, the preference parameters for the
quantity of educated children µ and retirement time θ fulfill: {χ, µ, θ} ∈
[0, 1]. We normalize the length of a period to one. The government decides
about the mandatory retirement age, which is determined by the fraction
ω.9 Hence, a representative agent maximizes her utility (4) regarding the
9 If

the fraction ω is a choice variable, then its optimal value will become zero (ω = 0),
e(1+µ+ρχ)−µ(1−ε)τ P Gh

when θ >
, where Gh is growth factor of human capital (see (11)
eR2
below). Without loss of generality, we assume that this condition is fulfilled throughout
the paper.

WHAT CAN CHINA EXPECT FROM AN INCREASE

235

restrictions (1), (2) and (3). Therefore we insert (1), (2) and (3) in (4) and
solve the following maximization problem:
max

{st ,nt ,qt }

Ut (st , nt , qt , ω) = ln(ht wt (1 − τ P − (qt + e)nt ) − st )


Rt+1 st
+ ρχ ln (1 − τ P )ωht wt+1 + Pt+1 +
ρ
+ µ ln(nt Bht qtε ) + θ ln(1 − ω).
(5)

We differentiate (5) with respect to the savings, the number of children and
the investments in education. Then, we derive three first order conditions
(FOCs):
1
χRt+1
=
P
ht wt (1 − τ P − (qt + e)nt ) − st
(1 − τ )ωht wt+1 + Pt+1 +
ht wt (qt + e)
µ
=
.
ht wt (1 − τ P − (qt + e)nt ) − st
nt
ht wt nt
µε
=
.
P
ht wt (1 − τ − (qt + e)nt ) − st
qt

Rt+1 st
ρ

(. 6)
(7)
(8)

A balanced budget of the PAYG pension system given in per capita terms
requires:
Pt+1 =

τ P ht+1 wt+1 nt
+ τ P ωht wt+1 .
ρ

(9)

The per capita pension benefit contains two parts: 
the contributions
 of
P
the adult workers divided by the survival probability τ ht+1ρwt+1 nt and
the contributions of the senior workers (τ P ωht wt+1 ). In this simple model
with identical agents, the first part of the pension benefit consists implicitly
of the contributions of her children divided by the survival probability and
the second part consists of her own contribution.
Now we insert (9) in (6), (7) and (8) and solve to get the optimal savings,
optimal number of children and optimal investments in education. We get
as a result:
eε
q∗ =
> 0.
(10)
(1 − ε)
Putting (10) in (1), the human capital stock per capita in period t + 1
results and dividing this by ht delivers the growth factor of human capital:
Gh =

ht+1
=B
ht



eε
(1 − ε)

ε
.

(11)
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Obviously, the growth factor of human capital is constant, and it increases in the costs of child rearing. Because of the assumption that these
costs include the child tax, it is worth to note that China’s one child policy
has a positive impact on the educational investments and hence the growth
rate of human capital. Additionally, this formulation coincides with the
empirical fact (Barro 2013) that education is one of the main drivers of
economic growth.
However, this result (11) differs from the outcomes of Kunze (2012, 2014)
and Lambrecht et al. (2005), who assume either that adults educate themselves or assume a bequest motive so that the returns of investments of
physical and human capital must be equalized. The main difference between our model and the models of Kunze (2012, 2014), Echevarrı́a (2003),
Echevarrı́a and Iza (2006) is caused by our assumption that parents’ investments in education are motivated by a form of parental altruism and
not by an investment motive. This explains why the growth rate of human
capital is neither affected by the survival probability nor by the retirement
age.
From equation (11) we derive the optimal savings and optimal number
of children:
n∗t =

(1 − ε)µ(wt Rt+1 (1 − τ P ) + ρωwt+1 )
.
Rt+1 e(1 + ρχ + µ)wt − µGh τ P (1 − ε)wt+1

s∗t =

wt ht [ρχeRt+1 wt (1 − τ P ) − wt+1 (µGh τ P (1 − ε)(1 − τ P ) + e(1 + µ)ρω)]
(13)
.
Rt+1 e(1 + ρχ + µ)wt − µGh τ P (1 − ε)wt+1

(12)

We have to note that the savings are only positive, if the first summand of
the numerator exceeds the second. The intuitive reason for this is that the
individuals do not want to save if the pension benefits plus the wage income
at old age are relatively high compared to the wage income in adulthood.
To ensure that the savings are positive the following condition has to hold.
Rt+1 (1 − τ P ) >

wt+1 (µGh τ P (1 − ε)(1 − τ P ) + e(1 + µ)ρω)
,
wt
ρχe

(14)

Inequality (14) requires a sufficiently low contribution rate τ P , a sufficiently low retirement age ω and a sufficiently high life expectancy ρ. To
avoid pathological cases in our analysis we assume for the rest of the paper
that (14) holds.
To determine the resulting pension benefits we insert the growth factor
(11) and optimal number of children (12) into the equation of the pension
benefits (3) and we get:
∗
Pt+1

P

= τ wt+1 ht




Gh (1 − ε)µ(wt Rt+1 (1 − τ P ) + ρωwt+1 )
+ω .
ρ[Rt+1 e(1 + ρχ + µ)wt − µGh τ P (1 − ε)wt+1 ]
(15)
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On the production side of the economy we apply a usual neoclassical
production function depending on the physical and the human capital:
Yt = F (Kt , Ht ),

(16)

The aggregate human capital stock Ht is defined as the product of human
capital units times the number of workers (Ht = ht Nt ). The variable Yt is
the aggregate output and Kt is the aggregate physical capital stock. The
production function exhibits the usual diminishing marginal productivities
in each input factor, fulfills the Inada conditions and is linear homogenous.
We reformulate the aggregate production function to a per human capital production function, by dividing (16) by the aggregate human capital
stock:10
yt = f (kt ),

(17)

where we define yt = htYNt t as production per human capital unit and kt =
Kt
ht Nt as capital intensity. Please note this definition of capital intensity is
not referred as (physical) capital per capita, but as the (physical) capital
per human capital unit. To get the variables in per capita terms, we have
to multiply the capital intensity with individual human capital stock ht .
The depreciation rate of physical capital is assumed to be 100 per cent per
period. Considering perfect competitive factor and good markets, we get
for the wage rate per human capital unit and the interest factor:
wt = w(kt ) = f (kt ) − f 0 (kt )kt ,

(18)

Rt = f 0 (kt ).

(19)

To complete the model, we assume the existence of a unique equilibrium capital intensity k ∗ . We derive the capital market clearing condition
St (kt , kt+1 ) = Kt+1 , where St represents the aggregate savings, in terms
of human capital units. For this purpose, we use the individual savings
(13), the optimal number of children (12) and the growth factor of human
capital (11) and get:
w(kt )ht [ρχef 0 (kt+1 )w(kt )(1 − τ P ) − w(kt+1 )(µGh τ P (1 − ε)(1 − τ P ) + e(1 + µ)ρω)]
[f 0 (kt+1 )e(1 + ρχ + µ)w(kt ) − µGh τ P (1 − ε)w(kt+1 )]
− kt+1 n∗t ht+1 = 0.

F

(20)

10
in per human capital units the production function becomes to f (kt ) =
 Expressed

Kt
,
1
.
We
assume that the corresponding Inada conditions hold: f (0) = 0; f (∞) =
H
t

∞; f 0 (∞) = 0 and f 0 (0) = ∞.
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After further simplifications, the capital market clearing condition can be
rewritten in per human capita form as:
Ω(kt , kt+1 ) =
w(kt )[ρχef 0 (kt+1 )w(kt )(1 − τ P ) − w(kt+1 )[µGh τ P (1 − ε)(1 − τ P ) + e(1 + µ)ρω]]
Gh (1 − ε)µ(w(kt )f 0 (kt+1 )(1 − τ P ) + ρωw(kt+1 ))
−kt+1 = 0.
(21)

As it is well known, the stability of the equilibrium is only guaranteed,
< 1 holds. Hence, we apply the implicit function theorem to
if 0 < dkdkt+1
t
calculate the respective derivative and this leads to the following slope of
(21):
dkt+1
=
dkt

(22)

−f 00 (k∗ )k∗ [(B + w(k∗ )ρχef 0 (k∗ )(1 − τ P )) − f 0 (k∗ )k∗ (1 − τ P )Gh (1 − ε)µ]
,
−w(k∗ )f 00 (k∗ )[w(k∗ )ρχe(1 − τ P ) + k∗ A] + Γ + k∗ f 00 (k∗ )Gh (1 − ε)µ[w(k∗ )(1 − τ P ) − ρωk∗ ]

where:

B = w(k ∗ ) ρχef 0 (k ∗ )(1 − τ P ) − (µGh τ P (1 − ε)(1 − τ P ) + e(1 + µ)ρω) > 0,
A = (µGh τ P (1 − ε)(1 − τ P ) + e(1 + µ)ρω) > 0,
Γ = Gh (1 − ε)µw(k ∗ )[f 0 (k ∗ )(1 − τ P ) + ρω] > 0.
We assume that the stability condition is fulfilled.
In the next step we derive the long-run equilibrium values for the number
of children, per capita savings and pension benefits.
nE
=
t

(1 − ε)µ(f 0 (k∗ )(1 − τ P ) + ρω)
.
+ ρχ + µ) − µGh τ P (1 − ε)

f 0 (k∗ )e(1

(23)

w(k∗ )ht [ρχef 0 (k∗ )(1 − τ P ) − (µGh τ P (1 − ε)(1 − τ P ) + e(1 + µ)ρω)]
.(24)
f 0 (k∗ )e(1 + ρχ + µ) − µGh τ P (1 − ε)


nE
= τ P w(k∗ )ht Gh t + ω
ρ


h (1 − ε)µ(f 0 (k ∗ )(1 − τ P ) + ρω)
G
+
ω
.
(25)
= τ P w(k∗ )ht
ρ[f 0 (k∗ )e(1 + ρχ + µ) − µGh τ P (1 − ε)]

sE
=
t
E
Pt+1

4. INCREASING LIFE EXPECTANCY AND RETIREMENT
AGE
Before we begin to analyze the economic effects caused by an increase of
the retirement age, we analyze the impact of one of the two triggers, which
causes the Chinese government to consider an increase of the retirement
age: the increasing life expectancy. We do not take into account the second
trigger, a decreasing fertility rate, because the decline was intended by the
Chinese government, but the first trigger, the increasing life expectancy.
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To do so, we differentiate (21) in the steady state equilibrium with respect
to the life expectancy to derive its impact on the capital intensity. We get:
dk ∗
w(k ∗ )[w(k ∗ )e(χf 0 (k ∗ )(1 − τ P ) − ω(1 + µ)) + ωk ∗ µGh (1 − ε)]
=−
> 0.
dΩ(k∗ ,k∗ )
dρ
dk∗
(26)
The sign of the denominator is negative because of the stability condition.
When the retirement age is sufficiently low, an increasing life expectancy
leads to an increase of the physical capital per human capital unit. The
increasing life expectancy induces the agent to save more and hence the capital intensity increases. This outcome corresponds to the result of Cipriani
(2014). Because of the fact that the human capital grows with a constant
rate, the (physical) capital per capita increases if the capital intensity increases.
Differentiating (23) with respect to the life expectancy ρ we get the effect
of an increasing life expectancy on the number of children as:
∂nE dk ∗
∂nE
dnE
t
t
+ t∗
=
R 0,
dρ
∂ρ
∂k dρ
| {zdk=0} | {z }
−

(27)

+

where the direct and short-run effect is represented by
∂nE
t
∂ρ
−

=

(28)

dk=0

µ(1 − ε)[f 0 (k ∗ )eχ(f 0 (k ∗ )(1 − τ P ) − ω(1 + µ)) + (1 − ε)ωµGh τ P ]
< 0.
(f 0 (k ∗ )e(1 + ρχ + µ) − µGh τ P (1 − ε))2

and
∂nE
µ(1 − ε)f 00 (k ∗ )[(1 − τ P )µGh τ P (1 − ε) + ρω(1 + ρχ + µ)]
t
=−
> 0.
∗
∂k
(f 0 (k ∗ )e(1 + ρχ + µ) − µGh τ P (1 − ε))2
(29)
The indirect and long-run effect, represented by the second term on the
RHS of (27), depends on the signs of (26) and (29), which are both positive.
The overall effect on the number of children caused by an increasing life
expectancy is not clear. In the short run the number of children will decline,
because the adults have an increased desire to save more because of the
longer retirement period. In the long run, this trend may be reversed
because the capital intensity increases because of the increased savings and
hence the wage incomes per capita increase accordingly and the interest
factor declines. The higher incomes allow getting more children. Whether
the latter increase of the fertility rate will exceed the former decrease is not
clear in general.
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Now we will derive the effect of the life expectancy on the pension benefits. Differentiation of (25), and using (27), we get:

E
dPt+1

dρ

=


(30)








 00 ∗ dk∗ Gh nE
1
ηn,ρ − 1 
0 ∗
h E
t
 R 0,
+
ω
+
f
(k
)G
n
−
1
τ P ht k∗ 
−f
(k
)
t


dρ
ρ
ηy,k
ρ2
|

{z
} |
{z
}
+

0

∗

∗

+/−

dnE

where ηy,k = f f(k(k∗)k) and ηn,ρ = dρt nρE .
t
The sign of (30) is ambiguous. It is not clear if an increase of the life expectancy causes a decreases or an increase of the pension benefits. The positive effect represented by the first summand in the brackets is an outcome
of the higher wage caused by the higher capital intensity. Given that the
number of children declines, the overall effect becomes positive if the production elasticity of capital or the capital income share is sufficiently huge.
If the number of children rises, the pension benefits are always positively
affected. The possible rise of the pension benefits through an increased
life expectancy is somehow paradoxical, because intuitively it seems to be
obvious that a longer life will decrease the pension benefits. This paradoxical result occurs if the second summand in the brackets is either positive,
which will occur when the number of children depends positively on the
life expectancy, or negative, but its absolute value is very close to zero.
The latter requires a relatively high capital share. However, looking at the
empirical data of China, it must be stated that the labor income share in
China is less than 50% since more than 10 years (ILO, 2015 or Bai and
Qian, 2010), if not since than 30 years (Qi, 2014). Thus the functional
distribution of income has a strong impact on the reactions which can be
expected by a change of the life expectancy and mandatory retirement age.
Therefore, the argument, that an increasing life expectancy requires necessarily a pension system reform can be debatable, because in the case of
China we would expect an increase of the pension benefits caused by an
increasing life expectancy.
Nevertheless, in many countries which apply a PAYG pension system,
it is believed in politics and economic advisory bodies that aging of the
society decreases the pension benefits. Not surprisingly, one important
policy recommendation is then to increase the retirement age to counteract
the decline of the pension benefits. Hence, we analyze now how an increase
of the retirement age affects the pension benefits.
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If the government increases the retirement age, the equilibrium capital
intensity is affected in the following way:
dk ∗
w(k ∗ )ρ[w(k ∗ )e(1 + µ) + k ∗ µGh (1 − ε)]
< 0.
=
dΩ(k∗ ,k∗ )
dω
∗

(31)

dk

The stability condition ensures that the denominator is negative and consequently the derivative (31) is negative. The intuition is that increasing
the retirement age reduces the need to save, because of the higher income
as a senior induced by the extended working time. Therefore, the capital
intensity will decline. However, the effect of an increased retirement age
on the fertility rate is not unique:
∂nE dk ∗
dnE
∂nE
t
t
+ t∗
=
R 0,
dω
∂ω
∂k dω
| {zdk=0} | {z }
+

(32)

−

where
∂nE
t
∂ω

=
dk=0

µ(1 − ε)ρ
> 0.
f 0 (k ∗ )e(1 + ρχ + µ) − µGh τ P (1 − ε)

(33)

On the one hand, an increased retirement age increases the number of
children, but on the other hand, the declined capital intensity increases the
interest factor and decreases the wage rate. As a consequence the number
of children declines. Thus, in general the overall effect is ambiguous.
Finally, we investigate the effect of an increase of the retirement age on
the pension benefits. Differentiating (25) with respect to the retirement
age, we get: ‘
E
dPt+1

dω
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The wage rate declines, and that leads directly to a decline of the pension
benefits, but the latter decline of the pension benefits is counteracted by
increased contributions of the longer working elderly. Additionally the
number of children may increase, what also lead to increased contributions.
A decisive variable is again, the capital income share ηy,k . When it is
sufficiently huge, the second summand in derivative (32) becomes smaller
and further a high capital income share leads to reduction of the number
of children. As a consequence the overall effect on the pension benefits

The wage rate declines, and that leads directly to a decline of the pension benefits, but the latter
decline of the pension benefits is counteracted by increased contributions of the longer working
elderly. Additionally the number of children may increase, what also lead to increased
contributions. A decisive variable is again, the capital income share
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huge, the second summand in derivative (32) becomes smaller and further a high capital income
share leads to reduction of the number of children. As a consequence the overall effect on the

induced by an increased retirement age becomes negative and such a policy
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FIG. 1. For the calculation we assumed: A = 40, ρ − 0.5, ht = 10, θ = 0.5, χ =
0.98, e = 0.09, ε = 0.8, µ = 0.8, τ P = 0.2, B = 16.5

Figure 111

Obviously, the equilibrium pension benefits are declining. Additionally,
we observe the higher the capital income share, the lower is the level of the
Obviously,
the benefits.
equilibriumThis
pension
benefits
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weline
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the Additionally,
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α
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0.57.
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the
remaining
two
cases,
are
the upper dotted line in graph represents the case where
and the lower solid line
lying between them (the line with dashes and dots represents α = 0.5, and
the line only with dashes α = 0.55). The selected parameter values fits
11
For the calculation we assumed:
in our view more or less to the Chinese economy, because assuming one
.
period consists of 25 years, then the corresponding growth rate per year is
around 8.2%, the total fertility rate is around 1.3-1.4 children per female, 15
and the yearly rate of return lies in the range between 12-14%.
5. SOME WELFARE IMPLICATIONS
However, until now we did not consider any welfare effects, and although
this is beyond the scope of the paper, we should indicate some of the ob-
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vious outcomes related to welfare. We know from (33) that an increase
of the retirement age will decrease the equilibrium capital intensity, which
leads to a fall of the wages per human capital unit. The consequence is
that all future generations have not only to work longer they have to do it
at a relative lower wage, because the growth rate of the economy remains
unchanged. That of course makes it also impossible, that the resulting
higher interest rate is able to compensate them for the undesired increase
of the mandatory retirement age.11 In addition, the fully funded part of
the Chinese pension system will also suffer because of lower wages and the
resulting lower contributions.12 To make this point clear, we assume that
τ P G is the contribution rate of the fully funded part of the pensions. Then
the pension benefit generated by the fully-funded part is in the equilib∗
rium PtG = ht τ P G w(k ∗ )f 0 (k ∗ ). Differentiating this with respect to the
mandatory retirement age gives:
∗

∂PtG
∂ω

= τ P G f 00 (k ∗ )(w(k ∗ ) − f 0 (k ∗ )k ∗ )
= τ P G f 00 (k ∗ )f (k ∗ )(1 − 2ηy,k )

dk ∗
dω

dk ∗
< 0,
dω

(35)

if ηy,k > 12 .
Because of the fact that the capital income share exceeds the labor income share in China, the pension benefits from the fully-funded part of
the system will decrease as a consequence of an increase of the mandatory
retirement age.
6. CONCLUSIONS
Facing the undeniable fact of an aging population, China is expected to
extend the retirement age in order to slow the speed of the decrease in the
labor force. But does an increase of the mandatory retirement age help
to solve China’s pension problems? In this paper, we use an OLG model
of a closed economy including endogenous fertility and human capital accumulation. We have shown that it cannot be excluded that it is possible
that increasing life expectancy can cause an increase of the pension benefits, and an increasing retirement age can cause a decrease of the pension
benefits. Combined with the fact that China’s capital income share is very
close or exceeds the labor income share it is not unlikely that an increasing
retirement age will not solve its problems of the pension system, but it will
11 According to a poll of the Canton Public Opinion Research Center only 26% of the
population back the idea of increasing the mandatory retirement age (China’s Daily,
2013).
12 We have ignored this part until here, because the fully-funded part is a perfect
substitute to private savings.
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exacerbate the problems. However, a useful policy recommendation is to
investigate empirically, if the increasing life expectancy of Chinese citizens
is in fact positively associated with an increasing pressure on the financial
situation of the pension system, and if an increasing retirement age will
increase the contributions or not. Only if this is the case, then an increase
of the retirement age should be taken under consideration. However, if the
retirement age will be extended by one year in 2025, then a rough estimation delivers the result that ceteris paribus 12-15 million more senior
employees will stay in their jobs in each year in the period 2025-204513 or
in other words the labor force will be increased by roughly 2-3%, and if
the unemployment rate should remain constant, this amount of additional
jobs have to be created per each year of retirement extension. Or in 2038,
roughly the labor force will be increased by roughly 33 million additional
senior workers, who have to work if the retirement age is extended to 65
years. Even that this estimation is admittedly a very rough one; it illustrates the challenges policy-makers have to manage if they increase the
retirement age.
An alternative policy proposal would be to increase the subsidies for education to increase the human capital growth rate and as a consequence the
per capita incomes and pension benefits will increase.14 Another alternative would be, that the government takes some redistributive measures to
increase the labor income share; the wages would increase and consequently
pension contributions and benefits.
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