MPRA

Munich Personal RePEc Archive

Lifetime Uncertainty and the Optimal
Replacement Rate of urban Public
Pension in China

Yang, Zaigui

December 2008

Online at https://mpra.ub.uni-muenchen.de/18794/
MPRA Paper No. 18794, posted 23 Nov 2009 17:26 UTC



Lifetime Uncertainty and the Optimal Replacement Rate of
Urban Public Pension in China

Zaigui Yang

School of Insurance, Central University of Finance and Economics, P.R.China
yangzaigui@ hotmail.com

Abstract

By considering lifetime uncertainty, this paper
employs an OLG model within general equilibrium
framework to analyze China’s urban public pension
system. Using the condition for the steady-state of
market economy to satisfy the social welfare
maximization, we solve the optimal social pool benefit
replacement rate. This optimal replacement rate
depends on the population growth rate, survival
probability in retirement period, capital share of
income, individual discount rate and social discount
rate. The simulations show that the optimal social pool
benefit replacement rate rises with the life expectancy,
whereas falls with the population growth rate. It
should decrease when the life expectancy has risen and
the population growth rate fallen because it is much
more sensitive to the latter than the former.

1. Introduction

China reformed its urban public pension system in
the beginning of 2006. The target replacement rate of
pension benefits is adjusted. The social pool benefit
replacement rate is raised from 20% to 35%, and the
individual account benefit replacement rate is reduced
from 38.5% to 24.2%. What should be the optimal
level of replacement rate, what are the determinant
elements, and how should the optimal replacement rate
be calculated?

There are two phenomena tightly related with public
pension in China: The population growth rate has fallen,
and the life expectancy has risen. Pecchenino and
Pollard™, Pecchenino and Utendortm, Pecchenino and
Pollard®!, Zhang er al"¥, etc. have used overlapping
generations (OLG) model with lifetime uncertainty to
study pay-as-you-go or fully funded public pension
systems.

Based on the literature, this paper investigates the
partially funded public pension system in China, and
explores the optimal benefit replacement rates.

2. The model

A closed economy is composed of numerous
individuals and firms and a government. The
generation born at the beginning of period ¢ is called
generation t. The population grows at the rate of
n=(N/N.)-1, where N, is the population of generation ¢.

2.1. Individuals

Each individual survives to the end of her working
period certainly. Her survival probability in the

retirement period is p € [0,1]. In the working period,

each individual earns wage by supplying inelastically
one unit of labor and makes pension contributions. She
consumes part of her incomes and saves the rest. If she
survives in her retirement period, then she consumes
her savings with accrued interest, individual account
benefits and social pool benefits. If she dies at the
beginning of her retirement period, then her savings
with accrued interest and funded pension benefits are
inherited equally by her children as unintentional
bequests.

Each individual derives utility from her working-

period consumption ¢, and possible retirement-period

consumption C,,,, . The utility is described by an

additively separable logarithmic function. Thus, each
individual solves the following maximization problem:

maxy . -3 U, =Inc,+6lnc,,, )
st. ¢, =(1=ph +(1-7)w, -5, @
Cont = (l + 7 )S; +B.,+F, 3
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where @€ (0,1) denotes the individual discount rate,

t+1

t+1

w, the wage, 7 the individual contribution rate, s, the
savings, r;,; the interest rate, B, the individual account



benefits, P,; the social pool benefits and b, the
unintentional bequests inherited by each child.
The first-order condition for the
maximization problem is
Gyt @9(1 i )Clz =0 ®
This familiar expression implies that the utility loss
from reducing one unit of working-period consumption
is equal to the utility gain from increasing (1+r,;) units

of possible retirement-period consumption discounted
by 6.

utility

2.2. Firms

Firms produce homogenous commodity in
competitive markets. The production is described by

Cobb-Douglas Y = AK'N ,1—11 or

y, = Akta, where Y, is the output in period ¢, K; the

function

capital stock, & € (0,1) the capital share of income, A

the productivity, k=K,/N, the capital-labor ratio, and y,
the output-labor ratio.
Firms make pension contributions at the rate of

ne (0,1) on their payroll. According to the product
distribution, one can get
AK*N™“=rK, +(1+77)W,N, . The first-order
conditions for the profit maximization are

r, = oAk (6)
w, =(1-a)Ak® /(1+7) (7)

2.3. The government

The social pool fund is paid to the retirees in the
current period as pay-as-you-go pension benefits:

PN, P =nw,N,. Using the concept of social pool

benefit replacement rate ¢ gives

szw,=(1+n)r7w,/p ®)

n=pé/(+n) ©)
The accumulation in the individual account is used to
pay the individual when she retires in the next period as
funded pension benefits. Using the concept of
individual account benefit replacement rate u gives

Br+1 = luwr+1 = (1 + rz+1 )mt (10)

v=[u/0+r )] (v, /w,) an

2.4. Dynamic Equilibrium System

thus

thus

The savings and the individual pension
contributions in period ¢ generate the capital stock in
period t+1 (See Blanchard and Fischer' or Barro and
Sala-I-Martin'® for details):

s,+w, =(0+nk (12)

Combining equations (2)-(12) gives a dynamic
equilibrium system described by the following
difference equation:

_ “)___ &
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The social pool benefit replacement rate has effect
on the capital-labor ratio because it appears in the
dynamic system. However, the individual account
benefit replacement rate has no effect on the capital-
labor ratio because the mandatory savings (individual
pension contributions) crowds out the voluntary
savings by one-for-one.

3. Social optimum

The social welfare is the sum of the lifetime utilities
of all current and future generations (Blanchard and
Fischer”® and Groezen er al."”’ also use an analogous
social welfare function):

W = 6plnc,, + Z p'llnc, +6plnc,,, )14
i=0
where p€ (O,l) is the social discount rate, which

reflects the preference of the social planner. The
resource constraint is

k. +Ak® =(1+n)k,, +c, +pc, /(L+n) (15
The initial condition is that k is given.

The social planner maximizes the social welfare
subject to the resource constraint and initial condition.
The first-order conditions for this maximization
problem are:

i+l

6(1+n)c = pc, (16)

1

k' =[(1+n-p)/ pad]at 17)
where the superscript * denotes the optimal steady state
values of variables. The capital-labor ratio satisfying
equation (17) is at the modified golden rule level,



which means that the social welfare achieves the
maximum.

In order to maximize the social welfare of the
market economy in the steady state, we control the
policy variable to adjust the capital-labor ratio of the
market economy in steady state to the modified golden

rule level, namely, Kk = k" . Substituting equation (17)
into equation (13) and arranging gives

&=
p(1-a)(1+n—p)-afl+n)p—p(1-p-p)]

palp—ep(1-p-p)l+ pll-a)1+n-p)/(1+n)
(18)

4. Optimal social pool benefit replacement
rate

Differentiating & with respective to p and n gives
that the signs of the derivatives are not determinate.
This implies that the effects of the life expectancy and
population growth rate on the optimal social pool
benefit replacement rate are ambiguous, which can be
checked by simulating.

4.1. Estimation of parameter values

The capital share of income, o, is usually to be
estimated as 0.3 in developed countries (e.g.,
Pecchenino and Pollard™ and Zhang et al'"). The
labor in China is comparatively cheaper, and thus the
labor share of income is lower, while the capital share
of income is higher than that in developed countries.
Hence, we assume that o in China could be 0.35.

Suppose that a period is 26 years length. There are
two reasons for this: One is that the length is usually in
the interval of 25-30 years in the literature on OLG
model. The other is the structure of the data in China.
Assume that the individual discount rate per year is
0.98, which is similar to that used by Pecchenino and
Utendorf'?. Hence, the individual discount rate per
period is 6= 0.98%.

There are several calibers for population statistics in
China. Since the public pension system in urban area is
different from that in rural area, and only the former is
studied in this paper, so the caliber of “Urban
Population” is selected. The population growth rate
during the period 1978-2004 is computed at n=2.148
according to the “Population and Its Composition” in
China Statistical Yearbook.

The survival probability in retirement period is
estimated by the life expectancy. According to UN
Secretariat”™, the life expectancy of Chinese people in

2000-2005 is 72.0 years old. Since one period length is
26 years, the life-span from birth to the end of working-
period is 52 years. The life-span from birth to the end
of retirement period is 78 years. According to the
concept of life expectancy, one can get (I-
p)x52+px78=72.0, which gives p=76.92%. Although
the choice of period length is arbitrary, it has to obey
the following rule: Three times of the period length
should be longer than or equal to the life expectancy to
ensure p <1.

The social discount rate indicates how much the
government weights different generations in its social
welfare calculations. It should be estimated according
to the government’s regulations. The target
replacement rate of social pool benefits is 35%, which
is the optimal social pool benefit replacement rate
thought by the government. Substituting the above
related parameter values into equation (18) and
calculating repeatedly until the equation holds, we get
p=0.4739. These estimated values are baseline values.

4.2. Risen life expectancy

Risen life expectancy means that the survival
probability in retirement period increases. According to
the prediction of UN Secretariat™, the life expectancy
of Chinese people in 2005-2010 is 73.0 years old, and
that in 2010-2015 is 74.0 years old. Hence, the survival
probabilities in retirement period are computed to be
80.77% and 84.62%, respectively. When the survival
probability is 80.77%, substituting the baseline values
of the other parameters into equation (18) gives
¢'=36.86%. Analogous simulation gives that ¢ is
38.08% when the survival probability is 84.62%.
Shown as Table 1, the optimal social pool benefit
replacement rate rises with the life expectancy.

Table 1. & under different life expectancies

p 76.92%s 80.77%s 84.62%s

&s 35.00%s 36.86%s 38.08%s

4.3. Fallen population growth rate
$

Wegpredictsthesurbangpopulationsingeachgyearsfromg
2007stos2015swithsthegsamplesofsthesurbanspopulations
ingeachgyearsfroms 1978stos2006.3Usingsthes TRENDs
functiongingExcelsgivesghegresultsshownsingAppendixsA.s
ThesRsvaluesiss0.9725,swhichsimpliessagverysgoodsfit.s
Computingsthespopulationggrowthsratessyieldssthatstheg
ratesduringgperiods1984-2010siss1.500,sandsthatsdurings
periods 1989-2015s iss 1.272.s Simulatings withg thes
baselines valuess ands thes estimateds populations growths
ratessgivessthesresultsshownging Tableg2.sThesoptimals



socialg pools benefits replacements rates fallss withg thes
populationgrowthgrate.s
Table 2. & under different population growth rates

n 2.1485 1.500s 1.2725

& 3500%s | 21.53%s | 16.67%s

4.4. Risen life expectancy and fallen population
growth rate

p.sPsandsasaresatsbaselinegvalues.sWhengthessurvivals
probabilitys ing retirements periods iss 80.77%s
(correspondings tos 2005-2010),s simulatings withg thes
populationsgrowthgrates,sl .500sandsl.272,srespectively,s
givesgthesoptimalgsocialgpoolsbenefitsreplacementsrates, s
22.93%sands17.90%.sWhensthessurvivalgprobabilitysing
retirementsperiodsiss84.62%s(correspondingstos2010-
2015),ssimulatingsanalogouslysgivesghegesultsshownsing
Tables3.sThesoptimalgsocialgpoolsbenefitsreplacements
rategfallsgswhengtheslifesexpectancyshassrisensandsthes
populationggrowthgateshasgfallen.s

Table 3. & under different life expectancies and

population growth rates

capitalg shares ofs income,s populations growthg rateg ands
socialg discountgrate.s Simulationss shows theg followings
results:s Thes optimalg socials pools benefits replacements
ratesrisesswithstheglifesexpectancy,swhilesfallsgwithsthes
populations growths rate.s Its shoulds falls whens thes lifes
expectancyshasgriseng andsthegpopulationg growthsgrates
fallens becauses its iss muchs mores sensitives tos thes
populationggrowthgrateghangifegexpectancy.s

$
Appendix A
$

Predicted urban population in each year

from 2007 to 2015gssssssy(10000gpersons)s

p n &'s
80.77%s 1.500 22.93%s
80.77%s 1272 17.90%s
84.62%s 1.5008 23.82%s
84.62%s 1272 18.68%s

Computingstheselasticitysof ¢"*withsrespectstospsands
nsgivessthegresultsshownsinsTablew.sTheselasticitysof ¢
withsrespectstosnsissmuchshighersthansthatsofs¢ *withs
respectstosp.sThissimpliessthatsthesoptimalgsocialgpools
benefitsreplacementsratesissmuchsmoressensitivestosthes
populationgerowthgrateghangdifegexpectancy.s

Table 4. Elasticities of & with respect to p and n

ogps Eows
0.8155 1.442s
0.913s 1.419g

$
5. Conclusions

Takingslifetimesuncertaintysintosaccount,sthisspapers
employssthes OLGsmodels withs generalsequilibriumstos
analyzesthesurbangpublicgpensiongingChina.sltsfindssthes
optimalg socialg pools benefits replacements rateg bys
comparingsthesmarketseconomysingsteadysstateswithsthes
socialg optimum.g Thes optimalg socials pools benefits
replacementgratesissshowngtosdependsonsthesindividualg
discountsrate,ssurvivalgprobabilitysingretirementsperiod, s

Years 2007 20085 20093 20103  2011s
Populations 557943 572083 586215 600355 61448s
Years 2012¢ 20135 20145  2015s $
Populations 628625 642765 656895 67103s S
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