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Abstract 

We study, both empirically and quantitatively, the role of savings and the labor supply in 
self-insurance channels over the life cycle when one faces not only idiosyncratic income 
risks, but also changes in longevity risk and pension benefits. We pick China as a case study 
since China has undergone a dramatic process of rapid aging and a tremendous reduction in 
social security benefits for the period 1995-2009. We find that both savings and the labor 
supply are quantitatively important self-insurance channels in responding to changes in 
longevity risk and pension benefits, and the responses via adjustment to savings and labor 
supply have significant macroeconomic implications. Applying the model to China, we find 
that the pension reform and rapid aging together contribute 55 percent of the increase in the 
household saving rate from 1995 to 2009, and they jointly capture about 64 percent of the 
drastic increase in the labor supply for the same period. 
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I INTRODUCTION

Since Aiyagari�s path-breaking work (Aiyagari 1994), saving has been recognized
as an important instrument with which to self insure against idiosyncratic income
shocks. The labor supply, as another instrument to self insure against idiosyncratic
income shocks, has recently gained attention in the literature. Low (2005) shows
that allowing �exible working hours in a rather standard Aiyagari-type heterogenous
agent model brings the age pro�les of working hours and consumption closer to the
data. Flexibility of working hours allows individuals to react to income shocks by
changing their hours of work, and thus reducing the cost of uncertainty. Pijoan-Mas
(2006) also highlights the self-insurance channel of the labor supply and shows that
the labor supply is at least as important as savings when it comes to the instruments
with which to insure against income risk.

This paper studies, both empirically and quantitatively, the roles savings and the
labor supply play as self-insurance channels over the life cycle when one faces not
only idiosyncratic income risks, but also changes in longevity risk and pension ben-
e�ts. These are important risks and uncertainties that an individual faces over the
whole life cycle. Theoretically speaking, changes in pension bene�ts, such as whether
or not a pension bene�t is linked to an individual�s average (life-cycle) wage, e.g.,
the average index of monthly earnings (AIME) in the U.S. pension system, would
have an impact on the individual�s savings and labor supply behavior. The linkage
of one�s working age income to one�s retirement bene�ts extends the idiosyncratic
income shocks faced during working years to retirement period. To hedge against
an increase in income shocks during one�s retirement period, one could start to save
more and/or increase one�s labor supply during one�s working life. On the other
hand, changes in pension bene�ts via reducing the generosity of the pension system
(e.g., the replacement ratio) could also a¤ect a household�s savings and labor supply
due to consumption smoothing motive. A lower replacement ratio would reduce the
available pension wealth after retirement, and hence would encourage an individual
to increase saving while working. The empirical literature, e.g., Attanasio and Bru-
giavini (2003) and Attanasio and Rohwedder (2003), �nd that this is the case and
the substitutability between public pension wealth and private saving is relatively
high. Erosa, Fuster and Kambourov (2012) link government programs such as pen-
sions to the labor supply, and �nd that social security rules account for the bulk of
cross-country di¤erences in labor supply late in the life cycle.

By the same token, changes in longevity risk could also a¤ect the labor supply and
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savings. An increase in longevity would allow an individual to live for a longer time
during the retirement period. In order to prepare for that, one could increase savings
and/or one�s labor supply while working, so as to e¤ectively insure against the change
in longevity risk. We call this channel the life expectancy e¤ect (see Bloom et al.
2007).

By putting together idiosyncratic income risks, longevity risk, and uncertainties
about the pension system, and allowing both savings and the labor supply to in-
sure against those risks, this paper provides a comprehensive view of individual�s
responses to these risks and uncertainties over the life cycle and investigates the ag-
gregate implications of those responses. This is the main contribution of the present
paper.

Empirically and quantitatively testing the importance of savings and labor supply as
self-insurance channels in response to changes in longevity risk and pension bene�ts,
however, is quite challenging, since not many countries have experienced signi�cant
changes in both longevity risk and pension bene�ts. In this paper, we choose China
as a case study because China has undergone a rapid aging and a radical pension
reform simultaneously for the period 1995-2009 (more details in Appendix A and B).
Therefore, China provides an ideal �natural experiment�to test the impacts of rapid
aging and pension reform on savings and the labor supply, both at the household
and at the aggregate level. The �rst research question we ask is: how would changes
in longevity risk and pension bene�ts, such as the ones that China has experienced,
quantitatively a¤ect households�savings and labor supply at the aggregate level, and
over the life cycle, in the long run? In addition, as shown in more detail in Section II,
both the average household saving rate and weekly working hours per worker have
been increasing signi�cantly in urban China since 1997. We therefore ask a further
and speci�c question: to what extent do the rapid demographic changes and the
pension reforms mentioned above contribute to the increasing household saving rate
and supply of labor in urban China after 1997?

To answer these quantitative questions, we �rst provide an empirical analysis showing
that the Chinese pension reform indeed had an impact on the saving rate and the
labor supply at the household level, using data from the Chinese Household Income
Project Survey (CHIPS). We use the 2005 Chinese pension reform (for details, see
Appendix VII.B) as a quasi-natural experiment to conduct a di¤erence-in-di¤erence
(DiD) regression. We �nd that workers with pension bene�ts tend to supply less labor
and save less, consistent with our theoretical prediction. Households responded to
the 2005 pension reform by increasing their savings and labor supply in response to
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the reduction in the generosity of the pension system. In addition, our empirical
analysis shows that the impact of the pension reform was more signi�cant for the
saving rate than for the labor supply.

Motivated by our empirical evidence, we then develop a large-scale (70-period) het-
erogeneous agent overlapping generations general equilibrium model, following the
literature such as Auerbach and Kotliko¤ (1987), Imrohoroglu, Imrohoroglu, and
Joines (1995), Huang, Imrohoroglu and Sargent (1997), and Conesa and Krueger
(1999). In the model, an individual faces stochastic income risks up to retirement
and a borrowing constraint. Individuals have to make decisions on consumption,
asset holding, and their labor supply. We calibrate the model to match the Chinese
economy before its pension reform and rapid aging took place, by using data from
micro-level Chinese household surveys. We then input the exogenous demographic
change and the policy changes in the pension system into the model. We study the
individual�s responses to those exogenous changes in longevity risk and pension ben-
e�ts, and investigate the aggregate implications of these individual responses in the
long run. In addition, we also input the annualized demographic change in China,
together with a carefully modeled �once-for-all�pension reform, and solve the model
along a transition path to investigate the short-run impact of the pension reform
and rapid aging on our variables of interest for the period 1995-2009.

To answer the �rst question, we �nd that compared to the benchmark model without
changes in longevity risk and pension bene�ts, a rising longevity risk alone increases
the household saving rate by 3.6% and its labor supply by 3.2%. On the other hand,
the pension reform as a whole package raises the saving rate by 28.7% and its labor
supply by 3.0% in the long run. We also further decompose the changes in the
pension system, and �nd that the reduction of the indexation of pension bene�ts
(i.e., increasing the linkage with the AIME) increases the household saving rate by
18.3% and its labor supply by 1.3% in the long run. In contrast, the reduction of
the replacement ratio raises the saving rate by 12.2% and the labor supply by 1.8%
in the long run. The magnitude we �nd here from the calibrated model shows that
the labor supply as a self-insurance/consumption smoothing mechanism is of the
same order of magnitude as savings for insurance against longevity risk. However,
our quantitative exercises show that changes in pension bene�ts seem to a¤ect the
saving rate much more signi�cantly than the labor supply in the long run, which is
consistent with our empirical analysis.

To highlight the importance of the labor supply as a self-insurance channel in re-
sponse to uncertainties in longevity risk and pension bene�ts, we conduct a counter-
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factual experiment to shut down the �exible labor supply in our benchmark model.
We �nd that the average household saving rate increases by 52% in the long run,
compared to 30.2% in the benchmark case. This exercise shows that ignoring the
labor supply would lead to a signi�cant over-estimation of the importance of pre-
cautionary savings in insuring against uncertainties over the life cycle, not only for
idiosyncratic income shocks, as emphasized by Low (2005) and Pijoan-Mas (2006),
but also for uncertainties in longevity risk and pension bene�ts.

As to the life cycle dimension, our simulations show that young people aged 20�35
reduce their savings in responding to rapid aging and pension reform. After age 35,
they start to save more. For workers aged 46�60, especially towards the end of their
working years, the increase in savings is mostly in reaction to the changes in pension
bene�ts; whereas after age 60, the increase in household savings is mostly driven by
rising longevity risk. In other words, the impact of changes in the longevity risk and
pension bene�ts on the household saving rate occurs for relatively older people (aged
45 and older). The impact increases with age. On the other hand, workers of almost
all ages (except for young workers aged below 30) increase their working hours in
response to changes in longevity risk and pension bene�ts, but the impact of pension
bene�t changes exceeds that of demographic changes after age 55. The magnitude
of the adjustment of the labor supply is comparable to that of the saving rate until
retirement age. However, after retirement, an individual is not able to use their labor
supply as an instrument for self-insurance. But the adjustment via savings still exists
after retirement, and increases with age. This is the fundamental reason why the
impact of longevity risk and pension reform hits savings more signi�cantly than the
labor supply.

To what extent do these two self-insurance channels help to explain the rising house-
hold saving rate and labor supply in urban China after 1997? The data show that the
average household saving rate increased 12.7 percentage points: from 15.5%, which
is the average for 1990�1997, to 28.2% in 2009. Weekly working hours per worker as
a fraction of weekly discretionary hours increased about 7.7%: from 0.379 in 1996
to 0.408 in 2010. Our transition path results show that the changes in pension ben-
e�ts due to the pension reform alone contribute about 41% of the increase in the
household saving rate and 41% of the increase in labor supply for the time period.
While the rapid aging contributes more to the increase of the labor supply than to
the saving rate: it, alone, contributes about 36% of the increase in labor supply but
only 11% of the increase in household saving rate for the time period. Together,
the rapid aging and the pension reforms contribute about 55% of the increase in the
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household saving rate from 1995 to 2009 and 64% of the increase in the labor supply
from 1996 to 2010. The exercise shows that the impact of the demographic changes
and pension reform on the aggregate household saving rate and the labor supply in
urban China is of �rst order importance.

This paper is related to several strands of the literature. First of all, the empirical
literature �nds mixed evidence for the importance of demographic change on the
aggregate saving rate, from only a modest contribution (Deaton and Paxson 2000)
to one that is signi�cantly large (Bloom, Canning and Graham 2003 and Bloom et al.
2007). We quantify the importance of the rapid aging for the household saving rate in
the present paper, and �nd that the contribution indeed is modest. This might re�ect
the fact there are two opposite driving forces in action in our general equilibrium
framework. On the one hand, rapid aging shifts the age structure in an economy from
young (working age) towards old. Compared to retirees, working-age individuals
tend to save more. Therefore the composition e¤ect of the demographic change
would reduce the household saving rate. On the other hand, the life expectancy
e¤ect as mentioned above tends to raise the household saving rate. Probably these
two counteracting mechanisms o¤set each other in the model, to generate the modest
quantitative results.

This paper also contributes to the literature on pensions and private savings, such as
Attanasio and Brugiavini (2003) and Attanasio and Rohwedder (2003). We con�rm
their �nding in the Chinese context by showing that the signi�cant reduction of
generosity of pension system could have had a big impact on the household saving
rate.

However, the literature has put less emphasis on the importance of changes in de-
mographic structure and the pension system for the aggregate supply of labor. In
that sense, we are closely related to the literature pioneered by Prescott (2004)
on �scal policy and labor supply. More speci�cally, we are very closely related to
Erosa, Fuster and Kambourov (2012). They analyze the link between the labor sup-
ply and government programs, and they �nd that government policies can account
for the di¤erences in the labor supply late in the life cycle (age 50+) across Euro-
pean countries. Instead, our focus is to quantify how labor supply can actuate the
self-insurance channel against both longevity risk and changes in pension bene�ts
through the whole life cycle. Giavazzi and McMahon (2012) use German microdata
and a quasi-natural experiment to provide empirical evidence for how households
use both savings and their labor supply to respond to an increase in pension policy
uncertainty. We instead use the structural general equilibrium model here for the
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analysis. Our paper, however, complements their research, by focusing on studying
the impact of changes in the pension bene�ts formula, in terms of both the replace-
ment ratio and the linkage to the AIME, on household savings and labor supply.
Similar to their �ndings, we �nd that the impact seems to hit savings more.

Although our paper does not aim to solve the �Chinese saving rate puzzle,�it does
contribute to understanding why the Chinese household saving rate had been ris-
ing.1 Our quantitative exercise shows that the pension reform, which signi�cantly
reduced the generosity of pension bene�ts for urban workers, could be an important
driving force behind the rising saving rate for the period 1995-2009. Our paper also
contributes to the strand of the literature on quantifying the e¤ects of China�s demo-
graphic transition on its household savings rate, such as Choukhmane, Coeurdacier
and Jin (2014) and Curtis, Lagauer and Mark (2015). Both papers emphasize the
importance of declining fertility due to the �one child policy�on Chinese households�
savings behavior. We complement their research by focusing on another end of the
demographic change spectrum, namely the rising life expectancy due to rapid aging.
In addition, both papers abstract from the impact of demographic change on the
aggregate labor supply, which is an important focus of our paper.

This paper is also related to the literature on Chinese pension reforms. Feng, He,
and Sato (2011) estimate the impact of the 1997 pension reform and �nd that em-
pirically the pension reform boosted the household saving rate in 1999 by about 6�9
percentage points for the cohort aged 25�29 and by about 2�3 percentage points
for the cohort aged 50�59. We emphasize the importance of the labor supply as
another instrument to self-insure against pension bene�t uncertainties. Our paper is
also closely related to Song, Storesletten, Wang and Zilibotti (2015), who highlight
the redistribution channel of social security in a fast growing country and focus on
the optimal intergenerational redistribution along the transition path of a Chinese
economy facing future pension reform and demographic transitions. Our focus here
is the current impacts of the demographic change and pension reforms on the house-
hold saving rate and labor supply. In addition, Song et al. (2015) abstract from
idiosyncratic risks, whereas how individuals use their savings and labor supply to
insure against idiosyncratic risks over life cycle is our main focus.

The rest of this paper is organized as follows. Section II provides some stylized
facts on the changes in the household saving rate and labor supply in urban China.

1For papers speci�cally aiming at explaining the dramatically rising saving rate in China, see
Song and Yang (2010), Chamon and Prasad (2010), and Wei and Zhang (2011).
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It also describes the empirical analysis of the impact of the pension reform on the
labor supply and the household saving rate, based on Chinese household survey
data. Section III describes the model. Section IV illustrates the calibration of the
model. Section V presents the simulation results after we input rapid aging and the
pension reform into the benchmark model. It also conducts several counterfactual
experiments. Finally, Section VI concludes.

II EMPIRICAL EVIDENCE

In this section, we �rst provide data describing the evolution of the household saving
rate and labor supply for 1990s and 2000s. We then go deeper, with the micro-level
household survey data, to empirically analyze the impact of the pension reforms on
households�saving behavior and labor supply.

A Trend of Household Saving Rate and Labor Supply

What happened to the Chinese economy after the rapid aging and radical pension
reform mentioned above? A well known fact is that the household saving rate in
China has also been rising very dramatically, making China rank the highest in
terms of the saving rate among all countries. Figure 1 shows the aggregate urban
household saving rate for 1990�2009, which we constructed from the Chinese Urban
Household Survey (UHS).2 As shown in this �gure, the Chinese urban household
saving rate had been fairly stable from 1990 until 1995. It then began to increase
very rapidly after 1996. In 2009, the rate exceeded 28%. Compared to its level in
1995, which was about 15.5%, the saving rate had increased by about 12.7 percentage
points over these fourteen years.

However, a less known fact about China over duirng the 1990s and 2000s is that
the Chinese also worked much longer than they did before. In Figure 2, we report
the average weekly working hours per worker in urban China for 1996�2010 from a
micro-level household survey called Chinese Health and Nutrition Survey (CHNS).3

2The aggregate household saving rate in the �gure is de�ned as 1 - the total consumption by
household sector/total disposable income by household sector.

3We start our data period from 1996 to avoid the inconsistency caused by the policy change
from six working-days per week to �ve working-days per week, which occurred in 1995.
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Figure 1: Chinese Urban Household Savings Rate

The panel data structure of the CHNS also makes tracking changes in working hours
over time more credible. We therefore use the data from the CHNS as our main
data source for the labor supply. The most striking pattern from Figure 2 is that
urban workers dramatically increased their labor supply after the late 1990s. The
average weekly working hours per worker jumped from 42.4 hours in 1996 to 45.9
hours in 2003. To check the robustness of the pattern found in the CHNS data, we
also plot the weekly working hours per worker from the Chinese Household Income
Project Survey (CHIPS) in the same graph.4 We again see a signi�cant increase
in weekly working hours from 1995 to 2007. Finally, the UHS reports the weekly
working hours per worker as well, but only for a limited time period from 2002 to
2006. For comparison, we also plot the available data from the UHS in the same
�gure. The data from the UHS are broadly consistent with the CHNS data on the
rising trend even for this limited time period.

4Data are from CHIPS 1995, 2002, 2007 and 2008.
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Figure 2: Average Weekly Working Hours in Urban China

B Empirical Analysis Using Micro-level Survey Data

In this section, we provide our empirical analysis of the e¤ect of changes in pension
bene�ts on the labor supply and household saving rate using the CHIPS data.

B.1 The Impact of the Pension Reform on the Labor Supply

We �rst consider the following regression model for household i to analyze the impact
of the changes in pension bene�ts on the household labor supply:

ln(working houri) = �0 + �1pensioni + �2Xi + "i (1)

where pensioni is a dummy variable that indicates whether household i is enrolled
in the pension system or not. Xi is a set of household characteristics including age,
age-squared, gender, wage, number of children, family income, spouse�s wage, marital
status, education, occupation, health status, disability status, ownership of the �rm
in which the household head is employed, labor contract tenure, homeownership
status, industry, and provincial dummies.
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We use CHIPS 2002 and 2007 to construct the variables used in the regression. We
measure �working hour i�by weekly working hours for worker i.5 We drop working
hours < 0 and working hours > 112. Pension is a dummy variable for pension status:
1 for having a pension, 0 otherwise.6,7 We restrict our sample to urban workers aged
25�55 for females and 25�60 for males.8

Our theory �rst implies that across individuals, households with pension = 1 tend to
work less than households with pension = 0, other things being equal. In other words,
our hypothesis 1 is that for a given year t, �1 < 0. In addition, as we describe in
detail in the Appendix, the pension system in China underwent a signi�cant change
in 2005. The generosity of the pension system was signi�cantly decreased in that
year.9 It thus provides a unique opportunity to conduct a di¤erence-in-di¤erences
analysis for Equation (1). Compared to workers who do not have a pension (they
thus tend to supply more labor), workers with a pension will work signi�cantly fewer
hours in 2002. This should be captured in the coe¢ cient �20021 < 0. However, in
2007, workers with pension = 1, facing much less generous pension bene�ts in the
future, would increase their labor supply to hedge against the change in pension
bene�ts. This implies that the di¤erence in labor supply between workers with and
without pensions in 2007 should be smaller compared to the gap in 2002. Therefore,
if we run the regression equation (1) for 2002 and 2007 separately, we expect to see
�20021 < �20071 . And the statistical signi�cance of �1 might also decrease from 2002 to
2007. This is our hypothesis 2.

5In CHIPS 2002, we use P147a (�How many working days per month on average? (Excluding
weekends)�) and P147b(�How many hours per working day on average?�) to construct the weekly
working hours, which is equal to P147b�P147a�(12=365)�7. In CHIPS 2007, we use question C16
(�How many hours on average do you work at your current primary job per week?�) to measure
working hours.

6In CHIPS 2002, there is no direct question about whether a worker has a pension or not. We
therefore use A181 (�Contribution to pension fund�) to construct the dummy. If A181>0, i.e., the
answer is �yes�to A181, then pension = 1. Otherwise, if A181=0, pension = 0. In 2007, we use C03
(�Do you have pension insurance?�) to construct the dummy: pension = 1 if an individual chooses
either 1) Paid by employer, or 2) Paid by yourself, or 3) Paid by both employer and yourself. But
pension = 0 if �none�was chosen.

7The reason why we do not use CHIPS 1995 to identify the impact of the pension reforms on
the labor supply is because we have very few observations which answered �yes�to question A181.
This is evidence that China was still under the �iron rice bowl�of a public only pension scheme,
and the three-pillar system had not been established as early as 1995.

8The average mandatory retirement age for urban workers is 55 for females and 60 for males.
9As shown in Figure 10, the average replacement ratio decreased from around 64% in 2002 to

about 48% in 2007.
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We also conduct an alternative empirical speci�cation:

ln(working hourit) = �0+�1yeart+�2pensionit+�3yeart�pensionit+�4Xit+"i (2)

where year t is a dummy variable which is equal to one if t = 2007, and zero if
t = 2002. Corresponding to hypothesis 1 above, our prediction is �2 < 0, i.e.,
workers with a pension tend to supply less labor. And probably more importantly,
corresponding to hypothesis 2 above, we expect to see �3 > 0. In other words,
workers with a pension in 2007 are expected to supply more labor since they face
less generous pension bene�ts in the future.

Notice that in the speci�cation above (equation (2)), we assume that other than pen-
sion dummy, controls are constant across two years. In the following speci�cation, we
relax this assumption and have the more �exible speci�cation to include interaction
terms between year dummy and other controls:

ln(working hourit) = �0 + �1yeart + �2pensionit + �3yeart � pensionit (3)

+�4Xit + �5yeart �Xit + "i:

We again expect to see �2 < 0 and �3 > 0.

We also consider two possible alternative explanations for the dramatically rising
working hours after 1997 (shown in Figure 2) in our speci�cation. The �rst one
could be that the remaining SOE workers had to take a larger workload after a
large-scale layo¤ of the SOE workers due to the SOE reform the occurred from 1997
to 2001.10 In addition, another possible alternative explanation could be that the
large-scale layo¤ provides a very strong incentive for the remaining SOE workers to
work harder for signalling purposes. We control for those explanations based on the
corresponding CHIPS data in the regression.11

10See He et al. (2018) for details of the large-scale layo¤ in the SOE sector and the impact of
this layo¤ on Chinese household savings.
11If the �rst alternative hypothesis (�workload channel�) explains a large fraction of the increasing

labor supply after the reform, we should expect to see that workers in the �rms that have recently
changed ownership (so-called �gai zhi� in Chinese) would increase their labor supply. We thus
control for this by including the �ownership change�dummy variable (= 1 if �rms changed ownership
over the past ten years, zero otherwise; the question (P137) is only available for CHIPS 2002) in our
regression for 2002. If the second alternative hypothesis (�incentive channel�) is the main driving
force behind the drastic increase in the labor supply after 1997, we should be able to see that the
workers who had been laid o¤ would tend to work longer as a signal to managers, to avoid being
laid o¤ again in their new jobs. In CHIPS 2002, there is a question (P132b) asking �have you ever
been laid o¤?�We thus include a �laid-o¤ before�dummy variable in our regression for 2002.
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Table 1 shows the estimation results for the coe¢ cients of greatest interest, namely
�1, �2 and �3, and other selected coe¢ cients. In this table, the �rst two columns
show the results for Equation (1) using the 2002 and 2007 samples separately.
�20021 = �0:024, meaning that having public pension would reduce an individual�s
working time by 2.4 percent, and �20071 = 0:007. We do have �20021 < �20071 . And
the statistical signi�cance of �1 does decrease from the 1% level in 2002 to not sta-
tistically signi�cant in 2007. Thus hypotheses 1 and 2 are con�rmed. In addition,
�laid-o¤ before� turns out to be signi�cantly positive. Individuals who had been
laid o¤ tend to supply more labor, possibly due to a stronger precautionary motive.
However, the workload channel via �rm ownership change seems to be not signi�cant.

The third column of Table 1 shows the results for Equation (2): �2 = �0:035 and
it is signi�cant at the 1% level. More importantly, the coe¢ cient of the interaction
term �3 = 0:045 and it is signi�cant at the 1% level. This shows that individuals
did respond to the 2005 pension reform (which further reduced the generosity of the
pensions and strengthened the link between the pension bene�ts and one�s own past
labor income) by signi�cantly increasing their working time by about 4.5 percent.

Finally, the fourth column of Table 1 reports the results for the more �exible spec-
i�cation Equation (3). We see that �2 = �0:028 and it is signi�cant at the 1%
level. And �3 = 0:034 and it is signi�cant at the 5% level. The hypotheses again are
con�rmed in this more �exible and our most favorable speci�cation.

B.2 Impact of Pension Reform on the Saving Rate

Next, we would like to empirically identify the impact of the pension reform on the
household saving rate. Similar to Equation (1), we consider the following regression
model for household i:

saving ratei = �0 + �1pensioni + �2Xi + "i: (4)

We again use CHIPS 2002 and 2007 to construct the saving rate, which is 1 - house-
hold consumption/household disposable income. Following Curtis, Lugauer and
Mark (2015), we control for gender, age, age-squared, number of children, house-
hold income, and education, in X. Besides these, we also control for marital status,
share of elderly (age� 65) in the household, �rm ownership, working status, home-
ownership, home value, province, and household registration status (�hukou�).
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Table 1: The E¤ect of Pension Reform on Labor Supply

(1) (2) (3) (4)
Year 2002 Year 2007 NO year�X Year�X

pension�year 0.045*** 0.034**
(0.015) (0.016)

pension -0.024*** 0.007 -0.035*** -0.028***
(0.007) (0.015) (0.006) (0.006)

year -0.043*** 0.069
(0.015) (0.198)

log(wage) -0.010*** -0.011 -0.015*** -0.013***
(0.004) (0.023) (0.004) (0.003)

male 0.045*** 0.041*** 0.044*** 0.044***
(0.006) (0.009) (0.005) (0.006)

age 0.000 0.003 0.001 0.000
(0.005) (0.005) (0.003) (0.004)

age2�1000 -0.020 -0.061 -0.032 -0.013
(0.059) (0.068) (0.039) (0.050)

marriage 0.018 -0.007 0.009 0.017
(0.014) (0.015) (0.009) (0.012)

children 0.025*** 0.010 0.018***
(0.007) (0.011) (0.006)

log(household income) -0.000 0.019 -0.005
(0.007) (0.015) (0.006)

homeownership -0.007 -0.030* -0.015** -0.011
(0.008) (0.018) (0.006) (0.007)

change_ownship 0.001
(0.008)

layo¤ before 0.048***
(0.012)

Constant 3.733*** 3.756*** 3.841*** 3.868***
(0.156) (0.167) (0.085) (0.120)

Observations 6,624 4,624 13,110 13,044
Adjusted R2 0.101 0.038 0.065 0.073

Source: CHIPS 2002, 2007.
Note: Robust standard errors in parentheses; * p<0.10, ** p<0.05, *** p<0.01.
The unreported controls include education level, health status, disability, �rm
ownership, occupation, industry, province, and "hukou" dummies.
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Similar to the argument above for the labor supply, our theory implies that workers
with a pension tend to save less, other things being equal, i.e., �1 < 0. In addition,
our DiD approach by comparing 2002 and 2007 also implies that the gap between
the saving rate of workers with and without a pension should be smaller (and also
might be less statistically signi�cant) in 2007 compared to 2002, i.e., �20021 < �20071 .

We also ran an alternative empirical speci�cation to equation (4):

saving rateit = �0 + �1yeart + �2pensionit + �3yeart � pensionit + �4Xit + "i: (5)

We again expect to see �2 < 0 and �3 > 0.

Finally, as in equation (3), we also run regresssion based on a more �exible speci�-
cation:

saving rateit = �0 + �1yeart + �2pensionit + �3yeart � pensionit (6)

+�4Xit + �5yeart �Xit + "i:

Table 2 presents the results for equations (4), (5), and (6). In this table, the �rst two
columns show the results for equation (4) using the 2002 and 2007 samples separately.
We �nd �20021 = �0:027 but it is signi�cant at the 5% level. Having pension bene�ts
would reduce the household saving rate by 2.7% in 2002, other things being equal.
However, after the 2005 pension reform, �20071 is 0.040 and it is not signi�cant. We
thus do have �20021 < �20071 . The third column shows the results for equation (5):
�2 = �0:028 (signi�cant at 5% level), while �3 = 0:058 but it is not signi�cant.
Finally, results of the more �exible speci�cation equation 6 in the fourth column are
similar to those in the third column, with �2 = �0:027 (signi�cant at the 5% level)
and �3 = 0:067 (now signi�cant at 10% level), showing that the 2005 pension reform
signi�cantly increased the household saving rate by 6.7%.

In conclusion, our empirical analysis shows that households in urban China did
respond to the pension reform by signi�cantly increasing both their labor supply
and saving rate. With this strong support from the empirical evidence, we will try
to build a theoretical model to analyze an individual�s optimal responses to changes in
longevity risk and pension bene�ts, and the aggregate implications of these responses.
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Table 2: The E¤ect of the Pension Reform on Saving Rate

(1) (2) (3) (4)
VARIABLES Year 2002 Year 2007 NO year�X Year�X
pension�year 0.058 0.067*

(0.038) (0.038)
pension -0.027** 0.040 -0.028** -0.027**

(0.011) (0.036) (0.012) (0.012)
male 0.040*** 0.045** 0.044*** 0.039***

(0.011) (0.021) (0.010) (0.011)
age -0.030*** 0.023 -0.011 -0.030***

(0.009) (0.017) (0.008) (0.009)
age2 0.371*** -0.311 0.124 0.373***

(0.104) (0.200) (0.100) (0.105)
marriage -0.028 0.004 -0.012 -0.029

(0.023) (0.073) (0.033) (0.023)
household size -0.008 -0.056*** -0.024** -0.008

(0.014) (0.016) (0.011) (0.014)
elder 0.016 -0.034 -0.006 0.016

(0.022) (0.044) (0.022) (0.022)
children -0.048*** -0.047 -0.043*** -0.048***

(0.018) (0.030) (0.015) (0.018)
log(household income) 0.191*** 0.412*** 0.290*** 0.189***

(0.012) (0.044) (0.021) (0.013)
homeownership 0.332*** 0.189 0.349*** 0.337***

(0.085) (0.150) (0.080) (0.085)
log(home value) -0.028*** -0.023* -0.031*** -0.029***

(0.008) (0.012) (0.007) (0.008)
Constant -1.175*** -4.271*** -2.474*** -1.114***

(0.225) (0.667) (0.314) (0.225)
Observations 4,308 2,166 6,474 6,474
Adjusted R2 0.103 0.233 0.155 0.178

Source: CHIPS 2002, 2007.
Note: Robust standard errors in parentheses; * p<0.10, ** p<0.05, ***
p<0.01. The unreported controls include �rm ownership, working status, in-
dustry, province, and "hukou" dummies.
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B.3 Heterogeneity Matters on the Impacts

Although we control for a list of variables in our benchmark regressions reported
above, by no means we have exhausted the potential important factors a¤ecting
households� labor supply and saving behavior. In what follows, we would like to
extend the empirical analysis above to di¤erent dimensions including more hetero-
geneity.

First, the impact of pension reform on labor supply and saving rate could be di¤erent
between healthy and unhealthy workers. Unhealthy workers might expect to have a
shorter life expectancy and a lower income. Expecting a shorter life expectancy, they
may decrease labor supply and reduce savings. On the other hand, expecting lower
pension income and higher medical expenditures during retirement period, they shall
increase working hours and raise savings. According to their self-reporting health
status, we divide workers in CHIPS into three groups: healthy (those report their
health status to be �excellent� and �good�), �ne (those report their health status
to be ��ne�), and unhealthy (those report their health status to be �bad�). We
run regressions based on our most favorable speci�cation in equations (3) and (6),
with a triple interaction term including now worker�s health status. To control the
potential impact of medical insurance on labor supply and savings, we restrict our
data sample to only include those who have medical insurance:

Yit = �0 + �1yeart + �2pensionit + �3yeart � pensionit + �4Xit

+�5yeart �Xit + �6yeart � pensionit � healthit + "i: (7)

Yit is either log of working hours or saving rate.

Column 1 in Table 3 shows the results of equation (7) for labor supply. Comparing
to the group of healthy workers (reference group), the impact of the pension reform
on labor supply for workers with �ne health would be 8% lower (signi�cant at the 5%
level). For unhealthy workers, the impact would be 5.5% lower (but not signi�cant).
The life expectancy e¤ect seems dominate the income e¤ect.

Column 1 in Table 4 reports the results of equation (7) for saving rate. Comparing to
the group of healthy workers, the impact of the pension reform on household saving
rate for workers with �ne health would be 5% higher (not signi�cant). For unhealthy
workers, however, the impact would be 21.8% higher (signi�cant at the 5% level). It
appears that the worry of old age consumption dominates the life expectancy e¤ect
and pushes unhealthy workers save much more than their healthy counterparts.
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Second, housing could play an important role in households�labor supply and saving
behavior. First, households without homeownership need to save (and work harder)
to be able to buy a house. Second, for existing homeowners, if home values rise,
the wealth e¤ect might lead to reduction in working hours and savings. To test the
e¤ects of homeownership (�Howner�in Tables 3 and 4) and home value (�Hvalue�in
Tables 3 and 4) on the impacts of pension reform, we run the following regressions:

Yit = �0 + �1yeart + �2pensionit + �3yeart � pensionit + �4Xit

+�5yeart �Xit + �6yeart � pensionit � houseit + "i (8)

where house is either a homeownership dummy (=1 if owns a home, zero otherwise),
or a home value.12

Column 2 in Table 3 shows the results of equation (8) for labor supply using home-
ownership. The impact of pension reform on labor supply does not exhibit a signif-
icant di¤erence between homeowners and renters. However, for results using home
value (Column 3 in Table 3), �6 = �0:023, and it is signi�cant at the 10% level,
showing higher home value would reduce the impact of pension reform on labor sup-
ply, i.e., a strong sign of wealth e¤ect. For the impact of pension reform on the
saving rate, columns 2 and 3 in Table 4 show that there is no signi�cant di¤erence
between homeowners and renters.

Third, di¤erent age groups might be a¤ected by the pension reform di¤erently. We
divide workers into two groups: old (age>45) and young (age<35). Dummy �older�
is one if workers belong to the �rst group and zero if workers are in the second group.
We then run regressions as in equations (7) and (8), with the triple-interaction term
year � pension�older. The results are reported in Column 4 in Tables 3 and 4,
respectively. We do not see a signi�cant di¤erence between old and young groups in
terms of the impact of pension reform.

Fourth, the pension reform a¤ects mostly state-owned enterprises (SOEs) and leaves
the government employees largely untouched. To explore the variation on this di-
mension, we only include households whose head works either in government or SOEs
and has pension in the sample and run the following regression:

Yit = �0 + �1yeart + �2pensionit + �3yeart � pensionit (9)

+�4Xit + �5yeart �Xit + �6yearit �GOVit + "i

12For the regression using home value, we restrict our sample to only include homeowners.
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where gov dummy is equal to one if household head works for government, zero
if he works for SOEs. Column 5 in Tables 3 and 4 both show that the impact of
pension reform to government employees is signi�cantly lower compared to their SOE
counterparts, as we expect.

Finally, migrated workers (largely from rural area) often do not have access to a
public pension as urban hukou residents do. Therefore, one would expect that their
reactions to the pension reform should be much smaller compared to urban residents.
We thus run the following regression:

Yit = �0 + �1yeart + �2pensionit + �3yeart � pensionit + �4Xit

+�5yeart �Xit + �6yeart � pensionit �Migration it + "i (10)

where migration dummy is equal to one if a worker is a migrated worker, zero oth-
erwise.13 Column 6 in Tables 3 and 4 shows that this is indeed a case for the saving
rate. The impact of pension reform on saving rate for migrated workers is 10.7%
lower than the impact for urban residents for whom pension reform would matter
much more. However, there is no signi�cant di¤erence of the impact on labor supply,
possibly due to the fact that migrated workers are concentrated in industries that
maintain notoriously work longer hours (e.g., construction) and hence it is harder
for them to adjust their working schedule.

In summary, our investigation on the impact of pension reform on di¤erent dimen-
sions of heterogeneity further con�rms that pension reform has a signi�cant impact
on labor supply and the savings rate across di¤erent groups. And there are several
competing e¤ects shaping the impact from di¤erent angles.

III THE MODEL

In this section, we describe the model economy. The economy is populated with a
continuum of many-period lived overlapping generations of individuals. There is a
representative �rm that uses capital and labor to produce output. The individuals
derive utility from consumption and leisure. They supply capital and labor to the
�rm. The individuals also own the �rm. There is a government that imposes payroll
taxes to provide social security to retirees. An individual in the economy faces

13Since there are too many missing values for migrated workers� housing status, we therefore
exclude housing variables (homeownership, home value) in the regression.
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Table 3: Heterogeneity on the Impact of Pension Reform on Labor Supply

(1) (2) (3) (4) (5) (6)
VARIABLES Health Howner Hvalue Old GOV Migrate
pension*year*health (�ne) -0.080**

(0.033)
pension*year*health (bad) -0.055

(0.081)
pension*year*homeowner 0.064

(0.063)
pension*year*ln(h value) -0.023*

(0.012)
pension*year*older -0.005

(0.039)
year*gov -0.034**

(0.015)
pension*year*migration 0.066

(0.048)
pension*year 0.052** -0.025 0.309** 0.033 0.031**

(0.023) (0.061) (0.149) (0.028) (0.015)
log(wage) -0.005 -0.013*** -0.013*** -0.016*** -0.013** -0.013***

(0.004) (0.003) (0.004) (0.003) (0.007) (0.003)
male 0.031*** 0.044*** 0.041*** 0.041*** 0.042*** 0.033***

(0.006) (0.006) (0.006) (0.007) (0.007) (0.005)
age 0.002 0.000 0.001 -0.002 0.006*

(0.004) (0.004) (0.005) (0.005) (0.004)
age2 -0.038 -0.014 -0.029 0.005 -0.092**

(0.053) (0.051) (0.056) (0.064) (0.044)
marriage 0.008 0.017 0.019 0.009 0.008 0.006

(0.012) (0.012) (0.013) (0.011) (0.013) (0.011)
children 0.017*** 0.018*** 0.013** 0.016** 0.015** 0.003

(0.006) (0.006) (0.006) (0.006) (0.007) (0.005)
log(household income) 0.000 -0.008 -0.006 -0.010 0.001 0.004

(0.007) (0.007) (0.007) (0.008) (0.008) (0.005)
Constant 3.777*** 3.880*** 3.908*** 3.894*** 3.972*** 3.686***

(0.132) (0.121) (0.140) (0.110) (0.146) (0.101)
Observations 10,142 13,044 11,471 8,388 9,558 18,127
Adjusted R2 0.034 0.073 0.067 0.079 0.040 0.331

Source: CHIPS 2002, 2007.
Note: Robust standard errors in parentheses; * p<0.10, ** p<0.05, *** p<0.01. The unreported
controls include education level, health status, disability, �rm ownership, occupation, industry,
province, and "hukou" dummies.
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Table 4: Heterogeneity on the Impact of Pension Reform on Saving rate

(1) (2) (3) (4) (5) (6)
VARIABLES Health Howner Hvalue Old GOV Migrate
pension*year*health (�ne) 0.050

(0.176)
pension*year*health (bad) 0.218**

(0.102)
pension*year*homeowner 0.090

(0.079)
pension*year*log(h value) 0.031

(0.035)
pension*year*older -0.100

(0.141)
year*gov -0.035*

(0.021)
pension*year*migration -0.107*

(0.061)
male 0.046*** 0.040*** 0.035*** 0.025* 0.043*** 0.042***

(0.013) (0.012) (0.012) (0.015) (0.011) (0.010)
age -0.027*** -0.028*** -0.025** -0.007 -0.034***

(0.010) (0.009) (0.010) (0.009) (0.007)
age2 0.334*** 0.345*** 0.328*** 0.084 0.398***

(0.118) (0.106) (0.120) (0.111) (0.090)
marriage -0.040 -0.031 -0.027 -0.021 -0.039 -0.031

(0.027) (0.024) (0.027) (0.032) (0.028) (0.023)
household size 0.001 -0.005 -0.001 0.005 -0.039*** -0.055***

(0.018) (0.015) (0.016) (0.017) (0.013) (0.016)
elder 0.008 0.012 0.009 -0.010 -0.014 0.049**

(0.027) (0.023) (0.023) (0.029) (0.029) (0.022)
children -0.069*** -0.051*** -0.048** -0.060*** -0.044*** 0.001

(0.021) (0.018) (0.020) (0.020) (0.017) (0.020)
ln(income) 0.165*** 0.193*** 0.205*** 0.195*** 0.314*** 0.272***

(0.014) (0.013) (0.015) (0.017) (0.028) (0.022)
Observations 4,814 6,176 5,374 3,843 4,396 9,484
Adjusted R2 0.181 0.178 0.186 0.173 0.197 0.190

Source: CHIPS 2002, 2007.
Note: Robust standard errors in parentheses; * p<0.10, ** p<0.05, *** p<0.01. The unreported
controls include �rm ownership, working status, medical insurance, industry, province, and "hukou"
dummies.
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idiosyncratic income risks and lifetime uncertainty. And we assume that an annuity
market is missing.

A Demographic Structure

An individual is born at age j = 1 and dies for sure after age J , starting to work from
age 1 and retiring at JR. From age j�1 to j, each individual faces an age-dependent
conditional survival probability  j. Therefore, the unconditional survival probability

up to age j is
jQ
i=1

 i. The population in the economy grows exogenously at a rate

n > 0.

Given this information, the fraction of individuals in the population of age j �j is

�j =
 j
1 + n

�j�1 (11)

with
PJ

j=1 �j = 1.

B Preferences

An individual maximizes expected, discounted lifetime utility as follows:

E

(
JP
j=1

�j�1
�

jQ
i=1

 i

�
u (cj; lj)

)
;

where cj represents consumption and lj denotes leisure at age j.

At any age j, an individual faces the budget constraint

cj + aj+1 = (1 + r) aj + qj + bj + beq; (12)

where aj+1 is the savings for the next period and r is the interest rate. The labor
income at age j qj is

qj = (1� � ss)w"j�j (1� lj) ;
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where � ss is the social security payroll tax, w is the wage rate, "j is the deterministic
age-dependent productivity at age j, and �j is a stochastic idiosyncratic income shock
that is an AR(1) process with an i.i.d. innovation as follows:

�j = ��j�1 + �j; � � N(0; �2�): (13)

The social security bene�t bj is determined by

bj =

�
0 if j < JR
SSj if j � JR

:

In this economy, the death shock 1� j occurs after an individual makes the decisions
on consumption, asset holding, and labor supply. Therefore, there will be some
accidental bequest left over in the economy at the end of each period. We assume
that the government collects all these accidental bequests and redistributes them to
all the live individuals, in a lump-sum fashion: beq describes this lump-sum transfer
from the government to individuals.

Although facing a stochastic income risk in every period, an individual is not allowed
to borrow, which mimics the severe �nancial constraint the Chinese consumers faced.
In other words, we have

aj+1 � 0:
There is no private insurance market. Therefore, each individual has to self-insure
through asset accumulation. The model thus is in the spirit of the incomplete market
model as laid out in Huggett (1993), Aiyagari (1994), and Imrohoroglu, Imrohoroglu,
and Joines (1995).

C Social Security

Combining the unique features in the Chinese pension system (for details, see Appen-
dix VII.B), we model the social security system in the economy in the following way.
The system is in the spirit of pay-as-you-go (PAYG) in the sense that a working-
age individual pays a payroll tax � ss in exchange for retirement bene�ts b upon
retirement. The de�ned bene�t formula for an retiree of age j who retires at time
t� (j � JR) (and the current calendar time being year t) is given by

SSj;t = �
�
�Ej;t + (1� �)Qj

�
; (14)
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where � represents the target replacement ratio and

�Ej;t =

PJR�1
p=1

P
a

P
� �p�j(a; �)wt"p�p (1� lp)PJR�1

p=1 �p

captures the indexed social average wage at time t. On the other hand, the AIME
part of the formula is captured by Qj, which is given by

Qj=

PJR�1
i=1

P
� wt�j+i"i�i (1� li)

JR � 1
:

Qj is the individual�s lifetime average wage. Notice that Qj is not indexed by age or
calendar time, which indicates that once an individual reaches retirement age, the
AIME part of the social security bene�ts is �xed and not indexed at all. The weight
� measures the importance of the indexed social average wage in the determination
of the social security bene�ts. Unlike the government in the U.S., as described in
Imrohoroglu et al. (1995), in this model economy the government can manipulate
two policy instruments: � and �. Other things being equal, a lower � can reduce
the government�s �scal burden due to the social security. So does a lower �. There-
fore the formula in Equation (14) captures the spirit of the radical pension reforms
summarized in Appendix VII.B.

D Production

At each time t, the representative �rm produces output Y using aggregate capital
K and labor N as inputs according to a constant-returns-to-scale Cobb�Douglas
technology

Yt = K�
t (AtNt)

1��;

where At = A0(1 + g)
t represents labor-augmenting technological change at period t

and g is the average growth rate of technical change. The capital K follows the law
of motion

Kt+1 = (1� �)Kt + It;

where It denotes capital investment.

The �rm wants to maximize pro�ts, which leads to the following �rst order conditions
that determine the real wage and the net real return to capital.

rt = �K��1
t (AtNt)

1�� � �; (15)

wt = (1� �)A1��t K�
t N

��
t :
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It is easy to show that in this economy, the average growth rate of the real wage is
g.

E The Individual�s Dynamic Programming Problem

According to the description above, an individual�s utility-maximization problem can
be expressed as the following (age-dependent) dynamic programming (DP) problem.
For an individual of working age (j = 1; 2; :::JR � 2), the DP problem is as follows:

V
�
aj; �j

�
= max

aj+1;cj ;lj

�
u (cj; lj) + � j+1EjV

�
aj+1; �j+1

�	
(16)

subject to

cj + aj+1 = (1 + r) aj + (1� � ss)w"j�j (1� lj) + beq; (17)

cj; aj+1 � 0; a0 = 0:

For an individual prior to retirement (j = JR � 1), we have

V
�
aj; �j

�
= max

aj+1;cj ;lj

�
u (cj; lj) + � j+1EjV (aj+1)

	
subject to the same budget constraint as in equation (17).

However, for a retiree (j � JR), the DP problem changes to

V (aj) = max
aj+1;cj

�
u (cj; 1) + � j+1EjV (aj+1)

	
(18)

subject to

cj + aj+1 = (1 + r) aj + SSj + beq; (19)

SSj;t = �
�
�Ej;t + (1� �)Qj

�
;

cj; aj+1 � 0; aJ = 0:

F Stationary Competitive Equilibrium

We de�ne the competitive equilibrium for the model economy in a steady state. The
equilibrium concept used here is the recursive competitive equilibrium as de�ned in
Imrohoroglu et al. (1995).
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De�nition 1 A stationary competitive equilibrium consists of individuals�decision
rules

�
Cj
�
aj; �j

�
; Aj

�
aj; �j

�
; Lj

�
aj; �j

�	
, the �rm�s production plans fK;Ng, fac-

tor prices fw; rg, social security bene�t SS, lump-sum transfer beq, and age-dependent
(but time-invariant) distributions of individuals �j(a; �) for each age j = 1; 2; :::; J ,
such that

1. The decision rules solve the individuals� recursive optimization problems de-
scribed in Section III.E.

2. The factor prices solve the �rm�s pro�t-maxmization problem, as in equation
(15).

3. The factor markets clear.

K =
X
j

X
a

X
�

�j�j(a; �)Aj (a; �) ; (20)

N =

JR�1X
j=1

X
a

X
�

�j�j(a; �)"j�j(1� Lj (a; �)): (21)

4. The goods market clears.

5. The evolution of the distributions follows

�j+1(a
0; �0) =

X
a:a0=Aj(aj ;�j)

X
�

�j(a; �):

6. The social security system is self-�nancing.

� ss=

PJ
j=JR

�jSSjPJR�1
j=1

P
� �jwj"j�j (1� lj)

: (22)

7. The lump-sum transfer is determined by

beq =
X
j

X
a

X
�

�j�j(a; �)(1�  j+1)Aj (a; �) :
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IV CALIBRATION

We calibrate the model to match the Chinese economy before the 1997 pension
reform. Our calibration strategy is to choose common parameters that are widely
used in the literature and estimate others using micro-level survey data. We calibrate
the remaining �deep� preference parameters to match the long-run ratios in the
Chinese economy before 1997.

The model period is one year: j = 1 corresponds to age 20 in real life, and JR = 41
corresponds to the mandatory retirement age, which is 60. We set J = 71, which
corresponds to age 90 in real life. The conditional survival probabilities f jgJj=1
are taken from the Chinese Census 1995 as shown in Figure 8. We calibrate the
population growth rate n = 2:5% to match the urban old age dependency ratio in
1995. Since an individual enters into the model at age 20, one way to interpret the
population growth rate n here is that it represents the growth rate of the adult urban
working age population. It is much higher than China�s natural population growth
rate because it incorporates the migration to urban areas from rural areas.

The conditional survival probability f jgJj=1 and calibrated population growth rate
n jointly determine the age structure in the model as in equation (11). Figure 3
shows that the benchmark model replicates the data of the age structure in 1995
very well.

On the endowment side, we estimate the age-dependent e¢ ciency pro�le f"jgJR�1j=1

from CHNS data.14 Figure 4 shows the pro�le. We estimate the idiosyncratic income
shock � from the CHNS data (using four waves of CHNS before 1997, namely, 1989,
1991, 1993 and 1997) following the method outlined in Heathcote, Perri and Violante
(2010).15 The estimation yields � = 0:84 and �2� = 0:055. We then discretize the
AR(1) process into a �ve-state Markov chain using the method proposed in Tauchen
(1986).16

On the technology side, we set the capital income share � = 0:50 and the depreciation
rate � = 10%, in order to be consistent with Chinese data.17 We also set the wage

14See Appendix C.3 for details.
15See Appendix C.4 for details.
16We ignore the innovation to transitory income shock for simplicity in our quantitative exercises.

If we include the estimated innovation to transitory income shock �2v in the model (see Appendix
C.4), our quantitative results in Section V are only slightly changed.
17The share of capital, in the Chinese data, is in the range from 0.4 to 0.5. And the depreciation
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Table 5: Model Parameters Taken from the Literature or Estimated from the Data
Description Parameter Value

Demographics
Ages j=1; JR=41; J=71 age=20; 60; 90
Con. survival prob. f ig Census 1995
Pop. growth rate n 0:025
Endowment
Age-e¢ ciency pro�le f"ig CHNS
Var of innovation to shock �2� 0:055
Autocorrelation coe¢ cient � 0:84
Technology
Capital share � 0:5
Depreciation rate � 0:1
Wage growth rate g 0:058
SS policy
SS replace. ratio � 0:75
SS indexation degree � 1

growth rate g = 5:8%, which is taken from Ge and Yang (2014). They use UHS data
to estimate that number.

On the pension system, to be consistent with the system before 1997, we set the
replacement ratio � = 75%, which is about the average replacement ratio before 1997
in Figure 10. We set the degree of indexation in the social security bene�t formula
� = 100%. The social security payroll tax � ss is determined in the equilibrium as in
equation (22).

Table 5 summarizes all parameter values mentioned so far.

The period utility function u (c; l) is taken the Constant Relative Risk Aversion
(CRRA) form as follows.

u (c; l) = u(c; l) =
[c
l1�
 ]

1��

1� �
:

The three �deep�parameters governing preferences, namely, �, 
 and �, are cali-
brated to match three moment conditions simultaneously, i.e., the average household

rate is in the range from 0.05 to 0.10. See Bai et al. (2006).
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Table 6: Calibrated Model Parameters
Parameter Target Source

Discount rate � = 1:044 saving rate = 15:5% 1990�97 average
CRRA coe¤. � = 2:8 IES = 0:5 Commonly used
Consum. weight 
 = 0:41 Av. Hours Ratio = 0:379 1997 CHNS

saving rate 15.5% for 1990�1997, the average working hours ratio (as the share of
discretionary time) 0.379 in 1996 (data are taken from 1997 CHNS, which asks the
weekly working hours in the previous year, i.e., 1996), and the intertemporal elas-
ticity of substitution (IES) 0.5.18 The calibrated parameters are shown in Table
6.19

V QUANTITATIVE RESULTS

In this section, we show the simulation results of our quantitative exercise.

We do three quantitative experiments here. Our �rst experiment inputs the demo-
graphic change and pension reforms simultaneously into the benchmark model. We
do so by changing the conditional survival probability f ig from the 1995 level to the
2010 level, as shown in Figure 8, and also changing the replacement rate � from 75%
to 60% and the weight of indexed social average wage � in the de�ned bene�t formula
from 100% to 60%. In other words, the pension reform here is a combination of the
1997 and 2005 reforms.20 To make the model closer to reality, we also re-estimate
the income process for the period after 1997 using the �ve waves of CHNS data after
1997.21 Our estimation shows that after 1997, the AR(1) coe¢ cient � of the labor
income process for urban Chinese workers decreased slightly from 0.84 to 0.83, while
the variance of innovation to permanent income shock �2� increased signi�cantly from

181997 CHNS reports that average weekly hours worked per worker is 42.15 hours. We calculate
the share of working hours out of weekly discretionary time to be 42:15=(7� 16) = 0:379.
19Notice that given our utility function and calibrated parameter values, the Frisch labor elasticity

in the benchmark economy is equal to l�

n�
1�
(1��)

� = 1:02, which is in the range of plausible values
that empirical studies have found.
20To be more precise, we do not include the �enterprise pension�in the model since its coverage

is very limited. Our model does include pillars I and III, which are the two main pillars of the
current Chinese urban pension system.
21The four waves of CHNS data we used are 2000, 2004, 2006, 2009 and 2011.
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Table 7: The Design of Quantitative Policy Experiments
Demographics Pension Income Shock

f ig � � � �2�
Initial Steady State (Benchmark) Census 1995 0.75 1 0.84 0.055
I. Final Steady State (All Changes) Census 2010 0.6 0.6 0.83 0.075
II. Pension Reform Census 1995 0.6 0.6 0.84 0.055
Partial Indexation Census 1995 0.75 0.6 0.84 0.055
Replacement Ratio Reduction Census 1995 0.6 1 0.84 0.055
III. Demographic Change Census 2010 0.75 1 0.84 0.055

0.055 to 0.075. This re�ects the fact that income uncertainty has been increasing
after 1997 since the SOE reform, which begun in 1997, broke the �iron rice bowl�
for urban workers.22 Except for implementing these three changes, we keep all other
parameters unchanged from Tables 5 and 6 in the scenario. We call this policy ex-
periment the ��nal steady state (all changes).� In other words, we are comparing
two steady states: the benchmark economy (initial steady state) vs. an economy
with the implementation of both rapid aging and a pension reform (the �nal steady
state). We believe that this exercise captures the impact on the benchmark economy
of both the rapid aging and the pension reforms from a long-run perspective.

However, we also want to decompose the impact from rapid aging and pension re-
forms separately. Our second experiment only changes � and � to 60% and 60%,
respectively, from the benchmark model, while keeping all other parameters in Table
5 unchanged. In other words, we isolate the impact of the pension reform. We call
this scenario the �pension reform.�Our third experiment is only changing f ig from
the 1995 level to the 2010 level, while keeping all other parameters unchanged from
the benchmark model in Table 5. By doing so, we isolate the e¤ect of the rapid
aging. We call this case the �demographic change.�Table 7 summarizes the designs
of the three experiments.

Before we show the results from these three experiments, we want to emphasize two
things. First, the average moment conditions we are using to compare the model per-
formance with the data are all cross-sectional averages (e.g., average working hours
ratio). Yet, our model is a life-cycle model. Therefore we need to convert the model-

22Ding and He (2016) also �nd that the idiosyncratic permanent income shock has increased
signi�cantly after the late 1990s, using the UHS data. For a description of the SOE reform, please
see He, Huang, Liu, and Zhu (2018).
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generated life-cycle pro�les to cross-sectional ones by appropriately detrending. And
we do so. Second, following Imrohoroglu et al. (1995), we adopt two measures of
welfare. First, we compute the expected discounted lifetime utility of a newborn by

W =

JX
j=1

X
a

X
�

�j�1�j(aj; �j)

�
jQ
i=1

 i

�
u
�
Cj
�
aj; �j

�
; Lj

�
aj; �j

��
(23)

under di¤erent policy experiments. Second, we use the standard method of consump-
tion equivalence (CEV) to compute what would be the lump-sum compensation in
consumption required to make sure a newborn is indi¤erent between living in the
benchmark (initial steady state) economy and living in the economy with the policy
change. More speci�cally, de�ne

W p =
JX
j=1

X
a

X
�

�j�1�pj(aj; �j)

�
jQ
i=1

 pi

�
u
�
Cpj
�
aj; �j

�
; Lpj

�
aj; �j

��
to be the expected discounted lifetime utility of a newborn under the policy regime
p (p = I; II; III as in Table 7). Then CEV is that � such that

W p =
JX
j=1

X
a

X
�

�j�1�benchj (aj; �j)

�
jQ
i=1

 benchi

�
u
�
(1 + �)Cbenchj

�
aj; �j

�
; Lbenchj

�
aj; �j

��
holds. If � > 0, policy change p is welfare improving; otherwise, it brings about a
welfare loss.23

A The Final Steady State

We show the results of the scenario ��nal steady state,�which incorporates the rapid
aging and pension reforms jointly, in the second column of Table 8.

We see that with both rapid aging and pension reform, in the �nal steady state,
the social security tax rate � ss decreases from around 14% in the benchmark case to
11% in the ��nal�scenario due to the dramatically reduced generosity of the pension
system. Both the labor supply and the capital-output ratio signi�cantly increase, by

23Notice that for the policy experiments ��nal steady state� and �demographic change,� the
conditional survival probability  pj and associated age share �

p
j is di¤erent from the  j and �j in

the benchmark case and the �pension reform�scenario.
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5% and 8.7%, respectively. As a result, output increases 16% from the benchmark
level. Consumption also increases by 5.6% in the long run.

Note that by construction, our benchmark model matches the average household
saving rate in the initial steady state, which is 15.4% in the model. Table 8 shows
that the rapid aging and pension reforms jointly would raise the average saving rate
by 4.7% to the level of 20% in the long-run. Comparing the initial and �nal steady
states, the average household saving rate increases about 30.2%.

Finally, the welfare analysis in Table 8 shows that the welfare for the whole econ-
omy declines after rapid aging and pension reforms. The expected life-time utility
decreases about 7.4%. The CEVmeasure also shows a similar magnitude of decline.24

B Decomposition Exercises

B.1 Decomposing Rapid Aging and Pension Reforms

To isolate the e¤ects of the rapid aging from those of the pension reforms separately,
we conduct two decomposition exercises, namely �pension reform�and �demographic
change.�The results are shown in the third and sixth columns of Table 8.

Compared to the benchmark model, we �nd that pension reforms increase the labor
supply and capital accumulation more signi�cantly than rapid aging does. As shown
in Table 9, pension reform alone increases the labor supply and saving rate by about
3% and 29%, respectively, compared to the benchmark case; for demographic change
alone, the changes are 3.2% and 3.6%, respectively.

Why do pension reforms have a more signi�cant impact on savings than does rapid
aging? To hedge against the declining replacement ratio and gloomy future for one�s
own old-age support, an individual would like to save more. This mechanism is also
reinforced by the signi�cant decline in the payroll tax rate from 13.8% to 9.5% in
the scenario, since it increases disposable income. In contrast, rapid aging produces
two competing e¤ects: the composition vs. the life expectancy e¤ects on savings.

24Our benchmark model also generates measures of inequality which are reasonably close to the
Chinese data. Using the UHS data, Ding and He (2016) report the average Ginis of earnings,
disposable income, and total consumption for 1990�1997 to be 0.29, 0.28, and 0.29. Those Ginis in
our model are 0.34, 0.32, and 0.21, respectively.

©International Monetary Fund. Not for Redistribution



37

Table 8: Quantitative Results of Five Policy Experiments
Initial Final Pension Reform Demo.

(Benchmark) (All Changes) Overall Partial Replace Ratio Change
Indexation Reduction

SS tax rate 13:82% 10:98% 9:47% 11:82% 11:06% 16:28%
Av. hours 0:379 0:398 0:390 0:383 0:385 0:391
K=Y 2:474 2:689 2:585 2:529 2:533 2:532

Saving rate 15:4% 20:0% 19:8% 18:2% 17:3% 15:9%
Output 1:271 1:474 1:372 1:318 1:327 1:303

Consumption 0:691 0:730 0:718 0:704 0:707 0:684
Exp. life U �63:54 �68:24 �62:50 �62:92 �62:86 �71:09
CEV � �9:32% +2:28% +1:35% +1:49% �14:26%

Rapid aging leads to a shift of age structure in the economy towards the elderly. The
elderly work less and save less. Therefore, the composition e¤ect tends to reduce
the saving rate. On the other hand, given that the retirement age does not change,
which is the case in China, rising life expectancy implies one would have a longer
time period living in retirement. Therefore one needs to save more while working to
prepare for a longer retirement period. The life expectancy e¤ect thus tends to raise
the saving rate. The two competing e¤ects lessen the impact on the saving rate.
In addition, rapid aging also puts pressure on the pension system. The equilibrium
social security tax rate has to increase from 13.8% to 16.3% under the �demographic
change�scenario, which further reduces the saving rate through the income e¤ect.

The two changes, however, have a quite di¤erent implication for the welfare of the
whole economy. As shown in Table 8, pension reforms alone bring about a wel-
fare gain compared to the benchmark economy. This welfare gain is equivalent to
about 2.3% of the CEV. In contrast, rapid aging alone brings a signi�cant welfare
loss, equivalent to 14.3% of the CEV. This welfare loss mainly comes from lower
consumption compared to the benchmark level, which is caused by a higher payroll
tax rate in the �demographic change�case which signi�cantly lowers an individual�s
disposable income.25

25The welfare loss from the �demographic change� case might also come from the composition
e¤ect in the sense that rapid aging shifts the age structure in society towards older people, while
their utility is more heavily discounted in calculating social welfare.
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Table 9: Saving Rate and Labor Supply: Comparing Steady States
Initial Final Di¤erence 4%

All changes
Labor supply 0:379 0:398 0:0192 5:1%
Saving rate 15:4% 20:0% 4:65% 30:2%

Pension reform
Labor supply 0:379 0:390 0:0112 3:0%
Saving rate 15:4% 19:8% 4:42% 28:7%
Partial indexation
Labor supply 0:379 0:383 0:0048 1:3%
Saving rate 15:4% 18:2% 2:81% 18:3%
Replacement ratio reduction
Labor supply 0:379 0:385 0:0068 1:8%
Saving rate 15:4% 17:3% 1:87% 12:2%

Demographic change
Labor supply 0:379 0:391 0:0121 3:2%
Saving rate 15:4% 15:9% 0:55% 3:6%

B.2 Further Decomposing Pension Reforms

In the analysis above, we combined the 1997 and 2005 pension reforms in China into
one policy change scenario, by lowering the replacement ratio � and reducing the
degree of indexation � in the pension bene�t formula simultaneously. However, the
changes in the two policy instruments might have di¤erent impacts on the household
saving rate and labor supply. A 100% indexation of pension bene�ts (i.e., � = 100%)
and lowering � from 75% to 60% a¤ects an individual�s expectation of future income
in retirement. In order to smooth consumption over the life-cycle, that individual has
to save more and/or work longer today. This is precisely the consumption smooth-
ing mechanism highlighted in the permanent income hypothesis (PIH) theory. In
contrast, given that the replacement ratio is �xed at 75%, reducing the degree of
indexation � from 100% to 60% reduces a retiree�s access to risk-sharing from the
whole society�s redistribution pool.26 In particular, since China is a fast growing
economy, reducing � limits an individual�s ability to share the �growth dividend�
since the provincial average wage ( �Ej;t in equation 14) will continuously grow over
time while a retiree�s life-time average wage (Qj in equation 14) remains constant

26We thank Alex Ludwig for pointing out this important di¤erence.
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once the individual retires. With limited access to risk-sharing, an individual might
tend to save more and/or work longer to hedge against this limitation. In addition,
decreasing v from 100% to 60% puts more weight on the individual�s own life cycle
average wage for pension bene�ts. Therefore it might also strengthen the incentive
to work more, since if one works harder during one�s working life, the pension bene�t
will increase. We thus further decompose the impact of these two di¤erent aspects
of the pension reforms on the household saving rate and labor supply. The fourth
and �fth rows of Table 7 show the design of these two additional experiments. The
fourth and �fth columns of Table 8 and the �fth to eighth row of Table 9 report the
results.

We see that keeping v = 100%, changing the replacement ratio � from its pre-1997
level of 75% to its post-reform level of 60% (�replacement ratio reduction�) alone
increases the labor supply slightly in the long run by 1.8% (seventh row in Table 9).
However, this channel by itself raises the average saving rate by 12.2% (eighth row
in Table 9), from 15.4% in the initial steady state to 17.3% in the �nal steady state
(�fth row in Table 8). On the other hand, keeping � = 75%, and changing � from its
pre-1997 level of 100% to its post-reform level of 60% (�partial indexation�) alone
increases labor supply in the long-run by only 1.3% (�fth row in Table 9). However,
its impact on the saving rate is signi�cant. The consumption smoothing channel
alone raises the average saving rate by 18.3% in the long run (sixth row in Table 9).

B.3 Robustness Check

In this section, we would like to test whether our main results in Section V would
change signi�cantly or not by further taking out the e¤ect of changes in taxation.
In our model, since the pension system is self-�nancing, the payroll tax rate � ss has
to adjust accordingly in each policy scenario to balance the government�s budget
constraint. Therefore, as shown in Table 8, the tax rate � ss varies quite signi�cantly
across di¤erent cases. One thus might wonder whether the results shown in Tables
8 and 9 might be driven (at least partly) by the endogenous changes in taxation.

To eliminate the possible impact of the changes in taxation, we manually �x the
payroll tax rate � ss to be at the level in the pre-reform benchmark model, i.e.,
13.82% for all policy scenarios. To balance the government�s budget constraint, we
add an additional term, government expenditure G, in the budget constraint to make
sure the constraint is adjusted. One way to think about this term is to view it as
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a lump-sum tax/transfer which would not bring any distortion to the economy via
a tax. We then recalibrate the model and redo the exercises in Sections V.A and
V.B. To save space, we do not report the results here. But the results show that
taking out the distortion from changes in taxation does not signi�cantly change our
benchmark results. Demographic change and pension reform together, in the �nal
steady state, increase the household saving rate by 29.7% and the labor supply by
5.04% compared to the initial steady state. Both are very close to the numbers in the
baseline model as in Table 9. The decomposition exercises also show similar results
compared to the ones in the same table.

C The Importance of Labor Supply

Our quantitative results so far suggest that the pension bene�t uncertainty and
longevity risk have a much more signi�cant impact on the household saving rate than
on the household labor supply. Does this mean the labor supply is not an important
instrument to self-insure against those risks? We answer this question by carrying
out an additional quantitative experiment. In this experiment, we recalibrate and
redo the quantitative exercises in Sections V.A and V.B. However, we �x the labor
supply for the working age population (ages 20�59) at its level in the initial steady
state, which is 0.379. Therefore, an individual can no longer to use the labor supply
to hedge against risks over the life cycle.

Table 10 shows the results of comparing steady states for di¤erent scenarios. The
�rst column shows the average saving rate for the initial steady state. The second
column shows the ones for the �nal steady state when both demographic change
and pension reforms take place and the economy settles down in the long run. The
third column is the di¤erence between the two steady states. The fourth column
measures the rate of change on the saving rate from the initial to the �nal steady
state. For comparison, we also report the rate of change on the saving rate from
the benchmark model (with �exible labor supply) in the �fth column. We see that
with a �xed labor supply, an individual has to rely on the adjustment via the saving
rate to hedge against longevity risk and changes in pension system. Therefore it is
not surprising to see that the model generates much more signi�cant changes in the
saving rate than it generates in the benchmark model with �exible labor supply. The
average household saving rate increases by 43.3% in the long run compared to 30.2%
in the benchmark case. This exercise shows that ignoring the labor supply would lead
to a signi�cant over-estimation of the importance of precautionary saving in insuring
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Table 10: Saving Rate and the Labor Supply: Comparing Steady States with Fixed
Labor Supply

Initial Final Di¤erence 4% Benchmark
All changes
Saving rate 15:5% 22:2% 6:73% 43:25% 30:2%

Pension reform
Saving rate 15:5% 20:8% 5:28% 33:93% 28:7%
Partial indexation
Saving rate 15:5% 18:6% 3:14% 20:18% 18:3%
Replacement ratio reduction
Saving rate 15:5% 17:7% 2:20% 14:14% 12:2%

Demographic change
Saving rate 15:5% 16:3% 0:84% 5:4% 3:6%

against uncertainties. Further decomposition exercises also yield a similar message.
This is the point made by Low (2005) and Pijoan-Mas (2006). But both papers refer
to the self-insurance role of the labor supply�s responding to idiosyncratic income
shocks, whereas here we �nd a similar role that the labor supply plays in response
to longevity risk and changes to the pension system.

D Changes in the Saving Rate and the Labor Supply Across Ages

Since our model is based on an overlapping generations framework, the exercises in
Sections V.A and V.B can also provide predictions about the changes in the saving
rate and labor supply when responding to rapid aging and pension reforms across
ages.27

Figure 5 show the percentage changes of the model-predicted household saving rate
under the three policy change scenarios in Table 7 compared to the saving rate in the

27Our pre-reform economy matches the data for the urban household saving rate by ages (e.g.,
UHS 1995) fairly well and it captures its hump-shape. However, our model fails to capture the �U�
shape of the household saving rate by ages after 1997 that is emphasized in Chamon and Prasad
(2010) and Yang and Song (2010). A possible reason is that we do not model the dramatic fertility
rate change in China due to the �one child policy.�Therefore the model cannot capture the so-called
dependent children e¤ect that is emphasized in Curtis, Lugauer and Mark (2015), which postulates
that for relatively young households, less children make households devote a smaller share of their
income to support dependents and therefore have more to save.
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pre-reform benchmark economy for working age. Figure 5 shows that for most ages
before 35, both the �pension reform�and the �demographic change�cases generate a
lower household saving rate compared to the benchmark economy. And the decrease
in the saving rate under the �pension reform� scenario is much bigger. This is
because the increase in capital accumulation under the �pension reform� is much
stronger than that under the �demographic change�case. Therefore the equilibrium
interest rate is much lower under the �pension reform� scenario than that for the
�demographic change�case. A lower interest rate discourages saving, especially for
young ages. However, after age 40, the saving rate starts to increase compared to
the saving rate in the benchmark economy, driven by the responses to both longevity
risk and pension bene�t uncertainty. The changes in savings driven by the pension
reform increase dramatically when one is close to retirement age, and they peak at
age 59, one year before the mandatory retirement.

Figure 6 reports the changes in the saving rate after age 60 compared to the one in
the initial steady state. After retirement at age 60, the increase in the saving rate
is mostly driven by the change in household saving behavior responding to rapid
aging. Further decomposing the impact from the pension reform shows that the
�replacement ratio reduction�has little impact on changes in the saving rate after
age 60; while the �partial indexation� drives the increase in the saving rate after
age 60, but not as much as the demographic change. The reason is because the
�replacement ratio reduction�only a¤ects the magnitude of the pension bene�ts for
retirees. But the pension bene�t is not a function of the retiree�s age under the
scenario (i.e., at time t, no matter what their age is, every retiree receives the same
amount of pension bene�t). In contrast, �partial indexation�makes the pension
bene�t to be a decreasing function of the retiree�s age. As we analyzed before,
�partial indexation�causes retirees to enjoy less the �growth dividend�and hence
induces less risk sharing. As a retiree lives longer, the e¤ective replacement ratio
for the bene�ts gets smaller. That is why retirees have to respond by increasing
their saving rate with age. In summary, Figures 5 and 6 show that the impact of
rapid aging and pension reform on saving rates is more pronounced for relatively old
individuals. And the impact increases with age.

Figure 7 shows the percentage change in the labor supply compared to the pre-
reform benchmark economy for working age individuals. The labor supply under the
�demographic change� case is higher than that in the benchmark economy across
the entire working age, which shows that the life expectancy e¤ect dominates the
composition e¤ect uniformly across working ages. And the increase is bigger as
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Figure 5: Changes in Savings Rate Compared to Benchmark: Working Age
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Figure 7: Changes in Labor Supply Compared to Benchmark

the age increases. The labor supply under the �pension reform� scenario is lower
than that in the benchmark economy until the early 30s. It then starts to exceed
the pre-reform level and increases signi�cantly. After age 40, the increase in the
labor supply due to the pension reforms even exceeds that due to longevity risk,
which con�rms the main point made in Erosa, Fuster and Kambourov (2012). They
link government programs such as pensions to the labor supply and �nd that social
security rules account for the bulk of cross-country di¤erences in labor supply late
in the life cycle.

In conclusion, during the working life, the impact of rapid aging and pension reform
on the saving rate and labor supply increases with age. On the other hand, the
increase in the saving rate after retirement is dominated by the rapid aging. The
changes in the labor supply are limited to the working years, whereas the changes
in the saving rate are over the whole life cycle. Furthermore, the increase in the
saving rate gets bigger with age. At age 65, the average household saving rate in the
baseline case is already 1.5 times higher than its pre-reform level. This is the reason
why the pension bene�t uncertainty and longevity risk have a much more signi�cant
impact on the household saving rate than on the household labor supply.
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E The Transition Path

By comparing the initial and �nal steady states, the quantitative exercises we have
done so far answer the �rst research question raised in the Introduction: how would
changes in longevity risk and pension bene�ts a¤ect quantitatively households�sav-
ings and labor supply on the aggregate level and over the life cycle in the long run?
However, in order to answer the second question, to what extent do the rapid demo-
graphic changes and pension reforms contribute to the increasing household saving
rate and labor supply in urban China after 1997, we cannot take any recent year,
e.g., 2010 as a �nal steady state since it is obviously not a steady state for a fast
growing transition economy like China. To more accurately address the question,
we are going to assume that the �nal steady state for the Chinese economy will be
reached in the far future. The timing of the �nal steady state should be far enough
so that even the youngest cohort born after the implementation of the pension re-
form would surely die. We do so to guarantee that the direct impact of the pension
reform over time would not be interrupted by the ad hoc choice of timing of the �nal
steady state. We thus pick the transition length to be T = 90, so that cohorts born
before the 1997 pension reform and 20 cohorts after 1997 would surely die before the
�nal steady state arrives. Therefore the timing of the �nal steady state would never
intervene in the decisions made by all living cohorts for the time period in which we
are interested.

We again assume that the Chinese economy was in an initial steady state before
the 1997 pension reform, and calibrate the model economy to match the Chinese
economy in 1995, as we did in Section IV. We then assume that the pension reform
(reducing � from 75% to 60% and � from 100% to 60%) is implemented in 1997.
Therefore the pension reform is a �once for all�policy change. For the demographic
change, we extrapolate the survival probabilities f jgJj=1 on an annual basis from
1995 to 2010 using the Chinese census data. We assume that f jgJj=1 stays constant
after 2010 until the �nal steady state. We put the resulting time-varying survival
probabilities f jtgJj=1

��1997+T
t=1997

into the model and solve for the transition path from
the initial steady state to the �nal steady state.

Based on the input time-varying survival probabilities f jtgJj=1
��1997+T
t=1997

, we compute
the transition path and truncate the model-generated variables to 1995�2010 and
compare them with the data. We also do the decomposition exercises in Section V.B
over the transition path. Table 11 summarizes the results.
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Table 11 shows that the rapid aging and the pension reform together contribute
about 55.4% of the increase to 2009 in the aggregate household saving rate from its
average level before 1995, as observed in the data. However, their impact on the labor
supply is even bigger. Together, they capture about 64% of the increase in the labor
supply for the time period 1996�2010 as observed in the data. The decomposition
exercises show that the rapid aging alone accounts for about 11.2% of the increase in
the household saving rate; while the explanatory power of the pension reform with
regard to the saving rate is much bigger. It alone accounts for about 40.6% of the
increase in the household saving rate over 1995�2009. The pension reform alone also
accounts for about 41% of the increase in the labor supply from 1996 to 2010; while
the demographic change contributes about 36%.

Our empirical analysis in Section II.B shows that by reducing the degree of indexation
of pension bene�ts from 100% to 60%, the 2005 pension reform increases the labor
supply by 1.5 hours28 and raises the household saving rate by 6.7%. The �partial
indexation� exercise in Table 11, which captures the essential spirit of the 2005
reform, predicts that the labor supply increases by 0.006, which converts to 0.672
hours. On the other hand, the household saving rate increases by 3.0 percentage
points in the �partial indexation�scenario. Since our empirical analysis might not
perfectly identify the impact of the 2005 reform, and hence those numbers might
be the upper bound of the actual impact of the 2005 pension reform on the labor
supply and saving rate, we judge that our model prediction is reasonably close to
the ones obtained in the empirical analysis (and lower as expected). We view this as
an alternative validation of our theoretical model.

VI CONCLUSION

This paper studies, both empirically and quantitatively, the roles played by savings
and the labor supply as self-insurance channels over one�s life cycle when one faces
not only idiosyncratic income risks, but also changes in longevity risk and pension
bene�ts. We pick China as a case study because since the 1990s, China has under-
gone rapid aging. Meanwhile, the pension system in China was also fundamentally
reformed in the late 1990s, becoming signi�cantly less generous and with a tremen-

28CHIPs 2002 shows the average weekly working hours for urban workers is 44.2 hours. Results
in Table 1 (column 4) shows that the 2005 pension reform would incrase labor supply by 3.4%.
44:2� 3:4% = 1:5.
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Table 11: The Savings Rate and Labor Supply: Transition Path
Data Model Explained

1995 2009 change 1995 2009 change Proportion
All changes
Labor Supply 0:379 0:408 0:029 0:379 0:397 0:019 64:0%
Saving rate 15:5% 28:17% 12:67% 15:4% 22:4% 7:0% 55:4%

Pension reform
Labor Supply 0:379 0:408 0:029 0:379 0:390 0:012 40:9%
Saving rate 15:5% 28:17% 12:67% 15:4% 20:6% 5:2% 40:6%

Partial indexation
Labor Supply 0:379 0:408 0:029 0:379 0:384 0:006 19:3%
Saving rate 15:5% 28:17% 12:67% 15:4% 18:4% 3:0% 23:4%

Replacement ratio reduction
Labor Supply 0:379 0:408 0:029 0:379 0:385 0:007 24:1%
Saving rate 15:5% 28:17% 12:67% 15:4% 17:6% 2:2% 17:2%

Demographic change
Labor Supply 0:379 0:408 0:029 0:379 0:389 0:011 36:1%
Saving rate 15:5% 28:17% 12:67% 15:4% 16:8% 1:4% 11:2%

dous change in the social security bene�ts formula until 2009. We �nd that both
savings and the labor supply are quantitatively important self-insurance channels in
responding to changes in longevity risk and pension bene�ts. The magnitude of the
responses increases with age, and the responses via adjustment to savings and labor
supply have signi�cant macroeconomic implications.

Applying the model to China, we �nd that the rapid aging and the pension reforms
together contribute 55% of the increase in the household saving rate from 1995 to
2009, and they jointly capture about 64% of the drastic increase in the labor supply
for the same period. The exercise shows that the impact of the demographic change
and the pension reform on the aggregate household saving rate and labor supply in
urban China has an importance of the �rst order. Further decomposition exercises
show that the associated changes in pension bene�ts due to the pension reform alone
contributed about 41% of the increase in the household saving rate and 41% of the
increase in the labor supply over this time period. At the same time, the rapid aging
contributed more to the increase of the labor supply than to that of the saving rate.
It alone contributed about 36% of the increase in the labor supply but only 11% of
the increase in the household saving rate over that time period.
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VII APPENDIX

A Rapid Aging in China

China has been undergoing a dramatic change in demographic structure during the
1990s and 2000s. As shown in Figure 8 (data source: Chinese Census 1995 and
2010), the conditional survival probability is uniformly higher in 2010 than in 1995
in urban China. As a consequence, the average life expectancy of the Chinese peo-
ple increased from 68.55 years in 1990 to 74.83 years in 2010, about 6.3 years over
twenty years, which is far more signi�cant than that experienced by other major
countries.29 In a fast growing yet still developing country, this rapid aging phenom-
enon creates a severely increasing burden on old-age support. As shown in Figure
9 (data source: China Statistical Yearbooks), both measures, the population share
aged 65 and above, and the old-age dependency ratio, i.e., the ratio of those aged
65 and above to those of working age (16�64), in urban China increased signi�cantly
from 1995 to 2011. This trend is expected to continue in the future. According to
the UN population database, the share of those aged 60 and above in the population
will increase dramatically from 13.9% in 2013 to 32.8% in 2050.

B The Chinese Pension Reforms

Before 1997, the urban pension system was a part of the �iron rice bowl� for SOE
workers and government employees.30 It provided a very generous replacement ra-
tio for retirees, which was equal to roughly 80% of the pre-retirement year annual
provincial average wage income in the province where a worker retires (Sin 2005).
In exchange for this generous pension system, workers endured low wages. In this
sense, the pension system before 1997 can be viewed as a huge pay-as-you-go (PAYG)
framework in that the government taxed workers heavily (see Song, Storesletten,
Wang and Zilibotti 2015). The State Council Document No. 26� �Decision of the
State Council on Establishment of Uni�ed Basic Old Age Insurance System for En-

29According to data from the World Health Organization (WHO) and the World Bank, the U.S.,
Japan, and Germany experienced an increase in life expectancy of 3.9 years, 4.3 years, and 3.1
years, respectively, for 1960�80 (roughly a similar development stage as China for the 1990�2010
period).
30The rural population was not covered by the pension system until 1991. Since then, policies

have been conducted to extend the coverage to rural areas, but the e¤ort is still limited.
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Figure 9: Old Age Dependency Ratio in Urban China
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terprise Sta¤ and Workers�� was enacted in 1997. It aimed to radically reform the
old pension system and establish a uni�ed national pension system. At the heart
of the new system is the so-called �three-pillar�system. The �rst pillar consists of
two parts: a mandatory pay-as-you-go part, which is called the �social pool,�, and a
mandatory fully funded part, which is called the �individual account.�The �social
pool�imposes a contribution of 20% of the employee�s wages. It ensures that all the
employees who had worked and paid the contribution for more than 15 years would
receive the basic pension bene�t, aiming at a �xed replacement rate at retirement
and afterward of 35% of the local average wage. The �individual account�imposes
a contribution of 8% of the employee�s wage. The target replacement rate from this
tier is 24.2%, based on the assumption of 15 years of continuing contribution and a
monthly payment formula of dividing the accumulated amount plus investments by
120 after retirement. Therefore the total target replacement ratio for the �rst pil-
lar is around 60%.31 The second pillar is a voluntary contribution-based on old-age
insurance, that is �nanced either by the employers or by a mix of employer and em-
ployee payments, which is called the �enterprise pension.�32 The third pillar consists
of a voluntary complementary private savings account, which has no favorable tax
treatment. In this system, pillar I is the basic pillar and pillars II and III are both
supplementary (see Salditt, Whiteford, and Adema 2007). Table 12 summarizes the
�three-pillar�system.

Several other pension reforms followed the initial step in 1997, aiming at improving
the three-pillar system and dealing with the emerging pressure from the rapid aging.
Among them, perhaps the most important one was carried out by the State Council
Document No. 38� �Decision of the State Council on Improvement of Uni�ed Basic
Old Age Insurance System for Enterprise Sta¤ and Workers�� in 2005. The major
change in the 2005 reform was to adjust the formula for social security bene�ts.
Before the 2005 reform, the bene�ts were calculated by a multiplication of the target
replacement ratio by the local average wage at retirement. The 2005 reform states
that the bene�ts are to be calculated based on a weighted average of the local average
wage and the retiree�s life-cycle average monthly wage, which is similar to the average
indexed monthly earnings (AIME) in the US pension system. The weight for the

31The �individual account�in China remains only nominal in the sense that the government uses
the funds in the individual accounts to pay for current retirees�social security bene�ts. Therefore
the current practice of the �rst pillar in the Chinese pension system can be viewed as an integrated
PAYG system in which workers have to contribute 28% of their income, in exchange for receiving
social security bene�ts for retirement with a targeted replacement ratio of 59.2%.
32Since the second tier is voluntary and is subject to several regulatory restrictions, the coverage

rate of the �enterprise pension�in urban China remains low. See Salditt et al. (2007).
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Table 12: The Three Pillars of the Chinese Pension System

Contributions Bene�ts

Pillar I Part I 20% of employee�s wage target to 35% average monthly wages in province
(PAYG) (if work >15 years)

Part II 8% of employee�s wage Individual account, balance/120 at retirement
(Funded) target to 24.2% average monthly wage in province

Pillar II (Funded) Enterprise Pension Individual account

Pillar III (Funded) Employee�s Individual account
voluntary contributions

TOTAL 28% employee�s wage 59.2% of average monthly wages in province
+ voluntary contribution + voluntary pensions

Source: Salditt et al. (2007).

indexed local average wage in the bene�t formula varies across provinces, and it
is in the range from 40% to 60% (Sin 2005). Since the Chinese economy is a fast
growing economy with an average annual growth rate of about 9% during the 1990s
and 2000s, the local average wage follows the trend of economic growth and hence
that part of the social security bene�ts is indexed. However, a retiree�s life-cycle
average monthly wage is �xed at retirement and hence is not indexed. The change
in the bene�t formula therefore shifts a retiree�s social security bene�ts from 100%
indexation to a partial indexation. It is obvious that as a retiree lives longer, the
e¤ective replacement ratio for bene�ts gets smaller. By doing so, the government
further reduced its social obligation to pension bene�ts. In Figure 10, we calculate
the average national replacement ratio over time by dividing the current year�s social
security bene�ts per retiree by the current year�s per worker wage income. As shown
in the �gure, this ratio was close to 80% before 1999.33 It dramatically decreased to
45% in 2011.

It is worth mentioning that Chinese government recently has put e¤ort to strengthen

33The reason why the e¤ective replacement ratio did not decrease immediately after the 1997
reform is partially due to the time lag of the implementation of the reform, and partially due to the
fact that most retirees from 1997 to 1999 are so-called �old people,�and they continued to receive
their pension entitlements in accordance with the old de�ned bene�t formula, see Sin (2005) for
details on the transition of the Chinese pension reform.
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Figure 10: Average National Replacement Ratio in Urban China

social security bene�ts to both urban and rural households. In 2009, a pay-as-
you-go pension system (New Rural Social Pension Scheme) was established in rural
area. A basic pension scheme was introduced to non-working urban residents in 2010
as well (Zhang et al. 2018). Reforms have also made to increase pension bene�t
portability and reduce urban-rural divide (Shi 2012, World Bank 2013, Wingender
2018). Those reforms shall help to alleviate households�precautionary savings due
to lack of pension coverage.

C Data

In this appendix, we describe our main data source. We also provide a detailed
explanation of the estimation of the age-dependent e¢ ciency pro�le f"jgJR�1j=1 and
the idiosyncratic income shock �.

©International Monetary Fund. Not for Redistribution



53

C.1 The Urban Household Survey (UHS)

We use three main datasets in the paper. The �rst one is the annual Urban Household
Survey (UHS) conducted by the National Bureau of Statistics (NBS) of China. The
UHS is based on a probabilistic sample and strati�ed design, similar to that used in
the Current Population Surveys (CPS) in the U.S.. It provides detailed information
about income, consumption expenditures, as well as the demographic characteristics
of household members at the household level.

Our access to the UHS data covers the time period from 1986 to 2009. The number
of provinces and households covered varies with time. For example, for 2003�2009,
we have access to 16 provinces (Beijing, Shanxi, Liaoning, Heilongjiang, Shanghai,
Jiangsu, Anhui, Jiangxi, Shandong, Henan, Hubei, Guangdong, Chongqing, Sichuan,
Yunnan, Gansu) covering more than 30,000 households.

Following the literature (e.g., Chamon and Prasad 2010), we de�ne the savings of a
household as the di¤erence between disposable income and the consumption expen-
ditures of the household.

C.2 The Chinese Household Income Project Survey (CHIPS)

Our second household-level dataset is the Chinese Household Income Project (CHIP)
surveys. The surveys are conducted by the Chinese Academy of Social Science
(CASS) and the NBS through a series of questionnaire-based interviews done in
rural and urban areas in China in six di¤erent years: 1988, 1995, 2002, 2007, 2008
and 2013. The households in each survey are randomly selected following a strict
sampling process so that they are nationally representative. The surveys cover a
sample of about 15,000 to 20,000 households in about 10 provinces in China. The
surveys contain detailed data on the household�s economic status, employment, levels
of education, sources of income, composition, expenditures, and wealth. The CHIP
data have been frequently used in the empirical literature.

In the empirical analysis in Section II, we used the answers to question P147a (�How
many working days per month on average? (Excluding weekends)�) and P147b
(�How many hours per working day on average?�) in CHIPS 2002 and question C16
(�How many hours on average do you work at your current primary job per week?�)
in CHIPS 2007 to construct the weekly working hours. And we use the answers to
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question A181 (�Contribution to pension fund�) in CHIPS 2002 and question C03
(�Do you have pension insurance?�) to construct the pension dummy used in the
empirical analysis.

C.3 The China Health and Nutrition Survey (CHNS)

Our third dataset is the China Health and Nutrition Survey (CHNS). It is conducted
jointly by the Carolina Population Center at the University of North Carolina at
Chapel Hill and the National Institute of Nutrition and Food Safety at the Chi-
nese Center for Disease Control and Prevention. The survey is constructed with a
multistage, random cluster design, and it covers nine provinces (Guangxi, Guizhou,
Heilongjiang, Henan, Hubei, Hunan, Jiangsu, Liaoning, and Shandong). By now,
the data set has had nine waves: 1989, 1991, 1993, 1997, 2000, 2004, 2006, 2009 and
2011. The data cover approximately 4,400 households and 19,400 individuals that
are tracked over time. In the 2011 survey, the number of households increased to
about 5,700.

We use CHNS to obtain the data of average weekly working hours per worker used
in Figure 2. The number of weekly working hours is calculated based on the answers
to two questions: �C5: For how many days in a week, on average, did you work?�
�C6: For how many hours in a day, on average, did you work?�The average weekly
working hour is obtained by C5 � C6. We only focus on males aged 18 to 60 and
females aged 18 to 55 in the urban sub-sample.

C.4 The Stochastic Income Process

We estimate the stochastic idiosyncratic income risk � based on CHNS data since it
is the only panel data in China that allows us to estimate the income process. We
restrict the data to only include males aged 25�60 and females aged 25-55 in the
urban sub-sample, to be consistent with our empirical analysis in Section II.B. We
provide a detailed procedure for the estimation as follows:

Step 1: Take the logarithm of household labor income. We now observe Yit =
log(Wit), where Wit is the labor income of household i at time t.

Step 2: Run a Mincerian income regression Yit = f(Xit) + yit, where Xit is a set
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of demographic variables associated with the deterministic component of income,
which includes age, age2, sex dummies, wave dummies, province dummies, and a
series of dummies for the household head such as education, occupation, sectors of
employment, etc... Notice that now the age-e¢ ciency pro�le f"jgJR�1j=1 can be easily
estimated based on the coe¢ cients of age and age2.

Step 3: Obtain the residuals yit from the Mincerian regression. Treat the residuals
as the sum of permanent and transitory shocks

yit = �it + vit;

�it = ��it�1 + �it;

where �it is the permanent shock and vit is the transitory shock. We assume vit and
�it are i.i.d. and the associated variances are �

2
v and �

2
� , respectively. Therefore the

variance of �it is
�2�
1��2 .

We use the variance and covariance of yit to generate the moments for estimation

var(yit) = var(�it) + var(vit)

=
�2�

1� �2
+ �2� ;

cov(yit; yi;t�s) = cov(�it + vit; �i;t�s + vi;t�s)

= cov(�it; �i;t�s)

= �s
�2�

1� �2
:

Therefore, for T waves of data, we have T (T+1)
2

moments, which include T vari-
ances and T (T�1)

2
covariances. For example, for four waves (1989, 1991, 1993, 1997)

of the CHNS data, we have four variances: var(y1989), var(y1991), var(y1993), and
var(y1997) and six covariances: cov(y1989; y1991), cov(y1989; y1993), cov(y1989; y1997),
cov(y1991; y1993), cov(y1991; y1997), and cov(y1993; y1997).
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Step 4: We apply the equally-weighted minimum distance estimator to estimate the
permanent and transitory variances �2� , �

2
v and the persistency parameter � jointly

following Heathcote, Storesletten and Violante (2010).

To be consistent with our model speci�cation of the income shock in Equation (13),
we ignore �2v and only use � and �

2
� in the calibration.
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