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The means-testing of age pension programs allows governments to control the receipt of
pension benefits (extensive margin) and the benefit level (intensive margin). We
investigate how the presence of the extensive margin influences the trade-off between
protecting the poorer elderly and the economic costs of distorting incentives to work and
save of young individuals. The means-test effect via the extensive margin improves the
insurance aspect but introduces opposing impacts on incentives that potentially have
ambiguous welfare outcomes. We characterize combinations of the maximum pension
benefit and taper rate that balance the negative incentive effects and positive insurance
effects.

& 2014 Elsevier B.V. All rights reserved.
1. Introduction

There is a variety of pension systems across developed countries. Countries such as France, Germany and the U.S.A. have
pay-as-you-go (PAYG) pension systems in which coverage is practically universal, and the benefit level is mainly determined
by individual contributions over working ages and implicitly means-tested by some redistributive factors.2 On other hand,
countries such as Australia and the United Kingdom have pension benefit levels that are explicitly means tested and less
dependent on individual contributions. The Australian pension system, in particular, has the following distinct features:
(i) the pension benefits are dependent on economic status (assets and income); (ii) coverage of the pension system is not
universal in that only a fraction of the retiree population, i.e., the poorer elderly, receives pension benefits; (iii) the pension
ants at the Australian National University, the University of Melbourne, Monash University, Deakin
Economics and Finance Conference and Workshop on Macroeconomic Dynamics. This research was

he National Health and Medical Research Council.

n), a.woodland@unsw.edu.au (A. Woodland).

f PAYG pension systems in advanced countries.

www.sciencedirect.com/science/journal/01651889
www.elsevier.com/locate/jedc
http://dx.doi.org/10.1016/j.jedc.2014.07.005
http://dx.doi.org/10.1016/j.jedc.2014.07.005
http://dx.doi.org/10.1016/j.jedc.2014.07.005
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jedc.2014.07.005&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jedc.2014.07.005&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jedc.2014.07.005&domain=pdf
mailto:chung.tran@anu.edu.au
mailto:a.woodland@unsw.edu.au
http://dx.doi.org/10.1016/j.jedc.2014.07.005
http://dx.doi.org/10.1016/j.jedc.2014.07.005


C. Tran, A. Woodland / Journal of Economic Dynamics & Control 47 (2014) 72–93 73
benefits are independent of individuals' contribution history; and (iv) the tax financing instrument is not restricted to
payroll tax revenue collected from the current working population.

Inclusion of means testing in pension programs allows governments to better direct benefits to those most in need and to
control funding costs by providing flexibility to control the condition for receiving benefits (extensive margin) and the
benefit level (intensive margin). The basic problem of designing a means-tested pension system is to set the conditions for
receiving benefits and the level of benefits in the way that efficiently trades off the desirability of protecting low income
elderly (insurance) against the economic cost of distorting effects on labor supply and savings (incentive). In this paper, we
study how the design of means testing instruments affects individuals' inter-temporal allocation and utility. Our ultimate
goal is to determine how the inclusion of means testing of pension benefits influences trade-offs between insurance and
incentive effects and the conditions under which means tested pension systems lead to favorable welfare outcomes.

To that end, we first investigate the effects through intensive and extensive margins of means tested pensions within the
framework of a two period, partial equilibrium model based on Varian (1980). In our simple model, means testing of
pensions involves the specification of the maximum pension benefit and the taper rate at which benefits are withdrawn for
each unit of extra income beyond an income threshold. These policy parameters determine whether an individual receives
benefits or not, depending on both the withdrawal or taper rate and the overall magnitude of the benefit. First, we find that
the presence of an extensive margin introduces two opposing effects on savings incentives. On one hand, the extensive
margin tends to encourage agents to save more to prepare themselves for the possibility that they are not eligible for
pensions; on other hand, it tends to induce agents to reduce saving to increase their chances of receiving a pension in
retirement. Interestingly, the direction of the extensive margin effect depends on the strength of the intensive margin effect.
If the intensive margin effect is relatively less generous, the extensive margin has a positive effect; otherwise, it has a
negative effect. The final effect on individuals's savings incentives depends on how these interactions combine. Moreover,
we find that limiting benefits towards relatively poorer retirees strengthens the redistributive function of a pension system,
with emphasis more on intra-generational redistribution, while keeping the distortionary effects of tax financing relatively
small. This subsequently improves risk-sharing across households and generations.

The final judgment regarding the value of a means tested pension program should be based on the welfare effects embodying
the trade-off between welfare gains from strengthening the positive insurance effects and welfare losses due to the negative
incentive effects. Means testing adds new dimensions to this trade-off between the insurance and incentive effects, but the final
welfare outcome depends upon how these new aspects interact with other features of the overall social insurance system and
upon the nature of the economy. More specifically, the final welfare effects are influenced by dynamic interactions between these
two margins and fundamentals, including preferences, endowments, market structures and institutional features.

Accordingly, in the second part of the paper we focus on exploring quantitative aspects of these trade-offs in a more
realistic framework, taking these fundamental factors into account. We follow the tradition of the dynamic general
equilibrium literature on social security and formulate an incomplete market, overlapping generations economy with
heterogeneous households, a perfect competitive representative firm and a government with a full commitment technology
(e.g., Imrohoroglu et al., 1995). In addition, we allow for endogenous retirement and also incorporate the main features of
Australia's means tested age pension system. Our benchmark model can match key patterns of life-cycle behavior of
Australians as well as essential features of the Australian macroeconomy. We next conduct policy experiments to quantify
the effects of the means-tested pension. Our quantitative results are summarized as follows.

In our first experiment, conditioning on the existence of a pension system, we compare steady state results when varying
taper rates for the income means test. We find that the presence of taper rates redistributes pension benefits towards
relatively poor retirees, which improves allocation of risk across households and generations. On other hand, it results in
two opposing effects on individuals' savings and work incentives over their life cycle: one that induces young individuals to
work more hours and to save for their retirement, one that induces middle and old-aged individuals to withdraw from the
labor force. Overall, we find there is a positive taper rate that balances the negative incentive effects and positive insurance
effects, and results in welfare gains.

Next, we compare steady state results of an economy featuring a means tested pension with an economy without a
pension. The results reveal that a non-PAYG pension program with means testing instruments results in lower welfare
outcomes than having no pension. This implies that means tested pension systems are not socially desirable in our dynamic,
general equilibrium model economy, since the adverse effects on incentives dominate the positive social insurance effects of
pensions even when they are means tested. Consequently, when the pension program is completely removed, efficiency
gains from increases in savings and labor supply result in higher consumption and welfare. This finding is similar to that
obtained in the PAYG social security literature.

Finally, we compare steady state results when varying the generosity of the maximum pension and taper rates for the
income means test. Interestingly, the introduction of means testing results in non-linear welfare effects of changes in the
generosity of the pension system and taper rates. That is, when the maximum pension benefits are relatively small, the
introduction of income tests (raising taper rates) always leads to a welfare gain as the positive welfare effects from
strengthening risk-sharing and mitigating self-insurance disincentives are always dominant. However, once the pension
benefits become more generous, the negative incentive effects become more pronounced as taper rates are increased. The
underlying economic mechanism behind this outcome is that the economic distortions of taper rates as implicit taxes on
life-cycle savings and labor supply are more severe when pensions are more generous. Conditioning on the level of
maximum pension benefits, we find that there is an optimal taper rate that balances these two forces.
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Related literature. The idea of using means tests to limit pension benefits towards old and poor agents is suggested by
Friedman and Cohen (1972). However, this conclusion is not generally true, as argued in Feldstein (1987). Feldstein uses a
framework with heterogenous preferences (myopes and cyclers) and a very simple means tested pension program. In this
setting, the means-tested pension systems works as a device correcting distortions in preferences (short-sighted) on
individuals' inter-temporal allocation and utility. By contrast, we conduct our analysis in a moral hazard model of Varian
(1980) and in a general equilibrium life cycle model with elastic labor supply as in Imrohoroglu et al. (1995); and we also
consider a more complex and realistic means testing rule. We find that a means-tested pension system may not be superior
to a universal pension system, which is similar to the finding in Feldstein (1987). We also characterize the conditions under
which means testing might lead to a favorable welfare outcome compared to a universal pension system. Indeed, our work
extends the analysis in Feldstein (1987) and highlights that the key mechanism in Feldstein (1987) is still applicable in a
more general framework.

Recent studies quantifying the effects of means tested pensions on savings, labor supply and welfare in a life cycle
framework emphasize the effects of taper rates working through the intensive margin, i.e., imposing an implicit tax. Sefton
et al. (2008) use a multi-period overlapping generations model calibrated to the U.K. They find that tightening the taper rate
for the income test encourages poor individuals to save more and to delay retirement, while generating opposite effects on
the savings and retirement decisions of the rich. Sefton and van de Ven (2009) find that means tested pensions are socially
preferred to a universal pension in the U.K. as they deliver better welfare outcomes. Kumru and Piggott (2009) also find a
welfare gain from introducing means tests in the U.K. social security system. Maattanen and Poutvaara (2007) find negative
welfare effects when introducing labor earnings tests to the PAYG social security system in the U.S.A. Kudrna and Woodland
(2011) analyze the general equilibrium effects of changing taper rates of the Australian pension system in a deterministic
overlapping generations model. It is noteworthy that these papers abstract from an important channel of effects via the
extensive margin. In contrast, our research extends these papers by highlighting the importance of the extensive margin
effects. We show that the interactions between taper rates and the maximum pension benefit via the extensive margin
results in opposing effects on individuals' incentives. Subsequently, the welfare effects of changes in taper rates vary
significantly over the levels of maximum pension benefits.

Our study is also related to the large literature that undertakes dynamic, general equilibrium analyses of PAYG social
security systems (e.g., see Auerbach and Kotlikoff, 1987; Hubbard and Judd, 1987; Imrohoroglu et al., 1995; Conesa and
Krueger, 1999; Krueger and Kubler, 2006; Fuster et al., 2007). This literature focuses on the U.S. social security system in
which the coverage is universal, and it therefore excludes the effects coming from the extensive margin. Our study is
complementary to that literature as we examine a pension system in which the extensive and intensive margins are both
relevant. We demonstrate that these two margins matter for welfare outcomes.

Our paper is also linked to the literature on social insurance with means testing, which has focused mainly on disability
insurance. Diamond and Mirrlees (1978) and Diamond and Mirrlees (1986) conclude that optimal benefits are structured so
that the healthy are indifferent as to whether to mimic the disabled or continue working. In a more recent work on optimal
disability insurance, Golosov and Tsyvinski (2006) argue that disability insurance benefits should be asset-tested to prevent
individuals from claiming benefits when, optimally, they should not. Our paper follows a similar approach, but focuses on a
pension program.

The paper is structured as follows. In Section 2 we present a simple model to highlight the role played by the intensive
and extensive margins. In Section 3 we set up a dynamic, general equilibrium model. Section 4 describes details of our
calibration of the model to the Australian economy, while Section 5 contains the discussion of a range of policy experiments
and results. We present conclusions in Section 6. The Appendix provides mathematical details for the theoretical model and
solution algorithm for the dynamic general equilibrium model.

2. A simple model economy

In this section, we specify a theoretical model and use it to highlight how the inclusion of means testing into the age
pension benefit formula influences individuals' incentives to save over the life cycle. This simple model, based on Varian
(1980), captures essential aspects of the problem that motivates a society's desire for social insurance and provides a
convenient framework in which to explain that there are two margins of interest when means-tested benefits are
introduced. In doing so, we are able to emphasize the essential role played by means testing on the intensive and extensive
margins related to pension receipts by the elderly.3

2.1. Environment

We consider a simple partial equilibrium economy comprised of agents living for two periods with endowment incomes
of w1 and w2 in period 1 and 2, respectively. At the beginning of period 1 an agent receives income w1 and makes a decision
on consumption and saving to maximize expected utility, taking the income distribution f ðw2Þ in period 2 and the
3 In this section, we abstract from the labor/leisure decision to keep the model sufficiently simple to highlight the channels by which the design of a
means-test pension distorts the savings decision. The labor/leisure choice could readily be included, but at the cost of simplicity.
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government pension policy as given. The individual agent's optimization problem is

max
c1 ;c2 ;s

fuðc1ÞþpEuðc2Þ: c1þs¼w1�gðτ;w1Þ and c2 ¼w2þð1þrÞsþPg; ð1Þ

where p is survival probability, c1 is consumption when young, s is saving, c2 is consumptionwhen old, r is the market rate of
return on savings, gðτ;w1Þ is the tax function with tax rate τ and P is an individual specific pension benefit. We consider a
general function for the means-tested pension payment

P ¼
Pmax�ωðw2þξrsÞ if w2þξrsoy2;

0 if w2þξrsZy2;

(
ð2Þ

where ðw2þξrsÞ is the testable income, which includes two components: labor endowment income in period 2 and interest
from saving in period 1. ξ is an indicator: ξ¼ 0 if saving is excluded; otherwise, ξ¼ 1.

To aid the exposition, we assume that individuals have quadratic preferences given by uðcÞ ¼ �c2=2þχc, where χ40,
and that wage income in period 2 follows a uniform distribution f ðw2Þ ¼ 1=wmax

2 . Thus, the expected wage income when old
is Eðw2Þ ¼wmax

2 =2�w2. For ease of exposition, we also assume (except in one case further below) that rate of return on
investment is r¼0 and that the survival probability is p¼1, guaranteeing that the economy is dynamically efficient so that
the pension system fails to yields a higher rate of return. Optimal saving is now implicitly given by

s¼
1þ 1�ξω
� �

r
� � bw2

2
þPmax�ω bw2

2

� �zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{Average income

πp
z}|{Probability

zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{Pensioner

� 1þrð Þðwmax
2 þ bw2Þ

2

zfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflffl{Average income

ð1�πpÞ
zfflfflfflffl}|fflfflfflffl{Probability

zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{Non�Pensioner

1þ½1þð1�ξωÞr�2πp
zfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{Pensioner

þð1þrÞ2ð1�πpÞ
zfflfflfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflfflfflffl{Non�Pensioner

; ð3Þ

where the probability of being a pensioner is πp ¼ bw2=wmax
2 , bw2 ¼ y2�ξrs and the tax function is assumed to be

gðw1; τÞ ¼ τw1. Note that the probability of being a pensioner, πp ¼ πðy2; sÞ, is dependent on the individual's saving, since
the wage rate that separates pensioners from non-pensioners, bw2, depends on the level of saving.4

2.2. Extensive margin and savings

Inclusion of means-testing instruments (Pmax;ω; y2) results in two separate channels of effects: ðiÞ the condition for
receiving pension benefits, i.e., the fraction of agents participating in a public pension program (extensive margin); and ðiiÞ
the level of pension benefits (intensive margin). The former is governed by income threshold and savings πp ¼ πðy2; sÞ, while
the latter is determined by the maximum pension benefits and taper rate ðPmax�ωbw2=2Þ. In a context where the
government sets y2 ¼wmax

2 or y2 ¼ 0, the probability of being a pensioner is 1, i.e., πp ¼ 1. The extensive margin disappears
and the means-tested pension system collapses to a universal PAYG pension. In a context where the government sets
y2Að0;wmax

2 Þ, the extensive margin does exist.
To identify the channels through which means testing instruments impact upon individuals' saving incentives, we first

consider the case where savings is excluded from testable income, i.e., πp ¼ πðy2Þ. We take the first derivatives of the saving
function with respect to the maximum pension benefit, ∂sn=∂Pmax, and the income test threshold, ∂sn=∂y2. The former
reflects the effect from the intensive margin, while the latter captures the effect from the extensive margin (hereafter called
the intensive margin and extensive margin effects, respectively). Not surprisingly, we find that the effect through the
intensive margin is negative as ∂sn=∂Pmaxo0. This indicates that a public pension program crowds out private savings via
the intensive margin even with means testing. However, the sign of the extensive margin effect is ambiguous, since
∂sn=∂y2 ¼ 1

21=w
max
2 w2� Pmax�ωy2=2

� �� �
⋚0. Indeed, it is dependent on the magnitude of the maximum pension benefit,

Pmax, relative to the average income in period 2, w2. This distance ½w2�ðPmax�ωy2=2Þ� also measures the generosity of the
public pension program, i.e., relative strength of the intensive margin effect. As Pmax becomes relatively more generous, the
strength of the intensive margin effect becomes relatively larger. For example, when the maximum pension benefit is higher
than the average income in period 2, Pmax4w2þωy2=2, the pension system is very generous. The direction of the extensive
margin effect depends on the strength of the intensive margin effect. If the intensive margin effect is relatively less generous
(Pmaxow2þωy2=2) the extensive margin effect is positive; otherwise, it is negative.

We now turn to the case where the probability of being a pensioner is dependent on the individual's interest income,
πp ¼ πðy2; sÞ. Under this new means testing policy, the government can no longer directly control the number of pensioners
in the economy, since the testable income used by the government to determine the number of agents eligible for the
pension program is now dependent upon both the level of labor income endowment in old age (assumed exogenous) and
optimal savings of the agents when young (which is endogenous), i.e., upon w2þrs. This creates another channel through
which the means test impacts on the saving decision. Higher saving directly reduces the probability of becoming a
pensioner (extensive margin) and, if the individual is a pensioner, directly reduces the pension payment (intensive margin). In
such an environment, individuals optimize their savings for retirement taking into account the saving effect upon the
4 See Appendix A.1 for a complete equilibrium solution.
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expected pension payment through the effect on both the intensive and extensive margins. Yet, individuals can manage
their savings decision to increase the probability of being a pensioner by decreasing saving. In that sense, the effect of the
means test on savings through the extensive margin tends to be negative. On other hand, decreasing the probability of being
a pensioner lowers expected income in period 2, which may encourage individuals to save more.

Hence, we have shown that this aspect of the means test leads to two opposing effects on self-insurance incentives to
save. The final effect on savings depends on which effect is dominant and how the intensive margin effect interacts with the
extensive margin effect.
2.3. Welfare implication

In our simple setting considered here, there is classic trade-off between the risk sharing effects and the saving-
disincentive effects that underlies how much social insurance should be provided through a means-tested pension system.
In particular, means testing instruments limiting pension benefits to a sub-group of the retired population (extensive
margin) and providing progressive pension benefits (intensive margin) strengthen the insurance role, which is welfare
improving. On other hand, as discussed above, the introduction of a taper rate distorts allocation of income over the life
cycle and this might have negative welfare effects. When welfare gains from risk-sharing outweigh welfare losses resulting
from distorted saving, there is a positive overall welfare effect and so there is a demand for means-tested pensions as social
insurance.

To better understand welfare outcomes when this mechanism is included, we consider a numerical example. We assume
standard CRRA preferences in the form of uðcÞ ¼ c1�σ=ð1�σÞ with σ ¼ 2. Income endowments are homogeneous in period 1
and set at w1 ¼ 2:7, but are heterogeneous in period 2 with w2 following a log normal distribution with mean μw2

¼ 1 and
standard deviation σw2 ¼ 2. The interest rate is normalized to zero (r¼0) for simplicity and individuals are not allowed to
borrowed.

We numerically explore how different designs of a means-tested pension program affect social welfare, by choosing
different policy parameter values of maximum pension payment Pmax and taper rates ω. We index the maximum
pension payment, Pmax, to average income, y, by specifying Pmax ¼Ψy, where Ψ is a replacement rate. We consider a range
of replacement rates Ψ between 0 and 0.8, and a range of taper rates ω between 0 and 1. The government uses payroll
tax as a financing instrument. Social welfare is measured in terms of the expected utility of a newborn agent. Table 1
presents different policy choices of maximum pension benefits by columns and different policy choices of taper rates
by rows.

We start with social welfare in an economy with no pension as in the first cell of row 1 of Table 1 and introduce a
universal social security program by raising Pmax. As seen in row 1 of Table 1, the introduction of a universal pension
program always lead to lower welfare, i.e., social welfare is a decreasing function of maximum pension benefits. The
intuition is as follows. In our setting, the universal pension program does not have any distributional effect as agents
contribute identical amounts of tax income to the program and receive identical benefits regardless of their income status
(i.e., no insurance effect). Consequently, since the universal pension program distorts the savings incentive while providing
no risk-sharing mechanism, it results in lower welfare.

Next, we deviate from a universal pension program and allow the government to use income tests to determine social
security benefits: individuals with higher incomes receive smaller benefits. This discrimination keeps the extensive margin
in play, which in return makes pension schemes progressive and, hence, triggers trade-offs between the insurance effect
and the incentive effect. The presence of the extensive margin strengthens the progressiveness of the pension benefits,
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which improves risk-sharing across households and generations. Comparing results for ω¼ 0:1; 0:2 and 0.3 in rows 2–5
(means-tested pension) with those for ω¼ 0 in row 1 (universal pension) in Table 1, we find that a means-tested social
security program results in higher social welfare compared to a universal pension. This indicates that means-tested social
security programs are strictly preferred to universal pension programs for a wide range of policy parameter values in
our model.

The social welfare outcome is determined by the trade-off between insurance and incentive effects working through
extensive and intensive margins in our framework. Varying taper rates affects coverage of social insurance programs
(extensive margin). To explore the role of extensive margin quantitatively, we first keep maximum pension benefits
unchanged and vary taper rates. By examining each column in Table 1 for various maximum pension benefit levels, we find
a trade-off between insurance and incentive effects as taper rates increase. When maximum pension payments are small
(for example, when 0oΨr0:4), increases in the taper rate generate higher welfare initially and then lower welfare for
higher taper rates. This implies that there is an optimal taper rate that yields highest social welfare, taking the maximum
pension as given. However, this result is not true when the maximum benefit payment is sufficiently large (Ψ40:4), in
which case increases in the taper rate always results in higher welfare. This means that when the incentive effect is already
dominant, the government could increase taper rates to neutralize some of these distortions.

Fourth, we examine the effects of increasing maximum pension benefits while keeping the taper rate unchanged. The
welfare effects are indicated by examining each row of Table 1 for various taper rates. As previously noted, social welfare
declines as Pmax increases for the case whenω¼ 0 (row 1). However, whenω40 we see hump-shaped patterns of the social
welfare function, initially rising as a function of the maximum pension benefit and then declining. This illustrates
numerically the interplay of the insurance and incentive effects upon social welfare. When the insurance effect is dominant,
increasing the maximum pension raises social welfare; when the incentive effect is dominant, higher maximum pension
benefits result in lower welfare. More specifically, when the maximum pension is relatively small the insurance effects are
still dominant and therefore increases in maximum pension still lead to higher welfare. On other hand, when the maximum
pension is relatively large, the disincentive effects are a dominating force and therefore further increases in the maximum
pension benefit decrease welfare.

Overall, we find in our numerical example that a means tested pension system results in a superior social welfare
outcome, compared to either no pension or a universal pension system. It is always the case that means testing (at any
taper rate) is better than a universal pension (each row element is larger than the first row in every column). For all
maximum pension benefits with a replacement rate less than Ψr0:5 there are taper rates that yield better
welfare outcomes than obtained with no pension. However, we also find cases, when maximum pension benefit is very
generous, in which social welfare is lower than obtained with no pension or with a universal pension. Thus, an optimal
design of a means tested pension program is obtained when the system efficiently trades off between insurance and
incentive effects.

To make a judgment on the effects of a means tested pension program, one should seriously account for fundamentals of
the economy, such as preferences, endowments, market structure and institutional settings. In the next section, we develop
a dynamic, general equilibrium model of an economy in which we take into account these factors.
3. A dynamic general equilibrium model

We formulate a small open economy overlapping generations dynamic general equilibrium model, which consists of
heterogeneous households, a perfect competitive representative firm, and a government with full commitment technology.
3.1. Demographics

The economy is populated by agents (households) whose ages are denoted by jA ½1;…; J�. Each period a continuum of
agents of age 1 are born. The population grows at an exogenous annual rate, n. All agents face an age-dependent survival
probability, spj, and live at most J periods. When the demographic pattern is stationary, as assumed here, the population
share of the cohort age j is constant at any point in time and can be recursively defined as μj ¼ μj�1spj=ð1þnÞ. The share of
agents who do not survive to age j is ~μ j ¼ μj�1ð1�spjÞ=ð1þnÞ.
3.2. Preferences

All agents have identical lifetime preferences over consumption cjZ0 and leisure lj, where household leisure time per
period for household j is constrained by 0o ljr1: Preferences are time-separable with a constant subjective discount factor
β and are given by the expected utility function

E ∑
J

j ¼ 1
βjspjuðcj; ljÞ

" #
: ð4Þ
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3.3. Endowments

Agents are born with a specific skill type that determines their labor productivity over the life cycle. This skill type is
predetermined and unchanged over the life span. We let ϱ denote an individual's skill type, and consider three types: low,
medium and high skills, i.e., ϱAfLow; Medium; Highg.

In each period of life agents are endowed with 1 unit of labor time that has labor efficiency (or working ability or labor
productivity) denoted by ej. The efficiency unit ej ¼ eðϱ; jÞ is skill and age dependent and follows a Markov switching process
with πjðejþ1jejÞ denoting the conditional probability that a person of working ability ej at age j will have working ability ejþ1

when at age jþ1. According to this specification, agents have working abilities that vary by age and change stochastically
over the life cycle; they therefore face idiosyncratic earnings risk, which is assumed to be non-insurable. The quantity of an
agent's period effective labor services is hj ¼ ð1� ljÞej.

3.4. Technology

The production sector consists of a large number of perfectly competitive firms, which is formally equivalent to one
aggregate representative firm that maximizes profits. The production technology of this firm is given by a constant returns
to scale production function Y ¼ AFðK; LÞ, where K is the input of capital, L is the input of effective labor services (human
capital) and A is the total factor productivity, assumed to be growing at a constant rate, g. Capital depreciates at rate δ. The
firm chooses capital and labor inputs to maximize its profit according to maxK;LfAFðK ; LÞ�qK�wLg, given rental rate, q, and
market wage rate, w.

3.5. Fiscal policy

In the benchmark economy, the government operates a means tested pension system and a tax system similar to the
current Australian system.

Means-tested pension. The old-age pension (social insurance) system is not universal but targets households who have
low private retirement incomes through the use of income and assets means tests. The amount of pension benefit Pðaj; yjÞ
received at age j varies across individuals and depends on the asset and income tests as

Pðaj; yjÞ ¼minfPaðajÞ;PyðyjÞg; ð5Þ
where PaðajÞ is the asset test pension and PyðyjÞ is the income test pension. Accordingly, the pension benefit is the smaller of
the two pension rates; the strictest test binds. The pension benefit arising from the asset test is given by

PaðajÞ ¼
Pmax if ajra1;

Pmax�ωaðaj�a1Þ if a1oajoa2;

0 if ajZa2;

8><>: ð6Þ

where a1 and a2 ¼ a1þPmax=ωa are the asset thresholds and ωa is the asset taper rate indicating the amount by which the
pension is decreased for each additional unit of asset above the low asset threshold. Similarly, the pension benefit based on
the income test is given by

PyðyjÞ ¼
Pmax if yjry1;

Pmax�ωyðyj�y1Þ if y1oyjoy2;

0 if yjZy2;

8>><>>: ð7Þ

where y1 and y2 ¼ y1þPmax=ωy are the income thresholds, ωy is the income taper rate indicating the amount by which the
pension is reduced for each additional unit of income above the low income threshold, y1.

Taxation. The government levies taxes on consumption and income to finance general government consumption and the
old-age pension program. The consumption tax rate is set at τc. The income tax schedule is progressive and compactly
written as

TðyjÞ ¼ Tkþτkðyj�ykÞ; yjA ½yk; ykþ1�; ð8Þ
where the parameters of this tax function are the marginal tax rates, τk, the tax payment thresholds, Tk, and the tax bracket
income thresholds, yk. It is assumed that τ1 ¼ 0, T1 ¼ T2 ¼ 0 and Tk ¼ Tk�1þτkðyk�yk�1Þ. This specification corresponds to a
standard segmented-linear income tax schedule with an initial tax free threshold and marginal tax rates that rise with
taxable incomes. The income tax is set so that the consolidated government budget constraint is satisfied every period,
whence

?∑
j
TðyjÞμðxjÞ

zfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflffl{Income tax revenue

þ ∑
j
cjðxjÞμðxjÞ

zfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflffl{Consumption tax revenue

¼ ∑
j
PðxjÞμðxjÞ

zfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflffl{Pension payment

þ G
z}|{General government expenditures

; ð9Þ

where, μðxjÞ is the measure of agents in state xj.
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3.6. Market structure

Markets are incomplete and households cannot insure against the idiosyncratic labor income and mortality risks by
trading state contingent assets. They can, however, hold one-period riskless assets to imperfectly self-insure against
idiosyncratic risks. We assume that agents are not allowed to borrow against future income, implying asset holdings are
non-negative, i.e., ajZ0 for all j.

The economy is assumed to be a small open economy in the sense that all agents in the economy take the world prices
for internationally traded goods and the world interest rate on bonds, r, as given and independent of the amount of trade in
these goods and bonds. The free flow of financial capital ensures that the domestic interest rate is equal to the world interest
rate, which is assumed to be constant. An implication is that the rental price of capital is then given by q¼ rþδ.

3.7. Household problem

Households are heterogeneous with respect to their state variables including skill, age, working ability and asset
holdings. Let xj ¼ ðej; ajÞ denote the household's state variables at age j. At the beginning of age j the household realizes its
individual state xj ¼ ðej; ajÞ and chooses its optimal consumption, cj, leisure time, lj, or working hours, ð1� ljÞ, and the end-of-
period asset holdings, ajþ1, taking the transition law for working ability, πjðejþ1jejÞ, conditional survival probabilities, spj, the
wage and interest rates, and government tax and pension policies as given. Notice that we consider both margins of labor
supply. When the agent chooses to allocate all time to leisure (lj ¼ 1), the agent exits the labor market and has retired. There
is no mandatory retirement age so agents may stay in the labor force as long as they choose. The retirement age is
endogenously determined, e.g., extensive margin. However, retirement is not required to be irreversible since households
may re-enter the labor market.

Households have three sources of income: labor earnings, savings and transfers. First, if households decide to work they
supply ð1� ljÞej units of effective labor service to the labor market, attract a wage rate wt and so earn a gross wage income or
labor earnings of ð1� ljÞejwt . Second, households have the cash balance from savings income available to spend in the
amount ð1þrÞaj. Third, eligible households may receive old-age pension transfers from the government in amount Pj.
Specifically, agents who are J1 ¼ 65 years of age or older are entitled to receive the old-age pension. There is a maximum
amount of pension income, Pmax, but the actual amount of pension benefit varies across individuals and depends on the
asset and income tests as Pj ¼Pðaj; yjÞ, where assessable income for the pension income test is simply labor and interest
earnings, yj ¼ ejð1� ljÞwþraj. Finally, households receive accidental bequests, bj, as a lump-sum transfer from the
government.

Formally, the life-cycle expected utility maximization problem of agent i can be expressed recursively as

VjðxjÞ ¼ max
cj ;lj ;ajþ 1

fuðcj; ljÞþβspjE½Vjþ1ðxjþ1Þjej�g ð10Þ

subject to the following constraints for every jA J

ajþ1 ¼
1

ð1þgÞ ajþej 1� lj
� �

wþrajþbjþP aj; yj
	 


�T yj
	 


� 1þτc
� �

cj
h i

;

a1 ¼ 0; aJ ¼ 0; ajZ0;

0o ljr1; ð11Þ

where E½Vjþ1ðxjþ1Þjej� is the expected value function, TðyjÞ is income tax payment and τc is the consumption tax rate. Note
that individual quantity variables, except for working hours, are normalized by the steady state per capita growth rate, g.

3.8. Equilibrium

Given government policy settings for tax rates and the old-age pension system, the population growth rate, world
interest rate, a steady state competitive equilibrium is such that
(a)
5

a collection of individual household decisions fcjðxjÞ; ljðxjÞ; ajþ1ðxjÞgJj ¼ 1 solve the household problem (10);5
(b)
 the firm chooses labor and capital inputs to solve the profit maximization problem;

(c)
 the total lump-sum bequest transfer is equal to the total amount of assets left by all the deceased agents,

B¼∑jA J ~μ j

R
ΦajðxjÞdΛjðxjÞ;
(d)
 the current account is balanced and foreign assets, FA, freely adjust so that r¼ rw, where rw is the world interest rate;

(e)
 the domestic markets for capital and labor clear

K ¼ ∑
jA J
μj

Z
Φ
ajðxjÞdΛjðxjÞþBþFA;
In the following, endogenous variables for the household of age j are shown with dependence on the vector of state variables, xj ¼ ðej; ajÞ, at that age.



Table 2
Preference, technology, demography and policy parameters.

Parameters Model Observation/Comment/Source

Preferences
Annual discount factor β¼ 0:98 To match I/Y
Inverse of inter-temporal elasticity of substitution σ ¼ 4
Share parameter for leisure γ ¼ 0:18 To match labor supply profile

Technology
Annual growth rate g¼0.033 3.3%
Total factor productivity A¼1
Share parameter of capital α¼0.4
Annual depreciation rate δ¼0.055 5.5%

Demography
Maximum lifetime J¼14 Equivalent to 70 years
Maximum working period Jw ¼ 9 Equivalent to 45 years
Annual population growth n¼0.012 1.2%

Government
Income taxes τj ; Tj ; yj Tax schedules in 2007
Medicare levy τMed ¼ 0:015 1.5%
Consumption tax τc Endogenous
Pensions Pmax ; ωy ¼ 0:4 Pension rules in 2007
Government consumption ΔG ¼ 0:14 To match government size

6
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H¼ ∑
jA J
μj

Z
Φ
ð1� ljÞejðxjÞdΛjðxjÞ;

and factor prices are determined competitively, i.e., w¼ FLðK ; LÞ, q¼ FK ðK; LÞ and r¼ q�δ; and

(f)
 the government budget constraint defined in Eq. (9) is satisfied.
4. Calibration

This section describes the calibration and parameterization of the model. We calibrate our benchmark model to match
the Australian economy and report the values of key parameters of the benchmark model in Table 2.
4.1. Demographics

One model period corresponds to 5 years. Households become economically active at age 20 ðj¼ 1Þ and live up to the
maximum age of 90 years (equal to the maximum model period J¼14). The survival probabilities are calculated from life
tables for Australia. The annual growth rate of the new born agents (households) is assumed to be 1.2%, which is the long-
run average population growth in Australia.
4.2. Preferences

Instantaneous utility obtained from consumption and leisure is defined as

u cj; lj
� �¼ ½ðð1þdpjÞηcjÞγðljÞ1� γ �1�σ

1�σ
; ð12Þ

where γ is the weight on utility from consumption relative to that from leisure, σ is the coefficient of relative risk aversion,
dpj is the number of dependent children at age j and η is the demographic adjustment parameter for consumption. The
utility function has the constant relative risk aversion (CRRA) form. We follow previous studies (e.g., Auerbach and Kotlikoff,
1987) and set the relative risk aversion coefficient to σ ¼ 4;which implies an inter-temporal elasticity of substitution of 0.25.
We follow Nishiyama and Smetters (2007) and set η¼0.6. We calibrate γ to match average work hours. The subjective
discount factor β is calibrated to match Australia's net investment to GDP ratio, which has averaged around 0.27 since 1990
according to Australian Bureau of Statistics (ABS) data. The number dependent children dpj is calculated from data in the
Household, Income and Labour Dynamics in Australia (HILDA), using the average numbers of children of ages 0–19 in each
age group, j.6
See Wooden et al. (2002) for a more detailed description of the Household, Income and Labour Dynamics in Australia (HILDA).
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4.3. Endowments

We use estimates of working abilities (i.e., labor productivities) using data drawn from HILDA data for our model
calibration. HILDA is a broad social and economics longitudinal survey, with particular attention paid to family and
household formation, income and work. We use data from the first 7 waves of HILDA surveys in this paper.

We distinguish 3 skill groups of workers according to their educational levels, so that ϱ¼ fLow; Medium; Highg. Low
stands for no education, primary education and some secondary education, Medium stands for complete secondary
education and High stands for tertiary education. The fractions of Low, Medium, and High skill workers are 23.2, 50.4 and
26.4 percent, respectively.

Work abilities of three permanent skill types evolve over age. Conditioning on skill type, we estimate age-dependent
work abilities using average hourly wage estimates per permanent skill group ϱ and age j from HILDA data. For each skill
type, we discretize the labor productivity shocks into three states. The Markov transition matrix, πjðejþ1jejÞ, that
characterizes the dynamics of working abilities over life cycle is estimated by a counting method. To make the transition
matrix more persistent we use the average of these estimates. We also make an assumption that labor productivities from
65 decline at a constant rate, reaching zero at age 80 years.7

4.4. Technology

We assume the production functions has a form of Y ¼ AKαL1�α; where K is the input of capital, L is the input of effective
labor services (human capital) and A is the total factor productivity. We set the capital share of output α¼ 0:4. The
depreciation rate for capital is determined by the steady state condition and is δ¼ 0:055. The average annual GDP per capita
growth rate in Australian is 3.3 percent so we set g¼0.033. The total factor productivity A is a scaling parameter.

4.5. Fiscal policy

We use the Australian tax and pension policy parameter values in 2007 to calibrate fiscal policy in the model.
Means-tested pension. In Australia, the maximum pension is calculated by the formula Pmax ¼ 0:25�MTAWE, where

MTAWE is Male Total Average Weekly Earnings. We assume that MTAWE is the average labor income y and the replacement
rate is Ψ ¼ 0:25. In our benchmark model, the maximum pension is defined by Pmax ¼ 0:25y. The maximum pension is set at
Pmax ¼ $13;314:6. In 2007-2008 the income test threshold is set at $3328 and incomes over these amounts reduce the age
pension by $0.4 for every $1. Thus, the income test threshold income is set at yp

1 ¼ $3328 and the income taper rate is
ωy ¼ 0:4. For the asset test, the design is relatively more complicated. There are separate asset tests for renters and
homeowners in Australia. In our model, there is no difference between residential and non-residential assets so we are not
able to directly use the statutory asset test thresholds. Instead, we choose the threshold a1 to match the fraction of
pensioners at age 65 years. Assets over this threshold reduces pension by $1:50 per fortnight for every $1000 above the
limit, implying a taper rate for asset tests of ωa ¼ 0:0015.

Taxation. The government collects tax from consumption and income to cover spending on pension and other
government spending programs. The consumption tax rate is set at 10 percent, which is the statutory goods and services
(GST) rate in Australia. The Australian income tax schedule is progressive. We use the tax schedules for 2007-2008 in the
benchmark model so that the tax function is given by

TðyÞ ¼

0 ifyo$6000
0:15ðy�$6000Þ if $6000oyr$25;000
$3600þ0:3ðy�$30;000Þ if $25;000oyr$75;000
$17;100þ0:4ðy�$75;000Þ if $75;000oyr$150;000
$47;100þ0:45ðy�$150;000Þ if y4$150;000;

8>>>>>><>>>>>>:
where y is taxable income.

4.6. Market structure

The economy is assumed to be small in the sense that all agents in the economy take the world prices for internationally
traded goods and the world interest rate on bonds as given. We normalize the world price to 1 and assume that the world
(and domestic) interest rate is r¼5%. The budget constraint for the small open economy may be expressed in steady state
form as 0¼ rFAþTB, where FA and TB are the net holding of foreign assets and trade balance respectively. The right hand
side is the current account balance consisting of net interest receipts plus the balance of trade (value of exports minus the
value of imports) and the left hand side is net capital flows, which are zero in steady state. In a steady state, the stock of
foreign asset holding is constant and so 0¼ rFAþTB, meaning that there is a current account balance with interest on
7 More details on the data and estimation methods provided in the Technical Appendix available at Chung Tran's website.
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foreign assets (if FAo0) matched by a positive trade balance. The Australian trade balance in the last 15 years is about �1.3
percent of GDP. Using this fact in the context of a steady state, the net foreign asset is calculated as
FA¼ TB=r¼ 0:013� Y=r40, which implies that Australia is a net investor in the world capital market. However, data on
Australia's international position reveals the opposite - Australia is a net borrower from the world capital market. Since our
benchmark economy is in steady state, it cannot accommodate both facts. In the model, we assume that Australia is a net
borrower with 19% of total national assets being foreign-owned.

4.7. Benchmark model performance

In this section, we present the calibration result of the benchmark model and discuss how our model solution matches
data describing the Australian economy.8 We summarize our calibration results in Fig. 1.

Asset holdings. Panel 1 of Fig. 1 shows the life-cycle profile of asset holdings by age, relative to age of 50. Our model is able
to generate a hump-shaped pattern of asset holdings over the life-cycle that broadly matches data drawn from the HILDA
panel data set.9 In our life-cycle model with income uncertainty and incomplete markets, individuals accumulate assets in
early stages of a life cycle. However, individuals draw down savings faster in the model than observed in the data because
they do not have other motives to save, such as for bequests or to accommodate other life cycle shocks. De Nardi et al.
(2010), for example, show that bequest motives and health expenditure shocks are the main determinants of savings
behavior of elderly American households. Also, we abstract from compulsory retirement savings via superannuation and
from housing in our model. Incorporating these features would potentially improve the match between model and data
generated asset profiles.

Labor force participation and work hours: Panels 2 and 3 of Fig. 1 present work hours and labor force participation rates
over the life cycle. Our model can match the observed life cycle pattern of labor market behavior and does a good job of
capturing life cycle trends in labor force participate rates. However, it generates more young individuals participating in the
labor force in early stages of the life cycle. This is primarily due to the assumption of no bequest motive. Since agents are
born with no assets our model, there is very little wealth effect on labor supply decisions at young ages. Consequently, the
new born agents optimally choose to work to maintain consumption. However, as agents accumulate more assets in middle
and older ages, our model captures the labor force participation rates quite well. Agents between ages 20 and 40 years, on
average, supply around 30 hours of work per week. Starting from the early 50s, agents decrease work hours and when they
reach 70 years of age there is virtually no labor supplied.

Labor earnings and consumption. Panel 4 of Fig. 1 shows the life-cycle profile of labor earnings by age. The model captures
such observed life cycle pattern of labor earnings from HILDA data. In addition, our model generates the hump-shaped
pattern of consumption over the life cycle. The model results also match the faction of retirees in the means-tested pension
program at 65.

In short, our benchmark model economy is able to match some key features of the Australian economy. In next section,
we apply our model to quantitatively explore the implications of a means tested pension for macroeconomic variables and
household welfare.

5. Policy experiments and results

In this section, we examine how the salient features of a means tested pension influence individuals' incentives to work
and save, macroeconomic aggregates and welfare. Our main concern is with the choice of values of the maximum pension
benefit (Pmax) and the income test taper rate (ωy). In order to understand how a choice of these two policy instruments
influence individuals' inter-temporal allocations of consumption and hours of work, the insurance-incentive trade-off and
welfare consequences, we implement a number of hypothetical policy reforms.10

5.1. The effects of taper rates

We first consider the implications of alterations in the taper rate for the income test, keeping the maximum pension level
unchanged. We start our analysis with the benchmark economy and vary the taper rate, ωy, over the interval between 0 and
1. Any financial discrepancy between the government's consolidated tax revenues and expenditures are financed by a higher
or lower income tax rate.
8 We follow the algorithm in Auerbach and Kotlikoff (1987) to solve the model. The general procedure to solve for general equilibrium is described in
the Appendix.

9 Although HILDA is a longitudinal survey, not all questions are asked in every wave. Since waves 2 and 6 collect information on household assets, we
construct the age profiles of asset holdings based on data from these two waves.

10 While the Australian system, as modeled here, has two tests - the income and asset tests - each of which has three such parameters, our policy
experiments will simplify the analysis by concentrating on the design of the income test alone, keeping the assets test unchanged. In addition, we would
like to emphasize that this part of the paper explores quantitatively a range of policy parameter values in which a means-tested pension program is
preferred to a universal pension program. We therefore focus on a steady state analysis, similar to Imrohoroglu et al. (1995) and Fuster et al. (2003). Of
course, the final welfare consequences of social security reform depend upon transitional costs and other factors.
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Fig. 1. The benchmark model and the data.

Table 3
Income tests and public pension participation rates by skill types at 65.

Skill type Taper rate-ωy

[1] ωy ¼ 0:4 [2] ωy ¼ 0:0 [3]ωy ¼ 1:0

Low (%) 96.3 100.0 67.1
Medium (%) 66.7 100.0 54.5
High (%) 46.5 100.0 27.6

All (%) 68.2 100.0 50.3
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Redistribution through extensive margin. As argued, inclusion of means testing in pension programs allows governments
to have more flexibility to control the condition for receiving benefits. To understand how the presence of taper rate allows
the government to target low income retirees we start from the benchmark economy with a means-tested pension system
(the benchmark economy with ωy ¼ 0:4 labeled [1]) and consider two extreme policies: [2] one with the taper rate
eliminated ðωy ¼ 0:0Þ and [3] one with the taper rate increased to 1 ðωy ¼ 1:0Þ. We report fractions of individuals receiving
public pension benefits at age of 65 according to their skill types in Table 3.

Means testing directs benefits to those retirees most in need. As seen in column [1] of Table 3 in the benchmark economy,
about 96 percent of low skill individuals receive pension benefits at age of 65, while less than a half, about 46.5 percent, of
high skill individuals receive the pension. In an economy in which the government removes the income test (see column [2]
of Table 3), all individuals regardless of skill type are entitled to receive the age pension upon reaching the entitlement age.
This is a universal pension system where all individuals have access to public pension. The extensive margin is eliminated.
Conversely, when the government increases the taper rate to 1.0, the fraction of retirees receiving benefits drops
significantly to around 50 percent (column [3] of Table 3).

More specifically, we consider the elderly population according to three states of the public pension: no pension, partial
pension benefits and full or maximum pension benefits. Fig. 2 presents the effects of the taper rate on the pension status of
the elderly population. As seen in panels 1 and 2 of Fig. 2, all individuals, who are 65 and older and regardless of their skill,
are entitle to received full pension benefits when there is no testing in play ðωy ¼ 0Þ. However, when the government
introduces the taper rate of ωy ¼ 0:4; only a fraction of the elderly individuals, mainly low skill ones, receive the pension at
65. Elderly individuals with high skill receive the public pension very late in the life cycle as it takes more time to
decumulate their wealth to meet the test thresholds (panel 4 of Fig. 2).
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Thus, the government can use taper rates to control the number of pensioners (extensive margin). This allows the
government to have another margin to redistribute income toward low income retirees.

Incentives to save and work. We now study the effects of taper rates on individuals' incentives over the life-cycle. We
consider behavioral changes between two economies: [1] the benchmark economy with a means-tested pension system
(ωy ¼ 0:4) and [2] an economy in which income test is removed ðωy ¼ 0Þ , i.e., a universal pension system. We present
changes in the life-cycle behavior of savings and labor supply in Fig. 3.

Panels 1 and 2 of Fig. 2 depict the asset holdings across the life-cycle with and without the income test. Interestingly, while a
higher taper rate increases savings before retirement it causes an abrupt decrease in retirees' asset holdings. This indicates that
the presence of the extensive margin (ωy40) creates an uncertain situation in which workers are not sure about receiving
pension benefits. This extensive margin effect induces workers to save more for their retirement. However, retirees decumulate
their assets faster in the late stages of the life cycle, when the taper rate is present. This implies that, once individuals pass their
retirement age, they optimally save less to maximize their pension benefits. The taper rate has two opposing effects on savings
incentives over the life cycle: a positive one before retirement and a negative one after that. The lifetime savings effect depends
how these two forces play out. In this case, it appears that the former dominates the latter with lifetime savings increasing.
Overall, the introduction of the taper rate of ωy ¼ 0:4 creates a moderate increase in asset holdings.

Panels 3 and 4 of Fig. 3 present how individuals adjust the intensive (work hours) and extensive (timing of retirement) of the
labor supply over the life-cycle. The presence of the taper rate induces individuals to supply slightly more labor before age of 65,
but significantly discourages them from supplying more hours after that (see panel 3 of Fig. 2). There are substantial drops in
work hours after age of 65. In addition, the presence of means-testing discourages individuals from participating in the labor
force. As seen in panel 4 of Fig. 2, when the taper rate is introduced individuals withdraw earlier from the labor market starting
from their 40 s in order to increase their probabilities of becoming a pensioner. Yet, the introduction of the taper rate has a
negative effect on the extensive margin of labor supply and two opposing effects on the intensive margin of labor supply over the
life cycle. The final effect on aggregate labor supply depends on how these forces play out.

Hence, uncertainty in receiving pension benefits combines with high effective tax rates in retirement ages to distort
individuals' inter-temporal allocations of resources over the life cycle.11
11 Previous empirical studies find that earnings tests significantly affect savings and labor supply decisions in older ages, especially around the
mandatory age from which individuals are eligible for retirement benefits. Neumark and Powers (1998) and Neumark and Powers (2000) estimate the
effects of means-tested Supplemental Security Income for old age individuals in the U.S.A. and find that these retirement benefits reduce savings and labor
supply of those likely to participate in the program when approaching retirement age. There are also a number of studies exploring the effects of labor-
earning tests on early retirement and the elderly's working hours in the U.K. Friedberg (2000) and Disney and Smith (2002) find that an abolition of the
earning test induces older male workers to work more hours. In addition, previous analyses of the effects of means-tested, non-pension benefits (e.g., see
Hubbard et al., 1995; Powers, 1998; Gruber and Yelowitz, 1999; Heer, 2002; Chou et al., 2004) also found that the asset test reduces saving incentives of low
income households.
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Table 4
Aggregate and welfare effects when adjusting the taper rate. The values of capital,
labor and output in the benchmark model are normalized to 100 and so the entries
in the table show these variables relative to 100 for the benchmark model. We
format the benchmark values in italics.
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Macro-aggregates. We consider a wider range of alternative means test parameters and report the results of these
experiments in Table 4. Column 1 specifies the various values of the income taper rate. Columns 2–5 present the values of
aggregate variables including domestic asset, labor, output and expected utility. Again, we normalized the values of
aggregate variables (but not utility) in the benchmark economy (ωy ¼ 0:4) to 100, which are shown in italics in row 5, and
report those in alternative economies relative to the benchmark.

We find that changing taper rates results in non-linear effects on macroeconomic aggregates. When the government
raises the taper rate from 0.4 to 1, there is a decrease in aggregate stock of capital and effective labor. This suggests that the
economy is in a region in which the adverse effects of the taper rate as an implicit tax dominate the effects of the taper rate
via the extensive margin. Raising the taper rate therefore discourages individuals from saving more or working longer, as
they face a higher effective marginal income tax rate on labor and interest earnings at higher ages. The increase in the taper
rate therefore induces individuals to save more or work extra hours. This result is consistent with empirical evidence
documented in previous empirical studies, such as Neumark and Powers (1998), Neumark and Powers (2000), Disney and
Smith (2002) and Friedberg (2000). This result is also consistent with Sefton et al. (2008), who analyze a calibrated multi-
period overlapping generations model of the U.K. However, when the government raises the taper rate from 0.0 to 0.4, there
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is an increase in capital stock and labor supply. This implies that the positive effect of taper rates via the extensive margin
dominates the negative effects resulting from higher implicit tax rates. The hump-shaped pattern of capital stock and labor
supply over a range of parameter values of taper rates could be explained by the dynamic interaction between the extensive
and intensive margins described in our analytical results in Section 2 further above. Overall, we find that removing the
income test results in a lower capital stock and labor supply, causing output to drop by about 7 percent.

Welfare: In order to assess the welfare effects of a policy reform on different cohorts we use the ex-ante expected utility
of an unborn agent before the productivity level is revealed. Welfare gain (or loss) is expressed in terms of consumption
equivalent variation (CEV). It measures a percentage change in consumption across all possible states of the economy in the
initial steady state that makes the household indifferent between the two economies with and without the policy change. A
positive number implies that households are better off with policy change and a negative number implies that they prefer to
stay in the benchmark economy with ωy ¼ 0:4.

As already argued, the introduction of a taper rate to the pension design results in two opposing effects. First, since the
resulting means test targets lower income agents (extensive margin), it mitigates self-insurance disincentives, lowers the
deadweight loss of tax financing, and strengthens intra- and inter-generational risk-sharing. Second, it creates economic
distortions as it imposes a higher implicit income tax (by the amount of the taper rate) on savings and labor incomes of
pensioners. When the former effect is dominant, the welfare effects are positive; otherwise, the welfare effects will be
negative. In this experiment, we examine how these two effects interplay.

We first consider whether the current means tested pension system in Australia would deliver a more favorable outcome
than a universal pension system like the one in the U.S. We compare the benchmark economy (ωy ¼ 0:4) and the economy
with no means testing (ωy ¼ 0). From column 5 of Table 4, we find that welfare is lower in the economy with a universal
pension system (ωy ¼ 0Þ than in the benchmark economy. The long-run welfare effect is negative, 6.6 percent in
consumption equivalence, meaning that newly born agents would prefer to live in the benchmark economy. We conclude
that the means tested pension system in the benchmark economy is socially preferred to the universal pension system.

Another way to understand the welfare effects is by examining the welfare effects across skill types. To this end, we
compute the consumption equivalent variation (CEV), conditioning on skill type at birth. In Table 5, we present
compensating variation in consumption for each skill type and for all types together when varying the taper rate between
0 and 1. Notice that, to ease our welfare comparison, we compute CEV between economies with means testing ðωy40Þ and
the economy with no means testing (ωy ¼ 0). If the CEV number is positive, it means that the household is better off when
the taper rate is introduced.

Looking at the whole range for the taper rate, we observe that the introduction of, and increase in, a small taper rate at
first improves welfare for the household, reaches a maximum, and then decreases welfare at higher taper rates. Starting
from the benchmark taper rate, ωy ¼ 0:4, the welfare gains for a household decreases as taper rates are increased, implying
that the adverse incentive effects of the more stringent income test dominant the insurance effects in this policy parameter
range. On other hand, however, we find the opposite outcome as the taper rate is reduced from 0.4 to 0 (see column 2 of
Table 5). More specifically, comparing our benchmark economy where the taper rate is set at 40 percent, i.e., ωy ¼ 0:4, to the
economy with no means testing, we find that the average household in an economy with universal pension would be willing
to give up 7.03 percent of consumption equivalence in order to raise the taper rate from 0 to 40 percent. Overall, we find that
the welfare effects have a hump-shaped pattern, a result consistent with that found for our numerical example of the simple
model in Section 2.

This non-linear pattern of welfare effects of changes in the income taper rate clearly indicates a trade-off between the
insurance and incentive aspects of means testing. When the economy is in a region where the insurance effects are
dominant, increases in the taper rate induce more self-insurance by working longer hours and increasing saving, which, in
Table 5
The welfare effects of taper rates by skill types. Note that welfare gains/losses
are measured in terms of consumption equivalent variation. If the number is
positive, it means that the household is better off when taper rate is
introduced.
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turn, lead to efficiency gains and a positive welfare outcome. However, when the taper rate becomes bigger, distortions
arising from having higher effective marginal tax rates become more severe, which, in turn, reduce savings and labor supply.
Aggregate capital, labor supply and income decrease and welfare subsequently decreases.

The point at which expected utility reaches a maximum is around ωy ¼ 0:3. This indicates that the introduction of means
testing (via a taper rate) is socially desirable in our model, conditioning the pre-existence of a pension system with the
benchmark level of the maximum pension benefit. Sefton and van de Ven (2009) conduct a welfare analysis in a partial
equilibrium model of the U.K. pension system and also find that means tested pensions are socially desirable. Our analysis of
the Australian pension system in a general equilibrium framework also reaches a similar conclusion. This suggests that the
conclusions of Sefton and van de Ven obtained with a partial equilibrium model might well be confirmed for the U.K. when
accounting for dynamic general equilibrium adjustments.

Columns 3, 4 and 5 of Table 5 present the welfare effects across different skill types. Interestingly, we find welfare gains
for all skill types. This indicates that both low and high skill individuals benefit from aggregate efficiency gains after
introducing means testing. Notably, and as expected, low skill individuals experience relatively higher welfare gains.
Considering the case when the taper rate is ωy ¼ 0:4, the welfare gain for low skill individuals is 7.87 percent in
consumption equivalence; meanwhile, the welfare gain for high skill individuals is 5.81 percent in consumption
equivalence. The positive welfare result for the low skill type is not surprising because these agents benefit relatively
more from a means-tested pension system. The underlying mechanism behind the positive welfare effect for the low skill
type is mainly from the redistribution effects through extensive margin. As seen from Fig. 2 and Table 3, the presence of
taper rates directs pension benefits towards low skill retirees via the extensive margin. This subsequently redistributes
wealth to a relatively larger fraction of low skill individuals, who are more likely to be eligible for a means-tested pension
program. On other hand, the main logic behind the welfare gains for the medium and high skill types is the efficiency gains
from mitigating fiscal distortions and accumulating more capital and labor. Indeed, the presence of taper rates mitigates the
fiscal distortions caused by a public pension program by reducing the size of a pension program. In addition, means testing
effectively improves incentives to save and to work, which then results in more stock of labor and capital in production as
stated in Table 4. The general equilibrium channel subsequently spreads these aggregate efficiency gains to all agents,
including medium and high skill individuals. Thus, all agent types prefer means-tested pension to universal pension in our
framework.

5.2. The effects of maximum benefits

In a general equilibrium model, changes in the levels of maximum pension benefits affect not only the generosity of
pension benefits (intensive margin) but also the number of pensioners in the economy (extensive margin). However, the
effects via the former tend to be strong. To understand the effects of the maximum benefits, we simulate a number of
alternative model economies in which we vary the levels of the maximum pension benefits, while keeping the taper rate
unchanged at its benchmark level.

Technically, we index the maximum pension benefit in an alternative economy to that in the benchmark economy as
PmaxðφÞ ¼φPmax benchmark; where PmaxðφÞ denotes the maximum pension benefits in the economy after the reform and φZ0
is a parameter. Note that there are several special cases: when φ¼ 0 the government closes the pension program, and when
φ¼ 1 it is the benchmark economy. In our experiments, setting φo1 implies a lower maximum pension benefit than in the
benchmark economy, while φ41 implies a higher maximum pension benefit. Any financial discrepancy between the
government's consolidated tax revenues and expenditures are financed by a higher or lower income tax rate.

We report the main macro-aggregate and welfare effects of these experiments in Table 6. The first column specifies the
maximum pension benefits relative to the maximum pension in the benchmark economy. Note that we normalized capital,
labor, output (but not expected utility) in the benchmark model (φ¼ 1) to 100 and so the entries in the Table show these
variables relative to 100 for the benchmark model. We format the benchmark values in italics in Table 6.

In all the experiments reported in Table 6, we consistently find that capital stock, labor supply and output monotonically
increase as the government decreases the generosity of pension benefits. This indicates that public pension programs result
in adverse effects on individuals' incentives to save and work, thus crowding out savings, labor supply and output.
Conversely, cutting the generosity of a public pension program improves efficiency and hence income. We also run the
extreme experiment in which the government closes down the public pension program (φ¼ 0), shown by the bolded row in
Table 6. We find that when the public pension program is completely removed (φ¼ 0), efficiency gains from completely
removing economic distortions of public pensions on savings and labor supply lead to the highest attainable income. These
large crowding out effects on savings found in our experiments are primarily due to our small open economy model
assumption. Since the domestic interest rate is equal to the world interest rate, which is assumed constant, general
equilibrium interest rate adjustments are removed.

We now turn our attention to the welfare effects. As established in the previous literature, a social security system is
often justified as a mechanism for sharing longevity and income risks (social insurance) across households and generations,
which potentially improves welfare when markets imperfections are present. On other hand, however, social security
systems are often criticized as being detrimental to capital accumulation, labor supply and growth because they distort
savings and labor supply decisions (through adverse incentives), resulting in efficiency and welfare losses. The welfare
outcomes of a social security system depends how the system trades off the insurance effect against the incentive effect.



Table 6
Aggregate effects when adjusting maximum pension benefits. Note that we keep the taper rate unchanged at
the benchmark level (0.4). The values of capital, labor and output in the benchmark model are normalized to
100 and so the entries in the table show these variables relative to 100 for the benchmark model. CEV is
calculated for a new born agent at age 20 using the benchmark model as a base. We format the benchmark
values in italics.
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In our quantitative experimental results reported in column 5 of Table 6, we find that decreasing the generosity of
pension benefits (reducing φ) always leads to increases in the expected utilities of individuals so that expected utility is
maximized when the public pension ceases (φ¼ 0). This indicates that the adverse effects on incentives always dominate
the insurance effect even when means testing is present. It seems that means testing strengthens risk-sharing and
incentives via extensive margin effects, but fails to overturn the negative intensive margin effects.

We conclude that a means tested pension is not socially desirable in our dynamic general equilibrium economy as
expected utility is highest in an economy with no public pension. This is perhaps not surprising as we learnt from previous
studies that general equilibrium adjustments magnify the crowding out effects of social security systems without means
testing and that negative welfare outcomes are likely. Indeed, the PAYG social security literature using a dynamic general
equilibrium model consistently finds negative welfare effects because the adverse effects on incentives dominate the
insurance effect (Auerbach and Kotlikoff, 1987; Imrohoroglu et al., 1995), leading to the recommendation that governments
privatize their PAYG social security systems. In that sense, our finding for an old-age pension scheme with means testing is
consistent with the previous results in the literature of general equilibrium analysis of social security without means testing.

5.3. Interactions between maximum benefits and taper rate

We now turn our attention to interactions between maximum pension benefits and taper rates, and derive implications
for the insurance-incentive trade-off and welfare. We numerically characterize two steady states economies with two
different levels of the maximum pension benefits: low φ¼ 0:5 and high φ¼ 1:5. In each alternative economy, the
government keeps the maximum pension benefit unchanged and the government varies the taper rate between 0 and 1.

We report the effects of alternative taper rates and maximum pension benefits in the design of means testing of the old-
age pension on the aggregate capital stock and labor supply in Table 7.

Macro-aggregates. We find that the effects of changes in the taper rates on the aggregate capital stock and labor supply
vary significantly across the economies. In the economy where the level of maximum pension benefits is relatively low, the
taper rate that maximizes the capital stock and labor supply is 1, which is much higher than in the benchmark economy. On
other hand, in the economy where the level of maximum pension benefits is relatively high, the taper rate that maximize
the levels of aggregate capital and labor is around 0.3. This indicates that the effects of means testing on incentives to work
and to save are dependent of the levels of maximum pension benefits. When the levels of maximum pension benefits are
relatively low, tightening the taper rate leads to an increase in the capital stock and labor supply. The intuition for this result
can be explained by the prediction in our simple model. That is, when the pension benefits Pmax are relatively less generous
the positive extensive margin effect is positive and always dominates the negative intensive margin effects. On other hand,
in the economy where the levels of maximum pension benefits are relatively generous (benchmark or high) there is a
trade-off between two opposing forces. The positive extensive margin effect tends to be a dominant force when the rate is
small, but loses ground to the negative intensive margin effects as the taper rate becomes sufficiently high (0.4 or above in
the benchmark economy). This result confirms that the existence of the extensive margin embedded in a means tested
pension system potentially mitigates the adverse intensive margin effects on savings.

Welfare: We now analyze the welfare outcome in which the interactions between the insurance and incentive effects are
taken into account. Our results for the effect of these different policy settings upon expected utility are summarized in
Table 8. We find that the welfare effects of varying the taper rate are different across the three economies and, hence,
dependent upon the levels of the maximum pension benefit. In the first economy where the maximum pension benefits
are relatively less generous (Low), increases in the taper rate lead to monotone increases in capital stock, labor supply,
national income and, therefore, expected utility. This implies that the effects of higher taper rates in mitigating self-insurance
disincentives and strengthening risk-sharing are always dominant so that the welfare effects are always positive. The optimal



Table 7
Aggregate capital stock and labor supply when adjusting tapter rates in three different economies: low,
benchmark and high maximum pension benefits.

Table 8
The welfare effects when adjusting taper rates in different economies.
Note that welfare gains/losses are measured in terms of compensating
variation in consumption that is necessary to make an agent indifferent
between keeping taper rate and eliminating taper rate. If the number is
positive, it means that the household is better off when taper rate is
introduced.
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taper rate in this economy is ωy ¼ 1. There is no clear trade-off between insurance and incentive effects as the taper rate
increases. However, as pointed in the previous analysis, the positive extensive margin effects tend to be a dominant force.

In the third economy where the maximum pension benefits are assumed to be 150% more generous than in the
benchmark economy (High), we again find a hump-shaped pattern of welfare effects. This is indicative of the two opposing
effects of means testing at work: mitigating self-insurance disincentives and strengthening risk-sharing versus distortions of
higher effective marginal income tax rates of the higher taper rate. When the former is dominant the welfare effects are
positive; otherwise, they are negative. The insurance and incentive effects are evenly balanced aroundωy ¼ 0:3, which is the
optimal taper rate in this economy. Note that the taper rate that delivers the best welfare outcome is not necessarily the one
that results in highest levels of capital stock, labor supply and output. The difference is partly due to the fact that means
testing strengthens the social insurance role of the pension system.

To enable a more detailed examination of the welfare and macroeconomic implications of alternative pension design
parameters, we simulate a number of alternative economies for a wider range of maximum pension benefits. We find that
the level of expected utility is greatest when the taper rate is unity for old-age pension replacement rates up to 0.6,
indicating that it is optimal for pensioners to only receive the pension for incomes less than the income threshold. The
optimal taper rate is 0.5 when the replacement rate is 0.75, drops to 0.3 for replacement rates of unity and 1, but increases to
0.4 when the replacement rate is 1.5. Thus, the optimal taper rate first falls and then increases as the pension becomes more
generous. This indicates that the welfare effect of introducing and increasing an income test taper rate is nonlinear and
dependent of the level of the maximum pension benefit.

In summary, we find from these Tables that the interaction between these two policy instruments is important as it has
different implications for individuals' inter-temporal allocation of resources, macroeconomic aggregates and welfare. The
interaction between the maximum pension benefit and the taper rate magnifies the disincentive effects of the taper rate as
an implicit tax on life-cycle savings and labor supply. These results point out the importance of accounting for the
interaction between these two pension policy instruments and of analyzing the economic mechanisms that explain these
nonlinear effects.
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6. Conclusion

Inclusion of means testing in the pension benefit formula allows governments to have additional policy instruments to
affect the number of public pensioners (extensive margin) and the benefit level (intensive margin). The former is aimed at
strengthening risk sharing across individuals and generations and to mitigate the adverse effects of self-insurance
incentives. In this paper, we analyzed the welfare implications of these salient features of old-age pension design for the
trade-off between insurance and incentive effects. We find that the extensive margin strengthens the insurance effect but
introduces two opposing effects on incentives, and that the magnitude of the positive extensive margin effect depends on
relative strength of the intensive margin. The final welfare outcome depends how two opposing effects on incentives play
out in the economy.

We investigate these trade-offs in a dynamic general equilibrium model with heterogeneous agents that is calibrated to
the Australian economy. We find that the introduction of a taper rate leads to positive welfare outcomes and that the pattern
of welfare effects varies, depending on the level of maximum pension benefits. More specifically, when the maximum
pension benefit is relatively less generous, increases in taper rates always lead to a welfare gain as the insurance effect and
the positive incentive effect are always dominant. However, when the maximum pension benefits are relatively more
generous, there is an optimal taper rate at which the insurance and positive incentive effects efficiently trade off with the
negative incentive effects and at which expected utility is maximized. Importantly, our results reveal that the interactions
between the levels of maximum pension benefits and taper rates are critical in forming the direction of the welfare effects.

Our results carry important policy implications. Countries that are interested in introducing means testing to their
currently universal pension systems should take into account the potential interactions between the choice of taper rates
and the choice of the levels of maximum pension benefit. Our results highlight the point that the effects of a higher taper
rate on savings, labor supply and household welfare are nonlinearly dependent on the level of the maximum pension
benefit.
Appendix A

A.1. Simple model: solving the model

We provide a solution for a model in which savings is incorporated in the income test formula and the government
finances its pension program via a tax on the labor income of the young.

Household: The individual agent's optimization problem is

max
c1 ; c2 ;s

fuðc1ÞþpEuðc2Þ st: c1þs¼ ð1�τÞw1 and c2 ¼w2þð1þrÞsþPg;

where P is the pension benefit defined as
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and the first derivative with respect to saving is
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Using this expression for consumption when old, expected marginal utility may be expressed as
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Let bw2 ¼ y2�rs denote the level of income endowment in period 2 that separates pensioners from non-pensioners, taking
saving, s, as given. Noting that dy2 ¼ dw2, we obtain the expression
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This equation may be solved for the optimal level of saving function, yielding the implicit expression

s¼
1�τð Þw1�

½1þð1�ωξÞr�p
wmax

2
1�ωð Þðbw2Þ2

2
þPmax bw2

" #
�ð1þrÞp

wmax
2

ðwmax
2 Þ2�ðbw2Þ2

2

1þ½1þð1�ωξÞr�2p bw2

wmax
2

þð1þrÞ2pw
max
2 � bw2

wmax
2

;

¼
1�τð Þw1� 1þ 1�ωξ

� �
r

� �
p
bw2

2
þPmax�ω

bw2

2

� � bw2

wmax
2

� �
� 1þrð Þpðw

max
2 þ bw2Þ

2
1� bw2

wmax
2

� �
1þ½1þð1�ωξÞr�2p bw2

wmax
2

þð1þrÞ2p 1� bw2

wmax
2

� � ;

where bw2 ¼ y2�rs.
Government: The government budget clearing condition is
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where s is optimal saving and bw2 ¼ y2�ξrs.
Equilibrium. The equilibrium conditions for this simple economy reduce to
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These equilibrium conditions simultaneously determine the solutions for ðsn; τn; bwn

2Þ. The first is the optimal saving function.
The second equation determines the tax rate, τn, that ensures a government budget balance. The final equation determines
the period 2 (extensive margin) wage rate, bwn

2, that separates pensioners from non-pensioners. Note that Pmax;ω and y2 are
exogenously set by the government.

A.2. General equilibrium model: algorithm to solve the model

We follow the algorithm in Auerbach and Kotlikoff (1987) to solve the model. The general procedure to solve for general
equilibrium is summarized as follows:
1.
 Discretize the state space of assets as ½a0;…; amax�.

2.
 Guess an initial wage rate, w, and endogenous government policy variables while taking the world interest rate as given.

3.
 Work backwards from period J to period 1 to obtain decision rules for consumption, savings, labor supply, and the value

and marginal value functions of the household.

4.
 Iterate forwards to obtain the measure of households across states, using the household decision rules and the laws of

motion for working ability shocks and mortality shocks and taking the distribution of agents of age 1 as given.

5.
 Aggregate labor supply and clear the labor market to get a new wage rate; balance the government budget to determine

endogenous government variables.

6.
 Check the relative change in aggregate variables after each iteration and stop the algorithm when the change is

sufficiently small (10�4 percent). Otherwise, repeat steps from 3 to 6.
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