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This paper explores the economic and labour market effects of implementing a tax reduction targeted at older workers. The
analysis is conducted with a life-cycle computable general equilibrium model calibrated on Canadian data. The analysis shows that
implementing a permanent income tax reduction for workers aged 60 and over has only small macroeconomic effects because the
labour supply increase of older workers is partly offset by a reduction in the labour supply at core ages. This induced effect also
discourages savings and generates crowding out through private investment but has a favourable impact on lifetime economic
welfare. The macroeconomic impact is much larger when the income tax reduction is temporary because workers no longer reduce
their hours at core ages and there is no reduction in savings. However, since only current middle-aged and older workers benefit
from the tax cut, a temporary income tax cut reduces intergenerational equity.

1. Introduction

It is well known that the Canadian population has been
ageing steadily for some time as people have been living
longer and having fewer children. Compared to most other
developed countries, Canada experienced a larger baby boom
and a sharper decline in fertility afterward. In the next thirty
years, the number of persons aged 65 and older is expected
to more than double worldwide. Also, over the past decades,
despite the substantial increase in longevity, the trend in early
retirement has become widespread. According to Statistics
Canada, the average age of retirement has declined steadily
in Canada over the period 1976 to 1998 for both men and
women, from around 65 for men and 64 for women during
the second half of the 1970s to 61.5 years for men and 60
for women in the late 1990s (see Figure 1). Since the bottom
reached in 1998, the declining trend in retirement has halted.
During the 1999 to 2010 period, the effective retirement age
averaged 62.2 and 60.7 for men and women, respectively. It
also increased in 2009 and 2010, following the stock market
collapse, which led to a decline in the value of pension assets.

Several studies have indicated that population ageing will
lead to a significant decline in population and labour force

growth, which in turn will reduce economic growth (see,
e.g., [1–3]). Early retirement behaviour also raises important
public policy challenges because a larger proportion of older
workers leaving the labour market would exacerbate the
negative economic effects of ageing. Many recent quantitative
studies have concluded that public pensions (or social
security) in OECD countries have a significant impact on the
retirement decisions (see, e.g., [4, 5]). Furthermore, several
papers have examined the cost of early retirement or the
benefits of working longer. The conventional view from these
studies is that the economic benefits of working longer are
potentially large. However, these studies for the most part
simulate an exogenous increase in retirement age and do not
evaluate the effectiveness of policy incentives to encourage
older workers to stay longer in the labour market.

Staubli and Zweimuller [6] examine the labour market
effect of a major pension reform that was implemented in
Austria between 2000 and 2006, which gradually increased
the early retirement age by 26 months. (Before the reform,
the early retirement age was 60 for men and 55 for women.)
They found a decline in retirement of around 20 percentage
points among men aged 60–61.5 and a 7 percentage point
increase in employment. For women aged 55–56.5, there was
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Figure 1: Average effective age of retirement in canada by sex, 1976–
2010. Source: Labour Force Survey, Statistics Canada.

a 40 percentage point decline in retirement and a 9 percent-
age point increase in employment. This increase in labour
force participation was also associated with an increase in
unemployment as the share of individuals receiving unem-
ployment benefits increased by 10 percentage points for men
and 9 percentage points for women.

At the margin, the impact of the reform may seem signifi-
cant. In aggregate, the economic impact is not necessary large
in a country such as Canada in which the public pension
system generates few work disincentives compared with
other OECD countries [4]. Fougère et al. [7] used a compu-
table general equilibrium (CGE) model to examine the
impact of alternative pension reforms that consist of elimi-
nating early retirement incentives and increasing the retire-
ment age in Canada. (In the paper, the simulated option with
the largest impact on labour and GDP was to increase the
actuarial penalties for taking early retirement benefits of the
Canada and Quebec pension plans (C/QPP). By increasing
the actuarial penalties for C/QPP benefits before age 65,
workers were now on average better off to continue working.)
In every case, the policy incentives produced only modest
increases (at most one percent) in aggregate labour supply
and in economic output.

According to Sheshinski [8], economic agents make
suboptimal retirement decisions. Accordingly, policy inter-
vention to reduce early retirement incentives or obstacles to
participation in the labour market may be desirable. How-
ever, expected small macroeconomic gains associated with
alternative public pension policies suggest a need to explore
additional avenues, such as encouraging older workers
to continue working through tax reforms. For example, Den-
mark offers a direct tax incentive for older workers. Indeed,
a nontaxable income supplement has been granted since
1999 to workers extending their working life beyond age 62.

This paper’s objective is to examine the possible impact
on the Canadian economy and the participation rate of older
workers of introducing a tax incentive that is similar to the
policy introduced in Denmark. The analysis is conducted
using a life-cycle computable general equilibrium model

calibrated on the Canadian economy. The remainder of the
paper is structured as follows. Section 2 summarises the
recent literature on the cost of early retirement or benefits of
working longer and explains the Danish tax policy incentive.
Section 3 describes briefly the model used for the analysis
and discusses the simulation exercises. Section 4 reveals the
main results obtained and shows the result of incentive
scenarios of different magnitude. Section 5 presents some
sensitivity tests. The concluding Section 6 discusses some
implications for policy.

2. The Economic Benefits of Working Longer
and the Danish Tax Incentive

Several papers have examined the cost of early retirement or
the benefits of working longer. Table 1 presents a summary
of selected studies using a variety of methods and indicators
including GDP, hours of work, and forgone earnings.
Overall, the conventional view from these studies is that the
economic benefits of working longer are potentially large.
Among the studies, Herbertsson and Orszag [9] estimate that
the economic cost of early retirement in terms of unused
productive capacity averaged 6.3% of GDP in 1998 in OECD
countries. Hviding and Mérette [10] use a CGE model and
estimate that a 4-year increase in retirement age would raise
real percapita GDP by 7% in Canada by 2050. Using a similar
method, Fougère et al. [11] find that the marginal effect of a
one-year increase in effective retirement age would raise real
percapita GDP by 3.2% by 2050. Finally, Barrell et al. [12]
examine the impact of a one-year increase in the retirement
age in UK and found that it would raise real GDP by about 1
percent after six years.

Over the last 10 years, Denmark introduced a series
of policy incentives to encourage the extension of older
workers’ working lives. Denmark changed its taxation plan
and its public pension system. First, Denmark changed the
voluntary early retirement pension plan (VERP). Major
changes included the introduction of a nontaxable premium
(staggered over several years) up to 120,000 DK (about
$23,000 CAN) to people staying in the labour market after
age 62 and also a 10% reduction of the voluntary retirement
allowance for those aged 60–62. Secondly, the minimum
contribution time and the contribution rate were increased
in January 2003 to ensure the lasting quality of the VERP.
Admission criteria to the disability pension plan were also
tightened. Finally, people aged 65+ and working more than
1,500 hours annually (about 30 hours weekly) may postpone,
since July 2004, the settlement of their pension plan over a
10-year period. For instance, an individual who postpones
his retirement one year would see his pension allowance
increased by 7%.

According to Bjørn and Larsen [16] and Jørgensen [17],
these tax incentive measures put in place since 1999 have had
little impact so far on the participation rate of older workers,
despite their increased employment rate noticed since 1997.
It can be argued that such policy incentives may take several
years before their impact can be perceived on the labour
market.
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Table 1: Economic impact of a rise in the retirement age (summary of studies).

Authors Approach/Country Indicator Summary of results

Hviding and Mérette [10]
CGE model/7 OECD
countries

GDP per capita
4-year increase in retirement age: increase of 7% by 2050 for
Canada and 5.7% in the US

Herbertson and Orszag [9] Accounting/OECD GDP In 1998, 6.3% increase on average in OECD

Rowe and Nguyen [13]
Microsimulation
model
(Lifepaths)/Canada

Forgone earnings
Retirement is delayed to age 65: $72,000/household with
normal job loss probability

Verma and Rix [14]
Macroeconometric
model of US

GDP LF part. rate of 65+ returns to 1950: 10% increase by 2029

Policy Research Initiative [15]
Microsimulation
model
(Lifepaths)/Canada

Avg. annual hours
per person

3-year extension of working life: 6% increase in hours by 2025

Fougère et al. [11] CGE model/ Canada GDP per capita
1-year permanent increase in effective age of retirement: 3.2%
increase in GDP per capita by 2050

Barrell et al. [12]
Macroeconometric
model (NiGEM)/UK

GDP
1-year permanent increase in effective age of retirement: 1%
increase in GDP after 6 years

3. The Model

3.1. General Description of the Overlapping Generations
Model. The analysis uses a life-cycle OLG model of a closed
economy. The economy is populated by rational households
earning their income by providing their human capital to the
production sector and by receiving interest on accumulated
assets and transfers. The production sector hires effective
labour and rents capital up to their marginal product
to produce and sell a single good. The public sector is
represented by a national government which levies taxes on
consumption and on factors of production and issues one-
period bonds to finance its spending. The model used in this
paper draws on Fougère et al. [3, 18] and Annabi et al. [19].

3.1.1. Household Behaviour. There are 16 overlapping gener-
ations of individuals in each 4-year-time period structured
in an Allais-Samuelson overlapping generations framework.
In each period, a new generation enters the labour market at
age 17 and the eldest dies at age 81. The population growth
rate is exogenous. In what follows, the subscript s stands for
skill level, t stands for time period and the subscript g stands
for the age group.

In each period, the representative agent is endowed with
one unit of time which can be allocated towards learning
(zs,g,t), working (LSs,g,t), or to leisure activity (�s,g,t). Time
allocated to education corresponds to human capital invest-
ment effort:

zs,g,t + LSs,g,t + �s,g,t = 1. (1)

Representative agents maximize an intertemporal utility
function with consumption and leisure as arguments subject
to two accumulation conditions: wealth and human capital.
Earnings are allocated between consumption and savings
(domestic physical capital ownership titles and government
bonds). Bonds and physical capital are considered perfect

substitutes, and thus total supply of assets equals total
demand. The agent preferences are represented by an iso-
elastic time-separable utility function similar to that in
Auerbach and Kotlikoff [20] which takes the following form:

Us,t =
16∑

g=1

(
1

1 + ρ

)g−1 u
(
Cs,g,t+g−1, �s,g,t+g−1

)1−σ

1− σ
, (2)

where Cs,g,t is consumption of an individual of skill level s
and age group g at time t. ρ and σ are, respectively, the pure
rate of time preference and the inverse of the intertemporal
elasticity of substitution. The instantaneous preferences are
represented by a constant elasticity of substitution (CES)
utility function:

u
(
cs,g,t , �s,g,t

)
=
(
C1−θ
s,g,t + φs,g�

1−θ
s,g,t

)1/(1−θ)
. (3)

θ is the inverse of the intratemporal elasticity of substitution
between consumption and leisure, and φs,g is the leisure pre-
ference parameter.

Human capital evolves according to

hs,g+1,t+1 =
hs,g,t

1 + δh
+ β · hs,g,t · zγs,g,t ,

δ > 0, β > 0, 0 < γ < 1, 0 < μ < 1,

(4)

where δh is the human capital depreciation rate, γ represents
the elasticity of human capital with respect to the education
effort, and β is a scale parameter reflecting the efficiency of
the education system.
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The accumulation of assets by the representative agent is
a function of savings and evolves according to:

FAs,g+1,t+1 − FAs,g,t

= rtFAs,g,t ·
(

1− τkt
)

+
(

1−
(
τws,t · τ inc

g,t

)
− crt − dbcrt

)

·ws,ths,g,tLSs,g,t +
(

1−
(
τws,t · τ inc

g,t

))

·
(

Trs,g,t + CPPs,g,t + RPPs,g,t + OASs,g,t

)

+ GISs,g,t −
(
1 + τct

) · Cs,g,t ,

(5)

where FAs,g,t denotes the financial assets accumulated by
generation g and skill level s at time t, crt the public pen-
sion contribution rate, dbcrt the defined-benefit registered
pension plan (RPP) contribution rate, ws,t the wage rate,
and rt the interest rate. τws,t, τ

k
t , and τct represent, respectively,

the effective tax rates on labour income, capital income,
and consumption expenditures, and τ inc

g,t is an employment
income tax incentive that differs by age. Trs,g,t represents
government transfers excluding public pensions, OASs,g,t is
Old Age Security, GISs,g,t includes Guaranteed Income Sup-
plement and Spouse’s Allowance (SPA). The Government
funds OAS programs (OAS, GIS, and SPA) from general
government revenue. CPPs,g,t is consolidated Canada and
Quebec Pension Plans’ (CPP/QPP) benefits, and RPPs,g,t

represents the benefits from a defined-benefit RPP. Both
CPP/QPP and RPP benefits are a fraction of lifetime best
labour earnings and are determined by exogenous pension
replacement rates (see Table 2). In (6), total CPP/QPP and
RPP benefits equal the total workers’ contributions for each
respective pension plan. POPs,g,t represents the number of
workers. The contribution rates, crt and dbcrt, are endo-
genously determined to satisfy both equations:

∑

s,g

POPs,g≥12,tCPPs,g≥12,t = crt ·
∑

s,g

POPs,g,tws,ths,g,tLSs,g,t ,

∑

s,g

POPs,g≥10,tRPPs,g≥10,t = dbcrt ·
∑

s,g

POPs,g,tws,ths,g,tLSs,g,t .

(6)

The optimization problem of the representative agent
is to maximize its intertemporal utility (2) subject to the
accumulation of human capital (4), to a lifetime version
of the budget constraint derived from (5), and to the time
constraint described by (1). Optimal consumption and
leisure profiles are found by maximizing with respect to Cs,g,t

and �s,g,t (see below), and optimal investment in education
is obtained by manipulating the first-order conditions with
respect to zs,g,t and hs,g,t. (First-order conditions with respect
to zs,g,t and hs,g,t are not shown, but time allocated to edu-
cation is positively associated with expected earnings. More
time allocated to education (less work) at younger ages
increases human capital (4), which in turn raises produc-
tivity of workers. The simulation analysis in Section 4 shows

Table 2: Behavioural and public policy parameters.

Parameter Notation Value

Consumer preferences

Intertemporal elasticity of substitution 1/σ 0.90

Intratemporal elasticity of substitution 1/θ 0.80

Production technology

Production share of physical capital α 0.30

Elasticity of substitution for labour
demand

ε 1.50

Depreciation rate of physical capital δk 0.05 (per year)

Interest rate r 0.04 (per year)

Human capital technology

Elasticity of time input γ 0.70

Elasticity of public spending input μ 0.18

Public policy

CPP/QPP replacement rate PensR 0.20

RPP replacement rate PPensR 0.02–0.14

Government expenditures/GDP 0.37

Earned income tax rate τw 0.31

Capital income tax rate τk 0.38

Consumption tax rate τc 0.10

that the impact on expected earnings is small. Therefore, and
although not shown, changes on time allocated to education
are very small).

Differentiating the utility function with respect to the
lifetime budget constraint yields a reservation wage (i.e.,
implicit price of leisure), Wres for each generation:

Wress,g,t = ws,t · hs,g,t · LSs,g,t

·
(

1− τws,t
)
· (1− crt − dbcrt) + μs,g,t,

(7)

where μs,g,t is a Kuhn-Tucker multiplier and differs from
zero if and only if the agent chooses to retire in year t and
represents the extra money the individual would require to
leave retirement and supply labour. The earned income tax
rate τws,t is negatively associated with the reservation wage
and the presence of crt and dbcrt in the equation means that
workers consider CPP/QPP, and RPP contribution rates as
marginal tax rates on labour. The intratemporal first-order
conditions of the agent problem can be written as

�s,g,t =
[
φs,g

(
1 + τCt

)

Wress,g,t

]1/θ

Cs,g,t . (8)

As can be seen in (8), an increase in the reservation wage Wres

causes a decline in leisure relative to consumption. In fact,
one unit change in the leisure-consumption ratio following a
change in the reservation wage is equal to the intratemporal
elasticity of substitution 1/θ. Hence, any increase in τw, cr, or
dbcr reduces the reservation wage according to (7), which in
turn raises leisure activity relative to consumption.
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3.1.2. Producer Behaviour. The production sector is repre-
sented by a national firm which hires effective labour (Lt) and
rents physical capital (Kt) to produce and sell a single good
in a perfectly competitive market. Its production technology
is represented by a Cobb-Douglas production function:

Qt = AKα
t L

1−α
t , (9)

where α is the share of capital in value added, and A a share
parameter. Since adjustment costs in investment are not
taken into account, there is no intertemporal optimisation
problem for production, and profit maximization requires
the equality between marginal productivity and the rate of
return of each factor of production:

rt + δk = αAKα−1
t L1−α

t ,

wt = (1− α)AKα
t L

−α
t ,

(10)

rt, wt, and δk denote, respectively, the rate of return to capital,
the wage rate and the depreciation rate of physical capital. In
addition, labour demand is a composite factor of three skills
levels (high-, medium-, and low-skilled workers) represented
by a constant elasticity of substitution (CES) function.
Consequently, the demand for labour per skill equals

Ls,t = As ·
(
wt

ws,t

)ε

· Lt, (11)

where Ls,t is the effective labour force by skill level s, ws,t

the wage rate per skill level, As a scale parameter, and ε the
elasticity of substitution between skill levels of labour. Given
(11), the wage rate per unit of effective labour wt is a function
of the wage rate per unit of effective labour of skill level s:

wt =
(
∑

s

Asw
1−ε
s,t

)1/(1−ε)
. (12)

In addition, without adjustment costs, future investments
(Invt) are determined by foregone consumption, and the
evolution of physical capital stock, financed by borrowing
from households, is described by the following law of
motion:

Kt+1 = (1− δk)Kt + Invt . (13)

3.1.3. The Government Sector. The national government
issues one-period bonds to finance its spending and the
interest on public debt and to satisfy the budget constraint. It
levies taxes on labour income, capital income, taxable trans-
fers, and consumption expenditures. It spends on public
expenditures GOt, health care GHg,t, education GEg,t, and
interest payments on public debt. It also provides transfers

to residents through the presence of social transfers. The
national government budget constraint is defined as

GBt+1 −GBt

= rtGBt +
∑

s,g

Pops,g,t

(
Trs,g,t + OASs,g≥13,t + GISg≥13,t

)

+
∑

g

(
GHg,t + GEg,t

)
+ GOt

−
∑

s,g

⎧
⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

Pops,g,t ·
[
τws,t ·

(
ws,ths,g,tLs,g,t + Trs,g,t + OASs,g≥13,t

+ CPPs,g≥12,t + RPPs,g≥10,t

)]

+ τct · Cg,t + τkt · rtFAs,g,t

⎫
⎪⎪⎪⎪⎬
⎪⎪⎪⎪⎭
.

(14)

Equation (14) describes the variation of the stock of public
debt GBt+1 − GBt which is equal to the government deficit.
The three remaining expressions on the right-hand side are
interest payments on the public debt, total transfer payments
(Tr, OAS, and GIS), which evolve with demographic changes,
total expenditures on public services, and government
revenues from taxes levied on labour income, public and
private pension income, consumption, and returns on assets.

3.1.4. Market Equilibrium Conditions. The model assumes
purely competitive markets and perfect foresight agents. It
is also assumed that physical capital is entirely detained by
local residents and that portfolio choice is subject to home
bias with the rest of the world. This is consistent with Helli-
well and McTitrick [21] who found evidence that national
borders divert flows of savings to domestic investments,
but Canadian provincial borders have no such effect. The
equilibrium condition for markets of goods states that total
output must be equal to total demand:

Qt =
∑

s,g

(
Pops,g,tCs,g,t

)
+ Invt +

∑

g

(
GHg,t + GEg,t

)
+ GOt .

(15)

The stock of effective labour supply is the number of
workers times their corresponding human capital stock and
individual labour supply (i.e., hours):

Ls,t =
∑

g

(
Pops,g,ths,gLSs,g

)
. (16)

Bonds and physical capital ownerships are considered
perfectly substitutes. Hence, total supply of assets must equal
total demand:

∑

s,g

Pops,g,tFAs,g,t = Kt + GBt . (17)

3.2. Calibration of the Model

3.2.1. Parameterization. Table 2 reports key parameter values
for government programs, elasticities, and measures of
effective tax rates as calibrated in the model. As shown in
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the table, the value of the intertemporal elasticity of substi-
tution is 0.9, while the value of the intratemporal elasticity of
substitution is 0.8. These numbers are based on values used
in the literature (see, e.g., [22, 23]). The value of the elasticity
of substitution for labour demand across qualification is 1.5,
which is based on a survey of studies (see [24–27]). The
elasticity of time input in the human capital technology
is similar to the estimate of Heckman et al. [28] and the
value used by Lau [29]. The value for the elasticity of public
spending input in human capital is based on the estimation
of Blankenau et al. [30]. The production parameters used
in the model are also standard in the literature. Finally, the
CPP/QPP replacement rate is 0.2, while the RPP replacement
rate is positively associated with age and skill level and ranges
between 0.02 and 0.14. It reflects the fact that the proportion
of Canadians who receive benefits from a DB private pension
plans increases with age and that average and median benefits
from such plans increase with skill levels.

3.2.2. Earning Profiles and Time Allocation over the Life Cycle.
Key features of the model calibration are representative
skilled workers’ life-cycle earnings profiles and time allocated
to work, leisure, and education. As presented in Annabi et al.
[19], the calibration is based on information from the 2001
Canadian Census and National Occupational Classification
(NOC) matrix. Data on time allocated to employment is
derived based on the labour force participation rate, while
time allocated to human capital formation is derived from
the 1998 General Social Survey on Time Use. In the initial
steady state, the life-cycle earning profile for high-skilled
workers is steeper and higher than medium-skilled and low-
skilled workers. In regards to time allocation, representative
individuals typically spend a significant proportion of their
time to college and university education when young, spend
gradually more time in employment as they get older, and
decrease their working time in their fifties as their preference
for leisure increases. Their working time decreases gradually
until they completely withdraw from the labour market when
they reach the age of 72. In the calibration, high-skilled
workers spend more time in education when young and
more time to work in their core age than medium- and low-
skilled workers.

4. Simulation Exercise

4.1. Scenarios. The key policy simulation exercise consists of
implementing an earned income (i.e., earnings) tax reduc-
tion for workers aged 60 and over as of 2006. Two basic
simulation exercises are conducted. In Scenario 1, we assume
that the tax policy incentive targeted at older workers is
permanent, while Scenario 2 assumes that the tax policy
change is temporary and effective until 2030.

Also, to maintain budget balance, we assume that the
government finances the work incentive by an earned income
tax adjustment (i.e., an increase) for taxpayers who are under
age 60. The earned income tax increase is very small because
it is distributed amongst a large number of workers under
age 60. The scenarios are compared with a reference scenario
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Figure 2: Simulated projected population ageing.

which factors in the effect of population ageing. That is,
the age structure of the population in the model replicates
historical and projected values of the old-age dependency
ratio. As shown in Figure 2, the old-age dependency ratio is
expected to roughly double from 2010 to 2050.

4.2. Expected Impact on Labour Supply of an Earned Income
Tax Reduction for Older Workers. The objective of the paper
is to examine whether reducing earned income taxes for
workers aged 60 has a significant impact on aggregate labour
supply. In the model, a decrease in earned income tax for
older workers increases their incentives to work by raising
the implicit price of leisure (see (7) and (8)). However, this
tax reduction is financed by a small increase in the earned
income tax rate for core-age workers, which may decrease
their work effort. Therefore, the net impact on aggregate
labour supply is ambiguous and depends on the magnitude
of the tax incentive, its financing, and individual’s preference
for leisure.

4.3. Impact of a Permanent 10 Percent Employment Income Tax
Reduction to Older Workers. To understand the labour mar-
ket effects of a permanent 10 percent employment income
tax reduction over the life cycle, Figure 3 shows the effect on
weekly working hours for highly skilled (HS) cohorts who
joined the labour market in 1982 and 2006. These two
cohorts are chosen to explore the impact on workers aged
40 and over (the 1982 cohort), when the policy change is
implemented and the cohort of younger workers (the 2006
cohort) have the whole career to adjust their time allocation.

The results show that workers aged 60 and over increase
their time allocated to work. For the 1982 cohort, gains are a
little more than 0.6 hour on average per week while the 2006
cohort gains are close to 1.0 hour per week. However, those
gains are somewhat offset by reduced labour supply from
middle-aged workers. Since the tax policy change is perma-
nent, both cohorts choose to allocate more time to leisure
activities when young as they anticipate it will be more
profitable to work more when they reach the age of 60 (a sub-
stitution effect). The effect is less marked for the 1982 cohort
than the 2006 cohort, since the 1982 cohort workers have less
time to adjust their worked hours following the introduction
of the work incentive (they already have 20 years of career
when the incentive is introduced in 2006). The impact
for medium and low-skilled workers (not represented in
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Table 3: Impact of a 10% permanent reduction in earned income taxes for workers aged 60 and over on key macroeconomic indicators
(percentage point difference relative to reference scenario).

2010 2014 2022 2030 2042 2050

Real GDP per capita 0.08 0.05 0.05 0.05 0.08 0.10

Labour supply/capita 0.13 0.12 0.15 0.18 0.25 0.30

National savings −0.29 0.07 −0.10 −0.14 −0.29 −0.25

Capital stock/capita −0.05 −0.13 −0.19 −0.32 −0.42 −0.47

Capital/labour ratio −0.19 −0.28 −0.38 −0.57 −0.79 −0.93

Real wages −0.05 −0.08 −0.11 −0.15 −0.20 −0.24

Earned income tax rate −0.13 −0.13 −0.13 −0.13 −0.13 −0.14
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Figure 3: Difference in weekly working hours of 1982 and 2006
high-skilled cohorts, permanent 10% earned income tax reduction.
(Difference compared with the reference scenario.)

the graphic) is similar to the impact for high-skilled workers
for both cohorts.

Table 3 shows the impact of a 10% reduction in earned
income taxes for workers aged 60 and over on key macroe-
conomic indicators. As shown in the results, labour supply
per capita increases by 0.18 percentage point (p.p.) in 2030
and 0.30 p.p. in 2050. This implies that the increase in the
labour supply of older workers has a net positive impact on
aggregate labour supply and more than offsets the reduction
in the labour supply of younger workers. Despite this, the
gains in real GDP per capita remain very small, a 0.05 p.p.
and 0.10 p.p. increase in 2030 and 2050, respectively. This is
explained by an effect of crowding out from private savings
and investment. The physical capital stock and savings are
both lower in the long term, which reduces the gains in real
GDP per capita. By reducing time allocated to work, workers
aged less than 60 earn less labour income accumulate less
saving and thus contribute to a reduction in the accumulated
stock of physical capital. In fact, the physical capital intensity
(capital/labour ratio) decreases with a lower capital stock and
higher labour supply.

The aggregate labour supply increase also contributes
to a modest reduction in real wage rates but increases the
labour income tax base for the government. Thus, the earned
income tax rate can be slightly reduced in aggregate to
maintain budget balance, despite the tax reduction for older
workers (redistribution of the tax burden).

Similar to Auerbach and Kotlikoff [20] and more recently
to Fougère et al. [18], we calculate the level of utility Us,t,
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Figure 4: Impact of a 10% permanent reduction in earned income
taxes for workers aged 60 and over on economic welfare and leisure
over the life cycle per cohort.

which depends on both lifetime consumption and leisure
activities (see (1)), by cohort and level of qualification. A
cohort is defined by its year of entry in the labour market at
17 years old. Lifetime utility levels, and their lifetime leisure
activity part, are calculated by cohort and level of qualifica-
tion for Scenario 1 (Us,t

s1) and the reference scenario (Us,t
ref).

We report the percentage difference (Us,t
s1 − Us,t

ref)/Us,t
ref

in Figure 4. Despite a decline in time allocated to leisure
by workers aged 60 and over (given the increase in hours
worked), the increase in leisure time of middle-aged workers
(40 to 59) contributes to the overall gain in economic welfare.
Economic welfare increases even further for later cohorts
(those entering the labour market after 2006), since, follow-
ing the work incentive, they can change their time allocation
over their entire life cycle. For medium- and low-skilled
workers, the increase in life-time economic welfare is caused
by a rise in life-time consumption as life-time leisure does
not change by much. Finally, high-skilled workers benefit
more than medium- and low-skilled workers. They can also
raise leisure activities because of the beneficial effect of higher
income.

4.4. Impact of a More Generous Permanent Tax Cut. Table 4
presents the impact on key macroeconomic indicators of
reductions of 10%, 20%, 30%, and 40% in earned income
taxes for workers aged 60 and over. A more generous tax
reduction increases total labour supply, and the increase in
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Table 4: Simulated impact of a permanent 10% to 40% tax reduction for workers aged 60+ (percentage point difference relative to the
benchmark scenario).

Labour supply per capita National savings Capital stock per capita Real GDP per capita
2030 2050 2030 2050 2030 2050 2030 2050

10% 0.18 0.30 −0.14 −0.25 −0.32 −0.47 0.05 0.10
20% 0.36 0.57 −0.39 −0.48 −0.55 −0.93 0.12 0.19
30% 0.54 0.85 −0.62 −0.75 −0.81 −1.41 0.19 0.27
40% 0.71 1.11 −0.86 −1.02 −1.09 −1.91 0.24 0.34

real GDP is maximized with a 40% tax reduction. A greater
tax cut does not increase real GDP per capita further in the
long run (results not shown) because there is more crowding
out from private investment and the negative impact on
savings and accumulated physical capital more than offsets
additional gains from labour supply on real GDP.

Results also show that a more generous incentive raises
economic welfare more because of increased leisure activities
of middle-aged workers (not shown here). In short, a greater
tax reduction increases economic welfare, but the decrease in
savings and accumulated physical capital is also larger and
reduces the gains in real GDP per capita.

4.5. Impact of a Temporary 10 Percent Earned Income Tax
Reduction to Older Workers. As indicated earlier, when the
earned income tax reduction is permanent, younger cohorts
choose to reduce their work effort at core ages as they find
it more profitable to work more at older ages (they adjust
their time allocation decision over their lifetime). Accord-
ingly, the reduction in work effort during core ages lowers
the overall impact on total labour supply. In this context,
since the rise in the elderly dependency ratio due to ageing
is projected to accelerate during the 2010–2030 period and
to slow thereafter, it may be argued that the tax cut should
be temporary rather than permanent and be implemented
during the period when ageing is expected to be most severe.
Moreover, a temporary tax cut during the 2010–2030 period
would mainly benefit core-age and older individuals. It
would have little influence on younger cohorts because they
are not expected to receive the benefit at older age.

Figure 5 shows the impact of a temporary 10 percent
earned income tax cut, implemented until 2030, on time
allocated to work for cohorts who enter the labour market
in 1982 and 2006, respectively. As can be seen, the reduction
in labour supply for the 2006 cohort during core ages is very
small compared with the previous scenario. Under the tem-
porary earned income tax cut scenario, cohorts who enter the
labour market in 2006 and younger ones will not benefit
from the tax cut at age 60 and over. Therefore, they have
no incentive to reduce their work hours when young. The
situation is different for older cohorts. Those who entered
the labour market in 1982 and older cohorts will benefit from
the tax cut at age 60 and over but have a shorter window of
opportunity to reduce their work effort at younger age.

Table 5 shows the macroeconomic impact of the tempo-
rary tax cut on key economic indicators. As can be seen, there
is a larger overall positive impact on real GDP per capita. By
2030, the real GDP per capita gain is more than 4 times larger
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Figure 5: Difference in weekly working hours of 1982 and 2006
high-skilled cohorts, temporary 10% earned income tax reduction.
(Difference compared with the reference scenario.)

than with the permanent tax cut scenario, 0.20 p.p. compared
with 0.05 p.p. Even after 2030, there are still some positive
GDP gains remaining.

There are two key factors at play here that change the
results from Scenario 1. First, since the employment income
tax cut is temporary, younger cohorts do not reduce their
work hours at core ages. Therefore, the total labour supply
effect is larger because the increase in older workers’ labour
supply is partly compensated by very little reduction in
younger worker’s labour supply. Second, there is no reduc-
tion in savings from younger cohorts because they do not
plan to work longer. In aggregate, national savings increase
rather than decrease and there is no crowding out coming
from private investment. Therefore, the negative impact on
the physical capital stock per capita and the capital-labour
ratio is much smaller and the net real GDP impact remains
positive after 2030.

The policy shock generates some marginal reduction
in intergenerational equity although the macroeconomic
impact of a temporary earned income tax cut is more
favourable for real GDP than a permanent tax cut. Figure 6
presents the lifetime economic welfare impact of a tem-
porary 10 percent tax cut. Not surprisingly, current older
generations benefit slightly from the tax cut mainly through
increases in lifetime consumption. Future cohorts, however,
receive no tax benefit and do not enjoy economic welfare
gains.

4.6. Impact of a More Generous Temporary Tax Cut. Just like
in Section 4.4, Table 6 presents the impact on key macro-
economic indicators of temporary reductions of 10%, 20%,
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Table 5: Impact of a 10% temporary reduction in earned income taxes for workers aged 60 and over on key macroeconomic indicators
(percentage point difference relative to reference scenario).

2010 2014 2022 2030 2042 2050

Real GDP per capita 0.08 0.08 0.12 0.20 0.10 0.07

Labour supply/capita 0.12 0.14 0.16 0.24 0.07 0.05

National savings −0.19 0.17 0.19 0.21 0.03 0.15

Capital stock/capita −0.03 −0.07 0.01 0.08 0.17 0.16

Capital/labour ratio −0.16 −0.24 −0.19 −0.21 0.09 0.11

Real wages −0.05 −0.07 −0.05 −0.06 0.02 0.03

Earned income tax rate −0.13 −0.14 −0.14 −0.15 −0.02 −0.01

Table 6: Simulated impact of a temporary 10% to 40% tax reduction for workers aged 60+ (percentage point difference relative to the
benchmark scenario).

Labour supply per capita National savings Capital stock per capita Real GDP per capita

2030 2050 2030 2050 2030 2050 2030 2050

10% 0.24 0.05 0.21 0.15 0.08 0.16 0.20 0.07

20% 0.46 0.09 0.42 0.31 0.16 0.31 0.39 0.15

30% 0.68 0.14 0.61 0.47 0.24 0.46 0.56 0.22

40% 0.88 0.19 0.80 0.65 0.30 0.60 0.73 0.30

Table 7: Impact of a 10% permanent and temporary reduction in earned income taxes for workers aged 60 and over with a lower
intratemporal elasticity of substitution key macroeconomic indicators∗.

Macroeconomic indicators
Permanent Temporary

2010 2030 2050 2010 2030 2050

Real GDP per capita 0.05 (−0.03) 0.05 (0.00) 0.05 (−0.05) 0.08 (0.00) 0.17 (−0.03) 0.08 (0.01)

Labour supply/capita 0.10 (−0.03) 0.17 (−0.01) 0.25 (−0.05) 0.13 (0.01) 0.22 (−0.02) 0.06 (0.01)

National savings −0.27 (0.02) −0.15 (−0.01) −0.24 (0.01) −0.20 (0.01) 0.36 (0.15) 0.18 (0.03)

Capital stock/capita −0.06 (−0.01) −0.30 (0.02) −0.55 (−0.08) −0.03 (0.00) 0.00 (−0.08) 0.14 (−0.02)

Capital/labour ratio −0.16 (0.03) −0.54 (0.03) −0.95 (−0.02) −0.17 (−0.01) −0.29 (−0.08) 0.08 (−0.03)

Real wages −0.05 (0.00) −0.14 (0.01) −0.24 (0.00) −0.05 (0.00) −0.08 (−0.02) 0.02 (−0.01)

Earned income tax rate −0.14 (−0.01) −0.14 (−0.01) −0.13 (0.00) −0.15 (−0.02) −0.16 (−0.01) −0.01 (0.00)
∗

Percentage point difference against the reference scenario. Values in brackets are differences compared with the first scenario. See Tables 3 and 5. The
substitution elasticity between consumption and leisure in the general equilibrium model is reduced from 0.8 to 0.6.
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Figure 6: Impact of a 10% temporary reduction in earned income
taxes for workers aged 60 and over on economic welfare and leisure
over the life cycle per cohort.

30%, and 40% in earned income taxes for workers aged 60
and over. A greater temporary earned income tax cut leads to
more labour supply increases at a pace virtually proportional

to the change in the tax rate. There is also no crowding
out coming from private investment with a larger tax cut.
Finally, the real GDP gain is much superior in 2030 and even
2050 compared with implementing a permanent tax cut. For
example, a 40% earned income tax cut would raise real GDP
per capita by 0.73 p.p. in 2030 and still 0.30 p.p. in 2050, even
though the tax cut has been removed; thanks to the positive
capital stock accumulation effect.

5. Sensitivity Tests

To verify the robustness of the results, several sensitivity tests
have been performed. For the type of shock performed here,
the results can be sensitive to two key parameters. The first is
the intratemporal elasticity of substitution, which measures
the degree to which workers are willing to substitute con-
sumption for leisure or inclined to change their working
hours when the return to work varies. The second key param-
eter is the intertemporal elasticity of substitution, which
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Table 8: Impact of a 10% permanent and temporary reduction in earned income taxes for workers aged 60 and over when the intertemporal
rate of substitution increased, key macroeconomic indicators∗.

Macroeconomic indicators
Permanent Temporary

2010 2030 2050 2010 2030 2050

Real GDP per capita 0.06 (−0.02) 0.06 (0.01) 0.10 (0.00) 0.09 (0.01) 0.19 (0.01) 0.07 (0.00)

Labour supply/capita 0.11 (−0.02) 0.18 (0.00) 0.29 (0.01) 0.13 (0.01) 0.24 (0.00) 0.04 (−0.01)

National savings −0.25 (0.04) −0.20 (−0.06) −0.23 (0.02) −0.19 (0.00) 0.25 (0.04) 0.16 (0.01)

Capital stock/capita −0.06 (−0.01) −0.29 (0.03) −0.47 (0.00) −0.03 (0.00) 0.05 (−0.03) 0.15 (−0.01)

Capital/labour ratio −0.18 (0.01) −0.54 (0.03) −0.92 (0.01) −0.18 (−0.02) −0.25 (−0.04) 0.11 (0.00)

Real wages −0.05 (0.00) −0.14 (0.01) −0.24 (0.00) −0.05 (0.00) −0.07 (−0.01) 0.03 (0.00)

Earned income tax rate −0.13 (0.00) −0.13 (0.00) −0.14 (0.00) −0.13 (0.00) −0.15 (0.00) −0.01 (0.00)
∗

Percentage point difference against the reference scenario. Values in brackets are differences compared to the first scenario. See Tables 3 and 5. The inter-
temporal rate of substitution in the general equilibrium model is increased from 0.9 to 1.1.

Table 9: Impact of a 10% permanent and temporary reduction in earned income taxes for workers aged 60 funded through a lump-sum
tax, key macroeconomic indicators∗.

Macroeconomic indicators
Permanent Temporary

2010 2030 2050 2010 2030 2050

Real GDP per capita 0.17 (0.09) 0.19 (0.14) 0.21 (0.11) 0.18 (0.10) 0.36 (0.16) 0.09 (0.02)

Labour supply/capita 0.27 (0.14) 0.34 (0.16) 0.42 (0.12) 0.27 (0.15) 0.41 (0.17) 0.06 (0.01)

National savings −0.24 (−0.05) 0.16 (0.31) −0.23 (0.02) −0.27 (−0.08) 0.18 (−0.03) 0.15 (0.00)

Capital stock/capita −0.03 (−0.02) −0.17 (0.15) −0.41 (0.06) −0.06 (−0.03) 0.20 (0.12) 0.21 (0.05)

Capital/labour ratio −0.33 (−0.17) −0.32 (−0.11) −0.01 (−0.10) −0.35 (−0.19) −0.30 (−0.09) 0.09 (0.03)

Real wages −0.10 (−0.05) −0.11 (−0.03) −0.14 (−0.03) −0.10 (−0.05) −0.04 (−0.02) 0.04 (0.01)
∗

Percentage point difference against the reference scenario. Values in brackets are differences compared to the scenarios in which the tax reduction is financed
through increases in the earned income tax rate for worker under the age of 60.

measures the degree to which workers are willing to substi-
tute current consumption with future consumption, which
depends on changes in the return to savings. As a third
sensitivity analysis, we have also simulated permanent and
temporary tax incentives that are financed through a lump-
sum tax instead of an earned income tax. The lump-sum tax
paid by each representative individual is proportional to its
demographic weight in the whole population.

Table 7 presents the effects of a permanent and tempo-
rary 10 percent income tax reduction for workers aged 60
and over using an intratemporal elasticity of substitution of
0.6 as opposed to 0.8 in the original simulation, assuming
that workers here are less willing to change their working
hours following a tax cut. This corresponds to a 25 percent
reduction in the substitution elasticity parameter. Overall,
the results change very little (the difference with respect to
the original results is in brackets). The impact of the shock
on labour supply per capita is somewhat weaker initially, thus
having to a smaller impact on real GDP per capita, physical
capital stock, and national savings. This leaves a stronger
message that the macroeconomic impact of such policy is
expected to be small. The conclusion does not change when
applying a temporary tax cut. The main difference here is
that national savings increase a little more with a lower
intratemporal elasticity of substitution when the shock is
temporary as opposed to being permanent.

Table 8 presents the effects of a permanent and tempo-
rary 10 percent income tax reduction for workers aged 60

and over using an intertemporal elasticity of substitution of
1.1 as opposed to 0.9 in the original simulation, assuming
that workers are more willing to adjust their savings pattern
when the return to savings changes, following a tax cut. As
can be seen in the table, there is virtually no change in the
results.

Finally, Table 9 presents the results of a 10% labour
income tax reduction for workers aged 60 and over which is
financed through a lump-sum tax. Overall, financing the tax
reduction through a less distortionary lump-sum tax leads
to a more positive outcome. There is more labour supply
increase and less crowding out through savings and invest-
ment, but it also results in a greater reduction in physical
capital intensity. Note that the macroeconomic impact
remains relatively small.

6. Conclusion

Although many studies have demonstrated that the eco-
nomic and fiscal benefits of working longer are poten-
tially large, the analysis shown here demonstrates that it
would be difficult to achieve a significant increase in older
workers’ labour supply through policy incentives, such as
implementing tax reductions for older workers. Another
interesting finding is that the magnitude of the impact could
significantly vary depending on whether individuals perceive
the tax policy reduction as permanent or temporary.
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In our analysis, we assume that over the life cycle,
economic agents use all available information in a rational
way to maximise their life-time utility and adjust their time
allocation between education, work, and leisure. In this
context, implementing a permanent tax cut targeted at older
workers would have little economic impact since younger
workers would modify their time allocation over their work-
ing lives, choosing to work and save less when young and to
work more when old. In this circumstance, it would be more
economically beneficial to implement a tax cut that would be
perceived as temporary by younger workers rather than per-
manent. There are both winners and losers with this policy,
since only current middle-aged and older workers would
expect to benefit from the tax cut, thus creating some reduc-
tion in intergenerational equity.

Finally, the results reinforce the idea that there is no
magic bullet or single policy option to consider if we want to
have a significant influence on older workers’ labour supply.
Several other complementary policies need to be considered,
such as stimulating productivity as well as incentives for
other possible targeted groups or more marginally attached
workers.
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