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Abstract

This paper uses a quantitative overlapping generation model to suggest a pension reform
able to sustain a retirement system, in the face of deep demographic changes. We derive the
reform design from an optimization program that selects one or more policy instruments –

and their values – among a predefined set, to minimize the welfare loss of the median voter
while keeping sound public finances, sustaining gross domestic product growth and
considering the welfare of the newborn generation. We calibrate the model to the
Luxembourg economy. The European Commission (2012) forecasts that, among all euro
area countries, Luxembourg will experience the largest increase in pension costs between
now and 2060. Our simulations show that a single instrument reform would imply severe
backlashes on the rest of the economy. The suggested pension reform instead consists of a
policy mix including taxation, benefits and the effective retirement age. We stress the need to
design pension reforms based on optimization programs that lead to the achievement of
desired targets. Indeed, the reform implemented by the Luxembourg government in 2013,
which does not result from an optimization program, will not keep public finances sound
over the medium term.
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1 Introduction

Population aging is common to all regions in the developed world. It threatens the
sustainability of public finances and requires structural reforms. However, these struc-
tural reforms are not easy to implement. First, aging is a long and slow process which
will unfold over the next decades. A precise estimation of the costs of aging, and there-
by of the size of the needed reforms, is challenging. Second, reforming today to meet
the needs of tomorrow’s generations is not likely to be overly popular among the cur-
rent population. In these respects, Luxembourg represents an interesting case study.
According to the European Commission (2012), pension expenditures in
Luxembourg will increase by 9.4 percentage points of Gross Domestic Product
(GDP) between 2013 and 2060. It is the highest increase among European Union
(EU) countries and drastic reforms will be needed to address it. Moreover,
Luxembourg is a small open economy, with large immigration and huge flows of
cross-border workers, whose future evolution is quite uncertain. As a result, the con-
fidence interval around the expected cost of aging is probably wide. The use of quan-
titative models to evaluate the effects – including the welfare effects – of aging and
potential reforms, under alternative scenarios, might, therefore, be useful for
policymakers.
In this paper, we build an overlapping generation (OLG hereafter) model à la

Auerbach and Kotlikoff (1987) and calibrate it on Luxembourg data. We then use
the model to estimate the cost of aging, to evaluate the effects of the pension reform
implemented in 2013 by the government, and to propose a more efficient reform. To
shape this alternative reform, we select a combination of instruments – and their
values – to minimize the welfare loss of the median voter under several constraints
related to public finance, GDP growth, the welfare of the newborn generation and
lower and upper bounds for the instrument values. This ‘global’ approach is different
from most of the related literature, which focuses on reforms based on single policy
instruments (see hereafter). Finally, as there are important uncertainties related to
future evolutions, we provide a sensitivity analysis to check the robustness of our
conclusions.
There already exists an important quantitative literature on aging and pensions. De

Nardi et al. (1999) show that in the face of the US demographic projections, it is costly
to maintain benefits at promised levels. They also investigate the implications of eight
alternative fiscal responses, which generally cost active generations to the benefit of
the forthcoming ones. The only reform improving the welfare of each generation is
a switch to a defined contribution system. Henin and Weisenblum (2005) provide a
similar analysis but using French data. Bütler (2000) calibrates a small open economy
OLG model on Swiss data and focuses on the political feasibility – through the
welfare of the median voter – of four possible major reforms. In most simulations,
an increase in the retirement age is the preferred policy option. Okamoto (2013) simu-
lates the 2004 Japanese pension reform as well as alternatives such as a financing
switch from labor to consumption taxes and a conversion from a pay-as-you-go sys-
tem to a fully-funded system. All these alternative formulations promote capital
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formation but deteriorate overall economic welfare.1 As already explained above, we
differ from this literature by looking at the optimal combination of instruments rather
than selecting one optimal instrument. As indeed emphasized in Börsch-Supan and
Ludwig (2013), the strong interactions between the pension system and the labor mar-
ket imply that a smart combination of pension and labor policies can be more effect-
ive than policies taken in isolation. This might be especially relevant in Luxembourg
where the required adjustment is large.
In ourOLGmodel, individuals are ‘born’ at the age of 20 and live for amaximumof 80

periods to the age of 99. This gives a detailed decomposition of the population and allows
to precisely define the median voter. Individuals aged between 55 and 64 have the possi-
bility of early retirement. Our benchmarkmodel features a competitive labor market and
a small open economy structure but we also consider alternative modeling. First, given
the interactions between aging, pensions and the labor market (see, for instance,
Jaag et al. (2010) or de la Croix et al. (2013)), we replace the assumption of a perfectly
competitive labor market with the search and matching variant, along the lines of
Diamond-Mortensen-Pissarides (see Pissarides, 2000, for an extensive exposition).
Second, since Attanasio et al. (2007), Börsch-Supan et al. (2006) or Marchiori et al.
(2011) emphasize the links between aging, pension reforms and capital flows, we replace
the workhorse small open economy representation with the New Open Economy
Macroeconomics (NOEM hereafter) approach, initiated by Obstfeld and Rogoff (1995).
We calibrate themodel tomatch themainmacroeconomic features of the Luxembourg

economy in 2012. We then feed the model with expected technological progress, fertility
rates, survival probabilities, migration and cross-border commuter flows until 2100. We
also consider more pessimistic and optimistic scenarios for some of these inputs. First, we
show that in the absence of the pension reform implemented in 2013 by the government
(and in the absence of any other fiscal adjustment), the primary public deficit would reach
18% of GDP in 2060 mainly due to higher pension expenditure costs. The 2013 pension
reform restrains the deficit to 12% in 2060.2 Our simulation result is close to the one
obtained by the European Commission (2012). Second, we look at the impact of hypo-
thetical additional individual measures on the public deficit, economic growth and the
welfare of the median voter and of the newborn generation. Third, based on these results,
we formulate the policy mix minimizing the welfare loss of the median voter – i.e. maxi-
mizing potential political support – subject to various constraints, which consist of (i)
keeping the public deficit below 3%ofGDP, in line with theMaastricht criteria, through-
out the whole simulation period (2013–2060), (ii) keeping economic growth equal or
above the one obtained when simulating the 2013 pension reform throughout the
whole simulation period, and (iii) maintaining the efficiency of the pension reform for
the newborn generation above or equal to the one implied by the 2013 pension reform.3

1 Related literature also includes Diaz-Gimenez and Diaz-Saavedra (2009) and Gavilán et al. (2011) for
Spain, Magnani (2011) for Italy or Fehr et al. (2013) for Germany.

2 In this paper, we refer to the government pension reform as the ‘2013 reform’ or ‘current reform’, and
detail its measures in Section 3.4.

3 By efficiency of the pension reform, we mean the efficiency of fiscal consolidation, which is measured by
the elasticity of the deficit in 2060 to the newborn generation’s welfare in 2013 (i.e., the ratio of the
change in the deficit to a change in welfare).
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Our study stresses the need to design pension reforms based on optimization programs
that account for the achievement of desired targets. Indeed, the recent reform implemen-
ted by the government,which does not result froman optimizationprogram, is not able to
keep public finances sound over the medium term. Finally, we also present results from a
sensitivity analysis, considering alternative modeling choices as well as alternative scen-
arios for the expected evolution of demographics and cross-border workers. These mod-
ifications do not change our main conclusions.
In the coming years, many other governments will also need to implement pension

reforms. Moreover, the uncertainties surrounding expected migration flows and their
effects on public finance are at the core of contemporary political debates. In this re-
gard, we believe that the analysis we conduct in this paper is not just specific to
Luxembourg, but could also be relevant for other countries.
Section 2 presents the model. Section 3 shows the implications of the 2013 pension

reform. Section 4 simulates alternative hypothetical individual reforms and suggests a
policy mix. Section 5 concludes.

2 OLG model

The basic problem is to find the policy – or the policy mix – maximizing a welfare
function, subject to various constraints, such as limiting the public deficit below a
given level. This paper uses a computable general equilibrium model with OLG to
explore the effects of different public pension schemes on economic welfare and inter-
generational equity. We briefly explain the model below and Appendix A provides the
main equations. For the full details, one may refer to the technical document of
Marchiori and Pierrard (2012).

2.1 Model description

First, the model focuses on the behavior of people aged between 20 and 99 years – the
assumed maximum life duration. One period of time lasts 1 year, meaning that 80 dif-
ferent generations coexist at every period. People work when aged between 20 and 64,
but may decide to take early retirement between 55 and 64. Between 65 and 99, people
are retired (unless the legal retirement age (LRA) is increased).4 As a result, the effect-
ive retirement age is endogenous. Workers receive a wage whereas early retirees and
retirees, respectively, receive early retirement and retirement benefits. Moreover, each
generation chooses between consumption and saving. Second, the model is character-
ized by a competitive labor market and a small open economy structure (though we
consider alternative modeling assumptions for these two aspects in Appendix D).
Third, the model includes a public pay-as-you-go pension system (first pillar) as
well as a complementary private pension (third pillar). A set of taxes on labor, capital
and consumption finances public pensions as well as early retirement benefits. Any
disequilibrium of the public balance immediately impacts on the level of public
debt, i.e., there is no fiscal rule ensuring a balanced budget. Fourth, and this is a

4 In Appendix B, we justify this ‘activity structure’.
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point relating more directly to Luxembourg, employment is not only resident but also
cross-border. It is worth noting that the current cross-border commuters – paying
labor taxes – will eventually retire and collect benefits.

2.2 Welfare

The model allows the definition of a welfare function for each generation. We can
therefore analyze how a given policy action changes the welfare of each generation –

and hence of the median voter – with respect to a situation without policy change.
For illustrative purposes, let us assume a 2-period life-cycle model. People work
and consume in the first period, retire and consume in the second period. Two genera-
tions coexist therefore at time t, the active one a and the inactive one i. We respectively
define their current welfare as:

Wa,t =
ln(ca,t) −D(na,t) + β βa,t ln(ci,t+1)

1+ β βa,t
(1)

Wi,t = ln(ci,t)
1

(2)

where ln(cx,y) represents the consumption utility of the generation x∈ {a, i} at time
y∈ {t, t+ 1}, na,t is the employment rate at time t of the active generation, D(na,t)
is the working disutility at time t of the active generation, β is the psychological dis-
count factor and βa is the survival probability of the active generation, that is the
expected share of the generation a in t that will become i in t+ 1. Let us now assume
a policy change modifying the respective welfare into:

Wp
a,t =

ln(cpa,t) −D(npa,t) + β βa,t ln(cpi,t+1)
1+ β βa,t

(3)

Wp
i,t =

ln(cpi,t)
1

, (4)

where subscript p indicates the variable under the policy change. We rewrite (3) and
(4) such that the unique difference with (1) and (2) comes from the two consumption
terms:

Wp
a,t =

ln((1− ψa,t)ca,t) −D(na,t) + β βa,t ln((1− ψa,t)ci,t+1)
1+ β βa,t

(5)

Wp
i,t =

ln((1− ψi,t)ci,t)
1

(6)

ψa,t (resp. ψr,t) represents the share of consumption that the active (resp. inactive)
population will abandon because of the policy change, everything else equal.
Subtracting Equations (1) and (2) from Equations (5) and (6) gives:

ψa,t = 1− exp(Wp
a,t −Wa,t)

ψi,t = 1− exp(Wp
i,t −Wi,t)
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In other words, ψ is the welfare loss following a policy change, expressed in terms of
relative consumption loss. Here we assume a simple 2-period life-cycle model but gen-
eralization to our 80-period model is straightforward.
It is worth noting that welfare changes may be very different across generations. In

a political economy context, the focus is generally on the median voter or on the me-
dian generation, i.e., the generation including the median voter. The median gener-
ation must satisfy two conditions: (i) less than 50% of the population belongs to
generations having higher welfare losses than the median generation and (ii) less
than 50% of the population belongs to generations having lower welfare losses than
the median generation. Looking at the median voter therefore shows how popular
a policy is among the – voting – population. The popularity of a reform does not
mean that it produces inter-generational equity. For instance, the median voter
would probably prefer to delay the reform as much as possible, even if it implies dras-
tic measures in the future. We therefore also look at the welfare of the newborn gen-
eration in 2013 (the year the reform is implemented), that is – in our model – the 20
year-old generation in 2033.

3 Demography, current pension system and the economy

This section explains how we introduce expected demographic changes and
the pension reform implemented in January 2013 into our model. We then look at
the effect of these demographic and policy changes on the economy and on public
finances.

3.1 Demographic evolutions and other calibration

In order to evaluate the impact of demographic changes on the pension system and
more generally on the whole economy, the model incorporates past and expected –

between 1970 and 2100 – fertility and mortality rates, as well as immigration and
cross-border commuter inflows. In other words, the age pyramid evolves across
time according to the most recent data and projections. We take these inputs from
median scenarios developed by STATEC (2010) and the United Nations (2013).
Figure 1a shows that the total population is still expected to increase in the next dec-
ades, although at lower speed than before 2010. This, combined with a stabilization of
the fertility rate and a general decrease in mortality rates, implies that the dependency
ratio (population 65+ over population 20–64) will increase from 22% in 2012 to 48%
in 2060. This kind of result is common to most industrialized countries. What is less
common is the size of cross-border commuters, as shown in Figure 1b. Until the
mid-1970s, the share of cross-border employment in total employment was limited
to around 5% in Luxembourg. It then exploded to reach 44% in 2012. These
inflows of – often young – workers were a godsend for the financing of public pensions
and more generally for public finances. However, most projections – and common
sense – suggest this kind of cross-border progression is not sustainable, which poses
a second threat – on top of the usual aging – to the sustainability of the current
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pension system. Indeed, the median scenario of STATEC (2010) projects the share of
cross-border workers to top out at around 55% in 2060.5

We then calibrate themodel, i.e., we give numerical values to all other parameters. All
these other parameters are static in the baseline simulation, which does not consider any
pension reform, meaning that they do not change over time. Table B1 in Appendix B
displays the chosen numerical values. Appendix B also provides a detailed account of
the calibration procedure. In short, wefix the value of the parameters tomatch as closely
as possible the most important ratios currently observed in the Luxembourg economy.
Table 1 shows how themodel matches selected indicators for the Luxembourg economy
in 2012. Figures B1 and B2.a in Appendix B further illustrate the match of the model
with real data. It is worth noting that our calibration also includes an exogenous drift
of the public deficit of 0.1% of GDP each year. Indeed, population aging will imply
an increase in healthcare expenditures. In Luxembourg, these extra expenditures should
represent 5% of GDP in 2060 and we assume that this increase will be linear between
2010 and 2060. This evolution of healthcare expenditures will require specific reforms
that are beyond the scope of this paper, which is focused on pensions.

3.2 The current pension system

The model assumes that pensions are indexed to average real wages and that the re-
placement rate is constant over time. In the calibration, we set the pension replace-
ment rate at 98.8%. Similarly, we set the social contribution rates paid by
employees and employers at, respectively, 12.3% and 11.5% of the gross wage and
we keep them constant over time. However, in January 2013, a pension reform was

Figure 1. Expected evolutions of demography and cross-border commuters in
Luxembourg. Note: Population (in millions) refers to the 20–99 years old. The dependency
ratio is the ratio of the 65+ years old over the 20–64 years old. The expected evolution of
the cross-border commuters is based on the median scenario by STATEC (2010).

5 Section 4.3 and Appendix C compare our results based on the median scenario with those based on high
and low scenarios, also provided by STATEC (2010) and the United Nations (2013).
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implemented as already explained. This pension reform includes three main measures:
(i) a gradual and linear decrease in the pension replacement rate from 2013 until 2050,
(ii) an additional decrease in the pension replacement rate as soon as the pension sys-
tem enters into deficit (higher expenses than incomes) and (iii) an increase in social
contributions as soon as the pension system enters into deficit. Translated into
model inputs, this implies that the pension replacement rate falls linearly from
98.8% in 2010 to 92.2% in 2030 (when the pension system enters into deficit, accord-
ing to the model) and then decreases further to reach 86.6% in 2050. It remains at this
level from 2050 onwards. Moreover, the social contribution rate paid by the employ-
ees rises from 12.9% to 14.9% in 2030 and the social contribution rate paid by the
employers rises from 12.1% to 14.1%.

3.3 Economy and public finance without the 2013 reform

We use our model to produce two simulations. The simulation ‘baseline’ looks only at
the effects of demographic changes – explained in Section 3.1 – on the economy and
public finances and does not consider the recent 2013 pension reform. The simulation
‘current reform’ considers the 2013 pension reform explained in Section 3.2, on top
of the demographic changes. Figure 2 displays these two simulations. The lines
‘Baseline’ and ‘Current’ in Table 2 provide a summary.
The ‘baseline’ simulation shows that the expected demographic evolutions will re-

duce employment growth and GDP growth, as well as imply a strong deterioration of
public finances. More precisely, lower immigration, lower cross-border commuter
inflows and the stabilization of the fertility rate decrease the labor supply. This will
in turn reduce annual employment growth from 2% currently to less than 1% after

Table 1. Selected economic indicators for Luxembourg in 2012 (unless otherwise
mentioned): Data and Model

Indicator Data1 Model

Activity rate 55–64 (%) 48.3 48.3
Yearly real wage growth (%) 0.9 1.0
Yearly GDP growth (average 2010–2014, %) 3.5 3.6
Yearly GDP growth (average 2013–2060, %) 2.5 1.7
Public consumption (% GDP) 17.0 17.0
Private consumption (% GDP) 33.8 35.7
Investment (% GDP) 20.4 23.9
Net exports (% GDP) 28.8 23.4
Total pension expenses (% GDP) 11.2 11.0
Pension expenses paid to non-residents (% total) 22 22
Primary deficit (% GDP) 0.1 0.2
Public debt (% GDP) 21.4 21.4

1Data sources: Activity rate 55–64: OECD. Yearly gross domestic product (GDP) growth
2013–2060: Aging working group. Pension expenses paid to non-residents: IGSS. Other data:
STATEC (National Accounts).
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2025. However, the unemployment rate will also decrease after 2030 because lower
employment growth is more than offset by important exits from the labor force.
The evolution of yearly output growth follows that of employment, moving
from above 3% in 2012 to 1% in 2060. GDP per capita rises in the early years of
the period but falls from 2025 onwards. Population aging, combined with lower
growth in both employment and GDP, will have a dramatic impact on the sustain-
ability of the pension system in particular and public finances in general. Pension
costs are expected to increase from 11% of GDP in 2012 to 30% in 2060 and the
primary public deficit is expected to reach 23% of GDP in 2060. However, the
deficit increase includes an exogenous drift of 5% of GDP due to an increase in
healthcare expenditures. This drift in healthcare expenditures will require specific
reforms that are beyond the scope of this paper. The increase excluding health expen-
ditures is 18%.

3.4 Impact of the recent reform implemented in 2013

In 2060, the current reform should reduce by 1/8 the increase in pension expenditures
and by 1/4 the increase in the primary deficit (Figure 2, dashed red line).
Improvements in public finances occur especially starting from 2035, when the add-
itional measures of the reform come into play. Indeed, an additional decrease in

Figure 2. Expected evolutions of the economy and public finances in Luxembourg. Note:
We use the overlapping generation model described in Section 2 to simulate these expected
evolutions. The simulation ‘baseline’ refers to the scenario described in Section 3.1, where
the evolutions are only driven by the expected demographic changes and therefore do not
include the recent pension reform. The simulation ‘current reform’ refers to the scenario
described in Section 3.2, where the evolutions are driven by the expected demographic
changes but also include the recent 2013 pension reform.
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the pension replacement rate (partial decoupling of pensions from real wages) and an
increase in social contributions will be activated when the expenditures of the pension
system become larger than its revenues, which arises in 2035 according to our model.

Table 2. Deficit, growth and inter-generational welfare

Individual simulations: measures announced in 2013 with gradual and linear implementation
btw 2013 and 2033

Primary deficit GDP growth

Median
voter’s
welfare

Newborn’s
welfare

2015 2035 2060 2015 2035 2060 2013 elast. 2013 elast.

Increase in taxation
τc +5 pts −0.19 −1.33 −1.42 0.00 0.00 0.00 −2.51 0.57 −3.72 0.38
τf +5 pts −0.25 −2.95 −3.31 −0.03 0.02 0.02 −2.45 1.35 −4.29 0.77
τw +5 pts −0.33 −2.70 −2.26 −0.05 0.05 0.03 −1.63 1.39 −4.96 0.46
τk +5 pts −0.24 0.14 0.60 −0.01 0.06 0.02 −0.62 −0.97 −0.21 −2.85

Reduction in expenditures
ρr −15 pts 0.09 −2.59 −4.82 −0.01 −0.04 0.00 −4.23 1.14 −2.11 2.29
λ +2y −0.25 −1.24 −2.05 0.19 −0.08 0.02 2.49 −0.82 1.85 −1.11
LRA +2y −0.79 −1.90 −1.86 0.05 0.06 0.01 −1.83 1.02 −1.15 1.61

Global reforms: measures announced in 2013 with gradual and linear implementation from 2013
onwards
Current reform: main measure from 2013 to 2050 plus additional measures in 2035
Enhanced reform: measures from 2013 to 2033/2060

2015 2035 2060 2015 2035 2060 2015 elast. 2015 elast.

Deficit and growth levels
Baseline −0.43 8.48 22.97 3.18 1.37 1.01

Deficit and growth levels
Current 0.15 −3.78 −6.26 0.01 −1.34 0.03 −3.19 1.96 −5.17 1.21
Enhanced −0.07 −7.61 −17.79 0.20 0.25 0.36 −7.77 2.29 −5.62 3.17

Numbers indicate changes with respect to the baseline, i.e., where no reform is undertaken.
Changes are expressed in percentage points (pts) for the deficit and growth and in percent
(%) for welfare. τc stands for taxes on consumption, τf stands for employers’ social contribu-
tions, τw for employees’ social contributions, τk for capital revenues. ρr stands for pension re-
placement rates, encompassing the early retirement ratio (ρe for the 55–64 generations) and
the full retirement ratio (ρi for the 65+ generations), λ stands for the effective retirement age
and LRA for an increase in the legal retirement age. ‘current’ stands for current 2013 reform
and ‘enhanced’ for our enhanced reform. ‘elast.’ represents the elasticity of the deficit in 2060
relative to welfare in 2013, that is the fall in deficit implied by a 1% fall in welfare. This elasticity
is computed with respect to the deficit in 2060 to account for the long-term effects of the
reforms. The welfare in 2013 takes into account the discounted sum of welfare of all the remain-
ing periods. We have 2 values of elasticity, one related to the welfare (loss) of the median voter
in 2013, and another related to the welfare (loss) of the newborn generation in 2013. Note that
the table shows the effect of the growth rate in 2035, which coincides with the only year in
which the growth rate is negatively affected under the current reform. Note also that the current
reform was adopted in December 2012 and implemented on January, 1 2013.
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Another reason for the initial small decrease in pension expenditures and in the deficit
is that the reform’s main measure is gradual and becomes stronger as time passes by.
In particular, according to the reform, taxation will climb by 4 percentage points (+2
pts for τw and +2 pts for τf) in 1 single year, i.e., in 2035, as soon as pension expen-
ditures exceed contributions to the pension system. Though this is how the law
describes the implementation of the additional measures, we can imagine that the gov-
ernment will rather raise taxation gradually. However, a gradual implementation of
the additional measures (when the pension system goes into deficit) means delaying
needed fiscal adjustments, which will be less effective in keeping sound public
finances.
Table 2 (line ‘current’) summarizes the impact of the recent pension reform in terms

of primary deficit, economic growth and the welfare of the median voter. The latter
measure gives an idea of the ‘popularity’ of the reform. The reform has a limited
(and even negative, but only in the year 2035) impact on growth – with respect to
the baseline simulation – and reduces the median voter’s welfare.6

The table also provides a measure of the efficiency of the pension reform
through the elasticity of the deficit in 2060 to the median voter’s welfare in 2013
(‘elast. def. 2060/welf. 2013’), which is the ratio of the change in the deficit to a change
in welfare. This elasticity indicates that by reducing by 1% the median voter’s welfare,
the reform brings about a 1.96% of GDP reduction in the deficit. As already
explained, a 1% welfare reduction corresponds to a permanent reduction in
consumption of 1%, everything else unchanged. The way the welfare indicator is
defined – including only utility of consumption and disutility of work – is obviously
important. Welfare could be less affected if it would comprise various positive aspects
of the reform, such as the fact that a lower debt allows higher public expenditure in
the future. Moreover, welfare could also be defined in terms of non-economic aspects
(health, culture,. . .). Such effects are, however, difficult to quantify. Including them in
a welfare indicator would anyway be arbitrary and is beyond the scope of the present
study.
Nevertheless, it might be interesting to look at the welfare of all other generations –

besides that of the median voter generation. Panel a. of Figure 3 shows the welfare
loss due to the pension reform across all generations. We see that the median voter
is 46 years old. The most impacted are the individuals in their mid-30s because
they will have the early retirement possibility in 2035 when all the measures of the re-
form are activated. Moreover, they have less time to prepare themselves – by adapting
their saving behavior – than individuals in their early 20s. Since the reform is pro-
gressive, it obviously impacts less the older generations than the younger ones. For a
similar reason, Table 2 (line ‘current’) shows that the welfare loss of the newborn in
2013 (−5.17%) is higher than the welfare loss of the 2013 median voter (−3.19%) or of

6 We focus on the welfare of the residents since – in Luxembourg – the non-residents cannot vote and
therefore do not have any say in choosing the structure of the pension system. Moreover, we assume
that the pension structures of the residents and non-residents are the same. Indeed, a lower pension
for the non-residents – that could obviously satisfy the resident voters – would be forbidden by EU
legislation.
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anyother generation living in 2013. Indeed,mostmeasures of the 2013 reformare delayed
until 2035, that is a couple of years after the 2013 newborn enter the labor market.7

To sum up, although the current pension reform improves the situation of public
finances compared with the baseline, it is not sufficient to ensure sound public
finances, has a limited impact on growth, reduces the median voter’s welfare and is
even more painful for the newborn generations. We, therefore, propose an enhanced
version of the reform that can sustain public finances in the short- and medium-term
(2013–2060 horizon) without reducing economic growth, while limiting the welfare
losses of current and future generations.

4 Towards an enhanced reform

In this section, we first analyze the impact of individual measures (taxes and expendi-
tures) on (i) public finance (ii) growth and (iii) welfare, in order to better understand
these impacts. We then look for the reform minimizing welfare loss under several con-
straints related to public finances, GDP growth and the welfare of the newborn gen-
eration. This suggested reform will comprise a set of different instruments and will
subsequently be compared with the current pension reform. Finally, we provide a sen-
sitivity analysis relative to the projected evolution of demography and the number of
cross-border workers, as well as relative to alternative modeling.
Given the large pension burden anticipated over the next 50 years, Luxembourg

could have to pull simultaneously on a wide range of levers. A narrow choice of policy

Figure 3. Welfare loss (in %) of pensions reforms in 2013, by age. The red arrow points at
the welfare of the median voter. The ‘Current pension reform’ stands for the current 2013
reform described in Section 3.2. The ‘Enhanced pension reform’ stands for our reform
suggested in Section 4.2. The welfare in 2013 takes into account the discounted sum of
welfare of all the remaining periods.

7 The newborn generation of 2013 will become the first generation in the model in 2033.
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instruments could be inappropriate, as fiscal consolidation would in this case dispro-
portionately rest on very specific socioeconomic profiles. Moreover, considering a
large set of instruments does not mean that they will all be selected ex post by the op-
timization process. We just do not want to exclude ex ante any potentially relevant
policy instrument. Obviously, our set of instruments includes the pension level as
well as the effective and legal retirement age, but also a range of different taxes.8

4.1 Individual simulations

We analyze the effects of various measures on the deficit, growth and welfare until
2060. The different measures are considered individually and are supposed to be
announced in 2013 and implemented linearly and gradually between 2013 and
2033. The results are provided in the upper panel of Table 2 and are expressed in
terms of changes compared with the baseline, i.e., the scenario without any reform.
We look in particular at the efficiency of each measure through the elasticity of the
deficit in 2060 to the median voter’s welfare in 2013, which is the ratio of the change
in the deficit to a change in welfare (9th column). A first set of measures comprises
taxes (consumption taxes τc, employers’ social contributions τf, employees’ social con-
tributions τw and taxes on capital revenues τk). An increase in the different taxes leads
in general to a decrease in the deficit, a small growth impact (a modest reduction of it)
and a deterioration in welfare. In this set of measures, we focus our attention on the
increase in employers’ social contributions (τf), which exhibits a high elasticity.
Although an increase in employees’ social contributions (τw) has an elasticity of simi-
lar magnitude, the increase in employees’ social contributions strongly reduces the
welfare of the newborn in 2013 and generates a low elasticity for the newborn (around
half the one associated to an increment in employers’ social contributions, see last
column of the table). Moreover, the elasticity of the deficit in 2060 to the median
voter’s welfare generated by the employees’ social contributions strongly decreases
when employees’ social contributions rise further.9 Figure 4 indicates that the effect
of a rise in employees’ social contributions (from 0 to 10 percentage points) is to de-
crease the median voter’s welfare more and more (panel a) and its effect on the 2060
deficit points at the existence of a ‘Laffer curve’ (panel b). Indeed, the deficit reduction
is large from relatively small tax increases, but after a certain level (7 percentage
points increase), a further increase in taxation makes the deficit reduction smaller
and smaller, though welfare further deteriorates. For example, a 3 percentage points
increase in taxation yields a similar deficit reduction to a 10 pts tax increase (i.e.,
around −1.3 pts), but welfare is significantly further reduced in the latter case.
A second set of measures concerns a reduction in pension expenditures, either by

directly reducing pension replacement rates (ρr) or by raising the effective retirement

8 In the working paper version of this article (Bouchet et al., 2014), we also evaluate the effects of the wage
negotiation parameter and the degree of competition in trade in a model that comprises labor market
frictions and a NOEM structure (as in Appendix D).

9 When employees’ social contributions increase by 2, 5 and 10 percentage points, the elasticity equals
1.54, 1.39 and 0.40, respectively.
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age (λ) or the LRA.10 Less generous pensions do reduce welfare but stimulate the sup-
ply of labor and capital and thus the economy, leading to a strong reduction in the
deficit and to a high elasticity. More surprisingly, a higher effective retirement age
improves welfare (negative elasticity). The reason is that the economy is decentralized
and households do not internalize all the effects of λ, in particular the fact that a
longer work-life has a (significant) positive impact on growth (until the mid-2030s)
and raises wages and pensions. In addition, these positive effects increase consump-
tion, which more than compensates for the negative effects of a longer work-life.
Finally, increasing the LRA by 2 years between 2013 and 2033 postpones the payment
of pensions, which reduces the deficit, and raises the labor supply, which is favorable
for growth. However, this measure reduces welfare, in contrast to raising the effective
retirement age, and is thus less attractive than reforms to λ (though raising λ slightly
depresses growth after the mid-2030s, which is not the case when extending the LRA).
In some simulations, the fall in the newborn’s welfare is larger than the fall in the

median voter’s welfare (this is the case for taxes, except τk). One explanation for this
result is the gradual implementation of measures. The full implementation – after 20
years – might never impact the median voter whereas the newborn will face the full
implementation during their whole life. For instance, the full increase in employees’
social contributions (τw) happens in 2033. At that time, the median voter of 2013 (gen-
eration 45–49 regarding this measure) is already retired whereas the newborn of 2013
just start their professional career. However, in some simulations, newborn experience
a lower decrease in welfare than the median voter. The reason is that the newborn

Figure 4. Effects of an increase in employees’ social contributions. (a) Indicates the change
in the median voter’s welfare (vertical axis) for different increases in employees’ social
contributions (horizontal axis). (b) Shows that the reduction in the 2060 deficit (presented
in absolute value) becomes smaller and smaller from larger increases in employees’ social
contributions.

10 We have two pension replacement rates, one related to early retirement and another related to full retire-
ment (respectively, ρe and ρi).
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may fully anticipate the measure through saving behavior whereas the median voter
has more limited possibilities to react. This is the case with the second set of measures,
where the median voter suffers more than the newborn.

4.2 A suggested reform

The previous section looked at the impact of individual measures, which should help
to understand the outcome of our suggested reform. This reform results from an op-
timization program seeking to minimize the welfare loss of the median voter generation
in 2013 (when the reform is revealed) – or alternatively to maximize political support
for the reform – under the following constraints:

1. The primary budget deficit must be below 3% of GDP (according to the
Maastricht criteria) during the whole simulation period (2013–2060).11

2. GDP growth must be at least above the one obtained with the 2013 pension reform
during the whole simulation period (2013–2060).

3. The elasticity of the deficit in 2060 to the welfare of the newborn generation in 2013
must be at least above the one obtained with the 2013 pension reform.

4. The reform focuses on a limited set of instruments including consumption taxes
(τc), employers’ social contributions (τf), employees’ social contributions (τw),
taxes on capital revenues (τk), the pension replacement rate (ρi), the effective retire-
ment age (λ) and the LRA. Moreover, admissible values for instruments are
bounded according to:

τc2013 ≤ τc ≤ τc2013 + 10 pts,

τf2013 ≤ τf ≤ τf2013 + 10 pts,

τw2013 ≤ τw ≤ τw2013 + 10 pts,

τk2013 ≤ τk ≤ τk2013 + 10 pts,

0.5 ≤ ρi ≤ ρi2013,

λ2013 ≤ λ ≤ 65,

65 ≤ LRA ≤ 67.

These restrictions limit the number of possible combinations. Boundaries for each
instrument are set to ‘reasonable’ values (see below).

5. To limit further the number of possible combinations, we impose that for each in-
strument, changes are implemented immediately (full change in 2013), gradually
(linear increase/decrease between 2013 and 2033) or very gradually (linear in-
crease/decrease between 2013 and 2060).

This optimization under constraints gives the following solution:

. a very gradual increase in effective retirement age to reach 65 in 2060 (currently at
61),

11 This 3% does not include the health expenditure drift. If we include the expected health expenditure in-
crease (5% of GDP in 2060), we accept for instance a primary deficit of 8% in 2060.
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. a very gradual 45 pts reduction in the pension replacement rate until 2060,

. a gradual 4 pts increase in employers’ social contributions until 2033,

. while other instruments (τc, τw, τk, LRA) are left at their current values.

Obviously, the optimization first selects the instrument λ and moves it to its max-
imum admissible value of 65. The related constraint is therefore binding. Indeed,
Table 2 shows that an increase in λ reduces the deficit and improves the welfare of
the median voter. Increasing the LRA is not selected because it decreases welfare.
This measure means that we do not change the LRA (currently 65), but that we pro-
gressively forbid any early retirement.12 The optimization also does not select the
instruments τw, τc and τk (low elasticities).13 We are therefore left with two instruments
– τf and ρi – to cut the remaining deficit. We see that instead of selecting one of the two
instruments and putting it at its minimum/maximum admissible value, the optimiza-
tion selects both of them together but without reaching any boundary values. Indeed,
Figure 4 shows the existence of ‘Laffer curve effects’ and, in general, it is better to use
two different instruments with small changes rather than a single one with a large
change. Finally, the optimization implements all changes gradually or very gradually.
This is not surprising since the deficit increases strongly but also gradually in the base-
line simulation (see Figure 2). Implementing immediately all measures would not only
strongly reduce the median voter’s welfare but also be unnecessary.
This reform is able to contain the growth in pension expenditures and to keep them

almost at current levels until 2060 (Figure 2, blue dotted line with circles). The deficit
reaches a level of 5.2% in 2060 (instead of 23% in a scenario without any reform and
17.8% with the reform proposed by the government). Thus, excluding the (exogenous)
rise in health expenditures, the primary deficit remains below 3% until 2060, a level
close to fiscal balance. Moreover, compared with the pension reform implemented
in 2013, the enhanced reform does not reduce growth. In fact, the reform raises
labor supply and thereby marginally stimulates growth. Finally, the reform leads to
a strong decrease in welfare for the median voter but exhibits an elasticity of 2.29,
which is even higher than the one obtained with the current reform (see Table 2, bot-
tom panel). Panel b. of Figure 3 shows the distribution of welfare loss across genera-
tions. The age of the median voter is similar with both reforms (42 years old with
enhanced reform and 46 with the 2013 reform).

4.3 Sensitivity analysis

The above results (simulations ‘Baseline’, ‘Current’ and ‘Enhanced’ in the last three
lines of Table 2) are based on median projections of both the population evolution
and cross-border worker inflows. We refer to this median projection scenario as

12 Of course, a combination of λ> 65 and LRA> 65 would probably be more effective, but we rule out this
possibility for political reasons because raising the legal retirement age and at the same time discouraging
early retirement age is unlikely to be accepted by the population.

13 In fact, we should allow reducing τk, but we exclude it for political reasons. Although, a reduction in τk is
welfare-improving at the aggregate level, it would raise inequalities (since it would e.g., mainly benefit
individuals with large savings) and such questions cannot be addressed with our model.
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‘Benchmark’. Table 3 reports again the results of these three simulations under the
Benchmark scenario. However, Table 3 also presents alternative scenarios, i.e., low
and high scenarios, in terms of population evolution and/or cross-border worker
inflows (Figure C1 in Appendix shows how the population and cross-border workers
evolve in these scenarios). The upper panel of Table 3 displays the evolution of the
deficit and growth in the baseline simulation (i.e., not considering any pension reform)
under these various scenarios. The bottom panel of Table 3 presents the effects of the
current pension reform and the enhanced reform under the same various scenarios.
We show that the enhanced reform is able to preserve growth in each of them, in con-
trast to the current reform (which reduces growth, but only in the year 2035). The
enhanced reform also outperforms the current reform in terms of the efficiency of
fiscal consolidation, i.e., the elasticity of the deficit to welfare.14

Moreover, it should be recalled that the ability of the current reform to maintain
sound public finances is limited. Indeed, it reduces the public deficit by barely one-
quarter in each of the considered scenarios. In addition, for the generation born
today (column ‘newborn’s welfare’), the elasticity of the enhanced reform is higher
than with the current reform, in all the scenarios. This can be explained as follows.
Since the current reform is highly gradual (some measures are only activated in
2035), it implies that tomorrow’s generations will bear most of the consolidation
efforts and experience high welfare losses relative to today’s generations. In contrast,
since the enhanced reform is less gradual than the current reform, today’s generations
have less time to adapt to it (the discussion in Section 4.1) and thus the current gen-
erations are more affected than tomorrow’s generations.
Our simulations so far have been performed with a model featuring a competitive

labor market and a small open economy structure. In Appendix D, we check if our
results would still hold when introducing departures from a more standard model,
especially in terms of the labor market and the product market. It can be argued
that there are important interactions between aging, pensions and job creation and
we therefore consider as a first extension a labor market structure along the lines
of Diamond-Mortensen-Pissarides (see, for instance, de la Croix et al., 2013).
Moreover, Marchiori et al. (2011) emphasize the links between aging, pension reforms
and capital flows. We therefore introduce, as a second extension, a NOEM structure
into our OLG model. Finally, we also consider a model equipped with these two fea-
tures at the same time (frictions in the labor market and a NOEM structure). We find
that the enhanced reform is more efficient in fiscal consolidation than the current one
across all these model variants, i.e., the elasticity of the deficit in 2060 to the median
voter’s welfare in 2013 (as well as to the newborn’s welfare) is higher under the
enhanced reform than under the current one.

14 Note that the impact on welfare is the same across the different scenarios. To analyze the impact on the
public deficit, we do not impose a public budget that is balanced in each period through a tax instrument,
as is often done in the literature (e.g., de la Croix et al., 2013). Therefore, demographic induced changes
in public finance have no impact on individual choices. However, in a model with frictions in the labor
market, demographic changes would impact individual choices, even when the public budget does not
need to be balanced (as we can see in Bouchet et al., 2014).
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Table 3. Effects of the current reform and the enhanced reform under various
demographic scenarios

Primary deficit GDP growth

Median
voter’s
welfare

Newborn’s
welfare

2015 2035 2060 2015 2035 2060 2013 elast. 2013 elast.

(a) Levels of deficit and growth without any reform (i.e., baseline) in the different scenarios
Median demography, median cross-border inflows

Benchmark −0.43 8.48 22.97 3.18 1.37 1.01
Alternative evolutions of the demography and cross-border worker inlfows

Low Demo −0.43 8.59 27.01 3.18 1.09 0.10
High Demo −0.43 8.37 19.97 3.18 1.64 1.73
Low Cross-b. −0.46 8.46 23.23 3.01 1.10 1.05
High

Cross-b.
−0.39 8.46 22.26 3.36 1.76 1.14

L D, L Cr-b. −0.46 8.58 27.44 3.01 0.82 0.12
L D, H Cr-b. −0.39 8.56 26.03 3.36 1.46 0.21
H D, L Cr-b. −0.46 8.35 20.12 3.01 1.36 1.78
H D, H Cr-b. −0.39 8.35 19.47 3.36 2.04 1.87

(b) Variations of deficit (in pts), growth (in pts) and welfare (in %)
Benchmark (median demography, median cross-border worker inflows)

Current 0.15 −3.78 −6.26 0.01 −1.34 0.03 −3.19 1.96 −5.17 1.21
Enhanced −0.07 −7.61 −17.79 0.20 0.25 0.36 −7.77 2.29 −5.62 3.17

Low demography
Current 0.15 −3.80 −7.03 0.01 −1.34 0.03 −3.19 2.20 −5.17 1.36
Enhanced −0.07 −7.67 −20.88 0.20 0.29 0.57 −7.77 2.69 −5.62 3.72

High demography
Current 0.15 −3.76 −5.69 0.01 −1.33 0.03 −3.19 1.78 −5.17 1.10
Enhanced −0.07 −7.55 −15.53 0.20 0.24 0.23 −7.77 2.00 −5.62 2.76

Low cross-border worker inflows
Current 0.15 −3.84 −6.51 0.01 −1.40 0.03 −3.19 2.04 −5.17 1.26
Enhanced −0.07 −7.78 −18.58 0.20 0.28 0.34 −7.77 2.39 −5.62 3.31

High cross-border worker inflows
Current 0.15 −3.69 −5.87 0.01 −1.25 0.02 −3.19 1.84 −5.17 1.14
Enhanced −0.08 −7.32 −16.56 0.19 0.20 0.52 −7.77 2.13 −5.62 2.95

Low demo., Low cross-b.
Current 0.15 −3.86 −7.33 0.01 −1.40 0.03 −3.19 2.30 −5.17 1.42
Enhanced −0.07 −7.85 −21.84 0.20 0.32 0.55 −7.77 2.81 −5.62 3.89

Low demo., High cross-b.
Current 0.15 −3.71 −6.56 0.01 −1.25 0.02 −3.19 2.06 −5.17 1.27
Enhanced −0.08 −7.38 −19.41 0.19 0.24 0.75 −7.77 2.50 −5.62 3.45

High demo., Low cross-b.
Current 0.15 −3.82 −5.90 0.01 −1.39 0.03 −3.19 1.85 −5.17 1.14
Enhanced −0.07 −7.72 −16.21 0.20 0.28 0.20 −7.77 2.09 −5.62 2.89

High demo., High cross-b.
Current 0.15 −3.67 −5.36 0.01 −1.24 0.02 −3.19 1.68 −5.17 1.04
Enhanced −0.08 −7.26 −14.47 0.19 0.20 0.37 −7.77 1.86 −5.62 2.58
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5 Conclusion

This paper uses a quantitative OLG model to suggest a pension reform in
Luxembourg. Luxembourg seems an interesting case to study since the European
Commission (2012) forecasts that among all euro area countries, the most dramatic
increase in pension costs between now and 2060 will be in this country. Our simula-
tions show that a single instrument reform would imply severe backlashes and that the
suggested pension reform consists of a policy mix including taxation, benefits and the
effective retirement age.
It is worth noting that the solution depends on the selected objective (here the

minimization of the welfare loss of the median voter) and also of the selected con-
straints. Introducing sufficiently strong constraints is however necessary if we want
to limit the number of admissible policy combinations and avoid numerical simula-
tion problems. Finally, our study stresses the need to design pension reforms based
on optimization programs that account for the achievement of desired targets.
Indeed, the recent reform implemented by the government, which does not result
from an optimization program, is not able to keep public finances sound over the
medium term.
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Appendix A – Model Equations

We only mention here the main equations of the model. We also define the variables
and parameters of each of these equations and provide brief explanations. The model
features a competitive labor market and a small open economy structure. In Appendix D
we briefly discuss how the model changes when we introduce frictions in the labor
market and a NOEM structure. For more details, the reader may refer to Marchiori
and Pierrard (2012) and de la Croix et al. (2013).

(i) Total population and active population

x [ {h, f }
a [ {0, 1, . . . , 79}

Zx
a,t+a = βxa,t+aZ

x
0,t + Xx

a,t+a

Px
a,t+a = zxa,t+aZ

x
a,t+a

x is an index representing either domestic – or home – variables (h) or foreign vari-
ables (f). a differentiates the generations: from the 20-years age group (a= 0) to the
99-years one (a = 79). Zx

a,t+a is the size of generation a at time t+ a in country x,
which depends on the cumulative survival probability βxa,t+a and on net immigration
Xx

a,t+a.P
x
a,t+a is the size of the active generation a at time t+ a in country x. As a result,

Zx
a,t+a is a dummy variable defining the population of working age, with zxa,t+a = 1

when a≤ 44 and zxa,t+a = 0 when a> 44.

(ii) Employment, unemployment and early retirement

1 = nxa,t + exa,t

Nt = Nh
t +Nf

t =
∑44
a=0

Nh
a,t +Nf

a,t

( )

=
∑44
a=0

nha,t P
h
a,t + nfa,t P

f
a,t

( )

nxa,t and exa,t are the shares of the active population – of generation a at time t in coun-
try x – in respectively, employment and early-retirement. λxa,t is the endogenous share
of the active population – of generation a at time t in country x – taking
early-retirement. It is worth noting that λxa,t = 0 for all a except for a = 35 to a = 44.
Moreover, e directly relates to λ with ex35,t = λx35,t and ex36,t = ex35,t−1 + λx36,t(1− λx35,t−1),
etc. Total employment Nt in the home country is the sum of domestic employment
Nh

t and cross-border employment Nf
t .
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(iii) Household’s consumption and labor supply choices

WH
t = max

ca,t+a,λ35,t+35,...,λ44,t+44

∑79
a=0

βaβa,t+a U(ca,t+a) − dnna,t+aza,t+a
{{

+ de
a
(ea,t+a)1−ϕ

1− ϕ
za,t+a

}
Z0,t

WH
t is the household’s objective function, U(.) is the instantaneous utility function,

ca,t+a is per capita consumption of generation a at time t+ a, dn and de
a are parameters

governing the relative size of respectively labor dis-utility and early-retirement utility,
and 1− ϕ is the elasticity of early-retirement utility with respect to the share of the
active population taking early-retirement.15 In our model, we see that early retirement
generates a utility. At equilibrium, the marginal increase in utility due to early retire-
ment is equal to the marginal loss in income. No utility would imply no equilibrium,
that is zero early retirement. Alternatively, we could for instance use home production –

when in early retirement – instead of utility.

(iv) Household’s budget constraint

Ia,t+a = za,t+a [(1− τwa,t+a)wa,t+ana,t+a + bea,t+aea,t+a] + (1− za,t+a) bia,t+a

(1+ τct+a)ca,t+a + sa,t+a = Ia,t+a +
βa−1,t+a−1

βa,t+a

( )ϖ

[1+ rt+a(1− τkt+a)]sa−1,t+a−1

Ia,t+a is the sum of labor, unemployment, early-retirement and retirement incomes of a
generation a at time t+ a. wa,t+a is the gross wage and τwa,t+a is the social contribution
tax paid by employees. bea,t+a and bia,t+a are respectively, early-retirement and retire-
ment benefits, paid by the government. Total income of generation a at time t+ a
is the sum of Ia,t+a and past savings augmented by the net interest rate. ϖ measures
the degree of redistribution of the financial wealth within the same generation in
case of death. ϖ = 1 implies a perfect insurance, that is a full redistribution, whereas
ϖ , 1 reduces the distribution. In this case, the non-redistributed financial wealth
directly goes to the government. rt+a is the interest rate received on savings and τkt+a

is the corresponding tax. sa,t+a are the financial assets of generation a at time t+ a,
and τct+a is the consumption tax.

(v) Cross-border household

λfa,t = λha,t

wf
a,t = wh

a,t

We simply assume an exogenous behavior of the cross-border household, that
adapts to that of the household located in the home country.

15 We drop the usual x∈ {h,f} index because we are only interested in the household located in the home
country.
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(vi) Final goods production

Yt = AtF (Kt, �htHt)

Ht =
∑44
a=0

ha,t Nh
a,t + hfa,t N

f
a,t

( )
�ht = ψ�ht−1

F(.,.) is the technology allowing the production of goods Yt with physical capital Kt

and human capital Ht as inputs. At is exogenous total factor productivity whereas
�ht is Harrod-neutral productivity, with ψ being the exogenous labor augmenting tech-
nical progress and ha,t is the productivity of a specific generation. Note that we assume
ha,t = hfa,t for each a. Human capital Ht is the sum of efficient labor supplied by each
active generation a living either in the home country h or in the foreign country f – but
working in the home country.

(vii) National accounts

Yt = Ct + Gt + It +NXt

It = Kt − (1− δ)Kt−1

Yt, Ct, Gt, It and NXt are respectively the aggregate production of domestic inter-
mediate firms, aggregate domestic private consumption, aggregate domestic private
investment, domestic public consumption and aggregate domestic net exports.
δ is the depreciation rate of capital.

(viii) Public finance

Tt =
∑

x[{h,f }

∑44
a=35

be,xa,t e
x
a,t z

x
a,t Z

x
a,t

[ ]
+

∑
x[{h,f }

∑79
a=45

bi,xa,t (1− zxa,t)Zx
a,t

[ ]

Γt = τct Ct +
∑
x

∑
a

τwa,t + τfa,t
( )

wx
a,t n

x
a,t z

x
a,t Z

x
a,t

+ τkt rt
∑
a

βa−1,t+a−1

βa,t+a

( )ϖ

sa−1,t+a−1Zh
a,t+a

( )

+ (1+ rt)
∑
a

βa−1,t+a−1

βa,t+a

( )[
1− βa−1,t+a−1

βa,t+a

( )ϖ−1
( )

× sa−1,t+a−1Zh
a,t+a

]

NBRt + Γt = Tt + Gt

Lt = (1+ rt)Lt−1 +NBRt

Tt is the sum of all public transfers and Γt is the sum of all government incomes. NBRt

is the primary public deficit and Lt is the public debt. Early retirement and retirement
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benefits represent an exogenous fraction of the relevant gross wage:

bea,t = ρet wa,t

bia,t = ρit �wt

Early retirement benefits are indexed to the gross wage of the same – working –

generation whereas the normal retirement benefits are indexed to the average gross
wage �wt of the economy. As a matter of fact, retirement benefits are partly adjusted
for the growth of the economy through the growth of the corresponding gross wage.

(ix) Capital market and current account

Kt +Qt +NFAt =
∑15
a=0

sa,t Za,t

Qt+1 + Πt+1

Qt
= 1+ rt+1

rt = �r

NXt = CAt − rtNFAt +
∑
a

(1− τwa,t)wf
a,t + Tf

t

Qt is the firm’s equity price, NFAt are net foreign assets, Πt is the aggregate profit of
all intermediate firms. CAt is the current account and Tf

t represents wage and alloca-
tion transfers from the home country to the foreign country.

(x) Welfare function

WH
t

Z0,t
=

∑79
a=0 β

aβa,t+a ln(ca,t+a) − dn na,t+a za,t+a + de
a ((ea,t+a)1−ϕ/1− ϕ)za,t+a

{ }
∑79

a=0 β
a βa,t+a

The above equation represents the welfare function of the first generation. It is
straightforward to derive the welfare function of the other 79 generations.

Appendix B – Calibration

As already explained in Section 3.1, the introduction of past and expected demo-
graphic changes – between 1970 and 2100 – makes the model/variables evolve en-
dogenously through time. However, the evolution also depends on the numerical
values we give to the parameters of the model presented in Appendix A. These values,
shown in Table B1, were selected such that variables in 2012 are as close as possible to
what we observe in real data (see Table 1 in Section 3.1 and Figure B1 in this
Appendix). Since 2012 is neither an initial steady state (1970) nor a final steady
state (2100), we cannot target exactly the value of a variable in 2012. We instead
use a trial-and-error procedure. We briefly explain below what parameters are import-
ant to help in matching the real data presented first in Table 1 and then in Figure B1.
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To match the activity rate of the elderly, we mainly use the parameters de
35 to de

44

governing the utility of early retirement of the 55 to 64 years old, respectively. The
average GDP growth between 2012 and 2060 directly depends on the labor augment-
ing technological progress ψ and we use an annual rate of 1.2%. The calibration also
implies realistic GDP growth as well as wage growth in 2012. Public consumption is
exogenous and the match with data is obviously perfect. Private consumption is the
aggregation of each generation’s consumption and the Euler equation drives this con-
sumption across generations. Since the real interest rate is fixed (small open economy),
the key parameters of the Euler equation are the discount factor β and the degreeϖ of
redistribution of the financial wealth. Note that the calibration of β is in line with the
general equilibrium literature. The investment level is positively related to the exogen-
ous capital depreciation rate. We take the usual value of δ = 2.5% and we see that
investment matches quite well the data. We see from Appendix A that early retirement
benefits are indexed to the gross wage of the same – working – generation. Instead, the
normal retirement benefits are indexed to the average gross wage of the economy and
the replacement ratio (98.8%) is set according to observed data (see Duval, 2003;
OECD, 2014). It is more difficult to compute early retirement benefits since they
are usually paid partly by the government and partly by the former employer. We
simply calibrate the ratio to 19.8% to obtain total pension expenditures for the gov-
ernment as observed in the data. Note that we also match correctly the pensions paid
to foreigners. Taxes on labor and capital return are set to realistic values whereas the
tax on consumption is set to deliver the primary public deficit in 2010. Public debt is a
stock and depends on its initial value. We simply choose this initial value to perfectly

Table B1. Parameter values

Production function Preferences
At 2.9 β (quarterly) 0.993
δ (quarterly) 0.025 ϕ 0.20

dn 0.20
Taxes (in %) ϖ 0.80
τwa,t 12.3 de

35 0.166

τfa,t 11.5 de
36 0.237

τkt 21.2 de
37 0.294

τct 29.3 de
38 0.341
de
39 0.390

Transfers (in %) de
40 0.419

ρit 98.8 de
41 0.466

ρet 19.8 de
42 0.487
de
43 0.489

Interest rate (in %) de
44 0.488

�r (annual) 6.5
Productivity

ψ 0.01
h0− h44

1

1 Values for h0− h44 are increasing from h0 = 16 to h39 = 26.7 and then decrease to h44 = 25.9.
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match the debt data for 2010. Finally, ψ is set to have a trend steady state growth rate
of 1% and the values of age-specific productivity (h0− h44) are calibrated to match a
smoothed inverted-U wage profile.
Figure B1 in this Appendix illustrates further the fit of the model. Panel a. presents

the usual hump-shape form found in life-cycle models for the consumption levels
across age groups. Panel b. shows that our wages across generations in the model
track remarkably well the mean wages computed from the data. Finally,
Figure B2.a shows that our model reproduces quite well – smoothed – historical
GDP growth (5-year moving average). Our model, with only demographic changes,
cannot obviously reproduce the fluctuations in annual data and neither particular
events in the smoothed series, like the strong GDP growth between 1985 and 1990
(take off of the financial sector in Luxembourg) or the fall between 2005 and 2010
(financial crisis of 2008).
It is worth noting that in our model, labor supply is exogenous for the 20–54 age

group and endogenous (early retirement) only for the 55–64 group. Figure B2.b
shows that the participation rates of the 25–54 are between 90% and 99% in
Luxembourg, slightly above the ones in the EU15. There are therefore not many
gains to expect from demographics or policy changes, and we impose a full participa-
tion in the model. The picture is completely different for the 55–59 and 60–64 groups,
with participation rates of respectively 60% and 20%, substantially below the corre-
sponding ones for the EU15. We therefore endogenize these variables in our model.
The participation rates of the 65+ group are quite marginal in Luxembourg – and
below the EU15 ones – and we impose no participation at all in the model for this
group, except in the specific simulation where we increase the LRA (see Section
4.1). Finally, we observe that the participation rate of the 20–24 group is around
50%, which could justify an endogenous behavior. However, this is mainly due to edu-
cation decisions, which are beyond the scope of this paper.

Figure B1. Selected variables by age, in 2012. Source: (Panel a) Data from STATEC.
(Panel b) Data from Inspection générale de la sécurité sociale (IGSS) and computation
from Lünnemann and Wintr (2009). The figures refer to the median monthly wages
(including bonuses) during 2006.
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Appendix C – Alternative Scenarios

In the ‘Benchmark’ scenario, the Luxembourg population evolves according to the me-
dian demographic scenario calculated by theUnitedNations (2013), with a dependency
ratio rising to 48% in 2060 and a share of cross-border workers topping out at around
54% in 2060. The ‘Low Demography’ scenario implies a dependency ratio of around
54% in 2060 (while the cross-border workers evolve as in the Benchmark scenario).
The ‘High Demography’ scenario leads to a dependency ratio just below 42% in 2060
(while the cross-border workers evolve as in the Benchmark scenario). The ‘Low
Cross-border workers’ scenario implies a share of cross-border workers just below
49% in 2060 (while the population evolves as in the Benchmark scenario). The ‘High
Cross-border workers’ scenario implies a share of cross-border workers above 60% in
2060 (while the population evolves as in the Benchmark scenario).

Appendix D – Alternative Modeling

Our model is characterized by a competitive labor market and a small open economy
structure like the majority of existing single-country models. We introduce Labor
Market Frictions (LMF) à la Diamond-Mortensen-Pissarides and a NOEM structure
to represent the openness of a country. Indeed, LMF as well as trade openness are
important characteristics of the Luxembourg economy. In this section, we check
how the alternative LMF and NOEM as well as both LMF and NOEM representa-
tions modify our results.

(i) LMF

The model variant with LMF, is characterized by the presence of unemployment.
Individuals of working age (20–64) can be employed or unemployed (and also be
early retired if aged between 55 and 64).

1 = nxa,t + uxa,t + exa,t.

Figure B2. Gross domestic product (GDP) growth and labor participation rate. Source:
STATEC/Ameco for the real data (Panel a) and Organisation for Economic Co-operation
and Development (OECD) Statistical database (Panel b).
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The employment rate for each age group depends on job destruction and job
creation

nxa,t = (1− λxa,t)(1− χ)nxa−1,t−1 + pt
Ωx

a,t

Px
a,t

,

where χ is the exogenous job destruction rate, pt is the probability to find a job andΩx
a,t

the number of job seekers of generation a at time t in country x. This model variant is
also characterized by wage bargaining and a matching function (see Marchiori and
Pierrard, 2012, for more details).
Table D1 shows the evolution of the deficit, growth and welfare under this model

variant.16 In general, our results related to the two pension reforms (‘Current’ and
‘Enhanced’) are qualitatively unchanged under this variant. The elasticity of the
deficit in 2060 to the median voter’s welfare is higher with the enhanced reform
than with the current reform.

(ii) NOEM

The variant with a NOEM structure à la Obstfeld and Rogoff (1995) is characterized
by an endogenous real exchange rate and the distinction between final and intermedi-
ate goods. More precisely, in Obstfeld and Rogoff, imports are positively correlated to
foreign competitiveness and domestic demand whereas exports are positively corre-
lated to foreign demand and domestic competitiveness. As a result, goods supplied
may differ from goods demanded and the real exchange rate is the price that clears

Figure C1. Expected evolutions of demography and cross-border commuters in
Luxembourg. The demographic evolution of the Luxembourg population originates from
the United Nations, the different scenarios of the evolution of the cross-border workers are
based on STATEC (2010).

16 See also Figure D1 for more variables. Note that the levels of the variables are not comparable across the
different variants.
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the goods market. The introduction of monopolistic intermediate firms – producing
intermediate goods – is the usual way to introduce the competitiveness needed in
the import and export equations. An important equation of the NOEM structure is
the one for the aggregate domestic demand (D) for the final good:

D = ω1

∫1
0
(Dh(i))θdi

( )ρ/θ

+ ω2

∫1
0
(Df ( j))θdj

( )ρ/θ
⎡
⎣

⎤
⎦

1/ρ

.

Table D1. Effects of the current reform and the enhanced reform under alternative
model structures (Benchmark, LMF, NOEM)

Primary deficit GDP growth

Median
voter’s
welfare

Newborn’s
welfare

2015 2035 2060 2015 2035 2060 2013 elast. 2013 elast.

(a) Levels of deficit and growth without any reform (i.e., baseline) in the different model variants
Benchmark −0.43 8.48 22.97 3.18 1.37 1.01
LMF 0.27 9.83 25.95 2.63 1.43 0.95
NOEM −0.62 8.19 22.40 3.09 1.43 1.02
LMF+
NOEM

1.32 10.82 26.58 2.57 1.44 0.94

(b) Variations of deficit (in pts), growth (in pts) and welfare (in %)
Benchmark (competitive labor market and small open economy)

Current 0.15 −3.78 −6.26 0.01 −1.34 0.03 −3.19 1.96 −5.17 1.21
Enhanced −0.07 −7.61 −17.79 0.20 0.25 0.36 −7.77 2.29 −5.62 3.17

LMF
Current 0.17 −3.83 −6.68 0.02 −0.91 0.01 −3.54 1.89 −5.38 1.24
Enhanced 0.05 −7.85 −18.79 0.18 0.07 0.16 −9.48 1.98 −9.17 2.05

NOEM
Current 0.11 −3.56 −5.88 0.02 −1.57 0.02 −3.14 1.88 −5.16 1.14
Enhanced −0.15 −7.31 −16.98 0.22 0.21 0.38 −7.51 2.26 −6.06 2.80

LMF+
NOEM
Current 0.14 −3.63 −6.30 0.03 −0.98 0.01 −3.50 1.80 −5.26 1.20
Enhanced 0.01 −7.46 −17.85 0.18 0.06 0.15 −9.47 1.89 −9.15 1.95

The deficit level is expressed in % of gross domestic product (GDP) and growth levels in %.
Numbers indicate changes with respect to the baseline, i.e., where no reform is undertaken.
‘Current’ stands for current reform and ‘Enhanced’ for enhanced reform. ‘elast.’ represents
the elasticity of the deficit in 2060 relative to welfare in 2013, respectively, for the median
voter generation and the newborn generation. ‘Benchmark’ corresponds to our baseline
model (shown in Table 2 and Figure 2) featuring a competitive labor market and a small
open economy structure. ‘LMF’ stands for the model variant with labor market frictions and
‘NOEM’ for the variant with a New Open Economy Macroceconomics setting. Note that
the table shows the effect of the growth rate in 2035, which coincides with the only year in
which the growth rate is negatively affected under the current reform.
Changes in deficit and growth are shown in percentage points and changes in welfare are
expressed in %.
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The production of the final goods is realized with a continuum of intermediate do-
mestic goods Dh(i) and a continuum of intermediate foreign goods Df(j). ω1 and ω2

are preference parameters whereas θ and ρmeasure the degree of substitution, respect-
ively, between intermediate goods from a same country and between domestic and
foreign intermediate goods (see Marchiori and Pierrard, 2012, for further details).
Table D1 shows the evolution of the deficit, growth and welfare under this model

variant. Our results related to pension reforms are qualitatively unchanged under the
NOEM variant.17 As in our benchmark case, the elasticity of the deficit in 2060 to the
median voter’s welfare is higher with the enhanced reform than with the current
reform.

(iii) LMF and NOEM

Finally, we also consider a variant featuring LMF and a NOEM structure. Our results
are unchanged also under this variant (see Table D1).18 As in our benchmark case, the
enhanced reform is more efficient in reducing the deficit than the current reform. Note
that the deficit in 2060 is 3.73% which is only slightly above the Maastricht criteria of
3%.19 Obviously, optimization under the LMF+NOEM variant would result in more
fiscal adjustment or the use of other policy instruments that are not available in the
benchmark model, such as the wage bargaining power ηa or the degree of competition
θ (see Bouchet et al., 2014).

17 See also Figure D2 for more variables. Note again that the levels of the variables are not comparable
across the different variants.

18 See also Figure D3 for more variables. Notice again that the levels of the variables are not comparable
across the different variants.

19 The deficit in 2060 is calculated as follows: 26.58−17.85=8.73% minus the 5% corresponding to the
exogenous drift in health care expenditures.
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Figure D1. Expected evolutions: model with labor market frictions (LMF). Note. This
figure reproduces the same simulations as in Figure 2, but with LMF.

Figure D2. Expected evolutions: model with a NOEM structure. Note. This figure
reproduces the same simulations as in Figure 2, but under a New Open Economy
Macroeconomics (NOEM) setting.
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Figure D3. Expected evolutions: model with labor market frictions (LMF) and a New
Open Economy Macroeconomics (NOEM) structure. Note. This figure reproduces the
same simulations as in Figure 2, but with LMF and a NOEM setting.
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