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Aging is going to be an important factor affecting the functioning of European economies in the forthcoming de-
cades. It is estimated that inmost European countries the old-dependency ratio is going to increase significantly.
The question arises about the effects of this process on the economy and what kind of policies would attenuate
the potential problems. This paper addresses this issue by showing under “no-policy change” scenario one can
expect a build-up of significant imbalances in four biggest euro area economies, which highlights a need of
deeper reforms in the institutional design of the euro area.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

The demographic projections for European countries indicate that
over the next fifty years both the share of older persons in total popula-
tion and the ratio of pensioners to workers will increase substantially. In
the debate on secular stagnation, Gordon (2014) indicates that these de-
velopments will constitute one of the major drags on growth in the
forthcoming decades. Moreover, they will exert serious pressure on the
sustainability of public finances (Diaz-Gimenez and Diaz-Saavedra,
2009; Lisenkova et al., 2013). The demographic developments in
European countries under the assumption of “no policy change” are
widely discussed the Aging Report (European Commission, 2012). The
European Commission indicates that changes in the age structure are
going to be an important driver of the future economic developments
in the European Union (EU) and will require determined policy action
in the EU, such as reducing the public debt, raising the employment
rates, boosting productivity or reforming the pension, health care and
long-term care systems. This is why aging issues have recently received
a great deal of attention not only from academic circles but most of all
from policymakers.

The aimof this study is to contribute to the above debate by highlight-
ing the role of demographic changes on the stability of the European
Monetary Union (EMU). In particular, we pose a question whether het-
erogeneous demographic developments combined with differences in
the design of the pension systems will lead to a build-up of macroeco-
nomic imbalances among major EMU economies: Germany, France,

Italy and Spain over the next 50 years. For that purpose we develop a
multi-country overlapping generations (OLG) model a-la Huggett
(1996) in which heterogeneous households optimize their spending
and savings decisions subject to individual income uncertainty and the
equilibrium condition for the monetary union. Our main finding is that
under a “no policy change scenario” demographic changes will lead to a
build-up of significant imbalances within EMU, which should be ad-
dressed both at a national and pan-European level. The former would in-
volve pension system reforms and policies targeted to boost productivity,
whereas the latter the creation of the common fiscal capacity as well as
partial harmonization of pension system regulations.

Our work is related to the strand of the literature that uses OLG-type
models to analyze the economic effects of aging. In one of the first studies
of this kind,Miles (2002) evaluates the impact of “greyer society” on sav-
ings, output, interest rates and the design of monetary policy to conclude
that the influence of demographic changes on the economy depends crit-
ically on the way in which aging affects the structure of the pension sys-
tem. The issue of pension system sustainability is also touched by Diaz-
Gimenez and Diaz-Saavedra (2009), who analyze the consequences of
delaying the retirement age in Spain. Within a general equilibrium OLG
framework they study the transition dynamics under the reform and
no-reformscenarios. Themain conclusion is that in the no-reformscenar-
io the current pay-as-you-go public pension system is completely unsus-
tainable. However, delaying the retirement age for three years would
alleviate the problem, at least in a horizon of 50 years. Similar conclusions
are presented in Sanchez Martin (2001).

The question might arise, whether there are other options than
reforming the pension system to ensure public debt sustainability in
the face of aging process. This question is addressed by Fougere and
Merette (1999), who examine the long term impact of aging in seven
OECD countries. Their baseline, “no policy change” and exogenous tech-
nology growth scenario predicts a significant drop in aggregate output.
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However, they indicate that if one drops the assumption about exoge-
nous growth and allows for investment in human capital, this will pro-
vide a boost to output and public finance sustainability. More recent
studies using the OLG framework also point to the fact that human cap-
ital accumulationmightmitigate welfare losses caused by demographic
developments. Ludwig et al. (2012) quantify thatwelfare losses of older
(and asset rich) persons driven by demographic changes can be halved
by the process of human capital adjustments. Vogel et al. (2012) expand
the Ludwig et al. framework for the opportunities of investing abroad
and the possibility of delaying the retirement age. They find that open-
ness has a negligible effect, but an increase in the retirement age can fur-
ther reduce welfare losses of demographic changes. The mitigating
effects of openness onwelfare losses driven by aging are also investigat-
ed byGeorges et al. (2013)with amulti-country OLGmodel, which con-
sists of North and South countries. The former are developed but face
aging problems, whereas the latter are emerging economies with a
favorable age structure. The main conclusion is that North–South
trade intensification should mitigate the consequences of population
aging. The authors estimate that improper trade policy (North–North
trade intensification rather than the exploration of the North–South
trade possibilities) may cost Europe around 3% of real consumption
per capita by 2060. However, none of the above studies focus on the ef-
fect of aging on the stability of the EMU.

The structure of the article is as follows. In Section 2 we present the
structure of themodel and discuss howwe solve it. In Section 3we pro-
vide a discussion on the choice of parameters. Section 4 presents the re-
sults and the last section concludes.

2. The model

We consider a model for J countries of differentiated structure that
constitute a monetary union. These countries are inhabited by house-
holds that are heterogeneous in terms of age, wealth and productivity.
The lifespan and individual productivity of households are stochastic,
which affects their saving and consumption decisions.

Below we describe the structure of a single country, which is
indexed by letter j ∈ J ≡ f1;2;…; Jg. For the purpose of presentation,
in the first part of model description we omit subscript j both for vari-
ables and parameters. We return to indexing countries by j when de-
scribing aggregation for the monetary union.

2.1. International capital markets

The economy of country j can borrow and lendwithout any limits at
the interest rate prevailing in themonetary union rMU so that the level of
the domestic real interest rate is:

r ¼ rMU : ð1Þ

Instead, for rMU we assume that it is determined in imperfect inter-
national capital markets so that:

rMU ¼ r�−ξ
BMU

YMU
; ð2Þ

where r* stands for the global interest rate and the parameter ξ mea-
sures the level of international financial markets imperfections: two
special cases are autarky, in which ξ → ∞, and perfect international fi-
nancial markets, in which ξ = 0. The variables BMU and YMU denote
net foreign assets and output in the monetary union:

BMU ¼
X
j∈ J

Bj

YMU ¼
X
j∈J

Y j;
ð3Þ

where Bj and Yj stand for net foreign assets and output in country j,
respectively.

2.2. Firms

The goods market is perfectly competitive and characterized by
constant returns to scale. Identical firms of measure one are produc-
ing a homogeneous final good according to the Cobb-Douglas
technology:

Y ¼ ZKαL1−α ; ð4Þ

where K and L denote the aggregate capital stock and effective labor,
respectively. The aggregate productivity Z is assumed to increase at
an annual pace g so that:

Z0 ¼ Z 1þ gð Þ: ð5Þ

Factor prices are determined by profitmaximization and are equal to
their marginal products

∂Y=∂K ¼ r þ δ
∂Y=∂L ¼ w;

ð6Þ

where w is the real wage and δ stands for the depreciation rate.

2.3. Demographics and preferences

The economy is populated by an infinite number of households of
different age i ∈ I ≡ f1;2;…; Ig. Their lifespan is uncertain: the probabil-
ity of being alive next year at age i is equal to si. The unconditional prob-
ability of surviving till age iN 1 at timeof birth is Si=∏n=1

i − 1 sn. Given the
survival probabilities and the fact that population is assumed to grow at
rate n, it is possible to compute the share of cohort i in population μi.

Households derive utility from consumption:

u cð Þ ¼ c1−η

1−η
; ð7Þ

where η is the risk aversion parameter.
The economic activity of households consists of two distinct periods.

During the initial Ĩ years each householdworks by supplying one unit of
time in the labor market. Individual productivity is equal to the product
of age-dependent deterministic component zi and a stochastic compo-
nent e ∈ E ≡ fe1; e2;…; eKg, i.e. z(e, i) = zi × e. The stochastic component
follows a Markov process with the elements of the transition matrix
πkl = P(e′ = el|e = ek), where πl N 0 and ∑l = 1

K πkl = 1 for every
k, l ∈ {1, 2, …, K }.1 In the second part of their life households retire
and receive a lump-sum pension pen(e) that equals to a fraction χ(e)
of the last wage, where the fraction depends on individual productivity
and the generosity of the pension system.2 The resulting income from
labor is

y e; ið Þ ¼ 1−τð Þwz e; ið Þ for workers
pen e; ið Þ for retirees:

�
ð8Þ

Here τ stands for the social contribution rate, which is set so that the
pension system budget is balanced.

2.4. Timing and the budget constraint

A household of age i enters a periodwith financial assets a augment-
ed by the interest rate r, and with idiosyncratic productivity e. Subse-
quently, she or he receives labor income y(e, i) and transfers tr, and
decides how to divide the resources on consumption c and savings a′.

1 Throughout the paper we use x′ to denote the next period value of a variable x.
2 This assumption is equivalent with notation that the pension depends on individual

productivity and the productivity is constant during the retirement so that e′ = e.
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