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Chapter 1

Introduction

Economic globalization is usually considered as an increasing interdepen-
dence between countries due to growing mobility of goods, services, capital,
labour and technologies across the countries. It is one of the most challeng-
ing phenomena in the modern world. Intensification of international trade
and production factor mobility allows for more specialization, gives welfare
gains and enhances the size of GDP. However, countries have also become
more sensitive to developments abroad. For example, financial difficulties
in a few countries of the European Union (EU) have a significant influence
on the other EU countries and the rest of the world. Another important
recent phenomenon, which is faced by the western world and other coun-
tries, such as Japan, Russia and the US, is population ageing. Population
ageing implies fewer young working people relative to the number of retired.
It jeopardizes the sustainability of pension schemes and creates incentives
for pension reform. Both phenomena are studied extensively separately, but
not often a connection of these two areas is considered. There are still many
open questions on the intersection of ageing and globalization and several of
them are studied in this thesis.

Broadly speaking, all the chapters in this thesis study how changes in
demographics or pensions in one country affect other countries. Interna-
tional spillovers, are understood as the effects caused by developments in
one country (for example, demographic shocks or policy changes) on eco-
nomic variables, and in particular welfare, in another country. They are
the focus of this thesis. Spillovers of pension reform are considered in dif-
ferent settings, using different transmission mechanisms: mobile production
factors (not only capital, but also labour) and international trade of goods
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2 Introduction

and services. Differences in models and transmission mechanisms give a pos-
sibility to consider international spillovers of pension reform from different
angles and contribute to a better understanding of this phenomenon. These
settings are also used to study international spillovers of a temporary de-
crease in the fertility rate. Furthermore, by considering mobile production
factors and international trade one can study the effects of frictions in pen-
sion benefits adjustment in a response to an economic crisis, i.e., how delays
in one country to adjust pension benefits after an economic crisis affect the
other countries in an economic union.

1.1 Overview and motivation

1.1.1 Demographics

One of the most important phenomena observed during recent decades in
the western world is the decline of fertility. Figure 1.1 presents fertility rates
from 1950 to 2010 for several large world economies. The general trend of
declining fertility rates can easily be seen up to the year 2000. After that
year, fertility recovers a little bit, but, the rates remain low. Countries face
different fertility rates, and their dynamics are also different. Changes in
fertility can have an important impact on macroeconomic variables such as
savings, interest rates, and wages not only in the country where they happen,
but also in other countries, via international trade and other transmission
mechanisms. Chapters 3 and 5 in this thesis are devoted to spillover effects
of such shocks in fertility rates.

Another important demographic development, which also leads to pop-
ulation ageing, is an increasing longevity. However, in this thesis we do
not discuss increasing longevity and model population ageing as a declining
fertility rate only.

Declining fertility and increasing longevity lead to a larger old-age de-
pendency ratio, and it is expected that this trend will remain in the future.
Figure 1.2 presents the ratio between the total number of persons aged 65
and over and the number of persons of working age (from 15 to 64) in the
27 countries of the European Union. The data from 1990 up to 2010 are
the actually observed data, and the data from 2011 up to 2060 are projected
(the medium variant). The upward trend in the dependency ratio between
1990 and 2010 is obvious, the upward slope of the future projections is even
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Figure 1.1: Fertility rates 1950–2010. Source: UN World Population
Prospects, the 2010 Revision

more drastic. Fewer young people will need to support more and more el-
derly. As a result, governments have no other choice than to reform pension
systems.

1.1.2 Pensions and pension system reform

Usually, pension systems consist of three pillars. The first pillar redistributes
income from young to old at the state level. Working agents pay taxes, which
are redistributed to old. Through these contributions to the Pay-As-You-Go
(PAYG) system the young get implicit or explicit rights to future pensions.
Sometimes there is a minimal wage level, below which the agents do not pay
PAYG taxes. In many countries there is also a maximal wage level, so that
agents earning more than a certain level, do not pay taxes from the amount
exceeding this level. The purpose of the first pillar is to reduce poverty of
retired people. Agents who have not contributed to the PAYG system in
some cases can also receive certain pension benefits, which guarantee their
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Figure 1.2: Average old age dependency ratio in the EU 27 and its forecast
1990–2060. Source: Eurostat

necessities of life. Such guaranteed pension benefits are sometimes also called
a “zero pilar”.

Supplementary, but often compulsory, funding-based (or sometimes
PAYG) collective pensions constitute the second pillar. Employees and/or
employers pay contributions to pension funds, which are invested and kept
until the retirement age. Then, agents receive supplements to their first-
pillar pensions. The objective of the second pillar is to smooth individual
consumption over the lifetime and make pensions less dependent on the size
of future generations.

The third pillar consists of individual savings. Agents may save them-
selves, and invest this amount according to their own risk preferences. The
possibility of individual savings gives agents a lot of freedom to affect their
future pensions. Theoretically, they can even borrow resources when young,
and pay off debts from their pensions.

A growing old-age dependency ratio makes it more expensive to redis-
tribute resources between generations and makes it more attractive for agents
to save for their own pension. However, if a PAYG pension scheme is re-
formed to a more funded pension scheme, the transitional old generations
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will receive smaller pensions. Practical moves in this direction recently were
performed in Estonia (Raudla and Staehr 2003), Lithuania (Buškutė and
Medaiskis 2011) and Romania (Vasile and Zaman 2005).

In the literature usually two types of PAYG pension schemes are dis-
tinguished: Defined Benefit (DB) schemes and Defined Contribution (DC)
schemes. A DB system fixes pension benefits in a certain way, allocating
the tax burden to the young agents. A DC system fixes the amount of
taxes in a certain way, and the taxes collected are redistributed among the
old. DB pension systems protect the old generation’s pension benefits from
population ageing and other shocks, imposing most of the burden on the
young. If the population is ageing, DC systems are better for young gen-
erations, since the amount of taxes does not depend on the growing num-
ber of pensioners. DB is better for the old generation, since it protects
them from negative demographic shocks. In practice, very few countries run
a pure DB or DC system, usually pension systems are mixes of both DB
and DC.

In order not to increase the tax burden on the young too much, many
countries, for example, the Baltic States, Hungary, Poland, Slovakia and
Sweden (Bräuninger 2010) have reformed their pension systems introducing
more DC features. The same trends are also seen in Australia, UK and other
countries (Broadbent et al. 2006).

Another typical type of pension reform is to increase the retirement age.
For example, such type of pension reform takes place in Belgium, Germany,
France, Italy and the Netherlands. In this case the tax burden on young
generations is reduced by reducing the number of pensioners and increas-
ing the number of workers. An increasing retirement age does not reduce
pension benefits received per year. However, old people are forced to work
longer, which decreases the total amount of pensions received over their life-
time.

One common thing of all three types of pension reform, is that the tax
burden on the young generation is not increased, which is at the expense
of the old generations. Indeed, this phenomenon is quite expected, since
distortive taxes lead to efficiency losses. For example, higher taxes may
reduce the number of hours of labour supplied by workers in the country.
Furthermore, the borders become more and more open for production factor
mobility. So a simple increase of the tax burden on the young may incite them
to leave the country, which reduces labour supply even more. As a result,
pension reforms are mostly oriented towards young agents.
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1.1.3 Globalization

Globalization is another widely discussed phenomenon in recent times. Some-
times globalization is deified, sometimes it is considered as a threat to the
world. This thesis is not discussing whether it is good or bad, the most im-
portant thing is that it is going on, so over time transmission mechanisms of
international spillovers become even more important.

Increasing international mobility of capital and labour not only creates
incentives for governments to implement pension reforms, but also may in-
duce spillover effects on other countries. General equilibrium changes in one
country may reallocate the mobile resources between countries. Of course
labour and capital are not perfectly mobile across countries. Even in the
EU, where the physical borders are vanishing, cultural differences and dif-
ferent languages thwart free labour mobility. Financial capital is perfectly
mobile, however, relocation of physical capital (factories and machine-tools)
is quite expensive, so physical capital mobility is not perfect either. But,
in the EU, it depends on peoples’ choice only in which country to live and
where to invest savings, so factor mobility should not be ignored.

There is also another transmission mechanism for international spillovers:
larger savings, or an increasing pension age in one country, affects the size
of the production capacity in the country. Changing production of different
kinds of goods and services may also lead to changes in the amounts and/or
composition of international trade, and hence affect other countries.

Now some empirical data will be presented to illustrate this. Table 1.1
presents trade amounts (exports+imports) as a share of GDP for several large

Table 1.1: Exports and imports for selected countries (as a percentage of
GDP)

1989 2009
China 29 49
France 45 48
Germany 49 77
Italy 38 48
Japan 19 25
Russia 43 48
US 20 25

Source: World Bank Development Indicators and own calculations.
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Table 1.2: Net foreign direct investments as a percentage of GDP
1989 2007 2009

China 0.99 4.58 2.29
France 1.02 3.81 1.34
Germany 0.52 2.42 1.18
Italy 0.24 1.89 0.79
Japan −0.03 0.51 0.24
Russia 0.25a 4,24 2.99
US 1.25 1.58 1.13
Source: World Bank Development Indicators.

aFor Russia the year of 1992 was taken.

Table 1.3: Migrants as percentage of total population
1990 2010

China 0.03 0.05
France 10.14 10.30
Germany 7.47 13.17
Italy 2.52 7.38
Japan 0.87 1.71
Russia 7.77 8.66
US 9.31 13.85

Source: World Bank Development Indicators.

economies in different parts of the world. In the 20 years period between 1989
and 2009 the openness increased considerably in all the countries, especially
Germany and China.

In Table 1.2 the percentages of net foreign direct investments (FDI) rel-
ative to GDP are presented (disinvestments are subtracted). The growth
of this indicator can be observed in all countries except for the US in the
period 1989–2009. The decrease of FDI in the US can be explained by the
world financial crisis, which started in autumn 2007 and in its initial period
affected the US more compared with other countries. For comparison, the
data for 2007 is also presented, which reveal even higher capital mobility
before the crisis. So, the data indicate that mobility of capital increases in
the world.

Figures 1.3 and 1.4 present the data on US private sector portfolio cap-
ital (stocks and bonds) abroad and foreign portfolio capital in the US as a
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Figure 1.3: Portfolio capital (stocks) as percentage of GDP. Source: BEA
(March 2012)

Figure 1.4: Portfolio capital (bonds) as percentage of GDP. Source: BEA
(March 2012)



Chapter 1 9

percentage of GDP. It can be seen, that during the period 1976–2010 inter-
national mobility of portfolio capital increased drastically.

It is widely supposed that labour mobility is limited. Table 1.3 presents
data on the share of migrants in total population in the large economies for
the years 1990 and 2010. Migrants are defined as people born in a country
other than where they live. There are relatively few migrants in China but
during the last 20 years this number almost doubled. The share of migrants
in the other countries is large and continues to grow.

The tables show that international trade and factor mobility are very im-
portant nowadays and their importance increases. As a result, international
implications of domestic reforms and demographic shocks become more and
more important. An obvious question arises: How do international trade,
capital and labour mobility transmit the shocks to other countries and what
are the qualitative and quantitative implications? To study these effects, we
employ all or a part of these transmission mechanisms in the models discussed
in subsequent chapters.

1.2 Literature overview

There is an extensive literature on the Pareto efficiency of the PAYG pen-
sion scheme and the effects of pension reform (a switch from PAYG to a
more funded scheme). Breyer (1989) and Verbon (1989) show that a Pareto-
improving switch from PAYG to a funded pension scheme is impossible. The
transitional generation in the short run has to support the current old, and
save for their own pensions. Other authors construct Pareto-improving social
security reform by assuming that this eliminates distortions, or generates ad-
ditional gains. For example, in Homburg (1990) in addition to lower savings,
a PAYG system creates distortions in the labour-leisure choice, which can be
eliminated by social security reform. Belan et al. (1998) assume a positive
externality of the amount of capital on labour productivity. Köthenbürger
and Poutvaara (2006) include a land market and human capital into the
model, so that an increased price of land compensates the losses of the old
generation, and larger investments into human capital allow for a welfare im-
provement. All these papers employ the general Diamond OLG framework,
with some extensions.

The two most important papers that inspired me for the thesis are Adema
et al. (2008) and (2009). In Adema et al. (2008) the international spillovers
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of population ageing are studied in a two-country-two-overlapping genera-
tions general equilibrium model with a common capital market. The agents
may die before the second period of life. In this case their pension benefits
are redistributed between the surviving agents via annuities. It is shown,
that under ageing a country with a PAYG pension scheme gains from the
country with a funded pension scheme, because it generates larger savings.
The country with funded pensions gains from the country with PAYG pen-
sions in the short run, but looses in the long run. Adema et al. (2009)
study international spillovers of pension reform. The model is similar to
Adema et al. (2008), with the difference that agents do not die before the
second period of their lives. An increase in the total stock of capital creates
a positive spillover effect in the long run, however in the short run there is
a negative impact on welfare of agents in the neigbouring country via lower
interest rates. Similarly to these papers, in this thesis we study international
spillovers of pension reform and population ageing, but with other transmis-
sion mechanisms.

Expanding the paper of Adema et al. (2009) with migration our model
becomes similar to the model of Breyer and Kolmar (2002), who study ef-
ficiency of pension systems if labour is mobile. They argue that an effi-
cient allocation of labour may be achieved when pension systems are har-
monized. As a possible pension reform they suggest not to base pensions
on a place-of-employment principle, but rather on the principle of origin.
Despite capital is supposed to be mobile in their model, optimality condi-
tions are found without taking into account the possibility that migration
can induce capital flows. So, the optimal allocation of labour depends on
the allocation of capital between the countries. At the same time they dis-
cuss the possibility of corner solutions, i.e., the state of the economy where
all the world’s agents move to one country. However, if the amounts of
capital in the countries are fixed, and the production function fulfills the
Inada conditions, emigration out of a country raises wages in that coun-
try, which makes the country more attractive for the agents. So, at some
point before the population size is reduced to zero, wages will be so high
that emigration will stop. Hence, corner solutions can only be achieved as-
suming mobile capital, which follows labour. This ambiguity obstructs the
understanding of the paper, for instance, the source of efficiency/inefficiency
is unclear. As a result, despite a possibility of welfare gains in this con-
text, it is difficult to construct a pension reform with a real Pareto improve-
ment.
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Börsch-Supan et al. (2006) develop a large general equilibrium model
and simulate demographic changes in five regions of the world. For the three
largest European countries, current pension systems and a reformed pension
system with a frozen contribution rate are analyzed. The model predicts sub-
stantial capital flows due to population ageing. In the initial period, ageing
countries export capital, in the medium term they import capital, because
baby boomers decumulate capital. In the long run, savings in these countries
start rising again, therefore, the countries affected by ageing reduce imports
of capital and after some time in most scenarios become capital exporters
again. These results are determined by different demographic patterns in the
countries, slimmer social security systems in the rest of the world, and the
effects of labour supply and interest rates.

A link between migration and pension benefits was discussed in detail
by Razin and Sadka. Razin and Sadka (1992) give a good overview of
stylized facts on factor mobility and international trade, model substitu-
tion/complementarity of international trade and labour mobility, and dis-
cuss substitution between labour mobility and capital mobility. In Razin
and Sadka (1995) it is shown that in a static framework immigration may
negatively affect agents living in the recipient country, since migrants are
typically net beneficiaries of the welfare state. In a dynamic framework,
Razin and Sadka (1999) show the opposite result: immigration (with the
accompanying inflow of capital) is profitable for the accepting country, and
potential losses can be shifted forward indefinitely. Razin and Sadka (2010)
analyse migration of labour of various skills and argue, that migration does
not necessarily lead to a ‘race to the bottom’ in taxes because migration
is determined not only by lower taxes, but also by the benefits the states
provide.

There is a strong link between pension reform and debt policy, which can
easily seen from Homburg and Richter (1993), who show that the optimal
coordination of public pension systems in the absence of demographic shocks
is similar to an optimal harmonization of public debt. This links analysis of
pension systems performed in this thesis with the works concerning fiscal and
debt policy, such as Obstfeld and Rogoff (2005), who study a link between the
US dollar exchange rate and the US current account in a two-country general
equilibrium model with nontradable and tradable goods, and suggest that
the direct effect of a reduction of foreign debt on the real dollar depreciation
is rather moderate compared to the effects due to changes in the current
account.
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Mountford (1998) was the first to analyse the long-run implications of
trade in a two-sector, two-country, two-period overlapping generations model
and to show that these implications may be the reverse of the results in a
static Hecksher-Ohlin (HO) model. In particular, in his model, trade may
move the world towards a low-income steady state. The intuition for this
result is that trade leads to international redistribution of income which may
reduce total savings and thus next period’s capital stock in the world. This
will in turn reduce wage income and thus further reduce savings and so
on, leading to a downward spiral towards a low-income equilibrium. Sayan
(2005) investigates the implications of differences in population dynamics in a
two-commodity-two-countries-two-period overlapping generations framework
without factor mobility, but with international trade. This paper confirms
the results of the classical HO model in a dynamic framework: The region
that becomes better endowed in a factor specializes in the production of goods
requiring more intensive use of this factor and exports it to another country.
However, like in Mountford (1998), but contrary to the static HO model,
trade does not necessarily lead to welfare gains. Naito and Zhao (2009)
show that although uncompensated free trade cannot be Pareto superior to
autarky, there exists a compensation scheme consisting of country-specific
lump-sum taxes (transfers) and saving subsidies (taxes) such that free trade
is Pareto superior to autarky. Despite the large number of papers in this field,
the link between international trade and pensions has not been analyzed yet.

1.3 Outline of the thesis

1.3.1 Chapter 2

Adema et al. (2009) study international spillovers of pension reform, defined
as a switch from PAYG to a funded scheme, with a common capital market as
transmission mechanism, but there is no labour mobility. An obvious ques-
tion arises: Do the spillovers change if migration is added? So, in Chapter 2
the model used by Adema et al. (2009) is extended with migration. The
chapter studies the spillover effects of a switch from PAYG to a more funded
scheme in a two-country-two-period overlapping-generations model with cap-
ital and labour mobility. An equilibrium is achieved assuming the presence
of an immobile production factor (land). It is shown that in this setting
differences in the size of the PAYG pension scheme between the countries
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distort the international allocation of mobile production factors. As a result,
a Pareto-improving pension reform is possible if the size of the PAYG scheme
in one country is larger than in the other. Such a Pareto-improving pension
reform requires that a central government exists that redistributes benefits
and losses both intergenerationally and internationally. Pension reform at-
tracts mobile factors to the reforming country, compensating the reduction
of pensions for the old generation. As a supplementary result it is shown
that when mobile factors play a major role in the production functions, a lo-
cally welfare improving reform at the cost of the neighbouring country is also
possible.

1.3.2 Chapter 3

Not only pension reform may have a significant spillover effect on a neigbour-
ing country. Other changes within one country may also have an important
influence. This chapter is dedicated to the international aspects of demo-
graphic shocks. In particular, Chapter 3 studies international flows of capital,
caused by a negative demographic shock in one of the countries, its effects
on interest rates and welfare. In the chapter international trade and a real
exchange rate are stressed, which are introduced to the model discussed in
Chapter 2. However, land and migration are excluded for simplicity. Capital
mobility remains unchanged in the model. It is assumed, that agents con-
sume and invest a composite good, that is made out of intermediate goods
produced in each of the countries.

A negative demographic shock affects the amount of goods produced in
a country in a negative way, consequently goods produced in this country
become more expensive compared to the goods produced in the other coun-
try. The higher price raises the return to capital and attracts capital to
the country. At the same time the negative demographic shock makes the
country less attractive for capital. The total effect on the direction of the
resulting capital flows depends on the elasticity of substitution between the
goods produced in the countries. If the elasticity of substitution is high, the
effect of the price is smaller than direct effect of the demographic shock, so
capital flows out of the country in which the population becomes relatively
smaller. A smaller elasticity of substitution leads to smaller capital flows out
of the country. If the goods produced in the countries are complements, the
effect on the price is large enough to generate capital flows into the country
affected by the demographic shock.
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In the standard one-sector model of two countries with an integrated capi-
tal market, the long-run effect of an asymmetric fertility shock on the interest
rate depends only on the size of the PAYG-scheme compared to that of the
other country. With more than one commodity, however, what matters is the
real rate of return, which in this model is the investment return measured
in final goods. As these are produced with both domestic and foreign in-
termediates, the rate at which domestic intermediates can be exchanged for
foreign intermediates is an important factor determining the relevant invest-
ment return. This, in turn, depends on the elasticity of substitution, which
is therefore another important factor that should be taken into account.

If fertility declines in a country with the larger PAYG pension scheme,
the total amount of capital per person in the world grows, because larger
PAYG pension scheme leads to smaller savings per person. The negative
demographic shock in a country with the smaller PAYG taxes enhances the
capital in the world producing a spillover on the neighbouring country. How-
ever, if the goods are not perfect substitutes, there is also another important
factor: rising price of goods produced in the ageing country negatively affects
agents in the neighbouring country, leading to an essential negative spillover
in the long run.

1.3.3 Chapter 4

Some countries like the Baltic states reduced their pension benefits after the
recent financial crisis. Other countries like Greece, Norway and Great Britain
have not done this, or even increased pension benefits in order to stimulate
consumption. An interesting question is: What are the international impli-
cations of such an uncoordinated response to the crisis? How are countries
that responded quickly to the crisis affected by countries, that responded
slowly to the crisis?

Chapter 4 employs a model similar to that discussed in Chapter 3 to
study the international aspects of delayed adjustment of pension benefits to
the crisis. Comparing to Chapter 3, there are several changes in the model.
As we want to study effects of the crisis and adjustments of pension benefits
after the crisis, we assume mobile labour again in order to explore as many
transmission mechanisms as possible. So, we allow for international trade as
well as production factor mobility between the countries including migration.
Another difference with Chapter 3, is that in order to simplify the model, CES
aggregation into the composite good is reduced to a Cobb–Douglass function.
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Both countries run PAYG pension schemes, however, one country flexibly
adjusts pension benefits when the crisis hits. The other country postpones
adjustments. The crisis is simulated as an adverse technological shock. If
a country delays pension adjustment, the young generation is affected neg-
atively by the higher tax burden. Therefore, they accumulate a smaller
amount of capital. The spillover effects on the generations living at the time
of the crisis crucially depend on whether labour is mobile in the short run
or not. So we analyze both cases. If labour is mobile, the negative implica-
tions in the country delaying pensions adjustment spill over to the flexible
country and affect lifetime utility of agents in that country in a negative way.
If labour is immobile in the short run, the short-run effects on the flexible
country may be even positive due to higher interest rates. The generation
born after the crisis usually suffers from the delayed pensions adjustment
because of a smaller amount of capital. If the inflexible country continues to
delay pension adjustments during the period of economic growth, the long
run spillover effect is positive, because lower pensions in this country allow
agents to accumulate more capital. However, international spillover effects
are very small compared with the effects of flexibility/inflexibility of pensions
within the country. So, countries adjusting pension benefits flexibly should
not worry too much about their inflexible neighbours. However, incentives
exist to reduce migration in the short run in order to reduce the size of the
negative spillover effect.

1.3.4 Chapter 5

In Chapter 2 only one good is produced in both countries. In Chapters 3
and 4 one composite good is produced out of two intermediates that come
from different countries. One obvious limitation of the models used in these
chapters is that the same (composite) good is both consumed and invested.
Moreover, production functions employed for the production of consumption
and investment goods may differ in capital intensity. In this chapter we
focus on the following questions: How does the decline in fertility affects
the allocation of labour and capital between the sectors? What are the
effects on international trade and key economic indicators? What are the
spillover effects of the demographic shock? And what is the role of pension
systems?

Chapter 5 extends the previous two-periods-two-overlapping-generations
models with two different sectors of production in each country. One sec-
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tor produces non-storable consumption goods, and the other sector produces
investment goods that can be invested only. The production functions em-
ployed in the different sectors may differ in terms of capital intensity. Goods
produced in different countries, but in the same sector are identical. As
goods produced in the countries are the same, international trade eliminates
incentives for factor mobility equalizing marginal returns. So, in this chapter
it is assumed that international trade is the only transmission mechanism of
international spillovers and production factors are not mobile. The model is
similar to Sayan (2005), but it is extended with pension systems.

The chapter studies the international spillover effects of an asymmetric
shock in fertility. Long-run results are shown analytically, and short-run dy-
namics are simulated numerically. Decreasing fertility leads to an increase
in capital-labour ratios in the short run, because a relatively small num-
ber of agents share the capital stock that results from the savings of their
parents. The long-run impact of the negative demographic shock on the
capital-labour ratios depends on the pension system in the countries. If
the country with decreasing fertility has higher PAYG taxes, the amount
of people with small savings decreases, leading to higher labour-capital ra-
tios. If the pension system in the ageing country is less generous than in
the neigbouring country, so that the agents in this country save more, the
demographic shock leads to smaller capital-labour ratios in the long run.
The country with the smaller PAYG scheme specializes in the capital inten-
sive goods, the country with a more generous pension system specializes in
labour intensive goods. Demographic shocks do not reverse specialization
in the long run, because agents living in the country with smaller PAYG
pension scheme continue save more per person comparing with the agents
living in the country with a larger PAYG scheme. However, reallocation of
production factors between the sectors exists. A decline in the fertility in
the country with higher PAYG taxes, leading to higher capital-labour ratios,
reduces interest rates. Thus the demand for investment goods falls, result-
ing in further specialization of this country in labour intensive goods in the
long run. Moreover, it may even lead to a full specialization in labour in-
tensive goods if the country becomes sufficiently small. This effect spillovers
to the neighbouring country via international trade, where labour and cap-
ital reallocate between the sectors in a similar way, with the difference that
a full specialization is not possible there, because even with an extremely
small neighbouring country they need both goods for consumption and in-
vestment.
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1.3.5 Chapter 6

In Chapter 6 the model, that was introduced in Chapter 5, is employed to
study the effects of pension reform (a switch from PAYG to a more funded
scheme). The main question studied in this chapter is if pension reform shall
be announced. Also the effects of reform and its announcement on main
macroeconomic indicators are discussed in detail. Pension reform in one
country leads to larger savings, so after the reform the country accumulates
more capital. As a result the country gets an advantage in the production of
capital-intensive goods, so capital and labour shift from the labour-intensive
sector to the capital-intensive sector within the reforming country. This coun-
try starts exporting capital-intensive goods, and importing labour-intensive
goods. International trade evokes a shift of production factors in the neigh-
bouring country in the opposite direction: from the capital-intensive to the
labour-intensive sector. If production factors are immobile between the sec-
tors in the short run, the announcement of the pension reform evokes a large
incentive to save more, but the amount of investment goods cannot change
immediately. Hence, competition for capital raises its price. This is not so
bad for agents working in the sector producing investment goods, but, agents
working in the other sector suffer both from lower pension benefits, caused by
the reform, and from the competition for the investment goods, which raises
its price, caused by the announcement of the reform. As a result the reform-
ing country has incentives not to announce pension reform. At the same time
the neighbouring country prefers the pension reform to be announced.

1.4 Overview of the models

The use of different transmission mechanisms, different assumptions and dif-
ferent shocks makes it not easy to pass on from chapter to chapter. Therefore,
the main assumptions are summarized in Table 1.4.

All the chapters employ a dynamic two-period overlapping generations
model as introduced by Diamond (1965) with two countries. We have chosen
the discrete time Diamond type model because it is easier to analyse a pension
system and solve the model analytically than in continuous time OLG-model
(Yaari 1965; Blanchard 1985). All the models we use are deterministic with
perfect foresight every time except for the period of an unexpected shock.
If a pension reform is announced one period before its implementation, it
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Table 1.4: Summary
Ch. 2 Ch. 3 Ch. 4 Ch. 5 Ch. 6

Mobile financial capital yes yes yes no no
Mobile physical capital yes yes no no no
Mobile labour yes no yes no no
International trade no yes yes yes yes
Intermediate goods no yes yes no no
Country-specific goods no yes yes no no
Demographical shock no yes no yes no
Technological shock no no yes no no
Pension reform yes no no no yes

is assumed that the reform is taken into account by the generations living
at the time of the announcement, and it is not known to the previous gen-
erations. In Chapters 3–6 two production factors (capital and labour) are
employed, Chapter 2 uses a third additional production factor: land. All
production functions have a Cobb–Douglas form. In all the models except
Chapter 2 interest rates and wages are equal to their marginal returns. The
same assumption can be made in Chapter 2 without any effect on the results.
Capital fully depreciates in one period every time, but only in Chapters 5
and 6 the presence of depreciation is relevant for the results. This is due
to the fact that we assume two goods there, one of which can be consumed
while the other can be invested only. The absence of depreciation of capital
would imply that the sector producing investment goods is not needed in the
steady state.
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Pension reform with labour and
capital mobility: Is there scope
for a Pareto improvement?1

2.1 Introduction

Population ageing will be one of the fundamental factors affecting economic
activity in the western world in the upcoming decades. Demographic changes
evoke structural changes in economies and emphasize the significance of pen-
sion systems. In particular, in countries with unfunded pension schemes
rising old-age dependency ratios due to increasing longevity and declining
fertility lead to lower pension benefits or a higher tax burden. Therefore,
a switch to more funded pension schemes is an often discussed alternative.
However, in a globalizing world, such a policy change in one country cannot
be analysed separately from the consequences for the rest of the world. As
the obstacles for migration and capital flows are being removed, changes in
the pension scheme in one country may have serious consequences for other
countries that should be taken into account. This holds for instance for the
countries of the European Union that constitute a common capital market
and where migration is determined by choice of individuals and not by mi-
gration policy of sovereigns.

In this chapter, we study pension reform in a two-country model with
capital and labour mobility. That is, both young workers and savings are

1This chapter is based on Fedotenkov and Meijdam (2009).
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assumed to be perfectly mobile. As both countries have the same produc-
tion technique, we have to introduce an immobile production factor (land)
in order to exclude corner solutions. We show that, in general, benefits and
losses caused by a switch from a PAYG to a more funded pension scheme in
one country are shared by the neighbouring country. That is, a decrease of
the PAYG tax initially harms elderly but benefits current and future young
generations in both countries. However, if land plays a minor role, pension
reform can be locally welfare improving, i.e., beneficial for all generations
living in the reforming country, while harming the inhabitants of the other
country. This is the case if the inflow of mobile production factors offsets the
decrease in PAYG benefits due to the pension reform. The main finding of
the chapter is that if the PAYG tax in one country is higher than in the other,
a globally welfare-improving reform is possible. The reason for this is that a
difference between the PAYG tax rates in both countries distorts the interna-
tional allocation of the mobile production factors. Hence, a pension reform
that reduces this difference improves the overall production efficiency and
thus allows for a Pareto-improving reform. However, such a reform requires
both intergenerational and international redistribution of benefits and losses.

The most relevant work in this area is the paper of Adema et al. (2009)
that studies international spillover effects of a shift from unfunded pensions
to a more funded scheme. Two countries constitute a common capital market
in the model, but there is no migration between the regions. In case the old
generation at the time of the reform bears all the costs, the spillover effect of
the switch to more funded pensions for the neighbouring country is negative
in the short run and positive in the long run. We generalize this result in
a more general setting allowing for migration between the countries. Thus,
our model implies larger spillovers to the neighbouring country than without
migration. As a consequence, in contrast to the model of Adema et al.
(2009), our model also allows for a locally welfare-improving reform for one
country at the cost of the neighbouring country. Moreover, it is known that if
PAYG tax does not make static distortions, welfare improving reform is not
possible (Breyer 1989; Verbon 1989). In our model the PAYG tax distorts
the international allocation of labour and, as a consequence, also of capital.
This set up allows for a globally welfare-improving pension reform, which
is not possible in the model with mobile capital only as analysed in Adema
et al. (2009).

There are several papers analyzing the relation between PAYG pensions
and migration. Razin and Sadka (1999), for example, show that immigration
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is Pareto improving for a small open economy with a PAYG scheme because
the resulting increase in labour supply (and the accompanying inflow of cap-
ital) does not affect wages and raises pension benefits. These findings were
confirmed by Fehr et al. (2003) in a model with three regions. However, Fehr
et al. argue that these benefits are small and depend on a specific case. Our
model is closely related to that in Razin and Sadka. However, in contrast to
that model, it includes a fixed production factor. This implies that immigra-
tion lowers the wage rate and thus decreases workers’ utility. However, we
show that, despite the resulting inflow of labour, the net wage may rise after
a decrease in the PAYG tax. This is the case if the fixed factor plays a minor
role. As a sufficiently large inflow of labour can also offset the decrease in
PAYG benefits after a switch to more funded pensions, it follows that such
a reform may raise utility of both generations in the reforming country, but
only at the cost of lower utility for the elderly in the neighbouring country.

Previous attempts to build a model with unrestricted capital flows and
migration met some difficulties because there may be corner solutions. For
example, the models used by Kolmar (2007) and Poutvaara (2007) to com-
pare pension systems based on flat benefits and earnings-related benefits
allow for this possibility. Breyer and Kolmar (2002) use a similar type of
model to study the need for coordination of pension systems in a union.
They discuss both intermediate and corner solutions, and suggest that the
latter can be avoided by including an immobile production factor like land.
This is exactly what we employ in our model. That is, we include a fixed
factor in the production function and assume decreasing returns to scale in
labour and capital.2 Despite capital is supposed to be mobile in their model,
optimality conditions are found without taking into account the possibility
that migration can induce capital flows. So, the optimal allocation of labour
depends on the allocation of capital between the countries, which is not af-
fected by migration. At the same time they discuss a possibility of corner
solutions, the state of economy, when all the world’s agents move to one coun-
try. However, if capital flows do not follow migration, and the production
function fulfills the Inada conditions, corner solutions lead to infinite wages
in the countries without people. This ambiguity obstructs the understanding
of the paper; for instance, the source of efficiency/unefficiency is unclear. As
a result, despite a possibility of welfare gains in this context, it is unclear if
it is possible to construct a pension reform with a real Pareto improvement.

2See also Kunce and Shogren (2007) for a similar way of getting a stable equilibrium.
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Introduction of land into the production function helps to solve these am-
biguities. The presence of a fixed production factor raises questions about
the efficient allocation of the other, mobile production factors. We show that
total production in the two (equal) countries is highest when the amount of
capital and labour in each of the countries is the same. Differences in the level
of the PAYG contributions distort this efficient allocation as a disproportion-
ally large share of the mobile production factors moves to the country with
the lowest PAYG tax. With a federal government that redistributes bene-
fits and losses appropriately over the various generations in both countries,
this inefficiency allows for a globally welfare-improving pension reform: all
generations in both countries can gain if, for example, the size of the largest
PAYG scheme is reduced to that of the other country.3 It should be noted
that the role of land for the Pareto-improving pension reform in our model
is completely different from that in Köthenbüger and Poutvaara (2007) who
analyze pension reform in a one-country model with land. In their model, the
initial situation is suboptimal because the PAYG-tax on labour distorts the
investment in human capital. Land is then introduced as a means to transfer
future efficiency gains to current elderly in the form of capital gains on land.
This capitalization mechanism allows for a Pareto improvement without the
government using debt financed by lump sum taxes to allocate the gains of
the pension reform to the various generations so that they all gain. In our
model, capital gains on land play no role. Land is introduced as a fixed factor
determining the relative size of the countries. This defines the optimal allo-
cation of mobile production factors. When international differences in PAYG
taxes distort this allocation, a Pareto-improving pension reform is possible if
a federal government exists that can use debt and lump-sum taxes to redis-
tribute the gains of the reform both internationally and intergenerationally.

The chapter is organized as follows: the next section presents a sim-
ple two-country model allowing for capital and labour mobility. Section 3
discusses the effects of pension reform, and in particular the international
spillover effects. Moreover, we show in this section that a pension reform
that is beneficial for all generations in the Home country while harming the
neighbouring may be possible. In the fourth section a central government is
introduced in the union and possibility of a globally welfare improving reform
is shown. Section 5 concludes.

3Or if the PAYG tax in both countries is reduced to a level below that in the country
with the smallest PAYG scheme.
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2.2 The model

We employ a two-period-overlapping generations Diamond-type model (Di-
amond 1965) with two countries with a common labour market. Labour can
not flow from/to the rest of the world to/from the two countries. However,
capital is mobile not only within the union of the two countries, but also with
the rest of the world. We suppose that both financial and physical capital
is internationally mobile and that the two countries are small relative to the
rest of the world. There is perfect foresight in the model except for the period
of an unexpected social security reform.

2.2.1 Firms

We assume a constant-returns-to-scale Cobb–Douglas production technology
with three factors of production: capital Kt, labour Lt, and an immobile
production factor A. A may represent land, climate, geographic location and
so forth. In general, A may be time-dependent (At) and comprise technolog-
ical progress. We will refer to A as “land”. For the Home country (H) the
production function is4:

Yt = F (Kt, Lt, A) = A1−α−βKα
t L

β
t , (2.1)

where Yt is output, α > 0, β > 0 and α+ β < 1. Capital is assumed to fully
depreciate within one period:

Kt+1 = It, (2.2)

where It denotes investments made in country H. These investments may
also come from outside of the union.

The introduction of a land market is discussed in detail by Rhee (1991)
and Köthenbürger and Poutvaara (2006). As our results do not depend on
the existence of a market for land, we keep the model as simple as possible
and treat land as a common resource that can be freely used. Given that
there are decreasing returns to scale in labour and capital, this implies that
paying these production factors according to their marginal product will
result in positive profits for firms. Without barriers for new firms, this will

4The results of the model are robust with respect to the functional form, however, it is
important that the countries have the same production function. The case if the countries
have different production functions will be discussed later.



24 Pension reform with labour and capital mobility

evoke entry and raise output. As shown in Feehan and Batina (2007), this
process will lead to a zero-profit equilibrium where the returns to land are
allocated to labour and capital in the form of higher wages (wt) and interest
rates (rt) in the following way:

wt = FL +
β

α + β
(1− α− β)

Yt
Lt

=
β

α + β
A1−α−βKα

t L
β−1
t , (2.3)

1 + rt = FK +
α

α + β
(1− α− β)

Yt
Kt

=
α

α + β
A1−α−βKα−1

t Lβt , (2.4)

where FL and FK stand for the marginal product of labour and capital,
respectively.

2.2.2 Households

In the first period of life individuals in the home country maximize utility,
which is a function of consumption when young (cyt ) and consumption when
old (cot )

5:
max
cyt ,c

o
t+1

Ut
(
cyt , c

o
t+1

)
. (2.5)

where cyt is consumption when young and cot stands for consumption of the
same individual when old. The government runs a PAYG pension scheme
with a fixed contribution rate. During the first period of life agents pay
a share τ of their wages as a contribution to the pension system, which is
redistributed to the old generation. The budget constraints are:

cyt = wt(1− τ)− st, (2.6)

cot+1 = bt+1 + st(1 + rt+1), (2.7)

where st is savings and bt+1 is a pension benefit received in period t+ 1:

bt+1 = wt+1τ(1 + nt+1). (2.8)

nt+1 denotes the population growth rate in period t+ 1 in the Home country
due to migration. For simplicity it is supposed that the population size in
the union does not grow. Substituting the budget constraints into the utility
function and maximizing it with respect to st, we get:

st =
1

2 + ρ
wt(1− τ)− 1 + ρ

2 + ρ

wt+1τ(1 + nt+1)

1 + rt+1

. (2.9)

5The utility function Ut(·,·) is assumed to be strictly increasing in both arguments.
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2.2.3 Capital and labour mobility

Variables referring to the Foreign country are denoted by tildes (∼). The
Foreign country is assumed to be identical to the Home country in terms of
the utility function and the production structure. For simplicity we assume
that the size as measured by the land endowment is also the same, i.e., A = Ã.
The results of the model do not depend on this assumption, but it simplifies
the equations. So the only possible difference between the two countries is
a difference in the size of the PAYG scheme as measured by τ , the share of
wages the young contribute to the scheme.

It is assumed that the two countries analysed form a small part of the
world. Labour is perfectly mobile between the two countries, but not between
the two countries and the rest of the world. Capital is assumed to be mobile
not only within the union of two countries but also to the rest of the world,
so that the interest rate within the union is equal to the world interest rate6:

rt = r̄. (2.10)

From this equation and equation (2.4) capital stock can be expressed:

Kt =

(
αA1−α−βLβt

(1 + r̄)(α + β)

) 1
1−α

, (2.11)

and analogously for the Foreign country.
Labour mobility implies that workers migrate at the start of the first

period of life to the other country if lifetime utility in that country exceeds
utility in their country of birth. Hence, migration will take place until utilities
are equal in both countries:

Ut = Ũt. (2.12)

Workers pay PAYG taxes in the country where they work and accumulate the
right to a PAYG benefit in this country when old. There is no migration at
later stages of life, i.e., agents spend the period of retirement in the country
where they have worked. In order to focus on migration only we assume that
the total population of the two countries is constant, i.e.,

Lt + L̃t = Λ. (2.13)

6These assumptions simplify the analysis as they eliminate short-run dynamics. Alter-
natively, one could assume that the two countries form a closed economy or that financial
capital (savings) is mobile but that once it is invested capital is not mobile any more. This
assumption would change the dynamics, but numerical simulation experiments show that
it does not qualitatively affect the main results derived.
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where the constant Λ is the total number of agents in the union. Hence,
nt represents a change of working population size as a consequence of migra-
tion only.

2.2.4 Equilibrium and dynamics

Using the equilibrium condition (2.12) and equations (2.3) and (2.4) we get
(see the Appendix 1 for the derivation)

L̃

L
=

(
1 + r̄ − τ̃ r̄
1 + r̄ − τ r̄

) 1−α
1−α−β

, (2.14)

K̃

K
=

(
1 + r̄ − τ̃ r̄
1 + r̄ − τ r̄

) β
1−α−β

. (2.15)

These equations not only show that the international allocation of labour and
capital depends on the generosity of pension systems, but they also indicate
that differences in size of the PAYG scheme will cause capital and labour
flows in the same direction. As a result, constant returns to scale in these
factors (i.e., α + β = 1) would lead to corner solutions if the social security
tax in both countries is not the same. In order to get an internal solution,
we must assume α + β < 1. In that case, the dynamics of the model are
determined by the dynamics of the labour force. This can be seen from the
following analysis: The equality of utilities is equivalent to the equality of
present values of lifetime income, so:

wt(1− τ) + τwt+1
Lt+1

Lt(1 + r̄)
= w̃t(1− τ̃) + τ̃ w̃t+1

L̃t+1

L̃t(1 + r̄)
. (2.16)

Substituting wt and w̃t from equation (2.3) and using equations (2.4) and
(2.10) to eliminate capital we can rewrite this as:

1

Lt

(
(1− τ)L

β
1−α
t + τ

L
β

1−α
t+1

1 + r̄

)
=

1

L̃t

(
(1− τ̃)L̃

β
1−α
t + τ̃

L̃
β

1−α
t+1

1 + r̄

)
. (2.17)

This first-order difference equation determines the dynamics of the model
after the shock. Using equation (2.13) the steady state value of L can be
found. It can easily be shown that the model is saddle point stable:
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Proposition 1. The steady state described by equations (2.13) and (2.17) is
a saddle point if α + β < 1.

Proof. See the Appendix 2.

This statement implies that after a change in one of the parameters the in-
ternational allocation of labour immediately adjusts and the economy jumps
to the new equilibrium according to equations (2.14) and (2.15). If tax rate
in one of the countries is reduced, capital and labour immediately flow to the
reformed country. There is no transitional dynamics in the model.

2.3 The spillover effects of pension reform

In this section we first analyse the international spillover effects of a pension
reform in the Home country. Subsequently, we show that a locally welfare-
improving pension reform is possible for specific parameter values.

Pension reform is modelled as an unexpected permanent reduction of the
tax rate in country H at time t = 0. The effects of this shock on the allocation
of labour can be seen from:

L = Λ

(
1 +

(
1 + r̄ − τ̃ r̄
1 + r̄ − τ r̄

) 1−α
1−α−β

)−1

, (2.18)

which follows directly from equations (2.13) and (2.14).
To illustrate this effect a numerical example is presented. The illustration

is based on a numerical simulation experiment assuming a logarithmic utility
function: Ut = log cyt + 1

1+ρ
log cot+1. Chosen parameter values are often used

in the literature, or close to them (see for example Ambler and Cardia (1998),
Börsch-Supan et al. (2006), İmrohoroǧlu et al. (1999)): α = 0.3, β = 0.65,
ρ = 0.4166 which approximately corresponds to a 1% annual discount rate.
Initially, the tax rate in both countries is the same: τ = τ̃ = 0.25. The
interest rate on the world capital market is set at such a level that capital in
both countries can exactly be financed from savings in these countries. At
t = 0 the tax rate in the Home country is reduced from τ = 0.25 to τ = 0.20.
Both taxes set at 0.25 and 0.2 level are in line with social security taxes
in the mid-1990s in the developed countries (Palacios and Palarès-Miralles
2000). Values of the main endogenous variables in initial steady state are
summarised in Table 2.1. As the period in the model is approximately equal
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Table 2.1: Summary of main endogenous variables at the initial steady state
name variable value

Capital stocks Kt, K̃t 0.077

Labour L, L̃ 0.5
Interest rate r̄ 0.959
Wages w, w̃ 0.329
Savings s, s̃ 0.077

Consumption when young Cy, C̃y 0.169

Consumption when old Co, C̃o 0.233

Utility U , Ũ −2.802

Figure 2.1: The allocation of labour and net foreign asset holdings of the
union

to thirty five years, the annual interest rate is approximately equal to 2%.
For comparison: According to the World Bank Development Indicators the
real interest rate in the US was 1.4% in 2009 and 2.4% in 2010, what means
that this value is quite realistic.

The development of Lt/Λ is illustrated in panel (a) of Figure 2.1. Pension
reform in the Home country leads to migration to this country. Consequently,
capital follows the labour flow and moves to the Home country (Figure 2.2
panels a and b).7 Migration raises gross wages in country F and reduces gross
wages in country H (Figure 2.2 panels e and f). Analytically, this result can

7Given the allocation of labour, an explicit equation for the capital stock in both
countries can easily be derived from equations (2.4) and (2.10).
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Figure 2.2: Dynamics

be seen from:

w =
β

α + β

(
α

(α + β)(1 + r̄)

) α
1−α

A
1−α−β
1−α L−

1−α−β
1−α (2.19)

and the equivalent equation for the Foreign country. These equations fol-
low from eliminating capital from the wage equations using equation (2.4)
and (2.10).

Inserting wage and labour equilibrium values into the expression for sav-
ings [equation (2.9)] it is possible to get an analytical expression for savings.
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Figure 2.3: Utility

The numerical results are presented in panels c and d of Figure 2.2.

Savings increase in both countries: in country H savings grow due to
higher net wages and lower pension benefits in the future, in country F
savings increase because of an increase in (gross) wages.

Panel b in Figure 2.1 presents net Foreign asset holdings of the union
vis-à-vis the rest of the world, i.e., the difference between total savings in the
union and total capital. The world interest rate r̄ was initially set at such a
level that this difference equals zero. At t = −1 savings do not change, but
relocation of the resources at t = 0 makes the total amount of capital in the
union smaller. At time t = 1 the amount of exported capital from the union
rises even more due to increased savings.

The effect of pension reform on utility in both countries is presented
in Figure 2.3. The utility of the generation born at t = −1 in the Home
country falls due to the pension reform, but the reduction of the PAYG
benefits is mitigated as immigration leads to more workers contributing to
the system. The old generation in the Foreign country also suffers from
the reform as the outflow of labour lowers their pension benefit. For the
subsequent generations, utility increases in both countries. In country H
gross wages fall due to the increase in labour supply, but this is more than
offset by the tax reduction. In country F the outflow of labour raises wages
for the remaining workers. So the Foreign country shares in both the benefits
and the losses of the pension reform. That is, the pension reform is beggar
thy neighbour for the old generation at the time of the reform, but benefits
the current young and future generations in the neighbouring country. It
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shall also be noted, that the negative short-run effect in the Foreign country
is larger than in the Home country. This rises the question: Can country H
reform their pension system at the costs of country F?

2.4 Reforming at the neighbour’s costs

The fact that in a two-country model the initial loss can be shared with
another country raises the question if it is possible to make a locally welfare-
improving pension reform at the neighbour’s costs, i.e., a pension reform that
is Pareto improving when only the utility of all generations in the reforming
country is taken into account but lowers utility of some generations in the
other country. In a two-country model with mobile capital and immobile
labour as analyzed in Adema et al. (2009) such a reform is not possible as
(apart from intergenerational transfers) nothing can compensate the initial
elderly in the reforming country. In our model with both labour and capital
mobility, this may well be possible, however. This result is summarized in
the next statement.

Now, the number of agents in country H is normalized to unity, and the
population in both countries is constant and equal Λ.

Proposition 2. Suppose that the economy is in an equilibrium where both
countries have the same PAYG tax τ = τ̃ > 0. One country unexpectedly
lowers its PAYG tax to a level τ̂ such that τ/Λ < τ̂ < τ . Then a parameter
set α, β > 0, α + β < 1 exists such that this pension reform is profitable for
both generations in the reforming country.

Proof. Assume that the reform takes place in the Home country. The con-
sumption of the old generation in this country in the absence of pension re-
form is cot = wtτ + st−1(1 + r̄). Assume constant returns to scale: α+ β = 1.
Then, pension reform leads to a corner solution, that is, the labour and cap-
ital of the union move to the Home country. The new consumption of old
generation is given by ĉot = ŵtτ̂Λ+st−1(1+ r̄). Savings st−1 are determined in
the previous period. The wage rate does not change due to constant returns
to scale, so ŵt = wt, and the effect of the decrease in tax rate τ is compen-
sated by immigration 1 +nt = Λ. Hence, the old generation wins if τ̂ > τ/Λ.
The young generation does not lose either, because wages and interest rate
remain constant and the tax rate decreases.
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Given that both the consumption of the young cyt and the consumption
of the old cot are continuous functions of the parameters α and β (see the
Appendix for a proof), an open neighbourhood of α+ β = 1 exists such that
both generations are still better off. Hence, there exists an area of α > 0,
β > 0, α + β < 1 where both generations are better off.

So a locally welfare-improving reform is possible if labour and capital are
sufficiently mobile, that is, if the decreasing returns to scale in these factors
is relatively weak and the fixed factor is not very important. In that case,
the reforming country attracts a lot of labour which allows for an increase
in the pension benefit of the elderly. Capital follows labour so that the gross
wage rate does not fall too much and the net wage rate rises. Mobility of
both labour and capital thus is crucial for this result, only capital mobility
is not sufficient.

We have abstracted from the government using debt to compensate the
initial generation of elderly in the reforming country. Allowing for this type of
intergenerational transfers will increase the possibilities for a locally welfare-
improving reform. We do not analyse these possibilities in detail. Instead, we
turn to the question whether a globally welfare-improving reform is possible.

2.5 A globally welfare-improving pension re-

form

It is well known that in a closed-economy model where the PAYG scheme
does not cause additional distortions (apart from reducing savings) a Pareto
improving reform of the pension scheme is not possible (Breyer 1989; Verbon
1989). The basic intuition for this result is that the present value of the
welfare gains of current young and future generations is not large enough
to compensate the welfare loss of the current old by creating government
debt and still leave resources for a welfare gain for at least one generation.
Adema et al. (2009) generalize this result to a two-country model with mobile
capital. On the other hand, if the PAYG scheme causes distortions on the
labour market or other inefficiencies, a Pareto-improving reform is possible
(see Fenge and Schwager (1995) for example). In our model an inefficiency
may arise when the countries initially have different pension schemes because
a difference in the tax rates distorts the international allocation of labour, and
hence also of capital. In this section we will show that in that case a globally
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welfare-improving reform is possible: all current and future generations of
workers in both countries can gain if the size of the largest PAYG scheme
is reduced, without harming the elderly at the time of the reform. This
is done in two steps. First, we show that a difference in the size of the
pension schemes indeed implies an inefficiency. That is, we show that total
production in the two countries is maximized if labour is allocated evenly
over both countries. It then immediately follows from equation (2.14) that
production is suboptimal if the tax rates in both countries differ. Next, we
show that if pension schemes are initially of unequal size, indeed a reform
policy can be designed that leads to a Pareto improvement. This policy
uses government debt to compensate the initial generation of elderly in the
reforming country and allocates the burden of this debt to all current and
future young in both countries in such a way that their utility is higher than
before the reform.

Lemma 1. Total production and total wage income in the two countries is
maximal if labour is allocated evenly over both countries. Moreover, the total
production and total wage income is increasing in L in the interval (0, Λ

2
) and

decreasing if L > Λ
2

.

Proof. Total production in the two countries can be written as:

Y + Ỹ = A1−α−βKαLβ + A1−α−βK̃α(Λ− L)β. (2.20)

Eliminating capital with equations (2.4) and (2.10) we get:

Y + Ỹ = A
1−α−β
1−α

(
α

(α + β)(1 + r̄)

) α
1−α [

L
β

1−α + (Λ− L)
β

1−α
]
. (2.21)

Maximization with respect to L gives:

∂(Y + Ỹ )

∂L
= A

1−α−β
1−α

β

1− α

(
α

(α + β)(1 + r̄)

) α
1−α (

L−
1−α−β
1−α − (Λ− L)−

1−α−β
1−α

)
.

(2.22)
It follows that total production is maximal when L = L̃ = Λ/2. Fur-

thermore, when 0 < L < Λ/2 the derivative of total production with re-
spect to labour is positive, and when L > Λ/2 the derivative is nega-
tive. The results for total wage income in both countries follows from the
fact that total wages are proportional to total production: Lw + L̃w̃ =
β

α+β
[F (K,L) + F (K̃, L̃)].
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Now we will show the possibility of a welfare-improving reform. For
simplicity, we assume that at t = 0 the economy is in a steady state with
τ > 0 and τ̃ = 0. We use subscript b for the values before the reform, and a
for the values after the reform. Migrational equilibrium and capital mobility
imply:

L̃b
Lb

=

(
1 + r̄ − τ r̄

1 + r̄

)(1−α)/(α+β−1)

, (2.23)

K̃b

Kb

=

(
1 + r̄ − τ r̄

1 + r̄

)β/(α+β−1)

. (2.24)

So capital and labour are clearly not optimally allocated. In particular:
Lb < Λ/2 < L̃b. This makes it possible to have a Pareto-improving reform.

At time t = 0 the PAYG scheme in the Home country is abolished and the
elderly are compensated at that point in time through government debt. So
the total debt is Lbτwb. The current young and all future generations in both
countries pay a tax µ per person when they are old to finance interest on this
government debt. As taxes are the same in both countries after this reform
we will have a symmetrical situation after the reform: La = L̃a = Λ/2. So
the tax rate necessary to cover interest payment will be:

µ = r̄τwb
Lb
Λ
< 0.5r̄τwb. (2.25)

The initial old generation in the Foreign country is not affected by the
reform. Given the constant interest rate r̄, lifetime utility of the agents is
determined by their lifetime income. So it suffices to show that the current
young and all future generations in both countries will have a higher lifetime
income after the reform.

Let I denote lifetime income. It can then easily be checked that:

Ib = wb

(
1− τ +

τ

1 + r̄

)
= wb

(
1− τ r̄

1 + r̄

)
, (2.26)

Ia = wa −
µ

1 + r̄
, (2.27)

Ĩb = w̃b, (2.28)

Ĩa = w̃a −
µ

1 + r̄
(2.29)
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and hence:

Ia − Ib = wa − wb + wb
τ r̄

1 + r̄
− µ

1 + r̄
, (2.30)

Ĩa − Ĩb = w̃a − w̃b −
µ

1 + r̄
. (2.31)

As utility before and after the reform must be equal in both countries, the
income gains must also be equal. It suffices to show that the income gains
are positive. Suppose this is not the case, but that income gains are negative.
This implies:

wa − wb < −wb
τ r̄

1 + r̄
+

µ

1 + r̄
, (2.32)

w̃a − w̃b <
µ

1 + r̄
. (2.33)

Multiplying the former by Lb and the latter by L̃b and summing gives (using
Lb + L̃b = Λ and w̃a = wa):

Λwa − L̃bw̃b − Lbwb < Λ
µ

1 + r̄
− Lbwbτ

r̄

1 + r̄
. (2.34)

It follows from equation (2.25) that the right-hand side is equal to zero,
and thus the left-hand side must be negative. However, the left hand side
equals the total wage income after the reform minus total wage income before
the reform. It follows from Lemma 1 that this must be positive. This is
a contradiction, implying that the income gains must be positive. So, the
utility of the elderly in both countries at the time of the reform is not affected
and the current and future young in both countries benefit. Hence, the
pension reform is a Pareto improvement.

It should be noted that such a globally welfare-improving reform requires
international coordination and a federal government in the union that spreads
the burden of the reform evenly over the agents in both countries and suffi-
cient labour and capital mobility.

2.6 Conclusions

This chapter presented a two-country overlapping-generations model with a
fixed production factor and mobility of capital and labour between the regions
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to study the effects of pension reform. Labour and capital were assumed to
be perfectly mobile. The model can be viewed as a generalization of both
Adema et al. (2009) by allowing for labour mobility and Breyer and Kolmar
(2002) by introducing a fixed factor of production and thus excluding corner
solutions. First, existence of an internal saddle-point equilibrium was proved.
Then the international spillover effects of pension reform were described.
Finally, it was shown that a globally welfare-improving reform is possible.
This is possible if initially the countries have different pension systems leading
to an inefficient allocation of mobile resources. Equalizing pension systems
then increases efficiency implying that there is scope for a global welfare
improvement.

An important conclusion from our model is that, just like in a model with
only capital mobility, the long-run gains of a pension reform spill over to the
non-reforming country. Short-run losses in case of an unanticipated reform
spill over to the neighbouring country too, introducing the possibility of a
locally welfare improving reform at the neighbour’s expense. As the country
reforming its social security system becomes more attractive to migrants, the
inflow of labour counteracts the decrease in PAYG contributions due to the
lower tax rate. On the other hand, however, the inflow of labour may lower
the wage rate, and thus the PAYG benefit. If the share of immobile factor
(land) in the production function is small, there is also a large capital flow
into the reformed country, the decrease of wages plays a minor role, thus,
a locally welfare-improving reform is possible.

Adema (2009) concludes that the fact that a pension reform causes neg-
ative spillover effects to other countries with a joint capital market, pleas for
policy coordination. Our model shows that when not only capital but also
labour is mobile, the adverse effects for other countries, and thus the need
for policy coordination will be even stronger. If labour mobility is strong
enough to allow for a locally welfare-improving pension reform at the neigh-
bour’s cost, policy coordination will be necessary in order to preserve the
existence of PAYG schemes, since, policy competition will lead to a race to
the bottom, and coordination of pension schemes as proposed by Breyer and
Kolmar (2002) is the only way to have positive PAYG transfers in the long
run.

The most important conclusion from our analysis is that in a union of
countries with different levels of PAYG taxes, a welfare-improving pension
reform is possible: harmonization of the PAYG taxes at the lowest of the two
levels may be profitable for the current and future young in both countries
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without harming the initial generation of elderly. Such a welfare-improving
reform is only possible if the union has a federal government that can redis-
tribute the gains of the reform both intergenerationally and internationally.
Without such international coordination, pension reform is a beggar-thy-
neighbour policy in the short run. If the PAYG rates are the same, there is
no possibility of a Pareto improvement. The same result can also be shown
with other types of pensions (defined benefit, or flat rate) as long as labour
supply is exogenous so that pensions do not cause distortions in the labour
market. If the PAYG system distorts labour supply, this would widen the
scope for a Pareto improvement.

The model can be extended with the costs for capital mobility and, what
is even more important, the costs of migration. We expect, that if the costs
are fixed and constant, only a sufficiently large change in social security
reform will cause labour and capital flows from one country to another, thus
the Pareto efficient pension reform would not necessarily be achieved when
PAYG taxes in the countries are equalised. Furthermore, a relaxation of the
assumption that the countries employ the same production functions can lead
to interesting conclusions, such as a different rule for optimal harmonization
of social security systems. The expansion of the model assuming different
land endowments does not lead to different conclusions, however, makes the
equations more complicated.

Appendix

Appendix 1: Derivation of equations (2.14) and (2.15)

Equations (2.4) and (2.10) imply

K̃t

Kt

=

(
L̃t
Lt

) β
1−α

. (2.35)

Lifetime income, i.e., the present value of an agent’s total income, is
wt(1 − τ) + (1 + nt)wt+1τ/(1 + r̄). The model is in its steady state if all
the variables do not change over time. Thus, in the absence of population
growth in the union, there is no migration in the steady state (nt = 0) and
the wages are constant (wt = wt+1 ≡ w). Lifetime income may be written as
w(1 + r − τ r̄)/(1 + r̄). As a higher lifetime income is equivalent to a higher
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utility, perfect labour mobility implies:

w
1 + r̄ − τ r̄

1 + r̄
= w̃

1 + r̄ − τ̃ r̄
1 + r̄

. (2.36)

Using (2.35), equation (2.36) can be rewritten as

w(1 + r̄ − τ r̄) = w

(
L̃

L

)− 1−α−β
1−α

(1 + r̄ − τ̃ r̄). (2.37)

Equation (2.14) then immediately follows. Equation (2.15) can be derived
by inserting equation (2.14) into (2.35).

Appendix 2: Proof of statement 1

Proof. If Lt+1 = Lt, then the system is in its steady state. Suppose that this
is not the case. Write Lt = Ls + ∆Lt, where Ls is a steady state and ∆Lt is
a deviation from the steady state. Then L̃t = L̃s−∆Lt, where L̃s = Λ−Ls.
Rewrite equation (2.17)

(1− τ)(Ls + ∆Lt)
β+α−1
1−α︸ ︷︷ ︸

Ψ1

+
τ

1 + r̄

(
Ls + ∆Lt+1

Ls + ∆Lt

) β
1−α

︸ ︷︷ ︸
Ψ2

(
1

Ls + ∆Lt

) 1−α−β
1−α

︸ ︷︷ ︸
Ψ3

= (1− τ̃)(L̃s −∆Lt)
β+α−1
1−α︸ ︷︷ ︸

Ψ̃1

+
τ̃

1 + r̄

(
L̃s −∆Lt+1

L̃s −∆Lt

) β
1−α

︸ ︷︷ ︸
Ψ̃2

(
1

L̃s −∆Lt

) 1−α−β
1−α

︸ ︷︷ ︸
Ψ̃3

.

(2.38)

All values except ∆Lt and ∆Lt+1 in equation (2.38) are constant, and the
equation holds for ∆Lt = ∆Lt+1 = 0. Suppose ∆Lt > 0. Then Ψ1 and Ψ3

decrease and Ψ̃1, Ψ̃3 grow compared to the equilibrium values. In order to
keep the equality, Ψ2 shall grow and/or Ψ̃2 shall decrease. This is possible
only if ∆Lt+1 is larger than ∆Lt. Hence, at time t+ 1 the deviation from the
equilibrium values is even larger. Similarly ∆Lt < 0 leads to a smaller ∆Lt+1,
implying that the equilibrium in the model is a saddle point equilibrium.
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Appendix 3: Continuity of consumption

Since we are interested in parameter values α+ β ≤ 1 only, the continuity of
consumption from below will be shown.

Proposition 3. Suppose the conditions of Statement 2 are satisfied. Then
the steady-state consumptions co, cy are continuous from below in α and β
at the points α + β = 1.

Proof. Consider equations (2.14) and (2.13). In Statement 2 we suppose that
τ < τ̃ , then L(α, β) = Λ if α+β = 1. Choose increasing sequences αk and βk,
αk → α, βk → β when k → ∞. It is obvious that limk→∞L(αk, βk) = Λ =
L(α, β). Hence, labour in the Home country is continuous on α and β from
below at the point α + β = 1. Equation (2.19) then implies that wages are
a continuous function of α and β.





Chapter 3

Demographic change,
international trade, and capital
flows1

3.1 Introduction

Demographic change, such as population ageing and migration, is a world-
wide phenomenon, with some countries experiencing greater changes than
others. The asymmetric demographic development will strongly affect the
relative size of the labour force, causing not only labour-market effects, but
also effects on the capital market. In an open economy with perfect capital
mobility, the typical argument goes that a relatively smaller labour force is
followed by an outflow of capital so as to equalize the capital-labour ratio
and interest rates (see Cutler et al. (1990), Börsch-Supan et al. (2006) or
Arezki (2010), for example). Through these international capital flows, de-
velopments in one country cause spillover effects on another, especially if the
countries’ institutions are different. Adema et al. (2008), for instance, focus
on differences in pension schemes and the spillover effects of demographic
changes. In this chapter, we show that a relatively smaller labour force does
not necessarily imply a relatively smaller capital stock, if one allows for not
one but different kinds of commodities and international trade. If the pro-
duction of the final consumption good involves the input of intermediate
goods that are produced in different countries, the degree of substitutabil-

1This chapter is based on Fedotenkov et al. (2012).
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ity of those intermediates determines whether capital flows out of or into a
country with a relatively shrinking labour force. Furthermore, it also affects
the change in the real interest rate: a shrinking labour force due to popula-
tion ageing not necessarily implies a lower real interest rate, contrary to the
typical result of a one-sector model.

There are several papers, for example Adema et al. (2009) and De La
Croix et al. (2010), that analyse the effects of ageing in a one-sector frame-
work. In both papers, two types of demographic shocks are taken into ac-
count: an increase in longevity and a decrease in fertility. The general result
is that population ageing evokes a larger export of capital to the rest of the
world in case of a small open economy, or leads to a higher capital-labour ra-
tio and a lower interest rate in case of a closed economy. This decrease in the
interest rate is especially painful for the old generation which is decumulating
their savings, when the pension system has a large funded part. Heijdra and
Ligthart (2006) show, in an extended Yaari-Blanchard model, that a propor-
tional decline in fertility and death rates has qualitatively similar effects to
capital income subsidies. International spillovers of ageing caused by differ-
ent pension systems were studied by Adema et al. (2008). They show that
with a symmetric increase in longevity in two countries, the country with a
funded pension scheme is in the long run more vulnerable to this shock if its
neighbouring country has a pay-as-you-go (PAYG) scheme. However, these
models do not take international trade and changes in the real exchange rate
into account. There is not much literature linking demographic changes with
international trade. One exception is Sayan (2002, 2005), who investigates
the link between changes in fertility and international trade. He shows that
a country with higher fertility exports labour intensive goods, and that a
shift from autarky to an open economy is not necessarily welfare improving.
Similar conclusions are drawn by Naito and Zhao (2009).

Van Ewijk and Volkerink (2012) study the effect of ageing on the real
exchange rate for the Netherlands in a small-open economy version of the
Obstfeld and Rogoff model (Obstfeld and Rogoff 2005) with nontradables
and country-specific tradables. They distinguish two effects why ageing may
lead to higher real prices for domestic goods: First, population ageing shifts
consumption towards nontradables, which raises their prices if the supply is
restrained. Second, extra demand in the Netherlands due to the increase in
consumption after repatriation of savings invested abroad will also increase
prices. The model developed in this chapter considers a different effect of
ageing on the real price for domestic goods, which comes from a change in
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labour supply and a not perfect substitutability of goods produced in the
countries. We do not distinguish between tradable and nontradable goods,
but we focus on general equilibrium effects and on spillovers of ageing to other
countries. For this reason we use an overlapping generations framework with
a Cobb–Douglass production function using capital and labour, what allows
us to study the effects on interest rates.

The prediction of the classical Heckscher-Ohlin-Samuelson model (Samuel-
son 1948), which is confirmed by numerous later papers such as Sayan (2005),
is that globalization and higher openness of markets lead countries to special-
ize in the goods for which they have a comparative advantage in production.
As a result, goods produced in different countries are not necessarily perfect
substitutes. Armington (1969) argues that even the same goods produced
in different countries cannot be treated as perfect substitutes. This hypoth-
esis was confirmed by many subsequent empirical papers, such as Shiells et
al. (1986) and Blonigen and Wilson (1999). They find that for the case of
the US, the elasticity of substitution is pretty small and in many sectors it
is smaller than unity. We employ Armington’s approach for international
trade to study the international aspects of asymmetric demographic devel-
opments. The use of this approach differentiates our work from the other
works studying the macroeconomic consequences of demographic shocks.

In this chapter, we develop a simple model with two overlapping gen-
erations, two countries and one final good, which is produced out of two
country-specific intermediate goods. To capture the different demographic
developments in the world, we assume that one country’s labour force de-
creases temporarily compared to that of the other country. We show that the
degree of capital outflow from the shrinking country depends on the elasticity
of substitution between the intermediates. Smaller substitutability between
the intermediates reduces the capital outflow of the shrinking country, and
if the elasticity of substitution is less than unity, there will be an inflow of
foreign capital. The long-run effect on the interest rate also depends on the
degree of substitutability. If country-specific goods are perfect or imperfect
substitutes, the world interest rate will decrease, as is usually found in the
standard one-sector approach. But with trade in more than one commodity,
the fall in the interest rate is smaller. However, if these goods are not very
substitutable, a decrease in the population of one country can result in a
higher interest rate, depending on whether this country saves more or less
than the other. Finally, we show welfare effects for different generations. It
appears that in the short run, the international spillover effects of an asym-
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metric demographic shock are smaller compared with the standard one-good
model, but the long-run spillover effects are larger.

The rest of the chapter is organised as follows: in the next section the
basic concepts are introduced and the model is described. In Section 3, the
main results are discussed. Section 4 concludes.

3.2 The model

3.2.1 Production and prices

Consider a model with two overlapping generations and two countries
(“Home” and “Foreign”) with perfect capital mobility. In each country at
time t, capital (Kt) and labour (Lt) are deployed to produce a particular
(tradable) intermediate commodity xt according to the following function:

xt = F (Kt, Lt) = Kα
t L

1−α
t , (3.1)

where 0 < α < 1, and the capital stock depreciates within one period.
Intermediates from both countries are required to produce the final good Xt

in Home and X̃t in Foreign. These final goods are used both for consumption
and investment.

Xt =
[(
xHt
)1−1/θ

+
(
x̃Ht
)1−1/θ] θ

θ−1 , (3.2)

X̃t =
[(
xFt
)1−1/θ

+
(
x̃Ft
)1−1/θ] θ

θ−1 , θ ∈ (0,∞], (3.3)

xit (x̃it) is the amount of intermediate goods2 produced in the Home (Foreign)
country, used for production of final goods in country i (i = H,F ). θ is the
substitution elasticity, θ ∈ (0,∞]. Final goods are used for consumption or
investment purposes and are also internationally tradable.

Let the price of goods produced in the home country be a numeraire, pt is
the price of an intermediate good produced abroad relative to a domestic
intermediate.3 A part of the goods produced in one of the countries are
exchanged into the goods produced in another country, so, that the amount
of composite goods used for consumption and investment is maximal. The

2Throughout the chapter, variables denoted in upper (lower) case are in terms of final
(intermediate) goods.

3pt can also be considered as a real exchange rate. See Amdur (2010), for example.
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maximization of number of composite goods units implies the following first-
order conditions:

xit = x̃itp
θ
t , i = H,F. (3.4)

Thus one unit of intermediate goods produced in the home country can be
exchanged into

Pt =
(
1 + p1−θ

t

) 1
θ−1 . (3.5)

final goods. Pt can be interpreted as the price of domestically produced inter-
mediates in terms of final goods. Both production factors are paid according
to their marginal products, which, expressed in final goods, equal and capital
fully depreciates in one period:

Wt = Pt(1− α)Kα
t L
−α
t , (3.6)

1 +Rt = PtαK
α−1
t L1−α

t . (3.7)

3.2.2 Households

Individuals live for two periods, so that in each period, a young and an old
generation are alive of size Nt and Nt−1, respectively. Initially, population
grows in both countries at the same rate n, so that Nt+1 = (1 + n)Nt.
When young, the agent supplies one unit of labour; part of the wage income
is taxed at the ad valorem rate τ , the rest is consumed when young (Cy

t )
and saved (St). In the second period of his life, the agent is retired and
consumes Co

t+1, which is financed with the return on savings and a publicly
provided pension benefit Bt+1. In contrast to the previous chapter we denote
consumptions and savings with the upper case letters, to emphasise that
they consist out of composite goods. Utility is derived from consumption
according to:

Ut = log
(
Cy
t

)
+ β log

(
Co
t+1

)
, (3.8)

with

Cy
t = Wt(1− τ)− St, (3.9)

Co
t+1 = (1 +Rt+1)St +Bt+1. (3.10)
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Public pensions are based on a PAYG scheme with fixed contributions,4

implying that Bt+1 = τ(1 + n)Wt+1.
Individual optimisation gives the following individual savings function:

St =
β

1 + β
(1− τ)Wt −

τ(1 + n)Wt+1

(1 + β)(1 +Rt+1)
. (3.11)

Similar derivations can be made for the Foreign country.

3.2.3 Equilibrium

General equilibrium is established when the following markets of the model
are cleared:

• The labour market:

Lt = Nt, (3.12)

L̃t = Ñt. (3.13)

• The markets for intermediates:

xHt + xFt = xt = F (Kt, Lt), (3.14)

x̃Ht + x̃Ft = x̃t = F (K̃t, L̃t). (3.15)

• The international market for final goods:

Nt

(
Cy
t + St

)
+ Ñt

(
C̃y
t + S̃t

)
+Nt−1C

o
t + Ñt−1C̃

o
t = Xt + X̃t. (3.16)

• The international capital market:

Kt+1 + K̃t+1 = NtSt + ÑtS̃t. (3.17)

Equilibrium in the markets for domestic and foreign intermediate goods
(equations (3.14) and (3.15)), combined with the firms’ first-order condi-
tions (3.4), boils down to the following price of a foreign intermediate good:

pt =

(
xt
x̃t

) 1
θ

. (3.18)

4Allowing for a fixed replacement rate and variable contribution rates does not change
the results of this chapter.
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Furthermore, international arbitrage on the capital market implies:

∂F (Kt, Lt)

∂Kt

= pt
∂F (K̃t, L̃t)

∂K̃t

, (3.19)

and arbitrage on the market for final goods gives:

P̃t = ptPt. (3.20)

The last two equations then also imply that Rt = R̃t, as defined by equa-
tion (3.7).

Combining equations (3.1), (3.7), (3.18), (3.19) and (3.20) gives the dis-
tribution of capital between the two economies:

K̃t

Kt

=

(
L̃t
Lt

) (1−α)(θ−1)
α+θ(1−α)

. (3.21)

Using this equation, the price of a foreign intermediate good can be expressed
as:

pt =

(
Lt

L̃t

) (1−α)
α+θ(1−α)

(3.22)

units of Home-produced intermediate goods. Furthermore, the price of a
final good produced in the Home country, as expressed in equation (3.5), can
be derived:

Pt =

[
1 +

(
Lt

L̃t

) (1−α)(1−θ)
α+θ(1−α)

] 1
θ−1

. (3.23)

This equation shows that a change in the relative size of the countries’ popu-
lations leads to an immediate jump to the new equilibrium value of the price
of final goods.

3.2.4 Dynamics

The dynamics in the model is determined by equation (3.17). It is basically
the same as in the standard Diamond two-period-overlapping generations
model (Diamond 1965). The equilibrium is globally stable.
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3.3 Demographic change

This section studies the effects of a temporal asymmetric decrease in fertility.
First the effect on capital allocation between countries and the effects on
interest rate are shown, next, welfare effects are analysed.

3.3.1 International capital flows and investment returns

Initially, both countries have the same rate of population growth. At time
t = 1, the Home country experiences an unexpected one-period drop in its
fertility rate (dn1 < 0), after which population growth returns to its original
level.5 Consequently, the labour force in the Home country decreases relative
to the other country, i.e., L1/L̃1 declines. Because the size of the labour force
affects the return to capital, which is invested in both countries such that
its return is equalized (in terms of domestic intermediate goods), changes
in L1/L̃1 will reallocate capital between the countries. In the standard one-
sector model, this leads to equal capital-labour ratios.6 In the current model,
however, this is not the case because of changes in the real exchange rate, as
expressed by p. This leads to the following proposition.

Proposition 1. If the size of the labour force in the Home country decreases
relative to that in the Foreign country, the share of capital in the Home
country will

• decrease iff domestic and foreign intermediate goods are substitutes
(θ > 1),

• increase iff domestic and foreign intermediate goods are complements
(θ < 1),

• not change iff the substitution elasticity is unity (θ = 1).

5Naturally, the same results hold if the drop in fertility lasts for more than one (but a
finite amount of) periods, if the Foreign country has a temporarily higher rate of population
growth (or a drop in the fertility rate that is smaller than in Home), and if the population
in the Home country decreases for other reasons.

6The current model boils down to the standard one-sector model for θ → ∞, that is,
the intermediates become perfect substitutes. Indeed, equation (3.21) can then be written
as Kt/Lt = K̃t/L̃t.
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Proof. Totally differentiating (3.21) gives

dK

K
− dK̃

K̃
=

(1− α)(θ − 1)

α + θ(1− α)

(
dL

L
− dL̃

L̃

)
. (3.24)

From this, it immediately follows that dK
K
< (>) dK̃

K̃
iff dL

L
< dL̃

L̃
and θ> (<)1,

and dK
K

= dK̃
K̃

iff θ = 1.

If Home’s labour force experiences a decline compared to that of Foreign,
capital will be attracted to the Foreign because it becomes more productive
there. On the other hand, a higher production of foreign intermediate goods
makes domestic goods scarcer, driving p down, which can be interpreted as
a real appreciation of Home good. This attracts capital to Home. The latter
effect dominates if foreign and domestic intermediate goods are complements.
Consequently, capital does not always “follow labour” (as it would in the
standard model): the production factors can move in opposite direction.
Note that these results do not depend on the (relative) size of the PAYG-
pension scheme, which is an important determinant of savings.

The more a country relies on a funded scheme for financing its pension
expenditures, the more sensitive it will be to interest rate changes, which can
be caused by demographic developments. In the standard one-sector model
of two countries with an integrated capital market, the long-run effect of
an asymmetric fertility shock on the interest rate depends only on the size
of the PAYG-scheme compared to that of the other country.7 With more
than one commodity, however, what matters is the real rate of return, which
in our model is the investment return measured in units of consumption
(i.e. final) goods. As these are produced with both domestic and foreign
intermediates, the rate at which domestic intermediates can be exchanged
for foreign intermediates is an important factor determining the relevant
investment return. The price effect, in turn, depends on the elasticity of
substitution, which is therefore another important factor that should be take
into account, as stated in the following proposition.

Proposition 2. If the size of the labour force in the Home country decreases
relative to that in the Foreign country, the steady-state interest rate will

7Then, if the country with a temporarily lower fertility rate runs a relatively small
PAYG-scheme, the long-run capital-labour ratio will decrease in both countries, leading
to a higher interest rate. In the opposite case, the interest rate will decrease.
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• decrease iff the Home country runs a larger (smaller) PAYG-scheme
than the Foreign country, and domestic and foreign intermediate goods
are substitutes (complements),

• increase iff the Home country runs a larger (smaller) PAYG-scheme
than the Foreign country, and domestic and foreign intermediate goods
are complements (substitutes),

• not change iff both countries run an equally large PAYG-scheme or if
the substitution elasticity is unity.

Proof. Define λ ≡ L
L̃

and z ≡ λ
1

θ(1−α)+α > 0. Furthermore, n = ñ in steady
state. Combining equations (3.6), (3.7), (3.11), (3.17), and (3.20) gives the
steady-state capital-labour ratio for the Home country:

K

L
= k∗ =

(
αβ(1− α)[(1− τ)λP + (1− τ̃)zαP̃ ]

(1 + n)[α(1 + β)(λ+ z) + (1− α)(τλ+ τ̃ z)]

) 1
1−α

, (3.25)

Combining this with equations (3.20), (3.22) and (3.23) into (3.7) gives:

1 +R =
(1 + n)[α(λ+ z)(1 + β) + (1− α)(τλ+ τ̃ z)]

β(1− α) [(1− τ)λ+ (1− τ̃)z]
. (3.26)

Differentiating (3.26) with respect to λ results in:

∂(1 +R)

∂λ
= (θ − 1)(τ − τ̃)Ψ, (3.27)

with Ψ = (1+n)(1+αβ)z

β[(1−τ)λ+(1−τ̃)z]2[θ(1−α)+α]
> 0. This clearly shows that ∂(1+R)

∂λ
> 0

if θ > 1 ∧ τ > τ̃ or θ < 1 ∧ τ < τ̃ , and ∂(1+R)
∂λ

< 0 if θ > 1 ∧ τ < τ̃ or

θ < 1 ∧ τ > τ̃ . If θ = 1 or τ = τ̃ , then ∂(1+R)
∂λ

= 0.

The effect on the interest rate is caused by changes in the capital-labour
ratio and changes in the price of final goods. We illustrate this and the
subsequent welfare effects for the cases that the country that is hit by the
shock has a larger and a smaller PAYG-scheme.
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3.3.2 Case 1 – Ageing in Europe: North vs. South

Countries in Europe are experiencing different demographic developments.
Broadly speaking, countries in southern Europe such as Greece, Italy, and
Spain have a population that is ageing stronger than in northern European
countries such as Germany, the United Kingdom, the Scandinavian coun-
tries, and the Netherlands. In terms of the model, we can therefore denote
South Europe as the Home country experiencing a negative demographic
shock compared to North Europe. Furthermore, national savings are typi-
cally larger in North Europe relative to the southern part, which is not only
due to a more sizeable funded part of pensions in the North, but also because
of smaller public debt ratios. Hence the assumption is that τ > τ̃ .

From Proposition 1 it is clear that the difference between our model and
the standard one-good models is largest when θ < 1. Despite the estimates
of the parameter θ are indeed often smaller than unity (Blonigen and Wilson
(1999)) we set θ = 2 in order to show that θ > 1 also gives interesting results.
With θ < 1 the discussed effects are even stronger. The other underlying
parameter values are: α = 0.3, β = 1, n = ñ = 0, τ = 0.2, τ̃ = 0.1. Initially,
the countries are equally large; in period 1, n drops to −0.2, after which it
returns to its original level.

As can be seen from Figure 3.1, the capital-labour ratio increases in the
short run due to the temporarily lower fertility rate in the South. Obviously,
the direct effect of a smaller labour force on this ratio is positive. But the
shock also implies that capital is reallocated from the South to the North
country, be it to a smaller extent than in the one-sector model where capital-
labour ratios would be equal. The reallocation of capital is caused by the
fact that a smaller labour force also implies a lower quantity of intermediate
goods being produced in southern Europe, which makes intermediate goods
from the North cheaper compared to intermediates from the South. Hence,
there is an immediate drop in the price of northern produced intermedi-
ates (p), and less capital will be reallocated to the North so as to equate
the marginal product of capital measured in southern intermediate goods.
The capital-labour ratio increases therefore in the South, while it decreases
in the North. This difference will be more pronounced if the substitutability
of intermediate goods is lower. Note that in the standard one-sector model,
such a difference does not exist, and the capital-labour ratio would therefore
rise in both countries. Furthermore, with the decrease of p, the price of final
goods in terms of southern intermediates is higher, which has a positive ef-
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Figure 3.1: Change in capital-labour ratios after a temporary fertility decline
in South Europe, when τ > τ̃

fect on the real interest rate.8 Put differently, the ageing South experiences
a favourable real exchange rate change. As can be seen from Figure 3.2, the
reaction of P on a change in the relative labour force is stronger if intermedi-
ates are less substitutable, the more so if the capital share in the production
of intermediates is smaller. The price effect has important consequences for
the welfare effects in the short and long run.

Welfare effects
Figure 3.3 shows the effects of a one-time drop in the fertility rate in the
South, occurring in period 1, on the welfare of different generations in both
regions.9

Two observations can be made. First, the figure shows that in the short
run, for the generation born at time t = 0 (one period before the unexpected
shock), the welfare effects of the demographic shock are less unequal between
the two regions compared to the standard model. As noted above, the capital-
labour ratio rises more in the South, leading to a much lower real interest
rate, although this is somewhat mitigated by a higher price of final goods.

8Indeed, from equation (3.5) follows dP/dp = −P/(p+ pθ) < 0.
9The figure shows the amount with which the individual’s new lifetime income (i.e.,

after the shock) should be reduced to achieve the same level of utility as before the shock
(expressed as a percentage of the lifetime income in the initial steady state).
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Figure 3.2: Relative change in domestic price of final goods as a function of
the elasticity of substitution for different capital intensities
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Figure 3.3: Welfare effects (compensating variation as % of initial lifetime
income) after a temporary fertility decline in South Europe, when τ > τ̃
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Because the southern countries have a relatively large PAYG-scheme, and
therefore low savings, this lower interest rate has a rather moderate effect
on the consumption possibilities of those who are retired at the time of the
shock. Even though the smaller labour force at time t = 1 has a direct
negative effect on the PAYG-pension benefit, this is alleviated by the strong
wage increase in that period, to which public pension benefits are linked.
Altogether, the consumption and utility of the retired living in the South
at the time of the shock decrease to a smaller extent compared to the one-
sector model. The opposite holds for the northern countries. The short-run
spillover effects are therefore smaller for the retired, the more so if domestic
and foreign intermediates are complements. For those who are born at the
time of the shock, however, the spillover effects are larger, which also holds
for all subsequent generations.

In the long run, the southern region with the larger PAYG-scheme has
become smaller in size, which implies a higher capital-labour ratio. This
positively affects the wage and negatively affects the interest rate. But with
trade in intermediates, two additional effects occur. First, the more inter-
mediates are complements, the less capital will be reallocated to the North
(the share of capital allocated in South may even increase). Hence, also in
the long run, the development of the capital-labour ratio is different in both
regions: it increases in the South more than in the standard model, while in
the North it increases less, or –in this case– even decreases. Second, the more
intermediates are complements, the stronger the price effect will be. These
two effects imply a stronger wage increase in the long run in the southern
countries, which boosts savings and thus the accumulation of capital. Be-
cause this effect already occurs in the period that the shock occurs, it will
have an amplifying effect on the capital-labour ratio in subsequent periods.
We can therefore conclude that complementarity in tradable intermediate
goods increases the long-run spillover effects of asymmetric demographic de-
velopments (as long as countries have different pension schemes).

3.3.3 Case 2 – China vs. the U.S.

In this case, the Home country is China, experiencing a fertility decline com-
pared to the U.S., which is the Foreign country.10 It is reasonable to assume

10Although the opposite occurred so far: the Chinese population grew faster than the
U.S. population. In the coming decades, however, China will experience a relatively faster
ageing population than the U.S.
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Figure 3.4: Change in capital-labour ratios after a temporary fertility decline
in China, when τChina < τ̃US

τ < τ̃ as the U.S. is running large current account deficits and China has
surpluses.11 As can be seen from Figure 3.5, there is almost no difference
with the previous case. In the one-sector model, people in the U.S. are worse
off in the long run, but far more so in the two-sector model. So the price
effect is much more important than the difference in PAYG-schemes (as a
matter of fact, even if τ = τ̃ = 0 there will be spillover effects). And in the
one-sector model, the global capital-labour ratio decreases in the long run,
while it increases for China in the two-sector model.

3.4 Conclusions

In this chapter we have shown that inclusion of international trade with
country-specific intermediate goods significantly changes the standard pre-
dictions of the one-good model. The direction and size of capital flows, the
effects on interest rates and welfare, which are caused by an asymmetric de-
mographic shock, depend to a large extent on the elasticity of substitution
between the country-specific goods, and may be even opposite to the com-
mon results discussed in the literature. So, the effect of a temporal decrease

11In the simulations, τ = 0 and τ̃ = 0.2 is used.
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Figure 3.5: Welfare effects (compensating variation as % of initial lifetime
income) after a temporary fertility decline in China, when τChina < τ̃US

in fertility has a positive effect on the interest rate if population ageing hap-
pens in the country with the larger PAYG redistribution from young to old,
and goods produced in the countries are substitutes or, if the shock occurs
in the country with the smaller PAYG scheme, and goods produced in the
countries are complements. The effect of decline in fertility on the allocation
of capital across countries depends on the elasticity of substitution between
the country specific goods. If the goods are substitutes, capital flows out of
ageing country, if they are complements, capital flows into the ageing coun-
try. Blonigen and Wilson (1999) estimated the elasticity of substitution for
146 sectors in the U.S. The arithmetic average of these estimates is equal to
0.81 with a standard deviation of 0.63, which shows that the case with θ < 1
is quite realistic. But even with larger values of θ the effects described in
our model differ a lot from the standard predictions. International spillover
effects, caused by an asymmetric population shock and different pension
schemes, will be larger if products produced in different countries are less
than perfect substitutes. In particular, the welfare effects of ageing in an-
other country or another part of the world are much worse than predicted
by the standard one-sector model. The inclusion of nontradable goods would
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make the model employed in this chapter more similar to the model used
by Obstfeld and Rogoff (2005), with the difference that Obstfeld and Rogoff
focus on the impacts of a demand shock and do not study the consequences
of a demographic shock. Alternatively, the model could be rewritten with
country-specific final goods appearing directly in the individual utility func-
tion as final consumption goods instead of intermediates in the production
function. However, this would not change the results as long as those differ-
ent goods are considered to be less than perfect substitutes by consumers. If
more general production and utility function are employed, the general result
does not change: the more goods produced in the countries are complements,
the larger is the effect on price, which makes all the results presented in this
chapter the same.





Chapter 4

Crisis and pension system
design in the EU: International
spillover effects via factor
mobility and trade1

4.1 Introduction

The world economic crisis has affected all countries in the European Union
(EU). As the response to the crisis is not coordinated in the EU, mem-
ber states reacted differently. Some countries responded swiftly by reducing
pension benefits. For example, in Lithuania the pensions were reduced using
“solidarity withholdings”, a similar pension cut took place in Latvia. In Ger-
many pensions are linked to last year’s wage rates, so the pensions should be
automatically reduced with a one year delay when wages decrease. However,
this was not the case. The German government changed the formula for
pension adjustments in such a way that pensions have not decreased during
the crisis. However, in a future period with higher economic growth pension
benefits will increase at a slower rate. Several other countries even increased
pensions. Greece and the UK, for example, have increased old-age payments
as a part of an economic stimulus package and Norway and Ireland used pub-
lic pension reserves for crisis mitigation. Such a policy mitigates the effect

1This chapter is based on Fedotenkov and Meijdam (2011).
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of the crisis for the current old, but shifts part of the burden to the current
young and future generations.

Within the EU, restrictions for production factor and goods mobility
across borders have been removed. This increasing openness also implies
that countries have become more sensitive for developments in other coun-
tries. It is therefore likely that differences in the reactions to the crisis lead
to international spillover effects. That is, the recovery path in countries that
respond quickly to a crisis is affected by the postponed policy reaction in
other countries, and vice versa. An interesting question is how the vari-
ous responses to the crisis affect consumers in the union and, in particular,
what international spillover effects the different pension policies cause. In
this chapter we analyse this question in an overlapping-generations model
of a two-country economic union where the countries produce imperfectly
substitutable intermediate goods and both capital and labour are mobile.

The main result of our analysis is that the extent to which a country
that swiftly adjusts pension benefits, as a responce to the crisis is harmed by
the lingering the policy response in the other member state depends on the
degree of labour mobility in the short run. When labour is perfectly mobile,
that is, when young workers can migrate immediately after the crisis hits,
postponing pension adjustments in one country harms young workers and
their children in the other country, because migrants reduce wages and the
price of goods produced there. When labour is not perfectly mobile in the
short run and workers can migrate only in the period after the crisis hits, the
generations of workers at the time of the crisis in the country with flexible
pensions benefit from the slow policy reaction in the other country. In the
long run, generations in the country with flexible pensions benefit from the
lingering in the other country, irrespective of the degree of labour mobility
in the short run. So, if countries react differently to the crisis, countries with
reducing pension benefits as a response to the crisis, will be better off if they
can temporarily limit immigration from countries that respond more slowly
to the crisis. However, assuming that labour is mobile in the long run, there
is no strong argument for coordinating the reactions of pension systems to
an economic crisis.

The analysis in the chapter is based on a two-country, two-generations
model with common capital and labour markets. That is, labour and cap-
ital are internationally mobile. The countries are symmetric but produce
country-specific intermediate goods that are imperfect substitutes in final
consumption and investment and run pension systems which may differ in
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terms of flexibility in response to a crisis. In countries with an inflexible
system, pension benefits are to a large extent determined by the benefit level
in the previous period. In case of flexibility, pension benefits are indepen-
dent of the benefits in the previous period and completely determined by the
system parameters of the pay-as-you-go (PAYG) scheme, which is a mix of
pure defined benefit (DB) and pure defined contribution (DC).

Usually, in two-country two-goods models, the presence of international
trade eliminates the incentives for factor mobility, because interest rates and
wages are typically equalized. However, in models with different technologies,
factor mobility may reinforce trade after a switch from autarky to an open
economy (Razin and Sadka 1992). In our model countries employ the same
production functions, but the goods produced in the countries are different.
In this setting the share of the world capital stock invested in each country
is fixed, but capital flows still exist due to differences in savings resulting
from asymmetrical pension schemes. The incentives for migration are not
nullified either. In particular, the difference in pension flexibility will lead
to what Hans-Werner Sinn dubs ‘bad’ migration, i.e. migration driven by
the generosity of the welfare state.2 Both channels will lead to international
spillover effects. To analyse these spillover effects, we perform numerical
simulation experiments and compare the outcome in case one country has a
flexible pension system and pensions in the other country are less flexible with
the cases when both countries have the same (flexible or inflexible) pension
scheme. In particular, we simulate the effect of an economic crisis modeled
as a negative technological shock affecting both wages and the interest rate.

In Razin and Sadka (1995) it is shown that in a static framework im-
migration may negatively affect agents living in the recipient country, since
migrants are typically net beneficiaries of the welfare state.

The recent literature on the spillover of technological shocks to other
countries via trade includes Haberis et al. (2011), who show that a posi-
tive technological shock in the US traded sector results in a fall in output
and inflation in the United Kingdom in the short run, but positively affects
consumption in the UK. The impact on the rest of the world is similar, but
smaller. In the model of Cuñat and Maffezzoli (2004), who introduce inter-
national trade into a dynamic stochastic general equilibrium model (DSGE)
model, a small positive productivity shock has a short-run positive impact
on consumption in the neighbouring country. In the long run, the impact on

2See Financial Times, July 12th, 2004.
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consumption decreases. This chapter differs from this literature by studying
the effect of an identical technological shock to two countries that only differ
with respect to the flexibility of the pension benefits.

Adema et al. (2008) studies the international spillover effects generated
by differences in pension system design when two countries are hit by the
same demographic shock using a model with one homogeneous good, in-
ternational capital mobility but no migration. It is shown that countries
with PAYG schemes affect countries with extensive funded pension schemes
mostly in a negative way. In a similar model, Adema et al. (2009) study
the international spillovers of pension reform. This chapter shows that a
switch from a PAYG pension scheme to a more funded scheme has negative
short-run effects on the neighbouring country, while the long-run spillover
effects are positive. This chapter extends the model used by Adema et al.
by allowing for both labour and capital mobility and introducing trade and
real exchange rate effects. Moreover, we focus on the effects of differences
in flexibility of pension adjustment when both counties are hit by the same
technological shock.

This chapter is organised as follows. The next section elaborates on the
model. Section 3 presents the numerical simulation outcomes. The fourth
section provides a discussion of the results and concludes.

4.2 The model

The model describes a two-country economic union. To distinguish between
the countries, one country will be referred to as the “Home country” (H),
the other being the “Foreign country” (F). Each country produces a country-
specific intermediate good. The country may export its product and import
the good produced in the other country.

4.2.1 Composite goods

Agents consume final goods composed of the intermediate goods produced in
both countries and firms invest final goods composed in the same way. Such
a framework is often used in the models on different topics of international
economics, see Cooper and Kempf (2004) or Colacito (2006). We apply this
setting to link pension system design with the international spillovers via
international trade and international flows of production factors.
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The final good is composed of the intermediate inputs according to a
Cobb–Douglas technology:

Xt = xγt x̃t
1−γ, 0 < γ < 1, (4.1)

where Xt is the amount of the final good and xt and x̃t are the inputs of
the intermediate goods produced in country H and country F, respectively.3

Comparing with the composition function used in Chapter 3 (equation (3.2))
equation (4.1) employs a simpler functional form, however, because of an ar-
bitrary parameter γ, intermediates may have different output elasticities in
the final good production. It is easy to show, that with θ → 1 equation (3.2)
simplifies to constant returns to scale Cobb–Douglass function with the pa-
rameter 0.5, which is similar to the functional form of equation (4.1).

We take the goods produced in the Home country as a numeraire and
define p as the price of the intermediate good produced in the Foreign country
in terms of the intermediate good produced in the Home country. This
price may also be considered as a real exchange rate (see Amdur (2010),
for example). If households or firms have one unit of goods produced in
the Home country, and choose the input of intermediate products so as to
maximise the amount of final composite goods, this results in such optimal
inputs:

xt = γ, (4.2)

x̃t =
1− γ
pt

. (4.3)

Thus, one unit of the intermediate goods produced in the Home country
can be exchanged into

Pt = γγ
(

1− γ
pt

)γ−1

. (4.4)

final goods. Note, that Pt is the price of the intermediate good produced in
the Home country in terms of the final good.

3Throughout the chapter, variables without a ˜ refer to the Home country, variables
with a˜indicate the corresponding variable in the Foreign country. We use lower case to
indicate variables in terms of the intermediate good produced in the country and upper
case stand for variables in terms of the final good and for the labour force.
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4.2.2 Firms

Production of the country-specific intermediate good in the Home country
(yt) is described by a standard Cobb–Douglas function with constant returns
to scale:

yt = AtK
α
t L

1−α
t , (4.5)

where At denotes the level of technology at time t, Kt is the stock of capital,
and Lt stands for the number of young agents working in country H.

Capital depreciates in one period. The wage rate and the interest rate are
expressed in terms of the intermediate good and are equal to the marginal
returns of labour and capital, respectively:

wt = (1− α)AtK
α
t L
−α
t , (4.6)

1 + rt = αAtK
α−1
t L1−α

t . (4.7)

The production structure in the Foreign country is identical.

4.2.3 Households

Every agent lives for two periods, so there are two overlapping generations in
the model: young and old. When young, agents inelastically supply one unit
of labour. They decide at the beginning of their industrious life where to live
and work and cannot migrate at a later stage. Agents get pension benefits
from the country they worked in, so there is no reason to migrate when old.

Utility of an agent working in the Home country in period t is described
by:

Ut = log
(
Cy
t

)
+

1

1 + ρ
log
(
Co
t+1

)
, (4.8)

where Cy
t is consumption when young and Co

t+1 is consumption when old
(both in terms of final goods) and ρ is a discount rate. The budget constraints
for this agent are4:

Cy
t = Ptwt(1− τt)− St (4.9)

Co
t+1 = Pt+1(1 + rt+1)St + Pt+1bt+1 (4.10)

where τt is the contribution to the pension scheme, bt+1 is the pension benefit
received when old and St is the amount of savings expressed in final goods.

4Here we have used the fact that the return on savings is equal, irrespective of the
country in which savings are invested (see equation (4.15)).
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In contrast to Chapter 3 we use the price Pt instead of pt in these equations,
because in equations (4.6) and (4.7) we have not transferred the wages and
interest rates in terms of composite goods.

The Home country runs a PAYG pension scheme:

Ltτtwt = btLt−1. (4.11)

Pension benefits are a weighted average of the benefit level as prescribed by
law (b̂t) and the benefit level in the previous period:

bt = (1− η)b̂t + ηbt−1. (4.12)

That is, the parameter η models to what extent the government experience
frictions adjusting the pension benefit to the level described by the pension
scheme. When η is equal to zero the country has a perfectly flexible pension
system design, and the larger the value of η, 0 < η < 1 the more difficult it
is for the government to adjust pension benefits.

The pension scheme is assumed to be a mix of two extreme cases: a pure
DC system (with a tax rate that is constant and equal to φ) and a pure,
welfare indexed DB scheme that guarantees a benefit of φwt:

b̂t = φwt

(
ξ
Lt
Lt−1

+ 1− ξ
)
, (4.13)

where ξ is the weight of the DC system.
Substituting constraints (4.9) and (4.10) into utility function (4.8) and

differentiating it with respect to St, we get the equation for the optimal
intertemporal allocation of consumption:

St =
Ptwt(1− τ)

2 + ρ
− bt+1(1 + ρ)

(2 + ρ)(1 + rt+1)
. (4.14)

The equations for the Foreign country are analogous, the only difference
being that the parameters for the pension scheme differ.

4.2.4 Equilibrium

Financial capital is perfectly mobile. That is, savings can freely move from
one country to the other, implying that the anticipated return on savings is
equal in both countries. As we assume perfect foresight except for the period
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of an unexpected crisis, this also implies that the actual return on savings in
terms of goods produced in country H is equal:

1 + rt = pt(1 + r̃t) (4.15)

except for the period in which an unexpected shock hits the economy. This
exception is due to the assumption that physical capital is not mobile. That
is, once savings are invested in a country, they can not be reallocated again
when an unexpected shock arrives. As a result, in case of an unexpected
event, the realized return at that point in time differs from its anticipated
value and may differ between the countries. As savings will immediately
adjust, the anticipated return in the subsequent periods and – in the absence
of further shocks – also the realized return in these periods will be equal
again.

Labour mobility implies that agents migrate to the country where lifetime
utility is highest. Hence, rational expectations imply that, in the absence of
unanticipated shocks, lifetime utility in both countries is equal:

Ut = Ũt. (4.16)

As a larger budget allows agents to reach higher utility, this condition may
be rewritten as an equality of present values of expected lifetime income
in both countries. Whether this equality also holds in case of unexpected
shocks depends on whether the shock is realized before or after the migration
decision is taken. We allow for both cases.

In case of perfect labour mobility workers born in the period that a shock
hits the economy can choose the country to live after the shock is realized.
Consequently, in this setting, expected lifetime utility of the young in both
countries is always equal. In case of imperfect labour mobility in the short
run workers choose their country before the shock is realized and cannot
migrate when the crisis is revealed. So in this case, lifetime utility of a
worker in the period of a shock may differ in both countries. Of course, in
the subsequent periods expected lifetime utility should be equal again. Also
note that realized lifetime utility for the generation that is old at the time of
the shock may differ both from its anticipated value and between countries,
as we assume that retirees cannot migrate.

Total investment in the union equals total savings:

Kt+1 + K̃t+1 = LtSt + L̃tS̃t. (4.17)
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Total demand for final goods in the union is the sum of total investment
(savings) and consumption:

Dt = Lt
(
St + Cy

t

)
+ Lt−1C

o
t + L̃t

(
S̃t + C̃y

t

)
+ L̃t−1C̃

o
t . (4.18)

Using equations (4.2) and (4.3), equilibrium in the intermediate goods
markets can be written as:

yt =

(
1− γ
γpt

)γ−1

Dt, (4.19)

ỹt =

(
1− γ
γpt

)γ
Dt

pt
. (4.20)

From this we can derive an equation for the real exchange rate:

pt =
1− γ
γ

yt
ỹt
. (4.21)

This equation allows us to rewrite the equilibrium condition for the capital
market (4.15). Observing that yt = Kt(1 + rt)/α this equation implies:

K̃t

Kt

=
1− γ
γ

. (4.22)

Equilibrium condition (4.22) describes the allocation of the total capital
stock in the union to the countries. Note that the allocation depends on
preference parameters only; institutional factors such as the design of the
pension scheme play no role.

4.2.5 Dynamics

Basically, the model in this chapter is a Diamond model with endogenous
pensions and migration. These extensions complicate the dynamics. How-
ever, as described in Appendix 2, the model is locally stable. In contrast
to the standard Diamond model, convergence to the new steady state is not
always monotonic.

4.3 The effects of a crisis

In this section we describe the results of a numerical simulation experiment
in order to illustrate the effects of an economic crisis. For simplicity, we ab-
stract from population growth and technological progress in the simulation
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Table 4.1: Summary of parameters
name parameter value

Technological levels t 6= 0 At, Ãt 100

Technological levels t = 0 At, Ãt 70
Output elasticity of capital α 0.3

Population size in the union Lt + L̃t 100
Discount rate ρ 0.4166
Replacement rate in equilibrium φ 0.3
Mix of DB and DC ξ 0.5

experiments. The system is assumed to be in equilibrium until the crisis
arrives at time t = 0. The crisis is modeled as an unexpected adverse tech-
nological shock which affects both countries in the union in the same way.
That is, both A and Ã decrease at the same rate, lowering wages as well as
interest rates in both countries. The initial technological levels are the same:
At = Ãt = 100 and temporarily fall to At = Ãt = 70 at the time of the crisis,
after which the original level is restored. Despite such a large decrease in A
sounds quite unrealistic, we choose it for representation purposes, to make
the effects better visible.

We consider three cases: both countries have flexible pension systems,
both countries have inflexible pension systems, one country has a flexible
pension system and the other an inflexible pension system. Flexible pensions
correspond to η = 0. In case of inflexible pensions, we assume η = 0.5. The
parameter ξ, which determines the mix of DB and DC pension schemes,
is set to 0.5. This implies that the pension scheme is a true mix of a DB
and a DC system. The values of these parameters are important for the
recovery path after the shock. In the Appendix we briefly discuss the effects
if these parameters have different values. The values of the other parameters
do not qualitatively affect the results. The graphs are based on the following
parameter values: Lt + L̃t = 100, α = 0.3, γ = 0.5, φ = 0.3 and ρ =
0.4166 (which corresponds to an annual discount rate of 1%). Such or similar
parameter values are widely used by many authors such as Börsch-Supan et
al. (2006), Bouzahzah et al. (2002) and Fehr and Kinderman (2009).

The benchmark parameter values are summarised in Table 4.1.

Values of the main endogenous variables in initial steady state are sum-
marised in Table 4.2. Consumptions and savings are relatively low compared
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Table 4.2: Summary of main endogenous variables at the initial steady state
name variable value

Capital stocks Kt, K̃t 837.0266

Labour L, L̃ 50
Interest rate 1 + r, 1 + r̃ 2.086
Wages w, w̃ 163.015
Prices p, P 1

Savings S, S̃ 16.740

Consumption when young Cy, C̃y 38.224

Consumption when old Co, C̃o 56.303

Utility U , Ũ 6.489

with the wages, because they are expressed in terms of composite goods,
while wages are in terms of domestically produced goods. As the period in
the model is approximately equal thirty years, such an interest rate produced
by the model corresponds to a 2.4% annual interest rate. This value is ap-
proximately equal to the real interest rates in Japan and South Korea in 2009
(Source: World Bank Development Indicators, May 2012).

4.3.1 Effects on key economic variables

Pension benefits

Figure 4.1 shows how pension benefits change when a country has a flexible or
an inflexible pension system. The curve corresponding the flexible (inflexible)
pensions is denoted with “F” (“Infl”). Labour is assumed to be immobile in
the short run and the Foreign country is assumed to have a flexible pension
scheme. With an inflexible pension scheme, the decrease in the pension
benefit at the time of the economic crisis is smaller than in case of flexible
pensions, but in subsequent periods benefits are lower since they depend
on the benefits in earlier periods. The dynamics of flexible pensions after
the shock is determined by the development of capital stock which affects
wages and interest rates. In the case of inflexible pension system also delays
of adjustment of pension benefits plays a role. The graph does not change
much if the Foreign country has inflexible pensions or when labour is perfectly
mobile in the short run.
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Figure 4.1: Pension benefits for different pension schemes (imperfect labour
mobility)

Migration

Figure 4.2 presents the share of world labour concentrated in the Home coun-
try (country H), both in case of perfect and imperfect labour mobility. If both
countries have the same pension system all workers are affected in exactly
the same way, therefore, there is no reason to migrate. However, this is not
the case when the countries respond differently to the crisis. Let us first
consider migration with perfect labour mobility (Figure 4.2 panel a). Mi-
gration then starts immediately after the shock, i.e., at time t = 0. At that
moment, the inflexible country becomes less attractive for working people,
since they need to pay higher contributions. So, if the neighbouring country
has a flexible pension scheme, a part of the working population migrates to
it. This results in a relatively large number of pensioners at time t = 1 which
makes the flexible country less attractive, and there is a significant migration
to the inflexible country. In the subsequent periods, the system converges
to its equilibrium, but the dynamics are not monotonic. This happens for
such a reason: if there is a large migration to one country at time t, this
results in a large number of pensioners at time t + 1, the larger number of
pensioners rises taxes in this country and makes it less attractive for young.
Thus, at t = 2 the larger number of pensioners leads to an emigration out
of the inflexible country, and at t = 3 a part of the migrants return to the
country with the inflexible pension system design.
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Figure 4.2: The share of labour in the Home country with perfect and im-
perfect labour mobility

Now consider the case with imperfect labour mobility (Figure 4.2 panel b).
When the Home country has an inflexible pension system and the other
country has a flexible pension scheme, there will be migration at t = 1 to
the country with the flexible pension scheme. Pension benefits at t = 1 are
slightly higher in country F, so young agents must pay higher taxes there,
which makes the flexible country less attractive. But, at t = 1 young agents
in the country with flexible pensions expect higher pension benefits, which
outweighs the losses from higher taxes and invokes migration to this coun-
try. At time t = 2 the young generation has smaller incentives to work in
country F, since there are relatively many old people they need to support.
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Moreover, at time t = 2 the gap between pension benefits in the countries is
larger, which results in higher taxes in the country with the flexible pension
scheme. The difference in tax levels leads to migration from country F to
country H at t = 2. Further, the system continues converging to its equi-
librium. It shall also be noted that with imperfect mobility flows are much
smaller.

The lesson from Figure 4.2 is that the crisis evokes migration to the flexi-
ble country first, and in subsequent periods migrants return to the inflexible
country. Of course, the size of the migration flows depends on the parameter
values. In particular, migration is larger when ξ is smaller (see Appendix).

The real exchange rate

The effect of the crisis on the real exchange rate of the Home country is pre-
sented in panels a and b of Figure 4.3. Indeed, migration strongly affects the
price of the goods produced in country H relative to that of goods produced
in the other country. If there is migration to country F, relatively more goods
are produced in this country. Hence, the price of goods produced in country
F falls. If there is migration to country H, the effect is the opposite: the
goods produced in country F become more expensive.

Physical capital

Figure 4.4 presents the total capital stock in the union. The dynamics is very
similar for the cases with perfect and imperfect labour mobility. Therefore,
we only present the latter one. In the “post crisis” period (t = 1) the capital
stock in the union is lowest when both countries have inflexible pension
schemes, while it is largest when both counties have flexible pension schemes.
This can easily be explained by the fact that, with an inflexible pension
scheme, the young generation at time t = 0 needs to give a larger share of
their income to the old, leaving less resources to save compared to the case
with a flexible scheme. Everything changes in the opposite way in subsequent
periods: the young generation at time t = 0 has lower wages and hence, in
the case of an inflexible pension system, pension benefits at time t = 1 and
subsequent periods are lower, which results in more capital accumulation.

Note that equation (4.22) implies that the total capital stock remains
evenly spread over both countries. This result holds both with perfect and
imperfect labour mobility. The economic intuition for this is as follows: mi-
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Figure 4.3: Real exchange rate with perfect mobility and imperfect labour
mobility

gration from country H to country F creates incentives for capital to move
in the same direction. However, the decreasing price of goods produced in
country F reduces the interest rate and offsets this effect. So migration
from one country to another only changes the price and does not affect the
allocation of the capital stock. Note that this does not imply that there
are no international capital flows. Saving in both countries develops dif-
ferently, implying that international financial capital flows are necessary to
keep the same international allocation of the capital stock as it is described
by equation (4.22). The allocation crucially depends on the way capital is
constructed. If the assumption that capital and consumption consist of the
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Figure 4.4: Total capital in the union (imperfect labour mobility)

Figure 4.5: Interest rates (imperfect labour mobility)

same composite good is changed, the international allocation of capital will
be affected by migration.

The interest rate

Figure 4.5 presents the time path of the interest rate in case of imperfect
labour mobility. At the time of the adverse technological shock (t = 0) the
capital stock is given and the interest rate decreases by the same amount in
all cases. In subsequent periods, there is no direct effect of the shock any
more and the development of the interest rates follows from the evolution of
the capital stock. In period t = 1, for example, interest rates are higher due
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to a lower capital stock. In the subsequent periods they gradually converge
to their steady-state values.

If labour is mobile in the short run, the interest rates may differ at t = 0
between the countries, however, the difference is small.

4.3.2 Spillover effects

Spillover effects of inflexible pension scheme in the Foreign country are indi-
cated by effects on utility of agents living in country H compared with the
case where the Foreign country has a flexible pension scheme. We consider
2×2 cases: When country H has flexible and inflexible pension schemes, and
labour is perfectly and imperfectly mobile.

Perfect labour mobility

Home country with flexible pensions
Figure 4.6 panel a shows the effects of crisis on the lifetime utility of agents
in country H for different pension designs in Foreign country (flexible and
inflexible) when the Home country has a flexible pension scheme and labour
is perfectly mobile. The horizontal axis corresponds to the time when a gen-
eration is born. Life-time utility is presented on the vertical axis. The utility
of the generation that is old at the time of the shock (i.e., the generation
born at time t = −1) falls slightly more when the Foreign country has in-
flexible pensions. In this case, workers at time t = 0 migrate to country H
which increases the tax base and thus raises pension benefits. However, the
inflow of labour also reduces wages at t = 0 and what is more important,
the price of goods produced in country H decreases. These effects dominate
the positive tax-base effect on pension benefits. Furthermore, if the Foreign
country has an inflexible pension scheme, migration at t = 0 from country F
to country H raises the interest rate in the latter country and reduces it in
the former. The difference in interest rates implies that the allocation of
investment by generation t = −1 over both countries is sub-optimal ex-post.
The effect of this on lifetime utility is negligible however. So, all together
utility of the old at the time of the shock in the Home country is smaller
when the neighbouring country has an inflexible pension scheme, but the
difference is pretty small.

For the generation born at time t = 0 in the Home country it is better
to have a neighbouring country with a flexible pension scheme because an
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Figure 4.6: Welfare effects of the crisis when labour is mobile

inflexible pension in country F evokes migration to country H at t = 0,
reducing wages and the price of goods produced in this country. Furthermore,
an inflexible pension scheme in country F reduces the amount of capital at
t = 1, which drives wages at t = 1 down, reducing pension benefits. The
effect of migration to the inflexible country at t = 1 reduces pensions in the
Home country, but this is compensated by the increase in price and wages
in country H at t = 1 so that is does not have a large effect on lifetime
utility.
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When the neighbouring country has inflexible pensions, the generation
born at time t = 1 in the Home country suffers from a smaller amount of
world capital, which drives wages down. At the same time, workers migrate
to country F at t = 1, which has a positive impact on wages. The net effect
on the real value of the pension benefit is very small again. So, the reduction
of world capital dominates and lifetime utility of the generation born at
t = 1 in country H is lower when the neighbouring country has inflexible
pensions.

Generations born in the subsequent periods are better off when the neigh-
bouring country has an inflexible pension scheme. This is because the inflex-
ibility of pension benefits leads to a larger stock of capital in the world. So
we may conclude that, when labour is perfectly mobile, the negative produc-
tivity shock harms more in the short run when the neigbouring country has
an inflexible pension scheme. The other generations gain compared to the
case when the neighbouring country has a flexible pension system.

Home country with inflexible pensions
Also when country H has an inflexible pension scheme, (Figure 4.6, panel b)
the generation born at time t = −1 is slightly better off when the Foreign
country has flexible pensions. In this case emigration out of country H at
t = 0 reduces pension benefits of the generation t = −1. Again, the ef-
fects on wage and price have a positive effect and they exceed the negative
effect of migration. The generation born at time t = 0 is better off when
the neighbouring country has flexible pensions as well, for very similar rea-
sons.

The generation born at time t = 1 has a larger capital stock at its disposal,
but expects a lower interest rate when the neighbouring country has a flexible
pension scheme. Furthermore, part of this generation migrates to country F,
which raises wages and the price of goods produced in country H. Altogether,
this generation is definitely better off when the neighbouring country has
a flexible pension system. However, subsequent generations are worse off
because the capital stock is smaller.

Conclusion
To sum up, when labour is perfectly mobile, the generation born at the
time of the shock (t = 0) in the Home country is harmed by an inflexible
pension system design in the neighbouring country, independently of the
pension system design in country H. Also the generations born at t = −1 and
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t = 1 prefer the neighbouring country with the flexible pension scheme, but
generations born in subsequent periods will generally gain from an inflexible
pension system design in the neighbouring country. These results are quite
robust.5

Imperfect labour mobility

Home country with flexible pensions
Figure 4.7 panel a shows the effects of the pension system design in the
Foreign country on the lifetime utility of agents in the Home country in case
the Home country has a flexible pension scheme and labour is not perfectly
mobile. The utility of the generation that is old at the time of the shock (i.e.,
the generation born at time t = −1) does not depend on the type of pension
system in country F, since there is no migration at t = 0 and the effects on
the interest rate and the pension benefits at time t = 0 are independent of
the pension system abroad.

For the generation born at time t = 0 it is slightly better to have an in-
flexible neighbour because a neighbour with inflexible pension scheme results
in a higher interest rate on savings at t = 1 (Figure 4.5). Migration to the
Home country at time t = 1 (Figure 4.2) raises the number of agents, paying
taxes, but reduces their wages, and purchasing power because it reduces the
relative price of the good produced in the Foreign country. Although these
effects do not cancel out, the overall effect is very small.

When country F has inflexible pensions, the generation born at time
t = 1 in the Home country suffers from a smaller amount of world capital
which drives wages down. Furthermore workers migrate to country H at time
t = 1, which reduces wages even more. The net effect on the real value of
the pension benefit of the decrease in the tax-base due to emigration and the
increase in the price of goods produced in country F is very small again. So,
the decrease in wages dominates and the total effect of having a neighbour
with inflexible pensions on lifetime utility of the generation born at t = 1 is
negative.

Generations born in the subsequent periods are better off when the neigh-
bouring country has an inflexible pension scheme. This is because the in-
flexibility of pension benefits leads to a larger stock of capital in the world.

5With extreme parameter values (η close to unity for example) it is possible to achieve
that the inflexible neighbour leads to lower utility not only for the generation t = 1, but
also for generation t = 2, but the general result remains the same.
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Figure 4.7: Welfare effects when labour is immobile in the short run

So we may conclude that, when labour is not perfectly mobile, the inflexible
pension system design harms the generation born at t = 1 only. The other
generations gain compared to the case when the neighbouring country has a
flexible pension system.

Home country with inflexible pensions
Also in this case, the generation born at time t = −1 is not affected by the
design of the pension system in country F (see Figure 4.7 panel b). And just
like in case of flexible pensions, the generation born at time t = 0 is better
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off when the neighbouring country has an inflexible pension scheme because
of higher interest rates at t = 1.

The generation born at time t = 1 has a larger capital stock at its disposal,
but expects a lower interest rate when the neighbouring country has a flexible
pension scheme. Furthermore, part of this generation migrates to country F,
which raises wages and the price of goods produced in country H. Altogether,
this generation is definitely better off when the neighbouring country has a
flexible pension system. However, subsequent generations are worse off in
this case because the capital stock is smaller.

Conclusion
Summing up, when labour is not perfectly mobile, the generation born at the
time of the shock (t = 0) in the Home country is not harmed by inflexible
pensions in the other country. The only generation which prefers a Foreign
country with a flexible pension scheme is the generation born at t = 1.
Generations born at t ≥ 2 prefer the inflexible neighbouring country. So,
when labour mobility is restricted in the short run, it is rather attractive to
have a neighbouring country with an inflexible pension scheme. Only the
generation born at t = 1 would be slightly better off with a neighbouring
country with flexible pensions.

4.3.3 Which pension system is better?

The obvious question arises: which pension system design is better for the
Home country? Figure 4.8 presents utility in the Home country assuming
imperfect labour mobility. The results in case of perfect labour mobility
are similar, therefore we do not present this case. In panel a) the Foreign
country is assumed to have a flexible system, in panel b) country F has
inflexible pensions. In both cases the generation born at t = −1 prefers
to have an inflexible pension scheme. The generations born at t = 0 and
t = 1 are better off with a flexible pension scheme but subsequent genera-
tions are better off when pensions are inflexible. The conclusion from the
figures is that a flexible pension system spreads the burden of the crisis
over the various generations more evenly: the generations that are harmed
most are better off with flexible pensions. Since, in our model the DC el-
ement is larger for the flexible pension schemes, this result is in line with
the findings of Bohn (1999), who shows that a pure DC pension system un-
derprotects the old generation, and a pure DB pension system provides too
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Figure 4.8: Welfare effects when labour is immobile in the short run

much insurance. Another advantage of a flexible pension system comes from
Figure 4.7: An inflexible pension scheme produces a positive spillover on
the neighbouring country (except for generation t = 1), but this spillover
comes at the cost of lower utility in the Home country. So, in this sense,
a flexible pension scheme is better. However, the intergenerational effects
of pension system design have a much larger impact than the international
spillover effects. This explains that panels a and b in Figure 4.8 are so sim-
ilar.
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4.4 Discussion and conclusion

The simulation experiments show that, irrespective of the pension system
design in the Foreign country and the degree of labour mobility, a flexible
pension scheme spreads the burden more equally over generations. This
conclusion should be interpreted with some caution, however, as we only
looked at the effects on lifetime utility, not on the effects on consumption
in specific periods in life. The consumption of the elderly at the time of
the shock will significantly decrease because the crisis reduces the return on
their pension savings. The decrease in consumption implies that utility in the
second period of their life is substantially lowered. But because their first-
period utility cannot change any more, the reduction in their lifetime utility is
much more moderate. So looking at lifetime utility only may underestimate
the problem of old-age poverty for the elderly at the time of the shock. On
the other hand, lifetime utility seems to be a reasonable measure to compare
the effect on various generations’ welfare and for other generations we do not
explicitly take into account the way consumption or utility is allocated over
the lifetime either.

Another clear conclusion from our analysis is that countries which re-
spond to the crisis by quickly reducing pension benefits should not worry
too much about neighbouring countries delaying pension adjustments. First,
international spillover effects are relatively small compared to the effects
of the internal factors. Second, there may indeed be negative spillovers
in the short run when labour is perfectly mobile, but then the medium-
term spillover effects are positive. Moreover, short-run spillovers are neg-
ligible while medium-run spillovers are positive when labour is not per-
fectly mobile, i.e., in that case having a neighbour with an inflexible pen-
sion scheme is attractive. So countries with flexible pension schemes have
an incentive to reduce migration from countries with less flexible pension
schemes but they do not have strong incentives to influence their pension
system.

As discussed more in detail in the appendix, these results are quite robust
to parameter changes. One important assumption should be stressed how-
ever: we have assumed that the countries do not create government debt. In
particular, countries with inflexible pension schemes may be tempted to shift
part of the burden of costs of the adverse productivity shock to future gener-
ations. However, this leads to crowding out of capital and lowers utility for
future generations in both countries in the union. Therefore, the conclusion



Chapter 4 83

that having a neighbour with an inflexible pension scheme is advantageous
when labour is not perfectly mobile only holds when this neighbour does not
raise government debt. So we may conclude that there is no strong argu-
ment for coordinating the adjustment in pension benefits in the countries of
the union as long as countries with inflexible schemes can be prevented from
creating government debt.

Appendix 1: Robustness

If the inflexible country has a completely inflexible pension scheme, i.e. η = 1
then in the case of imperfect mobility there is a positive positive spillover
on the generation born at t = 0 only, because at t = 1 the interest rate is
higher. However, spillovers on the generations t ≥ 1 are definitely negative,
because in this case pension benefits in country F are never reduced and
the total amount of capital in the union does not overshoot. With perfectly
mobile labour the presence of a completely inflexible neighbour is definitely
negative, because it shares all the short run losses with the Home country and
does not over-accumulate capital as it does with 0 < η < 1. With a large η
(but η < 1) the inflexible country F may negatively affect more generations,
comparing to the case discussed, but still after a negative short run spillover
future generations are affected positively.

The size of the migration flows depends on the parameter values. In both
cases when labour is perfectly and imperfectly mobile, migration is larger
when ξ is smaller, so the pension system is closer to DB, because then mi-
gration to country F reduces taxes there and raises taxes in country H more,
which makes the Foreign country even more attractive. The case is symmet-
ric for migration to country H. So, in panel b of Figure 4.2, large migration
to country F at time t = 3 is followed by relatively small migration at time
t = 4. In the next period, migration is larger again and so forth. When
mobility is perfect (panel a), the overshooting in migration at time t = 2 is
even larger. So a lower value of ξ leads to a slower convergence to the steady
state. However, the direction of migration is the same, and the further results
remain unchanged. When ξ tends to unity, the overshooting disappears and
the convergence to the steady state is very fast and monotonic. If ξ = 1 and
the countries run pure DC pension schemes, migration is smaller but still
exists. Different values of the parameters α, ρ, γ and φ, affect the results
quantitatively but not qualitatively.
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Of course, the results of the simulation experiments depend to some ex-
tent on the functional forms used. As equality of utilities in labour market
equilibrium is equivalent to the equality of present values of total life in-
comes, choosing a different utility function does not affect migration if the
utility function is strictly increasing at least in one argument. However, as-
suming a different utility function can affect savings and hence the speed of
convergence of capital presented in Figure 4.4 could be different, affecting
the speed of convergence of other variables of interest. The choice of a more
general production function, such as a CES-function, has more complicated
consequences, for example, equation (4.22) does not hold any more. If cap-
ital and labour are complements, capital flows will follow labour. In this
case, the level of migration will be higher, thus the positive overshooting in
Figures 4.6, 4.7 and 4.8 can be larger. If labour and capital are substitutes,
then capital will flow in the direction opposite to migration. In this case,
the level of migration decreases. However, the development of the capital
stock, which drives most of welfare effects, remains similar to that presented
in Figure 4.4.

Appendix 2: Dynamics

To check for stability, first, we need to reduce the number of dimensions of
the model: Equality of utilities in the countries (equation (5.7)) determine
a labour market equilibrium. As it was mentioned, equality of utilities is
equivalent to the equalities of present value incomes. Using equations (4.4)–
(4.7), (4.15) and (4.21) and denoting kt = Kt/Lt and k̃t = K̃t/L̃t the first
dynamic equation is received:

γ2γ+α−αγ−1(1− γ)α(γ−1)(1− α)Atk
α
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(
ÃtL̃

1−α
t

AtL
1−α
t
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(
Ãt
At

)γ−2(
L̃t
Lt

)(1−α)(γ−2)

+
bt+1 − b̃t+1

αAtk
α−1
t

= 0. (4.23)

Second dynamic equation is received combining equation (4.17) with
equations (4.4)–(4.7), (4.14), (4.15) and (4.21):
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Using equations (4.4)–(4.7), (4.14), (4.15), (4.17), (4.21) and (4.18) equa-
tion (4.19) can be rewritten as
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ÃtL̃

1−α
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from equation (4.22) it follows:

k̃t
kt

=
(1− γ)Lt

γL̃t
. (4.26)

Combining equations (4.12) and (4.13) we receive

bt = (1− η)φwt

(
ξ
Lt
Lt−1

+ 1− ξ
)

+ ηbt−1. (4.27)
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Finally, equation (4.11) give

Ltτt(1− α)Atk
α
t = btLt−1. (4.28)

Equations (4.23)–(4.28) and foreign counterparts of equations (4.27) and
(4.28) constitute eight equations with eight unknowns: b, b̃, k, L, k̃, L̃, τt
and τ̃t. To check for stability we found the steady state for the parameter
values used in the model and checked if after a small shock to all the variables
the system returns to its initial steady state. This numerical experiment
confirmed that the system is (at least) locally stable.



Chapter 5

Trade, pensions, and
demographic shocks

5.1 Introduction

Population ageing is one of the most important developments observed in
the western world. Although ageing is a worldwide phenomenon, there are
important regional differences and some countries age more rapidly than
others. These differences in demographic developments may have important
macroeconomic consequences, especially for countries with open borders for
international trade. Via international trade, for example, the relatively high
speed of population ageing in the European Union (EU) may induce not only
structural changes within the EU, but also affect its trading partners, such
as members of WTO.

The classical Heckscher-Ohlin-Samuelson (HOS) model (Samuelson
(1948)) predicts that a country with a relatively small labour endowment
specializes in the production of capital-intensive goods, and trades with coun-
tries having a relatively small capital endowment. So according to this model,
a country that due to a lower fertility rate experiences a relative decrease in
its population size compared to its trading partners, would specialize more
in the production of capital-intensive goods. In the classical HOS model,
the amounts of labour and capital are exogenously given and internation-
ally immobile. This sounds reasonable for analysing the short-run effects of
demographic shocks such as population ageing. However, this assumption
is not appropriate when studying the effects of ageing in the long run. In

87
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the course of time, the amount of capital in an economy will adjust to the
new population level, and in the long run specialization of a country depends
on factors that determine agents’ desire and ability to accumulate capital.
Examples of such factors are individual thriftiness and institutional arrange-
ments like pension schemes. The questions we want to answer in this chapter
are how specialisation and trade are influenced by international differences
in the design of pension schemes, and how asymmetric demographic changes
affect this.

We analyse the effects of pay-as-you-go (PAYG) public pension schemes
on trade using a model that extends the standard HOS model with dynamics
and overlapping generations. First, we show that in the long run, the relative
size of the sectors in both countries (and therefore the pattern of trade)
depends on the relative size of the PAYG schemes in the countries: the larger
the relative size of the PAYG scheme in a country, the more it specializes in
the production of labour-intensive goods. If the difference between PAYG
schemes is sufficiently large, this may even lead to full specialization. Next,
we analyse the effects of asymmetric demographic shocks. We show, that
long-run effects on the allocation of labour to both sectors crucially depend
on the size of the PAYG scheme and may be opposite to the predictions
of the classical HOS model. For example, we show that a decrease in the
relative size of a country with a more generous PAYG pension scheme may
lead to a larger share of the labour force in that country working in the sector
producing labour-intensive goods. Furthermore, the effects of such a negative
demographic shock spill over to the neighbouring country via international
trade, resulting in an increase in the relative size of the sector producing
labour-intensive goods in that country as well.

The dynamic trade literature dates back to the seminal article by Oniki
and Uzawa (1965). The overlapping generations model plays a prominent role
in this literature (see for example Gale (1971, 1974), Buiter (1981), Eaton
(1987), Galor (1986)). Galor and Polemarchakis (1987) analyse the effect of
international transfers in a two-country two-period overlapping-generations
model and show that the transfer paradox may occur in this setting. That
is, international transfers may decrease welfare in the recipient country. This
may happen if the marginal propensity to save in this country is lower than in
the donor country, implying that a transfer lowers aggregate savings and thus
the long-run capital stock in the world economy. Mountford (1998) was the
first to analyse the long-run implications of trade in a two-sector two-country
two-overlapping generations model and to show that these implications may
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be the reverse of the results in a static HOS model. In particular, in his
model, trade may move the world toward a low-income steady state. The
intuition for this result is that trade leads to international redistribution of
income which may (just like in Galor and Polemarchakis (1987)) reduce total
saving and thus next period’s capital stock in the world. The reduction of
capital will in turn reduce wage income and thus further reduce savings and
so on, leading to a downward spiral toward a low income equilibrium. Sayan
(2002, 2005) analyzes the effects of demographic changes on the pattern of
losses and gains from trade in a ‘2x2x2’ HOS model. In his model both
countries are identical except for the rate of population growth. As a lower
population growth rate in autarky would imply a higher capital-labour ratio
(due to less capital dilution), this leads to trade with the ageing country (the
country with low population growth) specializing in capital-intensive goods.
However, like in Mountford (1998) this trade does not necessarily lead to
welfare gains for both countries.1 Sayan (2005) analyzes both the case where
population growth in the countries differs permanently, as well as the case
where it only differs temporarily. In the latter case, the long-run results
converge to the initial autarky situation again (the only difference being that
now one of the countries is relatively smaller). Our model extends that of
Sayan (2005) by introducing PAYG pensions into the model which affect
agents’ desire and ability to save. As a result, differences in the size of the
pension schemes imply differences in the relative amounts of capital in the
countries leading to specialization and trade. So, in contrast to Sayan, in our
model the steady state differs from the situation in autarky. In particular, the
country with the larger pension scheme accumulates less capital and exports
labour-intensive goods. The distribution of labour between the sectors in the
steady state not only depends on the size of the PAYG scheme, but also on
the relative size of both countries in terms of population. As a consequence,
unlike in Sayan (2005), temporary demographic shocks that alter the relative
size of both countries may have permanent effects in our model. However,
this is only the case if the size of the PAYG scheme in both countries is
different.

The international spillover effects of population ageing were studied in
several one-good models. Adema et al. (2008) studies the spillover effects

1Naito and Zhao (2009) refine Sayan’s result and show that although uncompensated
free trade cannot be Pareto superior to autarky, there exists a compensation scheme con-
sisting of country-specific lump-sum taxes (transfers) and saving subsidies (taxes) such
that free trade is Pareto superior to autarky.
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of pension schemes under symmetric population ageing in a two-country two
overlapping generations model with perfect capital mobility. It is shown, that
under ageing a country with a PAYG pension scheme gains from the country
with a funded pension scheme, because it generates larger savings. The
country with funded pensions gains from the country with PAYG pensions
in the short run, but looses in the long run. Adema et al. (2009) study the
macroeconomic consequences of ageing in a small open economy and show
that the ageing country exports capital to the world. Börsch-Supan et al.
(2006) study the consequences of asymmetric population ageing in 5 regions
of the world using a multi-generations simulation model. In most scenarios
in this model, ageing countries export capital in the short run, and start
importing capital later. Our model may lead to the same results, but this
depends on the relative size of the PAYG-scheme in the ageing country. The
main difference between the model developed in this chapter and the models
in Adema et al. (2008) and Börsch-Supan et al. (2006) is that we allow for
two different goods, which enables us to study the effects of demographic
shocks on the relative size of sectors in the countries and the characteristics
of international trade flows.

The rest of the chapter is organised as follows: The next section describes
the model. Section 3 presents the steady state and elaborates on the effect
of the size of the PAYG schemes in the countries on the sector structure of
the economies. In Section 4 we analyze the effects of a temporary decrease
in fertility in the Home country. First, analytical long-run results are de-
rived, then the short-run dynamics is illustrated using numerical simulation
experiments. Section 5 concludes.

5.2 The model

The model describes a discrete time two-country-two sector economic union
where both countries have the same sectors. So, goods produced in different
countries but the same sectors are identical. Following Kemp and Wong
(1995), we assume that one sector (indicated with index C) produces goods
used for consumption and the other sector (denoted with index I) produces
goods that can only be used for investment. Both countries are assumed to be
identical with respect to the production structure and household preferences,
but they may differ with respect to the size of the PAYG pension scheme. To
distinguish between the countries one country will be referred to as “Home



Chapter 5 91

country” (H), the other being the “Foreign country” (F). We use the same
notation for the variables in the Home country and the Foreign country, but
variables referring to the latter are indicated by a tilde (∼).

There are two overlapping generations in the model: young and old, and
there is no population growth except for one period of temporal decrease in
the fertility rate in one of the countries. Each person lives for two periods.
The total number of young in the Home country is indicated by Λ. These
young agents inelastically supply one unit of labour. We denote the number
of young in the Home country working in the investment good sector in
period t by LI(t). So LC(t) = Λ(t) − LI(t) is the number of young working
in the consumption good sector. Production factors are not internationally
mobile. That is, agents cannot migrate and they can only invest in their
Home country. However, both investment goods and consumption goods can
be traded on the international market.

5.2.1 Firms

The firms in both countries are assumed to be identical, therefore we only
present the equations for the Home country. In both sectors production
at time t is described by a standard Cobb–Douglas function with constant
returns to scale:

YC(t) = KC(t)αLC(t)1−α, 0 < α < 1, (5.1)

YI(t) = KI(t)
βLI(t)

1−β, 0 < β < 1, (5.2)

where KC(t) and KI(t) denote the capital stock in the consumption good
sector and the investment good sector, respectively. We assume that pro-
duction in the investment good sector is more capital-intensive than in the
consumption good sector (i.e., β > α).

Capital fully depreciates in one period. In both sectors, the returns to
the production factors are equal to their marginal products. Both interest
rates and wages are expressed in terms of consumption goods, and the in-
terest rates are defined as returns to investment measured in consumption
goods:

wC(t) = (1− α)kC(t)α (5.3)

wI(t) = (1− β)p(t)kI(t)
β (5.4)
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1 + rC(t) =
α

p(t− 1)
kC(t)α−1 (5.5)

1 + rI(t) =
βp(t)

p(t− 1)
kI(t)

β−1 (5.6)

where wC(t) is a wage rate in consumption-goods sector, wI(t) denotes wages
in the investment-good sector. rC(t) and rI(t) denote interest rates in con-
sumption and investment-good sector. p(t) is the price of investment goods
in terms of consumption goods at time t and kC(t) and kI(t) denote the
capital-labour ratio in sector C and sector I, respectively.

5.2.2 Factor mobility between sectors

Agents can freely choose in which sector to work when young. After they
have chosen a sector, this cannot be changed any more. As a result, expected
lifetime utility at the start of the career should be equal for workers in both
sectors.2 Because a larger budget allows an agent to reach a higher indif-
ference curve, this implies equality of expected present values of individual
incomes. As the pension system is organized on a national level and is iden-
tical for workers in both sectors this boils down to equality of the wages in
the sectors3:

wC(t) = wI(t) ≡ w(t). (5.7)

Agents may freely choose in which sector to invest their savings, implying
that interest rates in both sectors should be equal as well:

rC(t) = rI(t) ≡ r(t). (5.8)

Using the equations for interest rates and wages (5.3)–(5.6), we can express
the capital-labour ratio in the sectors as a function of the relative price of

2The equations in this section are based on the assumption of rational expectations.
Therefore, they may not hold in a period in which a demographic shock unexpectedly
takes place after the agents have decided in which sector to work and to invest. In the
numerical simulation experiments in Section 4, the actual return to savings in the period of
the unexpected demographic shock is calculated using the assumption that all the agents
have the same portfolio.

3As the same holds for both countries, we again only give the equations for the Home
country. It should be noted, however, that the PAYG tax in both countries may differ.



Chapter 5 93

investment goods:

kC(t) =

(
1− α
1− β

) 1−β
β−α
(
α

β

) β
β−α

p(t)−
1

β−α , (5.9)

kI(t) =

(
1− α
1− β

) 1−α
β−α
(
α

β

) α
β−α

p(t)−
1

β−α . (5.10)

Note that these equations also hold for the Foreign country. That is, the
capital-labour ratios in a sector are equal in both countries, resulting in
equality of factor prices. This is in line with the classical Heckscher-Ohlin-
Samuelson model. Also note that it follows that the capital-labour ratios in
both sectors are proportional to each other, i.e.:

kc(t) = κkI(t) (5.11)

where 0 < κ ≡ (1−β)α
(1−α)β

< 1.

5.2.3 Households

It follows from the free mobility of production factors between sectors that
we do not have to distinguish between households working in both sectors
(except for the time of unexpected decrease in fertility). Utility functions and
budget constraints are assumed to be identical in both countries, so we only
present the equations for the Home country. It should be noted, however,
that the pension schemes are organized on a national level and tax rates and
benefit levels in the countries may differ.

Agents are assumed to have a logarithmic utility function:

U(t) = logCy(t) +
1

1 + ρ
logCo(t+ 1), (5.12)

where Cy and Co denote consumption when young and when old, respectively,
and ρ is the rate of time preference. The budget constraints for the first and
the second period of life are given by:

Cy
t = w(t)(1− τ)− s(t), (5.13)

Co(t+ 1) =
(
1 + r(t+ 1)

)
s(t) + η(t+ 1), (5.14)

where s stands for savings, τ is the tax rate on labour income to finance the
PAYG pension scheme, and η is the pension benefit. As the pension system
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is organized on a national level and is identical for workers in both sectors,
the budget constraint for the PAYG-scheme implies:

η(t+ 1) = τ
w(t+ 1)Λ(t+ 1)

Λ(t)
. (5.15)

Optimizing the utility function (5.12) subject to the budget constraints
(5.13) and (5.14) results in the following expression for saving:

s(t) =
1

2 + ρ

(
w(t)(1− τ)− 1 + ρ

1 + r(t+ 1)
η(t+ 1)

)
. (5.16)

5.2.4 Equilibrium

Equilibrium in the international markets for consumption and investment
goods implies:

YC(t) + ỸC(t) = Λ(t)Cy(t) + Λ(t− 1)Co(t) + Λ̃(t)C̃y(t) + Λ̃(t− 1)C̃o(t)
(5.17)

KC(t) +KI(t) + K̃C(t) + K̃I(t) = YI(t− 1) + ỸI(t− 1). (5.18)

We assume that savings are invested within the country of origin. Hence,
the total amount of capital in the Home country in period t is equal to total
savings in this country at time t− 1:

KC(t) +KI(t) = Λ(t− 1)s(t− 1)/p(t− 1) (5.19)

and equivalent for the Foreign country.
We define λ as the share of the labour force in the Home country working

in the investment good sector, i.e., λ(t) ≡ LI(t)
Λ(t)

and equivalent for the foreign
country. So λ indicates the degree of specialization within the country in the
production of investment goods. Using LC(t) + LI(t) = Λ(t) and equations
(5.15), (5.16) and (5.19), we find the following condition for equilibrium in
the capital market in the Home country:

λ(t) = A(t)z(t)−B (5.20)

where A(t) ≡ 1−β
β−α

1−α
2+ρ

Λ(t−1)
Λ(t)

β(1 − τ) > 0, B ≡ ((1 + ρ)(1 − α)τ/(2 + ρ) +

α)(1− β)/(β − α) > 0 and z(t) ≡ kI(t−1)β

kI(t)
. A similar equation holds for the

Foreign country.4

4Note that z = z̃.
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Substituting expressions (5.9) and (5.10) into (5.18) we get the following
condition for equilibrium in the market for investment goods:

z(t)
[
Φ(t− 1)λ(t− 1) + λ̃(t)

]
=

1

(1− α)β

[
α(1− β)

(
Φ(t) + 1

)
+ (β − α)

(
Φ(t)λ(t) + λ̃(t)

)]
(5.21)

where Φ(t) ≡ Λ(t)

Λ̃(t)
is the relative population size of the Home country. Insert-

ing equation (5.20) and its Foreign counterpart in (5.21) gives a non-linear
first-order difference equation in z(t) (see Appendix 1). This difference equa-
tion forms the basis of the numerical simulation results of a demographic
shock presented in Section 4. Here, we only present the steady state of this
system.

5.3 The steady state

In steady state, the equilibrium condition for the capital market (equation
(5.20)) can be rewritten as5:

λ = Az −B. (5.22)

It should be noted that A< (>) Ã and B> (<) B̃ if τ > (<) τ̃ . Note that the
capital-labour ratio in the investment good sector is equal in both countries
(kI = k̃I), from which it follows that

λ =
A

Ã
λ̃+

B̃A−BÃ
Ã

. (5.23)

Both equations (5.22) and (5.23) are represented graphically as the lines
indicated “Capital market equilibrium” in Figures 5.1 and 5.2 (for the case
that the Home country has a relatively large PAYG scheme: τ > τ̃) and
Figure 5.3 (for the case that the PAYG scheme in the Foreign country is
relatively large). The upward-sloping relation between capital productivities
in the investment good sector (measured by kβ−1

I ) and λ can be interpreted
as follows. Capital market equilibrium implies that total capital per worker
equals savings per worker. It immediately follows from equation (5.19) that
the former can be written as: KI+Kc

Λ
= λkI + (1 − λ)kc = [1 + (1 − κ)λ]kI .

5We indicate steady-state values by omitting the time index of a variable.
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Figure 5.1: Change of steady state when τ increases

Figure 5.2: Change of steady state when Λ decreases, τ > τ̃

So, total capital per worker rises if the capital-labour ratio in the investment
good sector rises, and it rises if the share of this sector in the economy (i.e. λ)
rises (recall that this sector is relatively capital intensive, so that κ < 1). As
savings per worker are the same in both sectors, it suffices to look at savings
per worker in the investment good sector, which is proportional to wages
and thus to production per worker in this sector, i.e. to kβI . Combining
this results in a positive relation between λ and the capital productivity in
the investment sector in each of the countries. The slope of this relation



Chapter 5 97

Figure 5.3: Change of steady state when Λ decreases, τ < τ̃

(A) depends on the size of the pension scheme. The larger the tax rate,
the smaller the increase in savings if wage income (production per worker)
increases and thus the smaller the relative size of the capital-intensive sector.
In other words, the larger the tax rate in the Home country, the smaller
the slope of the capital market equilibrium line in the left-hand panel of
Figures 5.2 and 5.3. It also immediately follows that the relative share of the
investment good sector in the Home country is smaller (larger) than in the
Foreign country if the Home country has a larger (smaller) PAYG pension
scheme.

In order to determine the value of λ in the steady state, we also have to
use the condition for equilibrium in the market for investment goods (equa-
tion (5.18)). Substituting the production functions and equation (5.10) into
equation (5.18), and using that the capital-labour in the investment good
sector in both countries is equal, we find that:

λ =
α(1− β)

(1− α)βz

Φ + 1

Φ + (Ã/A)
− BÃ− B̃A

ΦA+ Ã
. (5.24)

This curve is also presented in Figures 5.1, 5.2 and 5.3 (indicated as “Invest-
ment goods market equilibrium”). The curve has a straightforward inter-
pretation: increasing capital-labour ratios affects production in both sectors.
But, in the capital-intensive sector productivity of labour grows more, which
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attracts labour to this sector. This results in a positive relation between λ
and kI , or a negative relation between λ and z = kI

β−1.

The intersection of both curves in the left-hand panel of Figures 5.1,
5.2 and 5.3 determines the steady-state values of λ and kI .

6 Given the
value of λ, the value of λ̃ can subsequently be determined from the right-
hand panel of the figure. It is immediately clear that the country with the
relatively large PAYG scheme will have a relatively small investment good
sector and specializes in the production of the labour-intensive consumption
goods, while the opposite holds for the country with the small PAYG scheme.
The larger the difference in the size of the unfunded scheme, the more the
countries will specialize.

This effect is presented in Figure 5.1. In the initial situation countries
have the same pension schemes. Keeping τ̃ constant, and increasing τ , agents
in the Home country get less incentives to save, hence, the amount of cap-
ital in the country decreases. As a result, the Home country specializes in
the labour-intensive goods. The Foreign country is affected as well. First,
the Foreign country has a relative advantage in the production of capital-
intensive goods, which creates incentives for the Foreign country to specialize
in capital-intensive goods. Second, the world demand for capital falls when
τ grows, this negatively affects the share of labour in the capital-intensive
sector in both countries. The overall effect on λ̃ is not clear, and it depends
on the exact parameter values. Note that if the slope of the dashed line
(5.23) depicted in the right hand panel of Figure 5.1 is smaller, then λ̃ may
even increase. The effect on λ still remains negative. Anyway, the share of
the investment goods sector in the Home country becomes smaller relative
to the Foreign country.

It shall also be pointed out, that a further increase in τ shifts the curve
(5.24) and the line (5.22) presented in the left panel of Figure 5.1 even more
down, so that if the difference between τ and τ̃ is sufficiently large, the
intersection of the curves will be below the horizontal axis, this is a corner
solution in which country H produces labour-intensive goods only.

Note that this result coincides with what one would expect in a static
HOS-model: the country with a large PAYG scheme has low savings, so
capital is relatively scarce and labour relatively abundant. However, it is
not completely clear if specialization of countries necessarily leads to inter-
national trade. Country H produces less capital, but they also need less

6The analytical solution for the steady state is presented in Appendix 1.
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capital. So, the graphs do not provide an answer to the question whether
specialization within the countries intensifies international trade. However,
intuitively it is clear that as the Foreign country is affected, there must be
trade between the countries when τ 6= τ̃ , because trade is the only transmis-
sion mechanism in this model.

Figure 5.1 also shows that an increase in the size of the PAYG scheme in
country H leads to a larger value of kβ−1

I . That is, it lowers the capital labour-
ratio in the investment-goods sector (kI). This is caused by the fact that a
larger PAYG pension scheme reduces agents’ desire to save and accumulate
capital.

5.4 An asymmetric decrease in fertility

In this section we study the effects of a negative demographic shock occurring
in one country. At time t = 0 population growth in the Home country is
temporarily and unexpectedly lower than in the Foreign country, leading to
a relatively smaller labour force in the Home country, so Φ decreases. In the
subsequent periods, population in both countries grows at the original rate
again, so the relative size of the country will not change further and Φ will
remain at the higher level.

5.4.1 Long-run effects

The long-run effects of a negative demographic shock in the Home country
are summarized in the following proposition:

Proposition 1. A decrease in the relative size of the Home country :

– increases the capital-labour ratio in both sectors and lowers the share
of labour employed in the investment good sector in both countries if
τ > τ̃ .

– decreases the capital-labour ratio in both sectors and raises the share
of labour employed in the investment good sector in both countries if
τ < τ̃ .

– does not affect the capital-labour ratio and the relative degree of spe-
cialization if τ = τ̃ .
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Proof. The proof is in Appendix 2.

In case τ > τ̃ , agents in the Home country save less than agents in the
Foreign country as they expect larger public pension benefits. So decreasing
the relative size of the Home country leads an increase of the average amount
of savings per worker in the union, which drives the capital-labour ratios up.
If τ < τ̃ , agents in the Home country save more than agents in the Foreign
country, so if their number decreases the average amount of savings per
worker in the union decreases, which leads to lower capital-labour ratios.

This result can also be represented graphically. The decrease in the rel-
ative size of the Home country shifts the curve (5.24), that represents equi-
librium in the market for investment goods, down if the Home country has
a relatively large PAYG scheme (see Figure 5.2), and up if this country has
a relatively small PAYG scheme (see Figure 5.3). As the lines representing
capital market equilibrium are not affected, the result for the capital-labour
ratio in the investment good sector and the share of labour employed in this
sector immediately follows. According to equations (5.9) and (5.10), the cap-
ital labour-ratio in the consumption goods sector moves in the same direction
as kI .

The right-hand panels of Figure 5.2 and Figure 5.3 show that λ and λ̃
move in the same direction. If τ > τ̃ , the asymmetric demographic shock
in the Home country causes the Foreign country to move away from the
point of full specialization in investment goods. At the same time, if Λ
decreases very strongly, a corner solution may result where the Home coun-
try is fully specialized in the production of consumption goods and imports
all investment goods. This is opposite to the prediction of a classical HOS
model that a decrease in the labour force in the Home country will lead to
complete specialization in the production of capital-intensive goods. The
difference comes from pension systems, which determine savings and, hence,
relative advantage of the country in capital (labour) intensive goods produc-
tion.

Figure 5.3 presents the case if τ < τ̃ . The negative demographic shock
in the Home country leads to higher shares of the labour force working in
the investment goods sector. The Foreign country moves away from the
point of full specialization in labour-intensive consumption goods. For the
Home country it holds that if the value of λ increases very strongly, it may
eventually be completely specialized in the production of capital-intensive
goods.
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5.4.2 Short-run effects

In this section, we discuss the short-run effects of a temporary decrease in
fertility in the Home country. That is, the relative size of the Home country
decreases once and for all at time t = 0. We first discuss the effects of this
shock on z, λ and k based on the dynamic structure of the model. Then we
present the results of a numerical simulation experiment.

Assume that this shock is completely unexpected. As it is shown in Ap-
pendix 1, the dynamics of this model can be summarized by a first-order
difference equation in z(t) ≡ kI(t − 1)β/kI(t) with time-dependent coeffi-
cients. It can easily be checked that (for the parameter values used) this
difference equation is unstable. This implies that after a shock in period
t = 0 the system should be in its new steady state (E1) at time t = 1 (when
the coefficients of the difference equation do not change any more) otherwise
it will never stabilize. Given that z attains its new steady-state value at
t = 1, the value of this variable at the time of unexpected the shock (t = 0)
can easily be calculated using the difference equation. So z goes to the new
steady-state in two steps. The same holds for the share of the labour force
working in the investment good sector λ (see equation (5.20)). Given the
initial value kI(−1) the time path for kI can easily be derived from z(0)
and z(1). Note that the definition of z(t) = kI(t − 1)β/kI(t) implies that
the capital-labour ratio does not go to the new steady-state in two steps,
but jumps to a new value at t = 0 and then gradually converges to its new
long-run equilibrium. All other variables can then easily be derived.

In the following numerical simulation experiment the demographic shock
is not completely unexpected. We assume that the generation born at t = −1
does not know that a demographic shock will occur when they choose in
which sector to work. However, more realistically, they are aware of the de-
mographic shock when they make their savings decisions. As a consequence,
the relative price p will already change at time t = −1. This implies that
the calculation of z(0) is a bit more complicated than in case of an unex-
pected shock.7 However, the dynamics is not fundamentally different from
what we discussed above. We will present the results for the case that the
Home country has a relatively small PAYG scheme (τ < τ̃), the effects in
the opposite case will only be briefly discussed.

7Note that the change in p(−1) and the fact that workers cannot switch sectors any more
implies that wages in both sectors are not equal at t = −1. Therefore, equation (5.20),
which was derived assuming uniform wages across sectors, will change.
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Table 5.1: Summary of parameters
name parameter value
Output elasticity of capital in sector C α 0.2
Output elasticity of capital in sector I β 0.4
Population size in country H (t < 0) Λ 1
Population size in country H (t ≥ 0) Λ 0.95

Population size in country F Λ̃ 1
Discount rate ρ 0.42
Social security contribution rate in country H τ 0.25 or 0.3
Social security contribution rate in country F τ̃ 0.25 or 0.3

Calibration

The capital share for a one-sector model is usually estimated to be around 0.3.
For example, Howarth (1998) assumes a share of capital income equal to 0.25,
Bouzahzah et al. (2002) set it at 0.29, Kydland and Prescott (1982) choose
a value of 0.36. In line with this, we chose a value that is a bit above these
estimates for the capital-intensive sector and a value just below these values
for the labour-intensive sector, i.e., α = 0.2 and β = 0.4. As the period in
the model is approximately equal 35 years, the discount rate ρ is set at 0.42,
which approximately corresponds to the 1% annual discount rate that is
widely used in the literature (see Jermann (1998) for example). The tax rate
is set at 0.25 for the country with the relatively small PAYG scheme. Such
a social contribution rate corresponds to the average social security taxes in
Finland and Japan in the mid 1990s. The social contribution rate in the
other country is set to 0.3, which corresponds to the rates Sweden (Palacios
and Palarès-Miralles 2000). In fact, qualitatively the results are not sensitive
to the absolute values of social contribution rates, but it is important that
the two countries have different contribution rates. Initially, population size
in both countries is equal: Λ = Λ̃ = 1. At time t = 0 the population in the
Home country decreases to a level that is permanently 5% lower (i.e., from
Λ = 1 to Λ = 0.95).

Parameter values are summarised in Table 5.1.

Values of the main endogenous variables in initial steady state are sum-
marised in Table 5.2. Such a value of the interest rate corresponds to a 1.4%
annual interest rate (assuming thirty years period). For comparison, the real
interest rate in the Netherlands was 2.4% in 2008 and 2009, and 0.4% in 2010
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Table 5.2: Summary of main endogenous variables at the initial steady state
(τ = 0.25, τ̃ = 0.3)

name variable value

Capital-labour ration in sector I kI , k̃I 0.106

Capital-labour ration in sector C kC , k̃C 0.040
Labour in sector I (H) LI 18.997
Labour in sector I (F) LI 4.342
Interest rate rI , rC , r̃I , r̃C 0.535
Wages wI , wC , w̃I , w̃C 0.420
Price of investment goods p, 1.716
Savings (H) sI , sC 0.090
Savings (F) s̃I , s̃C 0.073
Consumption when young (H) Cy 0.225

Consumption when young (F) C̃y 0.221
Consumption when old (H) Co 0.243

Consumption when old (F) C̃o 0.238
Utility (H) U −2.488

Utility (F) Ũ −2.520

(World Bank Development Indicators, May 2012), which indicates, that such
a value is rather realistic.

Simulation results

First consider the case when τ < τ̃ . Figure 5.4 presents the changes in z and
λ in both countries after the shock. The values labelled “old” and “new”
refer to the values in the steady state before and after the shock, respectively
(cf. Figure 5.3). Note that, as described above, for these variables the new
steady state is reached already at t = 1. The value of z at t = 0 lies below
the old and the new steady-state values, because a lower number of agents
at t = 0 shares the larger capital stock accumulated by their parents. Thus,
z0 reduces. The short-run effect on λ is quite different from the long-run
effect too. The reason is that, due to the change in the relative size of the
Home country at t = 0, the relation between that variable and z at that
time is different. As Λ(−1)/Λ(0) > 1 the time-dependent coefficient A(t)
in equation (5.20) rises, which corresponds to the lines representing capital
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Figure 5.4: The dynamics of z and λ

market equilibrium in the Home and the Foreign country becoming more
steep at t = 0. Hence, λ sharply rises and λ̃ sharply falls at t = 0.

Figure 5.5 presents the time path of λ both for the case when τ < τ̃ and
for the case τ > τ̃ . At t = 0 λ increases in both cases, which corresponds
to the result of the static Heckscher-Ohlin model. Note that with a larger
demographic shock this increase may lead to a corner solution where one
of the countries completely specializes on one of the goods. Next period, λ
jumps to its new equilibrium value. If τ < τ̃ this new equilibrium value is
slightly larger and if τ > τ̃ it is smaller than the value in the previous steady
state. In the latter case, the long-run result is opposite to the prediction of
the Heckscher-Ohlin model: The Home country specializes in the production
of labour-intensive goods, and a negative demographic shock in this country
makes it specialize even more in the production of this type of goods.

Figure 5.6 presents the time path of the capital-labour ratio in the in-
vestment good sector corresponding to the values of z(0) and z(1). As the
amount of investment goods produced in period t = −1 cannot be changed
any more when it becomes known that the population in the Home coun-
try will shrink in period t = 0, capital is abundant at t = 0. That is, the
capital-labour ratios in both sectors and both countries at t = 0 are high. As
the low interest rate is already anticipated at t = −1, savings and thus the
demand for investment goods change at t = −1 in both countries. A lower
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Figure 5.5: Share of labour in sector I of country H

Figure 5.6: Capital-labour ratio in sector I
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Figure 5.7: Price of capital

interest rate, and higher wages, affect agents in both countries.8 In the Home
country, this is counteracted by the decrease pension benefits due to the neg-
ative demographic shock at t = 0, which raises savings at t = −1 in that
country. For the given parameter values, the negative effect via interest rate
and wages dominates when τ < τ̃ , implying that the demand for investment
goods falls, leading to a decrease in the relative price of these goods already
at t = −1 (see Figure 5.7).

The abundance of capital at t = 0 stimulates production in both sec-
tors, but more in the capital-intensive investment good sector. Furthermore,
workers move from the consumption good sector to the investment good sec-
tor. Thus, the production of investment goods will be relatively high at t = 0
leading to a fall in the price of investment goods that is even lower than at
t = −1.

The high supply of investment goods in period t = 0 affects capital-labour
ratios in the subsequent period that is lower than at t = 0 but still above the
new steady-state value. The abundance of capital leads to the same effects
as at t = 0, but the size of the effects is smaller. This development continues,
leading to a gradual decrease in the capital-labour ratios along with a gradual

8Note that the decrease in savings in reaction to the lower interest rate and higher
future wages is due to the presence of a PAYG pension. Given that we have assumed a
logarithmic utility function, the income effect and the substitution effect of a change in the
interest rate on savings would exactly cancel out if there was no PAYG scheme. This does
not hold with a more general utility function as well as in our model due to the presence
of PAYG scheme.
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Figure 5.8: Net exports of investment goods by the Home country (total
volume)

increase in the price of investment goods. As discussed above, in the long
run, this results in a capital-labour ratio that is below the initial steady-state
value and a price of investment goods that is higher than it initially was.

In case the Home country has a relatively large PAYG scheme, the short-
run results are analogous to the ones presented above, the only difference
being that in that case, the interest-rate effect on savings at t = −1 is domi-
nated by the effect of the decrease in the PAYG benefit due to demographic
shock, so that the relative price of investment goods slightly rises at that
time.

Figure 5.8 shows the effect of the demographic shock on international
trade. It presents the difference between the amount of investment goods
produced in country H and the actual amount of savings made by agents in
country H in that period. This difference is equal to the amount of investment
goods sold to (bought from) country F, if the value is positive (negative). The
demographic shock at t = 0 leads to a relatively higher demand for capital
goods in country H at t = −1 compared to country F, because pension
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Figure 5.9: Utility in the Home country when τ < τ̃

Figure 5.10: Utility in the Foreign country when τ < τ̃

benefits in country H are directly affected by the demographic shock. This
leads to a smaller export of investment goods from the Home country when
τ < τ̃ , or a larger import if τ > τ̃ at t = −1. At t = 0 there are relatively
more capital in the country affected by the demographic shock, so it starts
exporting more capital (or importing less). At later stages the volume of
trade decrease in both cases compared to their initial equilibrium, because
of a smaller total number of agents in the world.

Figures 5.9 and 5.10 show the effect on lifetime utility of the generations
in both sectors and countries when τ < τ̃ . As the case τ > τ̃ is very similar,
we omit it. The time on the horizontal axis corresponds to the period of birth
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of a generation. The decrease in the price of investment goods at t = −1
leads to lower wages in that sector and hence negatively affects the PAYG
benefits of the generation born at t = −2. Furthermore, the lower price
reduces the interest rates in the investment good sector at t = −1 and thus
the return on savings of generation t− 2. These effects are the same in both
sectors and both countries. However, they are very small. So, the utility of
generation t = −2 slightly decreases. At t = 0 the number of agents in the
world is smaller and capital is abundant, which drives interest rates down.
Smaller interest rates imply a lower return to savings for the generation born
at t = −1 in both countries. In the Home country, the decrease in the PAYG
benefit caused by the rise in the dependency ratio adds an additional negative
effect on utility of this generation. Finally, the members of this generation
that work in the investment good sector experience a third negative effect as
the decrease in the price of the investment good at t = −1 implies a lower
wage when young. Note that this is the only generation for which the effects
of the shock differ for workers in different sectors. All subsequent generations
can take the effects of the shock into account when deciding in which sector
to work. Hence, for these generations utility for workers in both sectors must
be equal.

The generation born at t = 0 enjoys the large capital stock that results
from the investment of their parents, so their utility is affected positively.
In subsequent periods, the capital-labour ratio gradually decreases and the
same holds for utility. Initially, it is still larger than in the original steady
state, but in the long run it falls below that level. This time pattern is the
same for both countries. However, absolute utility levels differ due to the
difference in the size of the PAYG scheme between the countries. As the
economy is dynamically efficient, the Foreign country (which has the largest
PAYG scheme) has lowest utility.

5.5 Conclusions

This chapter analyzes the effects of demographic shocks in a discrete time
dynamic model with two countries, two sectors, two-period overlapping gen-
erations and PAYG pensions. We show that in the long run, the relative size
of the sectors in both countries (and therefore the pattern of trade) depends
on the relative size of the PAYG schemes in the countries. A smaller PAYG
pension scheme leads to higher savings, which give a country an advantage in
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the production of capital-intensive goods, leading to specialization in these
goods. The other country specialises on labour intensive goods. We also
show that, while the short-run effects of demographic shocks are not affected
by the presence of PAYG schemes and coincide with the predictions of the
classical HOS-model, the long-run effects can be different. Due to the fact
that PAYG pensions affect the incentive to save and accumulate capital, the
long-run consequences of demographic shocks in the dynamic model with
unfunded pensions may be opposite to the predictions of the classical HOS
model. So, a temporal decrease in fertility leads to a specialization of the
country in capital-intensive goods in the short run, because a smaller number
of agents share a relatively large capital stock, however, in the long run, spe-
cialization of the countries depends on the relative size of the PAYG scheme.
Comparable results are likely to hold in the presence of other factors that
affect the desire or ability to accumulate capital like, for example, differences
in the rate of time preference and government debt. The main results of
the model are quite robust to the choice of specific functional forms in pro-
duction and utility functions, however, a choice of a more general functional
form may affect a degree of specialisation of the countries.

Appendix

Appendix 1: The steady state

Inserting equation (5.20) and its Foreign counterpart in (5.21) gives a non-
linear first-order difference equation in z(t):

z(t)
[
Φ(t− 1)(A(t− 1)z(t− 1) +B) + Ã(t− 1)z(t− 1) + B̃

]
=

1

(1− α)β

[
α(1− β)

(
Φ(t) + 1

)
+ (β − α)

(
Φ(t)

(
A(t)z(t) +B

)
+ Ã(t)z(t) + B̃

)]
. (5.25)

We first solve the steady state of this system. In the steady state, equa-
tion (5.25) is equivalent to:

aq2 + bq + c = 0, (5.26)

where q ≡ 1
z

= k1−β
I and

a ≡ (1 + ρ)(τΛ + τ̃ Λ̃)

β
> 0, (5.27)
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b ≡ −(Λ + Λ̃)(β + α + αρ) + (1 + ρ− αρ− β)(τΛ + τ̃ Λ̃)

β − α
, (5.28)

c ≡ β(1− α)(Λ(1− τ) + Λ̃(1− τ̃))

β − α
> 0. (5.29)

The solutions to this quadratic equation are:

q1 =
−b−

√
b2 − 4ac

2a
, (5.30)

q2 =
−b+

√
b2 − 4ac

2a
. (5.31)

Because 0 < α < β < 1, 0 < τ, τ̃ < 1 and ρ,Λ, Λ̃ > 0, a, b, dc are pos-
itive. The obvious question arises whether the discriminant is positive and
the solutions have real values. This can be checked numerically. We fix τ at
0.25 and Λ is set to 1 in order to reduce the excess of degrees of freedom, and
employ a L-BFGS-B (Limited memory Broyden–Fletcher–Goldfarb–Shanno)
algorithm allowing for box constraints to minimize the discriminant with re-
spect to α, β, ρ, Λ̃ and τ̃ . As the constraint α < β is not a box constraint, we
implement the algorithm in two steps. The first step minimizes the discrimi-
nant with respect to α given all the other parameter values, with a constraint
0 ≤ α ≤ β, and the second step minimizes the value of the discriminant re-
ceived in the first step with respect to all the other parameter values. The
initial starting value for parameter β is taken from the uniform distribution
in the interval (0.01, 1). The lower range is not 0 so as to leave some “space”
for α, which is taken from the uniform distribution on the interval [0, β]. τ̃ is
taken from the uniform distribution (0, 1) and Λ̃ from the interval (0.2, 5) in
order to avoid cases where one country is incomparably larger than the other
country. ρ is taken from the standard lognormal distribution. In order to
be sure that we achieve the global minimum and not a local one, we repeat
the procedure for 1000 different initial parameter values. The minimal values
of the discriminant is received to be equal 0, it is achieved in a number of
points, for example α = 0, β ≈ 0.6383925, ρ ≈ 0.7046678, τ̃ ≈ 0.3164841,
Λ̃ ≈ 0.5102048. Indeed, the minimum is achieved not only at this point, but
in a set of other parameter values, which is determined by a nonlinear de-
pendence. But further reduction of degrees of freedoms increases the chance
that the global minimum is not found.

This is enough to show that q2 > 0. The fact that q1 > 0 comes from
−b >

√
b2 − 4ac, which holds due to the negativeness of b and −4ac < 0. So
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we get two possible equilibrium points. Indeed, substituting the value of k
corresponding to q2 into equation (5.20) with most reasonable parameter
values, the labour share of sector I becomes negative. So, further we will
consider equilibrium q1 only.

Linearizing difference equation (5.25) around the steady state z = 1/q1

shows that eigenvalue of this equation is larger than one for reasonable pa-
rameter values, so that we can conclude that the difference equation is un-
stable.

Appendix 2: Proof of proposition 1

Proof. Consider the long-run effects of Λ on the equilibrium point kI . As kI
is a strictly increasing function of q1 described by equation (5.30), the sign
of the derivative of kI with respect to Λ is equal to the sign of the derivative
of q1 with respect to Λ at the point Λ = Λ̃, which is for simplicity set to 1.

∂q1

∂Λ
= − ∂b

∂Λ

1

2a
− 1

2
√
b2 − 4ac

(
b
∂b

∂Λ
− 2c

∂a

∂Λ
− 2a

∂c

∂Λ

)
− q1

a

∂a

∂Λ
. (5.32)

Derivatives ∂a/∂Λ, ∂b/∂Λ, ∂c/∂Λ can be easily found from equations
(5.27)–(5.29). Substituting a, b, c, their partial derivatives and q into equa-
tion (5.32) and making a number of algebraical manipulations the expression
simplifies to:

∂q1

∂Λ
= A(τ̃ − τ) (5.33)

where

A =
1

2(β − α)(τ + τ̃)

(
β + αρ+ α +

1

(β − α)
√
b2 − 4ac

(
2β2 + 2α2 + 2α2ρ2

+ 4αβ + 4α2ρ+ 4βαρ+ (τ + τ̃)(−β − β2 − 2α2 + 3α− ρβ + ρ2α

− α2ρ2 − 3α2ρ+ αβ + 4αρ)
))

.

Numerically, with the same two-step L-BFGS-B algorithm as in Ap-
pendix 1 we checked that the parameter values 0 < α < β < 1, ρ > 0,
0 < τ + τ̃ < 2 A can get nonnegative values only. Hence the sign of ∂kI/∂Λ
in equilibrium depends on the sign of τ̃ − τ . If τ < τ̃ the dependence is
positive.



Chapter 6

International trade and
spillovers of pension reform:
Should a reform be announced?

6.1 Introduction

It is widely known (Verbon (1989) and Breyer (1989)) that Pay-As-You-Go
(PAYG) pension schemes are Pareto efficient if they do not cause static dis-
tortions. So, a switch from PAYG to a more funded scheme increases welfare
of the current young and future generations in the case of dynamic efficiency,
but hurts the old generation at the time of the reform. It is often argued
that in order to mitigate the loss for this generation the reform should be
announced in advance. In that case, the decrease in the PAYG benefit does
not come unexpected and the agents who are old when the PAYG bene-
fit is actually decreased have the possibility to save more when young and
smooth their consumption over their lifetime. The first question we analyze
in this chapter is whether this argument holds in a two-sector model where
production factors are not perfectly mobile between sectors in the short run.
Is announcing a pension reform advantageous for the generation that is old
at the time of the reform in such a model? Most models analyzing pen-
sion reform assume one good, which can be both consumed and invested.
However, this is not necessarily the case in real life. The characteristics of
consumption goods are quite different from those of investment goods and
it is unlikely that investment goods like machine-tools and accessories used
for production can be consumed. The other way around, it is unlikely that
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consumption goods like food and clothes can be invested for future produc-
tion, let alone services that are used. As a consequence, when adjusting their
saving decisions, agents face the problem that only specific goods can be in-
vested, and give a return in the future. If savings increase but the supply of
investment goods cannot be raised sufficiently in the short, then the price of
investment goods will rise.

Of course, in the long run an increase in the price of investment goods
attracts more capital and labour to the sector producing these goods. But it
is questionable whether production factors are mobile between sectors in the
short run. Can the capital used to produce food be employed for machinery
production? Similarly, labour employed in different sectors needs to have
different skills. It is clear that if agents can freely choose the sector in which
they want to work and invest, the factor prices in the sectors shall be equal.
However, it is doubtful whether this is always the case in the short run.
For example, Lee and Wolpin (2006) show that migration across sectors is
costly, and estimate the costs between 50 and 75% of annual earnings. As
a result, if a switch from PAYG to a more funded scheme is expected in
advance, the increase in savings that results may lead agents to compete for
the investment goods, which rises the price of these goods and drives the
returns on investment down. Thus, the announcement of a pension reform
may also have a negative effect for those agents, that are not involved in
investment goods production.

The same effect can also be viewed from a different angle: if the funded
part of pensions is invested in financial capital, the announcement of pension
reform raises the demand for securities. Consequently, their price rises but
their expected return falls in the short run. So, the announcement of the
reform may have negative implications for the investors (those who save for
their pensions) in the reforming country. As a result, the government in the
reforming country has incentives not to announce a reform.

If the reforming country has borders open for international trade, a pen-
sion reform and its announcement may produce international spillover effects
to the trade partners. Larger demand for investment goods (or securities)
may lead to price changes that affect agents living in neighbouring countries.
The larger effect of the reform on prices, the larger the potential spillovers
to other countries. There is a large literature on the effects of pension re-
form in an international setting. However, this literature mainly focuses on
the international spillovers via factor mobility and not on the spillovers via
trade. Adema et al. (2009), for example, study international spillovers of an
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expected switch from a PAYG to a more funded scheme via mobile capital.
The chapter shows that pension reform reduces welfare of agents in the neigh-
bouring country in the short run, and there is a positive spillover in the long
run. Breyer and Kolmar (2002) show that there are incentives to coordinate
pension systems in an economic union with integrated capital and labour
markets. Fedotenkov and Meijdam (2009) (Chapter 2 of this thesis) analyze
the international spillover effects of pension reform when both capital and
labour are mobile, assuming the presence of a third, immobile, production
factor. They show that pension reform is a beggar-thy-neighbour policy in
the short run, but that a Pareto improving reform is possible if the size of the
pension scheme in one country is larger than in the other, provided that a fed-
eral government exists which redistributes benefits and losses of the reform
both intergenerationally and internationally. Börsch-Supan et al. (2006)
analyse pension reform in France, Germany and Italy, and present a large
number of future scenarios for five main world economic regions. However,
to our best knowledge, there is no study that analyzes the spillover effects
of (the announcement of) pension reform in a two-sector model. Therefore,
the second question we analyze in this paper is: What are the international
spillover effects of (announcing) a pension reform in a two-sector model where
production factors are not perfectly mobile between sectors in the short run.
In particular, we want to know whether not announcing the reform is also ad-
vantageous for the old generation in the neighbouring country. We show that
this is not the case. Unexpected pension reform leads to a higher inequality in
the neghbouring country, so, while the government in the reforming country
has incentives not to announce a planned pension reform, the neighbouring
country would appreciate such an announcement. Furthermore, this chapter
extends the results of Adema et al. (2009) and Börsch-Supan et al. (2006)
by showing that the short-run international spillover of pension reform may
affect agents working in different sectors in a different way.

The analysis in this chapter builds on the model with two countries, two
overlapping generations, two goods and international trade developed in the
previous chapter. The only difference is that now the tax rate changes instead
of population size. We will briefly indicate the consequences of this for the
model below. For the definitions and necessary equations see Sections 2 and 3
of Chapter 5.

This chapter is organized as follows: Section 2 discusses the effects of
expected and unexpected pension reforms and presents the main results.
Section 3 is devoted to the robustness of the results and Section 4 concludes.
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6.2 Pension reform

In this section we study the effects of pension reform in the Home coun-
try and its announcement on both the Home and the Foreign country. At
t = 0 the government in the Home country reduces the PAYG tax from
τ to τ ′, τ ′ < τ . We consider two cases: expected reform and unexpected
reform. We assume that in both cases labour and capital cannot immedi-
ately change the sector where they are employed, and agents can initially
react by changing their consumption/savings decision only. The effects of
the reform are simulated numerically using the same model and the same
parameter values as in Chapter 5. Taxes before reform in both countries are
equal to τ = τ̃ = 0.3. After the reform, the Home country reduces its tax to
τ ′ = 0.25.

The fact that the tax rate changes instead of population size implies that
in the model presented in Chapter 5 the time-dependence of the parameters in
the first-order difference equation in z(t) ≡ kI(t−1)β/kI(t) that describes the
dynamics of the model changes. In particular, the definition of A(t) in equa-
tion (5.20) changes and now B is also time dependent: A(t) ≡ 1−β

β−α
1−α
2+ρ

β(1−
τ(t− 1)) > 0, B(t) ≡

(
(1 + ρ)(1− α)τ(t)/(2 + ρ) + α

)
(1− β)/(β − α) > 0.

6.2.1 Short run dynamics

Expected reform

In case of an expected reform it is supposed that the reform is announced
one period before its implementation. In this case, actions take place in the
following order:

• Period t = −2: young agents choose in which sector to invest and thus
determine the capital stock for each sector at t = −1;

• Period t = −1:

1. Young agents choose in which sector to work.

2. The reform is announced;

3. Young agents get salaries, pay taxes, make saving/consumption
decisions, trade takes place and the price is realised. The old
generation receives pension benefits and consumes.
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• Period t = 0:

1. Young agents choose in which sector to work.

2. The reform is implemented as expected;

3. Young agents get salaries, pay taxes, make saving/consumption
decisions, the price is realised. The old generation receives pension
benefits and consumes.

So, up to t = −2 z(t) ≡ kI(t−1)β/kI(t) is at its old steady-state value. As
in Chapter 5, z(t) should be at its new steady-state value at t = 1 and z(0)
can be derived from this value using the difference equation for z. However,
if the reform is expected at time t−1, also z(−1) will change (that is kI(−1)
will change as the available amount of capital will be allocated differently
to the two sectors). The value of z(−1) can be derived from z(0) using the
difference equation for z once more. Given kI(−2), z(−1), z(0) and z(1) the
complete time path of kI can be derived.

Unexpected reform

In case of an unexpected reform the reform is announced and implemented
immediately. In this case actions take place in the following order:

• Period t = −1: young agents choose in which sector to invest and thus
determine the capital stock for each sector at t = 0;

• Period t = 0:

1. Young agents choose in which sector to work.

2. The reform is announced and immediately implemented;

3. Young agents get salaries, pay taxes, make saving/consumption
decisions, the price is realised. The old generation receives pension
benefits and consumes.

In this case, z(1) goes to the new steady-state value as before and z(0)
can be derived from this. In contrast to an anticipated change, in case of
an unanticipated shock z(−1) cannot be changed any more and remains at
its old steady-state value. That is, the value of kI(−1) remains unchanged.
Given this value, the values of kI in period 0 and all subsequent periods can
be derived from z(0) and z(1).
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Figure 6.1: Total amount of capital in the union

Figure 6.2: Share of world capital in country H

6.2.2 Simulations results

The reduction of the PAYG contributions in the Home country leads to more
savings in this country, which raises the total amount of capital in the union
(see Figure 6.1).

As the extra savings can only be invested in the Home country, the in-
crease in capital is concentrated in country H (see Figure 6.2). If the reform
is expected, the share of capital in country H at t = 0 rises because young
agents at t = −1, expecting lower pension benefits at t = 0, buy investment
goods from country F. At t = 0, not only expected benefits in country H
are lower but also the tax young agents in this country need to pay is lower.
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Figure 6.3: Share of capital in sector I, country H

This results in even higher savings in country H, which leads to a further
reallocation of the world capital stock. If the reform is unexpected, there is
no “intermediate” step at t = 0 and at t = 1 the share of the world capital
stock in country H jumps to the same level as with an expected reform.

As country H has more capital after the reform and producing investment
goods requires more capital than producing consumption goods, country H
gets a comparative advantage in the production of investment goods. Hence,
the share of capital concentrated in sector I grows for country H. This effect
is shown in Figure 6.3. As the Foreign country can cheaply buy investment
goods it concentrates its capital in the consumption good sector. In the case
of an expected reform there is an intermediate step at t = 0 and when the
reform is unexpected the economy directly jumps to the new equilibrium
at t = 1. As country H specializes in the production of investment goods,
country F specializes in the production of consumption goods. The flow of
capital out of the labour intensive sector in country F is shown in Figure 6.4.
Labour is allocated to the sectors in a very similar way as capital, so we don’t
present the graph.

Figure 6.5 presents the trade flow of investment goods, i.e. the amount of
investment goods produced in country H minus capital used in this country.
In the initial steady state, when the tax rates are equal, there is no trade
between the countries. If the reform is expected, country H starts importing
investment goods at t = −1. In case of an unexpected reform, it starts doing
so one period later. In the subsequent periods, the Home country uses the
higher amount of capital in the country to export investment goods.
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Figure 6.4: Share of capital in sector I, country F

Figure 6.5: Exports of capital-intensive goods: YI(t)−KC(t+ 1)−KI(t+ 1)

If the reform is expected, the demand for the investment goods rises at
t = −1 while supply has not increased yet. Hence, the price of these goods
rises (Figure 6.6). In the subsequent period, production factors are allocated
to sectors in a more optimal way which reduces the price of investment goods
again. Moreover, if agents accumulate more capital, more capital-intensive
investment goods can be produced, and their price falls even more. If the
reform is unexpected, then the price increase of investment goods is larger
because young agents working at t = 0 pay less taxes, so they have more
resources to save and compete for investment goods.
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Figure 6.6: Price of investment goods

Figure 6.7: Effect of pension reform on the utility of individuals in the home
country

Welfare effects

The effects of pension reform on the utility of agents living in country H
is shown in Figure 6.7. The increase in the price of investment goods at
t = −1, when the reform is expected, raises the interest rate in sector I in
terms of consumable goods. We have assumed that all agents within the
country have exactly the same portfolio, so the increase in the interest rate
in one sector makes the old generation at t = −1 (i.e., the generation born
at t = −2) richer. There is also a positive effect on the pension benefit
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this generation receives via the increase of wages in sector I in terms of
consumable goods. Agents born at t = −1 get lower pension benefits when
old, which reduces their lifetime utility. The higher price of investment goods
benefits workers in this sector, but negatively affects those employed in the
consumption good sector. Hence, the negative impact of the reform on agents
working in sector C at t = −1 is larger. The generations born at t ≥ 0 are
better off because of lower taxes.

If the reform is unexpected, the generation born at t = −1 is not aware
of the reform when they are young. This prevents them from competing
for capital. As a consequence, there is no increase in the price of investment
goods at t−1 implying that the generation born at t = −2 does not gain from
a higher interest rate and higher pension benefits when old. This is good for
the generation born at t = −1 as it means that no resources ‘leak’ to the
previous generation. Of course, this generation is still harmed because they
receive lower pension benefits when old, but this negative effect is partly offset
by the fact that competition for investment goods at t = 0 raises the the price
and hence the wages and interest rate in sector I in terms of consumption
goods, which mitigates the losses of the generation born at t = −1. This
competition for investment goods benefits agents of the generation born at
t = 0 working in that sector. But workers in the consumption good sector
are better off as they pay lower taxes.

To conclude, agents born in country H at t = −2, agents working in
sector I at t = −1 and agents born at t ≥ 1 are better off when the pension
reform is expected. However, agents working at t = −1 in sector C suffer
from it very much. The fact that they know about the future reform does not
help them. In fact, their reaction (i.e. the increase in savings) only harms
them as it raises the price of investment goods. So these agents clearly prefer
an unexpected reform. If the government wants to avoid the huge negative
impact on these agents, the reform should not be announced. Of course, in
the case of unexpected reform there is large inequity at t = 0, but all the
agents born at t = 0 are better off. So for all of them pension reform is still
profitable.

Via international trade, changes in the price of investment goods affect
agents living in country F. Just as in the Home country, if the pension reform
is expected, the increase in the price at t = −1 is profitable for the gener-
ation born at t = −2 due to higher interest rates and wages in sector I at
t = −1. Agents born at t = −1 and working in different sectors are affected
differently: sector I gains, and sector C loses. As a part of the investment
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Figure 6.8: Effect of pension reform on the utility of individuals in the foreign
country

goods produced at t = −1 is sold to country H, agents born in country F at
t = 0 suffer from a smaller amount of capital and are worse off. The utility
of subsequent generations increases due to the growth of the world capital
stock. If the reform is unexpected, the effects are qualitatively almost the
same, but one period later. However, there is a quantitative difference. In
this case the changes in the price of investment goods are larger and therefore
the effects on utility are also larger, which leads to more inequality between
agents working in different sectors. So, an unexpected reform is worse than
an expected reform for country F in terms of higher inequality induced by
the reform. Thus, if country H tries to preserve its agents working in the
consumption good sector from a large negative short-run impact, this results
in a larger inequality in the neighbouring country.

6.3 Robustness

As in each model we needed to make a number of assumptions in order to
derive the results discussed above. In this section, we briefly discuss what
would change if other assumptions were made. For example, equalization
of the rates of return may not come from international trade as assumed
here, but from international factor mobility. However, factor mobility and
international trade together make it impossible to derive a unique solution
(see Razin and Sadka (1992) for a more detailed discussion). In our case
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international factor mobility could be implemented by assuming that agents
and capital are immobile between sectors. In this case, the difference in
PAYG taxes after pension reform could lead to a corner solution, similar to
what is discussed by Geide-Stevenson (1998). So, in order to guarantee an
internal solution, we would also need to assume a third, immobile production
factor, such as “land”. In this case, welfare effects would not change very
much qualitatively but there will be quantitative differences. Of course, with
mobile labour, in the long run the utility level in the countries will be the
same, also if a pension reform leads to different tax rates. This implies that
wage rates will be different in the countries. Furthermore, without trade
pension reform would of course not lead to specialization of the countries in
the production of a specific good.

Another important assumption in our model is that production factors
are not mobile between sectors in the short run. If there is international trade
and no international labour mobility, but agents and capital are mobile be-
tween the sectors within their country of origin in the short run, pension
reform induces a specialization of the country exactly like in our model.
However, the welfare effects would be more similar to those in a one-sector
model (see Adema et al. (2009)), making announcement of a pension reform
a good strategy to mitigate the losses of the generation born at t = −1. On
the other hand, if not only migration and capital mobility between sectors
is introduced, but also land is included as a production factor (similar to
Köthenbürger and Poutvaara (2006)), the welfare effects and main conclu-
sions remain the same as in our model. In that case, pension reform (or its
announcement) leads to an increase in the price of land. As the old genera-
tion sells land to the next generation, they benefit from this. If the reform is
expected, these benefits go to the generation born at t = −2, and unexpected
reform mitigates losses of the generation born at t = −1.

If agents supply labour in a more elastic way, we expect agents working in
the investment good sector to increase their labour supply which raises pro-
duction in this sector at the time of the reform or its announcement. However,
agents working in the consumption good sector can increase labour supply as
well. Moreover, as they are worse off compared to the agents working in the
investment good sector, it is likely that they increase their production even
more so that the competition for investment goods can become even more
severe.

Another criticism of the assumptions used in this paper could be that
pension reform is unlikely to be announced one period (which corresponds
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to approximately 35 years) in advance. By the the same token, factor immo-
bility in 35 years is not very realistic either. In this time span agents may
acquire new skills and at least a part of capital may be adjusted for a work
in another sector. However, shortening the length of the period in the model
(and allowing for more overlapping generations) will not qualitatively change
the result. Quantitatively, they will be less pronounced however.

The choice of specific functional forms of production and utility functions
definitely affects dynamics of the models, however, the main result, that
the reforming country has incentives not to announce pension reform, and
neighbouring country appreciates such an announcement does not depend on
a specific functional form.

6.4 Conclusions

This chapter analyzed pension reform in a two-sector, two-country overlap-
ping generations model where production factors are not mobile between
sectors in the short run. The first result of this analysis is that the govern-
ment in a country that plans to reform its pension scheme has incentives not
to announce this pension reform because the reactions of agents who will be
harmed most by the reform harms these agents even more. Agents, expecting
a reduction of pension benefits in the next period will to save more. However,
competition for investment goods increases their price in the short run. This
is beneficial for the agents working in investment goods sector, but has ad-
verse effects on the others. At the same time, for the neighbouring country
it is better if the reform is announced in advance, because an unexpected
reform causes larger inequality in utility between agents working in different
sectors.

The second result shown in this paper is that a pension reform leads to
specialization and trade. At the time a pension reform is announced (or an
unexpected reform is performed) the reforming country starts importing in-
vestment goods. However, in later periods capital and labour in the reformed
country flow to the capital intensive investment good sector so the country
specializes on the production of these goods and exports them. In reaction,
the neighbouring country specializes in the production of labour intensive
consumption goods.

A third result is that agents working in different sectors are affected dif-
ferently by a pension reform. Both in case the reform is expected and when
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it is unexpected, a pension reform is better for the agents working in the cap-
ital investment good sector, since the price of these goods rises in the short
run. Changes in the price of investment goods raise the return to capital in
this sector, which augments utility of the old generation. If the reform is ex-
pected one period in advance, these benefits go to the generation that is old
at the time of the announcement. If the reform is unexpected, these benefits
mitigate the losses of the generation which is harmed by the reduction of the
pension benefits.

Finally, we illustrate the international spillover effects of pension reform.
At the time the reform is announced or unexpectedly implemented these
effects are positive for the old generation in the neighbouring country because
it earns a higher return on their savings and receives higher pension benefits.
The spillover effects are also positive for young agents working in the capital
investment good sector, but agents working in the consumption good sector
are affected negatively. In the long run, all agents in the neighbouring country
are better off because of the pension reform.
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