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Abstract
Population ageing and pension reform will have profound effects on international 

capital markets. First, population ageing alters the time path of aggregate savings 
within individual countries. Second, this process may be amplifi ed when a pension 
reform shifts old-age provision towards more pre-funding. Third, while the patterns 
of population ageing are similar in most countries, timing and initial conditions differ 
substantially. Hence, to the extent that capital is internationally mobile, population 
ageing will induce capital fl ows between countries. All three effects infl uence the 
rate of return to capital and interact with the demand for capital in production as 
well as the supply of labour.

In order to quantify these theoretical effects, the Mannheim Research Institute 
for the Economics of Aging (MEA) has developed a computational multi-country 
overlapping generations (OLG) general equilibrium model. We feed this model 
with detailed long-term demographic projections for seven world regions and 
compute the time paths of saving, capital fl ows and returns to productive capital 
as demographic change proceeds. Our simulations indicate that capital fl ows from 
fast-ageing regions to the rest of the world will initially be substantial but that 
trends are reversed when households decumulate savings. We also conclude that 
closed-economy models of pension reform miss quantitatively important effects of 
international capital mobility.

As an alternative, we also present econometric results from a panel of national 
time series in which saving rates, rates of return and international capital fl ows are 
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related to anticipated demographic change. These estimates support the results from 
the multi-country OLG model.

1. Introduction
Populations in the G-20 countries are ageing. This demographic change will 

continue well into the 21st century. While population ageing is common to all G-20 
countries, its extent and timing differs substantially between countries. Demographic 
change will alter the time path of most aggregate macroeconomic variables, including 
growth, savings and investment. In a world of closed economies, differences in 
demography will generate differences in growth, saving and investment rates 
between countries. Differences across countries are likely to be accentuated when 
some countries implement fundamental pension reforms – that is, shifts towards 
more pre-funding, induced by the effects of population ageing on public pension 
budgets – and others do not.

In reality, we do not live in a world of closed economies. To the extent that 
capital is internationally mobile, population ageing will induce capital fl ows 
between countries. These capital fl ows will modify the effects of population ageing 
and pension reform in each county vis-à-vis a world of closed economies. Global 
capital fl ows will affect saving rates, accumulated capital stocks, capital holdings 
and – signifi cantly for the so-called ‘asset-price meltdown’ debate – rates of return. 
It is commonly argued that these international capital fl ows will help to attenuate 
cross-country differences. From the perspective of the G-20 countries, they are 
therefore a welcome mechanism to alleviate the pressures of population ageing.

The core of this paper presents a quantitative analysis of the capital and labour 
market effects of different ageing processes and pension reforms across countries, with 
a particular focus on international capital fl ows. To this end, we present simulation 
results from a stylised multi-country overlapping generations (OLG) model called 
MEA-OLGA (see Börsch-Supan, Ludwig and Winter 2002, 2004, forthcoming), 
which projects macroeconomic aggregates such as international capital fl ows over 
a 70-year horizon, using long-term demographic projections for different sets of 
countries and regions. Although all countries and regions are modelled symmetrically 
as large open economies, our discussion focuses on continental Europe, for two 
reasons. First, it is one of the regions most severely affected by ageing and, second, 
its pension systems are still dominated by relatively generous pay-as-you-go (PAYG)-
fi nanced public pensions.

The simulation results are then compared with an econometric analysis 
(Lührmann 2006) that uses past international capital fl ows and their dependence 
on past and expected demographic changes to project future international capital 
fl ows.

The analyses in this paper are related to several recent papers that compare 
implications for capital fl ows predicted by OLG models with actual current 
account data (for example, Brooks 2003; Feroli 2003; Henriksen 2002; Domeij and 
Flodén 2006). In common with our fi ndings, these papers show that calibrated OLG 
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models can explain a good fraction of the low-frequency movements of international 
capital fl ows observed in the data. We further show that the existence of PAYG 
pension systems in different world regions adds an additional, indirect, channel 
to the interaction between capital fl ows and demographic change. This channel is 
of particular importance if countries severely affected by the impact of population 
ageing, such as the continental European countries, reform their pension systems.

This paper also adds to the discussion about the so-called ‘asset-price meltdown’ 
hypothesis. Several articles in the popular press have attributed recent turbulence in 
stock market prices to population ageing and raised the prospect that an asset-price 
meltdown might occur when the baby boom generation decumulates its assets. In the 
academic literature, there is no consensus on the asset-price meltdown hypothesis 
(see, for example, Poterba 2001; Abel 2001, 2003; Brooks 2002). According to our 
view, the closed-economy models often used in the academic literature miss the 
important infl uence of international capital fl ows on domestic asset prices. We show 
that, because of international diversifi cation, the dynamics of capital accumulation 
and rates of return in open-economy models are different from what would be 
predicted by closed-economy models. One of the main goals of this paper is to 
analyse and quantify these mechanisms. 

Finally, this paper sheds light on the effects of international diversifi cation on saving 
behaviour and its interaction with pension reforms. This topic has received increasing 
attention as the pension reform debate has progressed. For example, Deardorff (1987) 
contains an early analysis and Reisen (2000) provides a comprehensive overview of 
these issues. Reisen argues that there are pension-improving benefi ts of global asset 
diversifi cation. In a theoretical paper, Pemberton (1999) highlights the importance 
of international externalities caused by the effects of national pension and savings 
policies on the world interest rate.

Our results, from simulations as well as econometric estimates, show that capital 
fl ows due to population ageing will be substantial. Population ageing results in 
decreases in saving rates when the baby boomers decumulate their assets. International 
capital fl ows follow this trend. The countries and regions most affected by ageing, 
such as the European Union, will initially export capital, while countries less affected 
by ageing, like the United States and other OECD regions, will import capital. 
However, since older households decumulate their assets, capital exports from these 
fast-ageing countries will eventually decrease; around the year 2020 fast-ageing 
countries are projected to become net capital importers. Pension reforms encouraging 
higher degrees of pre-funding are likely to induce more capital exports. They also 
increase the  supply of labour considerably, while the effects on the rate of return 
to capital are small. While the rate of return is projected to decline in response to 
population ageing, we cannot fi nd a convincing case to project a devastating ‘asset-
price meltdown’.

The rest of the paper is structured as follows. Section 2 begins with a short 
review of the asset-price meltdown debate. Section 3 presents empirical evidence 
on, and theoretical explanations for, the effects of population ageing on international 
capital fl ows. In Section 4, we present a multi-country OLG model that allows us 
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to evaluate these effects quantitatively. Section 5 contains our fi rst set of results: 
simulations of international capital fl ows, saving rates and returns to productive 
assets for several pension policy and capital mobility scenarios. Section 6 presents a 
sensitivity analysis. Section 7 compares the OLG results with econometric evidence 
derived from a panel of national time series. Section 8 concludes.

2. The Asset-price Meltdown Debate
The effects of population ageing on the markets for real and housing capital are 

complex and can only be understood in a general equilibrium context. If elderly 
people save less than younger people, an ageing society saves less. By itself, this 
should increase interest rates since the supply of funds gets tight. At the same time, 
however, the size of younger generations becomes ever smaller, so there is also less 
demand for new investment. The overall effect is thus uncertain.

Pessimists believe in the so-called ‘asset-price meltdown’ hypothesis: households’ 
demand for fi nancial assets will plummet between 2030 and 2040, when the baby 
boomers retire and die. As a consequence asset values will collapse and the return 
on fi nancial investments will fall sharply.

Optimists stress economic mechanisms which soften or even reverse the negative 
impacts of ageing on capital markets. One such important counter-mechanism is 
an ageing society’s need for capital as a substitute for increasingly scarce labour. 
This rising demand for physical capital increases the return to capital at exactly the 
same time as pessimists fear the prospect of an asset-price meltdown.

A spectacular fall in the price of assets as a result of demographic change was 
fi rst predicted in 1989 by Mankiw and Weil (1989) in the context of the real estate 
market in the United States. In theory, returns to real estate should be more affected 
by demographic change than returns to physical capital because there is much less 
room for international diversifi cation and because housing cannot substitute for 
scarce labour. Mankiw and Weil used cross-sectional data on real estate assets from 
the 1970 US Census to develop an age profi le of the demand for property. Their 
demand forecast is based on the assumption that this age profi le remains constant 
and it is only the size and age structure of the US population that will change. Based 
on the historical correlation between the growth in demand for housing with the 
price index for investment in residential buildings, Mankiw and Weil conclude 
that the demand for residential property must increase by approximately 1.5 per 
cent per year to keep prices constant. However, the demographically controlled 
demand variable shows consistently lower growth rates for the period 1990–2010. 
They conclude that this forecast discrepancy exercises enormous price pressure on 
the residential property market. The point estimate by Mankiw and Weil implies a 
47 per cent price fall within 20 years.

The study sparked a lively debate, which ultimately cast considerable doubt 
on the forecasts of Mankiw and Weil (1989, 1992). Woodward (1991) grouped 
together the main points of criticism in the fi rst series of responses refuting the 
study. In this volume, both Hamilton (1991) and Hendershott (1991) noted that the 
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estimates of Mankiw and Weil imply that, even if demand remains at a constant 
level, house prices would fall by 8 per cent. This implausible linear time trend has 
a much greater infl uence on the forecast than the decline in the annual growth of 
demand from 1.6 per cent at the start of the 1980s to around 0.6 per cent in 2000. 
Swan (1995) argues that not only were the effects of a long-term rise in real income 
completely ignored but the supply side of the residential property market was also 
not taken into account.

Engelhardt and Poterba (1991) also cast doubt on the fi ndings of Mankiw and 
Weil. They provide an equivalent analysis for Canada, a country with demographic 
trends that largely mirror those in the US. The age profi le of real estate assets in 
Canada also broadly corresponds to the equivalent profi le in the US. In spite of this, 
Engelhardt and Poterba cannot fi nd any similar infl uence of demography on house 
prices in Canada along the lines identifi ed by Mankiw and Weil for the US.

More recent research highlights the importance of income and cohort effects. 
Mankiw and Weil’s use of cross-sectional data to analyse the demand for residential 
property over the life-cycle ignores the effects of income and age cohort groups, 
which have proved to be very important in quantitative terms. In cross-sectional 
data (that is, data from many people observed at a single point in time), it is not 
possible to determine whether the elderly save more than the young, for example, 
because they are old (the age effect) or because they were born a long time ago 
at a time when, for instance, thrift was considered to be particularly virtuous (the 
cohort effect).

If one applies this approach to demand for residential property, it is impossible 
to tell whether an old person uses a small amount of living space because they do 
not need a large apartment when they are old or whether they do not have a large 
apartment in old age because when they purchased their apartment they did not 
have enough real income to afford a large apartment. In their analysis, Mankiw 
and Weil present the cross-sectional profi le of real estate assets in 1980 by way of 
comparison. However, the assets values of census data in 1980 were, on average, 
more than 50 per cent above the 1970 sample group for each age group. When it 
comes to using demand profi les for fairly long-term forecasts, a difference of this 
order of magnitude shows the quantitative signifi cance of income-related effects 
and other cohort effects more generally. The increase in the value of asset profi les 
for all age groups between 1970 and 1980 illustrates the extent to which the demand 
for real estate could also change in the future. 

Studies from the US that adopt a more careful approach than Mankiw and Weil 
verify that, for just these reasons, the estimates of age-specifi c demand for residential 
accommodation are distorted and a possible ‘asset-price meltdown’ effect is greatly 
exaggerated – for example, see Venti and Wise (1990), McFadden (1994) and Skinner 
(1996). Börsch-Supan, Ludwig and Sommer (2003) apply a similar approach for 
Germany and obtain similar results, although Germany ages faster than the US.

The ultimate judge, of course, is time. Hence it is worth noting that the forecast 
‘asset-price meltdown’, which should have occurred between 1990 and 2010 in 
the US, has simply not occurred (as of September 2006), neither during the boom 
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in equity markets (which is easy to explain), nor since the bubble burst (which is a 
more signifi cant refutation of Mankiw and Weil’s claim).

Turning to productive capital, the most familiar study based on empirical data of 
saving behaviour over the life-cycle is the analysis by Poterba (2001). He derives 
a demand variable from the shift in the age structure of the population, which is 
produced from an estimated life-cycle savings profi le. In contrast to Mankiw and 
Weil, Poterba estimates the demand from the various age classes in a model which 
permits explicit cohort effects. The estimated asset profi le in old age is largely fl at – a 
result that had already been documented by other authors. Poterba also incorporates 
a series of other demographic variables that can explain the accumulation of savings 
in a society. Using a long time series he fi nds hardly any indication that demography 
infl uences returns to equity and only minimal indications of such infl uences on the 
market for interest-bearing securities. The only variable for which Poterba found 
demography had historical infl uences was the price-earnings ratio of equities, and 
even here the relationships are not stable. Poterba concludes that a demographically 
induced fall in asset prices, as predicted by Mankiw and Weil for the real estate 
market, is extremely unlikely.

Abel (2001) is critical of Poterba’s analysis. He sets up a theoretical model in 
which households are interested in the well-being of their heirs and thus possess a 
bequest motive. He shows that it is entirely possible for an asset-price meltdown 
to be consistent with a fl at asset profi le in old age. Although the older generation’s 
demand for capital is not falling, a demographically induced fall in prices could occur 
through lower saving by the younger generation. However, there is no evidence that 
inheritances will fall with the number of children. Abel’s theoretical countermechanism 
to Poterba’s analysis thus seems to be of little empirical relevance.

3. Population Ageing and International Capital Flows
Throughout the world, demographic processes are determined by a demographic 

transition characterised by falling mortality rates followed by a decline in birth 
rates, resulting in population ageing and a fall in the population growth rate (in 
some countries, even turning it negative). While demographic change is occurring 
in almost all countries, its extent and timing differ substantially. Europe and some 
Asian countries have almost passed the closing stages of the demographic transition 
process while Latin America and Africa are only at the beginning stages (Bloom 
and Williamson 1998; UN Population Division 2001).

From a macroeconomic perspective, population ageing will change the balance 
between capital and labour, particularly in industrialised countries. Labour supply 
will become relatively scarce whereas capital will become relatively abundant. This 
will drive up wages relative to the rate of return to capital, reducing households’ 
incentives to save (if the interest elasticity of saving is positive). In addition, a 
decreasing labour supply reduces the demand for investment goods since less capital 
is needed to achieve any given capital-labour ratio.
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From a microeconomic point of view, the life-cycle theory of consumption and 
savings (Modigliani and Brumberg 1954; Ando and Modigliani 1963) predicts that 
saving rates will decline as individuals enter old age. The aggregation of individual, 
cohort-specifi c life-cycle savings profi les therefore leads to a decrease of national 
saving rates in an ageing economy. In a general equilibrium model of forward-
looking individuals, it is not only the current demographic structure that alters the 
time path of aggregate savings, but also future demographic developments. In a 
closed economy, a decline in national saving leads to a decline in investment by 
defi nition. In an open economy, the link between these two aggregates is broken to 
the extent that capital is internationally mobile.

Empirical evidence lends support to these theoretical mechanisms, as discussed 
in the paper by Poterba (2001). Following earlier work by Higgins (1998) and 
others, Lührmann (2006) investigates whether demography infl uenced international 
capital fl ows in the past, using a broad panel of 141 countries over the period 
1960–1997. She confi rms that cross-country capital fl ows are indeed infl uenced 
by current demographic variables. Moreover, she shows that future changes in 
population age structures are important determinants of current saving and investment 
decisions, suggesting that households respond to changes in demography in a 
forward-looking manner.

The extent to which population ageing induces international capital fl ows depends 
crucially on the degree of capital mobility. There has been no shortage of empirical 
research on this issue since the famous puzzle of Feldstein and Horioka (1980).2 
In their original contribution, Feldstein and Horioka show that national saving and 
investment rates are highly correlated in virtually all OECD countries. While the 
correlations have fallen over time, they are still remarkably high in many countries. 
These fi ndings have been interpreted as an indication that capital is imperfectly 
mobile. However, there exist several alternative explanations for the observed 
correlation. For example, high correlations between saving and investment rates are 
consistent with perfect capital mobility in a growth model with demographic change 
and technological progress, as pointed out by Obstfeld (1986) (see also Baxter and 
Crucini 1993; Taylor 1994; Obstfeld and Rogoff 1996, 2001). 

Even if capital is fully mobile, this does not necessarily imply that households 
diversify their portfolios optimally. There is a large empirical literature on ‘home 
bias’ in international portfolio choice (for example, French and Poterba 1991). 
Portes and Rey (2005) suggest that information asymmetries across countries are 
a major source of home bias and that geographic and informational proximity both 
affect international capital fl ows. Applied to pension reform policies, this literature 
suggests that households might be more willing to invest their retirement savings in 
‘similar’ countries. In the case of European households, this could result in a preference 
for investing in the EU or OECD countries rather than in developing countries.

The background facts and empirical insights from this section motivate our 
modelling strategy, which is detailed in the following section, including our 
calibration choices.

2. See Obstfeld and Rogoff (1996) and Coakley, Kulasi and Smith (1998) for surveys of the 
literature.
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4. A Dynamic, Open-economy Macroeconomic Model
The previous sections have shown that savings, capital returns and international 

capital fl ows are the outcome of complex interactions between supply and demand 
in domestic and international capital markets. These interactions also depend on 
demographic factors. One actually needs a simulation model in order to understand 
these equilibrium effects since relative quantities matter even for qualitative results. 
This section, based on Börsch-Supan et al (2002, 2004, forthcoming) determines 
the general equilibrium by drawing on an OLG model of households. Such OLG 
models have a long tradition. The theory underpinning these models was developed 
by Samuelson (1958) and Diamond (1965). This was extended by Auerbach and 
Kotlikoff (1987) who, for the fi rst time, used an OLG model in a near-reality 
computer simulation. The MEA-OLGA simulation model, on which the results of 
this section are based, was the fi rst such model that is not restricted to one country 
but also covers international trade and capital movements. Details, including a 
mathematical description, of the latest version of the MEA-OLGA model can be 
found in Börsch-Supan et al (forthcoming). Here we limit ourselves to describing 
the essential mechanisms and equations for this model. It should be noted that this 
model takes a long-term perspective and thus abstains from all short-term Keynesian 
considerations. An important implication of this is that exchange rates have no role 
to play in our economic model.

4.1 How households behave
The households in the MEA-OLGA model offer a fi xed amount of work. They 

divide their income between consumption and saving but here we only map long-term 
saving decisions, that is the savings that are required to compensate for the drop in 
income upon retirement. The accumulation of savings is therefore determined by 
the life-cycle hypothesis in which a household does not apportion its income into 
consumption and saving each year but rather over a time scale that depends on the 
household’s discount rate. Consumption in period t, C

t
, is smoothed according to this 

long-term plan so that it greatly depends on consumption in the preceding period, 
C

t–1
. Impatient consumers (whose discount rate, ρ , exceeds the market interest 

rate, r
t
) initially consume a large amount. In contrast, patient households (whose 

discount rate is lower than the market rate) initially save a lot. The development 
over time of consumption is described by the following simple equation in which 
the ratio between the discount rate and the market interest rate is weighted by the 
parameter σ:
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This consumption equation also implicitly describes the saving decision because 
current income minus current consumption expenditure gives the value of saving. 
This is added to the stock of current assets (plus interest) to obtain the next period’s 
stock of assets:
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In many countries, PAYG retirement insurance schemes have a crucial infl uence 
on saving decisions because they form a major source of income during retirement. 
This is supplemented by cashing-in household savings (in the case of Germany, 
this may include income from ‘Riester pensions’). Our model only maps long-term 
savings in the form of provisions for old age. If the PAYG retirement insurance 
scheme is so generous that pensions replace 100 per cent of pre-retirement income, 
no long-term saving occurs in our model. If, at the other extreme, the level of the 
public pension falls to zero, all income in old age must be provided by private 
savings, and consumption is correspondingly lower in younger years.

Savings are invested in productive capital. These investments can either occur 
domestically or abroad. The model assumes that capital moves to where the returns, 
after accounting for risk and tax, are the highest and that international capital fl ows 
will continue until these returns are the same in all countries.

4.2 Production, capital markets and overall economic balance
On the production side, capital and labour are used as substitutes so that wages 

correspond to marginal labour productivity and capital returns correspond to marginal 
capital productivity. Production is described by a Cobb-Douglas production function, 
which converts L

t,i
 and capital K

t,i
 into units of goods and services, measured as 

gross domestic product (GDP), Y
t,i
. The indices t, i and a stand for year, country 

and age, respectively.
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All countries have the same production technology, F, but labour productivity, 
Θ

t i, , varies. Also, the entire workforce L
t,i
 is composed of the various age groups, L

t,a,i
, 

whose age-specifi c productivities, ε
a
, correspond to the average wage profi le.3

The different productivity levels, Θt i, , correspond to the different per capita 
GDPs. The available quantity of labour supplied by individuals in each age group, 
L

t,a,i
 is derived from the demographic assumptions.4

Wages and interest rates are determined by labour productivity and capital 
productivity, respectively. In particular, the interest rate is equal to the marginal 
productivity of the capital deployed minus the rate of depreciation δ:5

 r f k
t i t i,

'
,

= ( )−δ

Domestic investment is defi ned as the net change in the domestic capital stock:

 I K K
t i t i t i, , ,

= − −( )+1
1 δ

3. Rising until the age of 55 and then constant.

4. See Börsch-Supan et al (2003) for a description of these.

5. More precisely, it is the marginal productivity of capital deployed per effi ciency unit of work, 
k K L

t i t i t i t i, , , ,
= ( )Θ . The depreciation rate δ is assumed to be constant and uniform across 

countries.
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Capital K
t,i
, which is used in country i for production, does not have to correspond 

to the assets that the inhabitants of that country have accumulated and which we 
have described as A

t,i
. The difference

 V A K
t i t i t i, , ,

= −

represents the net foreign asset position of domestic residents. If a country saves more 
than it invests, capital fl ows abroad – for instance, in the form of direct investments 
– until returns, adjusted for risk and tax, have converged in all countries. A country’s 
current account balance is therefore

 CA S I
t i t i t i, , ,

= −

If one takes all the regions of the world together, both the international capital 
fl ows and the net external positions of the various countries must cancel each other 
out, because the regions of the world form a closed economy. This provides the key 
condition for the equilibrium of international trade in our model; that is:

 V
t i

i

R

,
=

∑ =
1

0

The MEA-OLGA model parameters are calibrated so as to match the overall 
economic pattern in Germany from 1970 to 1995. The relevant parameters are listed 
and explained in Börsch-Supan et al (forthcoming).

4.3 How international capital movements are modelled
We fi rst applied the MEA-OLGA model to three scenarios for capital mobility: 

fi rstly, to Germany as a closed economy; secondly, to Germany as an open economy 
with perfect capital mobility within the countries of the EU; thirdly, with perfect 
capital mobility within the countries of the OECD. Although perfect capital mobility 
within the OECD may not occur, this is probably a reasonable assumption for 
the EU, because most capital fl ows occur within the euro area where there is free 
movement of capital. Focusing on euro-area economies allows us to ignore the 
impact of exchange rates in the MEA-OLGA model. Even in broader scenarios, this 
assumption may be reasonable as the model describes very long-term trends in capital 
movements. Short-term exchange rate movements induce fl ows of capital which, 
although considerable, are of short duration and of less interest to us. Long-term 
exchange rates and capital fl ows are, however, determined jointly by fundamental 
variables, such as demography and overall economic development.

4.4 How further capital is accumulated as a result of old-age 
provision

We mapped the potential scope for the development of pension insurance with 
two scenarios. The fi rst scenario (‘retain PAYG systems’) assumes that countries 
retain PAYG pension systems providing replacement rates of approximately 70 per 
cent of pre-retirement income (roughly equivalent to the situation in Germany before 
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the ‘Riester reform’. In this scenario, contribution rates increase from 19.5 per cent 
to 25.7 per cent in the year 2030 to fi nance ageing-related additional costs. We call 
the second scenario the ‘freezing model’. This systematic reform model stabilises 
the contribution rate at 19.5 per cent, so that the PAYG replacement rates fall to just 
under 51 per cent. At the same time, overall retirement incomes remain constant 
via a gradual transition to a pension system based on a substantially higher funded 
component. These are obviously two extreme scenarios. In most countries, political 
pressures will not permit a situation where contribution rates rise to almost 26 per 
cent. However, it is also unlikely that contribution rates can be frozen, so the most 
probable social policy development will be for systems to fi nd a balance between 
these two extremes.

4.5 Calibration
In order to capture projected international differences in demographic characteristics 

and the generosity of public pension systems, we distinguish seven world regions 
in the benchmark scenario: (i) France, (ii) Germany and (iii) Italy as three large 
European countries severely affected by population ageing, (iv) the remainder of 
the European Union, (v) North America (the US and Canada), (vi) remaining OECD 
countries, and (vii) all other countries in the world. While we treat France, Germany 
and Italy as separate regions in the simulations, we simplify the presentation of most 
of our simulation results by aggregating them into a combined France-Germany-
Italy (FGI) region.

Our demographic model for these regions is calibrated to fi t UN Population 
Division (2001) projections. These projections end in 2050. Between 2050 and 
2100, we continue the linear increase in life-expectancy assumed by the UN and 
impose constant fertility rates at the levels reached in 2050. During the phase-out 
period of the model beyond 2100, demographic processes adjust so that stable 
populations are reached by 2200.6

PAYG pension systems are calibrated with data on replacement rates taken from 
Palacios and Pallarès-Miralles (2000) and employees’ social security contributions 
taken from the OECD (2001). We solve for equilibrium contribution rates using 
the PAYG budget constraint.

Further parameters of the model describe the households’ preferences, the 
parameters of the production function and the age-specifi c productivity profi le. For 
the latter, we use the cohort-corrected non-linear regression estimates by Fitzenberger 
et al (2001). This provides us with a representative age-wage profi le that peaks at 
the age of 55 and then decreases slightly.

With two exceptions, technological and preference parameters are assumed 
to be constant and equal across all countries. The values of these parameters are 

6. Population data for 1950–2050 are given at an annual frequency for fi ve-year age groups. Further 
input data such as age-specifi c mortality rates, life expectancy and aggregate migration are only 
provided at quinquennial frequency. We interpolate between age groups and time intervals and 
‘backfi t’ our population model to the UN population data for the time period 1950–2050.
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standard in the literature and summarised in Table 1. The annual growth rate of 
labour productivity, g, is set to 1.5 per cent, which is slightly higher than the value of 
1.4 per cent suggested by Cutler et al (1990) and closer to the long-run projections 
suggested by the OECD. The capital share parameter, α, is set to an intermediate 
value of 0.35. The annual depreciation rate of capital, δ, is assumed to be 5 per 
cent per year.

The adjustment cost parameter, ψ, is set to the value of 1.5 and results in a steady-
state value of Tobin’s q of 1.0975, which is in the middle of the values used in the 
literature. As we show in an extensive sensitivity analysis (Börsch-Supan et al 2004), 
adjustment costs allow us to study the time paths of the price of capital, but otherwise 
do not affect the long-run equilibrium results.

The rate of time preference in all countries, ρ , is set to 0.01, which is close to 
the estimate of 0.011 in Hurd (1989). With this choice – and given all the other 
parameter values – our calibrated model produces an average capital-output ratio 
of about 2.9 for the ‘European Union’ region over the period 1960–2001. While 
comparable capital-output ratios for a large cross-section of countries are not available, 
a value of 2.9 is reasonable for many countries (OECD 2004). The coeffi cient of 
relative risk aversion, σ, is set to 2, which is within the standard range of 1 and 4. 
We follow Altig et al (2001) in choosing the value for the intratemporal substitution 
elasticity ξ γ= +( ) =1 1 0 8. .

Levels of total factor productivity, Θi , vary across countries and are calibrated 
such that the model replicates output data in each country for the period 1960–2001.7 
The relative preferences for consumption and leisure in households’ utility functions 
vary across countries and ages such that the simulation model approximately 
replicates aggregate labour supply as well as labour supply profi les across ages in 
each country for the period 1960–2001.

A fi nal remark concerns the initial values of the model for the year 2002 under 
the different capital mobility scenarios. Conceptually, it is problematic to simulate 

7. Since there is no government consumption in the model, we defi ne output as the difference between 
actual GDP and government consumption.

Table 1: Calibration of Parameters in the Overlapping Generations Model

α: output share of capital in the CES production function 0.35
g: growth rate of labour productivity 0.015
δ: depreciation rate of capital 0.05
ψ: adjustment cost parameter 1.5
ρ: rate of time preference 0.01
σ: coeffi cient of relative risk aversion 2
ξ: intratemporal substitution elasticity 0.8
Θ

i
: technology level 0.05–0.07

ω
i
: consumption share parameter 0.535–0.665

Δω
i
: increment of consumption share parameter 0.015–0.02
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a calibrated macroeconomic model under policy scenarios other than the one for 
which it was calibrated. In our case, the world for which we calibrate the model 
changes with the number of regions considered in the capital mobility scenarios. 
On the one hand, it would make sense to adjust the calibration parameters each time 
we change the number of regions that we consider. On the other hand, this would 
change households’ reactions to changes in policy and it would therefore be more 
diffi cult to interpret our results with respect to a reform of public pension systems. 
Since we are primarily interested in the reaction of households to demographic 
change and fundamental pension reform, we hold parameter values constant across 
all capital mobility scenarios. We calibrate the model under the assumption that the 
‘OECD’ capital mobility scenario correctly refl ects the ‘true’ world and therefore that 
all other capital mobility scenarios are ‘counterfactual’ worlds. The careful reader 
will note that this procedure results in differences in the values of the simulated 
variables in 2002, the base year of our simulations.

5. Simulation Results for Alternative Pension and 
Capital Mobility Scenarios

In this section we present our main results: how will demographic change affect 
key macroeconomic variables? Since the speed and extent of demographic change 
varies across the world, we would observe different rates of return to capital in each 
region if the regions were closed economies. 

In a world of open economies, however, differences in rates of return will induce 
international capital fl ows until returns are equal, allowing for tax and risk, in all 
regions. In order to illustrate the infl uence of capital mobility across regions, we 
build four capital mobility scenarios focusing on their impacts on the three largest 
economies in continental Europe (France, Germany and Italy). The fi rst scenario 
corresponds to a situation where France, Germany and Italy can invest only in 
each other. The other three capital mobility scenarios open this closed economy 
up sequentially: France, Germany and Italy diversify their investments (i) across 
all countries of the EU, (ii) across all OECD countries, and (iii) across the entire 
world. The results in Figures 2–5 display lines representing these alternative 
capital mobility scenarios. The benchmark scenario assumes that capital mobility 
is restricted to the OECD area.8

In addition to these direct effects of demographic change, there are indirect effects 
due to the presence of (partially) PAYG-fi nanced social security systems. In order 
to separate the direct effects of population ageing on capital markets from potential 
feedback effects due to the existence of pension systems and pension reform, 
we present our main results under two hypothetical pension policy scenarios (as 

8. We choose this scenario as our benchmark for two reasons. First, as noted in Section 2, there is a 
broad consensus that capital mobility is greater among OECD countries than it is between developed 
and developing countries. Second, adding the additional countries of the ‘rest of the world’ region 
does not substantially affect patterns of aggregate variables because roughly 80 per cent of world 
GDP is produced in the OECD.
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described above): (a) an ‘old system scenario’ in which FGI maintain their existing 
current generous public pension systems; and (b) a ‘reform scenario’ that introduces 
a transition to a partially funded pension system by freezing contribution rates in 
these three countries. The other regions’ pension systems remain unchanged. By 
comparing these two extreme scenarios, we can show that a good portion of the 
capital market effects of population ageing arise even without fundamental pension 
reform. Accordingly, the fi gures below have two panels. The top panel corresponds 
to the ‘old system scenario’, that is, the direct effects of demographic change and the 
lower panel shows the differences between these two scenarios, that is, the indirect 
effects of a fundamental pension reform (which is in turn driven by the pressures 
of demographic change).

The interplay between these direct and indirect effects of population ageing on 
macroeconomic variables is complicated because they involve changes in levels 
and trends. Direct level effects are due to differences in the levels of working-age 
population ratios across countries. Younger economies, that is, economies with higher 
working-age population ratios, have higher marginal productivities of capital that 
will be arbitraged away by international capital fl ows. Direct trend effects are related 
to the speed of demographic change and affect the dynamics of macroeconomic 
variables. As working-age population ratios decrease, capital-output ratios increase 
and both the rates of return and saving rates decline. 

The indirect effects of PAYG-fi nanced pension systems are due to the ‘crowding-
out’ effect that the provision of old-age pensions has on private saving and the 
corresponding distortionary taxation of labour income. By crowding out private 
savings, the indirect level effect of a PAYG-fi nanced pension system works in the 
opposite direction to the direct effect of demographic change. That is, relative to 
a situation without PAYG-fi nanced pension systems, the indirect effect decreases 
the differences in saving rates and rates of returns between countries. The indirect 
trend effect occurs because, over time, old-age dependency ratio increases force 
contribution rates to PAYG pension systems to increase (since PAYG replacement 
rates are taken as given). The indirect trend effect is stronger in (older) regions that 
are currently ageing more rapidly and so are more severely affected by the impact 
of demographic change. 

In order to illustrate the complex interactions between direct and indirect level and 
trend effects, the presentation of our results proceeds in several steps. Throughout, we 
focus on the economic consequences of ageing and of fundamental pension reform 
on the continental European region consisting of France, Germany and Italy. As our 
point of departure, we analyse the impact of exogenous demographic change on 
working-age populations and old-age dependency ratios. We then analyse the two 
ways in which households react to demographic change and fundamental pension 
reforms by examining how labour supply and saving patterns are affected. We next 
turn to the fi rm sector and analyse the evolution of wage rates and the return to 
capital as well as the price of capital, represented by Tobin’s q. Then we focus on 
the differences between national saving and investment that generate international 
capital fl ows and describe how they are affected by demographic change. Our results 
demonstrate the potential for substantial fl ows between, and within, the different 



146 Axel Börsch-Supan

regions of the world. To highlight this aspect, we present results on saving patterns 
and international capital fl ows for France, Germany and Italy. We conclude this 
section with a brief welfare analysis for households living in Germany.

5.1 Point of departure: demographic change
Figure 1 shows the effects of demographic change on two central demographic 

measures – the share of persons of working age (15–65 years) out of the total 
population, and the old-age dependency ratio (the number of persons older than 65 
as a share of the working-age population).

Figure 1: Projections of Demographic Change for
Five Different World Regions

Note: This fi gure shows projections of the ratios for working-age population (the number of people 
aged 15– 65 as a percentage of total population) and old-age dependency (the number of 
people aged 65+ as a percentage of the working-age population).

Sources: Börsch-Supan et al (forthcoming); UN Population Division (2001)
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A number of lessons can be drawn from these measures. First, all world regions 
are affected by demographic change: the proportion of persons of working age 
will decrease and the old-age dependency ratios will increase. Second, while the 
shares of persons of working age were similar in 2000 among OECD countries, 
they are projected to diverge in the decades ahead. The decrease in the share of 
persons of working age is strongest in the EU, especially among France, Germany 
and Italy. Third, these three countries are also projected to have the highest old-age 
dependency ratios. Fourth, there are signifi cant differences in the timing and pattern 
of demographic change across regions. As we will see, these different patterns 
have profound implications for the evolution of saving rates, rates of return and 
international capital fl ows.

5.2 Labour supply, contribution and replacement rates
These demographic changes have immediate effects on labour supply and the 

sustainability of pension systems. Labour supply shares in France, Germany and 
Italy are projected to decrease from 42 per cent currently to below 36 per cent by 
2050. The economic dependency ratio, defi ned as the ratio of pensioners to workers, 
is projected to increase from roughly 50 per cent in 2002 to about 80 per cent in 
2050.9

As a consequence of the decrease in labour supply shares and the resulting 
increase in the economic dependency ratio, contribution rates to PAYG pension 
systems increase sharply under the ‘old system scenario’. These contribution rates 
are equilibrium contribution rates, meaning that they ensure that the budget of 
the pension system of each country is balanced at every point in time (implicitly 
including tax subsidies to the pension system). The time patterns of net replacement 
and contribution rates for France, Germany and Italy that result from our procedure 
are summarised in Table 2.

If current generous replacement rates were maintained, our model predicts that 
the equilibrium contribution rate in Germany would increase from its current level 
of roughly 27 per cent to 42 per cent by 2050 – an increase of more than 50 per 
cent. The stylised pension reform freezes contribution rates at the level reached in 
2006, roughly at 29 per cent. As a result, average pension levels decrease: the net 
pension replacement rate is projected to decrease from 70 per cent in 2000 to about 
50 per cent by 2050. Hence, for Germany, under this scenario our model predicts 
a one-third transition towards pre-funding by 2050. Results for the other countries 
are similar.

Households respond to these decreases in pension benefi t levels by saving more 
and by increasing their supply of labour. The stylised pension reform would lead to 
substantial increases in aggregate labour supply. Labour supply shares are predicted 
to increase by more than 2.5 percentage points by 2050. This increase is roughly 
the same for all capital mobility scenarios. For instance, labour supply shares in 

9. The total sum of pensioners (‘effective pensioners’) as used in this section is defi ned as the sum 
of actual pensioners weighted by their age-specifi c pension entitlements.



148 Axel Börsch-Supan

the FGI region increase from about 36 per cent in the year 2050 under the ‘old 
system scenario’ to 38.5 per cent under the ‘reform scenario’. As a consequence, the 
economic dependency ratio is projected to decrease by almost 6 percentage points. 
Endogenous labour supply is therefore a helpful mechanism to dampen the effects 
of population ageing. This effect holds over the entire range of the crucial elasticity 
parameters in the MEA-OLGA model (Börsch-Supan et al 2004).

5.3 Savings and capital stock
The top panel of Figure 2 shows the aggregate average saving rate of France, 

Germany and Italy in the four capital mobility scenarios. In the year 2000, saving 
rates are substantially higher in the open-economy scenarios than in the closed 
economy scenarios. This refl ects the higher rates of return to capital realised in 
a more rapidly ageing open economy able to export capital to relatively younger 
economies. 

This direct level effect is superseded by the demographic changes that occur 
during the 2000–2070 prediction window. Saving rates decrease until 2050 across 
all capital mobility scenarios, since the baby boom generation decumulates assets. 
Saving rates are projected to rebound after the year 2050. The decrease in the saving 
rate caused by population ageing – the difference between the value in 2000 and 
the minimum reached just after 2040 – is roughly 4.5 percentage points if capital 
mobility is restricted at most to the EU region (the FGI and EU scenarios). If we 
allow for capital mobility within the OECD or the entire world, this decrease is 
6.5 or 8 percentage points, respectively. The larger declines in the open economy 
scenarios are due to the indirect trend effect described above. The advantages of 
worldwide capital mobility thus decline and saving rates respond accordingly.

Projected aggregate saving rates under a fundamental pension reform are 
substantially higher and the effect of a pension reform is stronger in the OECD and 
World open-economy scenarios (the saving rate is projected to increase by slightly 

Table 2: Predicted Contribution and 
Replacement Rates of PAYG Pension Systems

 France Germany Italy
   

 2000 2030 2050 2000 2030 2050 2000 2030 2050

Old system scenario
Contribution rates 0.275 0.356 0.375 0.268 0.375 0.415 0.325 0.476 0.534
Net replacement rates 0.654 0.654 0.654 0.700 0.700 0.700 0.646 0.646 0.646

Reform scenario
Contribution rates 0.275 0.295 0.295 0.268 0.294 0.294 0.325 0.340 0.340
Net replacement rates 0.654 0.549 0.513 0.700 0.568 0.504 0.646 0.489 0.415
Note: Figures shown in the table refer to the open economy scenario ‘OECD’.
Source: author’s calculations
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more than one percentage point in the EU scenario as compared to 2 percentage 
points in the OECD and World scenarios). An increase in national savings leads 
to an increase in the capital stock and thereby a decrease in the rate of return to 
capital, which then discourages further savings. In those scenarios with a larger 
international capital market, substantially more savings are generated since – as we 
show below – the rate of return decreases by much less. These projections show that 
optimal life-cycle behaviour generates additional saving under a fundamental pension 
reform – in our model, it is not the case that additional retirement saving induced 
by a pension reform crowds out other saving totally, as has often been claimed.

We also accumulate aggregate savings across regions to obtain the world’s asset 
holdings and capital stocks and the related capital-output ratios (not shown). In 
the OECD scenario, a consequence of decreasing the supply of labour is that the 

Figure 2: Aggregate Saving Rates
Households living in France, Germany and Italy

Note: France, Germany and Italy – perfect capital mobility within France, Germany and Italy; 
EU – perfect capital mobility within the European Union; OECD – perfect capital mobility 
within the OECD; World – perfect capital mobility across all world regions

Source: Börsch-Supan et al (forthcoming)
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capital-output ratio increases from its current level of about 3 to about 3.25 by 2040 
and then decreases slightly when baby boomers decumulate assets. This decrease 
is much more pronounced if we restrict the international capital market to the EU 
area only. Simultaneous fundamental pension reforms in France, Germany and 
Italy lead to substantial increases in the capital-output ratio if we restrict capital 
mobility to these countries or the EU area. The increase is much lower if we relax 
this constraint, suggesting that the additional savings shown in Figure 2 are largely 
invested abroad.

5.4 The rate of return and the price of capital
Much of the political and academic debate on the capital market consequences of 

demographic change and pension reforms has focused on the rate of return to capital, 
to which we turn next. First, we observe the same level effects as already described 
in the previous section. It is noteworthy that the demographic effect is larger than a 
second-level effect. Since the PAYG systems are slimmer in the aggregate rest-of-
the-world region than in France, Germany and Italy, the capital stock accumulated 
for retirement savings is larger, which depresses rates of return.

Second, as a consequence of population ageing and the resulting increase in 
capital-output ratios, our model predicts that the rate of return to capital will decrease 
by a bit less than 1 percentage point if capital moves freely within the OECD (see 
Figure 3). This decrease hardly constitutes an ‘asset-price meltdown’. Third, while 
the rate of return decreases across all capital mobility scenarios, substantial gains 
would be possible if ‘older’ countries could ‘shift’ investments to ‘younger’ countries 
since our model predicts that savers in older countries can achieve higher returns 
if capital is mobile across all world regions. However, as demographic processes 
are highly correlated across countries (compare Figure 1), allowing for capital 
mobility across countries more or less only affects the level of the rate of return. 
Furthermore, diversifi cation advantages decrease over time since indirect trend 
effects are at work as well.

As the lower panel of Figure 3 suggests, there would be an additional long-run 
decrease in the rate of return to capital if France, Germany and Italy simultaneously 
reformed their pension systems in a fundamental way. This decrease would amount 
to about 0.25 percentage points in 2070 if capital was freely mobile within these 
countries only. However, due to the response of labour supply to pension reform, 
this long-run decrease in the rate of return is lower than it would be in a model 
with exogenous labour supply (Section 6). In contrast to such a model, our model 
even predicts an increase in the rate of return until about 2030 or 2040 (as a result 
of the endogenous labour supply reaction). While saving rates immediately start to 
increase after the reform, labour supply increases as well. The net effect is an initial 
decrease in the capital-output ratio and an associated increase in the rate of return 
to capital. Moreover, and in line with earlier results in Börsch-Supan et al (2002), 
the decrease in the rate of return is negligibly small if capital moves freely across 
OECD countries (or the entire world).
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Tobin’s q, the price of capital, also decreases as a consequence of population ageing 
but its level is higher in the demographically younger regions. Results regarding 
Tobin’s q for the FGI region are depicted in Figure 4. Notice that the relative decrease 
of q-values is lower under the pure PAYG scenario if capital is mobile across a 
greater part of the world (top panel). As a consequence of fundamental pension 
reforms, q-values are predicted to increase slightly since the investment to capital 
ratio increases (lower panel). The long-run effect is stronger if capital mobility is 
restricted to a smaller region.

Figure 3: Rate of Return
Aggregate capital stock in France, Germany and Italy

Note: France, Germany and Italy – perfect capital mobility within France, Germany and Italy; 
EU – perfect capital mobility within the European Union; OECD – perfect capital mobility 
within the OECD; World – perfect capital mobility across all world regions

Source: Börsch-Supan et al (forthcoming)
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5.5 International capital fl ows
International capital outfl ows from France, Germany and Italy to other OECD 

countries roughly follow the pattern of saving rates and decrease steadily until 2050 
(see Figure 5). In the OECD and World capital mobility scenarios, they are initially 
positive at about 2 and 3.2 percentage points of output. Over time, these net capital 
fl ows are reversed and the model predicts that France, Germany and Italy will run 
current account defi cits of between 2 and 2.5 percentage points of output by 2050 
(top panel). 

So far, our analysis has concentrated on France, Germany and Italy in aggregate. 
However, there are substantial differences across these countries. To highlight this, 
we next analyse savings patterns and international capital fl ows within the EU 

Figure 4: Tobin’s q
France, Germany and Italy

Note: France, Germany and Italy – perfect capital mobility within France, Germany and Italy; 
EU – perfect capital mobility within the European Union; OECD – perfect capital mobility 
within the OECD; World – perfect capital mobility across all world regions

Source: Börsch-Supan et al (forthcoming)
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region under the assumption that the international capital market is restricted to 
the OECD area.

Figure 6 (top panel) shows saving rates for France, Germany, Italy, the remaining 
EU countries and the EU average. The time pattern of German saving rates roughly 
mirrors the EU average. Germany’s saving rate is projected to decrease from current 
levels of 7 per cent of output to about 2 per cent of output by 2050. For France, the 
youngest of the three countries, the decline in its saving rate lasts only until 2030 
and the overall decrease is smaller than in other EU countries. Italy, faced with the 
most rapid and extensive population ageing process within Europe, is at the other 
extreme: Italian households’ saving rates are projected to become substantially 
negative in 2050. 

Figure 5: Current Account to Output Ratios
France, Germany and Italy

Note: EU – perfect capital mobility within the European Union; OECD – perfect capital mobility 
within the OECD; World – perfect capital mobility across all world regions

Source: Börsch-Supan et al (forthcoming)
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5.6 Welfare analysis
Figure 7 shows the effects of the fundamental pension reform on remaining 

lifetime utility for different cohorts in Germany. We follow Altig et al (2001) and 
measure the change in remaining lifetime utility as the equivalent variation of 
income. That is, we construct an index that measures the present value of remaining 
lifetime resources relative to remaining lifetime resources under the old system that 
a household would have to receive (pay) under the new system to make it indifferent 
between the old and the new system. Therefore, an index number greater (smaller) 
than 1 implies a loss (gain) in remaining lifetime utility. 

The results show that remaining lifetime utility of cohorts born between the years 
1920 and 1990 decreases as a consequence of the fundamental pension reform. 
While substantial welfare gains are possible in the long run in all capital mobility 

Figure 6: Saving Rates and Capital Flows in the European Union 
for the OECD Scenario

Old system scenario

Note: EU average – average of all EU countries; rest of EU – all EU countries excluding France, 
Germany and Italy

Source: Börsch-Supan et al (forthcoming)
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scenarios, the fi gure also illustrates that fewer cohorts experience losses if capital 
mobility extends to more regions of the world. However, the difference between 
the alternative capital mobility scenarios is not large.

6. Sensitivity Analysis
One of the weaknesses of computational general equilibrium analysis is the 

dependence of the results on modelling strategies and parameter values. The usual 
response is an extensive sensitivity analysis. The existing literature has mostly 
concentrated on sensitivity analysis of simulation results with regard to values of 
structural (deep) model parameters, for example, Altig et al (2001). Applying this 
type of conventional sensitivity analysis to this paper shows that the results change 
very little when we vary the main elasticity parameters within their usual ranges. Our 
most contentious conclusion – the absence of a serious asset-price meltdown – is 
robust with respect to the choice of these elasticity parameters.10

10. We provide such standard sensitivity analysis in Börsch-Supan et al (2004).

Figure 7: Index of Welfare Differences between the Reform 
and the Old System Scenarios

Households living in Germany

Note: France, Germany and Italy – perfect capital mobility within France, Germany and Italy; 
EU – perfect capital mobility within the European Union; OECD – perfect capital mobility 
within the OECD; World – perfect capital mobility across all world regions

Source: Börsch-Supan et al (forthcoming)
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In addition to this conventional sensitivity analysis, we also investigate the 
robustness of our results with respect to four key dimensions of our model specifi cation. 
What difference does it make: if labour supply is endogenous or exogenous; if 
investment incurs adjustment costs; if perfect annuity markets absorb all accidental 
bequests; or if part of retirement income is provided by a PAYG pension system? 
We fi nd that the fi rst dimension – whether labour supply is endogenous – matters a 
lot for assessing the effects of a pension reform, while the other three dimensions 
– adjustment costs, annuity markets and accidental bequests – matter very little.

In the paper, we therefore only report on the role of endogenous labour supply. 
For simplicity, we concentrate on a three-region rather than a seven-region model 
as in the previous section: (i) France, Germany and Italy; (ii) all other EU countries; 
and (iii) all other OECD countries. We focus on the differential effects between the 
old system and the reform scenario because this is where the endogeneity of labour 
supply matters most.

Figure 8 compares the saving rates and rates of return generated by models 
with endogenous and exogenous labour supply. In the exogenous labour supply 

Figure 8: The Infl uence of Modelling Endogenous Labour Supply
Difference between the reform and the old system scenarios

Notes: This fi gure shows projections of the differential effects of the fundamental pension reform 
on saving rates and rates of return for the endogenous and exogenous labour supply models 
of Section 6. France, Germany and Italy – perfect capital mobility within France, Germany 
and Italy; EU – perfect capital mobility within the European Union; OECD – perfect mobility 
within the OECD. 

Source: Börsch-Supan et al (forthcoming)
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specifi cation, we hold age-specifi c labour supply shares constant at levels obtained in 
the endogenous labour supply scenario in the year 2000. We fi rst show the reaction 
of saving to the fundamental pension reform. As depicted in Figure 8 (top panel), 
the increase of the saving rate is much larger if labour supply is exogenous – not 
surprising perhaps given that with labour supply fi xed saving is the only means by 
which to adjust to the pension reform. 

This difference in behaviour directly translates into substantial differences in the 
time paths of the rate of return to capital, depicted in Figure 8 (lower panel). If labour 
supply is endogenous, the rate of return initially increases since households increase 
their labour supply in response to the change in policy. This effect is absent when 
labour supply is exogenous. Hence, the rate of return to capital immediately decreases. 
As a result, the overall decrease in the rate of return to capital is much larger.

The size of this endogenous labour supply effect depends on the elasticity of 
substitution between consumption and leisure, ξ. This is shown in Figure 9, where 

Figure 9: Endogenous Labour Supply – The Role of the
 Intratemporal Substitution Elasticity

Freezing versus pure PAYG

Notes: This fi gure shows projected differences in labour supply and the rate of return to capital between 
the freezing and the pure PAYG scenarios under the assumption that capital mobility is restricted 
to the France, Germany and Italy region. Results are shown for alternative parameterisations 
of the intratemporal substitution elasticity between consumption and leisure, ξ. 

Source: Börsch-Supan et al (forthcoming)
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we vary ξ by ± 0.2 around its benchmark value of 0.8 and re-calibrate the model 
such that initial labour supply shares are held constant. We focus on the case where 
capital mobility is restricted to the FGI region because it exhibits the strongest 
sensitivity (see Figure 8). In this ‘closed economy’ case, the increase of labour 
supply resulting from the fundamental pension reform is only slightly higher if ξ = 1 
(Cobb-Douglas utility), but quite a lot lower if ξ = 0.6. As a result, the decrease 
in the rate of return to capital is much stronger for ξ = 0.6 than for the benchmark 
calibration of ξ = 0.8.

7. Econometric Estimates of Anticipated International 
Capital Flows

One may distrust a simulation model such as MEA-OLGA that relies entirely 
on the assumptions of economic theory to predict the future. This section therefore 
provides econometric estimates based upon past international capital fl ows and 
demographic changes. Using these estimates to project future international capital 
fl ows requires us to make some heroic assumptions: the demographic changes 
projected to occur in the 21st century are unprecedented in history, and there is no 
guarantee that relationships identifi ed on the basis of the relatively subtle demographic 
changes in the past will remain stable during the huge and incisive changes likely 
to occur in the future.

Although not directly comparable, this section’s econometric estimates support 
the simulations presented in the preceding sections. These estimates are based on 
Lührmann (2006). She uses a reduced-form approach to analyse the empirical 
link between current and future demographic measures and international capital 
fl ows. Her estimations are based on time-series and cross-section data for about 
120 countries from 1970 to 1997. The demographic data are provided by UN 
Population Division (2001), while the economic data of the unbalanced panel are 
taken from the World Development Indicators published by the World Bank (2003). 
Additional data on capital controls are provided by the International Monetary 
Fund (1999).

The dependent variable is capital outfl ows, constructed as the net value of gross 
domestic savings minus domestic investments as a share of GDP.

Explanatory variables are regional fi xed effects, present demographic measures, 
expected demographic changes, fi nancial sector variables and measures of capital 
mobility. Regional fi xed effects relate to the 18 regions identifi ed by the United 
Nations. Demographic measures are the population shares of 17 age groups (0–4, 
5–9, 10–14, …, 75–79, 80+) which are converted into a fourth-order polynomial by 
the method of Fair and Dominguez (1991). Expected demographic change employs 
two specifi cations of the effect of an increased life expectancy on these shares, 
described in detail by Lührmann (2006). In both specifi cations, past increases in 
life expectancies are used to project the age structure in the future. Then, youth and 
old-age dependency ratios are calculated at several time horizons. One specifi cation 
uses as a time horizon the expected time of death for each age; a second specifi cation 
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uses a range of time horizons. Capital mobility and fi nancial market infl uences are 
described by a set of variables including a dummy variable on capital controls, capital 
gains taxes, taxes on international trade, the size of the fi nancial market, the ratio of 
private credits to GDP and the Freedom House (2002) index measuring the extent 
of law enforcement and property rights. Finally, fi nancial literacy is approximated 
by the enrolment in secondary education.

Table 3 summarises the regression results obtained by Lührmann (2006). The 
coeffi cients of the age-structure polynomial describing current demographic 
measures are highly signifi cant. If converted into marginal effects, they show that 

Table 3: Regression Results
Dependent variable – net capital outfl ows

 Specifi cation 1 Specifi cation 2 Specifi cation 3

Present demography
D1 –1.057 (5.73)*** –1.171 (6.51)*** –1.193 (5.87)***
D2 0.312 (7.02)*** 0.350 (7.95)*** 0.372 (7.35)***
D3 –0.030 (7.32)*** –0.034 (8.26)*** –0.037 (7.89)***
D4 0.001 (7.07)*** 0.001 (7.99)*** 0.001 (7.95)***

Expected future demography
OLD  –0.010 (0.52) 
YNG  –0.089 (4.75)*** 

OLD10   –0.083 (0.88)
OLD20   0.017 (0.11)
OLD30   0.140 (0.98)
OLD50   –0.079 (1.52)

YNG10   –0.240 (4.34)***
YNG20   0.314 (3.47)***
YNG30   –0.208 (2.04)**
YNG50   –0.089 (1.71)*

Other covariates
SIZE –0.023 (2.05)** –0.0248 (2.27)** –0.0234 (2.08)**
TAX 0.028 (2.35)** 0.0216 (1.88)* 0.0444 (3.71)***
TRADETAX –0.126 (8.36)*** –0.1198 (8.06)*** –0.1052 (6.66)***
PRIVATE –0.034 (4.00)*** –0.0317 (3.80)*** –0.0405 (4.93)***
CONTROL –0.015 (4.34)*** –0.0162 (4.70)*** –0.0152 (4.36)***
RIGHTS –0.003 (3.53)*** –0.0025 (3.35)*** –0.0020 (2.55)**
CIVIL 0.002 (1.43) 0.0014 (1.42) 0.0022 (2.15)**
SCHOOL 0.036 (3.21)*** 0.0332 (3.01)*** 0.0271 (2.38)**
CONSTANT 0.031 (2.35)** 0.0415 (3.37)*** 0.0439 (2.91)***

Observations 1 823 1 823 1 802
Notes: Absolute value of z statistics in parentheses. *, ** and *** represent signifi cance at the 10, 

5 and 1 per cent levels, respectively. FGLS estimation with country-specifi c AR(1)-process 
and heteroskedasticity.

Source: Lührmann (2006)
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an increase in the share of the population of people who are in  their most productive 
period of life induces net capital outfl ows, consistent with the intuition that these 
people are in their high saving years. In turn, an increase in the population share 
of retirees produces a net capital infl ow, corresponding to the declining savings of 
older individuals. 

Future demographic change enters in specifi cations 2 and 3. A future decline in 
the youth dependency ratio implies a large (and statistically signifi cant) increase 
in net capital outfl ows. Short-run effects are much larger than longer-run effects 
(specifi cation 3). Lührmann attributes the insignifi cant old-age dependency ratios 
to multicollinearity with the youth dependency ratio.

Most of the fi nancial market and capital mobility variables are signifi cant with 
the expected signs. The positive effect of schooling on net capital outfl ows is 
interesting, however. High human capital levels encourage net capital outfl ows, 
probably because they raise productivity, which increases saving rates.

Figure 10 translates these regression coeffi cients into predicted net capital outfl ows 
(measured relative to GDP) for a selected group of countries. Clearly, all ageing 
countries display a similar pattern: past net capital outfl ows revert into net capital 
infl ows when population ageing becomes stronger. The effect is most pronounced 
in Japan. China follows a generation later. Relatively youthful countries, such as 
India and Indonesia, have the opposite pattern. The magnitudes are large, sometimes 
exceeding 5 per cent of GDP.

The results in this section do not fi t exactly to the specifi cation of the MEA-
OLGA model employed earlier. However, the patterns as well as the magnitudes 
correspond quite closely: capital infl ows are associated with faster-ageing countries, 
outfl ows with countries that feature a less dramatic demographic change. Typical 
magnitudes amount to some 3–5 per cent of GDP. The broad correspondence of 
results obtained from such vastly different methods gives considerable confi dence 
in the results.

8. Conclusions
Population ageing works through various mechanisms. First, demographic change 

alters the time path of aggregate savings within each country. Second, this process may 
be amplifi ed when a pension reform, brought about in response to the demographic 
change, shifts old-age provision from pure PAYG systems towards systems with at 
least some pre-funding. Third, while the patterns of population ageing are similar 
in most countries, timing and initial conditions differ substantially. Hence, to the 
extent that capital is internationally mobile, population ageing will induce capital 
fl ows between countries.

All three effects infl uence the rate of return to capital and interact with the demand 
for capital in production and with labour supply. Our simulations predict substantial 
capital fl ows due to population ageing. Population ageing results in decreases in the 
capital-output ratio when baby boomers decumulate their assets. International capital 
fl ows follow this trend. The countries and regions most affected by ageing such as 
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the European Union will initially export capital, while countries less affected by 
ageing like the United States and other OECD countries will import capital. This 
pattern reverses itself by about the year 2020 when baby boomers decumulate assets 
and the fast-ageing economies therefore become capital-importing regions. Pension 
reforms with higher degrees of pre-funding are likely to induce more capital exports 
during the fi rst stage of this process. They also increase labour supply considerably, 
while the effects on the rate of return to capital are reduced. The results suggest 
that, while the rate of return to capital declines in response to population ageing, 
there is no devastating ‘asset-price meltdown’.

The timing of this adjustment process is complex and one has to carefully 
distinguish level effects from changes over time. In the initial year of our projections 
(2002), saving rates in the FGI region are substantially higher in the open-economy 
scenarios than under a closed-economy one. This refl ects the higher rates of return 
in economies with a smaller share of older persons. Open economies are able to 
avoid a large proportion of the demographic effects that depress saving rates and 
the rate of return to capital.

This level effect is superseded by the demographic changes during the 2002 to 
2070 prediction window. Saving rates decrease until 2050 across all capital mobility 
scenarios since the baby boom generation decumulates assets. But saving rates are 
projected to rebound after the year 2050. Since PAYG pension systems partially 
crowd out private savings, declines in saving rates are larger in the older regions 
(which tend to have more generous PAYG pension systems). As a result, in a closed-
economy setting, the decrease in the rate of return would be lower in these regions 
than in regions with less generous pension systems. The advantages of worldwide 
capital mobility are therefore not as great for countries with generous PAYG pension 
systems. We should stress that population projections are reliable one generation 
ahead, while the projection error increases substantially thereafter. Consequently, 
results for the post-2030 period should be interpreted with care.

We presented econometric results from a panel of national time series in which 
saving rates, rates of return and international capital fl ows are related to anticipated 
demographic change. These estimates support the results from the multi-country 
OLG model.

Finally, this paper shows the importance of the interplay between saving and 
labour supply adjustments in response to population ageing. Saving rates, rates of 
return and international capital fl ows react substantially less to demographic change 
once households absorb some part of the demographic shock by working more.
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