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Abstract  

The current and projected low fertility levels for Europe and the continuous increases in life-expectancy 

imply that the region will go through an unprecedented process of population aging, leading to sizeable 

changes in the age structure of European societies. After reviewing the existing literature on the role played 

by demographic change as a determinant of economic growth and income convergence, with a focus on the 

European experience, we analyze the quantitative impact of the projected changes in the age and education 

composition of the labor force. Using newly available demographic projections, we show that the current 

demographic trends are expected to cause a slowdown in the speed of income convergence across European 

countries. Our projection exercise suggests that policies aimed exclusively at improving labor force 

participation do not appear sufficient to counteract the negative effects of aging on income convergence. 

Instead, we show that reducing the educational attainment gap between Central and Eastern European 

member states and the rest of the European Union in addition to increasing labor force participation leads to 

an accelerated pace of income convergence. 
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1. Introduction 

The current and projected low fertility levels for Europe and the continuous increases in life-expectancy 

imply that the region will go through an unprecedented process of population aging which is expected to 

bring about changes in the age structure of European societies. In less than four decades, over a third of the 

population living in the member states of the European Union is projected to be above 60 years of age and 

over a quarter of the population will be above 65 (United Nations 2011). The old-age dependency ratio, 

defined as the ratio of persons 65 years of age and older over the working age population (20-64), is thus 

expected to rise strongly in the coming decades.  Different countries and regions of the European Union 28 

member states (EU28) are expected to age at a different speed. In particular, the overall demographic trends 

are projected to be significantly different in the Central and Eastern European economies (henceforth EU11: 

Bulgaria, Croatia, the Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, Slovakia, and 

Slovenia) as compared to the rest of EU28 (henceforth EU17).1 

 

Demographic change is expected to have an effect on economic growth and income convergence directly 

through its effect on the production factors. To the extent that participation rates and labor productivity 

differ between genders, across age groups and educational attainment groups, the expected changes in the age 

structure of European populations affect economic growth through its effect on labor input. Standard life-

cycle theories predict that at the individual level the highest savings rate will take place in the mid-life period 

in anticipation of consumption expenditures during retirement (see, for example, Jappelli and Modigliani, 

2003). Such regularity would imply that changes in age structures which increase the relative weight of older 

(retired) individuals should lead to a decrease in aggregate savings, thus reducing the speed of capital 

accumulation (see, for example, Lindh and Malmberg, 1999). Given the linkage between technological 

innovation and human capital accumulation as well the central role played by public research and 

development (R&D) spending in Europe, population aging is also expected to have effects on income growth 

through the channel of total factor productivity. Different demographic developments within the EU over 

the coming decades may, thus, have important consequences for further income convergence in Europe.      

 

The main aim of this paper is twofold. On the one hand, we review and systematize the existing literature 

dealing with the effects of demographic change and in particular aging on income growth and convergence in 

Europe. On the other hand, we analyze the quantitative effect of the projected demographic changes in the 

EU on income convergence. In particular, we emphasize the role played by changes in the labor force in 

                                                 
1 In spite of the heterogeneity across countries within each one of the two regions, such a categorization of EU economies is often 
used to study income convergence dynamics. The transition process to a market-based economic system that EU11 economies have 
experienced over the last two decades provides a common denominator for the countries of this group. 
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shaping income convergence in the region in the decades to come. We draw on econometric panel data 

specifications in the spirit of Feyrer (2008) in order to isolate the effect of aging on economic growth. Using 

state-of-the art demographic projection exercises (see Lutz et al., 2014) as input to our economic growth 

scenarios, we show that solely improving labor force participation does not appear sufficient to counteract 

the negative effects of aging on income convergence for the EU11. In contrast to the existing studies that 

directly deal with the future prospects of income convergence in Europe (see for example Hlouskova and 

Wagner, 2005, or Crespo Cuaresma et al., 2013), this is the first contribution to use age and education-

structured labor force projections to assess future income growth in the EU. These labor force projections 

have been recently developed by Loichinger (2015) and allow for the construction of realistic scenarios which 

can be integrated into estimated economic growth models in order to obtain income projections. The results 

of our income projection indicate that reducing the labor force participation gap between the EU11 and 

EU17 may help counterbalance some of the negative implications of aging populations for GDP per capita 

convergence, but only if it takes place in parallel to a reduction of the educational attainment gap (see also 

World Bank, 2011, for similar insights concerning the role played by the participation gap).  

 

The paper is organized as follows. In section 2, we review the theoretical arguments and the empirical 

literature dealing with demographic change and income convergence in Europe. In section 3, we present new 

empirical results on the effects of aging on economic growth and income convergence for the EU28 based on 

historical data. Using the insights gained by the empirical analysis, in section 4 we present the results of a 

projection exercise aimed at quantifying the potential effects of future demographic developments on income 

convergence prospects. Section 5 concludes and presents a discussion of the results. 

 

2. Aging and Income Convergence in Europe: Overview of the Literature 

 

A vast and growing literature has addressed the effect of demographic change on economic growth. This 

allows us to draw conclusions on the European experience and the challenges posed by future developments. 

Different contributions concentrate on the effects of aging on labor input, capital input and total factor 

productivity, while some studies use reduced-form specifications to assess the net effects of aging on 

economic growth making use of historical data. We review the literature dealing with ageing and growth in 

Europe by concentrating on pieces aimed at studying linkages between demographic change and particular 

production factors (labor, capital and total factor productivity). Our aim is not to be exhaustive in the review 

of the existing studies, but instead to highlight the most relevant results that inform our own analysis and 

income projection exercise. In the Appendix, we provide a table that summarizes the most important 

contributions mentioned in this section. 
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2.1. Age structure and productivity: the labor input link    

 

To the extent that participation rates and labor productivity differ between genders, across age groups and 

educational attainment groups, changes in the age structure affect economic growth through their effect on 

the labor input. While changes in these characteristics relate to labor supply effects, from a theoretical 

perspective, these effects are shaped by the degree of substitutability between workers of different ages (see 

Prskawetz et al., 2008). This degree of substitutability, in turn, determines the age structure component of 

labor demand. Empirical evidence from developed countries shows that, given the relative degree of 

complementarity of young and old workers, the demand for old workers in Europe is likely to increase as 

populations age (Feyrer, 2007).  

 

A growing number of studies use data at the sector and firm level to assess the link between age structure and 

productivity in order to deduce the economic consequences of aging in Europe. In particular, the availability 

of matched employer-employee data for many European countries has opened the door to new quantitative 

contributions where differences in the age distribution of workers across establishments provide the 

necessary signal to measure the effect of age structure on labor productivity. Göbel and Zwick (2012) for 

Germany, Malmberg et al. (2008) for Sweden, Lallemand and Rycx (2009) for Belgium or Mahlberg et al. 

(2013) for Austria are representative studies of this branch of the literature. Studies assessing age-productivity 

profiles using similar methods for EU11 economies do not exist to our knowledge. The evidence of the effect 

of workforce aging on the age-productivity profiles within the group of EU17 economies is mixed. Malmberg 

et al. (2008) show that increases in the share of older workers in the Swedish manufacturing and mining 

sector do not tend to affect plant-level productivity negatively. Göbel and Zwick (2012), on the other hand, 

compare the age-productivity profiles of three broad sectors in Germany (manufacturing, metal 

manufacturing and services). Their analysis does not reveal any significant differences in the age-productivity 

profiles of these sectors, which leads them to conclude that the sectoral structure of an economy plays only a 

minor role in the estimation of the economic consequences of an aging labor force. Lallemand and Rycx 

(2009) find in their analysis of Belgian firm-level data that changes in the age-structure of the workforce have 

differing effects for ICT and non-ICT firms. For Austria, the results of Mahlberg et al. (2013) show that both 

the age-productivity as well as age-wage profile have a very strong sector-specific component. The lack of 

robust effects across studies indicates that there is large uncertainty concerning how the aging process in the 

EU will affect labor productivity changes and thus its convergence paths across European countries. 

 

At the same time, expected changes in consumption patterns due to the difference in consumption baskets by 

age will shift the sector composition of labor demand (see for example the results in Börsch-Supan, 2003, for 

Germany). If labor market rigidities do not allow such adjustments in employment to take place in an efficient 
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way, the expected decrease in the labor force may be accompanied by an overall increase in unemployment, 

due to the decrease of demand in the sectors that are affected negatively by the shift in demand due to aging.  

 

With a shrinking labor force and the need for higher labor productivity, an increase in the demand for skilled 

individuals in the future can be anticipated. This implies that population aging will also have an additional 

effect on the relative returns to human capital, which in turn may change the human capital accumulation 

decisions by younger cohorts. If the education system enables the acquisition of the required skills and the 

economy does not foster skill mismatch, the labor productivity of newcomers to the labor market may be 

expected to improve further as compared to that of older workers. The importance of human capital in the 

form of education as a determinant of, simultaneously, demographic change on economic growth has been 

highlighted in the recent literature (see for example Crespo Cuaresma et al., 2014). In that respect, the 

assessment of human capital dynamics and their effect on income growth in the context of demographic 

change has been emphasized by the existing literature on aging and income convergence in Europe. Crespo 

Cuaresma et al. (2013) provide simulated paths of income in Europe using different scenarios for educational 

attainment projections and conclude that investing in human capital is key to ensure further convergence in 

the continent. 

 

2.2. Age structure and savings: the physical capital input link    

 

Standard life-cycle theories predict that at the individual level the highest savings rate will take place in the 

mid-life period in anticipation of consumption expenditures during retirement (see, for example, Jappelli and 

Modigliani, 2003). Such regularity would imply that changes in age structures which increase the relative 

weight of older (retired) individuals should lead to a decrease in aggregate savings, thus reducing the speed of 

capital accumulation (see, for example, Lindh and Malmberg, 1999). Some authors (see Mason, 2005) see the 

possibility of positive growth effects through changes in the savings behavior as populations age. In 

particular, Mason (2005) refers to possible second demographic dividend effects as savings increase with the 

aim of compensating for lower income after retirement in a framework of higher life expectancy. Bloom et al. 

(2003) present a theoretical foundation to such positive effects of aging on savings by generalizing a standard 

life-cycle model of savings through the inclusion of changes in longevity. They find that as longevity rises, the 

adjustment of the savings behavior to the new equilibrium may lead to higher savings rates at all ages. 2 

    

While the macroeconomic effects of aging on private savings are to a certain extent ambiguous, the ceteris 

paribus effect of aging on public savings is almost unanimously expected to have important negative effects 

                                                 
2 In parallel, there is a large theoretical literature which uses overlapping generations and endogenous growth models to assess the 
challenges of aging, mostly in terms of the sustainability of public finances (see Meijdam and Verbon, 1997, or Börsch-Supan, 2003). 
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on the sustainability of public finances. The expected changes in age composition will thus lead to a crowding 

out of public investment in support of less productive activities (pensions and health expenditures). Unless 

the prospects of longer lives (and eventually the prospects of less generous social protection systems) lead to 

substantial increases in private savings rates, this channel will unambiguously have negative effects on capital 

input of production and hence on the economic growth potential of European economies. 

 

Theoretically, aging is likely to translate mechanistically into a gradual rise in the ratio of capital-to-labor 

(Visco, 2005). The higher capital-to-labor ratio would tend to lower expected returns on investment as the 

marginal productivity of capital decreases (and lead to a concomitant decline in longer-term real interest 

rates).  In an environment of declining and aging populations, existing public capital (for example, schools) 

may become underutilized to the extent that their use differs among generations. Some authors (see for 

example Goto, 2002, for the case of Japan) argue that the aging process may lead to an increase in the 

outflow of foreign direct investment as an alternative to large migration inflows to the aging countries. These 

effects, among others, are expected to have an impact on (both public and private) savings and investments in 

aging societies beyond that implied by the mechanisms related to the life cycle theories.  

 

2.3. Age structure and technology: the total factor productivity link    

 

In addition to its effect on labor and physical capital input, aging is also expected to affect total factor 

productivity. The complexity of the mechanisms mediating the link between age structure changes and 

technology innovation has however hampered the comprehensive study of such a relationship in the existing 

literature. The empirical evidence points towards the likelihood of innovation depending strongly on the 

accumulation of human capital (see Benhabib and Spiegel, 1994). At a macroeconomic level, the age structure 

of educated individuals has been shown to explain differences in income growth through its effect on 

innovation and technology adoption (see Lutz et al. 2008). While a relatively high proportion of young highly 

educated workers tends to be related to improvements in total factor productivity through technology 

innovation, more experienced workers (eventually with educational attainments below tertiary) appear 

important as catalysts of technology adoption and adaptation.  

 

Moreover, since public spending is a relatively important source of R&D expenditures in Europe, the 

pressure of increased fiscal burden of aging population may have crowding out effects on R&D-driven 

innovation. Given that R&D expenditures in the EU11 lag behind those in the rest of the EU,3 the 

demographic developments ahead may represent an important obstacle to the innovation potential of the 

                                                 
3 The average expenditure on R&D in the EU17 countries for the year 2010 is 2.04 percent of GDP, as compared to 1 percent of 
GDP on average in the EU11 (see Eurostat, 2012). 
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region. The difficulties that EU11 economies have had during the crisis in closing the R&D expenditure gap 

with the rest of the EU has been deemed as an important factor hampering further convergence in income 

(Archibugi and Filippetti, 2011). The additional pressure exercised by the demographic trends may jeopardize 

income convergence trends within Europe in the future, and calls for the development of economic policy 

strategies that focus on creating powerful incentives to innovation activities in the region. 

 

3. Aging, labor input and economic growth in Europe: The facts 

 

3.1 Aging and labor force participation in Europe 

 

The theoretical arguments presented above indicate that changes in the age distribution of populations and 

economic growth are systematically linked through the effects channeled by labor input. Empirically, several 

studies find that per capita GDP growth is positively correlated with changes in the relative size of the 

working age population and negatively correlated with changes in the share of the elderly.4 Indeed, for the 

EU28 sample over the last two decades, higher old-age dependency ratios have been on average related to 

lower income per capita growth (see Figure 1). This observation may suggest that there are potential negative 

effects of population aging on the future economic growth of Europe and, given the differences between the 

two groups of economies defined by the EU11 and EU17 aggregates, such developments may affect the 

prospects of further income convergence in the region significantly.  

 

Figure 1: Income growth versus old-age dependency ratio, EU28, averages for 1992-2010  
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4 For a review see, for example, IMF (2004). 
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The overall association between the age structure of the population and economic growth performance in the 

full sample of EU countries hides a high degree of heterogeneity between the EU11 and the rest of Europe. 

These differences are likely related to the characteristics of workers (in terms of skills or their distribution 

across sectors) between the two regional groupings. Given that EU countries have been subject to common 

shocks after the accession of Central and East European countries to the EU, inference based on 

unconditional correlation such as that presented in Figure 1 may be misleading. This is more the case since 

the experience of EU11 economies does not appear to fit the overall pattern depicted in Figure 1 by the linear 

regression line.  

 

Aggregated labor participation rates vary across gender and population segments with different educational 

attainment.
5
 Studying the age profile of participation rates is a first necessary step for unveiling the 

consequences of population aging in Europe on labor market development. In 2011, 76 percent of the EU 

population aged 20 to 64 was in the labor force, but only 69 percent of women were participating (see Table 

1). The participation rate of individuals with tertiary education was 87 percent, 15 percentage points higher 

than that of persons whose maximum attainment was secondary education. While labor participation rates in 

EU11 countries are systematically lower than those for the EU17 region for all working age population 

groups defined by gender and educational attainment, the size of the differences is very large between 

individuals with and without tertiary education. The largest differences across country groups are observable 

for less educated individuals, where labor force participation in the EU11 lags by 5 percentage points for 

males and by 6 percentage points for females as compared to the EU17. 

Table 1: Labor force participation rates, ages 20-64, 2011  

 EU28 EU17 EU11 

Total With tert. 

education 

No tert. 

education 

Total With tert. 

education 

No tert. 

education 

Total With tert. 

Education 

No tert. 

education 

Males 0.83 0.90 0.80 0.84 0.91 0.81 0.79 0.90 0.76 

Females 0.69 0.84 0.63 0.70 0.84 0.65 0.64 0.83 0.59 

Total 0.76 0.87 0.72 0.77 0.87 0.73 0.71 0.86 0.68 

Source: EU LFS; own calculations 

The drop in labor force participation rates of women during the transition period has been often documented 

in the literature. UNIFEM (2006) reports an average decrease of 6.3 percentage points in the labor force 

                                                 
5 We use data from the European Commission, Eurostat, European Union Labor Force Survey (EU LFS), yearly data files, 1992 to 

2011. The responsibility for all results and conclusions drawn from the data lies entirely with the authors. 
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participation rate of women for EU11 in the period 1990-2004. Not a single country in the EU11 group has 

increased female participation rates in the period and the fall in Latvia is as large as 12.7 percentage points, 

while for the Czech Republic it amounts to 10.3 percentage points. Several explanations have been given for 

these developments— ranging from the higher cost of raising children after Communism due to the high 

subsidies to child care prior to transition (Chase, 1995; Gill and Raiser, 2012) to the limited response of labor 

supply to wage changes (Bicakova et al., 2011). 

 

3.2 The empirics of aging and economic growth in Europe  

 

Disentangling the net effect of aging on economic growth requires the estimation of an empirical model 

which controls for other relevant growth determinants and explicitly considers the differential characteristics 

of the two groups of EU countries. In order to unveil the effect of changes in the age structure on economic 

growth in the sample of EU28 countries, we regress yearly GDP per capita growth on a set of year dummies 

and two age structure variables for the working age population, the share of the age group 15-29 on the total 

population aged 15-64, the share of the age group 50-64 on the total population aged 15-64, as well as the 

old-age dependency ratio and its square. The results of the panel regression are presented in Table 1 and the 

effect of changes in the age groups is to be interpreted as relative to the age group 30-49, which is not 

included in the regression models.  

 

While the EU17 countries with a relatively young working age population tended to have higher growth rates 

of income per capita in the period 1992-2011, the increase in the proportion of population in the same age 

group in the EU11 was associated with a slowdown in economic growth. Put differently, higher share of 

young workers has not necessarily meant faster economic growth in EU28. Moreover, some evidence for an 

inverse U-shaped relationship between the old-age dependency ratio and economic growth can be found in 

the data, in particular for the EU17 group. Such a result indicates that, although for relatively young 

populations the aging process may be accompanied by higher growth rates of income, when the old-age 

dependency ratio is high this effect reverts (or at least, becomes insignificant). Although the effect in this 

specification is not significant for the EU11 group, it should be noted that the turning point – which is 

defined as the estimated level at which the effect turns negative -- takes place at a lower level of the old-age 

dependency ratio, with detrimental effects on economic growth implied on average for old-age dependency 

ratios above 18.6%. In contrast to the EU11, increases in the relative size of the younger age groups in the 

EU17 tended to be significantly associated with a better economic growth performance.  
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Table 2: Age structure of EU working-age population and economic growth, 1992-2011 

 EU28 EU17 EU11 

Working age, share 15-29 0.123 0.292* -0.615* 

 [0.170] [0.155] [0.283] 

Working age, share 50-64 0.186 0.0491 0.155 

 [0.191] [0.195] [0.254] 

Old age dependency ratio 2.958* 3.647*** 4.668 

 [1.658] [1.199] [3.553] 

Old age dependency ratio squared -5.064 -6.197** -12.58 

 [3.203] [2.248] [7.887] 

Turning point of the effect of the old-age 

dependency ratio  

0.292 0.294 0.186 

Observations 416 282 134 

R-squared 0.623 0.749 0.754 

Number of countries 28 17 11 

Year fixed effects Yes Yes Yes 

Country fixed effects Yes Yes Yes 

Source: Own calculations  

Note: The dependent variable is GDP per capita growth. Robust standard errors in brackets. *(**)[***] stands for significance at 

the 10%(5%)[1%] level. Income data are sourced from the Penn World Table (Heston et al. 2012), demographic variables are 

sourced from EUROSTAT (2012). The dataset spans the period 1992-2011. Turning point is defined as the estimated level of the 

old-age dependency ratio at which its effect switches sign. 

 

Given that the results presented in Table 2 are based on overall population by age group and the estimation is 

carried out using country fixed effects, the effects unveiled need to be interpreted with care. Differences in 

labor force participation and (out)migration (which has been notable, especially for the EU11 country group) 

both in the aggregate and by age group may be driving the results. In addition, the use of aggregate age 

groups may be masking growth effects that are related to the skill composition of the different age groups 

across the EU28. If workers with higher skills form younger age groups, the effect of the variable in the 

regression may be just picking the role of new human capital vintages on economic growth. We turn to 

assessing these aspects explicitly using labor force participation data by age, sex and educational attainment. 

 

The first three columns of Table 3 present the parameter estimates corresponding to the models in Table 2 

but replacing total population by age group with labor force by age group and confirm the results obtained 

using overall working age population instead of labor force. As the proportion of the labor force in the 

younger age group (15-29) reduces, the estimates for EU28 indicate that economic growth is likely to 

diminish. This effect, however, is not observed on average in the EU11 group. The reason for such 

differences across regional aggregates is related to the effect of human capital accumulation on economic 
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growth and can be grasped by estimating models using disaggregated age shares by educational attainment. 

Columns 4 to 6 of Table 3 present the results of the economic growth estimations with the specifications 

including the shares of workers with and without tertiary education in each one of the age groups. The largest 

positive effects of changes in the age structure of the labor force on economic growth for the EU28 are 

found for the share of young workers with tertiary education. From a theoretical point of view, this effect 

entails potential differentials of this group in terms of labor productivity and innovation capabilities. 

Empirically, in the group of EU28, increasing the share of tertiary educated young workers by one percentage 

point (and reducing by one percentage point the middle age group without tertiary education) increases 

income growth on average by 0.36 percent per year.  

 

The importance of human capital accumulation in young cohorts of the labor force for economic growth is 

particularly relevant for the EU11 region (see results in Table 3). Each percentage point increase in the share 

of the tertiary educated of the young age group boosts the yearly income growth by 0.8 percentage points. 

Notably, this effect is coupled with a negative and significant income growth effect of increasing the share of 

less-skilled young workers. The negative and significant sign of the proportion of workers aged 30-49 with 

tertiary education indicates that sustaining high rates of economic growth in Europe requires investments in 

education for young cohorts that ensure improvements in the skills of newcomers in the labor market over 

those already in the labor force. Such estimates suggest that the education differential between young and 

older workers is the key variable explaining differences in economic growth. These growth returns, in turn, 

diminish as the education gap between these age groups closes. This result could suggest that training older 

workers may also play an important role as a policy for counteracting the negative effects of aging. Against 

the backdrop of increases in retirement ages, the importance of lifelong learning in the framework of aging 

societies should not be underestimated. 

 

For the EU28 sample, the negative effects of the age dependency ratio variables are found for values above 

27.1 percent, which corresponds to roughly the 90th percentile of the sample. This means that the negative 

effects of aging on income growth that have been experienced hitherto in Europe have not been very 

widespread. Notwithstanding the considerable degree of heterogeneity across country groups, for EU28 

negative effects of high old age dependency ratios are found only for those countries with the highest ratio of 

population of more than 65 years of age over working age population. The turning point of this effect of 

aging on economic growth takes place at a similar level of the old age dependency ratio for the EU17 

subsample. However, the negative effects for the EU11 group occur for much lower values of the variable: 

for old age dependency ratios above 18 percent, the 15th percentile of the sample. This suggests that aging is 

hurting the economic growth process in the EU11 more than in the EU17, and thus may act as a powerful 

barrier to the future equalization of income per capita levels in Europe. 
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Table 3: Age structure of the EU labor force, education and economic growth, 1992-2011 

 EU28 EU17 EU11 EU28 EU17 EU11 

Labor force, share 15-29 0.268*** 0.429*** -0.0841 

   

 

[0.102] [0.0908] [0.212] 

   Labor force, share 50-64 0.0483 -0.0783 -0.0284 

   

 

[0.112] [0.109] [0.230] 

   Labor force, share 15-29 without tertiary educ. 

   

0.194* 0.335*** -0.311 

    

[0.0994] [0.109] [0.224] 

Labor force, share 15-29 with tertiary educ. 

   

0.362* 0.0209 0.830* 

    

[0.217] [0.239] [0.450] 

Labor force, share 30-49 with tertiary educ. 

   

-0.289** -0.0335 -0.859*** 

    

[0.135] [0.113] [0.231] 

Labor force, share 50-64 without tertiary educ. 

   

0.132 0.0193 -0.273 

    

[0.174] [0.143] [0.225] 

Labor force, share 50-64 with tertiary educ. 

   

-0.198 -0.0856 0.89 

    

[0.293] [0.270] [0.618] 

Log income level -0.0789*** -0.0938*** -0.197*** -0.0995*** -0.0746** -0.279*** 

 

[0.0284] [0.0324] [0.0713] [0.0291] [0.0340] [0.0730] 

Investment rate 0.11 0.0513 0.351*** 0.134 0.0822 0.421*** 

 

[0.0837] [0.0775] [0.132] [0.0849] [0.0735] [0.132] 

Old age dependency ratio 3.076*** 1.835* 6.069* 2.638*** 1.939* 8.411** 

 

[1.039] [1.098] [3.164] [0.949] [1.106] [3.495] 

Old age dependency ratio squared -5.672*** -3.044 -16.88** -5.103*** -3.303 -21.66*** 

 

[2.027] [2.025] [7.434] [1.847] [2.038] [8.101] 

Turning point of the effect of the old-age 

dependency ratio 
0.271 0.301 0.180 0.258 0.294 0.194 

Observations 393 270 123 382 261 121 

R-squared 0.619 0.728 0.767 0.655 0.746 0.797 

Number -of countries 27 16 11 27 16 11 

Year fixed effects Yes Yes Yes Yes Yes Yes 

Country fixed effects Yes Yes Yes Yes Yes Yes 

Source: Own calculations  

Note: The dependent variable is GDP per capita growth. All dependent variables are lagged by one year. Robust standard errors in 

brackets. *(**)[***] stands for significance at the 10%(5%)[1%] level. Instrumental variable estimation used in all columns, using 

population shares as instrument for the labor force shares. Income and investment data are sourced from the Penn World Table 

(Heston et al. 2012). Demographic variables are sourced from Eurostat (2012). Labor force variables are calculated based on EU LFS 

data. 

 

In sum, the results presented above indicate that closing the gap in educational attainment between the EU11 

and EU17 countries would bring beneficial effects beyond those related to the higher labor force 

participation of highly skilled individuals. The higher productivity and innovation potential of young workers 
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with higher education appear to be fundamental for fueling income convergence dynamics in the region. The 

link between closing the gaps in human capital investments between the EU11 and the EU17, and income 

convergence in Europe, has been emphasized recently in the empirical literature (see for example Crespo 

Cuaresma et al., 2012, and Crespo Cuaresma et al., 2013) and the analysis hitherto also suggests that creating 

incentives for investments in education should be a central pillar in the design of long-term policies to 

counteract the negative effects of aging on economic growth. Positive income growth effects can be realized 

in populations where the higher education level of new cohorts entering the labor market will over time 

replace older cohorts with lower levels of educational attainment. Given the existing differentials between the 

EU11 and the EU17 region in the share of population with tertiary education for young age groups, EU11 

economies have the opportunity of reaping income growth returns if efforts are dedicated to close the 

educational attainment gap. The improvements in human capital should not be limited to improving 

attainment levels, but should also enhance education quality, a factor that has been emphasized as a driver of 

long-run income growth and convergence in recent literature (see Aghion et al., 2009 and Hanushek and 

Wössmann, 2007).6  

 

4. Economic growth in aging Europe: A projection exercise 

 

The results presented above indicate that population aging in Europe is expected to have effects on economic 

growth that will create obstacles to further income convergence in the EU unless they are actively 

counteracted by economic policy. The recent economic growth experience in Europe indicates that shifts in 

the age distribution of the labor force towards older age groups, as well as high old age dependency ratios, are 

associated on average with lower GDP per capita growth.  

 

A proper assessment of population projections in terms of their implications for economic policy requires 

that these projections be complemented with labor force projections, so as to assess the size of the 

economically active population. Since only those in the working age population who are actually active in the 

labor market are potential contributors to income growth, basing policy advice on figures that do not account 

for labor force participation may be misleading. In a first step, we define selected scenarios of future labor 

force participation and educational attainment and show their effect on the size and skill composition of the 

labor force. In a second step, these labor force projections are combined with the results from the 

econometric models to grasp the quantitative effects on income convergence in the continent. We take a 

purely aggregated macroeconomic approach to the assessment of the economic growth effects of aging and 

                                                 
6 Since we use age-structured education data in our analysis, the differences in the quality of education received by different cohorts is 
at least partly embodied in the effects we find for different age groups. Unfortunately, usable data on education quality which contain 
enough variation across countries and over time are not available for our sample. 



14 
 

abstract from analyzing structural changes related to the sectoral distribution of output, which is also 

expected to be affected significantly by the aging process in European societies. In particular, we concentrate 

on the changes in the labor input (by educational attainment) as a driver of income growth in the EU for the 

future decades.7  

 

4.1 Projections of labor input for EU economies: Scenarios and results 

 

Four labor force projections are constructed separately for all EU28 economies over the period 2011-2050 

under different sets of assumptions concerning the evolution of participation rates by age, gender and 

educational attainment level, as well as assumptions about the change in educational attainment by age and 

gender. Table 4 presents an overview of the four scenarios, which are defined by the combination of two 

labor force and two education expansion scenarios.  

 

Table 4: Labor force participation rate and share of the labor force with tertiary education, by scenario  

 

 
Total labor force participation rate (ages 20 to 64) 

    2050 

  
2010 

BCS+CER BCS+GET CPS+CER CPS+GET 

EU17 0.77 0.87 0.88 0.79 0.80 

EU11 0.72 0.86 0.87 0.71 0.72 

Share of the labor force with tertiary education (ages 20 to 64) 

    2050 

  
2010 

BCS+CER BCS+GET CPS+CER CPS+GET 

EU17 30% 34% 51% 34% 52% 

EU11 23% 22% 33% 24% 36% 

 

Source: Own calculations; BCS: Benchmark convergence scenario; CPS: Constant participation scenario; CER: Constant enrollment 

rate scenario; GET: Global education trend scenario. See text for descriptions of the scenarios. 

The four scenarios combine the following assumptions to compute the labor force projections: 

 

                                                 
7 If labor input was seen as an undifferentiated input of production, it could be argued that its importance as a factor of production 
may diminish in the future. We explicitly concentrate on labor input differentiated by educational attainment in order to emphasize 
the role that innovation and technology adoption play as a driver of long term economic development. 
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- Labor force participation assumptions: The first scenario, constant participation rates scenario (CPS), 

assumes that the country-specific participation rates by age group, gender and educational attainment (with 

tertiary education versus without tertiary education) of EU28 economies remain constant at the level 

observed in 2010. The alternative scenario, dubbed benchmark convergence scenario (BCS), assumes an 

improvement in labor force participation rates in Europe and imposes that the rates of labor force 

participation by age group (15-19, …, 60-64), gender and educational attainment level converge in the 

projection period to those currently (in 2010) observed in Sweden, which is the EU28 country with the 

highest participation rate for all combinations of age, gender and education (see Loichinger, 2015).8 

 

- Educational attainment assumptions: the constant enrollment rate scenario (CER) retrieves the population 

by age, gender and educational attainment level for all EU28 countries in the period 2010-2050 under the 

assumption that attainment rates remain constant. The alternative assumption, the global education trend 

scenario (GET) extrapolates the historical trends observed in the worldwide sample of countries to create 

paths of educational attainment rates by age and gender for all EU28 countries (see Lutz et al., 2014).  Since 

average educational attainments have improved at the global level, this scenario assumes further increases in 

the proportion of population with tertiary education at country-specific speeds, which in turn depend on the 

starting level of attainment. The transition dynamics are parameterized as an (inverse) probit curve, which 

tends to reproduce past educational expansions satisfactorily (see Lutz et al., 2014).9   

 

The relatively small differences in participation rate by educational attainment level across the EU28 

economies imply that the educational attainment set of scenarios does not lead to strong differences in the 

overall size of the projected labor force. However, they do lead to dramatic changes in the composition of the 

labor force by educational attainment and can thus lead to fundamentally different conclusions concerning 

the effects of aging on economic growth. The changes in participation rate embodied in the BCS scenario, on 

the other hand, lead to very strong differences in the future size of the labor force in Europe. Assuming no 

change in participation rates (and constant education enrollment rates), the size of the labor force in the 

EU17 is expected to fall by approximately 6 percent by 2050, while for the EU11 the fall is extremely 

dramatic, amounting to almost 27 percent of the labor force in 2010 by the end of the projection period (see  

Figure 2). Improvements in labor participation – that would lead to the rates observed currently in Sweden 

                                                 
8 The share of the total labor force (ages 15-69) that falls in the age group 65-69 in the EU28 comprises 1 percent in 2010 and 2 
percent in 2050 (irrespective of the projection scenario). Since the econometric model estimates cover age groups 15-64, projected 
results for the labor force as well as for investment and income prospects cover ages 60-64 as the highest age group. 
9   The population projections include in the highest education group everyone with ISCED 4,5 and 6, which means there is a slight 
mismatch between the definition of the highest education level in the labor force data (ISCED 5-6) and the population data (ISCED 
4-6). In most countries, the share of the adult population ages 15-69 that falls in ISCED4 is negligible in 2010, but in some (Austria, 
Estonia, Germany, Greece, Ireland, Latvia, Lithuania, Sweden) it is 5 % or more. This means there is a slight overestimation of 
workers with higher education, since we apply participation rates based on ISCED5-6 to the population of ISCED 4 as well. Overall, 
the effect is quantitatively small. 
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for all countries in the EU – would be able to counteract this trend successfully in the EU17, where only very 

small changes in the size of the labor force would be realized over the next forty years, with even an increase 

towards the end of the projection period that would account for more than 6 percent of its value in 2010. In 

the case of the EU11, even such radical improvements in labor force participation would not avoid a decrease 

in the total labor force of roughly 10 percent over the period 2011-2050. 

 

Figure 2: Labor force projections for the EU17 and EU11 (ages 15 to 64), CPS and BCS scenarios, 2010-50 
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Source: Own calculations; BCS: Benchmark convergence scenario; CPS: Constant participation scenario; CER: Constant enrollment 

rate scenario; GET: Global education trend scenario. See text for descriptions of the scenarios 

 

Figure 3 presents the composition of the labor force in terms of individuals with tertiary educational 

attainment in each one of the scenarios (CPS-CER, CPS-GET, BCS-CER and BCS-GET) in 2050. The share 

of labor force with tertiary education in the total labor force in 2050 for our projections ranges from 

approximately 22 percent (for CPS-CER in EU11) to more than 50 percent (for CPS-GET in EU17). Such 

differences in the dynamics of human capital in the region may lead to substantially different economic 

growth effects beyond those that are channeled by participation changes. As Figure 3 shows, the two 

education scenarios lead to only small differences in the overall size of the labor force by 2050 for a given 

participation scenario.  
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Figure 3: Composition of the labor force (ages 15 to 64) by level of educational attainment, 2010 and 2050, by 

country group 

Source: Own calculations  

 

4.2 The future of income convergence in Europe: Projection results 

 

Using the labor force participation and educational attainment scenarios described above, we obtain 

projections of average income per capita growth for the EU11 and EU17 and evaluate the degree of income 

convergence between the two groups of economies. We combine the labor force projections corresponding 

to the four scenarios with the parameter estimates corresponding to the EU28 model presented in column 4 
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of Table 2 (after a general-to-specific model selection step, so as to ensure that the parameter estimates are 

significant). In addition, we also obtain physical capital investment projections based on a similar empirical 

specification and use these in each one of the scenarios. Assessing the differential income growth gaps 

between EU11 and EU17 economies over the projection exercise allows us to assess the potential costs of 

future demographic developments in terms of income convergence for European countries. It should be 

noted that our exercise implicitly assumes a sustainable pension system and no structural policy change in the 

projection period. In addition, we compute the projections under the assumption that no nonlinearities 

beyond those embodied in our specification are present in the linkages considered. Figure 4 presents the 

differences in relative average yearly income per-capita growth of EU11 with respect to EU17 for the 

different participation and education scenarios as compared to the CPS-CER scenario. These are presented 

for the full projection period (2010-2050) as well as for the first (2010-2030) and second half (2030-2050) of 

the period. As expected, the largest gains are to be obtained under the BCS-GET scenario, with yearly GDP 

per capita growth rate differentials which are on average 0.1 percentage points higher than those obtained 

under the CPS-CER scenario over the 40 years that compose the projection horizon. The largest 

improvements in income growth differentials with respect to the business-as-usual scenario represented by 

the CPS-CER projections are realized in the second part of the projection period, with improvements of up 

to 0.14 percentage points per year in the scenarios where improvements in human capital accumulation are 

assumed.   

 

Figure 4: Percentage improvement in projected relative yearly income per capita growth of EU11 to EU17, with 

respect to CPS-CER Scenario, 2010-2050  
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The small benefits in terms of income convergence speed under the CPS-GET scenario confirm the 

importance of a simultaneous increase in participation and advances in educational attainment. The 

simulations indicate that unless appropriate policies to counteract the negative effects of aging on economic 

growth are pursued, Europe will experience a sizeable slowdown in the process of convergence of income per 

capita in the coming decades.  

 

The aggregate results in Figure 4 hide strong differences across economies in the EU11 group. Figure 5 

presents a scatterplot of income per capita in 2010 against the average improvement in relative growth rates 

with respect to EU17 presented in Figure 4 for the countries of the region over the period 2010-2050, 

averaged across scenarios. Although there is a large degree of heterogeneity in the results across EU11 

economies, the overall correlation between projected income growth gains and the initial level of GDP per 

capita appears negative. The largest relative income growth gains are obtained in Estonia and Romania, where 

the scenarios based on improving human capital accumulation result in sizeable improvements in the 

proportion of young educated labor force. In contrast, further improvements in labor force participation and 

education expansion relative to projected levels in Lithuania, Latvia or Slovenia, for instance, only have a 

limited effect in terms of accelerating income convergence to EU17. The relationship between income per 

capita in 2010 and subsequent growth potential depicted in Figure 5 indicates that policy measures aimed at 

improving human capital accumulation may not only counteract the effect of aging on economic growth, but 

also result in further income convergence within the EU11 region, in addition to between the EU11 and the 

EU17 region.      

 

5. Conclusions  

 

Our analysis assesses the quantitative impact of future demographic changes on economic growth in Europe 

through their effect on the factors of production as well as the role that these will play in shaping income 

convergence in the region in the decades to come. Closing the gap in educational attainment between the 

EU11 and EU17 countries would bring beneficial effects beyond those related to the higher labor force 

participation of highly skilled individuals. The higher productivity and innovation potential of young workers 

with higher education appear to be fundamental for fueling income convergence dynamics in the region. 

Positive income growth effects can be realized in populations where the higher education level of new 

cohorts entering the labor market will over time replace older cohorts with lower levels of educational 

attainment. Given the existing differentials between the EU11 and the EU17 in the share of population with 



20 
 

tertiary education for young age groups, the EU11 economies have the opportunity of reaping income growth 

returns if efforts are dedicated to close the educational attainment gap. 

 

Figure 5: Percentage improvement in projected relative yearly income per capita growth of EU11 countries to 

EU17 average, with respect to CPS-CER Scenario, 2010-2050  

BGR
CZE

EST

HUN

LTU

LVA

POL

ROU

SVK

SVN

-0.02%

0.00%

0.02%

0.04%

0.06%

0.08%

0.10%

0.12%

0.14%

9 9.2 9.4 9.6 9.8 10 10.2

A
v

e
ra

g
e

 y
e

ar
ly

 in
co

m
e

 g
ro

w
th

 im
p

ro
ve

m
e

n
t 

a
g

a
in

st
 C

P
S-

C
ER

 s
ce

n
a

ri
o

, 

B
C

S-
C

ER
, C

P
S-

G
ET

 a
n

d
 B

C
S-

G
ET

 s
ce

n
ar

io
s,

 2
0

1
0-

2
0

5
0

Income per capita, 2010 (in logs)

  
Source: Own calculations  

 

 

Our key message is that improving the skill level of the labor force in the EU11 appears to be a powerful 

instrument to foster economic growth and further convergence in the EU in the context of aging societies. 

This conclusion validates the analysis carried out by OECD (2012), which emphasizes the importance of 

education and improvements in labor productivity to combat the negative effects of aging on income growth 

for a broad sample of countries. The analysis carried out by the European Commission and the Economic 

Policy Committee (2012) also underlines that labor productivity developments will be the key driver of 

income growth in the EU during the coming decades. The results presented in this paper show that EU11 

countries with higher shares of young educated workers perform significantly better in terms of GDP per 

capita growth than those with lower shares. Therefore, taking full advantage of young educated workers and 

making sure they are integrated into their respective national labor markets in EU11 appears to be one of the 

most potentially effective ways to counteract the negative effects of aging on economic growth. Overall, 
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creating incentives to extend education for the young and thus improving human capital in the region could 

become an effective policy response to the challenges posed by demography. The analysis presented in this 

paper, as well as the results in Crespo Cuaresma et al. (2012), indicate that convergence in educational 

attainment appears to be an important prerequisite for income convergence in Europe. 

 

Our results are based on combining modern methods of population projection with econometric models 

aimed at assessing empirically the links between population aging dynamics and economic growth in Europe. 

Further refinements of the modeling framework, including a rigorous analysis of potential nonlinearities in 

the relationship between aging and the income convergence process, appear as promising avenues of future 

research. 
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Appendix: Selected literature on the economic growth effects of aging  

 

Name Highlighted channels Methods Main result 

Malmberg et al. 
(2008) 

Labor supply Regression analysis 
using matched 
employer-employee 
data 

High shares of older adults in manufacturing plants do not appear to have negative effect on 
productivity 

Göbel and 
Zwick (2012)  

Labor supply Regression analysis 
using matched 
employer-employee 
data 

Share of workers in different age groups has no impact on establishment productivity. No 
significant differences in age-productivity profiles between sectors 

Lallemand and 
Rycx (2009)  

Labor supply Regression analysis 
using matched 
employer-employee 
data 

A higher share of young workers is favourable for firm productivity 

Mahlberg et al. 
(2013) 

Labor supply Regression analysis 
using matched 
employer-employee 
data 

Strong industry-specific component of age-productivity profiles 

Prskawetz et al. 
(2008) 

Labor supply, labor demand Simulation analysis 
based on partial 
equilibrium models 

Labor demand is a central factor to understand how population aging will affect labor 
productivity in the coming decades 

Börsch-Supan 
(2003) 

Labor supply, labor demand Simulation analysis   The change in consumer demand due to aging will have important effects on the pattern of 
employment across sectors 

Crespo 
Cuaresma et al. 
(2013)  

Labor supply, technology Simulation analysis 
based on estimated 
models 

The effect of future demographic developments on income convergence is modulated by 
educational attainment levels 

Lindh and 
Malmberg (1999) 

No particular one Economic growth 
regressions 

Age structure explains economic growth patterns. Positive influence of the 50-64 age group 

Mason (2005) Physical capital 
accumulation 

Analysis of historical 
data and projections 

Changes in the share of older population result in increased physical capital accumulation 

Bloom et al. 
(2003) 

Savings Theoretical modelling 
and regression 
analysis 

Increases in life expectancy lead to higher savings rates  

Feyrer (2007) Several channels Regression analysis  Workforce demographics are strongly correlated with productivity 

Visco (2005) Several channels Analysis of historical 
data 

Aging is expected to have widespread macroeconomic effects by influencing labor supply, 
physical capital per worker, interest rates and international capital flows 


