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Contribution of changing age structure, education and capital 
deepening to the output 

Jože SAMBT, Tjaša REDEK, Tanja ISTENIČ 

1 Introduction 

The world demand for higher education has grown significantly since 1960 (Schofer & Meyer, 2005). 
From then on, the research of economics of education has expanded, analysing effects of education on 
individual earnings and economic growth (Johnes & Johnes, 2004). More educated people earn more. 
The same is true for a group of individuals and for a country as a whole. Higher education attainment 
of the population fosters economic growth (Stevens & Weale, 2004; Pillay, 2011). In the era of 
population ageing governments hardly maintain their current level of public provision. Therefore, there 
exists an increased interest in understanding the exchange of support between the state and the family. 
Recently developed National Transfers Accounts (NTA) methodology enables us to comprehensively 
analyse the age span at which individuals are economically (in)dependent, as well as flows through 
which this dependency is financed.   

At macroeconomic level the changed population structure is expected to have significant 
macroeconomic effects through three main channels: labour market, productivity and public finances.     
In the labour market, the supply of labour and employment will decline, despite the fact that the 
employment rates are expected to increase. According to the most recent The Ageing Report (2018)   
labour input is expectedt to have a negative contribution to overall growth from 2020 on. Productivity 
is forecasted to be the main driver of growth, but deriving from total factor productivity growth. Because 
of this, overall growth is expected to be positive and range between 1.2-1.5% on average. Ageing could 
also have a prnounced effect on public finances, as long-term care and health care expenditures will 
place pressure on taxation primarily in some countries (in continuing), while overall impact is moderate 
with around 2 percentage points of GDP increase. The literature also stresses that the mixture of fiscal 
pressures, labour decline, the feared decline in labour productivity because of its age structure, 
aggregate and public savings, impact of ageing on consumer and saving bahaviour of individuals, 
intergenerational changes and possible tensions will cause a change in the nature of growth and require 
adjustments at several levels: from policy levels, firm and individual levels in order to sustain the 
desired high European quality of living.  

In recent years, one of the main sources of growth has been identified in the intangible capital. 
Intangible capital, as defined in 2005 by  (Corrado, Hulten, & Sichel, 2005) comprises three major 
groups of factors that can support productivity growth: 1) computerized information (computer 
software, computerized databases), 2) innovative capital (which incorporates primarily R&D, but also 
other innovative expenditure), 3) economic competencies (brand equity, firm-specific human capital 
and organizational structure). Research confirmed that the impact of intangible capital on aggregate 
productivity growth show that intangible capital contributed up to a third of productivity growth 
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(Corrado, Hulten, & Sichel, 2009b) (Jona-Lasinio & Meliciani, 2018). Recent changes in the nature of 
growth are calling for a revision of the intangible capital definition, by inclusion of at least three 
additional dimensions: new technology incorporation, which is closely linked to the existing 
components of ”computerised information” and ”economic competencies”, international linkages of 
companies (global value chains dimension), which is especially linked to the accummulation of 
intangible capital through ”innovative property” and ”economic competencies” and ageing, which will 
primarily be visible in the ”economic competencies” dimension, which includes also the human capital 
aspect. 

The purpose of this paper is three-fold. First, we discuss the impact of ageing on productivity both 
at micro and macroeconomic level to identify the possible negative and potentially also positive linkages 
and also channels of influence.  

As noted in Gabriele et al. (2018) using only macroeconomic data for the analysis of the effect of age on 
productivity usually gives only “a rough approximation for estimating the phenomenon under 
consideration (p. 170)”. To analyse possible positive saving effect of population ageing on the future 
capital accumulation and economic growth, rather new and fully harmonized European NTA data 
(Istenič et al., 2016) for 25 EU countries in 2010 can be used. The NTA data contain information about 
economic activities for one-year age groups and it is based on combined national accounts data, EU-
SILC and Household Budget Survey (HBS) micro data sources as well as administrative data sources. 
However, we have to bear in mind that accounts are cross-sectional evidence, currently disposable for 
the year 2010 only.  
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2 Demographic trends 

Until 2070 the European population is projected to increase by approximately 1.7% and will account for 
520 million people. However, the population age structure will change significantly and Europe will 
become much older than ever before (see Figure 1).  

Figure 1: Population by age group and gender, EU-28, 2016-2070 (thousands) 

 

Source: European Commission, 2018 

In particular, the latest Eurostat’s population projections EUROPOP2018 show that in the EU-28 
countries the share of people aged 65+ will increase from 20.0% in 2019 to 29.2% by 2070, whereas the 
increase in the share of individuals 80+ will be even more pronounced – from 5.7% in 2019 to 12.6% in 
2070. In the same period the share of working-age population (aged 15-64) is projected to decline from 
64.5% to 56.6%. These huge changes in population age structure will cause a significant increase in the 
old age dependency ratio, showing the ratio between the number of individuals 65+ and working age 
population. Whereas old age dependency ratio accounted for 31.0 in 2019 it is expected to account for 
51.6 in 2070. Furthermore, the median age of population is projected to increase from 43.3 years in 
2019 to 47.7 years in 2070 (Eurostat, 2020). This drastic change in population age structure will require 
adequate adjustments and seeking for increasing productivity to preserve public system sustainability 
and economic growth.  
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3 Ageing and productivity growth 

3.1 Ageing and productivity at the macroeconomic level 

The age structure of population is strongly related with the aggregate productivity and output. 
According to Feyrer (2007) a significant part of productivity gap between poor and rich countries can 
be explained by the differences in countries’ population age structure. Next, the workforce 
demographics   also partially explains the productivity divergence among countries after 1980s. By using 
a macro-data panel for the OECD countries, Werding (2008) shows that age structure of a country’s 
workforce affects its total factor productivity and its economic growth. The author concludes that 
workers aged 40-49 are the most important for high levels of productivity and its faster growth, while 
contributions of younger and older workers are much smaller. Based on their empirical research using 
US data from 1980 to 2010, Maestas, Mullen and Powell (2016) conclude that an increase in the share 
of individuals aged 60+ by 10%, decreases the growth rate of GDP pec capita by 5.5%. Authors also show 
that two thirds of this decrease can be assigned to older workers’ productivity decrease. Similarly, based 
on worldwide macro data for the period 1990-2016, Loser et al. (2007) concludes that there exists a 
decline in productivity with ageing by showing that an increase in the proportion of workers aged 65+ 
decreases the output per worker.  

However, the effect of population ageing on the aggregate productivity is not straightforward. For 
example, based on the US and Australian data, Guest (2011) shows that population ageing shifts 
consumption towards goods that are more capital intensive. As author estimates, population ageing will 
thus cause an increase in labour productivity for 1-4% per annum up to 2050.  

3.1.1 Demographic dividend 

Similarly, to the Guest (2011), the researchers show a positive effect of population ageing on the 
economic growth by combining the National Transfer Accounts (NTA) methodological framework with 
the concept of demographic dividend (Mason & Lee, 2007; Prskawetz & Sambt, 2014). Along with their 
development, countries are going through a demographic transition, characterized by the shift from 
high to low levels of fertility and mortality. The decline in fertility causes an increase in the share of 
effective number of producers in the effective number of consumers. This results in an increase in the 
investment resources and therefore economic growth. However, eventually the positive first 
demographic dividend eventually becomes negative. This happens because children born during the 
low-fertility period enter a labour force, while numerous initial working-age population retires and 
becomes economically dependent again (Mason & Lee, 2007). 

Even though population gets older over time, the population ageing can have a positive effect in form 
of a second demographic dividend. The positive effect of population ageing is possible because older 
individuals partially fund their consumption by asset income. Due to their prolonged life expectancy, 
individuals live longer over time, and are thus forced to save more. The increased savings result in the 
capital deepening, which has a positive effect on the economic growth. The saving effect can be 
estimated using intrinsically forward-looking accumulation of wealth. The discounted future 
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accumulation of wealth is estimated as a difference between the future age-specific aggregate 
consumption and age-specific aggregate income, where fixed growth rates of consumption and 
technology are assumed (Mason & Lee, 2007).  The effect of the second demographic dividend on the 9 
EU countries has been analysed by Prskawetz and Sambt (2014). The authors concluded that a positive 
saving/wealth effect is evident for the UK, Germany and Spain. In this paper we will take advantage of 
the European FP7 Agenta project in which the comparable NTA results for 25 EU countries were 
provided – i.e. for all EU countries except Croatia, Malta and Netherlands for which not all the necessary 
data were available.  

3.2 Ageing and productivity at individual and firm level 

Individual’s productivity varies over his/her life cycle due to several reasons: the length of individual’s 
working experience, his/her cognitive functioning, physical abilities, motivation, matching of the 
worker and the task, his/her loyalty etc. (Skirbekk, 2008). The assumption about decreased productivity 
at higher ages goes back to human capital models of Ben-Porath (1967), Mincer (1958, 1974) and Becker 
(1994). During their lives individuals tend to become more skilled and experienced and therefore their 
productivity increases. However, after a pick during prime working-ages, the productivity starts to 
decrease (Mincer, 1958). Even though initial theoretical papers assumed decreased productivity of older 
workers, the empirical evidence does not show a straightforward relationship between productivity and 
individuals’ age. In contrast, some empirical researches show that older workers can be even more 
productive then their younger colleagues.  

The changes in individuals’ productivity over his or her life cycle are in detail investigated in the 
Skirbekk (2004), where author reviews a number of empirical studies and concludes that previous 
studies mainly show a decrease in individuals’ job performance (i.e. productivity) at higher ages. A 
decrease is especially evident for individuals 50+. Based on a review of variety of articles, Skirbekk 
(2008) shows an increase of productivity at the beginning of the working ages, after that the 
productivity stabilizes and often decreases when worker gets older. A decrease of productivity at higher 
ages is especially evident in job tasks where problem solving, learning and speed are important. In 
contrast, there is less or even no productivity reduction of those older workers, whose job tasks are 
related to experiences or verbal abilities. Similar conclusions are also found in comprehensive literature 
review of Prskawetz et al. (2005). However, the authors additionally claim that older workers’ 
productivity can be biased upwards. There can exist a positive selection bias, because those older 
workers that decide to stay on the labour market are probably more productive than those who leave it.  

The negative relationship between productivity and individual’s age is also evident from some of the 
more recent empirical studies, for example Hu (2016) and Gabriele et al. (2018). Based on Chinese data, 
Hu (2016) indicates that experiences can become an obstacle in enhancing productivity of older 
workers. This is true especially in the current information era, when workers knowledge and 
experiences become out of date. Moreover, based on Korean firm level data, Lee, Park and Yang (2018) 
show a negative relationship between the share of workers aged 50+ and value added per worker. As 
authors claim, similarly was shown in most studies based on European data. However, authors further 
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disclose a positive connection between the share of workers aged 50+ and value added per worker in 
those large manufacturing firms that face risky or growing conditions.  

Furthermore, based on the Austrian matched employer-employee panel dataset, Mahlberg et al. (2013) 
conclude that firm’s productivity is not negatively related to the share of older workers. Furthermore, 
the authors claim that older workers are not overpaid comparably to their productivity. Moreover, 
Mahlberg et al. (2013) reveal that age-productivity relationship differs significantly across regions and 
sectors, where later is even more important. Similarly, based on German data for the period 1986-2006, 
Gordo & Skirbekk (2013) reveal that workers in their 50s have adopted well to technological changes 
and have experienced even greater growth in cognitive demanding tasks then younger workers in their 
30s. Moreover, based on Current Population Survey, Burtless (2013) concludes that workers aged 60-
74 are on average more productive than those of ages 25-59. Similarly, the meta analysis of 418 
empirical studies, which verifies the consistency of common stereotypes about older workers (i.e. their 
lower motivation, lower willingness to participate in training and career development, lower willingness 
to change and lower trust), shows that the only stereotype that is consistent among previous research is 
that older workers are indeed less willing to participate in training and career development (Ng & 
Feldman, 2012). 

To mitigate the negative consequences of population ageing appropriate policies should be applied. 
First, by making a better age-mix in the workplace, where the young and the elderly can benefit from 
competitive advantages of each other (Backes‐Gellner & Veen, 2013; Göbel & Zwick, 2013)). However, 
a better age-mix has a positive effect on the overall company’s productivity only if the job tasks 
performed are creative and not routine. Next, the later retirement could increase the older workers’ 
incentive to update their own skills and can give the incentive to work hard also at higher ages. Finally, 
over time, the productive potential of older workers is likely to increase: firstly, because the cognitive 
abilities and health of older workers is likely to increase; secondly, because countries’ development  
decreases a need for physical strength of workers, and thirdly, because flexible job arrangements are 
more and more popular nowadays (Skirbekk, 2008). 
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4 The effects of the age structure and the educational 
attainment on the demographic dividend 

4.1 Methodological framework 

4.1.1 The National Transfer Accounts (NTA) 

This paper includes NTA results for 25 EU countries (all the EU member states except Croatia, the 
Netherlands, and Malta) in 2010. The NTA data, on which the analysis of this paper is based, is 
publically available through the Agenta project dataexplorer (http://dataexplorer. 
wittgensteincentre.org/nta/).The NTA methodology is described in detail by Lee and Mason (2011), and 
by a United Nations (2013) manual. The specifics of the European NTA are presented in detail in the 
European NTA Manual (Istenič et al., 2016) and more briefly in the Istenič et al. (2019).  

The central concept in NTA is the life cycle deficit (LCD). The LCD is the difference between age-specific 
(public and private) consumption and age-specific labour income. The LCD is positive for the young 
and the elderly, whose consumption exceeds their labour income. On the other hand, individuals of 
working ages face a negative LCD, also denoted as life cycle surplus (LCS). The LCS indicates ages at 
which individuals are economically independent and also shows the extent at which working-age 
population is able to fund the LCD of the young and the elderly.  

The LCD of the young and the elderly is funded through economic flows in a form of net public and 
private transfers and public and private asset-based reallocations (ABR). Net transfers represent the 
difference between transfer inflows, received by individuals, and transfer outflows, paid by individuals. 
Public transfer inflows are, for example, publicly funded education, health care, long-term care and 
pensions, while public outflows are mainly taxes and social contributions paid. Private transfers include 
flows that are happening between households (inter-household transfers) and within households (intra-
household transfers). Public and private ABR result from interactions with capital and financial 
markets, such as interest paid on public debt, returns on capital and property income.  Asset-based 
reallocations show a difference between asset income and saving. Asset income represents an inflow for 
individuals, while saving an outflow (in contrast, dissaving represents an inflow). Further, ABR enable 
individuals to accumulate assets at one age and spend those assets later in life. One of the main 
contributions of the NTA is a possibility to estimate private intra-household transfers (e.g., parents 
funding consumption of their children).  

The application of the NTA methodological framework means the estimation of a large set of age profiles 
(i.e. the age-specific averages) of the up mentioned economic variables.  The age profiles are estimated 
using survey and administrative data and are further adjusted to match the aggregate values calculated 
from the European System of Accounts (ESA). Labour income includes gross earnings, employers’ social 
contributions and self-employment labour income. Public and private consumption include separately 
estimated expenditures for education, health and all the other consumption. Public transfer inflows 
include in-kind public transfers, that equal to public consumption and in-cash public transfers. Public 
transfer outflows include separately estimated age profiles of taxes on labour income, taxes on asset 
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income, and taxes on consumption as well as social contributions paid by employers, employees and 
non-employed individuals. Public and private asset income consist of age profiles of capital and 
property income. 

The age profiles are cross-sectional snapshots based on a secondary analysis for one calendar year 
(2010). The main micro-level data source for constructing income related age profiles (i.e. labour, 
capital, and property income, public transfer inflows in-cash, part of public transfer outflows, and 
inter-household transfer inflows and outflows) is the EU Statistics on Income and Living Conditions 
(EU-SILC). On the other hand, private consumption age profiles are estimated using Household Budget 
Survey (HBS). Whereas in EU-SILC the majority of variables used are reported at the individual level, 
in HBS expenditures are reported only at the household level. To allocate household level expenditures 
among the household members specific allocation rules, such as regression method and equivalence 
scale, are used.  

Public consumption is mainly estimated using administrative data. Public consumption on education is 
estimated by combining data on age- and level-specific enrolment rates with the government 
expenditures on certain levels of education. By doing so, we assume that public expenditures are the 
same for all individuals that are enrolled in the specific level of education, regardless of their age. The 
age profiles of public health consumption are estimated using the age profiles of public health care 
provided by the Ageing Working Group (European Commision, 2012), however adjusted to match the 
ESA macro controls from 2010. Other public consumption mainly consist of collective consumption, 
such as public defence, public lighting, etc. and is therefore uniformly distributed across all the age 
groups.  

Private intra-household transfers are estimated indirectly using the household structure from the 
EU-SILC and the previously calculated age profiles. To estimate intra-household transfers, we assume 
that a household member whose private consumption exceeds his or her disposable income is in deficit 
and has to receive transfers from other household members who face the surplus. If the total deficit of 
the household exceeds the total household’s surplus, the household head needs to use his or her asset 
income or needs to borrow resources from other households.  

4.1.2 NTA by Educational Level  

Beside age, another aspect with a considerable impact on economic behaviour is completed level of 
education. This paper thus includes the NTA results disaggregated by the educational level as well.  
Educational attainment levels are presented for three main categories: (1) less than primary, primary 
and lower secondary education (ISCED 2011 levels 0-2) – called basic educational level, (2) upper 
secondary and post-secondary non-tertiary education (ISCED 2011 levels 3 and 4) – called higher 
educational level, and (3) tertiary education (ISCED 2011 levels 5-8) – called tertiary educational level. 

To calculate age profiles disaggregated by education, we first need data on population by age and the 
level of education. However, for 2010 population data disaggregated by educational level is not available 
for one-year age groups. We had two options: 1) using 2010 survey data or 2) using 2011 census data. 
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We decided for 2011 census data, as we considered them more precise and reliable than survey data. 
The data on population by completed level of education were retrieved from 2011 Census Hub 
(Eurostat). We assume that age is the main explanatory factor for educational level and that its influence 
remained unchanged from 2010 to 2011. We took the education-specific proportions for every age group 
from 2011 and applied them to 2010 – technically by multiplying those proportions with the total 
population in the corresponding age group in 2010. However, at the Census Hub the census data on 
population are missing for Germany, France, and Finland. Furthermore, Denmark has some specifics 
in the definitions of the EU-SILC variables; therefore, we decided to exclude Denmark from the NTA 
dataset on education and ended up with results on NTA by educational level for 21 countries.  

The NTA age profiles estimated from survey data can be easily disaggregated by educational level since 
EU-SILC and HBS include data on individual’s age and completed level of education. We use the 
standard NTA approach (described above) to estimate educational level-specific age profiles. The only 
difference is that instead of calculating only age-specific averages this time we calculate age- and 
educational level-specific averages.  

Education-level-specific age profiles need to be consistent with the standard (general) NTA age profiles. 
Adjustment is made in a way that the average of the education-specific aggregate age profiles (i.e. age 
profiles by education level multiplied by the population in the corresponding educational level) across 
all educational levels equals the total aggregate profile (the NTA age profile without decomposition by 
education, multiplied by the total population).  

Private health consumption age profiles are calculated by applying a regression model, whereby the 
educational level of individuals is taken into account. We take the household’s expenditures on health 
as dependent variable, whereas for explanatory variables we use number of individuals in each age 
group – separately for basic, higher and tertiary educated. We use the regression coefficients as relative 
shares when allocating total household consumption to individual household members.   

Private consumption other than education and health is calculated using the equivalence scale that is 
independent of individual’s completed level of education. Even though we use the same equivalence 
scale for all educational levels, the obtained age profiles of ‘other private consumption’ are not the same 
for individuals of different educational levels since they reflect the difference in age and educational 
decomposition of the households.  

Another issue that needed to be addressed was the fact that the attained educational level depends very 
much on age (e.g. there is no one with completed tertiary education at age 10). Therefore, we considered 
the data on aiming educational level more appropriate when estimating public consumption on 
education across different levels of education. When estimating expenditure for a given education level 
we took into account those individuals who had already completed that particular level of education, as 
well as those still enrolled in the programme leading to completion of that level. Without having these 
data available we estimated the data on aiming educational level from EU-SILC survey, taking into 
account age and current participation in a given educational level, assuming that the person enrolled in 
that education will actually complete that level. 
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There are large differences in public expenditure on education across different educational levels. Public 
expenditure is therefore calculated in the following way. First, we calculate average spending per 
enrolled person for each educational level. Then, we multiply the obtained age- and education-specific 
averages by the number of students enrolled to obtain the total expenditure by age and educational 
level. Finally, we divide age- and education-level-specific total expenditure by the total number of 
persons aiming for specific educational level. We assume that people who have completed some higher 
level of education (or are aiming at completing it) had to attend also all lower levels of education in the 
past. The age profiles are thus generated for the cumulative expenditure on education. 

Similarly, when estimating the age profiles of private consumption on education, we again take into 
account population by aiming educational level (and not population by the completed level of 
education).  

4.1.3 Decomposition of the economic support ratio 

The original decompostion of econocmic support ratio using the NTA methodology goes 
back to Mason & Lee (2006): 

 

 

(1) 

whereby Y(t) denotes total income, N(t) stands for the number of people and L(t) is number of workers. 
Thus, on the left hand side of identity (1) we have income per capita. The first elemement on the right 
is support ratio representing the share of workers in total population and the second element on the 
right represent income per worker. This basic decomposition is around already for a very long time, but 
Mason & Lee used the NTA approach to transorm to derive the (NTA) economic support ratio by 
introducing the number of effective producers (using age profiles of YL for L(t)), per effective consumer 
(using age profiles of C for N(t)): 
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5) 

 

, where C again stands for the number of effective consumers and L for the number of effective 
producers, but this time there is also the educational dimension added. By having NTA age profiles for 
three different levels of education, authors are able to decompose the annual growth rate of production 
(L) and consumptin (C) into an age effect (A) and education effect (E). Herby they apply the method of 
Das Gupta (1993) and they add the rate effect (R).  

𝑔(𝐿) = (𝑅1 + 𝐴1 + 𝐸1)/𝐿(𝑡) 6) 

𝑔(𝐶) = (𝑅6 + 𝐴6 + 𝐸6)/𝐶(𝑡) 7) 

 

These two effect show individually an anual change in L or C when the other two factors remain 
constant. For detailed explanation of the approach see Rentería et al. (2016).  

 

4.2 Results 

Figure 2 we present the results of this approach applied on the comparable NTA results. All the required 
data for decomposing NTA results by education were available for 19 EU countries. The results show 
that in Easatern and Northern Europe the age effect was in the past rather neutral or even negative in 
some countries, so positive first DD was driven by the education effect. Up until 2050 the first DD will 
be negative but educational effect will alleviate the negative impact of age effect. In the Northern Europe 
the age effect was clearly positive in the past and it will continue to have important positive role also in 
the future – more than in Eastern and Northern Europe.   

Figure 2: Population by age group and gender, EU-28, 2016-2070 (thousands) 
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Source: https://www.oeaw.ac.at/fileadmin/subsites/Institute/VID/PDF/Conferences/2017/ 
AGENTA-Conference/Presentations_and_Posters/p1_04_Souto.pdf  

5  The effect of the second demographic dividend 

In the past the second demographic dividend concept has been quite unnoticed by researchers who have 
concentrated on the effects of the first demographic dividend. As explained earlier during the ageing 
process the labor force is increasingly concentrating in higher age groups. Rapidly increasing longevity 
can be a strong incentive for people to accumulate assets for their old age. The second demographic 
dividend is related to the concept of the lifecycle wealth and its relation to the population age structure. 
First, there are compositional effects, reflecting the growing share of the population consisting of 
individuals who are approaching retirement or who have completed their productive years. Second, 
there are behavioral effects: increasing life expectancy and the accompanying increase in retirement 
duration lead to an upward shift in the age-profile of wealth (Mason, 2005).  

For the second dividend to come into place people have to be encouraged to save for their retirement – 
to support their consumption, to finance bequests and to be able to finance other uncertain events. It is 
the consequence of investment in assets such as personal savings, housing, funded pensions etc. We are 
facing capital accumulation by people of working age. The second response by the ageing population 
can be the use of unfunded familial or public transfer programs. With this option, the incentive to build 
up asset wealth is decreased or even vanished. Relying on transfer wealth for financing consumption in 
older age does not yield benefits in the form of the second demographic dividend. 

As suggested by their names, the first and second demographic dividends appear in sequence. While 
the first one is still positive, the second one can start, therefore for some period they overlap (R. Lee & 
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Mason, 2006). Eventually the first dividend turns from positive to negative values. The second one can 
already work in a positive direction, offsetting some of the negative effect of the first dividend. Unlike 
the first demographic dividend, the (positive) effect of the second demographic dividend on per capita 
assets and income is permanent (Mason & Lee, 2007). The second demographic dividend thus 
challenges the presumption that population ageing only has a bad influence on economic growth. 
However, there is no free lunch since the current generations have to reduce their consumption to 
increase their wealth for higher consumption in future periods (Mason & Lee, 2006). 

The term demographic window is also used for a demographic dividend. The idea is related to the phrase 
window of opportunity, being defined as a short period of time during which an opportunity must be 
grasped or lost (Business Dictionary, 2009). Indeed, demographic dividends are not realized 
automatically and depend on institutions and policies to transform changes in population age structure 
into economic growth (Bloom & Canning, 2001). For example, the first demographic dividend can be 
reduced or eliminated if the positive effect on economic growth is mitigated by reduced activity rates – 
like decreasing age at retirement. As already explained, where familial or public support are especially 
strong saving incentives may be undermined (Mason & Kinugasa, 2008). If the demographic dividend 
is not used, the window of opportunity is permanently lost (R. Lee & Mason, 2006).  

According to the projections, there will be huge pressure in the future on public expenditures for 
pension, health care and long-term care (The Ageing Report, 2018). It could be dangerous from the 
sustainability point of view if the active population relies too much on transfers, especially if they expect 
they will remain in the extent currently provided to the elderly. Such expectations can probably not be 
fulfilled in the future. That could result in substantially lower levels of resources available to the elderly, 
dictating a low standard of living for them in the future. The same is true for private transfers. In 
developed countries, today’s elderly have on average more children than the elderly in a few decades 
from now will have. In the future the ability of the working population to provide private support for 
their elderly parents will therefore decrease. The second dividend is seen as an option to mitigate the 
increasing burden placed on families and governments for supporting the elderly.  

5.1 Methodological framework 

The concept of the first demographic dividend is related to the share of the working age people in the 
population. Conventionally, this has been defined with the fixed age limits (usually 20-64 years of age) 
regardless of how productive individuals are at different ages and how much they consume. With the 
NTA approach we can improve the calculation of the first demographic dividend, by taking into account 
the actual labour income and consumption at different ages even without going into the decomposition 
by education which we demonstrated earlier. By multiplying the age profiles of consumption and 
production with the age distribution of the population we obtain the effective number of consumers and 
producers.  

Technically, we define the effective number of consumers by N and the effective number of producers 
by L:  
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(8) 

 
(9) 

where P(a,t) represents the population of age a in year t; 𝛼(𝑎) is an age-specific, time-invariant vector 

of coefficients measuring age variation in consumption; while 𝛾(𝑎) is an age-specific, time-invariant 
vector of coefficients measuring age variation in productivity.  

 

Following those notations we can decompose output per effective consumer, (Y/N), into the support 
ratio (L/N) and output per effective worker (Y/L): 

 

 
(10) 

 

By converting Equation (10) into growth terms, we derive: 

 

 (11) 

 

Equation (11) says that the growth rate of output per effective consumer (�̇�) equals the growth of the 

effective labor force (�̇�) less the rate of growth of the effective number of consumers (�̇�) plus the growth 

rate in output per worker (�̇�;). The excess of the growth rate of the effective labor force (�̇�) over the 

growth rate of the effective number of consumers (�̇�) is the growth rate of the support ratio. Changes 
in this support ratio represent the first demographic dividend. The productivity weights are assumed to 
be proportional to labor income, while the consumption weights are assumed to be proportional to 
estimated consumption.  

The rationale behind the procedure is that we take differences in productivity and consumption of 
different age groups into account. It not only matters if someone works but also how productive they 
are. It not only matters if, for example, someone is economically dependent but so too is the amount of 
their consumption that needs to be financed by others. This approach is more comprehensive than the 
standard decomposition of GDP per capita into GDP per active person and activity rates, which only 
classifies people as active or non-active regardless of how much they produce and how much they 
consume.  
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Estimating the second demographic dividend is more complex than estimating the first demographic 
dividend, as it rests on many assumptions. Partially this is because the accumulation of wealth is 
intrinsically forward-looking (Mason, 2005). We will only point out the basic idea and values of the 
parameters following Mason and Kinugasa (2008), who build on the neoclassical growth model of 
Cutler, Poterba, Sheiner, & Summers, 1990 (as cited in Mason & Kinugasa, 2008) and Solow, 1956 (as 
cited in Mason & Kinugasa, 2008). For a detailed technical description of the model, see the work of 
Mason and R. Lee (2006) on which the outline presented in the continuation is also based.  

The parameters that influence the results are as follows. The steady-state year was set to 2100. The 
model requires the parameter denoting the share of family transfers flowing to the cohorts below the 
age at which the lifecycle deficit turns negative. This parameter is required to calculate ‘child wealth’, 
which is the present value of net costs of supporting children in the future. It is a negative value. On the 
other hand, ‘pension wealth’ is the wealth used to fund consumption at older ages. To calculate it, a 
coefficient is required showing the share of old age consumption supported through (private and public) 
transfers, as opposed to assets. When calculating the present value, a discount rate of 3% was used, 
while for the annual interest rate the value of 6% is assumed. Annual technological growth is set at 1.5%. 
The stated values were chosen in line with the calculations for other countries made in the past.  

5.2 Results 

In our calculations we build on data from 2010 and we investigate changes in the following four decades 
when the population ageing in Europe is expected to be the strongest. The first demographic dividend 
for the period 2010-2050 is presented in Table 1. The negative effect of the first demographic dividend 
is projected for all countries except Cyprus where strong positive net migrations are assumed. In 
Slovakia, Slovenia and Romania the cumulative negative impact of first demographic dividend on the 
growth between 2010 and 2050 is simulated close to 25%, but it will be strongly negative for most other 
EU countries as well. In Table 1 we present the cumulative effect of the first and the second demographic 
dividend in 2010-2050 period and parameters used in the  
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Table 1: The cumulative effect of the first and the second demographic dividend (DD) 

Country Age of 
adulthood Tau_f Tau First DD  

(% growth) 
Second DD 
(% growth) 

Both DD 
combined 

Austria 25 0.595 0.746 -16.4 2.2 -14.5 
Belgium 24 0.526 0.518 -13.6 7.2 -7.7 
Bulgaria 26 0.805 0.537 -20.6 7.5 -14.7 
Cyprus 30 0.724 0.562 5.2 7.9 13.5 
Czech Republic 25 0.604 0.566 -21.1 6.8 -15.7 
Denmark 26 0.562 0.537 -11.9 6.2 -6.4 
Estonia 25 0.639 0.846 -14.5 1.0 -13.7 
Finland 27 0.631 0.678 -11.5 2.8 -9.0 
France 24 0.576 0.528 -15.2 6.0 -10.1 
Germany 27 0.654 0.459 -18.9 7.2 -13.0 
Greece 32 0.999 0.999 -20.0 0.0 -20.0 
Hungary 25 0.601 0.641 -19.2 5.2 -15.0 
Ireland 28 0.673 0.414 -15.7 27.0 7.1 
Italy 27 0.658 0.581 -19.7 5.1 -15.5 
Latvia 26 0.665 0.615 -16.8 3.7 -13.7 
Lithuania 29 0.729 0.484 -15.2 9.9 -6.8 
Luxembourg 25 0.430 0.387 -13.6 34.1 15.9 
Poland 26 0.690 0.629 -22.6 6.0 -17.9 
Portugal 27 0.722 0.512 -18.6 8.9 -11.4 
Romania 26 0.797 0.499 -23.7 12.4 -14.3 
Slovakia 26 0.725 0.557 -25.1 10.0 -17.6 
Slovenia 26 0.634 0.732 -24.9 2.8 -22.8 
Spain 27 0.647 0.573 -22.1 7.3 -16.4 
Sweden  27 0.542 0.674 -6.2 2.7 -3.7 
UK 26 0.631 0.407 -11.8 13.7 0.3 

Tau_f: The share of family transfers to kids. If cost of rearing kids is supported 40% by public and 60% by family, the value of 
TAU_f is 0.600. 
Tau: How much of the old age consumption is supported by transfers, as opposed to assets. If transfers provide 40% and assets 
60%, then the value in that year is equal to 0.400.  
 
Age of adulthood in Table 1 is defined as age at which individuals’ labour income first exceeds their 
consumption, so they become economically independent. It ranges from 24 years in Belgium and France 
to 32 years in Greece. As explained ealier, this enters the calculation of wealth people have to accumulate 
to cover their own consumption and consumption of their children.  

In Luxembourg, Ireland, and the UK elderly cover their consumption out of transfers only in about 40%, 
whereas the rest is covered from (net) asset income. It is assumed that the ratio of assets to transfer 
wealth (which is predominanelly pension wealth) will not change in the future. Since people will live 
longer, they will have to accumlate more wealth. Consequenatly, through capital deepening the 
productivity would increase. In these three countries the positive effect of higher productivity could 
even outweight the negative impact on growth comming from declining share of individuals who work. 
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On the other end, the elderly in Greece, Estonia, Austria and Slovenia are only to a limited extent using 
assets to cover their consumption in higher ages. Therefore, the positive impact of this chanel on 
economic growth is expected to be small.  

6 Discussion  

In future decades Europe will face strong population ageing that will bring chellenges to the public 
sustainability and declining share of working individuals given the current age patterns of production. 
In contrast, in this paper we focus on the two aspects with a positive direction regarding the economic 
growth. First, we summarize the findings of Rentería et al. (2016) showing that in the past the first 
demographic dividend (being positive) was comming predominantl through the channel of education 
instead of changing age strucure of population per se. In the future the educational level of working age 
individuals will further improve, therefore we can expect further positive impact on economic growth. 
Second, we apply the calculation of the second demographic dividend following the approach of  Mason 
and Kinugasa (2008). Given current age patterns of production, consumption, transfers and 
reallocations related to assets we find strong potential benefits for future growth. If elderly finance their 
consumption at older age intensivelly with asset based realocation (i.e. net asset income  as a difference 
between asset income and savings), there will be productivity growth comming through capital 
deepening. Namely, individuals will have to accumulate more to be able to finance their consumption 
at older age given the expected further longevity increase. In Luxembourg, Ireland, and the UK this 
effect could even outweight the negative impact on growth comming from declining share of individuals 
who work. However, if elderly finance their consumption through transfers (like in Greece, Estonia, 
Austria and Slovenia) the positive impact of this chanel on economic growth will be small.  
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