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Online Appendix C: Modelling of demographic change
For each country, we use data from the Human Mortality Database (HMD) to construct time-varying survival rates and fertility rates. For many OECD countries that we include to evaluate the empirical value of our model, high-quality time series do not start until 1945. We calculate the demographic parameters such that the model periods are aligned with fifteen-year blocks starting in 1945: 1945-1959, 1960-1974, 1975-1989, 1990-2004, 2005-2019, 2020-2034, 2035-2049, 2050-2064, 2065-2079 and 2080-2094. The survival rates are based on the mortality rates of each year in these 15-year time periods, which are subsequently averaged. Since individuals in the model can only die when making the transition from one fifteen-year block to another (e.g., when going from 20-34 to 35-49), our model parameters do not reflect reality perfectly. Real-world survival rates are approximated by calculating the probability of reaching the mean age of every period conditional upon having reached the mean age of the previous period. The  of the model is thus computed as (1-death27)*(1-death28)*…*(1-death41). This is then calculated for every year in the 15-year historical time period and averaged. The historical survival rates for all age groups, all time periods and all countries were constructed in this fashion. Fertility data was constructed on the basis of the number of 27-year-olds in a country at each year and averaged across fifteen years. The fertility rate is then calibrated such that the relative sizes of the young generations through time fit the real data on the evolution of these 15-year averages. Following Devriendt and Heylen (2020), we do not explicitly account for immigration and emigration. Migration movements of individuals up to 27 years old are taken into account in the computation of the fertility rate, however. 
[bookmark: _Hlk72162320]The HMD only provides historical data. For long term projections regarding the evolution of survival rates and fertility rates in model periods in the future, we use the projections of the United Nations Population Division (UNPD).
For the relative sizes of new cohorts entering the model in the future, we based ourselves on the medium-fertility projections of the UNPD for the total population by five-year age group. We use fifteen-year averages of the 25- to 29-year old population. The projections are available until 2100 such that the size of new cohorts relative to the previous cohort size can be calculated for five 15-year periods after the 2005-2019 period. From the 2095-2109 period onwards, our simulations assume that each cohort of 20- to 34-year olds is of identical size as the previous one (. This approach was followed for all countries. 
For the evolution of future survival rates, we impose that the model accurately replicates the growth in life expectancy at age 20 based on the UNPD’s medium variant projections until 2100 (World Population Prospects of 2022). Since the evolution of life expectancy at age 20 does not provide sufficient guidance to determine four survival rates, we have to make assumptions. We impose that, for each country, the proportions of the different mortality rates are fixed at their 2005-2019 level throughout the future. For instance, the probability of not surviving the transition from the 65-79 age group to the 80-94 age group for individuals who were in the 65-79 age group in the 1990-2004 period was around 55%. For individuals in the 35-49 group in the 1990-2004 period, the probability of not reaching the next period was around 6%. The survival rates in future periods will increase in a way that this factor 9 ratio is maintained. This approach delivers intuitive results: the largest absolute gains in the reduction of mortality rates in the future will be made for the ages at which this mortality rate is highest. On the other hand, the probability of dying will never fully go to zero, even for low ages (Figure 2 in the main text). This approach allows us to come up with survival rates for five 15-year periods after the 2005-2019 period. From the 2095-2109 period onwards, the survival rates are kept constant in the simulation, at their respective 2080-2094 levels. For Korea and Germany, the historical survival rates which the HMD provides do not start sufficiently early. As a result, we constructed the survival rates before the 2005-2019 period for these two countries based on the historical UNPD survivor life tables which indicate the number of survivors by age for a hypothetical cohort that is subject during all their lives to the mortality rates of a given year.
We verify whether our method succeeds in accurately reproducing differences in the old-age dependency ratio in OECD countries. We define the old-age dependency ratio as the number of individuals older than 65 as a share of the number of individuals between 20 and 64. The actual dependency ratio was calculated based on the OECD Historical population data. Cross-sectionally, the model’s dependency ratio for the 2005-2019 period (on the horizontal axis) matches the average value of the actual dependency ratio over that period (on the vertical axis) nicely (Figure C1).
Fig. C1 Average old-age dependency ratio (65+/20-64) in 15 OECD countries, 2005-2019
[image: Afbeelding met tekst, illustratie

Automatisch gegenereerde beschrijving][image: Afbeelding met tekst, illustratie

Automatisch gegenereerde beschrijving][image: A graph showing the value of a number of numbers

Description automatically generated with medium confidence]
The solid black line is the 45°-line. Actual figures on the old-age dependency ratio are computed based on the OECD Historical population dataset.
The correlation between the actual data and the model values is 96%. For most countries, there is a slight overestimation of the actual old-age dependency ratio. This is most likely the result of our simplified representation of survival rates where reaching the median age of the next period in real life is set equal to surviving the transition into the next period in the model. For younger ages, the fact that some people did not live the entire part of the next period (but are still categorised as ‘survived the whole period’) is balanced out well by the fact that some individuals lived for some time during the next period (but are still categorised ‘as ‘did not live in the whole period’). At older ages however, the first inaccuracy becomes stronger since the actual probability of dying starts to increase faster throughout one’s lifetime. This leads to a slight overestimation of the amount of people between 80 and 95, which is not entirely counterbalanced by the exclusion of the possibility to become older than 95 in the model. The effect is small, however, and the model captures cross-country differences very well overall.
When the evolution of the old-age dependency ratio is set out for each country individually, it becomes clear that the degree of future ageing is reproduced quite well (Figure C2). Here, we also compare with the UNPD’s World Population Prospects (WPP) projections regarding old-age dependency ratio, as these are sometimes materially different from the OECD’s with regard to the evolution of future old-age dependency. The model’s old-age dependency ratios in the period before 2005-2019 are unlikely to capture the full reality, since - for most countries - the data on population size was only available from 1950 onwards. For the US, we use data on population growth from the 1930-1944 model period onwards, such that the fertility rate series starts in the 1945-1959 period for that country.
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Description automatically generated with medium confidence] Fig. C2 The evolution of the actual and model old-age dependency ratio (65+/20-64), 1952-2060
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[bookmark: _Toc72572491]Online Appendix D: Construction of data and data sources
In this appendix, we indicate how the actual values of key performance variables and policy parameters were constructed. The data source and the relevant period are always indicated. Several variables were constructed using an approach that is identical to Buyse et al. (2017) and we refer to their work for more details on the data construction. Any deviation from their approach is mentioned in the text below. 
Performance variables:
Employment rate in hours when old () (for the age group 50-64, 2005-2019, all countries) 
Definition: total actual hours worked by individuals in the age group / potential hours worked.
Total actual hours worked = total employment in persons x average hours worked per week x average number of weeks worked per year
Potential hours worked = total population in the age group x 2080 (where 2080 = 52 weeks per year x 40 hours per week)
Data sources: 
* Total employment and total population by age group: OECD Stat, Labour Force Statistics by Sex and Age. Data are available for 50-54, 55-64. We constructed the data for our group of 50-64 as a sum.
* Average hours worked per week: OECD Stat, Labour Force Statistics, Hours worked, Average usual weekly hours worked on the main job. These data are available only for age groups 25-54 and 55-64. We use the OECD data for the age group 25-54 as a proxy for our age subgroup 50-54. We constructed the data for our group of 50-64 as a weighted average. The data considers total declared dependent employment. Data is lacking here for Canada, Korea and Japan such that we used the value of the United States for these countries.
* Average number of weeks worked per year: OECD Stat, Labour Force Statistics, Hours worked. The average number of weeks worked per year has been approximated by dividing average annual hours actually worked per worker (dependent employment) by average usual weekly hours worked on the main job by all workers (dependent employment). For the second source, data is lacking here for Canada, Korea and Japan such that we again used the value of the United States.
Education rate of young individuals () (for the age group 20-34, 2005-2019, all countries)
Data sources: OECD.Stat, Education and Training, Enrolment by age group; OECD.Stat, Education and Training, Population data
We use the data on the enrolment by age for the age groups 20-24, 25-29 and 30-34 (all levels of education). There is no data available for the 2006-2009 period. Since the data comprise both part-time and full-time students, we correct for this. For each age group and for each country, we compute the share of part-time students in the total number of students in the 2013-2019 period (due to data availability). The share of part-time students could not be computed for Austria, France, Italy and Korea. We used the average share of part-time students in the rest of the sample (age group specific). We then adjust the enrolment data of all countries (assuming, like Buyse et al. (2017), that part-time students study half-time when aged 20-24 and 25% percent of the time when aged 25-34). We then computed the age group specific enrolment rate by dividing the adjusted enrolment numbers by the population size of the age group in that year. Since each of the three age groups represent five years in the model, the final education rate of young individuals is the unweighted average of the three. The final result for each country is the average value over the available years. For Japan, there is no suitable education data available.
Annual real potential per capita GDP growth rate () (2005-2019)
Data source for real potential GDP: OECD Statistical Compendium, Economic Outlook Statistics and Projections, Supply Block, Potential Output, Volume.
Data source for the active population: OECD Statistical Compendium, Short-term Labour Market Statistics, Labour Force Statistics - Quarterly levels, Active Population, Aged 15-64.
The rate of technical progress  is calculated as the percentage increase in real potential GDP per active person from 2004 to 2019.
Wages of young, low and medium ability individuals, relative to the wage of young, high ability individuals ( and ) (2020)
Data source: OECD Education at a Glance 2022, Educations and earnings, relative earnings by educational attainment (The data considers 2020); US Census Bureau, Total Educational Attainment of the Population 25 Years and Over, 2020.
We only consider full-time, full-year earners and the age category of 25- to 34-year-olds. For the data construction, we considered ‘below upper secondary education’ and ‘upper secondary education’ to be representative for the low ability type, ‘short-cycle tertiary education’ as representative for the medium ability type and ‘bachelor’s’ and ‘master’s or doctoral’ as representative for the high ability type. For ability types represented by multiple educational attainments, we weighted each attainment by the percentage of adults with that level of education as the highest level attained (US Census Bureau, Total Educational Attainment of the Population 25 Years and Over, 2020).
Policy parameters:
The values of the different policy parameters are indicated in Table D1 for the different countries in this study.
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Public debt as a share of total output () (2005-2019)
Data source: OECD Statistical Compendium, Economic Outlook Statistics and Projections, Government Accounts, General Government Gross Financial Liabilities as a Percentage of GDP; IMF Historical Public Debt Database (HPDD).
The data in the table above represent averages for the 2005-2019 levels of gross public debt as a percentage of GDP. For earlier periods, starting from 1945-1959, fifteen-year averages of the level of public debt as a percentage of GDP are constructed based on the IMF HPDD. 
Government consumption spending as a share of total output () (2005-2019)
Data source: OECD.stat, 1. Gross domestic product (GDP), Final consumption expenditure of general government, nominal value, GDP expenditure approach, current prices and current exchange rates; OECD.stat, 1. Gross domestic product (GDP), Gross domestic product (expenditure approach) nominal value, current prices and current exchange rates
Dividing the yearly volume of final government consumption by the GDP data and subsequently averaging across fifteen-year periods results in the time-varying value for . Due to limited data availability for some countries in our sample, we only let  vary over the three time periods 1975-1989, 1990-2004 and 2005-2019. 
Consumption tax () (2005-2019)
Data source: OECD.Stat, Annual National Accounts, Supply and Use Tables, SUT Indicators, Taxes less subsidies on products in percentage of final consumption expenditure by households (total product, total activity)
The aggregate consumption tax rate is calculated by deducting total subsidies on final products from the total taxes on final products and then expressing the result as a percentage of final consumption expenditures. Data is for the 2005-2019 period, but for several countries data availability is limited to a sub-period. For Spain and Germany, no data is available and we use the consumption tax rates calculated by Dhont and Heylen (2009), which consider the 1995-2001 period. For Japan, the Korean consumption tax rate was imposed. Assuming this low Korean rate of 6.9% for Japan seems warranted since, before April 2014, the official value-added tax rate was only 5% and, from April 2014 until October 2019, the rate was 8% (reported on the website of the Japanese National Tax Agency).
Tax rate on the return to savings  (2012)
Tax rates on the return to savings are proxied by the average of tax rates applied to interest and dividend payments as calculated by the OECD study of Harding (2013) (Table 16 of the study). The data considers the tax systems as they were in July 2012.
Average labour income tax rate, at average income level  (2005-2019)
Data source: OECD.Stat, Public Sector, Taxation and Market Regulation, Taxation, Tax Database, Table I.5. Average personal income tax and social security contribution rates on gross labour income, Combined central and sub-central government.
The parameter  is given a country-specific value based on average OECD data over the 2005-2019 period on the average tax wedge on labour income excluding employer social security contributions (Table I.5). Consistent with our characterisation of the tax system in equation (37),  is proxied by the average labour income tax at 100% of the average wage over the model period. 
Social security contribution rate  (2005-2019)
Data sources: OECD.Stat, Public Sector, Taxation and Market Regulation, Taxation, Tax Database, Table I.5. Average personal income tax and social security contribution rates on gross labour income, Total tax wedge and Combined central and sub-central government.
We assume proportional social security contributions for all countries. For each country, the social security contribution rate  is calculated as the difference between 'Total tax wedge' and 'Combined central and sub-central government' (averaged over the four income levels and over the 15 years). This difference is entirely driven by social security contributions and it captures both employee and employer social security contributions. 
Progressivity parameter of labour income tax system  (2005-2019)
Data source: OECD.Stat, Public Sector, Taxation and Market Regulation, Taxation, Tax Database, Table I.5. Average personal income tax and social security contribution rates on gross labour income, Total Tax Wedge.
The parameter  is set in a country-specific way such that for four different levels of income (67%, 100%, 133% and 167% of the average wage) the model’s average tax wedges rates, as stated by equation (37), proxy for the actually observed average tax wedges as well as possible (minimization of squared errors).

Net pension replacement rates () (2018)
Data source: OECD, Pensions at a Glance 2019: OECD and G20 Indicators, Net pension replacement rates by earnings, Table 5.5.
The net replacement rates are defined as the individual’s net pension entitlement as a percentage of the individual’s net pre-retirement earnings. The replacement rates of all types of individuals are assumed to be identical to the unweighted average of the net replacement rates reported for individuals at 50%, 100% and 150% of average earnings. The calculations reflect the situation of individuals entering the labour market in 2018 and onwards.
Net replacement rate for the non-employment benefit when old () (1999, 2009)
We make use of the unweighted average of estimates of the implicit tax rates on continued work in 1999 and in 2009. For the 1999 data we use the estimated implicit tax rates on continued work, reported as a percentage of average production worker earnings by Duval (2003). Duval (2003) compute implicit tax rates both for working five more years under the early retirement route (we used an average for ages 55-59 and 60-64) and for continued work under the normal old-age pension regime (age 60-64). We weighted both routes equally for the calculation of the 1999 implicit tax rate on continued work. For 2009, we followed the same procedure, using data reported by OECD (2012) where implicit tax rates were estimated using the Duval (2003) methodology and definition. Only for the 1999 value for Denmark, data is missing such that the average value of Sweden and Norway was used. 

Online Appendix E: Optimality conditions for behaviour of the household
Equation (E1) expresses a standard Euler equation for consumption. It is clear that rising survival rates will encourage individuals to save more at a given interest rate since this increases the probability that the individuals can make use of these savings in the next period.
  
Equation (E2) states the optimality condition that determines labour supply in the final period of active life. The LHS indicates the loss in utility related to having one less unit of leisure in that period. The RHS of the equation describes the return of providing an additional unit of labour in that period. It consists of a part related to the extra consumption possibilities in the period in which more labour is provided itself and another part that is related to the increase in consumption possibilities when retired. The latter is the result of the construction of the pension system in which retirement benefits are a function of labour income during active life. The return to an extra hour of work also rises when it is likelier that the individual will live to enjoy this increased retirement benefit: this is the positive substitution effect that one can directly observe in equation (E2). As higher survival rates also imply that individuals will set more aside for when they become old so they can consume more ( and ), there is also a negative income effect of increased life expectancy on labour supply when old. 

Finally, equation (E3) gives the condition related to the optimal time spent at education when young for the medium and high ability individuals. The LHS indicates the marginal utility loss from higher investment in human capital when young. This loss is related to the fall of hours worked when young that education implies. It takes the form of a decrease in consumption possibilities resulting from both the direct loss of income when young and the lower pension benefits later. The RHS then indicates the expected discounted gain in utility that stems from earning a higher wage because of an increased human capital stock and, as a result of that, also higher pension and non-employment benefits. Once again, the rise in life expectancy creates a direct positive effect on the returns to education through the increased probability of being alive in stages of life where one can benefit of this investment in human capital. On the other hand, negative income effects lowering the marginal utility of consumption at later stages of life are also present.    
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Austria 15.5% 0.530 32.1% 13.4% 34.5% 94.1% 19.7% 34.0% 89.7%
Belgium 27.8% 0.422 26.8% 11.6% 28.0% 114.9% 23.3% 43.2% 61.7%
France 14.7% 0.658 33.6% 11.3% 52.5% 105.2% 23.5% 48.5% 71.3%
Germany 19.6% 0.399 28.4% 11.1% 37.5% 76.9% 19.3% 25.4% 53.1%
Italy 20.9% 0.511 26.0% 11.3% 23.0% 136.2% 19.5% 50.1% 92.7%
Netherlands 15.8% 0.675 20.8% 12.3% 42.5% 68.9% 24.7% 45.9% 78.9%
Spain 14.9% 0.504 24.1% 10.9% 10.9% 88.5% 19.2% 43.8% 81.6%
Core Eurozone
Average 18.5% 0.528 27.4% 11.7% 32.7% 97.8% 21.3% 41.6% 75.6%
Denmark 35.2% 0.331 1.5% 17.2% 51.5% 50.1% 25.4% 7.4% 79.6%
Finland 22.5% 0.518 20.5% 15.8% 35.5% 63.7% 23.1% 39.4% 64.7%
Sweden 19.0% 0.728 23.1% 13.3% 39.0% 51.3% 25.5% 15.9% 61.0%
Nordic Average 25.6% 0.526 15.0% 15.5% 42.0% 55.0% 24.7% 20.9% 68.4%
Canada 19.0% 0.345 11.9% 8.3% 49.0% 87.0% 20.5% 10.8% 49.6%
United Kingdom 15.5% 0.668 15.6% 8.8% 50.5% 93.7% 20.0% 16.2% 33.2%
United States 17.4% 0.480 13.2% 3.2% 47.0% 92.8% 15.1% 6.3% 50.5%
Anglo-Saxon
Avgrage 17.3% 0.498 13.6% 6.8% 48.8% 91.2% 18.5% 11.1% 44.4%
Japan 7.7% 0.657 22.7% 6.9% 31.5% 193.4% 19.2% 23.4% 38.7%
Republic of
Kofea 4.6% 1.100 15.3% 6.9% 32.5% 38.0% 14.7% 5.4% 45.6%
East Asia
Average 6.2% 0.878 19.0% 6.9% 32.0% 1156.7% 16.9% 14.4% 42.1%
Total Average 18.0% 0.568 21.0% 10.8% 37.7% 90.3% 20.8% 27.7% 63.5%
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