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Abstract 
 

Population aging has forced policy makers in most developed countries to reform pension systems 

with the aim of maintaining or re-establishing financial sustainability. This usually involves cost-

cutting measures like later pension eligibility ages and lower replacement rates. Such reforms face 

harsh trade-offs with the objective of providing adequate pensions. Social welfare and inequality 

have emerged as crucial concerns about recent pension reforms, stressing that the lack of “social 

sustainability” may undermine financial sustainability.  

This paper analyzes such trade-offs and may explain why support for pension reform has dwindled 

in Europe. The paper evaluates reform effects on financial sustainability, social welfare and intra- 

and inter-generational equality in a rich unified framework with several dimensions of 

heterogeneity and various behavioral reactions. Our simulations shed light on the complex 
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distributional effects of pension reform on different cohorts and societal groups. They show where 

policy tends to reform unequally and why reforms may fail to find voters’ approval.  

Keywords:  
Population aging, pension reform, inequality, life-cycle behavior, labor supply, welfare 
 
JEL classification: C68, D91, E17, H55, J11, J26 
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Appendix A: Specification of life-course profiles  

1. Productivity 

The procedures to calculate the productivity profiles use data on wages from the SHARE Job 

Episodes Panel for France, Italy and Germany for men aged 50 or over, which contains their average 

earnings from ages 20 to 49. This dataset is used to construct a panel of log wages at the individual-

year level for all observations where the man was aged 20-49, living in France, Italy and Germany 

and not self-employed. The sample is also restricted to men who lived outside of any of these 

countries for less than five years and were self-employed for less than ten years. Wages are adjusted 

for inflation. Where wages are missing at the start or end of a job period, they are imputed using 

information on work experience, years of education, a full-time indicator, industry dummies and a 

private sector dummy. Finally, we remove wage observations in the top 1% of the sample to reduce 

the sensitivity of the analysis to extreme wages. We apply the upper productivity profile for the 

highest income category, the lower productivity profile for the lowest income category, and the 

middle profile for both the lower and the upper middle class as defined in Table 1 of the main text. 

We estimate the following piecewise linear function: 

ln 𝑤𝑎𝑔𝑒 𝛽 𝛽 𝑎𝑔𝑒 𝛽 𝕝 𝑎𝑔𝑒 𝑘 ∗ 𝑎𝑔𝑒 𝑘 𝜀
  

 

where J = {28, 37, 46, 55}; ln 𝑤𝑎𝑔𝑒  is the residual for individual i of their log annual wage 

in year t after controlling for a set of individual fixed effects; 𝑎𝑔𝑒  is their age in year t; and the 𝛽  

coefficients allow for the effect of age on wages to vary with age. 

Figure A.1 – Productivity profiles 

 
Source: own calculations. 
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The normalized wage for group g at age a, 𝑛𝑜𝑟𝑚_𝑤𝑎𝑔𝑒 , , is equal to 

𝑒  ,   the exponential of the predicted value of the log wage residuals 

at age a minus the difference between the mean log wages of group g and the full sample. 

 

2. Unconditional Survival Rates 

Figure A.2 – Unconditional survival rates 

 
Source: own calculations. 

3. Consumption Preferences 

Figure A.3 – Life-course profile of intertemporal elasticity of consumption 

 
Source: own calculations. 

4. Health Deficiency Index 

The health deficiency index is calculated using questions on physical health and cognitive 

functioning in waves 1, 2 and 4--7 of SHARE. The index is based on 44 binary variables (see 
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Table A.1), known as deficits, related to different dimensions of health. It includes deficits that 

(i) are likely to negatively affect an individual's ability to work, (ii) are likely to increase with 

age, (iii) have minimal overlap with other deficits, and (iv) are asked in most waves. Table A.1 

contains the full list of deficits. Following Mitnitski et al. (2001), the index is defined as the 

number of deficits reported by an individual divided by the maximum possible number. Thus, 

the index ranges from zero to one and weights individual deficits equally. We estimate a flexible 

exponential model to characterize the relationship between our index and age. Specifically, we 

estimate the following regression model by non-linear least squares: 

𝐻𝐷𝐼 𝛽0 𝛽1𝑒𝛽2𝑎𝑔𝑒𝑖𝑡  𝜀𝑖𝑡 

where 𝐻𝐷𝐼  is the health deficiency index for individual i at time t and 𝑎𝑔𝑒  is their age in 

years. In order to capture the heterogeneity of this relation in the population, we estimate this 

relationship separately for three groups: poor, medium and excellent health, see Figure A.4. 

Given that we do not observe the health deficiencies of individuals in SHARE prior to age 50, 

the HDI-age relationship before age 50 has to be imputed. We assume that (i) the HDI at age 

20 is equal to two-thirds of the estimated level at age 50 for the relevant group and (ii) the HDI 

increases linearly with age up to age 50. . 

Figure A.4 – Health Deficiency Indexes 

 

Source: own computations.  
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TABLE A.1: Variables in health deficiency index 

VARIABLE 

Ever diagnosed by a doctor: 

Heart attack 
High blood pressure or hypertension 
High blood cholesterol 
Stroke 
Diabetes or high blood pressure 
Chronic lung disease 
Arthritis 
Cancer  
Stomach or duodenal ulcer, peptic ulcer 
Parkinson’s disease 
Cataracts 
Hip fracture or femoral fracture 
Alzheimer’s disease, dementia, senility 
Rheumatoid arthritis 
Osteoarthritis/other rheumatism 

Difficulties with the following activities: 
Walking 100 meters 
Sitting for two hours 
Getting up from a chair 
Climbing several flights of stairs 
Climbing one flight of stairs 
Stooping, kneeling, crouching 
Reaching or extending arms above shoulder 
Pulling or pushing large objects 

Lifting or carrying weights over 5 kilos 
Picking up a small coin from a table 
Dressing, including shoes and socks 
Walking across a room 
Bathing or showering 
Eating, cutting up food 
Getting in or out of bed 
Using the toilet, including getting up or 
down 
Using a map in a strange place 
Preparing a hot meal 
Shopping for groceries 
Telephone calls 
Taking medications 
Doing work around the house or garden 

Memory: 
Can’t recall current day of month 
Can’t recall current month 
Can’t recall current year 
Can’t recall current day of the week 

Eyesight/hearing: 
Uses hearing aid 
Eyesight is poor for seeing things at a 
distance 
Eyesight is poor for reading 
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Appendix B: Pension system parameters 

1. Actuarial adjustments 

Table B.1 – Actuarial adjustment rates p.a. of retirement benefits 

 Current legislation Actuarially neutral* 

Austria 4.2 5.3 

Belgium 0.0 5.4 

Canada 

Finland 

7.2 

4.8 

5.3 

5.7 

France 5.0 5.0 

Germany 3.6 4.6 

Italy 1.0 6.3 

Japan 6.0  5.1 

Portugal 6.0 6.3 

Spain 8.0 5.2 

Sweden 6.0 5.5 

US 5.0 5.9 

The table shows the adjustment rates for statutory early retirement and the actuarial neutral adjustment rates calculated 

by OECD, average values for men and women. Many countries have additional pathways not included here. The 

underlying interest rate is 2%. Source: Blundell et al. (2017), OECD (2019a) and Queisser & Whitehouse (2006). 

 

2. Specification of the “2:1 rule” 

To specify the 2:1 rule, we define a benchmark life expectancy age of cohorts retiring in 2017. 

From this year on, any cohort whose life expectancy exceeds 1.5 years from the benchmark 

will face an increase in the full pensionable age of 1 year. This life expectancy will be the 

new benchmark and later on, the next cohort with expected 1.5 years more of life expectancy 

will face another increase in the full pensionable age. 

Table B.2 – Evolution of full pensionable ages 

Years Full pensionable age 

2017-2021     65 
2022-2028     66 
2029-2037     67 
2038-2042     68 
2043-2051     69 
2052 – onwards    70 

  

Source: own calculations using population data forecasts from the Human Mortality Database (2016). 
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Appendix C: Numerical solution algorithm 

This computable general equilibrium (CGE) model has to be solved numerically. The algorithm 

searches for equilibrium paths of consumption, hours worked, capital to output ratios and, in case 

there are social security systems, pension contribution rates. We determine the equilibrium path of 

the OLG model by using the modified Gauss-Seidel iteration as described in Ludwig (2007).  

The solution of the life-cycle optimization is solved recursively by taking initial guesses for 

consumption at last age. Then, the model is solved backwards using recursive methods by applying 

first order conditions and appropriately handling the constraints. This procedure delivers first 

guesses for the vectors of consumption and hours worked. Labor time costs are taken into account 

when calculating hours worked. Costs tend to increase in age and reflect the additional burden of 

older workers remaining in the labor market.  

We then calculate savings and assets, using the budget constraint (2.6). The consumption profile, 

including consumption at last age, is then updated. This procedure is repeated until consumption 

and the hours profile converge. We do not allow the household to re-enter the labor market. The 

endogenous decision of retirement is a second step of the algorithm and a by-product of the main 

optimization method. To solve it and calculate the retirement age, we use an outer loop that searches 

for the retirement age which maximizes the household’s utility. Hereby, we carefully take into 

account the adjustment rate that gives incentives for early or late retirement.  

After the convergence of these inner loops, all cohorts’ asset holdings and hours worked at a given 

year, 𝑡, are aggregated to receive the capital stock, 𝐾 , and labor supply, 𝐿 . By using Equations 17 

and 18, the wage and interest rate can be updated.  

Our timeline has four periods: a phase-in period, a calibration period, a projection period, and a 

phase-out period. First, we start calculations with the assumption of an “artificial” initial steady 

state in 1850. The time period around 2015 is then used as the calibration period to determine the 

structural parameters of the model. Our projections run from 2015 until 2075. For technical reasons, 

the model then runs further during a transition to a steady-state population in 2150 and an additional 

100-year period until the model reaches its final steady state in 2250. 
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Appendix D: Computation of the Gini-coefficients 

Normalize total population and total wealth to 1: 
p = p ./ repmat(sum(p), n, 1); 
w = w ./ repmat(sum(w), n, 1); 
 
Keep the smallest population, needed to normalize the Gini coefficient: 
minpop = min(p); 
 
Store in a single array: 
pw = p; pw(:, :, 2) = w; pw(:, :, 3) = w ./ p; 
 
Sort with respect to wealth per capita: 
for h = 1:k 
   pw(:, h, :) = sortrows(squeeze(pw(:, h, :)), 3); 
end 
pw(:, :, 3) = []; 
pw = [zeros(1, k, 2); pw]; 
 
Cumulative population and wealth: 
pw = cumsum(pw); 
 
Average bases and height for right trapezoids: 
height = diff(pw(:, :, 1)); 
base = (pw(1:(end - 1), :, 2) + pw(2:end, :, 2)) / 2; 
 
Finally, the Gini Coefficient is normalized with respect to its highest possible value, 
which is obtained if the smallest population owns all the existing wealth: 
g = (1 - 2 * sum(height .* base)) ./ (1 - minpop); 
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Appendix E: Additional results 

1. Baseline scenario 

Figure E.1 – Retirement ages 

 
Source: own calculations. 
 
 
Figure E.2 – Relative income position (incl. asset income)  

 
Source: Own Calculations. Note that the relative income position is calculated using current income of the respective year. 
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2. Comparison of scenarios 

Figure E.3 – Interest rates 

 
Source: own calculations. 
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Figure E.4 – Contribution and replacement rates 

 
Source: own calculations. 
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3. Policy Scenarios 

3.1  Increase of FPA by 2:1 rule 

Figure E.5 – Retirement ages  

 
Source: own calculations. 
 
 
Figure E.6 – Retirement ages (differences) 

 
Source: own calculations. 
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Figure E.7 – Relative income position

 
Source: Own Calculations. Note that the relative income position is calculated using current income of the respective year. 
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3.2  Increase of adjustment rate 
 
Figure E.8 – Retirement ages 

 
Source: own calculations. 
 
Figure E.9 – Retirement ages (differences) 

 
Source: own calculations. 
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Figure E.10 – Relative income position 

 
Source: Own Calculations. Note that the relative income position is calculated using current income of the respective year of each 
age group. 
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3.3  Introduction of sustainability factor 
 
Figure E.11 – Retirement ages 

 
Source: own calculations. 
 
 
 
Figure E.12 – Retirement ages (differences) 

 
Source: own calculations. 
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Figure E.13 – Relative income position 

 
Source: Own Calculations. Note that the relative income position is calculated using current income of the respective year of each 
age group. 
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3.4  Progressive scheme 
 
 

Figure E.14 – Retirement ages 

 
Source: own calculations. 
 
 
Figure E.15 – Retirement ages (differences) 

 
Source: own calculations. 
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Figure E.16 – Relative income position 

 
Source: Own Calculations. Note that the relative income position is calculated using current income of the respective year of each 
age group. 
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Figure E.17 – Replacement rates by household type 

 
Source: own calculations. 
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3.5  All not directly redistributive reforms 
 
 
Figure E.18 – Retirement ages 

 
Source: own calculations. 
 
 
Figure E.19 – Retirement ages (differences) 

 
Source: own calculations. 
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Figure E.20 – Relative income position 

 
Source: Own Calculations. Note that the relative income position is calculated using current income of the respective year of each 
age group. 
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3.6  All reforms 

 
Figure E.21 – Retirement ages 
 

 
Source: own calculations. 
 
Figure E.22 – Retirement ages (differences) 

 
Source: own calculations. 
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Figure E.23 – Relative income position 

 
Source: Own Calculations. Note that the relative income position is calculated using current income of the respective year of each 
age group. 

 


