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1 Introduction  

The political debate in the western world about sustainable financing of old-

age income lasts already several decades. Both, pre-funded private pensions and 

public pensions, which are usually financed in the framework of pay-as-you-go 

(PAYG) systems, each imply specific problems and risks. Fund-based pensions 

depend on the overall development of asset values,1 whereas PAYG-pensions depend 

on demographic developments and labor market trends. Public pension schemes have 

to cope with increasing longevity and decreasing fertility,2

Public pension schemes set incentives either to stay in or to withdraw from the 

labor force. By setting incentives to retire early, pension systems may exacerbate the 

financial problems they face. This work examines the effect of financial incentives 

that are caused by public pension schemes on the timing of retirement. It provides 

evidence from Germany and Switzerland. In both countries, pension systems have 

 which in turn lead to an 

increase of expenditures and a decline of revenues. Moreover, individual labor market 

behavior affects the financial situation of PAYG-financed pension schemes: if 

individuals extended their working life according to their increasing life expectancy, 

the financial problems caused by demographic trends could be alleviated. Yet, the 

reverse is observed in reality: labor force participation among the elderly has been 

decreasing in most industrialized countries since the 1960s, thereby further 

aggravating the effects of the demographic trend. 

                                                                                                 
1 For example, private pension funds lost 23% of their investment’s value on average in the OECD in 
2008, due to the financial crisis (OECD, 2009a). 
2 Longevity among older individuals increased strongly in the OECD since the 1960s. The remaining 
life expectancy of individuals aged 65 rose by one fourth in the OECD. It was 20.1 years for females 
and 17.6 years for males by 2006. At the same time, fertility rates averaged to 1.65 across OECD 
countries in 2006, which is far below the level that ensures population replacement (OECD, 2009b). 
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recently undergone reforms. The resulting changes of financial incentives to retire are 

used to evaluate the effects of social security systems on labor market behavior. 

1.1 Basic Principles of the Retirement Insurance Systems in Germany and 

Switzerland 

In most OECD countries, there is a mix of different schemes that provide 

income for the elderly. Usually, there is a first pillar of the public pension system that 

provides a basic income for the elderly. A second, earnings-related pillar shall provide 

an adequate income relative to previous earnings. Moreover, some countries provide 

subsidies for voluntary private savings as a third pillar. Yet, public pension systems 

vary widely across countries in terms of their generosity. Compared to other OECD 

countries, Germany and Switzerland provide moderate old-age benefits on average.  

For example, in the UK the maximum public pensions from the first and the 

second pillar sum up to only 50% of the average income. (Bäcker et al., 2008). The 

net replacement rate3 amounted to 40.1% for an average earner in 2006. Hence, 

additional private savings are essential to prevent poverty during old-age. In 

comparison to that, the public pension system e.g. in the Netherlands is generous. In 

2006, the net replacement rate was 103.5% for an average earner. The public pension 

systems of Germany and Switzerland range in the middle of these two extremes, with 

net replacement rates of 61.3% (Germany) and 64.5% (Switzerland) 4

                                                                                                 
3 Here, the net replacement rate is defined as the amount of net benefits relative to the most recent net 
earnings.  

 (OECD, 

4 The pension system in Switzerland is based on two pillars, and it is ambiguous whether the second 
pillar can be interpreted as part of the public system or as a private scheme, since it has characteristics 
of both (see below). For an average earner, 38.9% of the pension income is drawn from the second 
pillar on average, and 61.1% from the purely public first pillar. I follow the description in OCED 
(2009a) where both pillars are considered a part of the public pension system.   
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2009a). Public old-age programs in both countries are of similar importance for the 

income of the elderly. As a consequence, the insured population in both countries is 

dependent on old-age income from the public and the private sector to a similar 

extent. Therefore, the financial incentives set by the public institutions - the subject-

matter of this work - should be of similar importance for the individual’s labor market 

behavior.  

Yet, the old-age schemes of both countries differ substantially in their 

underlying principles of financing.5 In Switzerland, the public retirement insurance 

system is based mainly on two pillars. Total benefits from both pillars are comparable 

in size. The “Old-Age and Surviving Dependents’ Insurance” (Alters- und 

Hinterbliebenenversicherung (AHV)) is targeted at providing a basic income during 

old-age, in case of disability, and for surviving dependents. It covers the entire 

population aged 20 and older. It is PAYG-financed by payroll taxes, amounting to 

9.8% of the individual’s labor market income. Non-working individuals pay 

contributions depending on their wealth level. As a general rule, the amount of 

benefits is proportional to the individual’s lifetime contributions. Yet, there is a high 

minimum pension. Moreover, a majority of the insured population is entitled to the 

maximum pension of CHF 2.150. The tax-benefit-linkage is hence limited, and the 

pension can be thought of as being a quasi-flat-rate pension (Bütler, 2002). The 

general retirement age is 65 for men and 64 for women. Individuals are allowed to 

claim benefits up to two years prior to the general retirement age. The benefits are 

actuarially adjusted in case of early retirement.6,7

                                                                                                 
5 For the description of the Swiss and German retirement insurance cf. Bäcker et al. (2008). 

 The second pillar, which covers 

6 For more detailed explanations regarding the concept of “actuarial fairness” cf. Section 1.3.  
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employees only, consists of fully-funded company pension plans. It aims at 

maintaining the previous living standard and thus providing retirement income 

beyond the basic level covered by the PAYG-system. The provision of 60% of 

previous gross earnings is intended. Employees whose wages exceed a minimum 

threshold are mandatorily covered.8

In contrast to the Swiss institutions, the German retirement system is 

dominated by one public scheme: the mandatory, earnings-related “legal retirement 

insurance” (gesetzliche Rentenversicherung (GRV)). Employees whose earnings 

exceed a minimum threshold are mandatorily covered. They make up about 80% of 

the workforce. The insurance provides old-age benefits, disability benefits, and 

widows’ and orphans’ pensions. It is PAYG-financed by pay-roll taxes. The 

contributions amount to 19% of individual gross earnings. The amount of benefits 

depends on an individual’s lifetime contributions: An insured individual who 

contributes with an average income to the pension fund gains one “premium point” 

per annum; in years with below or above average contributions, less or more than one 

point is credited. At retirement, the premium points earned over the lifetime are 

 The execution is incumbent upon private pension 

funds. A minimum rate of return is legally required. Employers and employees have 

to pay a total of contributions of 17% of the individual’s wage on average. The 

minimum age of entitlement varies across pension plans. In addition, there are 

supplementary, means-tested pensions for the poor.  

                                                                                                                                            

7 Benefits are reduced by 6.8% (men) and 3.4% (women) for every year the retirement entry takes place 
prior to the general retirement age. The reduction for men is considered to be approximately actuarially 
fair. Börsch-Supan (2004) calculates that for every year that retirement entry is preponed, benefits had 
to be reduced by about 5.5% to 7.5% in order to obtain an actuarially fair benefit formula. 
8 About 20% of the employees are not covered because their wages do not exceed the minimum 
threshold. They are mainly part-time employed women. 
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summed up. The amount of benefits paid per premium point is determined by law on 

an annual basis. There is no minimum pension and no progression in the benefit 

formula. Hence, the tax-benefit-linkage is almost perfectly proportional.9

The general retirement age is 65 years. The unemployed and females are 

allowed to claim benefits at the age of 60, long-term insured and handicapped 

individuals at the age of 63. Monthly benefits are reduced if retirement entry takes 

place prior to age 65, but the adjustment is considered to be less than actuarially fair.

 Benefits act 

as a substitute for wages and reflect the individual’s relative position in the wage 

distribution. They do not aim at the prevention of poverty during old-age. Means-

tested social assistance is provided for the poor.  

10 

In addition to the earnings-related public pension, there are public subsidies for 

voluntary private savings (“Riester-Rente”) and company pension plans. Participation 

in these programs is relatively low. In 2003, only 32% of retirees in West Germany 

and only 2% of the retirees in East Germany disposed of additional income beyond 

the public pension (Bäcker et al., 2008).11

Hence, while old-age benefits from the entire public sector are of comparable 

importance in Switzerland and Germany, the share of benefits that is pre-funded is 

considerably higher in the Swiss system. The German system relies almost solely on 

 

                                                                                                 
9 Individuals acquire some benefit entitlements for periods of child-rearing, home care for relatives, or 
military service without payment of contributions. However, those exemptions slightly extenuate the 
proportional relation between contributions and benefits, but are of minor importance. 
10 Benefits are reduced by 3.6% for every year that retirement entry takes place prior to age 65. To 
obtain an actuarially fair benefit formula, benefits had to be reduced by 5.5% to 7.5% per annum of 
preponement depending on the individual discount rate (cf. Börsch-Supan, 2004). 
11 However, the additional schemes are of growing importance. Hence, the coverage is higher among 
the younger population than among the retirees: 65% of those insured in the public pension were 
entitled to company pensions in 2004 (Schmähl and Oelschläger, 2007), and 8.2% of those who are 
allowed to participate in the Riester-Rente actually did so. In 2007, the participation rate in the Riester-
Rente was grown to 18.8% (Geyer and Steiner, 2009). 
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PAYG-financed benefits. Therefore, it is exposed to demographic developments and 

labor market trends to a higher extent.  

1.2 Demographic Change and Labor Market Trends in Germany and 

Switzerland 

Since the 1960s, the demographic development in Switzerland has been 

characterized by decreasing fertility, decreasing mortality, and the resulting aging of 

the society. The total fertility rate, which was 2.7 in 1964, decreased to 1.5 in 1978. 

Since the 1980s, the fertility rate remains rather constant and amounted to 1.4 in 2006. 

For both males and females, life expectancy increased by about ten years since the 

1960s. Both developments cause a sharp incline in the old-age dependency ratio. It 

grew from 0.18 in 1960 to 0.26 in 2006. The share of the population at working-age 

has been constantly decreasing since the 1960s, to 62.1% in 2006 (BFS, 2007). These 

developments are very similar to those across the western world. In Germany, the 

same pattern can be observed. Like in Switzerland, life expectancy at birth increased 

by 10 years for both males and females between 1960 and 2006 (Statistisches 

Bundesamt, 2008a). In the mid 1960s, the total fertility rate amounted to 2.5. It 

decreased to 1.3 in the mid 1980s. Since then, the fertility rate remains rather constant 

at this low level and amounted to 1.3 in 2006 (Statistisches Bundesamt, 2008b). 

While the demographic development is strikingly similar in Germany and 

Switzerland, the labor market situation is different. The Swiss labor market is 

characterized by high labor force participation among all age groups. The German 

labor market suffers from low labor force participation, particularly among older men. 

Figure 1.1 shows labor force participation rates since 1991 in Germany and 
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Switzerland, by gender and age groups (ILO, 2009). Among the entire working-age 

population, labor force participation rates for both males and females are about 10% 

lower in Germany than in Switzerland. The difference is rather constant since the 

1990s, yet decreased slightly since 2003. However, particularly strong differences 

between the German and the Swiss labor market can be seen regarding the elderly: in 

Germany during the 1990s, the labor force participation rate of men aged 55 to 64 was 

only about two thirds of that of the entire male working-age population. In 

Switzerland, labor force participation among older men was 95% that of the total male 

population. Older men’s labor force participation decreases in Switzerland since the 

1990s, but it is still higher than in Germany by about 15%. For females, the 

differences in labor force participation rates between age groups are more similar in 

both countries. Yet, the gap between the old and the young women is again higher in 

Germany.12 The differences in labor force participation rates are reflected in the 

average age of labor force exit in both countries: in 2007, men (women) in Germany 

withdrew from the labor force at the age of 61 (60) on average.13

                                                                                                 
12 However, while labor force participation in Germany is particularly low among the elderly, it is 
increasing since 2003. As a consequence, labor supply of the elderly appears to become more similar to 
the labor supply of the total population. This development may be due to the extensive labor market 
reforms conducted in 2003 (“Hartz-Reformen”). However, those reforms are not investigated in this 
dissertation, and an explicit explanation for the labor market trends observed after 2003 goes beyond 
this analysis.  

 On average, labor 

force exit took place four years later in Switzerland for both women and men (OECD, 

2009b). The demographic change that causes a financial burden for PAYG-financed 

pension systems is thus aggravated by low labor force participation of the elderly in 

13 Although labor force exit takes place early in Germany, the development over time indicates a trend 
towards later retirement. In 1997, both males and females exited the labor force on average one and a 
half years earlier than in 2007. This development is almost fully explained by a reform of the public 
pension system in 1997. (Cf. Chapter 4 of this dissertation). 
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Germany, while the high labor force participation in Switzerland to some extent 

alleviates the effect of the aging of society.  

There is no single explanation, why labor force participation rates are higher in 

Switzerland than in Germany, since there are several institutional differences between 

the two labor markets.14

1.3 Financial Incentives and Retirement Behavior 

 However, the pension systems may partly account for the 

striking differences in labor force participation rates across age groups in both 

countries. The actuarial fairness of pension systems is considered to play an important 

role in the timing of retirement entry (cf. Section 1.3). As described above, a 

considerable part of the old-age income in Switzerland is provided by pension funds 

that operate at the private market and thus apply actuarial fairness. In contrast to that, 

the German public pension did not implement any actuarial adjustments of benefits 

until 1997. Nowadays, adjustments of benefits are still less than actuarially fair. Thus, 

the most important pension scheme in Germany provides strong incentives to retire 

early.  

There is a large body of literature indicating the importance of pensions for the 

timing of retirement. One strand of literature deals with the effect of the level of social 

security or pension wealth on the retirement decision and typically finds that available 

benefits decrease an individual’s labor supply. (cf. Gordon and Blinder, 1980; 

Gustman and Steinmeier, 1986; Hurd 1990a; Blau, 1994) Krueger and Pischke (1992) 

                                                                                                 
14 Straubhaar and Werner (2003) discuss differences in German and Swiss labor market institutions. 
They argue that decentralized wage setting, stronger implementation of the subsidiarity principle in the 
social security system, and decentralized organization of politics are the most important reasons for the 
flexibility of the Swiss labor market, which may account for a more favorable labor market situation 
and in turn may lead to lower unemployment and lower inactivity rates. 
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use a natural experiment in the U.S. in 1972, when a sharp decline in benefit levels 

was introduced for some birth cohorts, while older generations remained unaffected. 

They find only a very small impact of pension levels on retirement behavior. 

Besides the level of available benefits, accruals in social security wealth may 

play an important role for the retirement decision: to what extent will future pension 

payments increase, if the individual continues working? By how much will the 

expected net present value of benefits change due to further participation in the labor 

market? A forward-looking individual will base his or her retirement decision not 

only on the amount of available benefits at a given point in time, but will take into 

account the amount of benefits that will be available if retirement entry is delayed for 

one or several years. The concept of pension accruals is closely related to actuarial 

fairness:15

In many countries in the western world, an actuarially unfair benefit formula 

leads to a decrease of the expected net present value of old-age benefits, if retirement 

 if the expected net present value of old-age benefits (given the net present 

value of total contributions) increases when retirement is postponed, i.e. if there are 

positive pension accruals from a delay of retirement, the pension system is more than 

actuarially fair. If there are negative pension accruals from postponement, i.e. 

individuals lose from a delay of retirement, the pension system is less than actuarially 

fair. The pension system is actuarially fair, only if the expected net present value of 

discounted benefits does not vary with the timing of entry to retirement. 

                                                                                                 
15 Ex ante, actuarial fairness means that the expected net present value of contributions equals the 
expected net present value of benefits for every individual. In contrast to that, in the context of 
retirement insurance systems, actuarial fairness usually refers to fairness within one cohort of retirees: 
the expected net present value of benefits is supposed to be proportional to realized contributions for 
every individual of a given cohort of retirees (Börsch-Supan, 2004). In this dissertation, the term 
“actuarial fairness” is always used in this last mentioned sense. 
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entry is postponed after a certain age (Gruber and Wise, 1999). This loss in benefits 

due to further work can be interpreted as an implicit tax rate on labor income that 

discourages the elderly from labor force participation. Samwick (1998) compared the 

effect of the level of social security wealth and accruals in social security wealth and 

found the impact of accruals to be the central determinant of the timing of retirement. 

Gruber and Wise (2004) corroborate the importance of pension accruals in a cross 

country comparison. For the German case, Börsch-Supan and Schnabel (1999) find 

negative accruals through another year of work at most ages after entitlement for early 

retirement benefits, partly explaining the strong tendency to retire early in Germany. 

Börsch-Supan et al. (2004) simulate the effect of an actuarially fair benefit formula on 

pension accruals and the resulting behavioral effect on labor force exit behavior. They 

find that retirement entry would be postponed by about two years if the benefit 

formula was changed to an actuarially fair one. Yet, the effect of pension reforms is 

simulated and the behavioral responses are identified based on variation in pension 

accruals between individuals, which may be endogenous. Moreover, to the best of my 

knowledge, there is no comparable analysis for Switzerland. This dissertation adds to 

the literature in that it analyzes the Swiss old-age insurance, and in that it evaluates 

recent reforms that were indeed enforced. In doing so, I can use a truly exogenous 

variation in benefits over time in order to identify the effect of financial incentives.  

1.4 Organization of this Dissertation 

This dissertation evaluates the effects of financial incentives set by the pension 

systems on the work decision of the elderly in Germany and Switzerland. In both 

countries, reforms of the retirement insurance system took place recently. Those 

reforms changed either the level of benefits or the accrual of benefits if retirement 
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entry is postponed to a later age. I find strong responses to pension accruals, i.e. the 

actuarial fairness or unfairness of the benefit formula. However, the response to the 

overall benefit level turns out to be small. The dissertation presents three empirical 

investigations; two for Germany and one for Switzerland. The analysis for 

Switzerland is joint work with Regina T. Riphahn. Each article is self-contained.  

Chapter 2 contains an article that investigates the incentive effects of disability 

pensions on retirement decision of the elderly in Germany. In 2001, a political reform 

decreased the level of benefits and tightened the criteria of eligibility. I use the 

exogenous variation in expected benefit levels that is caused by the reform, in order to 

obtain reliable estimates of individuals’ responses in retirement behavior. While 

health status and expected wages turn out to be important determinants of the decision 

to enter disability retirement, lowering the level of benefits appears to have no effect 

on retirement behavior. 

Chapter 3 presents a second article that is co-authored with Regina T. Riphahn. 

We investigate a reform of the public old-age pension in Switzerland: the age of 

entitlement for full benefits was raised from age 62 to age 64 for females. Early 

retirement is possible, but at the cost of actuarial adjustments in benefits. That implies 

that the accrual of benefits due to a postponement of retirement entry was increased 

for women at age 62.16

                                                                                                 
16 Prior to the reform, the full pension could be received, if retirement entry took place at age 62. After 
the reform, women who retire at age 62 receive only 93.2% of the full pension. If they continue to stay 
in the labor force until age 64, their pension will be increased by 6.8% to the full pension. Thus, while 
lowering the level of retirement benefits at a given age, the reform provided the opportunity to gain 
pension accruals by continued work. 

 We find strong behavioral effects of the change in financial 

retirement incentives. The age-specific annual retirement probability declines by over 

50 percent due to the reform. The response to the reforms intensifies over time 
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suggesting that social norms may affect retirement behavior. The response to changes 

in financial retirement benefits varies with educational background: those with low 

education respond most strongly to an increase in the price of leisure. 

Chapter 4 presents the third article evaluating a reform of the old-age pensions 

in Germany, which alleviated the actuarial unfairness of the former benefit formula. 

After the reform, pension accruals in case of a delay of retirement entry are 

considerably less negative in comparison to the situation prior to the reform. Like in 

the Swiss case, I find strong responses in labor market behavior. The analysis 

explicitly distinguishes between the reform’s effect (i) on the timing of benefit 

claiming and (ii) on the timing of labor force exit. The effect on the claiming decision 

turns out to exceed the effect on the labor force participation decision. There are 

substantial differences in the responsiveness to the reform between males and 

females, between East German and West German men, and across the wealth 

distribution. 
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Figure 1.1 Labor Force Participation Rates in Germany and Switzerland by Age 
Group and Gender Over Time 

 
-

 

Source: ILO (2009), own illustration. 
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2 A Reform of Disability Pensions in Germany 

2.1 Introduction 

Labor force participation of the elderly is low in Germany, compared to the 

younger population. In 2006, 93.8% of those aged 25 to 54 participated in the labor 

market compared to only 63.7% aged 55 to 64. Among females, the difference in 

labor force participation for these age groups was even larger: that labor force 

participation rate among the younger population was 80.3%, yet only 46.3% for the 

older women (OECD, 2009c). Disability pensions are an important pathway into early 

retirement. In 2006, 28.1% of retirement entries prior to the regular retirement age of 

65 were entries to disability retirement (Deutsche Rentenversicherung Bund, 2008).  

Disability retirement affects not only labor force participation of the elderly. It 

is also an important part of public retirement expenditures. Public spending for 

disability benefits increased sharply, especially after German reunification. During the 

1980s, benefit expenditures remained rather constant at about 10 billion € per annum. 

In 1992, when the retirement insurance of the former GDR and the West German 

insurance system were merged, benefit expenditures jumped up by more than 40%, 

mainly because the number of insured individuals was expanded drastically. 

However, within the subsequent eight years, those expenditures increased by another 

20% to more than 17 billion € in 2000 (Deutsche Rentenversicherung Bund, 2008).  

Unsurprisingly hence, the funding of disability retirement appeared on the 

political agenda. The overall retirement insurance system in Germany faces important 

financial challenges due to the aging of society. It was drastically changed in several 
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reforms during the last two decades. In that context, also disability pensions were 

reorganized in 2001. Eligibility criteria are now stricter than before, and benefits for 

the partially disabled are substantially lower.  

This study examines whether and to what extent the change in the regulations 

of disability pensions changed individuals’ labor market behavior. The previous 

literature regarding the effect of disability pensions on labor force participation led to 

ambiguous conclusions. Most contributions examine disability pensions in the United 

States. Early analyses, such as Parsons (1980a, 1980b), Leonard (1979), Slade (1984) 

and Lando et al. (1979), found large elasticities of labor force participation with 

respect to disability benefits and concluded that disability retirement accounts for a 

substantial part of the decrease in male labor force participation in the U.S. since the 

1960s. Yet, these analyses were discussed controversially. Bound (1989) argues that 

the mentioned analyses suffered from endogeneity of benefits, wages, and 

replacement rates. Several later contributions used instrumental variable estimators 

(Haveman and Wolfe, 1984a; Haveman et al., 1991; and Riphahn, 1999), took 

advantage of natural experiments (Gruber, 2000; Campolieti, 2004), or used rejected 

applicants for disability benefits as a control group (Bound, 1989; Chen and van der 

Klaauw, 2008) to deal with the potential endogeneity of benefits. Typically, those 

analyses found much smaller responses to disability benefits than studies that did not 

account for endogeneity of benefits. In this analysis, I account for endogeneity of 

benefits using a strategy proposed by Gruber (2000), who uses average benefit 

entitlements by population groups rather than individual benefits for the estimation of 

transition rates to disability retirement.  
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My analysis contributes to the literature in four more ways: first, forward-

looking incentive measures are introduced, which is common in the general retirement 

literature, but missing in the analysis of disability retirement until now (cf. Haveman 

and Wolfe, 2000). By using forward-looking measures, I can distinguish between 

short-term effects of the reform that are mainly due to anticipation and the reform’s 

long-term effects. Second, unlike most former analyses, I use both subjective and 

objective health measures. Objective measures often suffer from large measurement 

errors and therefore may be inappropriate to control the actual health status. On the 

other hand, regarding subjective health measures it is often argued that health 

impairments may be overstated by disability retirees in order to justify the receipt of 

benefits. Both phenomena may bias the estimation of the health effect and as a 

consequence the estimation of financial effects. It is controversial whether subjective 

or or objective health measures are more reliable.17

I find almost no behavioral response to benefit levels in the long run. There is 

a sizable anticipation effect of the reform, increasing the probability of retirement 

prior to the decline in benefits. Yet, once the reform was fully implemented and the 

 I will use subjective as well as 

objective measures to test the robustness of the results. Third, I take advantage of 

panel data and can account for unobserved heterogeneity, in contrast to most of the 

existing literature. And finally, there is only one previous investigation using German 

data (Riphahn, 1999), which was also conducted prior to the above mentioned reform. 

To the best of my knowledge, this analysis is the first evaluating the effects of the 

recent reform.  

                                                                                                 
17 Compare e.g. Anderson and Burkhauser (1984), Bound (1991), and Kreider (1999). Currie and 
Madrian (1999) provide a detailed survey of empirical studies analyzing the relationship between 
health and employment status and the problems that may arise due to measurement of health. 
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anticipation effect disappeared, the incidence of disability retirement no longer differs 

from the situation prior to the reform. Furthermore, I find strong responses of 

individual retirement decisions to expected wages and current health. 

2.2 Literature Review 

Most empirical analyses dealing with disability pensions examine the social 

security system in the United States. In the 1960s, disability benefits as well as the 

number of eligible persons had been increased strongly in the U.S., and afterwards, 

labor force participation of the elderly sharply decreased. Because of this timing of 

events, a causal relationship between both developments was presumed, and a large 

number of studies investigated the incentive effects of disability pensions since the 

1980s.18

Parsons (1980a) estimates the probability of labor force participation as a 

function of the wage replacement rate and found very high elasticities. Based on 

economic theory, an individual’s probability to participate in the labor market is 

expected to be lower the higher his disability benefits are relative to expected wages. 

Parsons concludes that almost the entire decrease in labor force participation during 

the 1960s and 1970s can be explained by the increase in disability pensions. His 

findings were confirmed by several similar studies using different micro data sets, e.g. 

Leonard (1979), Parsons (1980b), and Slade (1984). The elasticity of labor force 

participation found in these studies range from 0.49 to 0.93. Lando et al. (1979) 

corroborate Parsons’ result using aggregate data.  

  

                                                                                                 
18 For a more detailed discussion of the literature compare Haveman and Wolfe (2000). 



18 

 

However, these findings were discussed controversially in the following 

literature. The mentioned analyses suffered mainly from two problems: the selection 

into the sample of individuals, for whom a wage is observed and replacement rates are 

calculated is not random. Individuals in bad health, who are unable to work for a 

longer period of time and thus are unlikely to respond to benefit levels, are not 

represented in an analysis restricted to individuals for whom a wage can be observed. 

In addition, observed wages as well as benefits may be endogenous, and so may be 

the replacement rate. High wages may be correlated with unobserved heterogeneity, 

such as physical or mental abilities or motivation. At the same time, individuals with 

high wages typically face low replacement rates of disability benefits. As a 

consequence, the effect of replacement rates on labor force participation possibly 

cannot be interpreted as a causal effect, but may reflect the individual’s motivation 

and ability.  

The first issue was raised by Haveman and Wolfe (1984a, 1984b). They 

repeated Parsons’ study using different data and found very similar elasticities. Yet, in 

a second step they estimated wages for individuals for whom no wage is observed and 

included those individuals in their analysis. The resulting elasticity was reduced by 

more than 80% to 0.06.19

The second issue was first discussed by Bound (1989). He repeated Parsons’ 

model in a first step and found similar results. In a second step, he applied an identical 

model to a subsample of individuals who never tried to apply for disability benefits. 

There is no obvious reason why these individuals’ labor market decision should 

  

                                                                                                 
19 However, the different findings may partly result from the use of different health measures (cf. 
Parsons, 1982). While Parsons applied mortality in the years after the period of analysis as an objective 
measure, Haveman and Wolfe used self-rated health status as a subjective measure. 
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depend on benefit levels. Nevertheless, Bound found almost identical elasticities for 

this subsample as for the entire population, confirming that the initially estimated 

elasticities are caused by unobserved heterogeneity rather than a true causal effect.  

In the subsequent literature, we can distinguish four strategies to deal with the 

endogeneity of benefit levels. A first attempt by Bound and Waidmann (1992) is to 

use aggregate time-series data rather than cross-sectional data and to analyze 

retirement behavior prior to and after changes in institutional regulations. Yet, this 

approach does not allow distinguishing between changes in institutions and any other 

changes in relevant retirement determinants over time.  

A second approach is the use of instrumental variable estimators, as was done, 

for example, by Riphahn (1999), Kreider and Riphahn (2000), Haveman and Wolfe 

(1984a) and Haveman et al. (1991). To my knowledge, the study of Riphahn (1999) is 

the only one utilizing German data. Moreover, it takes unobserved heterogeneity into 

account by exploiting the panel structure of the used micro data. She finds an 

elasticity of non-labor force participation with respect to benefit levels of 0.4. At the 

same time, the influence of benefits appears much lower than the influence of health 

and wages. 

A third approach exploits the rejection of applicants: Bound (1989) estimates 

the labor force participation of rejected applicants and states that their working 

probability can be interpreted as an upper bound for the working probability of 

disability retirees if there were no disability program. While Parsons (1980a) finds 

that disability benefits can explain almost the entire decrease in the labor force 

participation of the elderly, Bound concludes that those benefits account for only one 

fourth of the decline in labor force participation. Chen and van der Klaauw (2008) 
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follow a similar approach: they use discontinuities in the disability determination rule 

to compare applicants for disability benefits who were rejected to those not rejected. 

They apply a regression discontinuity approach. They find similar and only slightly 

smaller effects than Bound. 

The fourth approach is to take advantage of natural experiments, causing truly 

exogenous variation in benefits. Gruber (2000) and Campolieti (2004) utilize 

administrative changes in the Canadian benefit system. In 1972, disability pensions 

were strongly increased in the province of Quebec and held constant in the other 

provinces. In 1987, the other Canadian provinces raised benefits to Quebec’s level. 

Gruber analyzes the reform of 1987, while Campolieti investigates the change in 

1972. Both studies apply a difference-in-differences approach to evaluate the reform’s 

effect in general and use models that explicitly parameterize the effect of benefit 

levels. To account for endogeneity of disability benefits, they construct expected 

earnings histories. Average wages by age, gender, place of residence, and education 

are used as a hypothetical earnings history. Based on actual regulations, expected 

benefit levels are calculated and included in the regression. They find elasticities of 

labor force participation with respect to benefit levels of 0.28 (Gruber, 2000) and 

0.21, respectively (Campolieti, 2004), which is substantially lower than former results 

gained when not accounting for endogeneity. Autor and Duggan (2003) also use 

differential variation in replacement rates over time across regions to identify the 

effect of disability benefits on labor force participation. They use state level data for 

the U.S. and exploit the fact that, first, the wage level differs across regions, second, 

the benefit formula does not account for those regional differences, and third, the 

benefit formula is progressive. This leads to exogenous variation in program 
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generosity, with higher replacement rates in low-wage states. They find disability 

benefits to be an important reason for labor force exit of low-skilled workers.  

In summary, the estimated effects of disability benefits on labor force 

participation are very heterogeneous and depend on whether the endogeneity of 

benefits is taken into account. The literature yields four critical issues: finding an 

appropriate strategy to deal with endogeneity appears to be the most important 

challenge when analyzing the influence of disability pensions on retirement. Another 

critical issue is the measurement of health. Furthermore, Haveman and Wolfe (2000) 

point out that the inclusion of forward-looking measures, which are widely used in the 

analysis of retirement behavior in general, is missing in empirical studies of disability 

retirement so far. Besides, only few studies use panel data and can therefore account 

for unobserved heterogeneity. My strategy to handle each of these points is described 

in Section 2.4.  

2.3 Institutional Background20

In Germany, the public disability insurance is part of the general public 

retirement insurance system. The retirement insurance is financed by payroll taxes 

and is organized as a PAYG-system. Employees are mandatorily insured. They make 

up about 80% of the labor force. The main objective of the retirement insurance is the 

provision of old-age benefits. In addition, individuals are eligible for several services 

in case of disability. The public insurance provides training courses and rehabilitation 

programs and subsidizes employers’ expenses for the adjustment of workplaces to 

meet the needs of the disabled. These schemes aim at the recovery of an individual’s 

 

                                                                                                 
20 For a more detailed description of the German disability insurance compare Bäcker et al. (2000) for 
the situation prior to the reform and Bäcker et al. (2008) for the situation after the reform.  
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earnings capacity. Furthermore, disability benefits are paid in case of reduced 

earnings capacities for health reasons.  

Individuals are eligible for disability benefits if they have contributed to the 

retirement insurance for at least five years, if they have worked at least three out of 

the last five years, and if their earnings capacity is reduced for health reasons. Until 

2001 the program was generous. It distinguished between occupational disability and 

general disability. Benefits for occupational disability amounted to two thirds of full 

old-age benefits and were granted if an individual’s working capacity was less than 

four hours per day in his or her occupation. Benefits for general disability amounted 

to full old-age pensions and were granted if an individual was unable to perform any 

regular employment in any occupation on a continuous basis. Additionally, general 

disability benefits were provided if an occupationally disabled individual was 

“effectively excluded from the labor market”, i.e. the health situation would allow for 

employment in part-time jobs at suitable workplaces, but the individual could not find 

such employment after searching for one year. After one year, occupational disability 

benefits were then upgraded to general disability benefits. 

The Retirement Insurance Reform was passed in 1998 and involved four major 

modifications: first, if individuals can perform part-time work, it is no longer taken 

into account whether they are able to do so in their own occupation. Instead, disability 

benefits are divided into benefits for the partially disabled and the fully disabled. 

Benefits for full disability can be received if an individual can work less than three 

hours per day in any occupation, benefits for the partially disabled are provided for 

those individuals who are able to work less than six hours per day in any occupation. 

Second, benefits for the partially disabled are significantly lower than the former 
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benefits for occupationally disabled: they amount to half of the full old-age pension 

now, instead of previously two thirds. Third, whether an individual qualifies for 

benefits for the fully or the partially disabled is now independent of the labor market 

situation, i.e. the concept of “effective exclusion from the labor market” was 

abolished. And fourth, benefits for the fully and for the partially disabled are reduced 

by 10.8% if claiming takes place prior to age 60.21

2.4 Hypotheses and Empirical Approach 

 The legal changes were passed and 

thus became known to the public on December 19, 1998. They became effective on 

January 1, 2001. The new regulations applied to all individuals who entered disability 

retirement after the reform. Retirees who entered disability retirement until December 

31, 2000 were subject to a grandfather clause and their benefits remained unchanged.  

The entry to disability retirement depends on the individual’s decision to apply 

for benefits and on the granting agency’s decision to accept the application. However, 

for the sake of simplicity, I follow a common approach in the literature and assume 

that the entry to disability retirement is an individual decision (compare e.g. Parsons 

(1980a), Haveman et. al (1991), Riphahn (1999), Gruber (2000), Chen and van der 

Klaauw (2008)). Consider an individual behaving according to the Option Value 

model as established by Stock and Wise (1990). Originally developed to model entry 

to regular retirement, it can be used to explain the entry to disability retirement as 

well. Based on the Option Value model, an individual’s utility depends on income and 

leisure. Individuals evaluate expected income flows and expected leisure time at all 

                                                                                                 
21 Between age 60 and age 63, monthly benefits are gradually increased by 0.3% for every month the 
retirement entry is delayed. The full pension for the fully disabled and half of the pension for the 
partially disabled is paid, if disability entry takes place at age 63 or later. 
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possible ages of labor force exit. They will postpone labor force exit if they can 

realize a higher discounted utility stream by waiting. Retirement will take place, if the 

expected net present value of the utility stream related to immediate retirement is 

higher than the expected net present value of all possible utility streams related to any 

later date of retirement. The model immediately leads to the following two 

hypotheses: ceteris paribus, the probability of an immediate entry to disability 

retirement should 

(i) increase in the net present value of disability benefits that are available 

immediately and  

(ii) decrease in the net present value of disability benefits that are available if 

retirement entry is delayed.  

To test these hypotheses, I estimate transition rates to disability retirement. 

Exits from disability retirement back to the labor force occur rarely,22

Reconsidering the timing of the reform, we can distinguish three periods: 

 and disability is 

interpreted as an absorbing state. In each period t the individual can decide whether to 

enter disability retirement until t+1, or to remain in the labor force instead. 

• the pre-reform period until the end of 1998,  

• the anticipation period during 1999, and 

• the post-reform period from 2000 onwards.23

                                                                                                 
22 In 2005, approximately 1.65 million individuals draw either full or partial benefits for the disabled 
(Deutsche Rentenversicherung Bund, 2006a). Within the same year, about 32,000 individuals dropped 
out of benefit receipt because their health impairment was cured (Deutsche Rentenversicherung Bund, 
2006b). This refers to an average rate of recovery of less than 2%. 

 

23 The post-reform period is defined to begin in 2000, although the reform was in force from 2001 
onwards. This is because of the annual structure of the used data set (cf. Section 2.5): if an individual is 
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In the pre-reform period, benefits were calculated according to the rather 

generous old law and individuals expected the institutions not to change in the future. 

Thus, the net present value for both retirement entry at the next possible date and 

delayed retirement entry are expected to be high. During the anticipation period, 

individuals knew that monthly benefits will be calculated according to the old law if 

retirement entry takes place in the following year, but anticipated that relevant benefit 

rules will have changed if they delay retirement entry by another year. Hence, they 

expect the net present value of monthly benefits to be high if they enter retirement at 

the next possible date and to be low if they delay retirement until any later date. 

Finally, in the post-reform period individuals knew that benefits will be calculated 

according to the new regulations at all possible dates of retirement entry, i.e. for both 

retirement entry at the next possible date and delayed retirement entry, the net present 

value of benefits is expected to be low. Table 2.1 illustrates the time schedule of 

current and expected future eligibility criteria and benefit amounts over time. 

Combining hypotheses (i) and (ii) and the timing of the reform, the following 

further hypotheses result: the probability of an entry to disability retirement within the 

following year should 

(iii) increase in the anticipation period compared to the pre-reform period, 

(iv) decrease in the post-reform compared to the anticipation period, and 

(v) decrease in the post-reform period compared to the pre-reform period. 

                                                                                                                                            

at risk to enter retirement in the year 2000, retirement entry can be observed in 2001 at the earliest. At 
this time, the new institutional regulations are implemented. 
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In a first step, I estimate transition rates in each of these periods, while 

controlling for personal characteristics, in order to evaluate the short-term and long-

term effects of the reform. In a second step, I use the exogenous variations in benefits 

that are caused by the reform to evaluate the effect of financial incentives on 

retirement behavior: if an individual enters disability retirement until t+1 instead of 

staying in the labor force, he or she gains (i) leisure time and (ii) disability benefits 

that can be drawn from t+1 until age 59.24 On the other hand, he or she loses (iii) 

expected benefit streams that were available if retirement would have been postponed 

for at least another year and (iv) labor market income during the period of delay. 

Hence, the transition rate is estimated as a function of: (i) taste shifter variables that 

can be used to approximate utility from leisure, such as education, age, wealth, or 

health status, (ii) the expected net present value of discounted disability benefits 

drawn from t+1 until age 59, (iii) the change in the expected net present value of 

discounted benefits if retirement were postponed by another year,25

                                                                                                 
24 From age 60 onwards, regular old-age benefits can be drawn regardless of the individual’s health. 
Those benefits are not taken into account in the analysis for two reasons: First, their amount depends on 
the decision, whether to draw them at age 60 immediately or to delay receipt of old-age benefits until 
some later age. This decision has to be taken within a regulatory framework that is beyond this 
analysis. Furthermore, old-age benefits depend only little on the previous decision whether and when to 
draw disability benefits. For the calculation of old-age benefits for a former disability retiree it is 
assumed that the disability retiree had continued to pay contributions according to his average 
contributions prior to the occurrence of the disability. That means, the old-age pension of a former 
disability retiree differs from the pension, he or she would have been entitled to in case of non-
disability only to the amount by which the individual’s wage growth would have exceeded or undercut 
the average wage growth. 

 and (iv) expected 

wages during the year of postponement.  

25 According to the Option Value model, not only one year of postponement should be considered, but 
postponement until any later age is taken into account by the individuals. However, there are no non-
monotonicities in the benefit formula during both the pre-reform and the post-reform period, and the 
non-monotonic change during the anticipation period is fully captured by the one-year change in 
benefits. The forward-looking incentive measure can therefore be restricted to the one-year change in 
benefits without neglecting relevant incentives of the benefit formula. 
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As discussed in Section 2.2, a key issue in the estimation is the endogeneity of 

income variables. I follow the approach suggested by Gruber (2000). By creating 

“population cells” by gender, education, and region of residence, he calculates 

average earnings over the life cycle and thereby constructs a hypothetical earnings 

history for each of these population cells. Given these earnings histories, hypothetical 

entitlements for disability benefits at every point in time can be derived for the 

population cells and are assigned to every individual belonging to one of these cells.  

The probability of a transition to disability retirement for individual i in t is 

assumed to be: 

 

where  is a vector of explanatory variables,  is a vector of coefficients and 

 is an individual-specific error term with . The likelihood 

contribution of individual i is therefore: 

 

The control variables and financial incentives measures included in the vector 

 are described in the next section. 

2.5 Data and Descriptive Statistics 

To perform the analysis described in the last section, I combine information 

from two data sets. The first one is the “German Socioeconomic Panel” (GSOEP), an 

annual household panel study conducted since 1984. I analyze data of one decade 

around the above described reform and use the waves 1995 to 2005. The first wave of 

the GSOEP contains information on approximately 6,000 households and 12,000 
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individuals. The survey sample was almost doubled in 2001, to broaden the available 

data set and to countervail the effects of panel attrition. In 2005 information on more 

than 11,000 households and 21,000 individuals was available. The GSOEP contains 

information on employment, job characteristics, income, and a broad range of 

socioeconomic variables, such as education. Furthermore, it provides detailed 

information on the household context and information about partners. Moreover, 

several objective and subjective health measures are available, which is of special 

importance for the analysis of disability. I exclude self-employed workers and civil 

servants from the analysis, as well as individuals who were living in East Germany 

prior to unification and immigrants who moved to Germany after the age of 15.26

Furthermore, I restrict the analysis to individuals aged 45 to 59. Individuals 

aged 60 and older face several options to retire and thus are subject to a different set 

of institutional regulations. They are likely to differ substantially in their behavior 

regarding disability retirement and are excluded from the analysis. Individuals 

younger than 45 are rarely disabled and have higher rates of recovery than older 

individuals. For them it is not plausible to interpret disability retirement as an 

absorbing state and a pathway into early retirement.  

 

Their benefit claims follow different rules, and I cannot estimate their benefit 

entitlements.  

The dichotomous dependent variable takes the value one in year t, if an 

individual receives disability benefits in t+1, and zero otherwise. Observations are 

                                                                                                 
26 However, the sample is not restricted to the actually employed population in order to avoid 
endogenous sample selection problems. Instead, the sample contains all individuals who ever held a job 
subject to compulsory social security contributions. That definition matches the sample that is used for 
the estimation of benefit entitlements, which is explained in more detail later.  
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censored after retirement. Overall, 258 entries to disability retirement are observed, 

out of 18,755 person-year-observations for 4,814 individuals. Figure 2.1 shows the 

incidence of disability retirement over time. The effect of the anticipation of lower 

benefit levels after the reform is clearly visible: as expected, a sharp increase in 

disability transitions can be seen in the anticipation period, while the disability 

incidence decreases again in the post-reform period. The average transition rate 

during the anticipation rate differs significantly from the average transition rates in the 

years before as indicated by the upper and lower bound of the 95% confidence 

interval. However, comparing the frequency of entries to disability retirement for the 

pre-reform period, on the one hand, and the post-reform period, on the other hand, 

there seems to be some general downward trend in the incidence of disability 

retirement. Yet, there is no clear drop. It stands to question, whether the reform had 

any long-term effect going beyond the anticipation effects.  

Explanatory variables drawn from the GSOEP include variables that will be 

used to approximate utility from leisure. Gender, age, and health may influence 

disutility from work, since they may influence the individual’s working ability. 

Education and occupation are likely to be correlated with job characteristics. The 

decision to retire is usually taken in a household context, and therefore, I include 

whether the individual is married or living with a partner. If the individual is not 

living alone, age, employment status, and health status of the partner are controlled 

for in the model. Regional dummies are used to control for general labor market 

characteristics of the individual’s place of residence. Table 2.2 reports descriptive 

statistics for the full sample and for individuals who enter disability retirement during 

the observation period. Disability retirement is more common for men than among 
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women, which is easily explained by women’s weaker labor force attachment: 

disability retirees must have worked three out of the last five years and males are 

more likely to meet this criterion for entitlement. Moreover, in the subsample of 

retirees individuals are older, have lower levels of education, and are less likely to 

work in service jobs. The most striking differences arise in individual health status, 

regardless of whether we use objective or subjective measures. As a first objective 

indicator we can use mortality: the variable takes the value one in year t if the 

individual died until t+3.27

The variables drawn from the GSOEP do not include financial variables. 

GSOEP provides information on earnings and income, but not on the individual 

earnings history prior to the first interview, and the provided information on the 

employment history suffers from numerous missing values. There is insufficient 

 This applies to 0.6% of the observations for the full 

sample, but to almost 1.3% of the observations in the subsample of disability retirees. 

The frequency of suffering from an officially acknowledged handicap and the 

probability of hospital utilization in the last year are more than twice as high among 

the disabled in comparison to the full sample. The subjective health measure differs 

across both subsamples as well. While only about 16% of the population report a poor 

or very poor health status, the same is true for almost half of the disabled population. 

Furthermore, disabled individuals differ substantially in their partners’ characteristics: 

the disabled are less likely to be married and more likely to live alone. If they have a 

spouse or partner, those suffer more often from bad health as well and are less often 

employed. 

                                                                                                 
27 The last wave of the GSOEP that was available at the time of the analysis is 2007, so we can observe 
mortality for up to three years after the period of analysis. 
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information to obtain a reliable estimate of individual hypothetical benefit 

entitlements at a given point in time. However, it is possible to estimate potential 

benefit entitlements for employees, based on observed benefits for retirees. Yet, this 

approach may lead to biased results since both types of individuals necessarily differ 

in their past labor market decisions and therefore may differ in their labor market 

history and thus in their benefit entitlements. 

Instead, I use a second data set: the “Sample of Insurance Accounts 2005” 

(Versicherungskontenstichprobe 2005 (VSKT(2005)), a random sample of insurance 

accounts that were held by the public retirement insurance in 2005. Apart from some 

basic information about gender, education, and region of residence, the insurance 

accounts contain the full employment and contribution history of every individual 

who ever held a job subject to compulsory social insurance contributions. The 

employment and contribution history is provided on a monthly basis, from the 

individual age of 14 until the year 2005. The main advantages of these administrative 

data are that there is no panel attrition, no recall bias, and almost no missing value. 

Based on the contribution history and the benefit formula at a given time, it is possible 

to derive the exact potential benefit entitlement of an individual at any point in time. 

These profiles of entitlements over the lifetime are averaged out over all individuals 

by education, gender, and region of residence, as suggested by Gruber (2000).28

                                                                                                 
28 The coefficient of correlation between actual entitlement and averaged entitlement is slightly 
increasing over the lifetime and amounts to 0.59 at age 45 and 0.63 at age 59. 

 The 

same population groups by education, gender, and region can be identified in the 

GSOEP. The profiles based on the administrative date are then assigned to the 

individual observations taken from the GSOEP by population group.  
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Based on these entitlement histories and the legal regulations that were in 

force at the given point in time, I calculate monthly benefits if the individual decides 

to draw benefits in t+1, and if he or she decides to postpone entry to disability 

retirement until t+2. Besides the contribution history and the regulation of the time, 

expected benefits depend on whether full or partial disability benefits are granted and 

are calculated as a weighted average of both. I use the share of beneficiaries who 

received full or partial pensions in a given year as the probabilities of getting full or 

partial benefits (Deutsche Rentenversicherung Bund, 2008). As a general rule, I 

assume that individuals base their expectation on the granting policy of the preceding 

year, with one exception: in 1999 and 2000, individuals were informed that the 

probability of getting full benefits will decrease after the reform, since the individual’s 

working capacity is evaluated regardless of his or her occupation, and the labor 

market situation is no longer taken into account.29

After the derivation of expected monthly benefits, the expected net present 

value of disability benefits received until the end of age 59, is calculated for 

immediate retirement entry (labeled as ENPV) and for a retirement entry that is 

postponed by another year. The discount rate is assumed to be 3% and survival 

probabilities by age, gender, and year are drawn from official life table data 

(Statistisches Bundesamt (2008a)). The accrual, i.e. the difference between both 

 Therefore, I assume that the 

probability of getting a partial instead of a full pension is perfectly anticipated for the 

year 2001.  

                                                                                                 
29 Kruse (1998) investigates by how much the probability of getting a partial pension instead of a full 
pension changes if the concept of “exclusion from the labor market” is abolished. He uses data about 
disability retirees who entered disability retirement in 1996, i.e. when the labor market situation still 
affected an individual’s benefit entitlement. He finds that 9.2% of all individuals who were granted a 
full pension would have been granted a partial pension only, if the labor market situation had not been 
taken into account.  
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benefit streams (labeled as ACC) is used as an incentive measure. Table 2.3 reports 

the mean of the financial incentive variables over time, averaged over the 

observations in the GSOEP sample. The accruals are negative in all cases because the 

period of receipt is shortened if retirement is postponed. They differ substantially in 

their magnitude during the reform process. In the pre-reform period, individuals 

expect a net present value of disability benefits of about €62,000 if they were to retire 

immediately in the next period. For one year of postponement, the expected reduction 

in the net present value of benefits amounts to approximately €9,000. During the 

anticipation period, individuals base their benefit expectations on the new institutional 

regulations. Their benefits would be calculated according to the old law if they retired 

immediately at the next possible point in time (i.e. in the year 2000). Thus, the ENPV 

is of comparable magnitude as in the years before. However, they anticipate that – 

unlike the years before – not only the period of receipt will be shortened by one year 

if they delay retirement entry, but also monthly benefits will be reduced substantially. 

Therefore, the absolute value of ACC is much higher in 1999. In the post-reform 

period, individuals expect a substantially lower benefit stream for both immediate and 

postponed retirement entry. Hence, the ENPV is lower than in the pre-reform period, 

but relative to the ENPV the ACC is of comparable magnitude.  

2.6 Results 

The estimation of transition rates is done in two steps: first, I estimate 

transition rates over time using a random effects logit estimator, while controlling for 

personal characteristics. The differences between transition rates during the pre-

reform period, the anticipation period, and the post-reform period provide an estimate 

of the short-term and long-term effects of the reform. Personal and partners 
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characteristics that may have changed simultaneously to the institutional regulations 

are controlled in the model in order to identify the reform’s effects. For the reliable 

identification of the reform effect an important assumption is needed: there is no 

shock other than the reform that (i) affects retirement behavior and (ii) follows the 

same time schedule as the reform. I assume that this condition holds.  

In a second step, I include the variables describing financial incentives as 

discussed in Section 2.4. The variation of actual benefits between individuals may be 

endogenous. To solve this problem, estimated benefits are included in the estimation 

as proposed by Gruber (2000) and discussed in Section 2.5. Furthermore, the reform 

causes truly exogenous variation in ENPV and ACC over time. The effect of financial 

incentives on transition rates thus can be interpreted as a causal effect. 

2.6.1 Short-term and Long-term Effects of the Reform on Retirement Behavior  

First, I estimate transition rates during the pre-reform period, anticipation 

period and post-reform period using two specifications: both models control for 

personal and partner characteristics. Specification (A) includes dummy variables 

indicating the three reform periods, while specification (B) includes the full set of 

year dummies. Table 2.4 shows the results. Because coefficients have no straight-

forward interpretation in non-linear models, the table presents the change in average 

predicted transition probabilities for a change in a given covariate, holding all other 

covariates constant (average partial effect). Standard errors are calculated using the 

delta-method.  

Behavioral changes over time, as seen in Figure 2.1, still show up after 

controlling for personal characteristics: in specification (A) the increase in transition 
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probabilities during the anticipation period is clearly visible. It amounts to 0.3%-

points. The estimated transition rate into disability retirement is more than doubled in 

the anticipation period compared to the pre-reform period, when the transition rate 

was 0.24%-points on average. Yet, unlike Figure 2.1 suggests and contrary to the 

hypotheses, in the post-reform period transition rates are even somewhat higher than 

in the pre-reform period, although the difference is small and insignificant at 

conventional levels. In specification (B) we see the same pattern: while the transition 

rates during the pre-reform period are almost constant, they increase in the 

anticipation period, and decrease again in the post-reform period. Yet, transition rates 

after the reform and prior to the reform are of comparable magnitude. Additional 

Wald-tests are provided in Table 2.5. For both specifications, transition rates are 

significantly higher in the anticipation period than before and significantly lower 

again in the post-reform period in comparison to the anticipation period, confirming 

the hypotheses. However, there is no support for the hypothesis that transition rates 

were expected to be lower after the reform than prior to the reform, since benefit 

levels are substantially lower at that time. These findings suggest that individuals 

indeed responded to the anticipated decrease in benefits if they postponed retirement 

entry by one year, i.e. they respond to short-term changes in benefits. Yet, there seems 

to be no response to a permanently lower benefit level. 

The effects of personal and partner characteristics are slightly stronger in 

specification (A) in comparison to the model with more flexible time controls. 

However, the overall pattern is the same for both models. We can see strong and 

significant effects of occupation and education. Considering the more flexible 

specification (B), individuals' risk of entering disability retirement increases by about 
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0.4%-points if they are working in manufacturing occupations, in comparison to an 

average transition rate to disability retirement of 1.38%. Low educated individuals 

have a higher incidence of disability as well: their hazard rates are approximately 

0.25%-points higher than the hazard rates of individuals with middle and high 

education. Women have a lower probability of entry to disability retirement than men, 

which may be at least partly due to their employment histories. As mentioned in 

Section 2.3, individuals have to have worked at least three out of the last five years to 

be entitled for disability benefits, which should occur more frequently for men.  

In a next step, I reestimate specification (B) adding additional variables 

accounting for health status to test whether the above findings still hold after 

controlling for individual’s and the partner’s health. Table 2.6 reports the results for 

four different health measures. Three objective measures are used, i.e. mortality, 

hospitalization, and whether the individual suffers from an officially acknowledged 

handicap. Additionally, self-rated health status is included as a subjective measure.  

While partner’s health has a slightly negative, but clearly insignificant effect 

on an individual’s probability to retire, the effect of own health is large.30

                                                                                                 
30 The models allowed the coefficients for health measures to differ by gender. However, the 
interactions were insignificant at the 10%-level except for hospitalization, where women showed a 
somewhat weaker response than men. Yet, the difference was significant at the 10%-level only, and 
small. In all other cases, the results for men and women did not differ, and the average effect is 
presented.  

 A bad 

health condition substantially increases the risk of disability retirement, and this result 

holds regardless of the measure that is used. Using objective measures, the estimated 

increase in the transition rate due to a bad health status ranges from 0.8%-points (if 

measured by mortality) to 1.7%-points (if measured by an officially acknowledged 

handicap) in comparison to an average transition rate of 1.38%. The subjective 
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measure, self-reported health, is within the same interval: if an individual reports a 

poor health condition, the transition rate increases by 1%-point. Reporting a very poor 

health status has even larger effects. The average effect of reporting “poor” or “very 

poor” health, instead of “very good” to “satisfactory”, amounts to 1.3%-points. 

Approximately, a bad health status doubles the transition rates to retirement, while the 

effects vary with the measure that is used.  

The effect of institutional regulations over time follows the same pattern, 

regardless of the health measure that is used: transition rates do not differ significantly 

from each other prior to the reform, sharply increase when individuals are able to 

anticipate the reform, and decrease again when the reform is enforced. Yet, the data 

show clearly that a response to the reform, as could be found if one compares 

transition rates immediately prior to and immediately after the reform, is due to a 

short-term anticipation effect almost completely. There is little to no long-term 

response to the permanently decreased benefit levels after implementation of the 

reform. 

2.6.2 The Effect of Financial Incentives on Retirement Behavior  

In the next step, I estimate the transition rates as a function of financial 

incentive variables, namely the net present value of expected benefits in case of 

retirement at the next possible date, the change in the net present value of benefits for 

postponement of retirement by one year, and expected labor market income during the 

year of postponement. The incentive measures vary between population groups and 

over time. The variation over time is dependent on the current institutional regulations 

as caused by the reform. A general time trend is included in a linear specification in 
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the model.31

A first finding is that the effect of health is large and significant, ranging from 

0.6%-points to 1.4%-points. It is of comparable magnitude as in the estimations 

presented in Section 2.6.1. Second, we find a clear pattern regarding the financial 

incentives: there is a clear response of transition rates with respect to expected labor 

market income, a sizable response to losses in benefits if retirement is postponed by 

one year, yet almost no response to benefit levels.

 Personal and partner’s characteristics are controlled as in specifications 

(C1) to (C4). Table 2.7 presents the results, for different health measures 

(specifications (D1) to (D4)).  

32

Apparently, individuals respond to expected losses or gains in future benefits 

in case of a delayed retirement entry. Yet, there is almost no response to a 

permanently lower benefit level. That means if monthly benefits are dependent on the 

 The elasticity of labor force non-

participation with respect to expected wages is large. It ranges from 2.7 to 4 and is 

significant at the 5%-level. The elasticity of the transition probability with respect to 

ACC is significant at the 5%-level to 10%-level and ranges from 0.7 to 1, depending 

on the health measure that is used. At the same time, the elasticity with respect to the 

ENPV is almost zero and clearly insignificant for each health measure. Additional 

models were tested, where the forward-looking incentive measure was excluded from 

the model, and only the benefit level ENPV entered the estimation equation. The 

estimated elasticities of labor force non-participation with respect to benefit levels 

ranged from 0.1 to 0.15 and were insignificant for every health measure. 

                                                                                                 
31 Polynomials of higher order were tested as well but did not increase the explanatory power of the 
model. 
32 Additional models were tested, where the effects of financial variables were allowed to differ for 
males and females. The explanatory power of the models did not improve and the difference in the 
effects for men and women were insignificant. 
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date of retirement entry according to the benefit formula, individuals may be 

encouraged to postpone retirement entry to some extent. Yet, a mere decrease of 

benefit levels independent of the date of retirement entry does not prevent individuals 

from entry to disability retirement.  

The results found in this analysis are in line with former results found for 

Germany by Riphahn (1999). She finds strong responses to individuals’ health and 

sizable responses to potential labor market income, but - unlike studies for the U.S. or 

UK - almost no response to disability benefits. The author argues this may be because 

of the more generous unemployment and welfare system in Germany. The 

replacement rate of benefits relative to the last net income from work was almost the 

same for the unemployed and for disability retirees during the 1990s (Riphahn, 1997). 

Besides that, the unemployed naturally do not have to meet the medical criteria for 

disability benefits, and therefore unemployment benefits are easier to draw for eligible 

non-disabled individuals. For both reasons, receipt of disability benefits was a 

relatively unattractive pathway into early retirement in Germany for the non-disabled, 

even prior to the reform in 2001. Apparently, it was mainly used by the actually 

disabled population, which responds only little to a change in institutional regulations. 

This presumption is corroborated by Börsch-Supan (2007). He analyzes take-up rates 

for disability benefits in a cross country comparison and finds that enrolment and 

eligibility rules - which are relatively strict in Germany in an international comparison 

- are more important determinants of the incidence of disability benefit receipt rather 

than the level of benefits. 



40 

 

2.7 Conclusions 

A recent reform of the German public disability insurance substantially 

lowered the benefits for individuals who suffer from health impairments and whose 

earnings capacity is reduced. This analysis investigated the behavioral responses to a 

decrease in benefits. I have estimated the probability of entering disability retirement 

using random effects logit estimators and have cosidered forward-looking financial 

incentive measures as determinants. Administrative data containing very detailed 

information on employment and earnings histories and survey data containing socio-

demographic and health information were combined.  

I find a significant response to the anticipated future decrease of benefits 

during the reform process. Yet, once the reform was fully implemented and the 

anticipation effect tapered off, the incidence of disability retirement did no longer 

differ in comparison to the situation prior to the reform, despite significantly lower 

benefits.  

Expected labor market income and the current health situation turn out to be 

important determinants of the incidence of disability retirement. Several different 

subjective and objective health measures were tested, and the effect of health on the 

retirement decision was significant and of comparable magnitude for all measures. 

The estimated effect of health on the retirement probability somewhat decreases once 

the estimation controls for financial variables, but is still large and significant.  

At the same time, disability benefits play a minor role, giving rise to an 

important policy implication: if the reform aimed merely at a reduction of expenses 

for disability benefits, the reform objective is generally met. While expenditures for 
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disability benefits were increasing during the 1990s and amounted to 17.2 billion € in 

1999, they are constantly decreasing since the reform in 2001 and amounted to 14.3 

billion € in 2007 (Deutsche Rentenversicherung Bund, 2008). On the other hand, if 

the reform aimed at higher labor force participation, the reform’s objective is clearly 

missed, since individual labor market behavior did not change. At the same time, 

individuals are not as well insured against the event of becoming disabled as before. 

Kruse (1998) calculated the share of disabled retirees in 1996 that are entitled to 

benefits lower than the social assistance level. In West (East) Germany 18% (13%) of 

the male retirees and 62% (48%) of the female retirees received disability benefits that 

amounted to less than the social assistance transfer. With implementation of the 

reform, these shares rise substantially to 22% (men) and 75% (women). While a large 

part of the insured population had to rely on additional income sources in case of 

disability already prior to the reform, this problem grew substantially after 

implementation of the reform. If the public retirement insurance does not provide a 

reasonable maintenance for individuals with reduced earnings capacity for health 

reasons, one of the main tasks of the public system of social security is neglected. 
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2.8 Figures and Tables 

Figure 2.1 Relative Frequency of Transitions to Disability Retirement Over Time 

 

Source: Own illustration, based on GSOEP (1995-2005). Dotted lines represent the upper 
and lower bound of a 95% confidence interval. Standard errors are calculated using the delta 
method. 
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Table 2.1 Timing of the Reform of Disability Pensions and its Regulations 

 
Period Year Expectations about disability 

regulations if entry takes place: Next year One or more years 
ahead 

Regulations that are relevant for disabled individuals who are able to work part-time 
pre-reform <= 1998 Ability to work will be tested for 

… occupation 

own own 
anticipation 1999 own any 
post-reform >= 2000 any any 
pre-reform <= 1998 Benefits amount to … of full 

pension 

2/3 2/3 
anticipation 1999 2/3 1/2 
post-reform >= 2000 1/2 1/2 
pre-reform <= 1998 Benefits can be up-graded if no 

part-time job is found 

yes yes 
anticipation 1999 yes no 
post-reform >= 2000 no no 

Regulations that are relevant for all disabled individuals 
pre-reform <= 1998 Benefits will be decreased if 

disability occurs prior to age 63 

no no 
anticipation 1999 no yes 
post-reform >= 2000 yes yes 
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Table 2.2 Explanatory Variables – Descriptive Statistics 

 Full Sample Disability Retirees 
Variable Mean (Std. Dev.) 
Dependent Variable: Transition Probability 1.38% 
Age 51.00 (4.06)  52.23 (3.80) 
Year  2000.47 (2.72)  1998.91 (2.63) 
Individual is female 53.00% 43.37% 
Education:   
Lower education (ISCED 0-2) 14.30% 23.55% 
Secondary education (ISCED 3) 57.65% 55.73% 
Higher education (ISCED 4-6) 27.13% 19.82% 
Missing 0.92% 0.90% 
Occupation:   
Manufacturing 11.40% 12.10% 
Technical 8.36% 5.15% 
Service 52.24% 33.46% 
Other 28.00% 49.29% 
Region:   
North 18.49% 21.88% 
West 36.25% 39.51% 
South 40.95% 32.05% 
East 4.31% 6.56% 
Health:  

 Mortality: Individual died within next three years 0.62% 1.29% 
Individual has an officially acknowledged handicap 10.42% 38.10% 
Overnight-stay in hospital last year 10.34% 25.87% 
Self-rated health status:  

 very good 6.78% 2.32% 
good 39.23% 17.63% 
satisfying 37.17% 29.99% 
poor 13.95% 31.92% 
very poor 2.68% 18.02% 

Partner:  
 Indivdual is married 80.10% 71.17% 

Individual is living together with a partner 5.34% 8.88% 
Individual has no partner/spouse 14.56% 19.95% 
Age of partner/spouse 50.93 (6.91)  51.47 (6.41) 
Partner/spouse is employed 77.04% 66.12% 
Partners'/spouses' self-rated health status is poor/very poor 16.49% 20.66% 
Person-Year Observations 18,755 605 
Persons 4,556 258 

Source: Own calculations using GSOEP (1995-2005).  
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Table 2.3 Financial Incentive Variables, Meana over Time (in Euro) 

Period Year ENPVb ACCc 

Pre-reform 

1995 61585 -9395 
1996 61837 -9378 

1997 63407 -9423 

1998 63068 -9334 

Anticipation 1999 65411 -18579 

Post-reform 

2000 57654 -8108 
2001 57540 -8091 

2002 58238 -8137 

2003 58706 -8187 

2004 57696 -8087 

Source: Own calculation using VSKT(2005) and GSOEP (1995-2005). 

Notes: 
a The mean is calculated over the individuals in the GSOEP sample, after the incentive 
variables from the VSKT(2005) were assigned to them. 
b ENPV is the expected net present value of disability benefits drawn until age 59, given the 
individual enters disability retirement in year t+1. 
c ACC is the accrual in the expected net present value of benefits drawn until age 59, given the 
individual delays retirement entry from year t+1 to year t+2. 
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Table 2.4 Estimation Results (Random Effects Logit Estimator) 

  (A) (B) 
 Variable Δ Predicted 

Transition 
Probability 

 Wald-Test 
Δ=0: 
χ2 (1) 

Δ Predicted 
Transition 
Probability 

 Wald-Test 
Δ=0: 
χ2 (1) 

Reference:  
Pre-reform 

Anticipation 0.313% 4.77 * no 
Post-reform 0.037% 0.48   

Reference: 1995 Pre-
reform 

1996  0.051% 1.21  
1997  0.085% 1.95  
1998  0.059% 1.34  

  1999  0.253% 4.95 * 

 

Post-
reform 

2000 no 0.076% 2.31  
 2001  0.055% 1.69  
 2002  0.076% 2.41  
 2003  0.143% 4.76 * 

 2004  0.088% 2.90 ° 

Reference: 
Manufacturing 

Technical -0.772% 9.22 ** -0.428% 5.91 * 
Service -0.771% 9.21 ** -0.429% 5.93 * 
Other -0.756% 9.46 ** -0.423% 6.01 * 

Reference:  
Lower Education 

Secondary Education -0.373% 6.84 ** -0.252% 5.13 * 
Higher Education -0.338% 5.35 * -0.234% 4.45 * 

Reference: North 
West -0.017% 0.04  -0.011% 0.05  
South -0.065% 0.64  -0.042% 0.66  
East 0.167% 0.67  0.122% 0.07  

 
Female -0.425% 9.64 ** -0.267% 6.48 * 

Reference: Married 
Living with partner 0.183% 1.34  0.117% 1.20  
Living alone 0.591% 1.96  0.392% 1.62  

 
Partner/spouse is 
employed -0.084% 1.59  -0.051% 1.43  

  Semielasticity of 
Transition 
Probability 

z-value 
Semielasticity of 

Transition 
Probability 

z-value 

 Own age 0.192 5.51 ** 0.234 5.72 ** 
  Age of partner/spouse 0.015 1.52   0.017 1.55  
Log-likelihood -1,155.969 -1,152.933 
No. of observations 18,755 18,755 
Wald-test of model significance: χ2(df) 95.19(16)** 119.41(23)** 
ρ (Std.Err.) 0.658(0.07) 0.756 (0.05) 
Likelihood-ratio test ρ =0: χ2(df) 31.38(1)** 33.86(1)** 

Notes: **, *, ° indicate significance at the 1%-level, 5%-level and 10%-level. Critical Values of χ2(1)-
distribution for significance at the 1%-level, 5%-level, and 10%-level: 6.64, 3.84 and 2.71. 

Source: Own calculations using GSOEP(1995-2005) and VSKT(2005).  
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Table 2.5 Wald-Tests 

Hypothesis Test 
statistic(dF) 

Prob 
[χ2(dF) Teststatistic] 

  3.60(1)  0.059 ° 

= 0  2.53(3)  0.470 

  
2.24(4)  0.692 

 =0 4.95(1)  0.026 

  3.08(1)  0.072 

  
5.60(8)  0.692 

    Notes:  and  are the changes in transition rates for the anticipation period and 
post-reform period, compared to the pre-reform period. Δ  is the change in the 
predicted transition at the corresponding year, compared to the baseline year 1995. All 
changes are predicted while holding all other covariates constant. 
 *, ° indicate significance at the 5%-level and 10%-level. 

Source: Own calculations using GSOEP(1995-2005) and VSKT(2005).  
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Table 2.6 Estimation Results: Health Effects (Random Effects Logit Estimator) 

 (C1) (C2) (C3) (C4) 

Variable 
Δ Predicted 
Transition 
Probability 

Wald-
Test 
Δ=0: 
χ2 (1) 

Δ Predicted 
Transition 
Probability 

Wald-
Test 
Δ=0: 
χ2 (1) 

Δ Predicted 
Transition 
Probability 

Wald-
Test 
Δ=0: 
χ2 (1) 

Δ Predicted 
Transition 
Probability 

Wald-
Test 
Δ=0: 
χ2 (1) 

Time 

Pre-reform: 
1996 0.079% 1.02  0.128% 1.13  0.154% 1.31  0.185% 1.22  
1997 0.125% 1.82  0.224% 2.14  0.182% 1.61  0.236% 1.68  
1998 0.085% 1.04  0.120% 0.97  0.114% 0.80  0.162% 0.91  

Anticipation: 1999 0.365% 6.74 ** 0.506% 4.55 * 0.487% 5.21 * 0.593% 6.42 * 

Post-reform: 

2000 0.111% 2.00  0.155% 1.79  0.171% 1.91  0.211% 1.86  
2001 0.065% 0.87  0.112% 1.14  0.073% 0.47  0.109% 0.57  
2002 0.097% 1.63  0.158% 1.99  0.128% 1.26  0.189% 1.51  
2003 0.184% 4.31 * 0.273% 4.44 * 0.237% 3.32 ° 0.354% 4.31 * 

2004 0.099% 1.62   0.170% 2.03  0.114% 0.95  0.159% 1.03  
Individual… 
…died until t+3 0.784% 4.31 * no no no 
…has handicap no 1.684% 4.56 * no no 
…was hospitalized last year no no 1.108% 6.49 * no 
Self-rated health status     
good 

no no no 

-0.034% 0.13  
satisfactory -0.004% 0.00  
poor 1.025% 10.75 ** 

very poor 3.516% 12.75 ** 

(Reference: very good) 
Partner… 
…died until t+3 -0.201% 1.70  no no no 
… has handicap no -0.028% 0.06  no no 
…was hospitalized last year no no -0.207% 3.68 ° no 
Self-rated health-status 

no no no 
 

poor to very poor -0.113% 1.03   
(Reference: very good to satisfactory) 
Model controls for… 
Age, Age of Partner Linearly Linearly Linearly Linearly 
Occupation, Region 3 Dummies each 3 Dummies each 3 Dummies each 3 Dummies each 
Education, Marital Status/ 
Lives with Partner 2 Dummies each 2 Dummies each 2 Dummies each 2 Dummies each 

Gender, Employment Status 
of Partner 1 Dummy each 1 Dummy each 1 Dummy each 1 Dummy each 

Log-likelihood -1,149.546 -1,065.917 -1,116.079 -1,062.933 
AIC-criterion 2,353.091 2,185.834 2,286.157 2,191.865 

Notes: See Table 2.4.  
Source: Own calculation using GSOEP(1995-2005) and VSKT(2005).  
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Table 2.7 Estimation Results: Effects of Financial Variables 

 
(D1) (D2) (D3) (D4) 

 

Elasticity of 
Transition 
Proability 

z-value 
Elasticity of 
Transition 
Proability 

z-value 
Elasticity of 
Transition 
Proability 

z-value 
Elasticity of 
Transition 
Proability 

z-value 

…with respect to ENPV 0.319 0.48 
 

0.279 0.43 
 

0.201 0.37 
 

-0.072 -0.13 
 

…with respect to ACC 1.039 2.08 * 0.890 1.76 ° 0.814 1.88 ° 0.773 1.77 ° 

…with respect to expected 
real wage -4.041 -2.23 * -3.420 -1.96 * -3.074 -2.31 * -2.702 -2.03 * 

 

Δ Predicted 
Transition 
Probability 

Wald-
Test 
Δ=0: 

χ2 (1) 

Δ Predicted 
Transition 
Probability 

Wald-
Test 
Δ=0: 

χ2 (1) 

Δ Predicted 
Transition 
Probability 

Wald-
Test 
Δ=0: 

χ2 (1) 

Δ Predicted 
Transition 
Probability 

Wald-
Test 
Δ=0: 

χ2 (1) 

Individual… 

…died until t+3 0.536% 2.15 
 

no no no 

…has handicap no 1.347% 4.43 * no no 

…was hospitalized last year no no 0.967% 4.40 * no 

Self-rated health status 

no no no 

 
good -0.062% 0.48 

 
satisfactory 0.037% 0.08 

 
poor 0.855% 8.43 ** 

very poor 1.990% 9.61 ** 

(Reference: very good)   

Model comtrols for…  

Year, Age, Age of Partner Linearly Linearly Linearly Linearly 

Occupation, Region 3 Dummies each 3 Dummies each 3 Dummies each 3 Dummies each 

Education, Marital 
Status/Lives with Partner 2 Dummies each 2 Dummies each 2 Dummies each 2 Dummies each 

Gender, Employment Status 
and Health of Partner 1 Dummy each 1 Dummy each 1 Dummy each 1 Dummy each 

Log-Likelihood -988.833 -909.283 -958.470 -913.954 

AIC-Criterion 2017.666 1858.565 1956.939 1873.908 

Notes: see Table 2.4. 
Source: Own calculations using GSOEP(1995-2005) and VSKT(2005). 
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3 A Reform of Old-Age Pensions in Switzerland 

3.1 Introduction  

The funding of retirement is high on the policy agenda of many 

demographically aging industrialized countries. Retirement insurance funds are 

affected by individual behavior, and it is important to know whether and to which 

extent behaviors respond to changes in the institutional framework. Therefore, we 

study the impact of financial incentives on retirement behavior.33

Since an understanding of the magnitude of workers' responsiveness to 

institutional reforms is crucial for policy design it is important to provide reliable 

empirical estimates. A large literature attempts to quantify the effect of retirement 

incentives, and the problems involved in identifying their causal effects are widely 

discussed (see e.g. Lumsdaine and Mitchell 1999, Coile and Gruber 2000 and 2007, or 

Chan and Stevens 2004). Much of the literature identified behavioral responses to 

financial incentives based on cross-sectional comparisons of individuals with different 

benefit claims and focused on the appropriate representation of dynamic incentives.

 

34

An empirical approach that does not rely on cross-sectional identification 

takes advantage of natural experiments, such as institutional reforms of retirement 

 

This approach mostly neglects the possibility of unobserved heterogeneity in tastes for 

retirement, which might affect both incentives and responses. In their study of 

retirement expectations Chan and Stevens (2004) find that such heterogeneity has vast 

effects on the estimates of responses to retirement incentives. 

                                                                                                 
33 For a general discussion of pension reform options see Lindbeck and Persson (2003). 
34 For cross-national comparative studies see Gruber and Wise (2004) or Duval (2004). 
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finances. A classic example of this approach is Krueger and Pischke (1992). They 

show that workers affected by reduced retirement benefits did not respond as strongly 

as would have been expected based on prior findings. Similarly, Mastrobuoni (2006) 

investigates whether the 1983 reform of the U.S. normal retirement age affected 

retirement behavior. Comparing the retirement behavior of birth cohorts subject to 

different retirement age regulations he finds substantial responses to this reform.  

Similar to these studies we take advantage of a reform in the retirement system 

to identify the effect of financial incentives on retirement behavior. The 1991 reform 

of the Swiss mandatory retirement insurance introduced two separate institutional 

modifications. On the one hand, the normal retirement age for females was raised in 

two steps from 62 to 64. On the other hand, the possibility of early retirement was 

introduced at the expense of a benefit discount, for both men and women. As these 

measures reflect policy options available in about every social security system it is 

both interesting and important to study their effects.35

In addition, this study contributes to the literature in three ways: first, it 

identifies the labor supply response to retirement incentives by comparing the 

behavior of birth cohorts, which differ only with respect to the financial incentives of 

a policy regime. In contrast to studies which rely on the cross-sectional identification 

of incentive effects, we can take advantage of an exogenous institutional reform. We 

know its precise timing and can therefore avoid any related measurement error. In 

addition, we avoid the problem that individuals may not be informed about their 

retirement incentives (Asch et al. 2005): the reform we look at here was subject to 

 

                                                                                                 
35 For a discussion of the costs and benefits of alternative reforms see Burtless and Quinn (2002) or 
Lindbeck and Persson (2003). 
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intense public debate due to a national public referendum (Bütler 2002). Second, we 

evaluate the heterogeneity of the behavioral response to the policy reform across 

various dimensions such as education and the unemployment situation in different 

regional labor markets. Song and Manchester (2007) find that there are large 

differences in the response to changes in the social security earnings test along the 

income distribution. Third, we investigate whether the behavioral response to the 

institutional change happens instantaneously or whether the adjustment process takes 

time. If the retirement age is strongly affected by social norms, the response to policy 

reforms might be dampened and protracted. Social norms play a key role in the debate 

on excess retirement at age 62 and 65 in the U.S. (cf. Lumsdaine et al. 1995, Duflo 

and Saez 2003), where they are discussed as a potential explanation.  

We find clear behavioral adjustments in response to changes in retirement 

incentives. Labor supply elasticities differ across population groups with 

heterogeneous educational backgrounds. The estimation results are robust to controls 

for endogenous panel attrition. The evidence suggests that the adjustment of 

retirement behavior to changed institutional circumstances intensifies over time.  

3.2 Institutional Background and Hypotheses 

The Swiss retirement system consists of a public social security pillar (AHV), 

financed mainly by payroll taxes on a pay-as-you-go basis, and of heterogeneous 

typically employer-based fully-funded private pension systems as a second pillar (for 

a detailed description see, e.g. Bütler 2002 or Dorn and Sousa-Poza 2003). Both, the 
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first and the second pillar are obligatory.36 The public AHV pillar sets a minimum age 

as an eligibility criterion for benefit receipt, but not a mandatory retirement age. For 

men the eligibility age has always been 65, while women used to be able to retire at 

age 62. In 1991, a reform law (the "10th revision") was enacted, which was confirmed 

by a referendum in 1995. This reform prompted two types of changes that we 

summarize in Table 3.1 and use as a natural experiment: first, the minimum age for 

women's full retirement benefit eligibility was ratcheted up in two steps from 62 to 63 

years in 2001 and to 64 years in 2005. The minimum retirement age for men remained 

at 65 years. Second, it became possible for women and men to retire prior to the 

minimum age. The option to draw retirement benefits one year (and later two years) 

prior to the minimum retirement age was connected with a permanent benefit 

discount, which amounted for men to a 6.8 percent benefit deduction for every year of 

early retirement.37 Since women already suffered the disadvantage of postponed 

regular retirement, their benefit reduction was set to half that of men, i.e. 3.4 percent 

for retiring one year early and 6.8 percent for retiring two years prior to the regular 

retirement age.38 Table 3.1 reports the timing of the reform steps as well as the 

benefit reductions tied to early retirement.39

Based on these reforms we expect behavioral adjustments in the timing of 

retirement. In the framework of an intertemporal consumption model individuals’ 

maximization problem at time t is given by: 

 

                                                                                                 
36 In addition, a third voluntary pillar consists of tax deductions for individual savings accounts. 
However, this instrument is not relevant for our analysis. 
37 The benefit discount for men is considered to be actuarially fair.  
38 Starting with birth cohort 1948, women will have the same benefit reduction rates as men. 
39 Individuals can also postpone benefit receipt for up to five years. Since 1991 this yielded a maximum 
increase in benefits of 31.5 percent (BSV 2006). 
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subject to 

, 

where R is the date of retirement and utility u depends on the level of 

consumption cs and the amount of leisure if the individual is working (lw) or not (lr). 

The survival probability until period s is denoted as π(s), δ is the individual discount 

factor and r is the interest rate. At is the net present value of assets held in period t. 

The labor market income received prior to retirement is denoted as ys and bs(R) 

indicates the retirement benefits received from the date of retirement until death in 

period T. The stream of benefits depends on the date of retirement R. If benefits are a 

differentiable function with respect to R, the first order condition yields: 

  

  

The integral on the right hand side indicates the effect of retirement date R on 

the pension accrual. The Swiss reform changed the benefit function for 62 years old 

women (and later for 63 years old): in 2001 benefits after retirement at age 62 

declined (initially) by 3.4 percent. Consequently, since the reform it is more likely 

that the disutility connected to work at age 62 is offset by financial incentives. We 

expect the probability of continued work to increase after the reform first for women 

at age 62 and later for those at age 63. Their retirement propensity at age 62 and later 

at age 63 should decline. 
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For men at the age of 64 (and later at age 63) the difference between labor 

market income and pension decreased after the reform, as a pension became newly 

available (see the first term in brackets on the right hand side of the first order 

condition). This should result in a higher probability of labor force exit at that age. 

However, since benefit discounts are considered to be actuarially fair on average, total 

retirement wealth remains unaffected for an average individual, regardless of the date 

of retirement entry. Depending on individual time preferences and expected survival 

probabilities retirement at an early age is more or less attractive than late retirement 

(see the second term in brackets on the right hand side of the first order condition). 

While individuals with a low life expectancy and an above average discount factor 

will prefer to retire at age 64, individuals with a high life expectancy or a below the 

average discount factor will not respond to the reform, but continue to claim benefits 

at the age of 65. Therefore, we expect modest shifts to early retirement among men. 

Additionally, we hypothesize that a given change in pension accrual should 

call up different responses depending on individual wealth. The multiplier λ at the 

right hand side of the first order condition can be interpreted as the shadow value of 

wealth and links losses in wealth to utility losses. The marginal utility of additional 

consumption might differ across individuals depending on their utility function and 

depending on their wealth level. In particular, we expect larger changes in marginal 

utility for those with little wealth such that the effect of the new incentives to delay 

retirement should be highest for those who most depend on public pensions and who 

have little alternative income in old-age.  

We use individual human capital as a proxy for wealth and expect that 

individuals with little human capital and education are unlikely to take advantage of 
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the early retirement options, which come at the price of retirement income.40

Finally, in addition to testing whether behaviors respond to changed incentives 

we investigate the time pattern of the responses, i.e. whether (a) behavioral 

adjustments take time to intensify after the reform, (b) retirement behavior adjusts 

immediately at a single point in time without a time trend, or (c) response behavior 

disappears over time. All three patterns are possible. Mastrobuoni (2006) sets up an 

intertemporal retirement model where forward-looking individuals smooth their 

lifetime consumption when they are given a long notice period regarding upcoming 

institutional changes. He argues that only those with little time to smooth their 

consumption paths would be expected to abruptly adjust their labor force exit 

behavior when an institutional reform occurs.

 

Similarly, those in regions with a high risk of unemployment may be hesitant to give 

up employment prematurely for an early retirement if the probability of a successful 

return to the labor market is low. This relates to the debate on whether it is the 

pension wealth or pension accrual that drives retirement behavior (e.g. Samwick 

1998). Controls for institutional rules and their exogenous changes over time allow us 

to measure the relevance of changes in pension accrual, which Samwick (1998) finds 

to be the central determinant of retirement behavior. We test whether the accrual 

effect differs across the wealth distribution. 

41

                                                                                                 
40 In a descriptive analysis of the correlates of early retirement based on the 2002 cross-section of our 
data, Dorn and Sousa-Poza (2005) find a significantly negative correlation of education with the 
propensity to retire early. Similarly, immigrants and those in low income professions, with 
unemployment experience and low incomes are least likely to leave the labor force early. Similar 
evidence exists for Germany (Clemens et al. 2007). 

 In this model, the labor supply 

41 For a recent analysis of the mechanisms behind non-smooth consumption paths see e.g. Blau (2008). 
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response to the reform should decline over time as individuals increasingly can take 

advantage of long-term behavioral adjustments.  

In contrast, Option Value models of retirement take account of modified 

financial consequences of retiring at every given age. Here, rational individuals are 

predicted to adjust optimal behavior paths immediately after a reform without a time 

lag or trend.  

Since this type of model typically underpredicts the observed retirement 

propensity at focal points such as age 62 and 65 in the United States, many authors 

discuss the relevance of social norms for retirement behavior (e.g. Lumsdaine et al. 

1995): it is common to retire at 65, and because it is an accepted practice, individuals 

behave this way. In this scenario, behavior patterns of current and past peers affect 

current choices, and it takes time until economically rational changes in retirement 

behavior are fully established. The hypothesis of consumption smoothing predicts a 

declining and the hypothesis of social norms an increasing responsiveness to 

institutional changes over time, while pure Option Value models lead one to expect a 

one-off change in behavior without adjustment paths in either direction. 

In sum, we test five hypotheses: women postpone retirement when early 

retirement becomes costly, men retire earlier when it becomes possible, changes in 

retirement behavior vary with educational attainment and across regional labor 

markets, and they intensify over time. 
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3.3 Data and Empirical Approach 

Our data are taken from the Swiss Labor Force Survey (SLFS, 1991-200642). 

The SLFS is a rotating panel with up to five interviews per person covering a 

representative sample of the Swiss population.43

Our dichotomous dependent variable describes whether a member of the labor 

force in year t indicates to have left the labor force in year t+1. In the weighted data, 

we observe a transition to retirement among 31.1 percent of all females and 22.3 

percent of all males. We consider retirement to be an absorbing state and censor 

observations thereafter. The dependent variable is described in the first row of Table 

3.2, separately for males and females.  

 In our analysis sample we follow 

those at risk of retirement, i.e. all individuals aged 60 through 65 who were members 

of the labor force when they were first interviewed. This provides us with 3,213 and 

4,720 person-year observations for 1,773 different female and 2,450 different male 

labor force participants, for whom at least one transition can be observed. We thus 

follow the literature (e.g. Coile and Gruber 2007, Chan and Stevens 2004, or Song 

and Manchester 2007) and consider transitions to retirement conditional on labor 

force participation at the first interview. The causal effects measured in our approach 

can therefore be considered as treatment effects on the treated rather than average 

treatment effects.  

Figure 3.1 depicts the retirement probabilities by age over time: women's 

propensity to retire at age 62 clearly declined around 2001, when the first reform was 

                                                                                                 
42 The German name of the data is "Schweizerische Arbeitskräfteerhebung, BFS". 
43 A disadvantage of the data is that information on spouse characteristics, occupational pensions, and 
work history is unavailable. However, given that the policy change considered here is orthogonal to all 
individual characteristics except for birth year, this should not affect our results. 
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implemented. Instead, the probability of retirement at age 63 went up and came down 

again when regular retirement age increased to age 64. The spike in the retirement 

propensity at age 64 in 2002 is spurious and related to an extremely small number of 

observations (across all birth cohorts only thirty women retired at age 64). Male 

retirement entry shows no clear response to the modified regulations, which allowed 

retirement at age 64 starting in 1997 and at 63 since 2001.  

Unfortunately, the SLFS data do not inform on retirees' income sources, a 

problem frequently encountered in retirement analyses (e.g. Asch et al. 2005, Blundell 

et al. 2002). Therefore, some of the individuals who exit the labor force may not be 

receiving benefits from the first pillar of the retirement insurance. Nevertheless, we 

follow the literature and refer to those who exit the labor force as retirement entrants.  

In order to identify the shift in age-specific retirement propensities following 

institutional reforms, we apply a difference-in-differences-type approach: we control 

for age (A), calendar year (Y), relevant interaction terms (I = A*Y), as well as a 

vector of control variables (X). If β represents a vector of parameters we can write: 

Pr (retirement) = . 

Our interaction terms (I) indicate the groups whose behavior should be 

affected by the modified retirement incentives: the propensity to retire should decline 

for 62 year old females after 2000 and again after 2004, similarly for 63 year old 

women after 2004. For men, we expect inflows into retirement to increase for the 64 

(63) year olds after 1996 (2000). The reform effects are identified both by a 

comparison of given age groups over time as well as by year effects across different 

age groups. Besides age, calendar year, and interaction terms (3 indicators for 
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females, 2 for men) we control for different specifications of the covariate vector X, 

which consider education, marital status, industry, and regional indicators. We 

separately model the retirement choices of males and females as they are subject to 

different regulatory regimes. Descriptive statistics on the explanatory variables for 

both subsamples are provided in Table 3.2. 

The difference-in-differences approach reliably estimates the causal effect of 

the institutional change if no contemporaneous shock other than the reform affects 

retirement behavior of the treatment group relative to the control group. Thus, in the 

absence of a reform any change in retirement behavior would be identical for 

treatment and control group. We assume that this condition holds. As a first approach 

to corroborate this assumption, we compare the characteristics of treatment and 

control groups in Table 3.3. Given the considered reform, one can define five 

different treatment and control group pairs. We randomly chose to look at two 

examples: women aged 62 before and after the reform in 2001 and men aged 64 

before and after the reform in 1997. As expected, average characteristics do not differ 

substantially for the treatment and control groups. Significant differences can either 

be explained by general demographic shifts to higher educational degrees over time or 

they concern only small subgroups. Overall, they do not cast doubt on our 

identification strategy. 

Our empirical approach proceeds in four steps. First, we apply a dichotomous 

logit estimator to estimate the parameter vector β and to determine the impact of the 

retirement reform on retirement behavior.44

                                                                                                 
44 We obtained very similar results when a least squares estimator was applied. As we intend to study 
predicted probabilities we prefer to consider a logit estimator to the linear model. 

 As we use panel data, we can enhance the 
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efficiency of the logit estimator by applying a random effects model. Assuming that 

individual unobserved heterogeneity is uncorrelated with the covariates, we compare 

random effects estimators with normally distributed errors and with a non-parametric 

discrete-factor error term distribution.45

An important characteristic of our data is that the SLFS suffers from panel 

attrition. In step three of our analysis we investigate whether non-random panel 

attrition affects our results: if the unobserved determinants of panel attrition also 

affect transitions to retirement or to continued employment this neglected 

heterogeneity will generate inconsistent estimates. To test the hypothesis that no such 

heterogeneity exists, we replace the binomial dependent variable with a multinomial 

outcome measure, considering panel exit as a competing risk. With the new dependent 

variable, we can use a large sample of 3,508 observations for men and 2,429 

observations for women of which as before 1,086 and 958 are observed to transit to 

retirement. 29.5 and 26.4 percent of the male and female observations are censored 

due to attrition.

 In step two of the analysis we gauge the 

robustness of our results and compare three alternative specifications: specification 1 

considers age, calendar year and the interaction effects discussed above. Specification 

2 adds controls for educational attainment and marital status, and specification 3 

additionally controls for industry of last employment as well as the region of 

residence.  

46

                                                                                                 
45 See Heckman and Singer (1984) and for software implementation Rabe-Hesketh et al. (2004). 

 We reestimate our models within the framework of a multinomial 

logit estimator. To relax the restriction of the independence of the irrelevant 

alternatives assumption, we allow for error term correlation in the form of random 

46 The share of transitions to retirement now amounts to 21.9 percent for women and 16.2 percent for 
men, somewhat below those presented in Table 3.2. 
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effect specifications and evaluate the reform effects in this framework. In addition, we 

apply a Hausman test to determine whether panel attrition is an independent outcome. 

If its unobserved determinants are not correlated with those of transitions to 

retirement, we can rely on the binomial logit estimator. 

In step four of the analysis we test whether the treatment effect of the 

retirement reform is heterogeneous over time, across education groups, and for the 

German and French speaking regions of Switzerland. These regions differ in their 

economic and particularly in their labor market situation,47 where we take the local 

labor market situation to be indicative of different levels of income and social security 

wealth.48

3.4 Results  

 

3.4.1 Baseline Results 

In the first step of our analysis, we compare alternative logit estimators. Table 

3.4 presents estimation statistics (log likelihood values, number of parameters, and 

AIC statistic) of three logit estimators using the model specifications as outlined 

above. Based on a likelihood ratio test, the explanatory power of two random effect 

estimators (columns 2 and 3) can be in comparison to that of the standard logit in 

column 1. The addition of random effects improves the log likelihood values 

significantly at the one percent level for the female sample, while the improvement in 

                                                                                                 
47 Unemployment rates are generally higher in the French speaking regions. In 2007 and 2008 they 
reached 4.2 and 3.9 percent there in comparison to 2.2 and 2.1 percent in the German language region. 
Also, average earnings differ with higher levels in German speaking cantons (BFS 2008). For a general 
discussion of the phenomenon see Brügger et al. (2009). 
48 Income and social security wealth are not considered directly in the specifications, first, because they 
should be endogenous to retirement behavior, and second, because social security wealth as a function 
of past earnings and labor force participation is unavailable in our data. 
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the likelihood values is not statistically significant for men. Since the random effect 

models in columns 2 and 3 are not nested we apply the AIC criterion to compare their 

fit: the discrete random effect distribution always provides a better fit than the normal 

random effect in the estimations for females. For men, the difference between the 

estimators is minor. Based on the stronger results for females, we choose the random 

effects model with a discrete error term distribution.49

In Table 3.5, we present our estimation and prediction results. Panels A and C 

show the estimated coefficients with standard errors for the female and male 

subsamples. Panels B and D display the retirement probabilities, which were predicted 

for the entire sample with and without treatment based on the estimation results 

presented just above.

 All estimations with discretely 

distributed random effects use a specification with two mass points. The hypothesis 

that a third mass point improves the model fit was rejected in all cases. 

50

For the female sample, the coefficients of the incentive effects in the first rows 

of panel A are highly statistically significant and confirm the expected decline in the 

probability of retirement at age 62 and 63 when benefit cuts were introduced. The 

effect is quantified in panel B: based on specification (1) the predicted retirement 

propensities at age 62 differ significantly for women with and without the reform. The 

age-specific annual retirement probabilities changed substantially by 53 percent from 

46.4 percent before the reform to 21.9 percent after a benefit reduction of 3.4 percent 

was mandated in 2001. The retirement probability dropped to 21.0 percent after the 

 

                                                                                                 
49 The results are not sensitive to the choice of the estimator. 
50 We predicted each individual retirement probability and integrated it out over the estimated 
distribution of the random effect. Then we calculated the average retirement probability across all 
individual predictions.  
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benefit reduction of 6.8 percent was introduced in 2005. At age 63, the responsiveness 

of Swiss women is smaller. Here, the drop in retirement probabilities amounted to 

about 24 percent (from 39.5 to 29.9 percent) following the introduction of the 3.4 

percent benefit discount in 2005. The results with additional control variables are 

presented in subsequent columns and do not differ substantially: the coefficients of 

the incentive indicators remain statistically significant and the predicted changes in 

retirement probabilities are of similar magnitude. We bootstrapped the standard errors 

of the difference in predicted retirement probabilities before and after the reform. The 

decline in retirement probabilities is highly significant for the 62 years old women and 

significant at least at the 10 percent level for the 63 year olds. The reform thus had 

significant effects on behavior, and the older female labor force responded strongly to 

shifts in retirement incentives.  

At first glance, these results are remarkably close to those found by 

Mastrobuoni (2006): he obtained a drop in retirement probabilities by fifty percent for 

every year the U.S. normal retirement age was postponed, which matches our result 

for the 62 year olds. However, since Mastrobuoni (2006) investigated a scenario with 

twice the benefit reduction in comparison to the Swiss case and one where workers 

are substantially older, Swiss women at age 62 appear to be more responsive. 

Samwick (1998) also predicted the effect of changes in the normal retirement age on 

social security receipt. He jointly considers several reforms and concludes that a shift 

of the NRA from 65 to 67 reduces the cumulative probability of retirement by age 70 

by one percentage point. Hanel (2009) models the effect of a reform similar to the 

Swiss one in the institutional framework of Germany: shifting NRA by 5 years from 

age 60 to 65 combined with a benefit discount of 3.6 percent for every year of 
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retirement prior to age 65 generates a reduction in the propensity to retire at age 60 by 

90 percent. The effect is comparable in magnitude to that found for Swiss retirees, 

who have to sacrifice 6.8 percent of their benefit for two years of early retirement at 

age 63. We find the retirement propensity to decline by about 56 percent in the Swiss 

case. Thus, while our results for females suggest a larger responsiveness than 

comparable studies based on U.S. data, they are comparable in magnitude to results 

from a neighboring country.51

To test the plausibility of our results and interpretations, we performed a 

"placebo analysis" for the female sample, in the spirit of Angrist and Krueger (1999, 

Section 2.4). We test (a) whether the probability of female retirement at age 62 also 

changed significantly in other periods and (b) whether the probability of retirement in 

the period 2001-2004 changed significantly for other age groups, as well. If these 

effects are statistically significant, we cannot be certain that the measured response is, 

in fact, caused by the reform. The estimation results are presented in Table 3.6. 

Column (1) presents the results as in Table 3.5(3). In column (2), we control for the 

calendar year specific retirement probability of 62 years old women. Not surprisingly, 

even with these detailed controls our main incentive effects remain large and 

statistically significant. The estimated coefficients suggest that over the course of the 

1990s the probability of retirement at age 62 increased. While we have no explanation 

for the significantly lower levels in the early 1990s, the evidence supports our 

previous conclusions: it is only after 2000 that the probability of retirement at age 62 

  

                                                                                                 
51 Börsch-Supan et al. (2004) find a reduction in the retirement propensity of German women at age 60 
by between 50 and 70 percent when NRA is raised from 60 to 65 and the benefit discount amounts to 6 
percent per annum of early retirement. 



66 

 

started to decline significantly, exactly when the benefit cuts were enacted.52

The estimated response of men to changes in retirement regulations is much 

more modest. The newly introduced possibility of early retirement has no significant 

effect on retirement behavior (see Table 3.5, Panel C). When early retirement was 

first allowed at age 64 the overall probability of labor force exit at that age increased 

slightly, yet no specification yields significant changes in predicted retirement 

propensities (see Panel D). After the second reform in 2001, which allowed retirement 

at age 63, we again find a small increase in the propensity to retire early. The results 

 In 

column (3) we test, whether the retirement probability in 2001-2004, i.e. after the first 

shift in retirement incentives for 62 years old women, changed significantly for other 

age groups as well: the retirement probability for the 63 year old women increased 

and there were no significant changes in the behaviors of other age groups. In column 

(4), we confirm this result by modeling the joint effect all age groups older than 62. 

The increase for the 63 years old is the immediate consequence of the reform that 

caused 62 years old women to postpone retirement by one year. Out of the group of 

the 61 and 64-69 years old women, we find a significant change at the 10 percent 

level only for the small group of 66 year olds. When the different age groups are 

considered jointly all effects are separately and jointly insignificant, thus 

corroborating our evidence in favor of causal reform effects. 

                                                                                                 
52 There were no changes to the eligibility rules in the first and second pillar of the retirement system at 
the time. Since the specification controls for calendar year fixed effects, general labor market trends 
also cannot explain the observed patterns. However, Bütler et al. (2004) present evidence for a secular 
shift to earlier retirement ages for men and women over the 1990s. Mean female retirement age in their 
firm-specific data dropped from 61.5 to 60.2 years between the periods of 1990-1994 and 2000-2003. 
The authors consider early retirement options to explain this development. This suggests that the 
increasing retirement probability at age 62 in the early 1990s may correspond to increasing labor force 
exit at earlier ages. This is the opposite of the developments observed starting 2000, when retirement 
shifted to higher ages. Therefore, the significant effects found for the first years in our data does not 
seem to pose a problem for our analysis. 
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are robust across specifications but yield no significant response of male retirement 

behavior to the reform.53

3.4.2 Effects of Panel Attrition 

 Possible explanations of the difference in responses 

observed for females and males may relate to a variety of issues: (i) differences in the 

actuarial fairness of the reform, (ii) differences due to longer life-expectancies for 

women or similarly higher time discount rates for men, and (iii) higher risk aversion 

among females who do not want to run the risk of a long life with low benefits. In 

addition, the results match existing evidence, which shows that the labor supply 

elasticity of older women with respect to retirement benefits is higher than that of 

older men (Blau and Riphahn, 1999). 

As discussed above, our data raise the concern of endogenous panel attrition.54

                                                                                                 
53 We additionally performed all estimations and predictions applying both a linear probability model 
and alternative logit estimators and always obtained very similar results. 

 

If the propensity to leave the survey is correlated with the individual response to the 

retirement reform our estimators generate biased coefficients and predictions. To test 

the robustness of our outcomes to this concern, we reformulated our dependent 

variable and reestimated the determinants of the transition to retirement while at the 

same time controlling for possible endogenous panel attrition. We applied a 

multinomial logit model with and without random effects. In a first step, we evaluated 

- as before - the fit of alternative estimators to the data (see Table 3.7). The results are 

very similar to those presented in Table 3.4: both the random effects estimators with 

normally and discretely distributed random effects significantly improve on the cross-

sectional approach. Since - based on the AIC criterion - the discrete random effects 

54 Only about 30 percent of all interviewees reach the fifth interview in our rotating panel survey. All 
others leave the survey before that. 
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specification provides the best fit, we use this estimator for our robustness test. We do 

not present the results of the multinomial logit estimations to save space (the results 

are available upon request). The estimated coefficients of the incentive indicator for 

the probability of retirement relative to the probability of employment are highly 

significant and negative for females and insignificant for males.  

Table 3.8 summarizes the predicted retirement probabilities obtained based on 

the binomial and multinomial logit estimations for the two gender subsamples using 

three model specifications.55

A Hausman test of the independence of irrelevant alternatives property of the 

multinomial logit estimator provides a more formal test of the hypothesis that panel 

attrition is independent of the other considered outcomes. The test compares the 

coefficient vector of one outcome alternative (e.g. transition to retirement) relative to 

a given baseline outcome (e.g. transition to continued labor force participation) using 

both the logit and the multinomial logit estimators (Hausman and McFadden 1984). 

 The impact of the retirement reform is quantified by a 

comparison of retirement probabilities predicted for the situation with and without the 

reform. The direction of the predicted effect agrees for the two considered estimators 

and its magnitude is generally quite similar: women aged 62 reduced their retirement 

probability by about 50 percent and those at age 63 by about 25 percent. Men 

increased their transition rates to retirement at age 64 (63) by about 7 (28) percent. 

The similarity of the results across estimators informally supports the hypothesis that 

panel attrition does not bias the binomial logit estimator.  

                                                                                                 
55 We present the predicted probability of retirement relative to the joint probability of either retiring or 
staying in the labor force. The binomial results are identical to those presented in Table 3.5 above.  
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We performed the test for both subsamples and all three model specifications.56

3.4.3 Heterogeneity of Treatment Effects 

 The 

results (see Table 3.9) indicate that the hypothesis of identical coefficient vectors for 

the two estimators cannot be rejected. Therefore, attrition is an independent event, and 

we can rely on the binomial logit estimator.  

In the fourth step of our empirical analysis, we investigate the heterogeneity of 

the reforms' treatment effects. We are interested in changes over time, in differences 

between individuals in the German and French language regions of Switzerland, and 

between groups with different levels of human capital. Table 3.10 presents the 

estimation results of specifications that test for significant differences in the reform 

effect over time (columns 1 and 2) and regional labor markets (columns 3 and 4) 

based on model specification (3), as presented before. Given that our data describe 

only one year after the introduction of the second reform step for females, the effect 

of a time trend for women can only be studied for the first reform. The coefficient of 

the interaction term is negative and statistically significant at the five percent level. 

This suggests that female retirement probabilities continued to decline in the years 

after the first reform. For the male sample, both reform steps can be interacted with a 

time trend. Here, both coefficients are positive indicating rising retirement 

probabilities over time. However, the coefficients are neither individually nor jointly 

significant. Overall we thus find weak evidence for a protracted effect of the reform. 

                                                                                                 
56 While the comparison presented in Table 3.8 requires that we relax the IIA assumption – otherwise 
predicted probability ratios are necessarily identical – the Hausman test requires that we do not relax 
IIA. Considering random effects and thus allowing for correlated error terms across alternatives would 
eliminate the IIA property of the estimator. Therefore, the random effects specification was not 
considered in the framework of the Hausman test. 
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Ceteris paribus, this can be interpreted as evidence in favor of a social norm, which 

may inhibit an immediate behavioral adjustment to changed incentives.57

We evaluate the heterogeneity of the treatment effects across regional labor 

markets and education groups, to gauge whether differences in social security wealth 

might affect the response to the new retirement incentives. Our expectation was to 

find more elastic labor supply responses among those with low wages, low wealth, 

and in weaker labor markets. 

 

The last columns of Table 3.10 yield that there are no significant differences in 

responses to retirement reforms between individuals in the German and French 

regional labor markets of Switzerland. Only on average women in western 

Switzerland appear to have a higher retirement propensity than those in the German-

speaking region. This confirms results of additional estimations (not presented) where 

we failed to find any heterogeneity in responses to the retirement reform based on 

regional unemployment, on actual or predicted individual unemployment. These 

results match the findings of Samwick (1998): once controls for pension accrual are 

considered, we find no behavioral effects of pension wealth. 

Finally, we added education group interaction terms to our model in 

specification (3). Figure 3.2 depicts the predicted age-specific retirement probabilities 

for females and males, by education group and at different points in time: the initial 

pre-reform retirement probability at age 62 (or 63) is highest among the least educated 

women. For all education groups, we observe a clear drop in the probability that 

females retire at age 62 after the reforms. The drops after 2001 and 2005 are 

                                                                                                 
57 The information on changes in retirement incentives was available since 1991 and had been broadly 
publicized through a public referendum on the issue in 1995 (Bütler 2002). 
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significant at the 1 percent level for the two lower educational (standard errors were 

obtained by bootstrap). The absolute size of the decline is largest for females with low 

levels of education (28.7 and 24.0 percentage points in 2001 for those with lower and 

upper secondary education). The response of the tertiary education group is much 

smaller. For them, retirement probabilities declined by 11.5 percentage points in 2001 

and fell only slightly more in 2005. The new retirement incentives at age 63 again 

yield comparatively larger drops in retirement probabilities among those with less 

human capital. Thus, women with lower human capital and possibly lower wages, 

earnings, and wealth respond most strongly to the increased price of leisure at old-age. 

An inspection of retirement probabilities among men confirms that individuals 

with lower levels of human capital appear to be more likely to retire prior to age 65. 

The introduction of early retirement (labeled incentive) is expected to generate an 

increase in retirement probabilities. However, the reform in 1997, which allowed for 

early retirement at age 64, yielded an increase only for the two higher education 

subsamples. In 2001, we observe particularly men at middle education levels to 

respond to the new opportunity and retire significantly earlier. In general, male's 

responses to the new retirement options remain weak and do not seem to reflect a 

large demand for more flexible early exit opportunities. 

3.5 Conclusions 

This study has identified the effect of financial incentives on retirement 

behavior taking advantage of the natural experiment of exogenous institutional 

reforms in Switzerland. This source of identification helps avoid the substantial biases 

of up to 50 percent that e.g. Chan and Stevens (2004) found when they compared the 
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results of cross-sectional estimations with those obtained when controlling for 

individual unobserved heterogeneity. 

The reform of the Swiss retirement insurance increased normal retirement age 

for females born after 1940 in two steps from 62 to 64 years. After the reform, female 

retirees at age 62 incurred a benefit reduction of initially 3.4 and later 6.8 percent. The 

modification of the normal retirement age is a potent policy instrument as it affects 

both, the length of the contribution period as well as the duration of benefit 

payments.58

We apply a difference-in-differences type procedure and confirm the 

robustness of our results with respect to alternative model specifications and 

estimators. We find substantial responses to the shift of the regular retirement age in 

connection with benefit reductions for females: a reduction in benefits by 3.4 (6.8) 

percent, caused a decline in the retirement probability at age 62 from 46 to 22 (21) 

percent, i.e. by over 50 percent. The probability of retirement at age 63 drops from 40 

to 30 percent, i.e. by 25 percent after benefit discounts of 3.4 percent were 

implemented. Permitting early retirement for men at a benefit discount has only small 

and insignificant effects on labor force exit behavior. Since generally behavioral 

adjustments intensify over time, a social norm may affect behavioral choices of Swiss 

workers.

 Additionally, the reform introduced the option of early retirement at an 

actuarially fair benefit discount for men. 

59

                                                                                                 
58 For OECD recommendations on retirement policy reforms see Casey et al. (2003); also Lindbeck and 
Persson (2003) have a comprehensive discussion. 

 Females with low education show the strongest response to changes in 

59 However, we cannot separately identify the effect of a social norm and of birth cohort effects. 
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retirement incentives and turn out to be most reluctant to incur a decline in benefit 

payments. 

Overall, retirement behavior shows a substantial response to changes in 

incentives. At the same time, one can argue that the effect for Switzerland may 

indicate a lower bound on the effect possible in other countries, because the reform 

here affects only the first pillar of the retirement insurance system while the other 

pillars remained unchanged.60

  

 We expect stronger effects if a reform comprehensively 

addresses all funding sources for retirement. Our findings confirm prior studies (e.g. 

Asch et al. 2005) and suggest that financial retirement incentives may still be able to 

substantially affect the retirement plans of the generations to come and therefore can 

contribute to solve the funding problems of retirement insurances.  

                                                                                                 
60 Coile and Gruber (2007) find that individuals are equally responsive to social security and pension 
plan incentives. 
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3.6 Figures and Tables 

Figure 3.1 Relative Frequency of Transitions to Retirement by Age and Gender 
Over Time 

 
* Note: Most points in the graph are based on fewer than 30 observations. 

 
Source: Weighted data from the Swiss Labor Force Survey (1991-2006), own calculations.  
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Figure 3.2 Predicted Retirement Probability Before and After Reform by Level 
of Education and Gender 

 

 

Source: Weighted data from the Swiss Labor Force Survey (1991-2006), own calculations.  
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Note: The differences in predicted retirement probabilities for women at age 62 with and 

without incentive mechanisms are statistically significantly different from zero for all but the 

highest education group. The difference at age 63 is significant for the middle education 

group. For men we find a significant difference in the middle education group for the 

retirement probability at age 63 with and without incentives. Standard errors of the predicted 

probability differences were bootstrapped with 100 draws. The predictions are based on 

specification (3) of the binomial logit with a discrete distribution of the random effects using 

weighted data. 
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Table 3.1 Regular Retirement Age and Early Retirement Options after the 1991 
Reform 
  Men   Women  

Retirement 
Regime as of  

Regular 
Retirement Age 

Early Retirement Age 

(% Benefit Reduction) 

Regular 
Retirement Age 

Early Retirement Age 

(% Benefit Reduction) 

1996 65 - - 62 - - 

1997 - 2000 65 64 (6.8 %) - 62 - - 

2001 - 2004 65 64 (6.8 %) 63 (13.6 %) 63 62 (3.4 %) - 

starting 2005 65 64 (6.8 %) 63 (13.6 %) 64 63 (3.4 %) 62 (6.8 %) 
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Table 3.2 Descriptive Statistics 
Women Men

Variable
Dependent Variable:
labor force exit 0.311 0.223
Incentive:
  age 62 after 2000 0.051 --
  age 62 after 2004 0.022 --
  age 63 after 2004 0.037 --
  age 64 after 1996 -- 0.127
  age 63 after 2000 -- 0.069
Age:
  age = 60 0.162 0.128
  age = 61 0.227 0.182
  age = 62 0.184 0.205
  age = 63 0.145 0.196
  age = 64 0.117 0.164
  age = 65 0.101 0.080
  age = 66 0.039 0.029
  age = 67 0.019 0.012
  age >= 68 0.007 0.003
Marital status:
  married 0.548 0.828
  single 0.098 0.059
  widowed/ divorced 0.354 0.113
Calendar Year 1998.1 (4.61) 1997.7 (4.47)
Education:
  higher education 0.119 0.307
  secondary education 0.499 0.491
  lower education 0.382 0.201
Industry:
  agriculture and mining 0.063 0.104
  utility (electric power, water) and construction 0.136 0.347
  trade, transport and communication 0.221 0.182
  hotel and catering trades 0.100 0.019
  credit and insurance, real estate investment 0.113 0.150
  public administration 0.038 0.055
  education and health sector 0.215 0.086
  other 0.114 0.057
Region:
  Lake Geneva Region 0.150 0.165
  Swiss Mittelland 0.240 0.228
  North-Western Switzerland 0.132 0.135
  Zurich 0.198 0.179
  Eastern Switzerland 0.164 0.148
  Central Switzerland 0.085 0.105
  Ticino 0.030 0.039
Person-Year Observations (unweighted) 3,213 4,720

Mean (Std.Dev.)

 
Source: Own calculations using weighted data from the Swiss Labor Force Survey (1991-2006). 
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Table 3.3 Comparison of Control and Treatment Group Characteristics 

Variable

Mean 
before 
2001

Mean 
after 
2000 Diff.

Standard 
Error of 

Diff.

Mean 
before 
1997

Mean 
after 
1996 Diff.

Standard 
Error of 

Diff.
Marital status:
  married 53.2% 57.0% -3.8% 4.4% 84.0% 82.3% 1.7% 3.5%
  single 13.8% 8.3% 5.5% 2.7% * 7.7% 5.1% 2.6% 2.6%
  widowed/ divorced 33.0% 34.7% -1.7% 4.0% 8.3% 12.6% -4.2% 2.5%
Education
  higher education 8.6% 10.3% -1.8% 2.4% 35.1% 27.9% 7.2% 4.4%
  secondary education 48.6% 56.8% -8.2% 4.4% 41.1% 53.1% -12.0% 4.6% *
  lower education 42.9% 32.8% 10.0% 4.4% * 23.8% 19.1% 4.8% 4.2%
Industry:
  agriculture and mining 7.9% 3.4% 4.5% 2.5% 9.3% 8.6% 0.7% 2.9%
  utility and construction 16.6% 13.1% 3.5% 3.2% 36.5% 37.3% -0.8% 4.6%
  trade, transport communic. 21.7% 22.8% -1.2% 3.7% 21.0% 17.5% 3.4% 3.9%
  hotel and catering trades 7.4% 7.8% -0.3% 2.3% 0.2% 2.5% -2.3% 0.8% **
  credit, insurance, real estate 10.9% 10.8% 0.1% 2.6% 11.3% 15.1% -3.8% 3.0%
  public administration 3.7% 6.0% -2.2% 1.8% 6.4% 3.4% 3.0% 2.1%
  education and health 22.8% 26.3% -3.5% 3.8% 8.9% 9.7% -0.7% 2.5%
  other 8.9% 9.8% -0.8% 2.6% 6.4% 5.9% 0.5% 2.2%
Region:
  Lake Geneva Region 17.8% 14.5% 3.2% 3.1% 14.7% 18.3% -3.6% 3.0%
  Swiss Mittelland 22.2% 26.9% -4.7% 3.9% 24.0% 19.3% 4.7% 4.2%
  North-Western Switzerland 13.7% 12.9% 0.9% 2.9% 13.9% 12.7% 1.2% 3.1%
  Zurich 17.6% 16.2% 1.4% 3.3% 18.3% 17.4% 0.9% 3.5%
  Eastern Switzerland 18.4% 14.3% 4.0% 3.4% 14.2% 16.1% -1.9% 3.5%
  Central Switzerland 7.1% 10.7% -3.5% 2.4% 11.5% 12.5% -1.0% 3.4%
  Ticino 3.1% 4.5% -1.4% 1.9% 3.4% 3.6% -0.3% 1.6%
Observations (unweighted) 353 389 209 709

Women at age 62 Men at age 64

 
Note: ** and * indicate statistically significant differences between treatment and control group at the 1 and 
5 percent level. 

Source: Own calculations using weighted data from the Swiss Labor Force Survey (1991-2006). 
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 Table 3.4 Alternative Logit Estimators 

Logit

Logit with 
random 
effects 

(normally 
distributed)

Logit with 
random 
effects 

(discrete 
distribution)

(1) (2) (3)
A - Women

Log Likelihood -1879.5 -1873.8 -1871.8
# of parameters 26 27 28
AIC 3811.1 3801.5 3799.5
Log Likelihood -1860.6 -1855.7 -1853.3
# of parameters 30 31 32
AIC 3781.2 3773.3 3770.6
Log Likelihood -1851.0 -1846.4 -1844.4
# of parameters 43 44 45
AIC 3788.0 3780.9 3778.9

B - Men

Log Likelihood -2332.6 -2331.4 -2331.3
# of parameters 25 26 27
AIC 4715.2 4714.9 4716.7
Log Likelihood -2316.0 -2315.1 -2315.0
# of parameters 29 30 31
AIC 4690.1 4690.3 4692.0
Log Likelihood -2290.7 -2289.6 -2288.6
# of parameters 42 43 44
AIC 4665.4 4665.2 4665.1

age, year, education, marital 
status, industry, region

Specification (3):

Specification (1):

Specification (2):

Specification (3):

Specification (1):

Specification (2):

age, year

age, year, education, marital 
status

age, year, education, marital 
status, industry, region

age, year

age, year, education, marital 
status

 
Note: Critical values of the chi2 distribution are as follows: 1 percent level: 6.63 (1 df) and 9.21 (2 df); 
5 percent level: 3.84 (1 df) and 5.99 (2 df). 

Source: Own calculations using Swiss Labor Force Survey (1991-2006). 
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Table 3.5 Estimation and Prediction Results – Random Effects Logit (Discrete 
Distribution) 

Specif. 1 Specif. 2 Specif. 3
Coeff. Coeff. Coeff.

A - Women: Estimation results Std. Err. Std. Err. Std. Err.
Incentive 2001: age 62 after 2000 -1.546 ** -1.548 ** -1.540

0.274 0.270 0.273
Incentive 2005a: age 62 after 2004 -1.678 ** -1.674 ** -1.691

0.318 0.312 0.315
Incentive 2005b: age 63 after 2004 -0.531 * -0.581 * -0.587

0.241 0.240 0.242
Age (9) yes ** yes ** yes
Year (15) yes yes * yes
Education (3) -- yes ** yes
Marital status (3) -- yes yes
Industry (8) -- -- yes
Region (7) -- -- yes
Log Likelihood -1871.76 -1853.32 -1844.44
# parameters estimated 28 32 45
B - Women: Predicted retirement probability 
Age 62, without incentive 0.464 0.465 0.456
Age 62, with incentive 2001 0.219 0.216 0.217
Difference -0.245 ** -0.249 ** -0.239
Standard Error of Difference 0.041 0.067 0.065
Age 62, without incentive 0.464 0.465 0.456
Age 62, with incentive 2005a 0.210 0.207 0.206
Difference -0.254 ** -0.258 ** -0.250
Standard Error of Difference 0.046 0.066 0.070
Age 63, without incentive 0.395 0.400 0.401
Age 63, with incentive 2005b 0.299 0.295 0.296
Difference -0.096 -0.105 ° -0.105
Standard Error of Difference 0.069 0.057 0.060  
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Table 3.5 (continued) 

Coeff. Coeff. Coeff.
C - Men: Estimation results Std. Err. Std. Err. Std. Err.
Incentive 1997: age 64 after 1996 0.134 0.102 0.098

0.244 0.244 0.247
Incentive 2001: age 63 after 2000 0.327 0.327 0.311

0.224 0.224 0.227
Age (9) yes ** yes ** yes **
Year (15) yes yes yes
Education (3) -- yes ** yes **
Marital status (3) -- yes yes
Industry (8) -- -- yes **
Region (7) -- -- yes
Log Likelihood -2331.34 -2314.98 -2288.56
# parameters estimated 27 31 44
D - Men: Predicted retirement probability 
Age 64, without incentive 0.177 0.179 0.179
Age 64, with incentive 1997 0.193 0.192 0.192
Difference 0.017 0.013 0.013
Standard Error of Difference 0.038 0.048 0.036
Age 63, without incentive 0.131 0.130 0.129
Age 63, with incentive 2001 0.167 0.167 0.164
Difference 0.036 0.037 0.035
Standard Error of Difference 0.025 0.024 0.026  
 
Note: **, * and o indicate statistical significance at the 1, 5, and 10 percent level. In panels B and D 
the asterisks indicate the statistical significance of the difference between the predicted probabilities 
under old and new regulations. Standard errors were bootstrapped with 100 draws from the original 
sample. Weighted data are applied. The numbers in parentheses indicate the number of categories 
including the reference. 

Source: Own calculations using Swiss Labor Force Survey (1991-2006). 
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Table 3.6 Placebo-Analysis: Estimation and Prediction Results – Random Effects 
Logit (Discrete Distribution) 

Coeff. Std. Err. Coeff. Std. Err. Coeff. Std. Err. Coeff. Std. Err.
Incentive 2001: age 62 2001-2004 -1.540 0.273 ** -2.627 0.592 ** -1.105 0.471 * -1.121 0.511 *
Incentive 2005a: age 62 since 2005 -1.691 0.315 ** -2.774 0.611 ** -1.571 0.318 ** -1.678 0.316 **
Incentive 2005b: age 63 since 2005 -0.587 0.242 * -0.574 0.238 * -0.117 0.290 -0.559 0.242 *
A) Placebo-Incentives: 
Age 62 in 1992 -2.188 0.736 **
Age 62 in 1993 -1.793 0.698 *
Age 62 in 1994 -1.504 0.731 *
Age 62 in 1995 -1.615 0.743 *
Age 62 in 1996 -0.566 0.804
Age 62 in 1997 -0.528 0.776
Age 62 in 1998 -0.973 0.756
Age 62 in 1999 0.291 0.801
Age 62 in 2000
Wald-Test: all placebos
χ2(dF) z-value
Wald-Test: placebos 1996-1999
χ2(dF) z-value
B) Placebo-Incentives:
Age 61 in 2001-2004
Age 63 in 2001-2004 1.017 0.463 *
Age 64 in 2001-2004 0.359 0.472
Age 65 in 2001-2004 0.141 0.487
Age 66 in 2001-2004 -0.197 0.508
Age 67 in 2001-2004 0.559 0.589
Age 68 in 2001-2004 0.223 0.774
>= Age 69 in 2001-2004 1.330 1.338
Wald-Test: all placebos
χ2(dF) z-value 13.23 (7) 0.067
Wald-Test: placebos 64-69
χ2(dF) z-value 3.96 (6) 0.682
>= Age 63 in 2001 -2004 0.450 0.456
Age (9)
Year (15)
Education (3)
Marital status (3)
Industry (8)
Region (7)
Log Likelihood
# parameters estimated

-1844.44 -1833.26 -1837.56 -1843.89
45 53 53 46

yes yes yes yes
yes yes yes yes

yes yes yes yes
yes yes yes yes

yes yes yes yes
yes yes yes yes

no no no

no no no

no no no

no no no
no no no

no no no

no no no
no no no
no no no

no no (reference) no
no no no

no 21.77 (8) 0.005 ** no no

no 3.46 (4) 0.484 no no

no no no
no no no
no (reference) no no

no no no
no no no
no no no

no no no
no no no
no no no

(1) (2) (3) (4)

 
Notes & Source: See Table 3.5 

  



85 

 

Table 3.7 Alternative Multinomial Logit Estimators 

Multinomial 
Logit

Multinomial 
Logit with 

random effects 
(normally 

distributed)

Multinomial 
Logit with 

random effects 
(discrete 

distribution)
(1) (2) (3)

A - Women
Log Likelihood -4237.09 -4224.91 -4223.06
# of parameters 52 55 55
AIC 8578.2 8559.8 8556.1
Log Likelihood -4212.43 -4202.51 -4200.85
# of parameters 60 63 63
AIC 8544.9 8531.0 8527.7
Log Likelihood -4200.71 -4190.83 -4189.28
# of parameters 86 89 89
AIC 8573.4 8559.7 8556.6

B - Men
Log Likelihood -6180.04 -6173.52 -6171.56
# of parameters 50 53 53
AIC 12460.1 12453.0 12449.1
Log Likelihood -6159.90 -6153.79 -6151.55
# of parameters 58 61 61
AIC 12435.8 12429.6 12425.1
Log Likelihood -6132.07 -6125.39 -6122.57
# of parameters 84 87 87
AIC 12432.1 12424.8 12419.1

age, year, education, marital 
status, industry, region

Specification (3):

Specification (1):

Specification (2):

Specification (3):

Specification (1):

Specification (2):

age, year

age, year, education, marital 
status

age, year, education, marital 
status, industry, region

age, year

age, year, education, marital 
status

 
Note: Critical values of the chi2 distribution are as follows: 1 percent level: 11.34 (3 df) and 5 percent 
level: 7.81 (3 df).  

Source: Own calculations using Swiss Labor Force Survey (1991-2006). 
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Table 3.8 Prediction Results Based on Multinomial Logit Estimation with 
Random Effects (Discrete Distribution) 

 

Predicted prob. 
of retirement 

(conditional on 
non-censoring)

% change 
relative to 

"no 
incentive"

Predicted prob. 
of retirement 

(conditional on 
non-censoring)

% change 
relative to 

"no 
incentive"

Predicted prob. 
of retirement 

(conditional on 
non-censoring)

% change 
relative to 

"no 
incentive"

A - Women
Age 62 , no incentive 0.464 0.465 0.456
Age 62 , incentive 2001 0.219 -53% 0.216 -53% 0.217 -52%
Age 62 , incentive 2005 0.210 -55% 0.207 -56% 0.206 -55%

Age 63 , no incentive 0.395 0.400 0.401
Age 63 , incentive 2005 0.299 -24% 0.295 -26% 0.296 -26%
Age 62 , no incentive 0.399 0.403 0.405
Age 62 , incentive 2001 0.222 -44% 0.220 -45% 0.219 -46%
Age 62 , incentive 2005 0.201 -49% 0.197 -51% 0.198 -51%

Age 63 , no incentive 0.371 0.376 0.378
Age 63 , incentive 2005 0.304 -18% 0.299 -21% 0.301 -20%

B - Men
Age 64 , no incentive 0.177 0.179 0.179
Age 64 , incentive 1997 0.193 10% 0.192 7% 0.192 7%

Age 63 , no incentive 0.131 0.130 0.129
Age 63 , incentive 2001 0.167 28% 0.167 28% 0.164 27%
Age 64 , no incentive 0.187 0.188 0.188
Age 64 , incentive 1997 0.192 3% 0.192 2% 0.191 2%

Age 63 , no incentive 0.136 0.137 0.136
Age 63 , incentive 2001 0.168 23% 0.168 23% 0.164 21%

Multinomial 
Logit with 
random effects 
(discrete 
distribution)

Model (1) - controls for: age, 
year

Model (2) - controls for: 
age, year, education, marital 

status

Model (3) - controls for: 
age, year, education, marital 

status, industry, region

Logit with 
random effects 
(discrete 
distribution)

Multinomial 
Logit with 
random effects 
(discrete 
distribution)

Logit with 
random effects 
(discrete 
distribution)

  

Source: Own calculations using Swiss Labor Force Survey (1991-2006). 
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Table 3.9 Results oft he Hausman Test of the IIA Property 

χ2 Test statistic
Degrees of 

freedom
p-value

A - Women

Specification (1): age, year 27.08 26 0.405

Specification (2): age, year, education, 
marital status

24.03 30 0.771

Specification (3): age, year, education, 
marital status, industry, region

32.64 43 0.875

B - Men

Specification (1): age, year 24.81 25 0.473

Specification (2): age, year, education, 
marital status

31.49 29 0.343

Specification (3): age, year, education, 
marital status, industry, region

40.20 42 0.550
 

Note: Estimations were executed without random effects controls. 
Source: Own calculations using Swiss Labor Force Survey (1991-2006). 
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Table 3.10 Random Effects Logit Estimation: Heterogeneity of Incentive Effects 

Coeff. (Std. Err.) Coeff. (Std. Err.) Coeff. (Std. Err.) Coeff.
Incentive 2001: age 62 after 2001 -0.674 (0.470) - - -1.389 (0.284) ** - -
Incentive 2005a: age 62 after 2004 -1.670 (0.310) ** - - -1.629 (0.346) ** - -
Incentive 2005b: age 63 after 2004 -0.582 (0.240) * - - -0.534 (0.261) * - -
Inc. 2001 * Years Since Reform -0.401 (0.194) * - - - - - -
Inc. 2001 * Region: French - - - - -0.765 (0.531) - -
Inc. 2005a * Region: French - - - - -0.244 (0.508) - -
Inc. 2005b * Region: French - - - - -0.228 (0.382) - -
Incentive 1997: age 64 after 1996 - - -0.110 (0.361) - - 0.134 (0.253)
Incentive 2001: age 63 after 2000 - - 0.305 (0.359) - - 0.344 (0.237)
Inc. 1997 * Years Since Reform - - 0.035 (0.044) - - - -
Inc. 2001 * Years Since Reform - - 0.011 (0.089) - - - -
Inc. 1997 * Region: French - - - - - - -0.128 (0.269)
Inc. 2001 * Region: French - - - - - - -0.085 (0.294)
Region: French - - - - 0.282 (0.124) * -0.052 (0.114)
Age (9) ** ** ** **
Year (15) * °
Education (3) ** ** ** **
Marital status (3)
Industry (8) ** **
Regions (6)
Individuals 1773 4720 1773 4720
Observations 3213 2450 3213 2450
Log Likelihood -1842.5 -2288.2 -1845.6 -2290.5

(Std. Err.)

no

yes yes
yes
yes
yes
yes

yes
yes
yes
yes

yes

yes
yes
yes

Women Men Women Men
Time Trend Interactions Regional Labor Market Differences

yes
yes

yes no

yes
yes
yes
yes
yes

 
Note: **, * and o indicate statistical significance at the 1, 5, and 10 percent level. The numbers in 
parentheses indicate the number of categories including the reference. 

Source: Own calculations using Swiss Labor Force Survey (1991-2006). 
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4 A Reform of Old-Age Pensions in Germany 

4.1 Introduction 

The pension systems of many industrialized countries are facing severe 

financial problems due to aging societies. Labor market and pension reforms were 

therefore implemented in several European countries to encourage labor force 

participation of the elderly. A longer working life would, on the one hand, reduce 

benefit payments per capita, and it would, on the other hand, raise contributions. A 

frequently used policy measure that sets incentives to postpone retirement and to 

increase labor force participation is a benefit reduction for early retirees.61 However, 

especially older individuals may face employment restrictions, limiting their labor 

market opportunities.62

                                                                                                 
61 See Council of the European Union (2003). Actuarially adjustments in pension for early retirees were 
implemented, e.g. in Italy, Sweden, Austria, and Germany. 

 Therefore, an increasing duration until retirement in terms of 

benefit claiming does not imply necessarily that the duration until exit from gainful 

employment increases equivalently. This paper analyzes the effect of a pension 

reform in Germany that introduced permanent benefit reductions for early retirees. 

These reductions vary between 0.3% and 18.0% of monthly benefits depending on the 

individual birth cohort and the timing of benefit claiming. The reform is used to 

examine two issues: first, does the duration until benefit claiming increase due to 

these benefit reductions? Second, does the duration until employment exit increase to 

the same extent? If the last month of employment and the first month of drawing 

benefits are not postponed to the same extent, there may be some relief for the 

62 See Hakola and Uusitalo (2005) or Dorn and Sousa-Poza (2007). Their findings are presented below 
in greater detail. 
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retirement systems through benefit reductions, but the relief for the welfare state as a 

whole may be much smaller. It is therefore important to know to what extent a delay 

of claiming benefits implies longer employment, too. 

The analysis shows that the reform causes an expected postponement of benefit 

claiming by about fourteen months. Women and workers with low benefit 

entitlements delay their claiming by more than men or those with high benefit 

entitlements. At the same time, the expected duration until exit from gainful 

employment increases by about ten months. The latter effect is stronger for men and 

for individuals with high benefit entitlements.  

Unlike previous analyses of the effect of pensions in Germany I utilize a 

natural experiment and can therefore identify a causal effect.63

4.2 The Recent Pension Reform in Germany 

 The analyzed sample is 

drawn from a new data set that provides very detailed information concerning the full 

employment history and the full earnings history of more than 60,000 individuals. 

This study appears to be the first one evaluating worker responses to this very recent 

reform.  

The first pillar of the old-age security system is the main income source for 

elderly individuals in Germany. Nearly 80% of the labor force is covered and about 

80% of the average retiree’s income derives from claims to benefits (see Council of 

the European Union, 2003). Generally, two classes of the public social security 

system can be distinguished: (i) the tax-financed old-age system for civil servants and 

                                                                                                 
63 However, to ensure identification of the causal effect some assumptions are necessary, which are 
discussed below in greater detail (see section 4.4). 
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(ii) the mandatory retirement insurance for other employees, which is financed by 

contributions.64

The retirement insurance covers the vast majority of the population. About 

33.5 million individuals have been insured in 2007 (Deutsche Rentenversicherung 

Bund, 2009), in comparison to about 55 million individuals in the relevant age group 

from age 14 to age 65 (Statistisches Bundesamt, 2008c). Public benefits are the most 

important source for old-age income among the whole population. The net 

replacement rate is 67% for an individual with 45 contribution years (OECD, 2007).

 The first one is not considered in this study, since it is not affected by 

the above mentioned reform. The second one is described below in more detail.  

65

The insurance is organized as a pay-as-you-go-system and financed by payroll 

taxes. Individual benefit claims depend on the individual earnings history. “Premium 

Points” are used to calculate the amount of benefit entitlements. For every year of 

average contributions, one premium point is credited to the individual’s insurance 

account.

 

The cap on insurable earnings is high. In 2007 it amounted to €5,250 per month, 

which is 214% of the average monthly gross wage. 

66 For years with lower or higher contributions, the amount of premium 

points is adjusted proportionally. The number of premium points accumulated until 

age 65 determines the benefit entitlement.67

                                                                                                 
64 Self-employed workers are mandatorily covered only in exceptional cases. 

 The amount of benefits paid for one 

premium point is determined by law on an annual basis. In 2008, €26.56 per month 

65 The net replacement rate is defined as the individual net pension divided by the most recent net 
earnings. Another possibility of definition is relative to average lifetime earnings, typically resulting in 
an even higher replacement rate. 
66 This refers to the average contributions of all insured individuals in the given year. 
67 Employment after age 65 is not subject to the retirement insurance. No further contributions have to 
be paid, benefits can be drawn regardless of the current employment status, and it is not taken into 
account for the amount of benefits. 
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were paid for one premium point. In contrast to e.g. the system of social security in 

the U.S, all contributions are weighted equally over the lifetime. Neither the age nor 

the date of payments to the public retirement insurance influences the entitlement for 

benefits.  

Generally, the minimum age for claiming benefits is 65 years, but there were 

several exceptions from that minimum age for certain groups of insured workers since 

1972. To allow a “flexible retirement entry”, unemployed persons, women, and 

disabled individuals who meet certain criteria concerning their employment history 

could retire between age 60 and age 65, while the long-term insured with more than 

35 years of contribution could retire between age 63 and age 65. There were no 

benefit reductions following retirement prior to age 65 for those groups until 1997, 

and thus there was a strong incentive to retire at the earliest possible point in time. For 

example, about 79.9% of all men and 47.4% of all women born in 1931 started to 

draw benefits before 1996, i.e. before the regular retirement age of 65 years (Deutsche 

Rentenversicherung Bund, 2008). 

In order to reduce these incentives, the “Act on the Promotion of Growth and 

Employment” (Wachstums- und Beschäftigungsförderungsgesetz) was passed, which 

introduced benefit reductions for workers retiring prior to the age of 65, starting in 

1997. The minimum age at which full pensions can be claimed was raised to age 65 

for all insured workers. The implementation of the reform stretches over a long 

period, as the minimum age for receiving a full pension was increased in monthly 

steps over several years. Thus, during a transition period (1997 to 2005), different 

birth cohorts could claim a full pension at different ages. For example, individuals 

born in January 1938 aged 61 years and one month can receive “old-age pension for 
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the unemployed” with full benefits. Individuals born in February 1938 can receive the 

full pension when they are 61 years and two months old, and so on.  

As a further consequence of the reform, prior to the cohort-specific regular 

retirement age benefits can be claimed only at the price of a permanent benefit 

reduction. Figure 4.1 illustrates the retirement options for the transition cohorts 

(1937-1945). For every month that benefit claiming takes place prior to the age of 

eligibility for the full pension, the benefits are reduced by 0.3 percentage points. 

Hence, given a specific retirement age, different birth cohorts have to accept different 

reduction rates. For example, a person starting to receive “old-age pensions for the 

unemployed” at age 61 and one month suffers no benefit reduction if born in January 

1938, since for this cohort the age of 61 and one month is the age of entitlement for 

full benefits. However, persons born in January 1940 with the same retirement 

decision would have to accept a reduction of 7.2%. In that situation, the minimum age 

of entitlement for full benefits is 63 years and one month, and 24 months of 0.3%-

points reduction accumulated. This regulatory framework allows one to identify the 

effect of payment reductions on the retirement decision. 

4.3 Literature and Hypotheses 

There is a large literature pointing out the importance of pensions for the 

timing of retirement. One strand of the literature deals with the effect of expected 

income from social security or pension benefits (i.e. the level of social security or 

pension wealth) on the retirement decision. Classical life-cycle-models, used e.g.by 

Gordon and Blinder (1980) or Gustman and Steinmeier (1986), show that the amount 

of benefits provided relative to potential wages has an influence on the retirement 
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decision of an individual maximizing utility from income and leisure. Hurd (1990a) 

examines the peak in retirement entries in the United States at age 62, when benefit 

receipt is first available. This peak has grown over time with growing social security 

benefits. Blau (1994) estimates hazard rates to retirement as a function of social 

security wealth and finds a strong connection between benefit levels and exit rates. A 

well-known study is Krueger and Pischke (1992): they use a natural experiment in the 

U.S. in 1972, when a sharp decline in benefit levels was introduced for given birth 

years onwards, while older generations remained unaffected. The main advantage of 

this approach is the exogenous variation in benefits. Most studies of retirement 

behavior suffer from a correlation between the level of benefit entitlements or the 

replacement rate and the employment biography, which again should be correlated 

with the retirement decision. Krueger and Pischke find a significant, but only very 

small impact of pension levels on retirement behavior. 

Besides the level of available benefits, accruals in social security wealth may 

play an important role for the retirement decision, i.e. whether or not an individual can 

increase future pension payments by postponing retirement entry. Some studies 

include the amount of available benefits in case of one or several further years of 

work in the estimation of labor force participation, such as Fields and Mitchell (1984) 

or Sueyoshi (1989). Diamond and Gruber (1999) calculate implicit tax rates on further 

employment for some typical workers, and a similar study is applied on real 

individuals by Coile and Gruber (2000). For the German case, Börsch-Supan and 

Schnabel (1999) find negative accruals through another year of work at most ages, 

which could partly explain the strong tendency to retire early in Germany. The Option 

Value model established by Stock and Wise (1990) elaborates the anticipatory 



95 

 

retirement behavior of workers. It states that the available stream of income and 

leisure corresponding to any future retirement date has to be taken into account rather 

than the accrual in income from one year to another. An application of the Option 

Value model is found in Coile and Gruber (2000), who estimate probit models for 

retirement using the Option Value as an explanatory variable. Also, studies for 

Germany found a positive impact of pension accruals on labor force participation. 

Börsch-Supan et al. (2004) and Berkel and Börsch-Supan (2004) simulate the effect of 

actuarially fair payment reductions on the retirement decision through changes in the 

Option Value. Siddiqui (1997) estimates hazard rates to retirement depending on 

future income streams. All three studies find that the duration until retirement entry 

increases significantly when early retirees face pension reductions. There is a strong 

agreement across the literature that pension accruals influence the retirement decision 

fundamentally. Samwick (1998) compares the effect of the level of social security 

wealth and accruals in social security wealth and finds the impact of accruals to be the 

central determinant of the timing of retirement.  

Now, to analyze the impact of the German reform on retirement behavior, one 

has to consider its effects on the level and accruals in social security wealth: after full 

implementation of the reform in 1997, the level of social security wealth remained 

unchanged, if an individual were to retire at age 65. At the same time, social security 

wealth is lowered considerably for the affected cohorts compared to unaffected 

cohorts, if they retired prior to age 65. Consequently, the accruals in social security 

wealth resulting from a delay of benefit claiming are larger (or less negative) for 

affected than for unaffected cohorts.  
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Consider that an individual takes the decision regarding the optimal date of 

retirement entry according to the Option Value Model of Stock and Wise (1990), i.e. 

she compares all possible future streams of utility from income and leisure and delays 

retirement entry if she can receive a higher stream of utility by waiting. In this 

framework, retiring at any early date s instead of any later dater t has four effects: (i) 

it lowers utility due to a loss of wage earnings during the period between s and t, (ii) it 

increases utility from leisure during s and t, (iii) it lengthens the period of benefit 

receipt, thereby raising utility according to the amount of benefits that are paid 

between s and t, and (iv) it changes the expected present value of future benefits 

during the remaining lifetime according to the pension formula. Hence, retiring at date 

s instead of t will be preferred only if the loss in wage income is at least outweighed 

by the utility from leisure between s and t, plus the retirement income received 

between s and t, plus the difference in the present values of future income if the 

individual retires at date s instead of date t.  

After full implementation, the reform of the pension formula in Germany 

changed the incentives to retire at any age between the age of 60 and the normal 

retirement age 65: first, if an individual decides to retire at any date prior to age 65, 

the potential benefits and hence the gain in utility from income during the period of 

preponement will be lowered. Second, also future benefits will be substantially 

lowered if an individual decides to retire early. Hence, the present value of early 

retirement income minus the present value of income when retirement takes place at 

age 65 is more negative or less positive for affected than for unaffected cohorts. It is 

therefore more unlikely that the change in total retirement income outweighs the loss 

in wage income. I thus expect that individuals with a high minimum age of full 
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benefit claims should retire later than individuals with a low minimum age of full 

benefit claims.  

Figure 4.2 provides some first insights, supporting this hypothesis. It shows 

the distribution of claiming ages for different birth cohorts by gender. The birth 

cohorts unaffected by the reform are those prior to 1937 for men, who can apply for 

“pension for the long-term-insured” at age 63 or “pension for the unemployed” at age 

60. While the distribution of claiming ages is almost constant over birth years 1931 to 

1936, a clear behavioral change begins with birth year 1937. Claiming benefits at age 

60 and age 63 becomes less frequent over time, while claiming at age 65 and at age 64 

gains importance substantially. The same pattern is visible for women. The most 

important benefit type for them is “women’s pension”. Reductions for this benefit 

type were introduced for birth years 1940 onwards. While about 45% of the women 

claimed benefits at age 60 and only about 10-15% at ages 61-64 for birth cohorts 1931 

to 1939, this behavior changed for birth cohorts 1940 to 1942. The frequency of 

claiming benefits at age 60 decreased to 35%, while claiming at ages 61-64 almost 

doubled to 29%.68

Up to now, it is assumed that the individual decides either to work and receive 

labor income, or to retire and receive pension benefits. Hence, retirement entry, labor 

force exit and claiming of benefits are interchangeable terms. However, there may be 

differences in the reform’s effects i) on retirement in the sense of claiming benefits 

 Apparently, cohorts affected by the recent reform tend to retire 

later than those who are unaffected.  

                                                                                                 
68 There is also a slight decrease in claiming at age 65, but this may be due to the rising labor force 
participation of women: women with short and instable employment biographies do not meet the 
criteria to receive a pension prior to age 65. Consequently, with the rising labor force participation over 
time the number of women who are entitled for any pension prior to age 65 increases. 
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and ii) on retirement in the sense of exiting employment. Coile et al. (2002) 

investigate the optimal delay of benefit claiming after employment exit and to what 

extent this option is used, given the incentives set by the insurance system. They find 

that more than 10% of the male retirees in the U.S. postpone benefit claiming for at 

least one year after becoming entitled due to job exit. 

Consider again the framework of Option Value models. Once we assume that 

the date of retirement (i.e. the date of labor force exit) is allowed to differ from the 

date of benefit claiming, retiring at any early date s instead of any later dater t, has 

lower effects than before: it still lowers utility from total wage earnings and increases 

utility from leisure. However, it lengthens the period of benefit receipt only if the date 

of benefit claiming is preponed by the same period of time. Additionally, the expected 

present value of future benefits during the remaining lifetime is changed only if the 

date of claiming is preponed according to the date of retirement. Since there is a 

weaker dependence of the retirement decision on pensions, the change in the pension 

formula is hence expected to lead to smaller behavioral adjustments. It is therefore 

expected that we observe a weaker response to the reform if retirement is defined as 

labor force exit, rather than benefit claiming.  

If labor force exit and benefit receipt take place at different points in time, 

there has to be an alternative employment status and income source that is used in the 

period between both events. An unemployment spell may emerge or be widened, or 

individuals may receive transfers from disability programs. There are several possible 

income sources besides labor income and retirement benefits to finance consumption 

in the time between employment exit and benefit claiming: individuals may dissave, 

receive private transfers, or try to apply for social assistance, unemployment benefits, 
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or other public income transfers. In many European countries, including Germany, 

systematic interdependencies of the eligibility for retirement and unemployment 

benefits exist that allow a substitution between those programs to some extent. Eased 

eligibility for pre-retirement in case of unemployment is often a part of public 

retirement programs. For example, Portugal, Finland, Germany, Belgium, or the 

Netherlands provide displaced workers with public retirement benefits or public 

subsidies for pre-retirement in the framework of industrial agreements (European 

Commission, 2006). Likewise, longer or eased eligibility for unemployment benefits 

for older workers near retirement is very common across Europe. Such regulations 

can be found in nearly every member state of the EU and in Switzerland. The 

actuarial adjustment of retirement benefits, intended to set incentives for continuing 

work, could hence be avoided rather easily by switching into other social security 

programs instead of early retirement.  

Besides preferences for leisure, a lack of available jobs may cause the 

employment exit of older workers irrespective of the timing of claiming benefits. 

Older worker’s exit from employment is not always “voluntary” but often driven by 

employment constraints. There is a growing literature that distinguishes between 

“voluntary” and “involuntary” withdrawal from the labor force.69

                                                                                                 
69 Of course, “involuntary” does not mean that the decision is enforced, but that there are no jobs 
available, which are sufficiently attractive to prevent workers from stopping employment. The 
distinction between “preferences for leisure” and “attractiveness of employment” is, of course, not very 
explicit. The decision to accept or reject a job opportunity is naturally based on the interaction of 
preferences and job characteristics, such as wages. 

 Dorn and Sousa-

Poza (2007) find that strict employment protection regulation and increasing 

unemployment rates increase the number of early retirees reporting their decision for 

early retirement as “involuntary”. Chan and Huff-Stevens (2002) find that the effect 
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of displacement on the probability of early retirement significantly exceeds the effect 

explained by the subsequent changes in the Option Value, i.e. the incentives relevant 

for the employee. Hakola and Uusitalo (2005) examine a reform in Finland, where the 

employers’ contributions to the unemployment insurance are experience rated: if an 

employer displaces an employee who receives a pension for the unemployed 

afterwards, the employer has to pay higher contributions to the unemployment 

insurance in the future. In a reform in 2000, the sensitivity of contributions to past 

displacements was raised. Such a rise in the employer’s liability for pension benefits 

reduced the share of employees retiring early significantly. This research suggests that 

at least some older workers would leave employment because they do not have the 

opportunity to stay in their current (or in a comparable) job and would not do so 

otherwise. In that case, some individuals may postpone benefit claiming in order to 

avoid permanent benefit reductions, but stop employment anyway due to a lack of 

demand for their labor. In the time between employment exit and claiming benefits, a 

period of e.g. unemployment benefit receipt may occur. But regardless whether one 

considers “individual preferences for leisure” or “a lack of attractive job 

opportunities” as the main reason, employment exit and benefit claiming must not be 

postponed to the same extent.  

Some first evidence is given by Figure 4.3.70

                                                                                                 
70 The figure is drawn from the data used for the estimations later on that are described in section 4.5 in 
more detail. The dataset does not contain birth cohorts before year 1935. Therefore, a longer trend prior 
to the reform cannot be shown. 

 It shows the distribution of the 

labor force status at given ages by birth cohorts. In the first panel, we see that the 

frequency of retirement (in the sense of receiving benefits) at age 60 substantially 

decreases with the introduction of the reform, while the frequency of employment at 
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the same age increases. Yet, the increase in employment is not as strong as the 

decrease in benefit receipt. At the same time, unemployment as well as disability gain 

importance. A similar pattern can be seen for age 61 to age 63. It seems that the 

reform affects benefit receipt as well as on employment, but the first one is 

considerably stronger than the latter. Therefore, the effect of the reform on both 

decisions has to be analyzed separately to estimate the reform’s total effect on the 

system of social security. 

4.4 Estimation Strategy 

The key issue of interest is the effect of social security benefits on the duration 

until retirement entry. This is initially estimated in the framework of a survival 

analysis, which considers every individual from the first moment “at risk” (i.e. the 

first moment a person is eligible for early retirement benefits) until retirement entry. 

The analysis is divided into two parts: a first one that defines retirement entry as 

“benefit claiming” and a second one that defines retirement entry as “exit from work”. 

Both decisions are estimated using the same method and specification, except for the 

definition of the dependent variable. I will describe the model for both decisions using 

the neutral term “retirement entry” and will present the exact definition of the 

dependent variable in the next paragraph, when the data is described.  

The data contains monthly information, and I find a considerable accumulation 

of retirement entries, particularly in the first month after reaching eligibility. Hence, 

continuous-time models are inappropriate due to a large number of tied observations. 

To solve this problem, discrete time models are used. Let T be a random variable 

measuring the duration until retirement entry in months. The probability of retiring 
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before month t+1 is described by the probability distribution F, the probability of 

retiring within month t is given by the density function f, and θ describes the 

probability that an individual retires in month t given the spell did not terminate 

before. 

  

  

  

The survival function provides the probability that an individual will “survive” 

month t, i.e. will retire at month t+1 at the earliest: . It 

can be expressed in terms of θ as , while 

. 

The likelihood contribution of an observed individual i, who retires in month t 

is f(t), whereas the likelihood contribution of a right-censored spell observed until 

month t corresponds to the survival function S(t).  

There are various possibilities for the specification of the function θ(t). 

Typically, the transition rate is specified as a function of some observed 

characteristics xit that can be time-varying or constant over time, a parameter vector β 

measuring the effect of xit on the transition rate, and a period-specific effect αt. 

Furthermore,  has to follow some distribution function. I use three 

different distribution functions to test for robustness of the results:  

• the logistic distribution, which leads to the likelihood function of a 

binary logit model,  
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• the normal distribution, which leads to the likelihood function of a 

binary probit model, and 

• the extreme value distribution, which leads to the likelihood function of 

a binary complementary log-log model.  

The last model is in fact a proportional hazard model as it is used in Cox 

regressions, modified for the discrete framework. Integrating the continuous-time 

hazard function λ  over a time interval [t, t+1) leads to the 

discrete transition rate . The proportional hazard 

model for discrete time thus reduces to a complementary log-log model with extreme 

value distributed spell lengths.71

Due to the panel structure of the data, the error terms may not be independent. 

Hence, the standard errors are clustered to account for intra-person correlation. All 

models allow for a flexible form of duration dependence, since αt can be specified as a 

set of dummy variables indicating a specific month after starting to be at risk. In a 

more parsimonious specification αt can also be specified as a linear, quadratic or other 

arbitrary function of duration. To allow for maximum flexibility, a set of dummy 

variables is used to represent the duration of the spell. 

 

  

                                                                                                 
71 For a detailed presentation of the discrete time proportional model see Meyer (1990). 
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Measuring the Influence of Social Security Income 

The key issue of interest is the effect of benefits paid depending on the date of 

retirement entry. They differ among individuals according to their employment 

history and according to the regulatory framework they are subject to. The Option 

Value model as discussed in Section 4.3 implies the estimation of expected net 

present values of utility streams at all possible ages of retirement. The difference 

between utility resulting from immediate retirement and the maximum utility could be 

used as an incentive measure in a reduced-form-regression as done by Samwick 

(1998). Coile and Gruber (2000, 2001) suggest calculating income streams instead of 

utility streams, since no assumptions regarding the utility function are needed then. 

They use the difference between income resulting from immediate retirement and the 

maximum available income (the “Peak Value”) as an incentive measure. I use a 

similar approach. Yet, the construction of an incentive measure has to be adjusted for 

a framework when the date of benefit claiming and the date of employment exit can 

differ.  

Individuals can influence their social security income over two variables: the 

date of benefit claiming and the date of employment exit. Comparing actual social 

security income to the Peak Value (i.e. when it is maximized over both decisions) 

does not allow distinguishing between additional income from waiting and additional 

income from working. Yet, the effect is likely to differ, since it implies different 

levels of utility from leisure and work income, and the incentives set by the social 

security system cannot be fully captured by a single measure. Instead, the change in 

retirement income resulting from a delay of employment exit and from a delay of 

benefit claiming should be measured while holding the other variable constant.  
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At first sight, this leads to an infinite number of possible incentive variables, 

since the change in income if benefit claiming is delayed can differ depending on the 

date of employment exit and vice versa. However, to solve this problem, we can 

exploit two facts: first, for every age of employment exit, the net present value of 

social security benefits is either a monotonically decreasing or a monotonically 

increasing function of the claiming age until age 65, and the function is monotonically 

decreasing afterwards. And second, for every age of benefit claiming, the net present 

value of social security benefits is a monotonically increasing function of the date of 

employment exit until age 65 and does not change afterwards.72 Figure 4.4 

exemplifies that for a hypothetical male, West german worker at the age of 55 after 

full implementation of the reform. I assume an individual with 35 insurance years 

with average contributions. For every year of further work, average contributions are 

paid and benefit entitlements are increased accordingly.73

As pointed above, we see that social security wealth is decreasing 

monotonically in the date of claiming until age 65, if the age of employment exit is 

held constant. Depending on individual life expectancy and time preferences, the 

slope of the curves may be higher and can change its sign, if the adjustment of 

monthly benefits exceeds the losses induced to the shortening of the receipt period. 

 The figure shows the net 

present value of social security income by age of claiming for different ages of 

employment exit. Survival probabilities are drawn from official life table data, and the 

discount rate is assumed to be 3%.  

                                                                                                 
72 As described in Section 4.2, employment after age 65 is not subject to the public retirement 
insurance. No contributions are paid after that age, benefits remain constant, and can be received 
regardless of the employment status. 
73 This means that the individual’s wage growth equals the average wage growth among the insured 
population. 
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After age 65, there is no change in monthly benefits due to waiting, but the period of 

receipt is shortened.74

Furthermore, we see that social security wealth is increasing monotonically in 

the date of employment exit until age 65, if the claiming decision is held constant. 

After age 65, further employment does not influence social security income at all. As 

a consequence, the maximum change in the net present value of social security 

income will result, if employment exit is delayed from immediate exit until age 65. 

Regular employment is legally impossible after benefit claiming, and hence the 

incentive to delay employment exit should be measured under the condition that 

benefit claiming takes place at age 65.  

 Hence, a further delay of benefit claiming after age 65 is 

always financially unattractive, regardless of time preferences and life expectancy. In 

the situation without the reform, the curves’ shape before age 65 is the same as after 

age 65, since no adjustment of monthly benefits takes place. The maximum incentive 

to pre- or postpone benefit claiming (without changing the employment decision) can 

be represented by the difference in the net present value of social retirement income 

for claiming at age 65, and for immediate claiming. The latter legally requires 

immediate employment exit, and hence the incentive to delay benefit claiming should 

be measured given that employment exit takes place at the actual age.  

  

                                                                                                 
74 This holds regardless of the employment status during the period of delay, since employment after 
age 65 is not subject to the public retirement insurance (see Section 4.2). 
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In sum, three different levels of social security wealth have to be taken into 

account:  

 
 . 

SSWA represents the net present value of retirement income if the individual 

decides to exit employment and to claim benefits immediately in t.75

  

 δ is the discount 

rate,  is the probability of surviving until period s and,  are full monthly 

retirement benefits that are paid in s, if the individual exits employment and claims 

benefits immediately in t, and  is the reduction rate on monthly benefits that is 

applied according to the individual’s date of birth and the timing of retirement entry.  

represents the net present value of retirement income, if the individual 

decides to exit employment immediately in t, but draws benefits only at the normal 

retirement age. Consequently, full monthly benefits  remain unchanged since no 

further contributions are paid, while the reduction rate  is decreased to zero. 

  

 represents the net present value of retirement income if the individual 

draws benefits only at the age of 65, and decides to work and to pay contributions 

until that age. To forecast , i.e. the monthly benefits that are expected in t 

                                                                                                 
75 To calculate the net present value of social security income, survival probabilities and discount rates 
have to be assumed. Of course, individual life expectation and time preferences are unobserved. 
Therefore, average survival probabilities are drawn from official life table data by gender, region and 
age. As usual, in the literature, I assume a discount rate of 3%. Whether it is optimal for the individuals 
to delay claiming until age 65 depends effectively on their unobserved, individual time preference. 
However, the financial incentive to delay claiming should be captured on average. 
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given work is continued until 65, I assume that the individual will pay contributions 

during t and age 65 according to her last observed contributions.  

Three variables are now included in the estimation: 

(1)  

(2)  

(3)  

SSWA measures the level of social security wealth, related to employment exit 

and benefit claiming at the actual age. INCB measures the accrual in benefits due to a 

delay in benefit claiming until entitlement for full benefits (holding the employment 

decision constant), and therefore captures the incentive to postpone benefit receipt. 

The propensity of benefit claiming at a given age is expected to be lower the higher 

the value of INCB. Whether individuals respond to this incentive in their claiming 

decision depends on their unobserved time preferences and life expectancy. 

Furthermore, INCB can influence the employment decision for two opposing reasons: 

first, a higher value of INCB implies a higher wealth (conditional on SSWA) and 

should lower labor supply, given leisure is a normal good. Second, postponing the 

receipt of benefits offers the opportunity to delay employment exit as well. Continued 

work is legally impossible, if an individual receives benefits prior to the age of 65. 

Hence, individuals with a high value of INCB who face an incentive not to receive 

benefits prior to age 65, are more likely to have the option to work, which should 

increase their probability to actually work. The total effect of INCB on the 

employment decision is ambiguous. 
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INCC now measures the accrual in benefits if this option to work is indeed 

taken, and the individual continues to work and to pay contributions thereby raising 

monthly benefits during the retirement period. Whether individuals respond to this 

incentive depends on their unobserved preferences for leisure and expected wages. 

Again, since benefit receipt is legally impossible while the individual continues to 

work, we would expect that INCC influences both the claiming decision as well as the 

retirement decision, in the same direction: the propensity to retire and the propensity 

to collect benefits should be lower for individuals with high values of INCC, i.e. for 

individuals who can gain a lot from continued work. However, it is expected that the 

effect of INCC is lower than the effect of INCB: while INCC describes the change in 

social security wealth that can be realized by working, which is connected with a loss 

in utility from leisure, INCB describes the change in social security wealth that can be 

realized by waiting, which does not influence leisure.  

One might argue that a change of both employment and claiming decision at 

the same time, may lead to higher gains in retirement income, than changing only one 

of them while holding the other constant. This would not be reflected by the 

mentioned incentive measures. Connecting points D-H and SSWC in Figure 4.4 gives 

the social security wealth by date of retirement entry, under the condition that both 

events are changed contemporaneously. If there is an inner solution to maximize this 

curve, the Peak Value as considered by Coile/Gruber (2000) will result, and it could 

be used as a third incentive measure. However, this is unlikely to happen given the 

pension formula as described above, where non-monotonicities do not occur. The 

function is increasing in the beginning and decreasing later, if and only if additional 

benefit entitlements resulting from an additional period of work (i) at least outweighs 
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the implied loss from waiting at relatively young ages, and (ii) falls behind the loss 

from waiting at higher ages. In the presence of increasing mortality over the lifetime, 

the expected loss from waiting decreases with age. At the same time, workers 

typically face increasing wages, which implies that additional periods of work imply 

higher additional benefit entitlements over the life-time. Reconsidering Figure 4.2, 

we see that the distribution of claiming ages indeed follows a bimodal distribution and 

retirement entry at ages 61 to 64 are of very little importance. This finding supports 

the appropriateness of the used incentive measures.  

Since the pension reform is a kind of natural experiment and the rates of 

payment reductions at a given age are exogenous - only determined by the birth 

cohort of an individual -, the variation in INCB is fully exogenous. The marginal 

effect on the transition rate θ(t) can be interpreted as a causal effect. Nevertheless, a 

necessary assumption for identification is that there are no non-ignorable factors that 

coincide with the reform process and determine the retirement behavior. In other 

words, (i) factors possibly affecting the retirement decision that may differ between 

neighboring birth cohorts have to be controlled for, and (ii) one has to assume that the 

effect of these factors remains constant over the reform process. 

If there were any variable that is changing between neighboring birth cohorts 

and that is important for the retirement decision but cannot be controlled for in the 

model, the effect of the reform would not be identified. The model therefore controls 

for personal characteristics and the labor market situation, which could possibly affect 

the retirement decision, such as the amount of benefits, unemployment, or health 

problems. They are presented in detail in Section 4.5, where the data are described.  
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Furthermore, one has to assume that the effects of the controlled variables, i.e. 

the parameters of the model, remain constant over the observed birth cohorts. If they 

were changing over cohorts, the causal effect of payment reductions would not be 

identified. However, the relevant observed birth cohorts are 1935 to 1942 (see Section 

4.5), which is a rather short period. There is no obvious reason to assume that the 

coefficients of the model should vary among them. 

For a deeper insight in the sensitivity of different population groups to the 

reform, the estimation is implemented also for different sub-samples. A higher effect 

of payment reductions in a population group then indicates a higher sensitivity to the 

reform. I compare the behavior of men and women, as well as the behavior of men in 

the East and the West. In a last step, the sample of West German men is subdivided by 

quintiles of full benefit claims calculated for an assumed entry to benefit receipt at age 

60. The separate estimation for quintiles of benefit amounts now allows us to examine 

whether the effect of income levels and accruals differs across the wealth distribution.  

4.5 The Data  

The data are provided by the German public retirement insurance. For the 

analysis, the so-called “Sample of Social Insurance Accounts 2002” 

(Versicherungskontenstichprobe (VSKT2002)) is used.76

                                                                                                 
76 The Research Data center of the Retirement Insurance (Forschungsdatenzentrm der 
Rentenversicherung, FDZ-RV) kindly provided the data for on-site use during a research visit. 

 The benefit entitlements of 

all individuals who ever held a job subject to compulsory retirement insurance and 

who are still alive are administered by public insurers using a personal account. The 
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data set is a random sample of all accounts existing in 2002.77

• there is no panel attrition,  

 It contains the complete 

employment and earnings history (as relevant for benefit claims) for 64,538 

individuals and therefore the potential social security entitlements since the age of 14 

until 2002, on a monthly basis. Furthermore, some socioeconomic characteristics are 

available in the data set (see below). The main advantages of these administrative data 

are:  

• there is no recall bias in the employment and earnings history, 

• and there are only few missing values.  

Since exit from employment due to old-age and entry to retirement prior to the 

regular minimum age of 65 is estimated, for this analysis only persons are considered 

who 

• were employed for at least one month at age 55 or afterwards, and  

• meet the necessary conditions concerning their employment history to 

claim a pension before the age of 65 (and were therefore affected by the 

reform).78

                                                                                                 
77 The data are collected for administrative purposes and the editing for research needs is in progress. 
Samples of subsequent years were therefore not available at the time of the analysis.  

  

78 Persons who had the possibility to claim a pension before the age of 65 were: (i) women aged 60 
years and above, with more than fifteen years of compulsory contributions after the age of 40 (they can 
apply for “women’s old-age pension”) , (ii) individuals aged 63 and above, with more than 35 
insurance years (they can apply for “pension for the long-term insured”) and (iii) unemployed workers 
who are at least 60 years old, with at least fifteen insurance years, and who contributed to the 
retirement insurance for more than eight out of the last ten years (they can apply for “pension for the 
unemployed”). Of course, the sub-sample of unemployed individuals is not a random sample of all 
insured individuals. In order to avoid endogenous sample selection, the analysis is therefore (deviating 
from the legal definition) not constrained to the actually unemployed: every person is considered to be 
eligible for a “pension for the unemployed” who meets the necessary employment history 
requirements, regardless of whether he or she is unemployed or not. It is possible that the response to 
the reform is therefore underestimated, since some workers are included in the analysis sample who 
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This holds for 26,739 individuals. This sample of individuals is used for the 

estimation of the duration until benefit claiming as well as until employment exit. For 

the latter, all observations from age 55 onwards are used. They are censored after the 

final employment exit (for the exact definition see below). The final sample comprises 

1,444,846 person-month observations out of which 23,136 exits from employment are 

observed in the period from 1995 until 2002. For the estimation of the duration until 

benefit receipt, all observations from the first month of eligibility onwards are used, 

and they are censored after claiming benefits (see below). In the end, 304,877 person-

month observations are available for this part of the analysis and 21,536 entries to 

benefit claiming are observed.  

For both parts of the analysis, the dependent variable is derived from the 

current employment status of an individual at a given point in time. For the estimation 

of the hazard rates of a transition to benefit claiming, a dummy variable is constructed 

indicating whether a person receives an old-age pension in a given month or not. 

Other possible definitions of retirement such as a self-reported employment status or 

an indicator using the number of hours worked are not reasonable, since the main 

focus of this analysis is the reform’s effect for the retirement insurance. The 

dependent variable, indicating benefit claiming, takes the value one in the first month 

when benefit receipt is observed and zero otherwise. For the second part of the 

analysis, I use a dummy variable indicating whether an individual is employed or not. 

Again, employment is defined in the legal sense since this is the definition of interest 

from the insurer’s point of view. Therefore, employment that is not subject to 
                                                                                                                                            

are, in fact, not affected by the reform and cannot respond. This, however, is not problematic inasmuch 
as the results below can be interpreted as a lower bound of the underlying effects. 
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compulsory social security contributions is not taken into account.79 Since individuals 

can exit end reenter employment, one has to define whether an employment exit is 

considered to be permanent or not. The most common approach is to define the first 

exit after a given age. For example, the age of 55 might be useful, because there is no 

reentry observed afterwards for many exits. Yet, mainly between age 55 and age 60, 

also many reentries occur. Consequently, it implies a large measurement error to 

estimate the transition rate to employment using the first exit after age 55, and a large 

loss of information to estimate the transition rate out of employment only after age 60. 

An employment exit is therefore considered to be the final one, if a) it is the first exit 

that occurs after age 60, or b) the exit occurs before the age of 60, but no reentry is 

observed until the age of 60. The dependent variable takes the value one in the month 

of employment exit and zero otherwise.80

As discussed in Section 4.4, the level of benefits in case of immediate 

retirement and the accrual in benefits in case of postponement of employment exit and 

benefit claiming are included in the model. Furthermore, factors that coincide with the 

reform process and that determine retirement behavior have to be controlled for to 

ensure identification of the effect of benefit levels and accruals. Figure 4.2 buttresses 

the assumption that there is no general trend corresponding to the reform, since no 

trend can be seen prior to the reform. However, in order to ensure identification, 

controlling for other factors is desirable. It stands to reason to include time-dummies, 

representing all possible changes in employment determinants. Unfortunately, it is 

 

                                                                                                 
79 At the time of the survey no contributions had to be paid up to a monthly wage of €400. 
80 Another possible definition of a permanent employment exit is to use the last observed employment 
exit without any observed reentry afterwards. For the sake of completeness, I have repeated the 
analysis using this definition and there are no substantial changes in the results. They are available 
upon request. 
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impossible to control for a general time trend. Within each benefit type (pension for 

the unemployed, women’s pension and pension for the long-term insured) the accrual 

in social security wealth due to a postponement of benefit claiming (INCB) changes 

almost linearly with the birth year. Figure 4.5 shows the average accrual in social 

security wealth (INCB) due to a postponement of retirement entry until age 65 by age 

and birth year for women and men. Assuming a discount rate of 3%, the pension 

formula is not actuarially fair even after the reform. Consequently, average pension 

accruals are negative for all birth cohorts at every age. However, this negative 

incentive clearly decreases for affected birth cohorts. At age 60, the first affected birth 

cohort are individuals born in 1940 for the female sample, and individuals born in 

1937 for the male sample. At age 61, women born in 1941 and men born in 1938 are 

subject to the reform, and so on. The negative incentive does not only decrease with 

the year of birth, but it decreases almost linearly. Besides the incentive measure 

INCB, age is included in the analysis. Adding the actual point in time, very high 

multicollinearity will now arise because the effects of age, date of birth and point in 

time are not clearly distinguishable. Therefore, variables that may cause a time trend 

are controlled for, instead of using a general time trend itself. 

The vector of control variables contains information about the overall labor 

market situation and some taste shifters. Another determinant of labor market 

behavior might be spouse’s income. Unfortunately, information on spouse’s earnings 

is not provided for the sake of data privacy. Yet, since women’s labor force 

participation increases over time, a growing share of the male population is married to 

working wives, which might affect the employment decision. Therefore, I use another 

micro data source (German Socioeconomic Panel, GSOEP) and aggregate 
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administrative data, to substitute information about spouse’s income on an individual 

basis with information about birth cohorts. From the GSOEP, I draw the distribution 

of birth years of the wives of men of a given birth cohort. The labor force 

participation rate at age 45 for the wives’ cohort represents the probability of having a 

working spouse for men. This variable is included in the estimation and controls for a 

raising frequency of households with two working spouses due to increasing labor 

market participation of women over time. Furthermore, the retirement decision might 

be affected through the amount of assets held. Unfortunately, the retirement insurers 

do not collect information on assets. As a proxy for assets I use the probability of 

owning a house by birth cohort and gender, which is again drawn from the GSOEP. 

Moreover, some taste shifter variables are included in the model. These are 

namely age,81 gender, education, occupation, children,82 nationality, whether a person 

faces health problems,83 and whether a person comes from East or West Germany.84 

To control the overall economic situation, the annual unemployment rate by 

occupation85

                                                                                                 
81 In the estimation of transitions into benefit receipt age and age2 are included as explanatory variables. 
This is not necessary in the estimation of employment exit. Since every spell begins at age 55, age is 
determined perfectly by the spell duration, which enters the estimation equation in a piecewise-constant 
specification.  

 is included as well as the growth rate and the rate of inflation. 

82 In addition to acquiring benefit entitlements by paying earnings-related contributions, some benefits 
are credited for rearing a child regardless of whether contributions are paid during this time. However, 
only the parent who is mainly concerned with child rearing can get these benefits. The data only 
includes children relevant for benefits. Therefore, the model, in fact, does not control for having a 
child, but for having raised a child. 
83 Individuals are defined to face health problems if they were ill and therefore not able to work for a 
period of at least two months in the last three years. To test for robustness, four additional definitions 
were used. The results did not differ substantially and are available from the author upon request. 
84 An individual is defined to be East German, if he or she is entitled to benefits due to employment 
spells in the former GDR. 
85 To test for robustness, different measures of unemployment were used, including unemployment by 
education, gender, and region. The results differ only slightly and are available from the author upon 
request. 
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4.6 Results 

All estimations and additional calculations are executed for the entire sample 

as well as for men and women separately. Furthermore, separate estimations were 

generated for men from East and West Germany and for men in the West subdivided 

by quintiles of full benefit claims calculated for an assumed start of benefit receipt at 

age 60. I first report the results for the entire population and will then discuss 

differences between population groups. 

Marginal Effects of Financial Incentives and Other Covariates 

Since the coefficients of the non-linear model cannot be interpreted directly, 

the marginal effects of changes in explanatory variables are calculated for every 

individual and then averaged over the entire sample. The standard errors of the 

marginal effects are bootstrapped.86

We see that men have a lower transition rate to benefit claiming, so they tend 

to receive benefits later than women, and the transition rates are slightly higher for 

individuals from East Germany than for West German individuals, but the effect is 

small (see Table 4.1a). The same is true for transitions out of employment (see Table 

4.1b). Persons with health problems claim benefits and leave employment much 

earlier than persons in good health, as could be expected. The higher the men’s 

 Tables 4.1a and 4.1b display these average 

marginal effects on transition rates to benefit claiming and out of employment. The 

results are robust against distributional assumptions: the average predicted transition 

rates are almost identical and there is little difference in the marginal effects, they do 

not differ substantially.  

                                                                                                 
86 The central computing facilities did not allow for more than 80 draws. 
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probability of having a working spouse, the higher are their exit rates from 

employment as well as to benefit claiming. 

The marginal effect of the level of social security wealth (SSWA) has the 

expected sign for the transition to benefit claiming, but is modest. Raising the net 

present value of benefits by “100 Premium Points” (which relates to approximately 

$3,80087

At the same time, the anticipated accrual in pensions is much more important. 

Raising social security wealth by 1% if benefit claiming is delayed until age 65 

decreases the conditional probability to claim benefits by 0.4%-points, what 

represents a reduction of the transition rate by 5%. However, as pointed out in Section 

4.4, the incentive measure INCB represents the increase in social security wealth that 

can be realized by waiting. As expected, the opportunity to increase ones net present 

value of benefits by working, i.e. through further contributions (INCC), causes smaller 

behavioral responses since it is connected with a loss in utility from leisure. The 

marginal effect of INCC amounts to about one third of the effect of INCB. 

) increases the conditional probability to claim benefits in month t by 0.14%-

points (proportional hazards model) to 0.18%-points (probit model) on average. The 

average level of social security wealth at a given point in time amounts to $220,000. 

The average observed transition rate to benefit receipt is 7.1%. Hence, increasing the 

level of social security wealth by 1.7% increases the hazard rate to benefit claiming by 

2.2% (logit model).  

The behavioral adjustment regarding exit from employment, rather than 

claiming benefits, is much more modest. The marginal effect of the level of social 

                                                                                                 
87 As described in Section 4.2, benefits are measured in “Premium Points”, and so is the net present 
value of benefit streams. In 2008, €26.56 (~$38) per month were paid for one premium point. 
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security wealth on the transition rates out of employment is statistically insignificant 

and of ignorable magnitude. However, the anticipated accrual in social security wealth 

if benefit claiming is delayed until age 65 has a significant effect on employment exit. 

As discussed in Section 4.4, the expected effect of INCB is ambiguous: on the one 

hand, raising INCB (given SSWA) raises one's wealth and should lower labor supply if 

leisure is a normal good. On the other hand, if an individual delays the claiming of 

benefits due to high values of INCB, he or she is now allowed to continue working as 

well, and some individuals will take this option thereby increasing labor supply. 

Apparently, the latter effect is stronger than the first, resulting in a negative effect of 

INCB on the propensity to retire early. If the accrual of pension wealth due to a delay 

of benefit claiming is increased by 1%-point, the transition rate out of employment is 

reduced by 0.03%-points, which amounts to a reduction of the transition rate by 2%. 

Again, the effect of INCC (conditional on INCB) is much smaller and insignificant. 

Holding constant the accrual in pension wealth due to a postponement of benefit 

receipt, the accrual in pension wealth due to further work does not cause strong 

responses. In sum, there are modest to no responses on the level of social security 

wealth, strong responses to accruals in social security wealth that can be realized by 

waiting, and no to modest responses to accruals in social security wealth that can be 

realized by further contributions. In all cases, there is a stronger connection between 

the claiming decision and financial incentives than between the employment decision 

and financial incentives.  

The Reform’s Total Effect on Transition Rates 

In addition to the estimation of average marginal effects, the total effect of the 

reform is simulated. First, for every person at every observed point in time, a 
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transition rate to retirement (and from employment) is predicted, assuming no 

reduction in payments for the calculation of SSWA and INCB. Second, the transition 

rate is predicted given the values of SSWA and INCB after full implementation of the 

reform. The results by gender are presented in Table 4.2,88

  

 based on separate 

estimations for men and women. For men, the average monthly transition rates to 

retirement are almost halved from 5.5% before the reform to 2.6% after the reform, 

and the effect is statistically highly significant. The effect is even much stronger for 

the female population. The monthly transition rates to benefit claiming for women are 

about 14.7% without the reform. The transition rates are reduced dramatically to 1.3% 

per month after the reform. The reform’s effect on the transitions out of employment 

is much smaller than on the transitions out of retirement, as expected. Nonetheless, 

the effect is also considerable and statistically significant for men: transition rates out 

of employment are reduced from 1.4% to 1.1%. This amounts to a reduction of 

average transition rates by about 20%. For women, almost no effect can be seen. 

                                                                                                 
88 Only the results for the logit model are shown to get a more convenient presentation of the results. 
There are no substantial differences among the three models. The results for the probit model and the 
proportional hazard model are available from the author upon request. 
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The Reform’s Total Effect on Survival Probabilities 

Since changes in transition rates are inconvenient to interpret, the average 

survival function is calculated, based on predicted individual transition rates. Figure 

4.6 depicts the results. Nearly the entire population at risk is expected to exit 

employment and claim benefits until the age of 65, regardless of the accrual in 

payments. Nevertheless, benefit claiming is postponed to a substantial amount due to 

the reform. Without any reduction in payments, about 15% of the male and about 31% 

of the female population claims benefits instantaneously at the first month of 

eligibility. Within half a year, less than 50% of the male population and less than 25% 

of the female population are still at risk. After the reform, 75% of the male individuals 

and 90% of the female individuals are still at risk after half a year, and it takes about 

three years for men and about four and a half years for women until half of the 

population at risk has claimed benefits.  

The reform also causes a postponed exit from employment. About 50% of the 

male individuals at risk exit employment until the age of 60 (which is 60 months after 

becoming at risk) when there are no reductions in payments. This share decreases to 

about 35% after the reform. After age 63, the effect disappears. For the female 

population, there is almost no effect of the reform.  

However, besides the postponing of retirement and the slight postponing of 

employment exit, the time lag between exit from employment and entry to benefit 

claiming is widened considerably. After transposing the average survival probability 

by spell duration into the average survival probability by age, the distance between (i) 

the survival until exit from employment and (ii) the survival until benefit receipt 

shows: by how much exceeds the share of the population at a given age who is not 
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gainfully employed the share of the population who is receiving benefits? For 

example, without the reform 37% of the male risk population is expected not to claim 

benefits until age 61, while 33% should not exit employment until the same age. 

Consequently, we expect that 4% of the population at risk at age 61 permanently left 

employment but do not receive benefits. Due to the reform, this share increases to 

23%. The effect is even stronger for women: without the reform survival until 

employment exit nearly perfectly mirrors the survival until retirement entry about half 

a year after age 60, i.e. the gap between both is near to zero. Almost every woman 

who exited employment, receives benefits, which is plausible, since there is no gain 

through postponement of benefit claiming. Full implementation results in a gap 

between claiming and retiring. The share of the female population who are still in the 

labor force at age 61 is 33%, while the share of the female population who did not 

claim benefits at age 61 is about 89% at the same age.  

Figure 4.7 illustrates that point. It shows the difference between the aggregate 

number of individuals who exited employment by a given age and the aggregate 

number of individuals who claimed benefits at the same age.89 By how much exceeds 

the group of individuals who left the labor force the group of individuals for whom 

benefit receipt is observed? Without the reform, that number amounts to about 

320,000 men and 80,000 women, respectively in the second quarter of age 60. It 

decreases to nearly zero until age 63 for men and even before age 61 for women.90

                                                                                                 
89 For the calculation of these aggregate numbers the number of observed individuals in the sample was 
extrapolated using sampling weights to get an estimate of the aggregate population at risk in the basic 
population. This aggregate population at risk was then assumed to decrease over time according to the 
predicted average survival function by age.  

 

90 It slightly increases for men after age 63, because individuals who were not entitled for any pension 
before can receive “pension for the long-term insured” now. Therefore, a second peak in employment 
exit and benefit claiming is observed at this age. 
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These numbers rise dramatically with fully implemented reform: at the age of 63, the 

number of individuals who exited employment exceeds the number of individuals 

who already claimed benefits by more than 400,000 men and more than 1,200,000 

women. Up to the age of 65, the number of benefit recipients is still about 600,000 

below than the number of individuals out of employment. Immediately after the age 

of 65, this number decreases to nearly zero. In sum, Figures 4.6 and 4.7 show: first, 

entry to benefit receipt is postponed. Second, exit from employment is postponed as 

well. And third, the reform’s effect on the employment decision is much smaller than 

the reform’s effect on the claiming decision and consequently, a time lag between 

employment exit and benefit claiming emerges or is widened. 

The Expected Duration Until Retirement Entry 

In a next step, the expected value of the average survival function is calculated. 

Table 4.3 shows the expected duration until benefit claiming and employment exit in 

months. The reform raises the expected duration until claiming by about 14 months. 

At the same time, exit from employment is postponed as well. However, the 

expansion of the expected spell duration until employment exit is only about ten 

months, so the gap between both events grows by about four months due to the 

reform.91

                                                                                                 
91 Both results are consistent with the simulations of Berkel and Börsch-Supan (2004) and Siddiqui 
(1997), who both predicted a shift in retirement entry of about one year if payment reductions of 0.3%-
points per month were introduced. 

 In Figure 4.3, we have seen that the frequency of receiving unemployment 

benefits or disability pensions at a given age increases for birth cohorts who face 

accrual rates through a delay in claiming, compared to those cohorts who are not 

affected by the introduction of benefit reductions. Apparently, at least some of the 
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emerging gap between employment exit and pension claiming is filled by application 

for other public benefits. 

Table 4.3 presents additional results for population subgroups based on 

separate estimations. First, we see that women’s response concerning the claiming 

decision is much stronger than the men’s response. Women postpone their benefit 

claiming by 27 to 33 months, while the effect for men is only about 12 months. 

Second, the response is somewhat stronger for East German men than for men from 

West Germany. And third, the results for quintiles of benefit amounts differ 

substantially: the response clearly decreases with growing benefit claims. Since the 

amount of benefits is determined by the earnings history, this indicates that men with 

higher lifetime wages respond to pension accruals less than those with lower wages 

and/or those with a weaker attachment to the labor market. 

The opposite is true when we examine the effect on the employment decision. 

Now, the response of men is much stronger than the response of women, who do not 

delay employment exit at all. The large difference in the response of men and women 

concerning benefit claiming and concerning employment exit may result from a 

decision taken in a household context. Labor force behavior depends on spouse’s 

income as well as on spouse’s leisure or work time. While incomes of spouses are 

substitutes to some extent, leisure time of spouses may be either substitutes or 

complementary goods. If couples prefer shared leisure over leisure time spent alone, a 

delay of wives’ employment exit may cause a higher disutility, because they are 

typically younger than their husbands and therefore exit employment later in time. 

Consequently, it may be optimal to delay men’s employment exit stronger than 

women’s. If spouses can substitute labor incomes at the same time, this may again 
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support this behavior. For studies which analyze the work behavior of couples, see 

e.g. Hurd (1990b), Blau (1998) and Blau and Riphahn (1999). The mentioned studies 

find that couples value spouses’ leisure time as complementary goods and coordinate 

their retirement decisions accordingly. The stronger response of women regarding 

benefit claiming could be due to the typical role of wives as a second earner, whose 

income is not as important as the husbands’ ones. Their typically lower pensions may 

be dispensable for some period, while the men’s are not.  

In contrast to the claiming decision, the difference between East and West 

Germany regarding the employment decision is smaller. Furthermore, we see a clear 

pattern regarding the level of benefit claims, i.e. the amount of lifetime earnings: the 

higher the benefit entitlements, (i) the longer the individuals stay in employment, with 

or without benefit accruals due to postponement, and (ii) the longer is the further 

delay of employment exit due to the reform.92

4.7 Conclusions 

 Thus, the sensitivity to policy-induced 

incentives for postponement of benefit receipt seems to be especially high in the 

groups with lower labor market attachment and probably lower chances to stay 

gainfully employed and vice versa. Apparently, there arises an employability-problem 

mainly for those individuals who show a strong response to the reduced provision of 

pension incomes. 

A recent pension reform in Germany introducing permanent benefit reductions 

for workers retiring prior to the minimum age is used to examine the effects of 

                                                                                                 
92 This result does not hold for the uppermost quintile, whose response is only very small. Furthermore, 
the estimated coefficients corresponding to the accrual rate were insignificant for them. However, in 
the remaining quintiles the increase is obvious. 
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pensions on the timing of entry to benefit receipt and on the timing of employment 

exit. Since the reform was a natural experiment, the results can be interpreted as 

causal effects under some behavioral assumptions. Administrative data containing the 

full earnings history of the individuals are used. The main advantage of this data set is 

that there is no panel attrition and no recall bias. The models are flexible in the 

specification of duration dependence and all results are robust against changes in 

distributional assumptions. 

We see that individuals respond only modestly to changes in the level of social 

security wealth, but strongly to pension accruals that can be realized by a delay of 

benefit claiming. Pension accruals due to further contributions affect the retirement 

decision, but are less important. The reform changed accruals in pension benefits 

through a delay of claiming and had indeed a strong influence on the employment and 

claiming decisions of older workers. After the reform, claiming of benefits occurs 

almost fourteen months later on average, and at the same time workers are expected to 

stay in gainful employment about ten months longer. In some sub-groups the effect is 

even higher, and benefit receipt is postponed for up to two and a half years, while 

employment spells increased by up to one and a half year. Hence, there is a substantial 

gain for the retirement insurance, since the period of benefit payment is reduced and 

the period of contribution payments is extended. Financial incentives to postpone 

benefit claiming are a promising way to meet the financial challenge of longer life 

expectancy for the old-age insurance.  

However, since employment spells expand by less than benefit receipt is 

delayed, periods of unemployment (or other non-employment) increase, too. In 

addition, sensitivity to this reform is very different across population groups. Women, 
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East German men and workers with low benefits display the strongest response with 

respect to the claiming decision. Unfortunately, the same groups extend employment 

only little. Those groups who postpone benefit claiming for a particulary long time 

period also are the ones who do not increase their time in employment equivalently. 

Consequently, the income situation of those individuals with limited employment 

opportunities appears to deteriorate. Further research is needed to quantify any 

distributional effects of the reform. 
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4.8 Figures and Tables 

Figure 4.1 Age of Entitlement for Retirement Benefits by Month of Birth 

 

Source: Wachstums- und Beschäftigungsförderungsgesetz(1996), own illustration. 
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Figure 4.2 Relative Frequency of Age of Benefit Claiming by Birth Cohort and 
Gender 

 

 
Source: Deutsche Rentenversicherung Bund (2008), own illustration. 

<=60
61

62
63

64
65

0%

20%

40%

60%

80%

100%

1931 1932 1933 1934 1935 1936 1937 1938 1939 1940 1941 1942

Men

Age <=60 Age 61 Age 62 Age 63 Age 64 Age 65

<=60
61

62
63

64
65

0%

20%

40%

60%

80%

100%

1931 1932 1933 1934 1935 1936 1937 1938 1939 1940 1941 1942

Women

Age <=60 Age 61 Age 62 Age 63 Age 64 Age 65



130 

 

Figure 4.3 Employment Status at Given Ages by Birth Cohort 

   

    
 

 Source: FDZ-RV, Versicherungskontenstichprobe 2002, own calculations.
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Figure 4.4 Net Present Value of Social Security Income by Age of Benefit 
Claiming for Different Ages of Employment Exit (Hypothetical Employment 
Biography) 

 
Source: Own calculations. 
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Figure 4.5 INCB: Accrual in Social Security Wealth for One Year of Delay of 
Retirement Entry by Gender, Year of Birth, and Age 

 

 
Source: FDZ-RV, Versicherungskontenstichprobe 2002, own calculations. 
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Figure 4.6 Expected Survival Until Employment Exit and Until Benefit Claiming 
Population at Risk by Spell Length and Gender 

 

 

Source: FDZ-RV, Versicherungskontenstichprobe 2002, own calculations.  
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Figure 4.7 Excess of the Number of Individuals out of Employment over the 
Number of Individuals Receiving Benefits by Age and Gender 

 
 

 

Source: FDZ-RV, Versicherungskontenstichprobe 2002, own calculations. 
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Table 4.1 Average Marginal Effects of Covariates on Transition Rates to Benefit Claiming and out of Employment 

Table 4.1a Transition Rates to Benefit Claiming 

  Logit Probit Proportional Hazard 

Average Transition Rate (in %-) 7.065 7.063 7.048 

Average Effect of Changes in Dummy Variables Effect Standard 
Errora Effect Standard 

Errora Effect Standard 
Errora 

Individual… 
 

  
 

            
comes from East Germany 0.356 ** 0.085 0.416 

 

0.093 0.348 

 

0.079 
is a foreigner -1.059 ** 0.120 -1.034 

 

0.121 -1.068 

 

0.119 
has children 0.318 * 0.162 0.415  0.176 0.251  0.151 
is female 3.917 ** 0.413 3.782 

 

0.368 3.997 

 

0.477 
faces health problems 2.017 ** 0.114 2.312 

 

0.129 1.822 

 

0.100 

Average Marginal Effects of Continuous Variables Marginal 
Effect 

Standard 
Errora Marginal Effect Standard 

Errora Marginal Effect Standard 
Errora 

SSWA (in 100 "Premium Points"b) 0.160 ** 0.025 0.184 ** 0.026 0.137 ** 0.024 

INCB (in %) -0.391 ** 0.018 -0.373 ** 0.018 -0.397 ** 0.019 

INCC (in %) -0.138 ** 0.012 -0.142 ** 0.013 -0.138 ** 0.012 

Age (in years) 4.132 ** 0.330 3.513 ** 0.281 4.219 ** 0.306 

Wife's labor force participation rate (in %) 0.261 ** 0.023 0.263 ** 0.023 0.261 ** 0.023 

Probability of owning a house (in %) -0.006   0.012 0.015   0.013 -0.008   0.012 

Notes & Source: See Table 4.1b  
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Table 4.1b Transition Rates out of Employment 

  Logit Probit Proportional Hazard 

Average Transition Rate (in%) 1.601 1.601 1.592 

Average Effect of Changes in Dummy Variables Effect Standard 
Errora Effect Standard 

Errora Effect Standard 
Errora 

Individual… 
 

  
 

            
comes from East Germany 0.740 ** 0.029 0.797 ** 0.028 0.711 ** 0.029 
is a foreigner -0.261 ** 0.028 -0.245 ** 0.028 -0.261 ** 0.029 
has children 0.080 * 0.039 0.070 ° 0.038 0.083 * 0.038 
is female 0.635 ** 0.171 0.480 ** 0.121 0.665 ** 0.171 
faces health problems 1.264 ** 0.054 1.236 ** 0.051 1.256 ** 0.054 

Average Marginal Effects of Continuous 
Variables Marginal Effect Standard 

Errora Marginal Effect Standard 
Errora Marginal Effect Standard 

Errora 

SSWA (in 100 "Premium Points"b) -0.011  0.008 -0.013  0.008 -0.010  0.008 

INCB (in %) -0.031 ** 0.005 -0.039 ** 0.004 -0.026 ** 0.005 

INCC (in %) -0.004  0.002 -0.001  0.002 -0.005 * 0.002 

Wife's labor force participation rate (in %) 0.051 ** 0.008 0.048 ** 0.008 0.051 ** 0.007 

Probability of owning a house (in %) -0.021 ** 0.003 -0.023 ** 0.003 -0.019 ** 0.003 

Notes: 
 a Standard errors were bootstrapped with 80 draws from the original sample. 
b “Premium Points” are used to calculate the amount of benefit entitlements. In 2008, 1 “Premium Point” corresponded to a payment of 26.56€ per month. 
See Section 2 for further details.    
* indicates significance of the marginal effect at the 5%-level. 
** indicates significance of the marginal effect at the 1%-level. 

Source: FDZ-RV, Versicherungskontenstichprobe 2002, own calculations.
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Table 4.2 Total Effects of the Reform on Transition Rates by Gender 

  

Women Men 

Average 
Predicted 
Transition 

Rates 
Standard 

Errora 

Average 
Predicted 
Transition 

Rates 
Standard 

Errora 

Transitions 
into 
Retirement 

Before Reform 14.74% 
0.31% 

5.53% 
0.18% 

After Reform 1.27% 2.65% 

Transitions 
out of 
Employment 

Before Reform 1.83% 
0.13% 

1.48% 
0.08% 

After Reform 1.87% 1.09% 

Note: a Standard errors of the difference between the predicted transition rates. The standard 
errors were bootstrapped with 80 draws from the original sample.  

Source: FDZ-RV, Versicherungskontenstichprobe 2002, own calculations. 
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Table 4.3 Total Effects of the Reform on the Expected Duration Until Benefit 
Claiming and Employment Exit 

  

Expected Duration Until Benefit 
Claiming (From the First Month of 

Eligibility) 
Expected Duration Until Employment Exit 

(From the Age of 55) 

  
Before 
Reform After Reform Difference 

Before 
Reform After Reform Difference 

Full Sample 13.86 27.72 13.86 55.04 65.51 10.47 
Men 15.60 27.83 12.24 57.72 66.53 8.81 
Women 6.53 33.17 26.65 50.40 49.85 -0.55 
Men (West Germany) 17.38 27.95 10.57 61.36 69.63 8.27 
Men (East Germany) 10.95 25.99 15.04 47.22 58.72 11.50 
Men (West Germany) by Quintiles of Benefit Claims at Age 60: 
1st Quintile 18.93 33.57 14.64 56.48 57.73 1.25 
2nd Quintile 15.44 28.45 13.01 59.88 67.62 7.74 
3rd Quintile 15.56 26.92 11.36 58.85 74.33 15.48 
4th Quintile 16.35 25.03 8.68 58.45 78.59 20.14 
5th Quintile 22.04 25.14 3.10 71.03 72.95 1.92 

Source: FDZ-RV, Versicherungskontenstichprobe 2002, own calculations. 
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5  Summary and Conclusive Remarks 

This dissertation investigates the effect of financial incentives as set by the 

public pension system on individual retirement decisions. It presents three articles that 

analyze institutional changes in the old-age insurance system in Switzerland and 

Germany. All reforms led to exogenous variation in individual expected benefits, 

which was used to identify the causal effect of financial incentives on individual labor 

market behavior, rather than correlations that may suffer from the endogeneity of 

benefits and wages.  

One reform considerably lowered the level of disability benefits in the long 

run. Individuals knew about these future changes of benefits in advance, and were 

able to anticipate a decrease in expected pension if they delayed retirement entry after 

the reform. Expected benefit accruals were thus much more negative during the 

anticipation period than prior to and after full implementation to the reform. I find 

strong responses to those benefit accruals, yet almost no response to the level of 

benefits. In the long run, individual retirement behavior did not change significantly 

because of the change in institutions. A second reform increased – besides introducing 

an actuarially fair, early retirement option for men - the age of entitlement for full 

benefits for women in Switzerland. The reform implicitly increased pension accruals 

at early ages for women and in turn strongly reduced women’s labor force exit rates at 

these ages. A third reform increased the age of entitlement for full benefits for several 

types of pensions. It alleviated the actuarial unfairness of the previous benefit formula 

in Germany by introducing adjustments of monthly benefits in case of early 

retirement. As in the Swiss case, an increase in pension accruals resulted. The 
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response to the reform is strong again: retirement entry is postponed by about ten to 

fourteen months, although even the new system is less than actuarially fair and still 

provides incentives to retire early.  

Former analyses for the U.S. and other industrialized countries indicate the 

importance of pension accruals above pension levels (cf. Sections 1.4, 3.2, and 4.3). 

This result was corroborated in the empirical analyses presented here, which exploit 

truly exogenous variation in pension levels and accruals based on institutional 

changes. While only small responses to benefit levels were found, there are responses 

to changes in pension accruals in both Germany and Switzerland. Public pension 

levels are similar in both countries, while pension accruals are higher (or less 

negative) in Switzerland (cf. Section 1.1). Individuals’ responsiveness to pension 

accruals therefore supports that this difference in retirement institutions partly 

accounts for the striking differences in labor force participation rates of the elderly in 

both countries.  

An important political implication follows: an actuarially fair benefit formula 

can extenuate the trade-off between poverty prevention and encouragement of labor 

force participation. On the one hand, the risk of poverty increases if the old-age 

insurance systems do not provide sufficiently high benefits. On the other hand, 

benefits may distort labor force participation decisions. Yet, as my evidence shows, 

the average level of benefits does not have to be decreased to set incentives for later 

retirement, if old-age benefits accrue according to the timing of retirement. 

Nevertheless, actuarially fair pensions are no “silver bullet”. Mainly two 

objections can be raised: first, increased labor force participation of the elderly does 

not necessarily lead to increased employment. As analyzed in Chapter 4, individuals 
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may delay benefit claiming if the benefit formula accounts for the timing of benefit 

claiming. Yet, such an increase in labor force participation may partly result in 

unemployment. To the extent to which a decline of retirement entries results in an 

increase of unemployment entries, financial problems are merely shifted to another 

social security system. If pension systems were targeted at an extended working life, 

reforms for the enhancement of labor force participation thus have to come along with 

institutions enhancing employment of the elderly. Furthermore, as employment 

opportunities of older individuals may differ across population groups, pension 

reforms that aim at extended labor force participation imply further distributional 

effects, which may or may not be desirable.  

The second objection is about possible negative side effects of contributions: 

how do mandatory contributions to the pension system affect the work decisions of 

the younger population? If high benefits are provided to prevent poverty, high 

contributions are required as well. While the distortional effects of high old-age 

benefits may be alleviated by an actuarially fair benefit formula, this is not necessarily 

true for the distortional effects of contributions. Mandatory contributions to PAYG-

pension systems are similar to taxes.93

                                                                                                 
93 To what extent contributions and taxes differ depends on the pension system: if the pension system is 
purely beveridgean, contributions and taxes are equivalent. If pensions are actuarially fair ex ante (i.e. 
expected contributions equal expected benefits), contributions do not differ from mandatory savings, 
and in the absence of credit rationing, there is no distortion of individual labor market decisions (cf. 
Cigno, 2008). Yet, if actuarial fairness is defined as usually done in the context of PAYG-retirement 
systems (see footnote 15), the rate of return on contributions to an actuarial fair pension equals the 
growth rate of aggregate wages per retiree. The tax component of contributions thus depends on 
whether and by how much this growth rate undercuts market interest rates. Disney (2004) investigates 
the tax component and the savings' component of mandatory retirement contributions in OECD 
countries dependent on specific program characteristics.  

 If contributions depend on the individual’s 

wage, they either decrease net wages from the employee’s point of view, or they 

increase labor costs from the employer’s point of view. This may result in a “Social 
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Security Tax Wedge” and in turn in a reduction of regular employment (cf. Alesina 

and Perotti, 1997; Disney, 2004; Cigno, 2008). When it comes to a decision about the 

desired system of old-age insurance and its generosity, politicians need to consider 

incentive effects of benefits, as well as of contributions. However, even if the negative 

effects of contributions on labor force participation remain, they are diminished by 

actuarially fair pension systems: the closer the relation between contributions and 

benefit entitlements, the lower is the tax component of mandatory contributions, and 

the lower the resulting tax burden. Consequently, shifting pension systems towards a 

higher degree of actuarial fairness is advantageous. 

To summarize my main finding: labor force participation of the elderly is not 

discouraged mainly because old-age benefits were too generous. It is actuarial 

fairness, the question, whether individuals gain or lose from further employment, 

which mainly drives the labor force exit decision of the older population. A reform of 

the pension system towards higher pension accruals due to further employment is 

superior to a mere cut of benefit levels, which causes weaker behavioral responses. A 

stronger implementation of actuarial fairness in the pension system thus is a 

promising way to set incentives for a longer working life, and to cope with the 

financial challenges caused by demographic aging.  
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