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Introduction

Though the present thesis is not intended as a monograph, its respective chap-

ters are interrelated: The major research question is whether the German public

pension system (or potentially any annuity–based pension system) causes redistri-

bution between income groups. Especially the relationship between life expectancy

and income, usually perceived to be increasing, gives rise to the conjecture that

poor individuals subsidize the pensions of the rich. I analyze the income–life ex-

pectancy relationship theoretically and empirically in Chapters 2 and 4, respec-

tively. The redistributive mechanism is empirically analyzed in Chapter 3. Chapter

5 proposes a policy instrument which is capable of neutralizing the redistributive

effects.

The thesis consists of a literature overview in Chapter 1, and of four self–

contained essays in Chapters 2 through 5. In Chapter 2 (To Work or to Work Out: A

Moral–Hazard Interpretation of Labor Supply, Retirement, and Investments in Longevity),

I analyze a moral–hazard model with multiple tasks, in which a single agent en-

gages in three different activities labelled work, delayed retirement, and workout

(interpreted as investments in longevity). The latter imposes higher effort costs on

weekly labor supply, but increases possibilities for life time labor supply. Work–out

does not affect aggregate output and does therefore not increase the benefit of the

principal. Second best incentives for work–out are U–shaped in the agent’s ability,

and so is the effort level supplied by the agent.

In Chapter 3 (Rich and Healthy—better than Poor and Sick? An Empirical Analy-

sis of Income, Health, and the Duration of the Pension Benefit Spell, currently under

revision for the Journal of Health Economics), I analyze the relationship between du-

ration of the pension benefit spell and pension benefit claims from the German

public pension system, with a special emphasis on differential results with respect

to health. This relationship is crucial and causal for a potential structural pattern

of redistribution between different income and health groups, induced by the pub-

lic pension system. Evidence for such redistribution from poor to rich is present

for most of the specifications in my analysis. The most adequate specification is

partially–linear, does therefore not impose any parametrical restrictions between

duration and benefit claims, and allows for potential endogeneity. The relationship

I extract is clearly positive. Additionally I find that the income gradient is steeper

for pensioners in bad health, meaning that redistribution from less able to more

able individuals is more pronounced the worse the health status is.

Subsequently, in Chapter 4 (Non–Monotonicity in the Longevity–Income Relation-

ship, currently under revision for the Journal of Population Economics), I show that

for major sub–groups of pensioners in the public pension system in Germany who

died between 1994 and 2005, the relationship between income and life expectancy

4
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is non–monotonous. This cannot be explained by anomalies in the data or as an

artifact of the estimation technique, and so I provide a fundamental conjecture

based on different elasticities of labor supply over the income distribution. Finally,

in Chapter 5 (On the Fairness of Early Retirement Provisions,1 joint with Friedrich

Breyer), we discuss several notions of ’fairness’ of early retirement provisions in

pay–as–you–go financed public pension systems and we claim that the ’right’ no-

tion of fairness depends upon the objectives pursued in the design of pension sys-

tems. We point out the problems attached to the extreme positions ’efficiency’ and

’welfare maximization’ and propose a more modest concept of equity called ’dis-

tributive neutrality’, which is based on the notion that the ratio between total bene-

fits and total contributions to the pension system should not depend systematically

on the individual’s ability. By applying this concept to the German retirement bene-

fit formula and taking empirically estimated relationships between duration of the

benefit spell and income into account, we show that at the present discount rate

of 3.6 per cent per year there is systematic redistribution from low to high earners,

which would be attenuated if the discount rate were raised. This seemingly para-

doxical finding is due to the fact that in our data set, there is a negative relationship

between earnings and retirement age.

1An earlier version of this paper is available as CESIfo Working Paper No. 2078 (2007).
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Einleitung

Obgleich die vorliegende Dissertation nicht als Monographie angelegt ist,

sind die einzelnen Kapitel doch verbunden: Die grundlegende Forschungsfrage

lautet, ob die gesetzliche Rentenversicherung in Deutschland (oder möglicherweise

jedes auf Annuitäten basierende Rentensystem) Umverteilung zwischen Einkom-

mensgruppen verursacht. Besonders die Beziehung zwischen Einkommen und

Lebenserwartung, die üblicherweise als steigend angenommen wird, begründet

die Vermutung, dass arme Rentner die Renten der Reichen subventionieren. Diese

Beziehung untersuche ich theoretisch und empirisch in den Kapiteln 2 und 4.

Der umverteilende Mechanismus wird in Kapitel 3 empirisch untersucht. In

Kapitel 5 wird ein Politikinstrument vorgeschlagen, welches in der Lage ist, die

Umverteilung zu neutralisieren.

Die vorliegende Dissertation enthält eine Literaturübersicht in Kapitel 1 und

vier eigenständige Aufsätze in den Kapiteln 2 bis 5. In Kapitel 2 (To Work or

to Work Out: A Moral–Hazard Interpretation of Labor Supply, Retirement, and In-

vestments in Longevity) analysiere ich ein Moral–Hazard Modell mit mehreren

Aktivitäten, in welchem ein einzelner Akteur drei verschiedene Handlungen

vornehmen kann, die ich Arbeit, verzögerten Renteneintritt und Training (Work,

Delayed Retirement und Work Out) nenne. Die letztere Aktivität verursacht höhere

Nutzeneinschränkungen beim wöchentlichen Arbeitsangebot, verbessert aber die

Möglichkeiten einer längeren Lebensarbeitszeit. Training beeinflusst die ag-

gregierte Wertschöpfung nicht, weshalb der Prinzipal kein direktes Augenmerk

darauf legt. Zweitbeste Anreize für Work Out sind eine U–förmige Funktion der

Fähigkeiten des Akteurs, genau wie sein Anstrengungsniveau.

In Kapitel 3 (Rich and Healthy—better than Poor and Sick? An Empirical Analy-

sis of Income, Health, and the Duration of the Pension Benefit Spell, zur Zeit in Revi-

sion für das Journal of Health Economics) analysiere ich den Zusammenhang zwis-

chen Rentenbezugsdauer und -ansprüchen in der deutschen gesetzlichen Renten-

versicherung unter besonderer Berücksichtigung des Gesundheitszustandes. Diese

Beziehung ist grundlegend für strukturelle Umverteilung zwischen Gruppen mit

verschiedenen Einkommen und Gesundheitszuständen, die auf das Rentensystem

zurückzuführen wäre. Die meisten Spezifikationen der Analyse finden einen Be-

leg für Umverteilung von Arm zu Reich. Die geeignetste Spezifikation ist partiell–

linear, beinhaltet daher keine parametrischen Beschränkungen für den Zusammen-

hang zwischen Bezugsdauer und Rentenansprüchen und berücksichtigt mögliche

Endogenitätsprobleme. Der gefundene Zusammenhang ist eindeutig positiv.

Darüber hinaus erweist sich der Einfluss des Einkommens als stärker, je schlechter

der Gesundheitszustand des Rentners ist, was bedeutet, dass die Umverteilung

von Arm zu Reich ein größeres Ausmaß annimmt.
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Danach zeige ich in Kapitel 4 (Non–Monotonicity in the Longevity–Income Re-

lationship, zur Zeit in Revision für das Journal of Population Economics), dass

der Zusammenhang zwischen Einkommen und Lebenserwartung für bedeutende

Gruppen der Rentner, die im deutschen Rentensystem zwischen 1994 und 2005

verstorben sind, nicht monoton ist. Dieses Ergebnis ist weder auf Anomalien des

Datensatzes zurückzuführen, noch ist es ein Artefakt der Schätzmethode. Daher

stelle ich eine theoretische Vermutung an, die auf unterschiedlichen Arbeitsange-

botselastizitäten beruht und den gefunden Zusammenhang erklären kann.

Schließlich diskutieren wir in Kapitel 5 (On the Fairness of Early Retirement Provi-

sions,2 gemeinsam mit Friedrich Breyer) verschiedene Auffassungen von Fairness

bezüglich der Abschläge bei vorgezogenem Renteneintritt in umlagefinazierten

Rentensystemen. Wir stellen fest, dass die richtige Auffassung von Fairness von

den Zielen abhängt, die mit dem Rentensystem erreicht werden sollen. Wir

zeigen das Problem bezüglich der extremen Positionen Effizienz und Wohlfahrts-

maximierung und schlagen ein maßvolleres Gleichheitskonzept vor, welches wir

distributive Neutralität nennen. Es basiert auf der Vorstellung, dass das Verhält-

nis der gesamten Auszahlungen zu den gesamten Beiträgen zum Rentensystem

nicht systematisch von den individuellen Fähigkeiten abhängen sollte. Wir wenden

dieses Prinzip auf die deutsche Rentenformel an, und unter Berücksichtigung von

Schätzungen des Zusammenhangs zwischen durchschnittlichem Jahreseinkom-

men und der Rentenbezugsdauer zeigen wir, dass die aktuellen Rentenabschläge

für Frührente von 3.6% pro Jahr systematische Umverteilung von Arm zu Reich

verursachen. Diese Umverteilung würde durch höhere Abschläge abgemildert.

Dieses scheinbar paradoxe Ergebnis liegt daran, dass in unserem Datensatz der

Zusammenhang zwischen Einkommen und Renteneintrittsalter negativ ist.

2Eine frühere Version dieses Papiers steht als CESIfo Working Paper No. 2078 (2007) zur Verfü-
gung.
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CHAPTER 1 A Brief Literature Overview

1.1 Introduction

This Chapter serves as a brief overview of the existing literature on the topics in

the present thesis. Whenever possible, recent references are cited, together with

seminal contributions which laid the foundation to complete strands of the litera-

ture. Section 1.2 provides a very quick overview of the theoretical and empirical

methods I discuss and apply. Sections 1.3, 1.4, and 1.5 summarize theoretical and

empirical literature on the relationship of life expectancy and income, on retirement

behavior, and on redistributional effects and optimality of public pension systems.

1.2 Methodology

1.2.1 Mechanism Design and Optimal Taxation

Theoretical contributions frequently approach the question of optimality of pen-

sion system with tools provided by the theory of optimal taxation. Seminal papers

on optimal taxation are certainly Mirrlees (1971) and Diamond and Mirrlees (1971a)

and (1971b), whereas e.g. Myles (2002) provides a textbook coverage. The underly-

ing problem is that a government would like to base taxation and redistribution on

at least one unobservable characteristic, such as ability (or, in the present case, also

health or life expectancy). This direct instrument is not feasible, so the tax system

has to condition on observables and takes incentive compatibility constraints ex-

plicitly into account, in order to prevent individuals from mimicking other types.

Yet, the formal results derived by models of optimal taxation are limited in the

sense that they (a) rely on an arbitrary welfare function, and (b) even qualitative

results with relevance for policy can often be derived only if one assumes explicit

functional forms, as Diamond (1998) claims.

Closely related to optimal taxation is principal–agent theory I apply in Chap-

ter 2. In principle, two separate phenomena arise due to unobservability, either hid-

den action (moral–hazard) or hidden information (adverse selection), but only the

former is relevant in Chapter 2. For a textbook on standard moral–hazard models,

refer to Bolton and Dewatripont (2005) or Salanié (1997). A similar moral–hazard

effect is subject to the theory of insurance demand, applied to insurance against

longevity, e.g. in Davies and Kuhn (1992) and Philipson and Becker (1998). In a

model with one agent and three different activities (effort levels are observable to

different degrees), I apply the solution mechanism proposed by Holmstrom and

Milgrom (1991), which relies on linear reward mechanisms derived in Holmstrom

and Milgrom (1987). The analysis and solution to the general question when to im-

plement high–powered incentives, when to invest in monitoring, and how to assign
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ownership (of which the moral–hazard problem in Chapter 2 covers the question

of high–powered incentives) is found in Holmstrom and Milgrom (1994). A ma-

jor drawback of the proposed solution mechanism is its reliance on the first–order

approach, hence on the assumption that incentive compatibility constraints can be

replaced by first–order conditions of the agent’s optimization problem. Although

in Chapter 2 the validity of this assumption is satisfied, this is not the general case;

see especially Grossman and Hart (1983), Rogerson (1985), and Jewitt (1988) on the

justification and validity of the first order approach and on alternatives.

1.2.2 Non–Parametric Econometrics

Parametric estimation methods such as OLS impose a structure on the relationship

that is rather to be discovered. If this structure, e.g. linearity, does not capture the

true model, parametric models can be "quite misleading", as DiNardo and Tobias

(2001) argue in their survey article. Such a structure has been imposed in the vast

majority of empirical papers on the relationship between income and longevity

or income and retirement age, and more complex relationships may be hidden be-

hind the assumption of linearity. The functional form of the relationship discovered

by non–parametric methods is supplied by the data alone, and not by the model.

However, this freedom (despite smoothness of the fitted function) comes at the loss

of easily interpretable parameters.

Cleveland (1974) introduced local regression as a means to interpret scatter–

plots. In principle, a function is not fitted to the whole data, but at each observation

separately, taking the respective remaining data to the left and right of this point

into account with declining weights. The functional form of the kernel determines

these weights, but the choice of the kernel itself has only a minor impact, yet, a

bandwidth has to be determined, which governs how fast the weights decrease

with the distance to the current observation. If the bandwidth is too large, the esti-

mate will be too smooth, in the limiting case the fit is only a constant. Otherwise, a

small bandwidth fits a rougher function and is more sensible to outliers; the limit-

ing case here is an exact replication of the original data. The most recent and com-

prehensive textbook which also covers several bandwidth–selection methods is cer-

tainly Li and Racine (2007), but see also Loader (2004) for an overview. Yatchew

(1998) and Fan (2000) provide survey articles and promote non–parametric meth-

ods.

If more than one regressor enters the model, the econometrician faces the curse

of dimensionality, meaning that in order to reach the same approximation error,

the number of observations has to increase over–proportionally with the number

of regressors. From a practical point of view, non–parametric estimation in high
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dimensions is also computational burdensome, especially with huge data sets as

the one analyzed in this thesis. Semi–parametric methods may balance the need

for functional freedom and the requirement of more regressors. In principle, semi–

parametric methods allow some regressors to enter fully non–parametrically, while

others are bound to follow a parametric structure. For surveys of semi–parametric

methods, see Robinson (1988) and also Yatchew (1998), while Yatchew (2003) pro-

vides a textbook treatment. Seminal applications of semi–parametric and non–

parametric methods are e.g. Engle et al. (1986) on electricity sales, and Blundell

and Duncan (1998) and Blundell et al. (1998) with a semi–parametric derivation of

Engel–curves.

1.3 Income, Health, and Life Expectancy

1.3.1 Theoretical Considerations

The seminal economic paper on health is Grossman (1972), who introduces the con-

cept of health capital. The original model is discussed extensively, e.g. in the text-

book by Breyer et al. (2005) and in Grossman (2000). In the basic model, a house-

hold invests in health capital and benefits from the ’interest’ the stock of health cap-

ital pays, namely from improved possibilities to be productive and from increased

utility. Age at death is only implicitly defined in this model—death occurs once the

stock of health capital falls short of a certain threshold. On the question whether

age at death in the Grossman model (as the planning horizon) is under direct con-

trol of the invidual, see especially Ried (1998) and in addition Grossman (2000) for

a short discussion.1 Under some assumptions (namely, stressing the investment

property of health capital, and hence its positive impact on future productivity),

the model produces a positive relation between productivity and health, and there-

fore between income and life expectancy. Muurinen (1982) merges the alternative

interpretations of health being either a consumption good or an investment good

and describes them as extreme cases.

There exist several extensions with respect to uncertainty of health–related be-

havior, such as Dardanoni and Wagstaff (1987), Selden (1993), or Chang (1996).

With uncertainty, the nature of ’health’ (whether it is a normal good or not) de-

pends on the risk attitude of the individual, and Chang (1996) shows that under

certain assumptions, health can be inferior.

1The answer to this is rather methodological and far from trivial, because the optimal paths of all
other control variables (such as consumption) are eventually determined by the age at death. Another
theoretical approach cited below (Ehrlich and Chuma 1990) therefore separates the demand for health
from the demand for longevity.
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Ehrlich and Chuma (1990) provide a second seminal contribution and explicitly

discriminate the demand for health from the demand for longevity. This approach

yields different results with respect to the impact of initial wealth as opposed to

transitory income: In Ehrlich and Chuma (1990), initial wealth determines the de-

mand for health as well as longevity, while in Grossman (1972), initial endowments

do not matter in the investment interpretation with certainty. Adding uncertainty

to their model, Ehrlich (2000, 2001) explicitly derives not only the demand for

longevity, but also for insurance and self–insurance. As a link to Section 1.4, re-

tirement may serve as a means of investment in health capital; see Wolfe (1985) for

a theoretical treatment of this topic.

1.3.2 Empirical Evidence

Literature on the empirical relationship between socio–economic status, health, and

life expectancy (or mortality) abounds.2 To reference especially recent contribu-

tions, I begin with Cutler et al. (2006), who find that income is positively related

to life expectancy, both within a country and across country averages. For spe-

cific countries, this is confirmed e.g. by Attanasio and Emmerson (2003) for Great

Britain or Deaton and Paxson (2004) for the United States, whereas for Germany,

a clearly positive relation is found by Reil-Held (2000) and more recently by von

Gaudecker and Scholz (2007). Yet, most of the cited contributions rely on paramet-

rical assumptions (except of von Gaudecker and Scholz 2007), and the finding that

individuals with the highest income not only outlive the poorest, but that this re-

lation also holds for the comparison of all other income levels may rest on exactly

these assumptions.

There is little existing literature on potentially negative impacts; even despite

increasing alcohol consumption of the rich, Ettner (1996) still finds a positive net

impact of income on health (which is confirmed by Banks et al. 2006, who show

that the positive income–longevity relation survives after controlling for risk fac-

tors such as drinking and smoking). Others even claim that a major fraction of

mortality differences can be attributed to socio–economic status alone instead of

other factors, see e.g. Menchik (1993): He finds that differential life expectancy of

blacks and whites in the United States almost vanishes once income enters as an

additional control. Deaton (2006) challenges this result and argues that—at least

on an international level—institutions in general and especially those that foster

education drive a lot of the positive correlation between income and health, and on

2For the effect of income inequality on health or mortality—a topic not considered in this thesis—
refer to the seminal work by Wilkinson (1996) and a recent empirical study by Gerdtham and Johan-
nesson (2004), who cannot corroborate an impact of income–inequality on mortality. See also Jones
(2006) for a survey of health and wealth inequality in Europe.
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the individual level, Duggan et al. (2007) show that mortality differences between

men and women remain large, independent of income. See also Soares (2007) for

factors other than income that positively affect longevity, especially on institutions

regarding education and health care.

So, in summary there are some empirical issues left open. Evidence for a pos-

itive association between health/longevity and wealth/income abounds, but the

mechanism is still ambiguous. Some differences in health, which are associated

with certain individual characteristics, can be attributed to differences in income

(blacks and whites), while others differences (between men and women) survive

despite controlling for socio–economic status.

The quantitative effect of income on life expectancy is disputed and depends

on the country, the method and the data set. As a benchmark, Duggan et al. (2007)

find a difference of two to three years between life expectancy of the lowest and the

highest income group in the United States, whereas for the case of Germany, Reil-

Held (2000) and von Gaudecker and Scholz (2007) agree on a gain of approximately

six years for the highest income group.

It is still unclear whether the discovered relationship is causal; and if so,

whether it is causal from income to health and mortality or vice versa. Cutler

et al. (2006) downplay the direct impact of income on mortality and also stress the

importance of education and technological progress. Education is a (potentially

neglected) background variable, which is already present in the basic Grossman

(1972) model of health capital. On the positive impact of education on health sta-

tus, see Adams et al. (2003) and the recent contribution by Kiuila and Mieszkowski

(2007), who show that the income gradient as well as the education gradient almost

vanishes for the oldest–old; they argue that ultimately biological factors indepen-

dent of income or education govern health status and mortality.

On the causal impact of income or wealth on health see also Meer et al. (2003)

and Lindahl (2005), who instrument socio–economic status in order to account for

reverse causality. But their studies draw opposite conclusions: The authors of the

former find no evidence for a causal path from income to health, while the latter

does. Smith (1998) and Adams et al. (2003) also apply econometric methods that

explicitly consider the endogenous nature of health incidences and socio–economic

variables, and the latter find that acute diseases are less likely to be caused by in-

come or wealth, while causality cannot be ruled out for the case of chronic states of

ill–health.3 The German reunification may provide a quasi–natural experiment al-

lowing to disentangle the effect of income on health alone, and Frijters et al. (2005)

3On methodological aspects of causality e.g. in the health–wealth nexus, see Granger (1969) and
Ribeiro (2002), and especially the comments in Adda et al. (2003), Poterba (2003), Heckman (2003),
Mealli and Rubin (2003), Robins (2003), Hausman (2003), Geweke (2003), and Florens (2003).
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show in a study utilizing this event that at least satisfaction with health increases

with income, yet only to a small extent. Endogeneity between health or mortal-

ity and socio–economic status may not only be due to reverse causality, but also a

result of common background variables other than education. One major determi-

nant of both socio–economic status and health is the inheritance of at least one of

both, either genetical or via education, or in the case of wealth, via bequests. See

especially Case et al. (2002), Currie and Stabile (2003), Currie et al. (2007), and Case

et al. (2007), who discuss the impact of the income gradient on health at different

ages in the United States, Canada, and England. But even when endowment at

childhood is taken into account, endogeneity may still survive: Datar et al. (2007)

argue that background risk in mortality affects parental investment in children,

such that initial endowments in either health or wealth affect adult outcomes and

are themselves endogenous.

1.4 The Retirement Decision

1.4.1 Theoretical Considerations

The foundation of the theoretical analysis of the retirement decision was laid by

Feldstein (1974), Diamond and Mirrlees (1978), and Sheshinski (1978), who analyze

(and estimate) the effect of a pension system on savings and, even more important,

on the retirement decision. In absence of any early retirement discounts, Sheshinski

(1978) derives that a public pension scheme induces early retirement, but with pos-

itive discounts (or, as the author denotes, with a return on postponed retirement),

this result can be mitigated. Comparing this to more recent findings on the ’right’

size of early retirement discounts, the result is easily compatible with the notion

of Boersch-Supan (2000) and Boersch-Supan (2004) that discounts should be equal

to the interest rate in order to leave incentives to retire unaffected by the pension

system, if labor supply is intended to be undistorted.

Bloom et al. (2007) provide a recent theoretical contribution linking retirement

age to life expectancy. They explicitly model the effect of increasing life expectancy

and decreasing morbidity and find that increased lifetime has a substitution ef-

fect and an income effect, and although the latter dominates with respect to the

retirement decision, retirement is delayed only under–proportionally. A similar ar-

gument is brought up by Kalemli-Ozcan and Weil (2002), yet, their case includes

a discontinuity: If mortality is high (and life expectancy is low), individuals op-

timally refrain from planning to retire and work until the end of their life, with-

out accumulating wealth intended to spend during the retirement period. Only if

mortality decreases, retirement becomes a favored option, because with declining
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mortality, the per–period risk of a loss of the accumulated wealth decreases as well.

A further contribution by Bloom et al. (2005) indicates that initial wages are

negatively related to retirement age, but the growth rate of income has a positive

impact. The first is explained by the income effect of higher wages on labor sup-

ply in general, which also emerges for the retirement decision. I deliberately ne-

glect forced retirement in the thesis; a recent theoretical contribution on this topic

is Fleischhauer (2007), who finds that the retirement decision especially of low–

ability workers is actually made by firms, and Dorn and Sousa-Poza (2005) provide

an empirical corroboration.

1.4.2 Empirical Evidence

Empirically demanding is the fact that at least self–reported health is endogenous

with respect to labor force participation, and that not all health incidences play the

same role for the decision whether to participate in the labor force or not. Consid-

ering the case of Germany explicitly, Boersch-Supan and Jürges (2006) argue that

early retirement is most likely a reaction to health incidences, because early retirees

suffer from less well-being than normal retirees, yet, their status improves due to

the retirement decision (which is in line with the theoretical reasoning applied by

Wolfe 1985). Life expectancy itself affects retirement positively, as Waldron (2001)

shows for the United States, which is contested by the empirical test in Bloom et al.

(2006), who show that subjective probabilities of survival have no impact on the

retirement decision in the United States (although longevity is a main driving vari-

able in the theoretical model by Bloom et al. 2005). For a short survey on the posi-

tive effect of health levels and health changes on retirement behavior, refer to Jones

(2006). In addition, see Banks et al. (2006), it is not only own health, but also the

health status of other household members that shapes the retirement decision. See

also the survey of Lindeboom (2006) on the reverse impact of health incidences on

the retirement decision; in summary, health may positively affect labor supply, but

also the demand for leisure.

Evidence on the impact of income on retirement age is controversial, see Berkel

and Boersch-Supan (2004) versus Schils (2005) with opposing results with respect to

the impact of income or wealth on retirement age. In general, the impact of wealth

or income on early retirement depends on the specific pathway into retirement, as

e.g. Banks et al. (2006) show for the UK; individuals at the bottom of the income

distribution have often left the labor force already into unemployment before re-

tirement.

Discounts on early retirement directly influence the implicit tax on work be-

yond the earliest retirement age and affect the expected income after retirement.
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For an overview of these implicit tax rates, refer to Butrica et al. (2006), who cal-

culate that in the United States the implicit tax on prolonged work even exceeds

50%, depending on age and income of the individual. Beckmann (2000) estimates

the implicit tax for Germany—on a lifetime basis— to be in the neighborhood of

55% to 65%. On the effect of early retirement discounts, Hanel and Riphahn (2006)

find that Swiss women facing higher early retirement discounts actually postpone

retirement. The effect on men is not significantly different from zero, which is in

line with the finding that men have a lower wage elasticity of labor supply, see

e.g. Heckman (1995) or van Soest (1995). On simulated outcomes of policy reforms

in Germany, refer to Berkel and Boersch-Supan (2004), who claim that an increas-

ing discount factor or legal retirement age (together with the earliest possible re-

tirement age) yields delayed retirement for both men and women. In the Nether-

lands, the transition from a pay–as–you–go pension system without discounts for

early retirement to an actuarially fair funded system (including an adjustment of

discounts) led to delayed retirement (see Euwals et al. 2006).

As a matter of course, there are also legal restrictions that influence retirement

behavior, the most prominent being the choice of the earliest retirement age (be-

sides discounts which adjust retirement benefits). On the impact of the earliest

retirement age, see e.g. Baker and Benjamin (1999), who analyze the reaction of

older Canadian workers to the introduction of an early retirement scheme. Inter-

estingly, total labor supply under the new legislation was hardly affected, as those

who claimed benefit payments were individuals who already had chosen to stay

out of the labor force anyhow, even without early retirement schemes.

In most countries, legislation imposes a ’normal’ retirement age, e.g. 65, and

an earliest possible retirement age of e.g. 62 (see especially Gruber and Wise 1998,

Gustman and Steinmeier 2001, and Mulligan and Sala–i–Martin 2004 on inter-

national comparisons and mutual properties of public pension systems). Gust-

man and Steinmeier (2005) provide a convincing explanation for the phenomenon

that the empirical distribution of the individual retirement age is bimodal, with

peaks at 62 and 65, respectively. Time preferences—in relation to early retirement

discounts—govern at least a fraction of the retirement behavior and are distributed

over a wider support than the one provided by a public pension system, such that

all individuals who preferred to retire earlier than 62 concentrate around this age,

and all those who would retire after 65 gather exactly there.
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1.5 Redistribution and Optimality

1.5.1 Theory and Empirical Evidence for Redistribution

Simonovits (2006) show that an actuarially fair pension system is "far from being

neutral". The same argument is brought forward by Cremer et al. (2006b) who

show that a pension system mimicking the laissez–fair solution is not optimal, and

from a political point view, not feasible either.4 The driving force behind redistri-

bution is heterogeneous life expectancy and the following heterogeneous sum of

benefits from a pension system. A World Bank report (World Bank 1994, pp. 130

and all the references cited therein) contains early empirical confirmations of this

conjecture: The regressive effect of an annuity–based public pension system may

be so large to overcompensate progressive elements in income tax schemes and, if

present, in the pension system.5 Redistribution induced by differential mortality

could, however, be overcome by corresponding differences in the retirement age—

see e.g. Barnay (2007) with a study on France that highlights the potential benefit

of induced retirement behavior to offset redistribution (Barnay 2007, however, con-

ditions the redistribution on different professions and educational levels instead of

income).

Even on private markets for annuities we see that individual perception of

own life expectancy—especially of remaining life expectancy after retirement age—

affects decisions with respect to the valuation of annuities. For a given retirement

age, the return from an averaged annuity is smaller, the shorter the remaining life

expectancy is. Turra and Mitchell (2004) show that retirees in worse health prefer

a lump–sum payment over the annuity.6 Similarly, Salm (2007) argues that eventu-

ally the sheer presence of an annuity may increase life expectancy, although he can-

not clearly distinguish the effect of the pension from the effect of income or wealth.

Both findings, in turn, are a partial empirical corroboration of adverse selection on

annuity markets, as predicted by the theoretical contribution by Wolfe (1983). See

also Brown (2007), who points at the phenomenon that the majority of private an-

nuities are sold to healthy individuals, although—on complete markets—a fairly

4A recent contribution on the political economy of pension systems is Borck (2007). Browning
(1975) provides the seminal model on the political economy of pension systems. Besides this, the
political economics of social security security are not covered here.

5For the United Kingdom, see Creedy et al. (1993); for the Netherlands, see Nelissen (1995) and
Nelissen (1998); for Italy, see Kostoris Padoa Schioppa (1990); and for Sweden, see Stahlberg (1989).
See Hurd and Shoven (1986), who provide the first study of the redistributional effect of the US public
pension system. The authors find that—despite the progressive elements in the US pension system—
the ratio between benefits and contributions are almost the same for different wealth groups, because
the progressive elements are offset by mortality differences.

6This results holds even if unfair annuities would still be optimal compared to a lump–sum pay-
ment to individuals in worse health.
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priced contract would be to the benefit of all individuals, despite their health status

or income.7 Annuities and their (mandatory) public provision explicitly follow an

additional objective, namely the insurance against longevity—in which sense they

are potentially welfare–improving, see Sheshinski and Weiss (1981) on this issue.8

Simonovits and Esö (2003) and Simonovits (2006) derive a second–best opti-

mal pension scheme, based on private information on life expectancies, and they

show—depending on the welfare function—that redistribution from short–lived

pensioners to long–lived pensioners may even be optimal, hence that neutrality of

the pension system with respect to different income groups may be inferior to the

second–best.

The impact of socio–economic factors on duration of the pension benefit spell

in Germany has been analyzed by Lauterbach et al. (2006). They find that duration

of the pension benefit spell is indeed higher for individuals with higher income.

However, the death cohort they observe is rather small, and benefit payments be-

fore the age of 65 (and therefore the possibility to balance shorter life expectancy)

are neglected. Another empirical contribution with regard to heterogeneous social

security outcomes by different subgroups of the population in the United States has

been made by Liu and Rettenmaier (2003), who confirm Hurd and Shoven (1986)

in the sense that shorter life expectancy of blacks yields a lower return from so-

cial security even despite progressive elements in the U.S. public pension system.

Yet, other groups with—on average—slightly lower life expectancy like the low

educated offset their disadvantage and can directly benefit from the progressive

elements in the benefit formula. The German pension system even lacks such pro-

gressive elements. Brown (2003) argues that if redistribution is measured not finan-

cially, but adjusted for utility, redistribution is still present, but diminished, and he

also finds that despite its redistributional effects to the advantage of either rich or

longer–lived individuals, uniformly priced annuitization is still optimal.

For an international overview with respect to fairness or neutrality of pension

systems, and for concise definitions of these concepts, refer to Queisser and White-

house (2006).

1.5.2 Optimality

Compare Yaari (1965) on the optimality of full annuitization if annuities are fairly

priced regardless of the size of any early retirement discounts, and see Davidoff

7Brown (2007) provides additional behavioral conjectures, whereas Diamond (2004) claims that
the absence of a complete market for annuities serves as an explanation for the existence of a public
pension system.

8Compare Fehr and Habermann (2007), who simulate circumstances under which mandatory an-
nuitization may decrease welfare for future generations due to foregone bequests.
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et al. (2005) on circumstances under which full annuitization may not be optimal—

even if markets are complete—e.g. if individuals have bequest motives or the re-

turn of the annuity is smaller than the return on non–annuitized assets. If markets

are incomplete (that is, if annuities are not necessarily fairly priced, or if not all

consumption paths are available), liquidity and flexibility of the annuity contract

determines the optimal degree of annuitization.

Then, with symmetric information or homogeneous individuals, annuities pro-

vided by the pension system should not distort labor supply and hence the retire-

ment decision. Boersch-Supan (2000, 2004) derives the optimal early retirement

discounts for this case, which are actuarially fair and match the interest rate.

Yet, if information on life expectancy or productivity is asymmetric and there-

fore not available for the designer of the pension system, a certain amount of re-

distribution may be desirable, depending on the social welfare objective. This ap-

proach utilizes optimal taxation, where some actions or characteristics are unob-

servable. In general, models of optimal taxation yield age–dependent taxes, see

e.g. Erosa and Gervais (2002). The fact that age–dependent taxation can be imple-

mented via a mandatory public pension system with a certain benefit formula is

addressed by Wrede (1999), and Kifmann (2008) derives an optimal benefit for-

mula, interacting with a general income tax scheme.

Cremer and Pestieau (1996) analyze the interaction of a tax system with social

security (modeled as an insurance against an arbitrarily defined loss), and both,

social security as well as the general tax system, should optimally depend on abil-

ity, the individual risk of occurring a loss, and the correlation of both. Optimal

taxation is in general based on (labor supply) elasticities of the taxed individuals,

hence on the feasibility of evasive behavior (see Saez 2001 on a thorough analysis

of the role of elasticities). In Kifmann (2008), the optimal tax scheme depends on

elasticities, augmented with income levels and income inequality. As Fenge et al.

(2006) show, also the implicit tax rates from the pension system should follow an

age–profile, which is—regardless of optimality—the case in the German pension

system, because contributions are treated independently of age (see Lindbeck and

Persson 2003 for a general overview).

In a model with differential life expectancy and different productivity levels, Di-

amond (2003) shows that individuals above a certain threshold of life expectancy

or productivity can exploit the age–dependent tax system, because the government

has to keep incentives for individuals with more intermediate characteristics. Still,

as Brown (2003) explicitly claims, full annuitization is optimal for all individuals,

no matter whether their life expectancy is specifically high or low. Also applying

optimal taxation, Cremer et al. (2004) analyze the interaction of health and pro-
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ductivity with respect to the resulting optimal tax scheme and find that delayed

retirement is (relatively) taxed in order to subsidize the respective ’weaker’ type

and to enable him to retire earlier. Late retirement in their setting is still preferred

by individuals with high productivity or good health, which are assumed to be

positively correlated. In a subsequent study, Cremer et al. (2007) propose disability

testing to elicit individual health status in order to infer on an optimal tax scheme

(and optimal retirement) in interaction with disability insurance. Healthy individu-

als with high disutility of labor should be distinguished from disabled individuals,

which either justifies earlier retirement for the disabled or higher benefits from the

disability insurance. Due to the relationship between income, life expectancy and

health, Henriet and Rochet (2006) even argue that intentional redistribution from

rich to poor can be based on public health insurance, if the rich cannot augment

their insurance coverage on private markets.

On the question whether age–dependent taxation before retirement is feasible

or not, see Bovenberg and Sorensen (2006), who raise the point that an optimal tax

scheme should not condition on annual income, but on lifetime income, and at least

for the case of labor income, the latter is observable at retirement age.

Breyer and Kifmann (2002) analyze the effect of the adjustment of discounts

for early retirees on the implicit tax rate—however, heterogeneous life expectancy

does not matter in their analysis. Its separate effect on the implicit tax of a pension

system is analyzed in Breyer and Kifmann (2004). Sheshinski (2003) provides an ex-

plicit treatment for the adjustment of retirement benefits if retirement age is delayed

even beyond the legal requirements (here, disutility from labor is unobservable to

the government), and Fenge et al. (2006) derive a factual and an optimal life–cycle

profile of the implicit tax imposed by a social security system. They argue that ac-

tual as well as optimal implicit taxation differs even despite absent differences in

duration under the benefit spell.

Obviously, life expectancy and health status are interrelated. A normative ap-

proach to social security might therefore need to consider the interaction of two

systems of social security, the public pension scheme and public health insurance.

With exogenous health, this is already incorporated in Cremer et al. (2004), and Cre-

mer et al. (2006a) propose refinements with explicit consideration of endogenized

health and derive that subsidies for health expenditures are second–best optimal.

A further strand of the literature explicitly considers the interaction of income and

longevity with education for the optimal design of pension systems; see Lau and

Poutvaara (2006), Gorski et al. (2007), or Ferreira and Pessoa (2007) for potential

distortions of the educational decision imposed by the pension system.

Simonovits (2004) offers an approach which combines distributive neutrality
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and second–best taxation. Induced retirement age in his solution varies over–

proportionally with life expectancy, because shorter–lived individuals have to re-

tire very early and suffer therefore from neutral early retirement discounts which

are high enough to deter the longer–lived individuals from mimicking the shorter–

lived ones. However, since the second–best is further constrained by neutrality, the

solution is potentially Pareto–inferior to the unconstrained second–best.
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2.1 Introduction

Recent empirical findings shed doubt on the monotonous link between ability (as

measured by income or wealth) and life expectancy. Though they do not explic-

itly explain it, von Gaudecker and Scholz (2007) and Clark (2007, p. 98), discover

a U–shaped relationship (the former for Germany between 1993 and 2003 and the

latter for England in the 17th century), whereas Chapter 4 specifically addresses the

downward sloping part of the non–monotonous link. However, this empirical phe-

nomenon has not been satisfactorily explained by theory yet. In the following essay,

the main result will include U–shaped incentives for investments in longevity and

therefore U–shaped effort in this activity, which is derived within a principal–agent

framework.

In my model, an agent is capable of engaging in three different activities, one of

which is concerned with investments in longevity (work out), and the others being

weekly or instantaneous labor supply (work) and life–time labor supply (retirement).

However, effort levels are not perfectly observable, such that the government (the

principal) can only condition taxes (or subsidies) on perturbed signals. The prin-

cipal can levy taxes e.g. on work. These taxes (which may be negative) shift the

revenue or outcome from activities between the agent and the principal, and at the

same time allocate risk associated with this activity. The government is not strictly

benevolent; it has own interests instead, which can be interpreted as the maximiza-

tion of GDP, measured by output from work and length of the working life of the

agent. However, although longevity is not valued in its own right by the principal,

it is always indirectly considered in the tax system due to the interaction with work

and retirement. Since the observation of the agent’s effort levels is distorted, only

a second best solution is feasible. I apply the solution mechanism for multi–task

moral–hazard situations proposed by Holmstrom and Milgrom (1991), and derive

comparative statics of the optimal incentives with respect to the agent’s ability.

Several questions in this essay have already been addressed separately in differ-

ent settings, but not together: Wolfe (1983) models an agent who has two choices,

namely retirement age and consumption of leisure, which resembles the activities

work and retirement in my specification. However, both activities are assumed to

be perfectly observable, such that no moral hazard can arise. Instead, Wolfe (1983)

finds adverse selection, since the agent chooses her retirement age (early or post-

poned) based on her life expectancy, which is not observed by the principal of the

pension system. Individuals with high life expectancy benefit from a pension sys-

tem which is actuarially fair for the average pensioner only. A similar reasoning is

applied by Diamond (2003), who shows that agents above a certain threshold of life

expectancy or productivity can exploit the tax/pension system, because the princi-
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pal has to keep incentives for agents with more intermediate characteristics. Also

in an approach applying optimal taxation, Cremer et al. (2004) analyze the inter-

action of health and productivity with respect to the resulting optimal tax scheme

and find that delayed retirement is (relatively) taxed in order to subsidize the re-

spective ’weaker’ type, in order to enable him to retire earlier. Late retirement in

their setting is still preferred by individuals with high productivity or good health,

which are assumed to be positively correlated. Here, life expectancy is still exoge-

nous (and equal across all types of individuals), and retirement age is assumed to

by fully observable.

Introducing moral–hazard, Davies and Kuhn (1992) endogenize life expectancy

by explicitly modelling longevity–enhancing behavior, however, as opposed to the

models of optimal taxation and in contrast to the model I present, income is as-

sumed to be exogenous. The possible trade–off between consumption and invest-

ments in longevity is derived from the budget constraint and the utility decreasing

or increasing effect of the investment. The authors find moral–hazard, namely ex-

cessive investments in longevity, inflicting damage on private providers of annuities

who, however, do not cease to exist, despite moral–hazard.1 Under the presence

of private or public old–age annuities, Philipson and Becker (1998) find a similar

moral–hazard effect, where longevity is also endogenous. The authors addition-

ally track the interaction with public health insurance, which potentially acceler-

ates the moral–hazard effect, as no market prices govern the scarcity of longevity–

enhancing means. In the following analysis, incentives for work out can be inter-

preted as a public health insurance system.

Endogenized life expectancy relates to Grossman (1972) and Grossman (2000),

where investments in health capital consume time and mitigate instantaneous con-

sumption, but allow higher productivity in the future and potentially delay the

time at which the stock of health capital will be consumed. See additionally Wolfe

(1985) for a treatment of this topic, who takes retirement explicitly into account as

a special means of investment in one’s health capital. Yet, in his setting, he fixes life

expectancy, leaving an open issue to analyze. The main contribution of Ehrlich and

Chuma (1990) is the explicit discrimination of the demand for health from the de-

mand for longevity, the latter being directly dependent on the stock of health capital

in Grossman (1972) and Grossman (2000). My analysis differs in one main aspect

from Grossman (1972), Grossman (2000), or Ehrlich and Chuma (1990), since I nei-

ther apply the notion of health capital, nor use any initial endowments in capital,

health-related or physical.

1Intuitively, Davies and Kuhn (1992) can also prove that mandatory annuities larger than those
offered and bought on the private market reduce utility. They argue that a second best mandatory
annuity scheme would have to be actuarially unfair.
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The essay is organized as follows: In the following Section 2.2, I present the

model, namely the interests of the agent and the principal, the technology that

transforms inputs of the agent into output for the principal, the perturbations, and

the tax system (the incentives). In Section 2.3, I solve the model and present com-

parative statics of the incentives with respect to a variation of the exogenous para-

meters, whereas Section 2.4 concludes and gives an outlook on further possibilities

to enhance the presented model.

2.2 The Model

2.2.1 The Agent and the Principal

The representative agent behaves as if he were maximizing the following utility

function, which is additively separable in monetary compensation t and effort q

(time indices τ are omitted):

Ũ =

q2∫

0

[u [t(q)] − c̃(q)] dτ +

ef(q3)∫

q2

[u [t(q)] − c̃(q)] dτ, (2.1)

with

q = (q1, q2, q3) . (2.2)

I refer to the elements of the activity vector q as

q1: Effort spent on weekly (instantaneous) labor supply or labor intensity

(work),

q2: Effort spent on life time labor supply or number of years worked (retire-

ment), and

q3: Effort spent on investments in own longevity (work out).

Here, utility depends positively (and concave) on payments made to the agent

t and negatively on effort costs c̃, which are convex in effort levels. The monetary

compensation to the agent depends indirectly on his effort levels, is constant over

time, and is directly transformed into a consumption good. The first term of Equa-

tion (2.1) denotes utility and effort costs during his working life, which ends with

retirement q2, whereas the second term denotes utility from retirement until the
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day the agent dies. Although q2 as integral bound vanishes, retirement still plays

an indirect role, because of its influence on consumption and effort costs. Life ex-

pectancy is an increasing function f̃ of the total work out the agent undertakes. If

individual discounting and interest rate are zero and if capital markets are perfect,

the agent will choose perfectly constant paths of the control variables q1 and q3,

and life expectancy is a function of the instantaneous level of work out. The utility

function therefore simplifies to

Ũ = f(q3) [u [t(q)] − c̃(q)] , (2.3)

where the payment net of taxes t are now either life-time consumption or average

instantaneous consumption. I now assume that the properties of f(q3) can be at

least approximately captured in the transformed cost function c(q)—which is not

necessarily strictly convex in q3 anymore—and in transformed utility from con-

sumption. Finally, assuming exponential utility from consumption (with r being

the constant parameter of absolute risk aversion), the reduced form objective func-

tion as applied from here on is

U(t, q) = −e−r·q3t − c(q). (2.4)

In general, the properties of the cost function c(q) can be interpreted as abilities

innate to the agent. Due to the interaction of the activities and the private benefits

from work out, the cost function is not necessarily convex in all arguments. The first

and third activity are substitutes in the total cost function c(q), such that private

investments in longevity reduce ceteris paribus the possibilities (or willingness) to

increase the labor intensity. Both activities, work and work out, are competing for

the agent’s weekly time endowment. However, the second and third activity are

complements in the sense that investments in longevity ceteris paribus reduce the

marginal cost of delayed retirement (or prolonged work life). At the same time, de-

layed retirement makes it more worthwhile to invest in longevity. Formally, these

assumptions are summarized in the following cost function,

c(q) =
c1

2a
q2
1 +

c2

2a
q2
2 +

c3

2a
q2
3 +

c13

a
q1q3 + ac23q2q3, (2.5)

which has the desired properties once all parameters are strictly positive, except

c23, which is strictly negative, such that the cross derivative of c(q) with respect

to q2 and q3 is negative. All ci and cij parameters measure effort costs associated
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with the activities, and the common productivity parameter a reduces effort costs

wherever possible. Via this specification, all third derivatives of c(q) are zero, and I

fully describe the agent by her ability a.

The risk-neutral principal (the government) maximizes

W = Q(q) − t[x(q)], (2.6)

where Q is aggregate output from labor supply (as a measure for GDP, e.g.), x is a

signal about the effort levels, and t is the net payment to the agent, conditional on

the observed signals. Here, aggregate output will only depend on q1 and q2, such

that the principal is only indirectly concerned with life expectancy of the agent.

Such a behavior is still consistent with a government that may tax unhealthy be-

havior and subsidize healthy behavior. However, the government does drive nei-

ther of both incentives to their extremes, as purely healthy and longevity–enhancing

activities may interfere with other goals (which is, in this case, depicted by the cost

function). Additionally, an agent may even enjoy unhealthy activities, and the prin-

cipal will not take away the freedom of doing so.

2.2.2 The Technologies

Assume that input supplied q is transformed into output received by

Q = Q(q1, q2). (2.7)

Total output Q represents the aggregate of weekly labor supply and life–time

labor supply, hence Q = Q(q1 · q2). However, in the neighborhood of the equilib-

rium, I approximate this function by a linearization around the equilibrium values

of q1 and q2. I denote the vector of all ∂Q/∂qi by wi, and output takes the specific

form

Q = w1q1 + w2q2 = w′q, (2.8)

w = (w1, w2, 0). (2.9)

The vector w can be interpreted as the technology which transforms input into

output, such that Q resembles a production function with constant returns to scale

around the equilibrium. The respective weights can also be understood as the prin-

cipal’s preferences, which, however, does not matter for the following analysis.
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The principal observes effort levels q only with error, and the signal vector is

x = q + θ, (2.10)

where θ = (θ1, θ2, θ3) is distributed according to a three–dimensional normal dis-

tribution with the variance-covariance matrix

Σ =




σ2
1 0 0

0 0 0

0 0 σ2
3


 . (2.11)

The model is consistent with σ2
i → ∞ (i = 1, 3), which corresponds to com-

pletely unobservable effort levels in activity i or a completely uninformative sig-

nal. The length of the work life, however, is fully observable to the principal, and

all covariances are zero. This is not as restrictive as it may seem, since zero co-

variances only restrict the observability, and not possible interactions in the agent’s

abilities, which are solely expressed by the cross–derivatives of the cost function.

The perturbations can be interpreted in two different ways: First, they impose a

risk on the agent; hence the activity itself might be referred to as being risky. Sec-

ond, the perturbations prevent observability and therefore possibilities to control,

reward, or punish the agent. The perturbation term might be distributed according

to any other distribution function with a single–peaked and non–monotonous den-

sity, the explicit results, however, are derived under the assumptions of a normal

distribution.

2.2.3 The Tax/Pension System

The set of feasible tax systems is limited to a set of affine functions,2 such that

t[x(q)] = α′x(q) + β. (2.12)

Note that (1−αi) is a tax rate on activity i. The respective tax (or subsidy) rates

can only be conditioned on the observations x, and not on output supplied q di-

rectly. In general, a tax system could include the reduction of the allowed activities

to q = (q1, q2). Such a policy is ruled out as not being feasible.

2Which is not restrictive, as affine functions appear to be optimal under the conditions that apply
here, see Holmstrom and Milgrom (1987).
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For the case of work, 1−α1 is equivalent to a payroll tax on weekly labor supply,

as long as α1 is strictly between zero and one; following this, α1 = 1 denotes the

absence of a tax on work, while α1 > 1 denotes a subsidy. Whenever α2 ∈ (0, 1),

there is a positive (implicit) tax on prolonged work beyond the absolute minimum,

imposed by a pension system which is assumed to be mandatory. Without loss of

generality, I normalize the minimum life–time labor supply to zero, which is possi-

ble due to the linearization of aggregate output Q. If α2 = 1, this implies actuarial

fairness of the pension system with regard to the length of a career, whereas α2 > 1

is again a subsidy, over–proportionally encouraging late retirement. A further in-

terpretation of the aggregate of α1 and α2 is that taxation of work depends on age;

see e.g. Diamond (2003) for an application of the concept of age–dependent taxa-

tion.

For the case of work out, the interpretation of α3 as a tax on this activity is not

as straight forward as above. But assume that it is possible to levy a tax on the

consumption of a longevity enhancing good. The nature of this good determines

the degree of observability of the signal x3; consulting a doctor or buying vitamins

might be relatively easy to observe, while exercising at home is not. Any α3 ∈ (0, 1)

indicates that only part of the amount of effort spent on work out becomes effective,

hence that this activity is taxed. A subsidy is also possible, and even a negative α3

can be thought of: Longevity enhancing behavior is not only discouraged, but the

agent is actually invited to spend negative effort on q3, namely to stay away from

the doctor’s and to consume some potato chips in front of the television. Finally, the

policy parameter β is a constant basic income (or flat tax, depending on the sign) for

the agent, independent of his actions, which ensures that the agent’s participation

constraint can always be fulfilled.

2.3 The Solution

2.3.1 The First Order Approach

In the general single–agent and single–task moral–hazard model, two conditions

are always sufficient for the validity of the first order approach, namely the

monotone likelihood ratio property (MLRP) and the convexity of distribution func-

tion condition (CDFC).3 However, these conditions are generally too strong to be

applicable in the multi–task moral–hazard model, such that in the specific case an-

alyzed here, another set of conditions is sufficient, as Holmstrom and Milgrom

(1991) show. Together with the assumption of normally distributed θ and exponen-

tial utility, the term

3For a textbook coverage, see e.g. Bolton and Dewatripont (2005, pp. 142).
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(
∂c(q)

∂q

)′
Σ

∂c(q)

∂q
(2.13)

has to be convex in q.4 Under the given assumptions, this expression factors out to

(c1

a
q1 +

c13

a
q3

)2
σ2

1 +
(c13

a
q1 + ac23q2 +

c3

a
q3

)2
σ2

3. (2.14)

The determinant of the Hessian of the above expression is zero, hence the

Hessian is positive semi–definite and expression (2.13) is convex in q. Applying

the exponential form for U , utility maximization is equivalent to the maximization

of the certainty equivalent UCE of U ,

UCE = α′E(x) + β − c(q) − 1

2
rα′Σα (2.15)

over the choice of q for a given α and β. In general, I have the following incentive

compatibility constraint,

q∗ = arg max
q

UCE, (2.16)

which simplifies under validity of the first order approach and the assumptions on

c(q) to to the explicit effort levels

q∗ = Φ−1




ac2β(c13 − aα1)

a2c1β(ac23 − α2)

−ac1c2β


 , (2.17)

with

Φ = c2
13c2 + a4c1c

2
23 − 2ac13c2α1 + a2c2α

2
1

+c1

[
a2α2(α2 − 2ac23) − c2(c3 − 2aα3)

]
. (2.18)

4MLRP and CDFC are actually not satisfied together with the imposed assumptions—while MLRP
is violated by ∂Q/∂q3 = 0, CDFC does not hold, because the normal distribution is not convex. The
problem is addressed by Jewitt (1988), who shows how the relaxation of one assumption has to be
accompanied by stricter versions of the others.
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In general, the agent reacts to changes in incentive payments as shown in Ta-

ble 2.1. The reaction of effort levels to the (indirect) incentives for the respective

other activities depends on the substitutive or complementary nature of these ac-

tivities. It is positive for the incentives for retirement and work out, as one of these

two activities alleviates the effort costs for the other. The reaction to all other indi-

rect incentives is negative, because the respective activities are substitutes to each

other, either direct (work and work out) or indirect (work and retirement).

A special focus of this paper is on the variation of q3 with respect to ability a.

The effect cannot be signed independently of a: For small a, the effect is negative,

whereas for large a, I find a positive slope, such that the function q3(a, ·), holding

everything else constant, is U–shaped. Interpretation of the partial effects of the

exogenous parameters on ceteris paribus effort levels (for a given set of incentives)

has to take into account that ’small’ c23 actually means |c23| being large, hence the

interaction of retirement and work out being strong. If, on the other hand, c23 is large

(close to zero), this is only compatible with negative incentives for retirement, hence

with α2 < 0, which, however, is possible under the given assumptions (see Section

2.3.3); c13 being small means that c13 fulfills c1c3 > c2
13, which corresponds to the

further condition in Table 2.1 of c1 and c3 being large.5

Except of the derivatives of q3 with respect to c1, c2, and c3, none of the effects

can be uniquely signed. The main determinants of ambiguous signs is the relative

size of the cross derivatives of the cost function, hence of c13 and c23. This effect is

due to their augmenting and reducing property in the cost function: If, for example,

both cross derivatives are small, effort in activity work is decreasing in all ci and

decreasing in c23. Naïvely, effort levels should decline in direct effort costs. Here,

also the indirect effects play a role, such that q∗2 reacts positively on all ci, because

if effort costs are high, the best the agent can do, is to delay retirement, in order to

increase payments and to exploit the cost reducing interaction with work out.

If the agent spends high effort on work, this increases the effort costs for work

out. However, high costs for work out do not hurt so much, if the interaction of

work out with retirement is strong. So once c23 is already small (indicating a strong

interaction), a further decrease away from zero increases the effort level for work.

2.3.2 First Best Solution

The principal is risk neutral and the agent has exponential utility, hence maximiza-

tion of joint surplus E(W ) + U(t, q) is equivalent to the maximization of

5Otherwise, some solutions to the model are exclusively complex and not real. This assumption
will continue to hold throughout the rest of the paper.
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SIGN OF ∂q∗/∂x

exogenous parameters x

α1 α2 α3 a c1 c2 c3 c13 c23

q∗
1

+ if c2, c3 − if c13; c23 + if c13 +/− − if c13; c23 − if c13 − if c13 +/− + if c13; c23

large small; large small small; large small small small; large

q∗
2

− if c13; c23 + if c2, c3 − if c23 +/− + if c23 + if c23, c1, c3 + if c23 + if c13; c23 +/−
small; large large large large large large small; large

q∗
3

+ if c13 − if c23 + always + if a − always − always − always − if c13 + if c23

small large large small large

Table 2.1: Comparative Statics of Effort Levels
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Q + UCE = Q − c(q) − 1

2
rα′Σ, (2.19)

where UCE is again the certainty equivalent of U(t, q). The first best solution is

reached once all activities are deterministically translated into observed output,

hence when all σ2
i are zero. The incentives α∗ are then given by




α∗
1

α∗
2

α∗
3


 =




w1

w2

0


 . (2.20)

The incentives are simply the weight the principal assigns to the respective ac-

tivities. The optimal effort levels of the first best solution are given once the general

incentives αi in Equation (2.17) are replaced by the weights in Equation (2.20).

2.3.3 Second Best Solution

Now, allowing for strictly positive elements in Σ, the second best solution is again

reached by maximization of the joint surplus:

max
α

E(W ) + UCE (2.21)

I refrain from the lump sum payment β, which I only use in order to fulfill the

participation constraint U ≥ U . The vector of marginal tax rates is given by

α∗ =
(
I + rc′′Σ

)−1
w′ (2.22)

with α∗ = (α∗
1 α∗

2 α∗
1)

′, I being the 3 × 3 identity matrix, c′′ the 3 × 3 matrix of

second derivatives of c(q), and w and Σ as defined in Equations (2.9) and (2.11),

respectively. Solving (2.22) explicitly, I have

α∗ =




Ψ−1aw1

(
a + c3rσ

2
3

)

Ψ−1a2w1c13c23r
2σ2

1σ
2
3 + w2

−Ψ−1aw1c13rσ
2
1


 , (2.23)

with
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Ψ = a
(
a + c1rσ

2
1

)
+ rσ2

3

[
ac3 + rσ2

1

(
c1c3 − c2

13

)]
. (2.24)

In any case, α∗
1 has always a different sign than α∗

3. The sign of α∗
2 depends on

the relative strength of the exogenous parameters—especially on the weight w2 and

the absolute size of c23. Comparison of all α∗
i from the first best with the second best

solution does not yield a clear answer and depends on the relative size of respective

parameters, so incentives for work, retirement, and work out may be larger or smaller

and can even be negative in all cases (but not at the same time).6

Since each of the optimal effort levels q depend on all αi, and the transition

from first best to second best does not allow to sign all αi uniquely, the change of

the optimal effort levels is also ambiguous. For the case of either work or work out

being unobservable (hence, for σ2
1 → ∞ or σ2

3 → ∞), see Appendix 2.A.

2.3.4 Comparative Statics

See Table 2.2 for a summary of comparative statics with respect to the exogenous

parameters, computed under the already known assumption of c13 being small.

SIGN OF ∂α∗/∂x

exogenous parameters x

w1 w2 σ2
1 σ2

3 r a c1 c2 c3 c13 c23

α∗
1 + 0 − + − + − 0 − + 0

α∗
2 − + − − − − + 0 + − +

α∗
3 − 0 − + +/− +/− + 0 + − 0

Table 2.2: Comparative Statics of Incentives

With the exception of the derivatives of α∗
3 with respect to risk aversion r and

ability a, all other derivatives of αi (i = {1, 2, 3}) are uniquely signed. The weights

have the predictable influence on incentives, namely that the higher the weight on

a specific activity, the higher is the direct incentive. If another activity interferes,

incentives for this alternative activity may decrease. Variance or risk in the obser-

vation of work reduces incentives for all activities in order to reduce the agent’s

exposure to that risk. Higher σ2
3 leads to a lower reward for delayed retirement and

6Negative incentives arise for work if Ψ is negative, hence if c13 is large, and vice versa for work
out.
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a higher reward for work, because the principal wants the agent to shift effort from

one activity to the other.

The higher the effort costs for work, the lower are the respective incentives, be-

cause the principal urges the agent to shift attention from work to delayed retire-

ment. This ceteris paribus result is already described in general by Holmstrom and

Milgrom (1991). Yet, the effort costs associated with delayed retirement have no

influence on incentives, as this effort is perfectly observable and therefore enforce-

able. Even though the direct benefits of work out do not accrue to the principal,

incentives change with the increased effort costs associated with it; the fraction of

output from work that is distributed to the agent can be lower, while the reward for

delayed retirement has to increase.

If the interaction between work and work out is strong, the principal is willing

to pay more for work, while the payments for work out are even more discouraging.

Yet, the interaction of retirement and work out does not change incentives for the

latter, as retirement is perfectly observable and does not need high–powered indirect

incentives. For larger c23 (meaning, for c23 being closer to zero), incentives for

delayed retirement increase.

Now, focus on the important relationship between incentives and ability a. In-

centives for work increase in ability, such that more able agents are encouraged to

work more (e.g., by lower taxation for work), but incentives for delayed retirement

actually decrease in a, which corresponds to higher implicit taxation or a progres-

sive pension system. This relates to the theoretical findings of Bommier et al. (2005),

who derive that the implicit tax on delayed retirement should be increasing in the

retirement age. Finally, the relationship between incentives for work out and ability

is not monotone. For small a, incentives decrease in a, whereas for large a, incen-

tives increase. The threshold7 is at

ã =
√(

c1c3 − c2
13

)
r2σ2

1σ
2
3, (2.25)

meaning that the relationship is U–shaped in the positive domain of a and as long

as all σ2
i are finite.8 Since actual effort levels correspond monotonously to incen-

tives, investments in longevity and ability exert a U–shaped relationship as well.

This phenomenon can be summarized and explained as follows: An agent with

low ability is encouraged to work out and to delay retirement, but not to work. This

least able agent is not encouraged to both q1 and q3 at the same time, because of the

7The same threshold ea from Equation (2.25) governs the sign of ∂α∗

3/∂r, for small a this derivative
is greater than zero and vice versa. In terms of the parameter of risk aversion itself, incentives for
work out increase for very risk averse agents, while they decrease if the agent is less risk averse.

8Note that while c13 is large, the threshold ea is not in the real domain, which is ruled out.
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cost augmenting interaction of both. He is better to be encouraged to the activities

which interact as complements. A very able agent is encouraged to work and to

work out, but not to delay retirement, which is not necessary, because the most able

agent will choose relatively late retirement anyhow according to the interaction with

his high effort in work out. But due to his high ability, it is worthwhile to encourage

him to work as well. Eventually, an agent with intermediate ability is not encour-

aged to work out and faces moderate incentives for the other activities; incentives

for q3 are necessary only as a means to encourage either q1 or q2 indirectly. Here,

incentives both facilitate work and delayed retirement, such that the aggregate indi-

rect effects of work out on effort costs at least partially cancels out—incentives for

work out are not effective in promoting the other activities.

The result that incentives for work out or investments in longevity as well as

associated effort levels are not monotone, but U–shaped in the agent’s ability relates

to empirical findings e.g. by von Gaudecker and Scholz (2007), Clark (2007), and

Chapter 4 of the present thesis. The downward sloping area of the function that

maps life expectancy to income may not be an artifact of the respective data sets or

the methodology, but expression of the underlying economic mechanism outlined

in this essay.

2.4 Conclusion

In a Holmstrom and Milgrom (1991) moral–hazard model with multiple activities,

I model an agent who spends effort on work, retirement, and work out. The effort

costs of these activities interact, such that work out increases costs for work, but de-

creases costs associated with delayed retirement. Under certain assumptions on the

parameters, the second best optimal incentives for work out are U–shaped in the

agent’s ability, and so is the optimal effort level in this activity. High incentives for

work out for the least able encourage the agent to exploit the cost–reducing proper-

ties of the cost function and come with high incentives for the complement, namely

delayed retirement. The most able agent faces high–powered incentives for work out

mainly due to their indirect effect on delayed retirement, which allows to reduce

incentives for this activity. In order to simultaneously promote work for the most

able, incentives for it are high as well.

Of course, this model only serves as a first step from which further research

on the potentially non–monotone relation between ability and longevity could de-

part. One direction includes the extension of multiple agents, either homogeneous

or heterogeneous in ability. Risk will play a minor role in such a setting, once

a relative incentive scheme is feasible for the principal (relative incentives in a na-
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tionwide tax system may seem unusual, but the public pension system in Germany

e.g., conditions the earned benefit claims explicitly on the relative position of each

agent among all others). Another direction may refine the labor supply decision of

the agent and explicitly incorporate income effects, which work against a monoto-

nously increasing labor supply, either weekly or with respect to retirement (see

Chapter 4 for a brief conjecture on the effect of heterogeneous elasticities of labor

supply).

2.A Appendix: Optimal Incentives with Infinite Variances

If either one of the perturbed activities work or work out cannot be observed at all,

optimal incentives are given by

α∗|σ2

1
→∞ =




0

Ψ−1
1 a2w1c13c23rσ

2
3 + w2

−Ψ−1
1 aw1c13


 (2.26)

with Ψ1 = ac1 + rσ2
3

(
c1c3 − c2

13

)
, and

α∗|σ2

3
→∞ =




Ψ−1
3 aw1c3

Ψ−1
3 a2w1c13c23rσ

2
1 + w2

0


 (2.27)

with Ψ3 = ac3 + rσ2
1

(
c1c3 − c2

13

)
. Obviously, incentives cannot be conditioned

on unobservable effort levels, but, more importantly, if one of the effort levels be-

comes unobservable, incentives for the other activities change. Focus on the latter,

σ2
3 → ∞, which is more plausible (it is easier to observe and therefore to tax instan-

taneous labor supply than potentially private activities that enhance longevity):

Assuming that risk aversion is larger than one, and σ2
i being not smaller than one, I

have Ψ3 < Ψ. However, the denominator of α∗
i |σ2

3
→∞, i = 1, 2 is also smaller in the

case of unobservable work out, such that the change of α∗
i is not uniquely signed.
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3.1 Introduction

The length of the period between retirement and death (the duration of the benefit

spell) is the crucial determinant for the rate of return from the German public pen-

sion system. Contributions are conditioned on income, whereas monthly benefits

are paid according to the amount of benefit claims and the current value of these

claims. The benefit claims are measured in points, and one point corresponds to the

claims earned by the contributions based on one year of the average income. Since

this point value is equal for all pensioners in each year, the individual monthly

pension is proportional to the total amount of individual contributions. Yet, people

tend to receive their pension for different periods, such that the total amount of

benefits is not necessarily proportional to the contributions. Differences occur for

two reasons, namely due to differences in the retirement age and differences in life

expectancy.

The key question is whether differences in duration (and hence, in the internal

rate of return from the pension system) are systematic. If they are not, the public

pension simply fulfils its task as an insurance against longevity, and individual

deviation from the average rate of return is random. If, however, the duration

under the benefit spell varies systematically with income, e. g., then a potential for

unintended redistribution among different income groups arises.

Especially life expectancy is usually perceived to be increasing in socio–

economic factors such as income. Recent empirical findings at least partially cor-

roborate this conjecture, among them von Gaudecker and Scholz (2007).1 Other

things—especially retirement age—equal, this finding alone would be an indication

for redistribution from the bottom to the top of the income distribution. Addition-

ally, retirement age might be a function of income as well. Evidence in this case is

controversial, see Berkel and Boersch-Supan (2004) versus Schils (2005) with oppos-

ing results with respect to the impact of income or wealth on retirement age. The

impact of socio–economic factors on the aggregate of both, namely on the duration,

has been examined by Lauterbach et al. (2006). They find that duration is indeed

higher for individuals with higher income. Still, the death cohort they observe is

rather small, and benefit payments before the age of 65 are neglected. In contrast

to this analysis, I propose to include any kind of pension benefits, especially those

for early retirees and disability pensions. Another recent empirical contribution
1However, in their seminal paper, Adams et al. (2003) find no causal link of socio-economic status

on mortality. Instrumenting income or wealth in order to account for endogeneity, there exist two
opposing results with respect to the impact of income on health, which is closely related to mortality.
Meer et al. (2003) find only a weak impact of income on health, whereas Lindahl (2005) does find a
significantly positive impact. Even in the study by von Gaudecker and Scholz (2007), it is debatable
whether the relationship between income and mortality is really monotonously increasing over the
whole support of the income distribution.
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with regard to heterogeneous social security outcomes by different subgroups of

the population in the United States has been made by Liu and Rettenmaier (2003),

who find that the shorter life expectancy of blacks yields a lower return from social

security even despite progressive elements in the U.S. social security, which are not

in place in the German retirement benefit formula.

Theoretical literature on duration as a function of income being the driving

force behind heterogeneous implicit taxation in pension systems is mainly based

on models of optimal taxation. Diamond (2003, pp. 87) derives an optimal pension

system (or age–dependent tax system) that takes exogenous differences in life ex-

pectancy into account, and concludes that different implicit tax rates (or, in other

words, different rates of return2) are actually second best optimal. Breyer and Kif-

mann (2002) analyze the effect of the adjustment of discounts for early retirees on

the implicit tax rate—however, heterogeneous life expectancy does not matter in

their analysis. Its separate effect on the implicit tax of a pension system is analyzed

in Breyer and Kifmann (2004). Fenge et al. (2006) derive a factual and an optimal

life–cycle profile of the implicit tax imposed by a social security system and find

that actual as well as optimal implicit taxation differs even despite absent differ-

ences in duration under the benefit spell. Butrica et al. (2006) propose an exact

measure of the size of the implicit tax exerted on prolonged work and find that

the implicit tax in the United States is indeed smaller for individuals with a life ex-

pectancy above average, yet, their measure is not directly transferable to Germany,

as general income tax and health insurance are also taken into account.

Standard theory on the effect of income on longevity is mainly contained in

Grossman (2000), who summarizes his own earlier work on health capital as well

as contributions and extensions by subsequent authors. Though life expectancy is

in general not a direct choice variable in these models, death is usually assumed

to occur once health capital depreciates below a certain threshold and is therefore

(positively) affected by income or initial wealth. There exists a comparably vast

strand of theoretical literature with regard of the retirement decision, effectively be-

ginning with Feldstein (1974), Diamond and Mirrlees (1978), and Sheshinski (1978),

who estimate and analyze the effect of a pension system on savings and, even more

important, the retirement decision. A recent theoretical contribution by Bloom et al.

(2005) indicates that initial wages are negatively related to retirement age, but the

growth rate of income has a positive impact. The first is explained by the income

effect of higher wages on labor supply in general, which is also important for the re-

tirement decision. Although longevity is a main driving variable in their theoretical

2Both, internal rate of return and implicit tax measure the same phenomenon, the implicit tax
being the difference between the rate of return on the capital market and the internal rate of return of
the pension system.
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model, an empirical test of this model in Bloom et al. (2006) shows that subjective

probabilities of survival have no impact on the retirement decision in the United

States.

In order to overcome parametrical structure, I apply fully non–parametric and

semi–parametric methods. This is especially useful as neither theory nor earlier

empirical research gives a guideline for a general pattern between benefit claims

and duration of the benefit spell. On questions of redistribution or social security,

there have been very few applications of non–parametric methods: I am not aware

of any non–parametric analysis with respect to redistribution or the duration of

the pension benefit spell. Meghir and Whitehouse (1997), Antolin and Scarpetta

(1998), and Bratberg et al. (2004) analyze retirement behavior non–parametrically,

and Meghir and Whitehouse (1997) find that in the UK, income has a positive im-

pact on delayed retirement. All studies find that their respective measures of social

security wealth (hence, the financial incentives the pension system provides) actu-

ally influences the retirement decision.

On the non–parametric estimation of mortality, see e.g. Denton et al. (2005),

however, their analysis—used to forecast mortality—does not discriminate be-

tween different income groups. Portrait et al. (2001) and Fan et al. (2004) analyze

the effects of mortality and health status or health care, respectively. While Portrait

et al. (2001) estimate remaining life expectancies conditional on certain health inci-

dences, Fan et al. (2004) estimate the relationship between income and health care

expenditures, which they find to be highly non–linear. Although the mentioned

approaches are all non–parametric, there are still fundamental differences to the

methodology which I apply here (local regression), as e.g. Antolin and Scarpetta

(1998) or Felipe et al. (2001) estimate a hazard–model, and Portrait et al. (2001) ap-

ply an index model.

In this paper, I find that the answer to my key conjecture of income–induced dif-

ferences in duration is sensitive to the sub–group under consideration and to the

question whether the impact of benefit claims on duration should be controlled for

other influences in order to infer on redistribution. I propose to restrict the relevant

group to individuals with at least 25 years of contribution in order to guarantee that

benefit claims are a good proxy for life time income. Applying non–parametric and

semi–parametric methods, I find evidence for duration to be increasing in benefit

claims. The shape and level of the analyzed relationship depends additionally on

the health status of the individual, which is measured by the time spent in ill–health

or rehabilitation. In general, people in ill–health benefit from a longer benefit spell,

but the positive impact of income is stronger for people in worse health. The most

adequate specification accounts for endogeneity and produces a clearly positive
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impact of benefit claims on duration. So, on average there is evidence for redistri-

bution from poor to rich in the pension system. A comparison of these results to

standard (W)LS and 2SLS regressions indicates that the income gradient is always

significant, although its predictive power is low.

The remaining paper is organized as follows. In section 3.2, I introduce the data

set. Section 3.3 gives a short overview of the descriptive statistics, whereas section

3.4 introduces the econometric method, which is mainly based on locally linear

regression. Section 3.5 discusses the results, and in Section 3.6 I conclude.

3.2 The Variables

The variables used in this analysis stem from a data set with pension discontinua-

tions from 1994 to 2005, published by the Federation of German Pension Insurance

Institutes (Deutsche Rentenversicherung Bund), see FDZ-RV (2007). It contains a

10% sample of all discontinued public pensions due to the death of the beneficiary,

which amounts to roughly 828,000 observations. However, each observation corre-

sponds to a pension, and not to an individual retiree, who can benefit from more

than one pension. This is the case for individuals who receive a pension due to the

death of a spouse before they are eligible for their own pension, or individuals who

receive a disability pension which is transformed to an old–age pension. Correct-

ing this, I am left with 209,751 observations.3 The most important variables are the

sum of pension benefit claims, the length of the work life, and the duration under

the benefit spell. All used variables are described in detail below:

Benefit claims: The sum of pension benefit claims, measured in points. One point

corresponds to one year of contributions based on the average income of

those who contribute to the social insurance schemes.

Years of contribution: The number of years in which own contributions have been

paid.

Duration: Constructed by subtracting the year of entry into the first pension from

the year of death. The first pension may already be the old–age pension, but it

also encompasses all kinds of disability pensions. For redistributional issues,

the total length of the benefit spell (and therefore my notion of duration) is

the relevant measure.

Sex: Sex of the beneficiary, though the major part of this paper is only concerned

with male pensioners.
3Additionally, I exclude individuals where I cannot observe certain important characteristics, such

as the date of birth, nationality, residence, retirement age, benefit claims, or the years of contribution.
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Residence: The place of residence, aggregated to West Germany and East Ger-

many (Berlin adds to West Germany).

Months in unemployment: Time spent in unemployment, in months.

Months in ill–health: Time spent in ill health (as long as this time is relevant for

the pension system), in months. This also covers time spent in rehabilitation

treatments.

Type of pension: Either old–age (the standard case) or pension paid due to a re-

duction of the earnings capacity (for readability, from here on denoted as dis-

ability pension, although from an administrative point of view, this term is

not correct). At the legal retirement age, disability pensions are transformed

into old–age pensions.

I have to take all other variables which are contained in the data set with care.

They are only reliable when they have been used for the calculation of benefits,

otherwise they are unreliable or missing, which is e.g. the case for marital status.

Other variables are not reliable for a similar reason: The number of children is ac-

tually important for the benefit calculation, as once the individual has interrupted

his working life, some benefit claims can be earned by the upbringing of children

as a counterbalance to the lost years of work. However, only one of the parents

can make use of this feature, such that this variable does not measure the ’physical’

number of children.

In most local regressions, I do not include the whole set of observations. Though

some results are reported for the whole sample as well, this is not necessarily the

relevant one. Since income per year or working life (or the earnings capacity) can-

not be observed directly, it has to be ensured that the benefit claims are a good

substitute. In the simplest case, namely when an individual has worked his whole

career and contributed to the public pension system, benefit claims are a linear

transformation of income.4 This still holds even if the individual under observa-

tions had suffered from periods of unemployment and (longer lasting) illness or

if he or she had raised children. The measure is then slightly diluted, but still a

good proxy for income. The close relationship between total income and benefit

claims however is not guaranteed once the individual had been self–employed or

had worked as a public servant for some time in his career. During these times,

usually no contributions are paid, as membership in the public pension system is

not mandatory (or even possible) anymore.

4Up to a certain income, beyond which contributions (and therefore claims) are capped. The
maximum contributions are based (in 2008) on a monthly gross income of EUR 5300 and are adjusted
on a yearly basis.
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From a methodological point of view it has to be stressed that the basis of my

analysis are death cohorts, and not birth cohorts, because the set of the latter is not

self–contained and might lead to a bias, as there are only very few birth cohorts of

which all members have died and of which total duration under the benefit spell

has therefore been realized already. Despite an existing measure for remaining life

expectancy (and therefore for expected duration) conditional on age, this measure

is not applicable, because it only captures average remaining life expectancy, disre-

garding the differences among income groups.

3.3 Weighting Scheme and Descriptive Statistics

The sample I use suffers from a selection bias. Since I observe a death cohort

(though a rather large one), life expectancies are biased downwards, and therefore

duration of the benefit spell may also be biased. Life expectancy has been increas-

ing with the year of birth.5 The present sample only partially accounts for this

increase, because especially individuals from younger birth cohorts (whose ex ante

life expectancy should be higher) only appear in the sample if they died relatively

young.

The approach to correcting the selection bias is the following. As the relation-

ship between increased life expectancy and year of birth is empirically linear,6 a

linear weighting function, which decreases with the year of birth, corrects the bias.

The choice parameter is the slope of the weighting function, while the intercept

serves as a normalizing constant that limits the range of the potential slopes in or-

der to ensure the non–negativity constraint. If b denotes the year of birth (normal-

ized to zero for the earliest birth cohort), the weighting function ω has the following

form, with s being the slope parameter:

ω(b) = 1 − s · b (3.1)

With the intercept set to one, s can vary between zero (hence, a weight of one for

all birth cohorts) and .0103, which just ensures that the weight for the latest birth

cohort is still positive. I select the weighting function which minimizes the differ-

ence between the weighted average life expectancy in my data and the exogenously

known life expectancy, which is the case once I set s = .0103.

Standard descriptive statistics for the variables of interest (weighted as well as

5See Chapter 4 for a detailed treatment on the problem of the present selection bias and its solution.
6See e.g. Statistisches Bundesamt (2007, p. 54) and Human Mortality Database (2005), own calcu-

lations.
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unweighted) in each data set can be found in Tables 3.1 and 3.2. If the sample is

restricted to individuals with at least 25 years of contributions, I expect the average

amount of total benefit claims to increase, which it does. But more interesting, the

average claims–per–year measure is only slightly affected by the restriction, which

indicates that I can attribute the major fraction of the increase in total claims to the

sheer number of additional work years alone.

Realized duration, however, differs from what is officially reported, which re-

quires an explanation. My sub–sample yields (at maximum) an average of 8.82

years for total duration, whereas the average duration for all who died in the re-

spective years was higher, namely 17.57 years. This is due to the same selection

effect I introduce above, severed by legislation: A major legislative change in 1992

(essentially the introduction of early retirement discounts) affects the calculation

of pension benefit claims at retirement age. Among others, the variable ’years of

contribution’ was adjusted, such that for any retirement before 1992, benefit claims

were based on a different measure of years of contribution, which is not feasible

anymore. Public pension administration based the pensions of all individuals who

retired after 1992 on the new measure, which is included in the data set. The same

holds for months in ill–health or unemployment, which are also recorded contin-

gent on the year of retirement only. Yet, years of contribution are relevant and play

a double role in this analysis. First, they serve as additional control, but second and

more important, they are necessary to compute average claims per year, which in

turn are necessary to compute an instrument for the potentially endogenous vari-

able ’benefit claims’.

The selection effect works as follows: With the exception of those who died re-

ceiving a disability pension, the individuals I include in most specifications retired

into old–age pensions 1992 or later. With deaths that occurred between 1994 and

2005, this restriction imposes an upper bound on realized life expectancy, which

cannot be fully overcome by the weighting scheme I propose. Based on the other-

wise excellent administrative data, a complete analysis with all types of pensions,

but without weighting will have to be postponed at least two decades. Despite the

bias, the findings of the analysis remain valid: In a locally linear regression of dura-

tion on total benefit claims which does not utilize years of contribution in one way

or the other (hence, benefit claims are not instrumented), I include the complete

sample. This yields to results which are—compared to the restricted samples—

only different in level, but not in the shape of the relationship between duration

and benefit claims. Furthermore, the sub–group I can observe is already decisive

for major channels of redistribution which are relevant for all other individuals as

well, as e.g. the interaction between benefit claims and the type of pension has its
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natural focus on those who died early, especially before the transformation of the

disability pension into an old–age pension.

3.4 Econometric Method

3.4.1 Locally Linear Regression

In this analysis, I impose no restriction on the shape, and hence no parametric form

of the relationship. Instead, I estimate a fully non-parametric function:

yi = f(xi) + ǫi (3.2)

I use locally linear regression as the method to fit y on x.7 At each pair of obser-

vations (xi, yi), I fit a linear relation around this pair, using the neighboring obser-

vations with a kernel weight decreasing in the distance to xi. This method is proven

to be efficient and is especially not biased at the left and right boundaries, where

fewer observations are found, see e.g. Fan and Gijbels (2003, pp.60). The weights

I apply are based on the Gaussian kernel, such that the whole range of x and y is

used for each local regression, however, with differing weights. For my application,

the slight efficiency loss of the Gaussian kernel as compared to the Epanechnikov

kernel (see Mittelhammer et al. 2000, p.,606) is more than outweighed by its com-

putational advantages.

For the application of the kernel it remains to be determined how fast the

weights decrease.8 I apply the plug–in method proposed by Loader (2004) and

choose the bandwidth h to be

h =

(
σ2(b − a)2

∫
K(v)2dv

n
(∫

v2K(v)dv
)2 ∫

m′′(x)2dx

)1/5

, (3.3)

where σ2 is the error variance, m′′(x) is the second derivative of the estimated func-

tion, and a and b are the lower and upper bounds of x. Using a first stage (or pilot)

estimate, I obtain an estimate of the error variance by

7In principle, this method goes back to Cleveland (1974). On implementation and selection of the
smoothing parameter, refer to the more recent Loader (2004).

8For a finite kernel, e. g. the triangular or rectangular kernel, this choice corresponds to the choice
of the distance around (xi, yi) that determines the included observations for each local regression.
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σ̂2 =
1

n − 2ν1 + ν2

∑

i

[yi − m(xi)]
2 , (3.4)

with ν1 and ν2 as adjustment for the degrees of freedom (see again Loader 2004 for

the computation). If the first stage estimate involves a local quadratic fit instead of

a local linear regression, the elements of m′′(x) are the respective coefficients which

measure the impact of the local quadratic term. It remains open to pick a band-

width for the pilot estimate; in this analysis, I apply Silverman’s Rule–of–Thumb,

hence hpilot = 1.06σxn−1/5, where σx is the standard deviation of the regressor.9

3.4.2 Multi–Variate Locally Linear Regression

In principle, the regressor x is not restricted to be a scalar. Any regressor matrix of

the dimension n × k can be implemented. In the case of two regressors, the result

is a surface of fitted m(xi1, xi2) values above the (x1, x2) plane, which allows to

extract as partial results all conditional moments, namely the functions m(xi1|xi2)

and vice versa. Though this can (in theory) easily be extended to k > 2, two re-

strictions arise: First, a diagrammatic illustration of m(xi1, xi2, · · · , xik) is no longer

feasible. Secondly, the so-called curse of dimensionality arises, which states that

the number of observations has to increase more than proportionally with each ad-

ditional regressor if the same degree of precision10 is desired. Generally, none of

the xj , x ∈ (1, . . . , k) should be a constant, as the level of m(xij) is determined via

the local regressions. The bandwidth choice draws on Yang and Tschernig (1999),

with some simplifications: I choose h = 1.06σxn−1/(4+d), with σx being the average

over the sample standard deviations of the regressors, and d denoting the number

of regressors.11

9Note that Silverman’s Rule–of–Thumb and Loader’s proposal are related to each other; where
Silverman’s ROT relies on distributional assumptions with respect to the data, Loader (2004) replaces
these assumptions by their sample counterparts (with measures for the variance and the skewness
of the data and the kernel). The GAUSS 7.0 code of this procedure I have written and applied is
available upon request. In order to speed up computation, the final estimation of the conditional
moment vector E(y|x) is performed on an equally spaced grid of 50 points on the total range of x,
whereas for each local regression the complete x and y vectors are used. The computation of the plug–
in bandwidth, however, requires that the complete set of observations is used in a locally quadratic
regression. In terms of CPU time, cross–validation is much slower, and in addition, the determination
of the smoothing parameter by plug–in methods is more stable (see Fan 2000 for a short overview),
which is corroborated by experiments with smaller sub–samples of the data set on hand, where the
cross–validated bandwidth varies by the factor five.

10See Yatchew (2003), pp. 17. ’Degree of precision’ is inversely defined by the approximation error,
which has the order of magnitude of 1/n1/k.

11In the multi–variate case, the final estimation is performed on a grid of 25 equally spaced data
points on each x vector. The local regression on each grid point, however, uses again the whole
sample.
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3.4.3 Partially Linear Regression

Accounting for the trade–off between imposed structure and the necessity of addi-

tional control variables, I also apply a partially linear model. Let x1 be the regressor

I want to analyze non–parametrically. I then denote all other regressors except x1

which enter parametrically by x−1. The model has the following form:

yi = f(x1i) + x′
−1iβ + ǫi (3.5)

The parameter vector β is unknown (just as the function f ). In order to ap-

proach an estimation technique, I rewrite the partially linear model in terms of

expectations, conditional on x1:

E(yi|x1i) = f(x1i) + E(x−1i|x1i)
′β (3.6)

I estimate these conditional expectations non–parametrically, i. e. by fitting a lo-

cal polynomial. Denote the estimates by

̂E(yi|x1i) =: my(x1i)

̂E(x−1i|x1,i) =: mx(x1i). (3.7)

The partially linear model in terms of conditional expectations of Equation 3.6

is then

yi − my(x1i) = [x−1i − mx(x1i)]
′β + ǫi, (3.8)

and β can be estimated by least squares. Denoting the estimate β̂ and using Equa-

tions 3.5, 3.6 and the Definition 3.7, I finally obtain an estimate for f(x1i) by

f̂(x1i) = my(x1i) − mx(x1i)
′β̂ (3.9)

However, note that the elements of the partially linear model can only be iden-

tified under two restrictions,12 namely

12See e. g. Pagan and Ullah (1999, p. 198).
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E(ǫi|x1i, x−1i) = 0 (3.10)

and the absence of a constant in the parametric regressor vector x−1i. The first

condition will be violated once yi and x1i are endogenous variables. The latter is

due to the fact that f(x1i) is left unspecified, such that any constant term in x−1i

can not be distinguished from a shift of f(x1i).

3.4.4 Endogeneity

Total benefit claims are potentially endogenous with duration of the benefit spell.

The benefit spell begins with the retirement age, which itself affects the amount

of collected claims: Delayed retirement directly increases the amount of collected

claims due to the contributions paid in this time. In order to account for the endo-

geneity bias, I use an instrument, namely hypothetical benefit claims normalized

to a certain age, which I choose to be 60.13 This can be constructed by subtracting

(adding) the claims which (would) have been earned between actual retirement age

and the age of 60:

x̃ = x +
x

years of contr.
(60 − ret. age), (3.11)

where x is the sum of claims. Although the method used here is fundamentally

non–parametric, the approach is similar to 2–stage least squares. As a first step, I

estimate the relationship between the instrument and the original explanatory vari-

able by least squares: Suppose that xi is endogenous with respect to yi; however,

there exists a variable x̃i which does satisfy the restriction of conditional orthogo-

nality and which is associated with the original xi by

xi = x̃iθ + ui. (3.12)

A linear relation between the instrument ’hypothetical claims’ and the origi-

nal regressor ’actual benefit claims’ can be based on the following argument: If

the average benefit claims per year of contribution does not vary with the years

of contribution (which is justified by the descriptive statistics in Tables 3.1 and

13At the age of 60, the average pensioner in the sample retires; yet, this choice is arbitrary and the
validity of the instrument does not rely on the normalization age. See Angrist and Lavy (1999) for
another example and a justification of the validity of the prediction of a variable as its instrument.
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3.2), the association between x and x̃ is linear by construction. Under linearity

of E(ǫi|xi, ui) = u′
iρ, the relationship among the residuals is

ǫi = u′
iρ + νi, (3.13)

where ǫi is the residual of the model in Equation (3.2). The endogeneity–adjusted

model can then be written as

yi = f(xi) + u′
iρ + νi. (3.14)

Finally, in the second step, I estimate the model partially linearly. As ui is not

directly observable, it has to be replaced by an estimate, namely by the residual of

Equation (3.12) estimated by least squares. The function f can be identified by the

partially linear model I propose above, with u as additional parametric regressor.

On this identification strategy, see Yatchew (2003, pp. 87) for a textbook treatment,

Speckman (1988) for the introduction of partially linear models with smoothed con-

ditional moments as statistical method, and Blundell and Duncan (1998) for a sem-

inal application, including the problem of endogenous regressors.

Significance of the IV–residual in the final partially linear regressions falsifies

exogeneity of benefit claims as regressor. In the least squares framework, I can

apply formal tests for the validity and strength of the instruments I use.14 First, the

instruments used in the regressions are strong. A standard F–test applied to the

first stage regression of the original regressor on the instrument (in a 2SLS setup,

which also applies for the first stage regression in the partially linear framework)

reaches 5380.57, and the instrument itself is highly significant. The requirement of

orthogonality, hence of no correlation between the instruments and the residual of

the ’wrong’ regression of y on the original regressor x is only partially fulfilled; the

correlation coefficient between the instrument or the instrument squared and the

residual is (rounded) .0955 and .0151, respectively. These values are very small, but

still significantly different from zero.

A related, but different approach to account for the endogeneity bias is the re-

placement of total benefit claims as explanatory variable in the first place. Using

average benefit claims instead, there is no reason anymore for duration (or indi-

rectly, retirement age) to reversely cause the regressor.

14In the partially linear regressions, I need only one instrument, namely hypothetical benefit claimsex. In the least squares regression framework, however, I fit a polynomial of degree two in the explana-
tory variable, so I need (at least) two instruments. I use predicted benefit claims squared as second
instrument.
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3.4.5 Bootstrapped Confidence Interval

I bootstrap confidence bands around the semi–parametrically estimated function

f(xi). The procedure I apply borrows from Yatchew (2003, p.161). First, I pro-

duce over–smoothed and under–smoothed estimates f(xi) and f(xi), using 0.9h

and 1.1h. Based on the under–smoothed estimate, I calculate the residuals ǫ̂i =

yi − f(xi). Since I cannot rule out heteroscedastic errors, I transform the error vec-

tor and apply a so–called wild bootstrap (see Yatchew 2003, pp. 156 or Li and Racine

2007, pp. 289, 308). The transformed errors are then:

ǫ̂i
wild =





ǫ̂i
1−

√
5

2 with Pr = 5+
√

5
10

ǫ̂i
1+

√
5

2 with Pr = 5−
√

5
10

(3.15)

From all ǫ̂i
wild, I draw new errors ǫB

i with replacement, and the bootstrap–

sample I construct by

yB
i = f(xi) + ǫB

i . (3.16)

Based on the bootstrap–sample and the original bandwidth h, I estimate a new

semi–parametric function fB(xi). I repeat the drawing of ǫB
i and the subsequent

estimation of fB(xi) several times, such that the α–confidence band is finally given

by the α/2 and the 1 − α/2 quantile of the empirical distribution of all fB(xi).

3.4.6 Approximate Confidence Interval

Additionally, I approximate a pointwise confidence interval around the estimate of

f(xi) using conditional standard errors σ(xi) at each grid point of x. The confidence

bounds are given by (see Härdle et al. 2004, pp.119)

fCB(xi) = f̂(xi) ± zα

√∫
v K2(v)dvσ̂2(xi)

nhp̂(xi)
, (3.17)

where zα is 2.58, given the number of observations and the desired confidence level

of 99%. The estimated conditional (or local) standard deviation is

σ̂2(xi) =
1

n

∑

i

w(xi)
[
yi − f̂(xi)

]2
, (3.18)
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the density p̂(xi) of xi is a non–parametric estimate applying the Gaussian kernel,

and
∫
v K2(v)dv is 4.37335 in the case of the normal kernel.

3.4.7 Significance Test

Härdle et al. (2004, pp. 124) propose a fully non–parametric significance test for the

impact of x on y. The null hypothesis is that x does not have an impact on y, hence

that f(xi) = y, where y denotes the sample average of y. The test statistic is

T̃ =
√

h
∑

i

[
f̂(xi) − y

]2
− σ̂2(x)√

h



∫

v

K2(v)dv




2

. (3.19)

For n → ∞, T̃ converges in distribution to N(0, S). As compared to the original

proposal by Härdle et al. (2004), the notation I use is simpler, because I apply no

additional weights, such that S = 2σ4
x

(∫
v K2(v)dv

)2. The null hypothesis has to be

rejected for values of T̃ /
√

S being larger than a respective α–quantile of the normal

distribution.

3.4.8 Least Squares Regression

In order to quantify the impact of the independent variables I apply a standard least

squares approach as well. The main independent variable ’total claims’ or ’claims

per year’ x enter as a polynomial of degree two, the remaining set of covariates

(including a constant) form the matrix z, such that the regression equation is

yi = β1xi + β2x
2
i + ziγ + ǫi. (3.20)

In the case of total claims as independent variable, I use two versions of the ma-

trix z, first the one with original regressors, and second, one with fitted regressors ẑ

from a first stage regression of z on the instrument for benefit claims, x̃. As I need at

least as many instruments as endogenous variables, I compute the squared values

of my instrument as well. In general, I compare two specifications, ordinary least

squares, and weighted least squares. The latter imposes weights as constructed in

Equation (3.1) to account for over–sampling of early deaths.
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3.5 Results and Policy

3.5.1 General Remarks and Differential Results by Sex

I apply the following basic estimation strategies and report their results:15

(a) Uni–variate locally linear estimation, stratified along certain control vari-

ables, with benefit claims—either without (a1) or with instrument (a2)—and

average claims as explanatory variable.

(b) Partially linear estimation, with benefit claims (instrumented) and average

claims as explanatory variable, and with months in ill–health, unemploy-

ment, and years of contribution as additional parametric controls. See Table

3.3 for the coefficients of the parametric regressors.

(c) Multi–variate locally linear estimation, with benefit claims (either instru-

mented or not) and average claims as explanatory variable, and with months

in ill–health, unemployment, and years of contribution as additional controls.

The results are expectations of the dependent variable ’duration’ with respect

to benefit claims, contingent on the outcome of additional regressors—which

I hold constant at their sample averages, if not indicated otherwise.

(d) Ordinary and weighted least squares with different sets of covariates, see Ta-

bles 3.4 and 3.5 for the results.

The specification I estimate on the whole data set is locally linear regression (a)

of duration on total benefit claims, see Figure 3.1. Both, men and women, show

an upward sloping pattern, hence an indication of redistribution from poor to rich.

The pattern is more pronounced for men as for women: The difference between the

highest and lowest income groups for men amounts to 7.8 years, while the differ-

ence for women is 11.0 years. Regressions on the restricted data set yield similar

results (see Figure 3.2), however, on a different level. The difference between the

lowest income group and the high income group at x = 70 is 6.9 years for men, and

12.1 years for women. Whether total benefit claims are instrumented or not (a1,

a2), the general pattern stays the same and provides evidence for major differences

in the duration of the pension benefit spells. The results are non–linear and justify

the non–parametric approach.

If additional variables enter the regressions as controls, the shape changes; in

the partially linear specification (b), differences between income groups almost

vanish, whereas the multi–variate locally linear specification (c) even produces a

15For the size of the respective sub–samples and optimal bandwidths, refer to Table 3.6.
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Solid: male, dashed: female. Complete data set without restrictions on years of contribution. Explanatory vari-
able: total benefit claims.

Figure 3.1: Results by Sex, Complete Data

negative relationship between duration and benefit claims for men. The replace-

ment of total benefit claims with average benefit claims in order to avoid the need

for an instrument does not substantially alter the results (see Figure 3.3); with-

out additional regressors (a), the relationship is unambiguously upward–sloping,

while the partially linear regression (b) reduces the difference between highest and

lowest income groups. In the multi–variate specification (c), the shape of the rela-

tionship between benefit claims and duration is slightly negative.

As a robustness check, I bootstrap and approximate confidence intervals around

the estimate with men only, based on total benefit claims as regressor, instrumented

with hypothetical claims. The result corroborates the non–linearly increasing rela-

tionship, see Figure 3.4. Following Härdle et al. (2004, p. 124), using confidence

bands to infer on significance of the regressor is usually inefficient and too conser-

vative, nevertheless, the confidence band is upward–sloping. Even more, both the

bootstrapped and approximate confidence bands are upward–sloping in the sense

that the upper confidence bound at xmin is smaller than the lower confidence bound

at xmax. The significance test I introduce in Section 3.4.7 (on the same specification)

clearly rejects the null of f(xi) = y, such that I infer on a significant impact of ben-

efit claims x on y. The test statistic T/
√

S is 3.96 × 108, which is larger than any

reasonable quantile of the normal distribution. The reason for longer duration for

the rich is twofold; wealthier individuals live longer and retire earlier. The first

argument is—on average—corroborated in Chapter 4. For the second argument,

refer to Berkel and Boersch-Supan (2004). Individuals with higher benefit claims

had also better possibilities to accumulate wealth other than social security claims

and can therefore afford to retire early and bear the retirement discounts.
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Solid: male, dashed: female. Left panel (a1): not instrumented, right panel (a2): instrumented. Explanatory
variable: total benefit claims.

Solid: male, dashed: female. Left panel (b): partially linear with added controls, right panel (c): multi–variate.
Explanatory variable: total benefit claims.

Figure 3.2: Results by Sex I

3.5.2 Differential Results by Health Status

When I analyze the relationship of duration and total benefit claims with special

emphasis on different health groups, the results of some specifications are incon-

clusive (see Figure 3.5). In specification without additional controls (a1, a2) I strat-

ify the population into three groups, with either no months in ill–health at all, with

less than six months, or with six months and more.16 The fundamental relationship

between benefit claims and duration is not affected by stratification.

This is corroborated for men by the multi–variate specification (c), where I find

little differences along the ill–health dimensions. For women, there are slight differ-

ences along the ill–health axis, however, these differences do not affect the general

pattern between duration and benefit claims (which is negative).

16The distribution of months in ill–health is skewed to the right and the majority of observations
had not to suffer from spells of ill–health at all. Although the spells are capped at no less than 48
months, stratification of the sample in the area to the right of six months would yield very small
sub–groups.
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(a) Solid: male, dashed: female. Explanatory variable: average benefit claims.

Solid: male, dashed: female. Left panel (b): Partially linear with added controls, right panel (c): multi–variate.
Explanatory variable: average benefit claims.

Figure 3.3: Results by Sex II

With average claims as explanatory variable (see Figure 3.6), I identify a subtle,

but important impact of health: In the partially linear specification (a), the bene-

fit claims–gradient is steeper, the worse the health status of the individual is, and

at the same time, average duration is higher. The latter is confirmed by multi–

variate regressions (c), especially for men. Controlling for health does not alter the

general shape of the benefit claims—duration relationship, but it raises the con-

ditional expectations of duration to higher levels. For women, even the general

shape changes. While women in good health share the common pattern of a neg-

ative relationship (once additional controls enter the model), the impact of benefit

claims on duration for women in worse health is positive. This finding is of course

compatible with the steeper health gradient for worse health I find for men.

The level–effect of health is also confirmed by the partially linear regressions

(see Table 3.3), where the sign of the ill–health coefficient is significantly positive.

This also holds for almost all specifications of the least squares regressions (see Ta-

bles 3.4 and 3.5). I find the coefficient of ill–health only once insignificantly different

70



CHAPTER 3 Rich and Healthy—Better than Poor and Sick?

Dashed: confidence band. Left panel: Bootstrapped confidence band on the 95% level, based on 100 repetitions
and a 5% sub–sample (5,691 observations). Right panel: Approximate confidence band on the 99% level. Men
only, explanatory variable: total benefit claims, instrumented (a2).

Figure 3.4: Confidence Bands Around f̂(xi)

from zero—in the full data set, weighted least squares IV–specification. So there is

evidence for the fact that individuals in worse health, but whose health status is

rather transitory (as opposed to individuals who receive disability pensions) suffer

from a stronger impact of socio–economic status on their duration. If you are in ill–

health, it really pays to be rich, at least in terms of the benefits the pension system

provides. This can e.g. be due to a higher willingness–to–pay for medical treat-

ments, or due to an argument I cannot empirically corroborate: Individuals with

higher income are better educated and financially literate, such that they can utilize

early retirement schemes due to occupational disabilities better than uninformed

individuals with poor financial literacy.17

3.5.3 Differential Results by Other Variables

Type of Pension The impact of the type of pension on the analyzed relationship

is interesting for two reasons: First, pensioners who died receiving an old–age pen-

sion benefit from a longer duration, which is certainly due to their better health

status. The alternative—receiving a pension due to a reduction of the earnings ca-

pacity or disability pension—is an (almost) ultimate means of helping those who

are unable to work, beyond any temporary rehabilitation. In addition, at the legal

retirement age, all disability pensions are transformed into old–age pensions, such

that there is legal restriction of the age at death for those who receive a disability

pension and die during this time. (See Figure 3.7, the results are confirmed by the

signs of the parametric identification).

17See Lusardi and Mitchell (2007) on the impact of financial literacy on retirement–related behavior.
The authors can show that education determines financial literacy, especially the necessary knowl-
edge for retirement planning.
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Solid: mts. = 0, dashed: mts. < 6, dotted: mts.≥ 6. Left panel (a1): not instrumented, right panel: instrumented
(a2). Men only, explanatory variable: total benefit claims.

(c) Multi–variate, Left panel: men, right panel: women. Explanatory variable: total benefit claims.

Figure 3.5: Results by Health–Status I

Second, the impact of benefit claims differs by the kind of pension. While I find

for those with old–age pensions the already familiar positive impact on duration,

there is virtually no influence of benefit claims on people with disability pensions.

This corresponds to a recent finding by Kiuila and Mieszkowski (2007), who find

that life expectancy is—under some circumstances— not related to income at all,

but ultimately determined by independent health factors. A similar argument I

find in Adams et al. (2003), who claim that the impact of income on health depend

on the type of illness. These arguments carry over to the analysis of the duration of

the benefit spell: Conditional on being in very bad health, benefit claims lose their

impact on duration, as opposed to my findings with respect to transitory spells of

ill–health.

Unemployment I apply a similar stratification to the months spent in unemploy-

ment (hence, the individual had not been unemployed at all, less than six months,

or six months and more, see Figure 3.8), and the general shape of the benefit claims–

duration relationship is not affected, no matter if total benefit claims (instrumented
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(a) Solid: mts. = 0, dashed: mts. < 6, dotted: mts.≥ 6. Men only, explanatory variable: average benefit claims.

(c) Multi–variate, left panel: men, right panel: women. Explanatory variable: average benefit claims.

Figure 3.6: Results by Health–Status II

or not) or average benefit claims serve as explanatory variable. Differences in be-

tween different unemployment groups are virtually not present.

Still, the coefficients of the unemployment variable (see Tables 3.3, 3.4, and 3.5)

are significantly negative in most specifications, hence, pensioners who had to suf-

fer from unemployment spells have shorter pension benefit spells. This result is not

universal, as one partially linear specification produces an insignificant coefficient,

and least squares regressions yield once an insignificant and once even a signifi-

cantly positive sign. In all cases, the absolute value is small, especially compared

to the ill–health variable, the largest coefficient indicates that each month in un-

employment reduces duration of the benefit spell approximately 14 days. Shorter

duration of individuals in unemployment is compatible with the negative effect of

unemployment on life expectancy I find in Chapter 4.

Residence There is little to no difference in the impact of benefit claims on dura-

tion if the sample is divided in West and East Germany. If I use total benefit claims,

it is apparent that at the right end of the benefit claims distribution, the gradient
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Solid: old–age pension, dashed: disability pension. Left panel: not instrumented, right panel: instrumented
(partially linear). Men only, explanatory variable: total benefit claims.

Solid: old–age pension, dashed: disability pension. Men only, explanatory variable: average claims per year.

Figure 3.7: Results by Type of Pension

for East Germany is very steep. Notice, however, that there are still more than

6% of all observations in the area with more than 60 points of total benefit claims,

such that the steep increase in this area is reliable, and not an artifact of outliers,

see Figure 3.9. The sign of the coefficients of the East–dummy (see Tables 3.4 and

3.5) are ambiguous; depending on the exact specification, the sign ranges from sig-

nificantly negative over insignificant to significantly positive. The most reliably

specifications—namely, regressions on the restricted data set, weighted and either

IV or average claims as explanatory variable—yield a positive or insignificant sign.

This is certainly due to (1) institutional factors, because large unemployment in

East Germany corresponds to the utilization of early retirement schemes wherever

possible, and (2) due to the fact that conditional on reaching retirement age, life

expectancy in East Germany is not so different from West Germany anymore, and

in some instances even higher (see Chapter 4 on life expectancies as a function of

benefit claims).
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Solid: mts. = 0, dashed: mts. < 6, dotted: mts.≥ 6. Left panel: not instrumented (a1), right panel: instrumented
(a2). Men only, explanatory variable: total benefit claims.

(a) Solid: mts. = 0, dashed: mts. < 6, dotted: mts.≥ 6. Men only, explanatory variable: average claims per year.

Figure 3.8: Results by Unemployment

Birth Cohorts The weighting scheme I introduce in Equation (3.1) is not neces-

sary, if the whole analysis is stratified along birth cohorts. A specific life expectancy

at birth is related to each birth cohort, such that there is no need to account for over

or under–sampling of different cohorts.

I distinguish cohorts of individuals born between 1920 and 1929 and 1930 to

1939, respectively. The level effect between the both cohorts is a result of the con-

struction and the absence of the weighting scheme within each cohort, as the later

cohort had to die relatively early in order to be part of the sample, which has a

negative effect on duration as well.

In each cohort, I find an increasing relationship between benefit claims and du-

ration, though the impact of benefit claims is less pronounced for the later birth

cohort. (See Figure 3.10).

Years of Contribution Finally, the analysis takes years of contribution into ac-

count. If years of contributions are considered parametrically (b, d), see Tables 3.3,

3.4, and 3.5, they enter almost always negatively (except of the full, instrumented
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Solid: West, dashed: East. Left panel: not instrumented (1), right panel: instrumented (a2). Men only, explanatory
variable: total benefit claims.

(a) Solid: West, dashed: East. Men only, explanatory variable: average claims per year.

Figure 3.9: Results by Residence

and unweighted specification). This is confirmed by the locally linear specifications

(see Figure 3.11), where I find a monotone ordering of the three groups (less than 30

years at the top, between 30 and 40 years in the middle, and more then 40 years at

the bottom). The link is easily identified, because if pensioners contributed longer

to the pension system, this can at least partially be attributed to delayed retirement,

which in turn reduces the duration of the benefit spell.

3.5.4 Policy Implications

Although I cannot answer whether the redistribution I find should be neutralized

within the public pension system, the following entails some means of what could

be done in order to achieve another distributional outcome.18 Still, the question

18Compare Chapter 5 on objectives of the pension system. If undistorted labor supply is the ob-
jective, one could argue that the issue of redistribution of any kind has to be addressed by income
taxation; the argument made here would then be in favor of a (ceteris paribus) more progressive in-
come taxation, which, however, then distorts instantaneous labor supply instead of life time labor
supply. Additionally, Joaquim Oliveira Martins kindly discussed these findings on the 5th Work-
shop on Pension and Saving and argued that a higher rate of return from the pension system for
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Solid: yr. of birth ∈ (1920, 1930], dashed: yr. of birth ∈ (1930, 1940]. Left panel: not instrumented (a1), right
panel: instrumented (a2). Men only, explanatory variable: total benefit claims, data not weighted.

(a) Solid: yr. of birth ∈ (1920, 1930], dashed: yr. of birth ∈ (1930, 1940]. Men only, explanatory variable: average
claims per year, data not weighted.

Figure 3.10: Results by Cohort

of policy implications of heterogeneous rates of return from the pension system

has no easy answer, for the following reason: The shape of the benefit claims–

gradient depends on the inclusion of additional control variables. If no controls

are added, the relationship is clearly positive. With controls, the positive impact

either vanishes or is even transformed into a negative one. From an analytical point

of view, this is an indication for the interpretation that higher benefit claims as a

measure for income do not cause longer duration. However, from a political point

of view, this might not be relevant, as long as the pure association of benefit claims

with duration prevails. The impact of control variables still serves as guidance for

the question, where further policy instruments could approach at.

Benefit claims surely is a variable which is easy to observe and on which redis-

high–income individuals could actually be optimal, once education is taken into account. Education
both increases income and life–expectancy (see Grossman 2000 for a theoretical treatment, and Cutler
et al. 2006 for an overview of the empirical evidence), such that a higher rate of return due to higher
life–expectancy can be understood as a fraction of the education premium, which therefore provides
further incentives to educate. See Gorski et al. (2007) and Lau and Poutvaara (2006) for a theoretical
treatment of this phenomenon.

77



CHAPTER 3 Rich and Healthy—Better than Poor and Sick?

Solid: yrs. < 30, dashed: 30 ≤ yrs. < 40, dotted: yrs.≥ 40. Left panel: not instrumented (a1), right panel:
instrumented (a2). Data non-weighted. Men only, explanatory variable: total benefit claims.

(a) Solid: yrs. < 30, dashed: 30 ≤ yrs. < 40, dotted: yrs.≥ 40. Men only, explanatory variable: average claims
per year.

Figure 3.11: Results by Years of Contribution

tributive policy can therefore easily condition, in order to imply a certain distribu-

tional outcome. Yet, the instrument is not perfect, a phenomenon expressed in the

low R2 of all least squares regressions, even despite the high significance of all ben-

efit claims measures. A major part of the variation in duration has to be explained

by variables other than benefit claims.

One instrument within the nexus of benefit claims—which is already applied in

reality—are discounts for early retirement. In Germany, each month the retirement

age falls short of the age of 65 (for males) reduces the monthly pension benefits

about 0.3%. I can use this device and adjust the monthly discounts in a way to

approximate a rate of return which is independent of the total benefit claims. An

additional degree of freedom—conditioning these discounts on other parameters—

would allow to come even closer to the ideal of an income–independent rate of

return. Without addressing legal impediments (or even the political process), an

obvious dimension of discrimination would be the sex of the beneficiary. Further-

more, discounts may not be constant, but varying with each additional month of

early retirement (see Fenge et al. 2006 for a theoretical treatment). The computation
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of neutral discounts is subject of Chapter 5. Further possibilities of adjusting the

benefit formula include a progressive element, meaning that benefit claims increase

less than proportionally with income. E.g. in the United States, such an instrument

is in place, and it is able to overcome the otherwise regressive effect of longer ben-

efit spells, see Hurd and Shoven (1986).

If the benefit formula is to be left unaltered, incentives and possibilities for early

retirement (either into the old–age pension or into any kind of disability pension)

for poor or morbid individuals add to an income–neutral rate of return. Such in-

struments may utilize further results of this analysis, e.g. that people in ill–health

slightly profit from the pension system, as their duration is—on average—higher.

This can easily be explained by the existence of pensions due to (occupational) dis-

ability, which, however, has been restricted in the year 2001 to those born before

1961. Yet, the sub–sample I observe of individuals born afterwards is small and

nobody out of this cohort has reached the usual retirement age so far, such that I

cannot fully infer the redistributive impact of this legislation. But as eligibility for

those born later is subject to stricter conditions of occupational disability (the retire-

ment age for the severely disabled has been increased from 60 to 63),19 the effect of

both policy measures is not fully observable yet, though the conjecture is obvious

that people in ill–health will most likely suffer from it in terms of a reduced dura-

tion. At the same time, the effect of income on duration and hence redistribution

from poor to rich becomes more pronounced for individuals in a poor health status.

Analogously, the increased minimum age for a pension after unemployment will

most likely reduce the duration and therefore the return from the pension system

for the unemployed.

3.6 Conclusion

I address the question whether annuity payments in the German public pension

system lead to redistribution from poor to rich. Estimation strategies that account

for possible endogeneity of benefit claims yield a clearly positive relationship, and

the comparison with standard techniques shows that this impact is also significant,

although a major fraction of variation in duration cannot be explained by income

alone. I disentangle the influence of income on duration for different sub–groups,

especially stratified along the health dimension. In my sample, individuals in ill–

health could still benefit from a policy of disability pensions, which has been tight-

ened in the meantime. However, conditional on a certain health status, the positive

impact of income on duration is more pronounced, and hence is redistribution.
19See e. g. Deutsche Rentenversicherung Bund (2005, pp. 263) for a short chronological overview of

changes in the pension system.
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Beyond the scope of this paper are other major forces behind differential du-

ration. Differences in retirement age and differences in realized life expectancy

(see Chapter 4) both drive duration and have to be analyzed separately, especially

with respect to their sensitivity to measures of socio–economic status and health.

Furthermore, the revealed relation gives rise to policy interventions to weaken the

redistribution. A feasible instrument has to be found, and I propose to adjust the

discounts for early retirement, which is subject of Chapter 5: In a joint work with

Friedrich Breyer, we calculate discounts which minimize the impact of income on

the ratio of benefits to contributions to social security.

3.A Appendix: Tables

Descriptive Statistics, Unweighted

data set: complete restricted

n: 209,751 112,369

Variable Mean St. Dev. Mean St. Dev.

duration 8.23 6.70 7.86 5.94

benefit claims 33.47 17.67 44.14 13.23

claims/year 1.10 .73 1.13 .31

contr. years 29.89 13.58 39.03 5.82

ill–health 2.46 5.82 3.04 6.25

unempl. 6.20 17.59 6.3 17.11

old–age pension .78 — .77 —

residence west .73 — .70 —

residence east .21 — .28 —

residence abroad .06 — .03 —

female .32 — .00 —

Restricted data set include only male observations with at least 25 years
of contributions.

Table 3.1: Descriptive Statistics, Unweighted
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Descriptive Statistics, Weighted

data set: complete restricted

n: 209,751 112,369

Variable Mean St. Dev. Mean St. Dev.

duration 8.82 6.98 8.33 6.15

benefit claims 33.24 18.20 44.53 13.51

claims/year 1.07 .66 1.13 .31

contr. years 29.73 13.88 39.21 5.74

ill–health 2.47 5.8 3.10 6.33

unempl. 5.90 17.19 6.20 16.93

old–age pension .83 — .81 —

residence west .73 — .69 —

residence east .21 — .28 —

residence abroad .06 — .03 —

female .32 — .00 —

Restricted data set include only male observations with at least 25 years
of contributions.

Table 3.2: Descriptive Statistics, Weighted

Partially Linear Regressions — Dependent Variable: Durati on

specification male female

non–param. total claims avg. claims total claims avg. claims
regressor

x β S.E. β S.E. β S.E. β S.E.

contr. yrs. -.192∗∗∗ .005 -.170∗∗∗ .004 -.232∗∗∗ .010 -.065∗∗∗ .008
ill–health .126∗∗∗ .003 .135∗∗∗ .003 -.013∗ .009 .141∗∗∗ .008
unempl. -.012∗∗∗ .001 -.016∗∗∗ .001 -.026∗∗∗ .002 -.028∗∗∗ .002
IV–resid. -.016∗∗∗ .001 — — -.122∗∗∗ .001 — —

R2 .20 .012 .015 .016

N 112,346 112,346 29,857 29,857
Non–parametric regressor is either total benefit claims or average benefit claims. ∗∗∗ denotes significance
on the .99 level, ∗∗ on the .95 level, and ∗ on the .90 level (robust standard errors).

Table 3.3: Coefficients of the Partially Linear Regressions
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Least Squares Estimation — Dependent Variable: Duration

data set full full, IV

x β S.E. β S.E. β S.E. β S.E.

benefit claims .315∗∗∗ .004 -1.45 1.52 -2.14∗∗∗ .369
benefit claims2/10 -.029∗∗∗ .001 .240 .242 .345∗∗∗ .053

claims/yr. 1.84∗∗∗ .106
claims/yr. squ. -.040∗∗∗ .008

contr. yrs. -.176∗∗∗ .002 -.049∗∗∗ .001 .020 .051
ill–health .149∗∗∗ .003 .159∗∗∗ .003 .349∗∗∗ .031
unempl. -.017∗∗∗ .001 -.014∗∗∗ .001 .072∗∗∗ .013

residence east .081∗∗ .035 .292∗∗∗ .036 -1.00∗∗∗ .153
female .601∗∗∗ .035 -.059 .040 3.45∗∗∗ .320

old–age pension 6.35∗∗∗ .027 5.87∗∗∗ .029 -1.24 1.12
constant 1.63∗∗∗ .064 2.76∗∗∗ .135 22.2 16.3 28.58∗∗∗ 3.9

R2 .20 .18 — —

N 209,752 202,181 202,181 202,181

data set restricted restricted, IV

x β S.E. β S.E. β S.E. β S.E.

benefit claims .190∗∗∗ .007 -.248∗∗∗ .011 .097∗∗∗ .013
benefit claims2/10 -.010∗∗∗ .001 .043∗∗∗ .002 .009∗∗∗ .002

claims/yr. 1.94∗∗∗ .288
claims/yr. squ. .830∗∗∗ .129

contr. yrs. -.402∗∗∗ .004 -.277∗∗∗ .004 -.466∗∗∗ .004
ill–health .114∗∗∗ .003 .118∗∗∗ .003 .118∗∗∗ .003
unempl. -.028∗∗∗ .001 -.026∗∗∗ .001 -.024∗∗∗ .001

residence east .032 .036 -.003 .036 -.110∗∗∗ .037
old–age pension 6.44∗∗∗ .035 6.36∗∗∗ .034 6.18∗∗∗ .038

constant 12.18∗∗∗ .169 10.24∗∗∗ .187 9.67∗∗∗ .186 14.86∗∗∗ .287

R2 .26 .26 — .23

N 112,369 112,369 112,369 112,369
Restricted data set includes only male observations with at least 25 years of contributions. ∗∗∗ denotes significance
on the .99 level, ∗∗ on the .95 level, and ∗ on the .90 level (robust standard errors). IV–regressions: benefit claims
instrumented with hypothetical claims. Default categories are ’residence west’, ’pension due to reduction of
earnings capacity’, and ’male’.

Table 3.4: Results of the Least Squares Regressions
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Weighted Least Squares Estimation — Dependent Variable: Du ration

data set full full, IV

x β S.E. β S.E. β S.E. β S.E.

benefit claims .342∗∗∗ .005 -1.02∗∗∗ .200 1.31∗∗ .599
benefit claims2/10 -.030∗∗∗ .001 .172∗∗∗ .031 -.138∗ .083

claims/yr. 2.60∗∗∗ .116
claims/yr. squ. -.049∗∗∗ .008

contr. yrs. -.197∗∗∗ .002 -.049∗∗∗ .001 -.532∗∗∗ .102
ill–health .142∗∗∗ .003 .149∗∗∗ .003 .051 .054
unempl. -.018∗∗∗ .001 -.015∗∗∗ .001 -.043∗∗ .020

residence east .307∗∗∗ .040 .529∗∗∗ .042 .465 .378
female .946∗∗∗ .040 .211∗∗∗ .045 1.36∗∗∗ .395

old–age pension 6.43∗∗∗ .027 5.95∗∗∗ .028 8.79∗∗∗ 1.69
constant 1.60∗∗∗ .070 2.02∗∗∗ .141 17.68∗∗∗ 2.14 -6.767 5.99

R2 .19 .16 — —

N 209,752 202,181 202,181 202,181

data set restricted restricted, IV

x β S.E. β S.E. β S.E. β S.E.

benefit claims .183∗∗∗ .008 -.273∗∗∗ .011 .090∗∗∗ .014
benefit claims2/10 -.008∗∗∗ .001 .047∗∗∗ .002 .012∗∗∗ .002

claims/yr. 1.18∗∗∗ .307
claims/yr. squ. 1.42∗∗∗ .136

contr. yrs. -.439∗∗∗ .004 -.293∗∗∗ .004 -.505∗∗∗ .005
ill–health .105∗∗∗ .003 .109∗∗∗ .003 .11∗∗∗ .003
unempl. -.029∗∗∗ .001 -.027∗∗∗ .001 -.025∗∗∗ .001

residence east .227∗∗∗ .040 .167∗∗∗ .040 -.003 .041
old–age pension 6.54∗∗∗ .036 6.46∗∗∗ .035 6.26∗∗∗ .038

constant 13.55∗∗∗ .184 11.11∗∗∗ .201 10.23∗∗∗ .190 16.30∗∗∗ .293

R2 .26 .26 — .23

N 112,369 112,369 112,369 112,369
Restricted data set includes only male observations with at least 25 years of contributions. ∗∗∗ denotes significance
on the .99 level, ∗∗ on the .95 level, and ∗ on the .90 level (robust standard errors). IV–regressions: benefit claims
instrumented with hypothetical claims. Default categories are ’residence west’, ’pension due to reduction of
earnings capacity’, and ’male’.

Table 3.5: Results of the Weighted Least Squares Regressions
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Size of Sub–Populations and Optimal Bandwidths

Specification Obs. h1 h2 Specification Obs. h1 h2

mu(x) expected error from 142,203 20.4 by residence
1st stage, conditional on x – west 78,519 11.8 477.8
by sex – east 30,919 5.0 195.3
– male 112,346 15.3 890.1 by unempl.
– female 29,857 11.4 578.8 – mts. = 0 79,091 11.1 410.4
by health – mts. < 6 12,049 5.6 214.6
– mts. = 0 60,036 10.3 398.8 – mts. ≥ 6 21,206 6.9 258.6
– mts. < 6 35,639 8.1 333.9 by contr.
– mts. ≥ 6 16,671 6.7 277.6 – yrs. < 30 10,705 6.8 185.8
by cohort – yrs. < 40 39,129 9.9 359.3
– > 1920, ≤ 1930 22,317 5.8 280.2 – yrs. ≥ 40 62,512 12.8 579.9
– > 1930, ≤ 1940 66,120 9.4 529.4 multi–dimensional, male 29,857 2.1 2.4
by pension type multi–dimensional, female 112,346 2.2 2.3
– old–age 86,615 10.8 432.8 full sample, male 388,754 33.1
– disability 25,731 12.1 419.7 full sample, female 377,577 42.6

Bandwidths h1 with total benefit claims as explanatory variable, h2 with average claims as explanatory variable. Pilot bandwidths are
chosen to be h = 1.06σxn−1/5 (Silverman’s Rule–of–Thumb).

Table 3.6: Size of Sub–Populations and Optimal Bandwidths
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4.1 Introduction

There is ample evidence supporting a positive relationship between income and

life expectancy. Internationally, this finding is confirmed e.g. by Attanasio and Em-

merson (2003) for Great Britain or Deaton and Paxson (2004) for the United States,

whereas for Germany, a positive relation is found by Reil-Held (2000) and more re-

cently by von Gaudecker and Scholz (2007). Additionally, there are well established

theoretical foundations for such a phenomenon, among the earliest the model of

health capital introduced by Grossman (1972) and extensively discussed in Gross-

man (2000), and as a second strand of theory Ehrlich and Chuma (1990).

Both theory and empirical analysis establish the link between income and life

expectancy via health (or health capital). In the Grossman (1972) model of health

capital, benefits of investments in health capital accrue directly in terms of util-

ity and indirectly in terms of improved productivity. The age at death is in turn

implicitly defined by the stock of health capital—death occurs once health capi-

tal falls short of a certain threshold.1 Under some assumptions (namely, stressing

the investment property of health capital), Grossman (1972) derives a positive rela-

tion between productivity and health (and therefore life expectancy). Yet, it is not

undisputed that the positive relation between income and health is really causal.

Empirically, the findings are controversial, as Meer et al. (2003) do not find a causal

link from income (or socio–economic status in general) to health, while Lindahl

(2005) indeed finds such a causality. Adams et al. (2003) produce mixed evidence

and find that income or wealth might be causal for some health incidences, but not

for all.

The major impetus for the present paper is the result concerning the relation-

ship between the duration of the pension benefit spell and benefit claims, which

if positive would disclose the redistributive nature of annuity–based pension sys-

tems. In Chapter 3, I find this relation to be monotonously positive. Here I try to

answer whether a positive relation between life expectancy and benefit claims is

the driving force behind this phenomenon, as age at death as the end of the bene-

fit spell partially determines duration, even more if retirement age as the starting

point of the benefit spell does not vary as much (because of legal impediments).

Nevertheless, this work is not only a derivative of Chapter 3, but a study in its own

right, as non–monotonicity between income and longevity has not been addressed

explicitly yet—though some authors actually find a downward–sloping area of the

longevity–income relation. So e.g. von Gaudecker and Scholz (2007) examine the

1On the question whether age at death in the Grossman model (as the planning horizon of the in-
dividual) is under direct control of the invidual, see especially Ried (1998) and in addition Grossman
(2000) for a short discussion.
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average remaining life expectancy after the age of 65 for different income groups

and find that not the lowest income group, but the third or fourth income group

(out of a total of 11) experiences the lowest life expectancy (still, von Gaudecker and

Scholz 2007 explain the downward–sloping area as being an artifact of the data.).2

A similar phenomenon can be found in Clark (2007, p. 98) for English males in the

17th century.

So the predominant focus of this work is the relationship between two variables,

namely age at death as dependent variable and collected pension benefit claims be-

ing a proxy for life time income as explanatory variable. I observe pensioners in

the German public pension system who died between 1994 and 2005. In the fol-

lowing analysis I show that a positive relationship between benefit claims and life

expectancy is neither necessarily established for all sub–populations, nor does it

have to hold for every period of time. For major sub–groups I find that the non–

parametric function that links life expectancy to benefit claims is not monotonous,

but U–shaped. This is not based on anomalies of the data or an artifact of the esti-

mation technique, so I provide a fundamental conjecture for this shape: Assuming

that labor supply elasticities with respect to wages are higher at the lower end of

the income (or ability) distribution, higher total income is rather the result of more

work than of higher hourly wages, and the former does not add to better health or

a longer life.

The remainder of the essay is organized as follows: In Section 4.2, I introduce

the data set, in Section 4.3 I propose the econometric method, and the application

of this method and the resulting insights are presented in section 4.4. In Section

4.5, I offer a conjecture about the underlying mechanism driving the results, while

Section 4.6 concludes.
2The same holds for the estimated probability of reaching the age of 74, conditional on having

reached the age of 65, which is lowest for the third lowest income group. In their analysis, von
Gaudecker and Scholz (2007) actually use a data set similar to the one analyzed here, namely deaths
of pensioners in the German public pension system. Their explanation, however, is not convincing.
The authors claim that benefit claims as a proxy for life time income may only work well for certain
individuals, namely for those who spent most of their career contributing to the pension system. So
for some parts of their analysis, they just include individuals with a certain minimum amount of
years of contribution. Still, the downward–sloping area survives; their explanation that "[we] find
production line workers next to their company’s CEO in these [low income] groups" is wrong, as both
(worker and CEO) contribute to the pension system during their whole career (only self–employed
and public servants are excluded), and the latter contributes more and is therefore found in a higher
income group. So either the analysis after the restriction utilizes the right proxy for income, then the
U–shape is present, or the restriction is wrong, then one should have doubts not only with respect to
the downward–sloping area of the relationship, but to the upward–sloping area as well. (In addition,
von Gaudecker and Scholz 2007 present some results excluding the lowest income groups, which
yields a monotonous order of mortality rates of the remaining income groups.)
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4.2 The Data

4.2.1 The Variables and Excluded Observations

The data I use here is the collection of pension discontinuations due to death of the

beneficiary beginning in 1994 and ending in 2005 (the SUF Demographie Renten-

wegfall 1993–2005, see FDZ-RV 2007). The data set contains a 10% stratified sample

(based on the federal states) of all pensions that were discontinued, which adds to a

total of 828,000 observations. Yet, the data is not based on individuals, but on pen-

sions, as the individual is not the main subject of interest for the pension system.

Sometimes both concepts coincide, but accounting for benefits paid to widows and

orphans, an individual may receive more than one pension at a time. All these

double payments are excluded, and the benefit claims I use as a proxy for life time

income are based on own contributions only. The variables I use are the following:

Age at death: calculated from the date of birth and the date of pension discontin-

uation due to death.

Benefit claims: total amount of benefit claims in points ("Persönliche Entgelt-

punkte"), capped at 70. Contributions are a constant fraction of income up to a

cap, and are transformed into abstract "points", where one point corresponds

to contributions based on the average income in a specific year. Pension ben-

efits are then paid according to the current point value.

Residence: aggregated to West Germany, East Germany, and abroad (Berlin adds

to West Germany).

Years of contribution: the number of years the pensioner contributed to the pen-

sion system, capped at 45.

Months in ill–health: the time spent in ill–health or rehabilitation, as long as rele-

vant for the calculation of pension benefits, capped at 48.

Months in unemployment: the time spent in unemployment, capped at 120.

Type of pension: either old–age (the standard case) or pension paid due to a re-

duction of the earnings capacity (for readability, from here on denoted as dis-

ability pension, although from an administrative point of view, this term is

not correct)

Factual anonymity of all pensioners in the data set requires that very sparse

areas (especially at the right end of the distributions of the respective variables) are
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Descriptive Statistics (restricted: males, at least 25 yrs. of cont ribution, weighted: corrects selection bias)

Data Set unrestr., unweighted unrestr., weighted restr., unweighted restr., weighted
Mean St. Dev. Mean St. Dev. Mean St. Dev. Mean St. Dev.

age at death 77.58 10.83 79.46 10.04 75.58 10.27 77.31 9.86
benefit claims 30.01 18.85 29.42 19.10 42.84 16.23 42.92 16.59
birth 1922.51 11.20 1920.47 10.41 1924.38 10.66 1922.47 10.25
sex female 49.27% — 51.52% — 0% — 0% —
residence west 75.44% — 75.57% — 76.12% — 76.30% —
residence east 20.02% — 19.96% — 18.50% — 18.09% —
residence foreign 4.54% — 4.47% — 5.38% — 5.60% —
contr. years 29.89 13.58 29.73 13.88 39.03 5.82 39.21 5.74
months ill 2.46 5.81 2.47 5.83 3.04 6.25 3.10 6.33
months unempl. 6.20 17.59 5.90 17.19 6.34 17.11 6.19 16.93
disability pension 8.77% — 5.78% — 11.38% — 8.13% —
old–age pension 91.23% — 94.22% — 88.62% — 91.87% —

n = 766, 311 n = 766, 311 n = 358, 173 n = 358, 173

Table 4.1: Descriptive Statistics
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empty, such that the econometrician cannot infer on the actual person behind the

observation. Therefore, some variables are capped.

Other variables known to have an impact on life expectancy such as number

of children, education (or profession), and marital status3 cannot be used here, as

they are not reliable. To give an example: the number of children is only recorded

to be larger than zero if it is relevant for the calculation of pension benefits. Yet,

only one parent can utilize parenting time for his or her pension, so children are (at

best) only recorded for one parent, and not for both.

Female pensioners are excluded in some of the estimations as well, as those

who died between 1994 and 2005 belong to generations where female career pat-

terns were distinct from their male counterparts and therefore not comparable. Ad-

ditionally, I exclude all individuals who worked less than 25 years in a job with

mandatory contributions to the pension system in most parts of the analysis for

the following reason: I do not observe the actual life time income, but only the

pension benefit claims earned by contributions based on a major, yet specific type

of income. In Germany, only employed workers have to contribute to the pension

system, whereas public servants and self–employed are either excluded from the

system, or their contributions are not mandatory. If a pensioner has worked a ma-

jor part of his career as a civil servant or in self–employment, the benefit claims

are only a severely diluted proxy for total income. Additionally, I exclude observa-

tions with missing values in key variables as well; the variables not allowed to have

missing values are date of birth, nationality, place of residence, date of retirement,

and benefit claims. Together with potential double pensions, this amounts to 61,926

observations I exclude. One major drawback arises once I explicitly include years

of contribution, months in ill–health, or months in unemployment in the analysis,

as they suffer from a lot of missing values as well, together a total of 556,579. Se-

lection effects cannot be ruled out by the exclusion of so many observations, so the

main results are presented for the complete and the restricted data set.

Including all observations, the analysis is based on 766,311 observations. Al-

lowing for male pensioners with less than 25 years of contributions only, this num-

ber reduces to 358,173. If all control variables are added, the number reduces fur-

ther down to 110,472. Descriptive statistics of the data set are presented in Table

4.1, with means and standard deviations for all variables used in the analysis.

3On the positive impact of education, see e.g. Deaton and Paxson (2004); on the positive impact
of marriage or household composition in general see e.g. Martikainen et al. (2005) and Adams et al.
(2003). A further factor is the type of occupation (see Hayward et al. 1989 and Moore and Hayward
1990 for its impact on mortality); unfortunately, the number of missing values (83%) in the occupation
variable—which is usually not necessary to calculate the pension, and collection of this variable has
seized in 2005—is prohibitively high.
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4.2.2 Selection Bias and Weighting Function

The sample potentially suffers from a selection bias. Since I observe a death cohort,

life expectancies may be biased downwards for the following reason: In each death

cohort, a large variety of birth cohorts are included, and life expectancy is known

to be increasing with the year of birth almost linearly, see e.g. Statistisches Bunde-

samt (2007, p. 54) and Human Mortality Database (2005). However, this increase is

only partially captured in the sample, as especially individuals from younger birth

cohorts (whose ex ante life expectancy should be higher) only appear in the sample

if they died relatively young.

The approach to correcting this selection bias is very basic. The selection is

not based on individual decision making—it is a matter of data selection alone.

Among the later birth cohorts, deaths at young age are over–represented. Since

this relationship is empirically linear, a linear weighting function, which decreases

with the year of birth, corrects the potential bias. If bi denotes the year of birth

(normalized to zero for the earliest birth cohort), the function ω that assigns the

relative weights takes the following form, with s being the slope parameter:

ωi(bi) = 1 − s · bi (4.1)

The parameter of choice is only the slope, while the intercept does not matter,

because the weights are normalized afterwards. I select the weighting function

that minimizes the difference of the weighted average life expectancy in the data

officially reported figures for Germany, and still ensures that all weights are non–

negative, which is at s = 0.0103.4

4The life expectancy I observe in the data is conditional on reaching a certain age (the specific
retirement age). The remaining life expectancies therefore depend on an assumption on the retire-
ment age; I choose the sample average of 60.01, which includes all transitions into old–age pensions
and pensions due to a reduction of the earnings capacity (disability pension). Taking the complete,
unrestricted sample, the remaining life expectancy for men and women (born on average in 1920)
at the age of 60 (hence in 1980) was 18.67 years, adding to a total life expectancy of 78.66, which is
slightly lower than the 79.46 years reported in Table 4.1, column 2 (after the application of weights).
The remaining life expectancy for males only, born in 1922 (the average year of birth in the restricted
data set) at the age of 60 was 16.78 years, adding up to a total life expectancy (conditional on reaching
60) of 76.78, which is only marginally lower than the weighted sample average age at death of 77.31
(see Table 4.1, column 4). For the figures of remaining life expectancies in the year 1980, conditional
on reaching the age of 60, see Statistisches Bundesamt (2004). The maximum average age at death
obtained with this method (i.e., the one which results from the steepest weighting function) does not
match exactly the life expectancy observed in population statistics, which can be explained by the
fact that my sample does not include self–employed and public servants, on the difference see e.g.
Luy (2006).
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4.3 Methodology

4.3.1 General Remarks

From here on, I denote the respective dependent variable age at death by the scalar yi

(with i being the individual observation) and the main explanatory variable benefit

claims (a scalar again) by xi. In order to infer the nature of the relationship between

xi and yi, it is convenient to estimate this relation non–parametrically, circumvent-

ing an imposed linear or higher polynomial structure. Although the focus of this

work is on the relationship of these two variables only, there are more variables that

should be included in the analysis as well. However, it is generally not convenient

to estimate the influence of all covariates non–parametrically, due to the so–called

curse of dimensionality. This means that the required amount of observations in-

creases exponentially with the number of regressors, or vice versa, the approxima-

tion error increases more than proportionally if the number of observations is held

constant, but the dimension of the regressor matrix is increased, see e.g. Yatchew

(2003, p. 17). In addition to benefit claims, the only continuous variables I include in

the multi–variate non–parametric estimations are years of contribution, months in

ill–health, and months in unemployment. The other controls (type of pension, res-

idence, and the birth cohort) are discrete, and I let them enter only in least squares

specifications, as artificial smoothing of discrete data may lead to a bias (see Li and

Racine 2007, pp.125); furthermore, I stratify the non–parametric analysis along the

discrete variables in order to capture their influence.

4.3.2 Locally Linear Estimation and Bandwidth Choice

Denote the non–parametric estimate of yi by the function m(xi), which is the solu-

tion to the following problem:

m(xi) = arg min
m,β

n∑

i=1

[yi − m(xi) − (xi − x)β1]
2 K

(
xi − x

h

)
(4.2)

The estimator m(xi) is therefore the constant of a linear fit around each xi,

weighting the neighboring observations around xi with the kernel function K(·).
Another representation of the estimation of the local coefficient vector is (Loader

2004)

β̂ = (x′Wx)−1x′Wy, (4.3)
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where β̂ = [m(xi), β1] and W is a diagonal matrix with the respective kernel

weights on the main diagonal. Note that kernel weights are distinguished from

the weights ω in Equation (4.1). In this case of a linear fit, the asymptotic bias of the

estimated function m(xi) is zero, which is not the case for a local constant estimator

(Nadaraya-Watson estimator), see Mittelhammer et al. (2000, pp. 622). As Loader

(2004) shows, the asymptotic bias will vanish whenever the degree of the polyno-

mial is odd, and especially the bias at the boundaries of the data set will decrease,

compared to the Nadaraya-Watson estimator. This property is especially useful in

the setting applied here, as a potentially downward–sloping area of the estimated

function m(xi) at the left boundary of x is analyzed. See e.g. Fan and Gijbels (1992),

Fan (1992), Pagan and Ullah (1999, pp.105), and Fan and Gijbels (2003, pp.60) for a

discussion on this topic: The bias of m(xi) from locally linear regression does not

depend on the density of x, hence it is not subject to the question whether the local

regression is performed at the boundaries or in the interior of x.

Still, I have to choose the weighting kernel K(·). There are several major pro-

posals for a weighting scheme, among them the Gaussian and the Epanechnikov

kernel. The latter proves to be the efficient one, see e.g. Pagan and Ullah (1999,

p. 28). Using the Gaussian kernel, however, no observation (no matter how far

from xi) ever receives a weight of zero, which eliminates some computational bur-

den5, and is therefore applied here. In general, a kernel function has only to fulfill

non–negativity and symmetry around xi at the center,6 and the choice of kernel

function is only a minor determinant of the later results. The main difference in

the application of kernels is their relative efficiency (as compared to the Epanech-

nikov kernel), where the Gaussian kernel I apply here reaches .9512. On properties

of kernels and their efficiency, see e.g. the discussion in Mittelhammer et al. (2000,

pp.602).

After the choice of the kernel, a bandwidth h has to be determined. A band-

width chosen too high will leave the estimate ’over–smoothed’ and potentially

ignores specific patterns, whereas an under–smoothed estimate may hide the pat-

tern of interest behind erratic components, leading in the limit (as h → 0) to an exact

replication of the unfitted data. This phenomenon is known as the bias–variance–

tradeoff (see e.g. Yatchew 1998). The optimal bandwidth can be approximated by a

rule–of–thumb, which may be advisable while using large data sets. The method I

apply can be understood as a refinement of Silverman’s Rule–of–Thumb, which is

5A large number of zero weights may yield a computational difficulty, which is due to singular
matrices. The matrix x′Wx may be singular for certain outcomes of the kernel weights, and thus not
invertible.

6In addition, as the kernel determines weights, it has to integrate to one, and with exception of the
center xi, it has to be continuous (this includes, e.g., the triangular kernel with a non–differentiable
kink at xi).
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broadly discussed in the literature.7 Assuming a normal kernel, Silverman (1986)

proposes the bandwidth to be

h = 1.06σxn−1/5, (4.4)

where σx is the standard deviation of the x–variable and n the number of observa-

tions. Yet, this formula relies on parametrical distributional assumptions.8 These

assumptions can be replaced by distributional properties of the kernel function and

the data itself, i.e. by measures of the variance and skewness, to derive an improved

plug–in method.

One specific plug–in method specifying the bandwidth is characterized by

Loader (1999) and Loader (2004), who proposes the optimal bandwidth to be

h =

(
σ2(b − a)2

∫
K(v)2dv

n
(∫

v2K(v)dv
)2 ∫

m′′(x)2dx

)1/5

, (4.5)

where σ2 is the error variance, m′′(x) is the second derivative of the estimated func-

tion, and a and b are the lower and upper bounds of x. Using a first stage or pilot

estimate, the error variance can be estimated by

σ̂2 =
1

n − 2ν1 + ν2

n∑

i

[yi − m(xi)]
2 , (4.6)

with ν1 and ν2 adjusting the degrees of freedom (see Loader 2004 for the compu-

tation). The second derivative m′′(x) of the estimate is obtained by fitting a local

quadratic function (as the pilot estimate) to the data first, hence by solving

m(xi) = arg min
m,β1,β2

n∑

i=1

[
yi − m(xi) − (xi − x)β1 − (xi − x)2β2

]2
K (·) . (4.7)

An estimate for the second derivative is then given by the vector 2β̂2. How-

ever, there remains a pilot bandwidth to be chosen, as the respective β̂2 and m′′(x)

are sensitive to the bandwidth as well. Following Silverman’s Rule–of–Thumb, I

choose the pilot bandwidth to be 1.06σxn−1/5. Of course, the final bandwidth of

7See e.g. the textbooks by Fan and Gijbels (2003, pp. 47) or Li and Racine (2007, pp. 14).
8See also Pagan and Ullah (1999, p.103), who propose the bandwidth to be of the order of magni-

tude n−1/5.
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Equation (4.5) varies with the pilot bandwidth. To give a short overview, a test

with the data analyzed here resulted in an under–proportional inverse relation of

pilot bandwidth with optimal bandwidth, meaning that the optimal bandwidth

does not vary as much as the pilot bandwidth.9

Applying this method unconditionally or conditionally on certain outcomes of

control variables (stratification), I denote as strategy (I).

4.3.3 Approximate Confidence Interval

I approximate a point–wise confidence interval around the estimate of m(xi) using

conditional standard errors σ(xi) at each grid point of x. The confidence bounds

are given by (see Härdle et al. 2004, pp.119)

mCB(xi) = m(xi) ± zα

√
||K||2σ̂2(xi)

nhf̂(xi)
, (4.8)

where zα is 2.58, given the number of observations and the desired confidence level

of 99%. The estimated conditional (or local) standard error is

σ̂2(xi) =
1

n

∑
w(xi) [yi − m(xi)]

2 , (4.9)

the density f̂(xi) of xi is a non–parametric estimate applying the Gaussian kernel,

and ||K||2 denotes
∫
u K2(u)du, which is 4.37335 in the case of the normal kernel.

The kernel weights w(xi) are the respective elements of the weighting matrix W ,

see Equation (4.3).

4.3.4 Locally Linear Estimation in Higher Dimensions

In order to include further control variables, x is not bound to be one–dimensional.

If a graphical inspection of the complete result is desired, the largest number of

independent variables is two—the result is then a surface m(x1i, x2i) above the

(x1, x2)–plane. Yet, higher dimensions are also possible, despite the drawback of

the ’curse of dimensionality’, see Yatchew (2003, p. 17). But due to the large num-

ber of observations in the data set and the small number of regressors I use here,

the rate of convergence is not a restriction. If the dimension of x is greater than

9In an exemplarily chosen subset of the data, Silverman’s Rule–of–Thumb yields hPILOT = 2.36,
and the optimal bandwidth of an exemplary estimation is hOPT = 4.644. A smaller pilot bandwidth
yields a higher optimal bandwidth and vice versa: hPILOT = 4.72 ⇔ hOPT = 3.59 and hPILOT = 1.18 ⇔
hOPT = 7.92.
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two, either a surface or a vector can be sliced out of the array of results, holding the

remaining variables constant at a certain level, such that the result (in the case of a

vector m) can be written as m(x1i|x2i = X2, x3i = X3, . . .). In Section 4.4, I will refer

to this strategy as strategy (II).

For the case of higher dimensions, there also exist methods for the bandwidth

choice. They are discussed e.g. by Yang and Tschernig (1999), who propose rule–of–

thumb and plug–in bandwidths. I adopt their notion that the optimal bandwidth

in the multivariate case is of the order of magnitude of n−1/(4+d), with d being the

number of regressors, which will be four in this analysis. Yet, beyond this optimal

order of magnitude, I choose h = 1.06σxn−1/(4+d), with σx being the average sam-

ple standard deviation of the regressors, deliberately omitting further refinements

due to their computational burden.

4.3.5 Comparative Least Squares Estimation

To compare and to quantify the non–parametric results, I perform least squares

regressions in different specifications. First of all, the specifications differ with re-

spect to the method applied, while secondly, different sets of control variables are

implemented. In the first dimension, I compare ordinary least squares to weighted

least squares. In the second dimension, benefit claims always enter as a polynomial

of degree two, augmented with different sets of covariates. In addition, I include

the complete data set in some specifications, while in others, only male pensioners

with at least 25 years of contributions are considered. Some of the covariates are

dummies; in the case of residence, I choose west to be the reference category, in the

case of pension type, the reference category is old–age pension. The model without

additional controls for the unweighted data set is

yi = β0 + β1xi + β2x
2
i + ǫ, (4.10)

while the model in Equation (4.10) estimated by weighted least squares is

yi
√

ωi = β0
√

ωi + β1
√

ωixi + β2
√

ωix
2
i + ǫ̃, (4.11)

with wi as defined in Equation (4.1). The same applies to the models with addi-

tional control variables. In Section 4.4, I will refer to this strategy as strategy (III).
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4.4 Implementation and Results

4.4.1 General Results and Least Squares Regressions

Most of the specifications of the uni–variate strategy (I) discover a non–

monotonous relationship between age at death and benefit claims (see Figures

4.1 through 4.6). Refer to Table 4.2 for the respective size of the sub–groups

and the resulting optimal bandwidths. In some specifications, the multi–variate

strategy (II) cannot corroborate this result, while strategy (III) confirms that—in

all specifications—age at death is not monotonously increasing in benefit claims,

as benefit claims enter negatively, while benefit claims squared enter positively.

These signs are all significant. Still, the majority of results discovered by the non–

parametric and multi–variate strategy (II) does not reproduce a monotonously pos-

itive relation either: The conditional expectations plotted in Figures 4.4 to 4.6 exert

a slightly hump–shaped pattern, with decreasing parts to the right of the benefit

claims distribution.

For a complete overview of the least squares results, see Table 4.3. It is impor-

tant to see that the general shape of the benefit claims–age at death relationship

does not vary with the inclusion or exclusion of control variables, although they

highly improve the predictive quality of the estimated model. The R2 without ad-

ditional controls is very low, despite the significance of benefit claims.

4.4.2 Results by Sex and by the Application of Weights and Restrictions

In summary, the existence of a downward–sloping area in the analyzed relation is

not subject to the weighting scheme or the imposition of restrictions on the data

set to individuals with at least 25 years of contribution (see Figure 4.1). Without

weights and restrictions, the downward–sloping area is present for men, but even

dominates for women, which is a rationale for the exclusion of women from strat-

ified estimations below. The other specifications yield U–shaped relationships for

men and women likewise, yet, on slightly different levels with slightly different

minimums. In general, women live longer than men, a fact confirmed by the least

squares regressions. If the restriction to at least 25 years of contributions is in place

to guarantee that benefit claims serve as a good proxy for income, the minimum life

expectancy for men is around benefit claims of 15 points (unweighted) or 12 points

(weighted). In this area of benefit claims, the number of observations is admit-

tedly small: in the specification with the smallest downward–sloping area (males,

weighted and restricted data set), I find that 2.5% of all observations lie there, while

in other specifications up to 11% of the male population and the vast majority of the

female population lie on the decreasing part. Yet, the result can never be neglected
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Size of Sub–Populations and Optimal Bandwidths (Strategy [I])

Specification Obs. Bandwidth Specification Obs. Bandwidth

by sexs, Fig. 4.1 by residence, Fig. 4.3
– upper left, male 388,754 34.6 – lower, west 78,529 15.2
– upper left, female 377,577 36.1 – lower, east 30,921 8.0
– upper right, male 358,173 36.0 – lower, abroad 2,919 3.6
– upper right, female 340,634 34.7 by health, Fig. 4.4
– lower left, male 388,754 36.5 – left, mts. = 0 60,055 12.0
– lower left, female 377,577 45.4 – left, mts. < 6 32,862 8.2
– lower right, male 358,173 51.7 – left, mts. ≥ 6 19,452 6.8
– lower right, female 340,634 62.0 by unempl., Fig. 4.5
by cohort, Fig. 4.3 – left, mts. = 0 79,112 13.8
– upper left, > 1920, ≤ 1930 128,830 19.1 – left, mts. < 6 26,294 8.4
– upper left, > 1930, ≤ 1940 79,921 13.4 – left, mts. ≥ 6 22,554 8.2
by pension type, Fig. 4.3 by contr. years, Fig. 4.6
– upper right, old–age 86,635 12.0 – left, yrs. < 30 10,710 7.1
– upper right, disability 25,734 8.5 – left, yrs. < 40 39,142 10.3

– left, yrs. ≥ 40 62,517 12.5
multi–variate, Fig. 4.4–4.6 112,369 2.8

Pilot bandwidths are chosen to be h = 1.06σxn−1/5 (Silverman’s Rule–of–Thumb)

Table 4.2: Size of Sub–Populations and Optimal Bandwidths
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Results of the Least Squares Estimations—Different Specific ations

Specification LS, complete data LS, restr. data WLS, complete data WLS, restr. data
β S. E. β S. E. β S. E. β S. E. β S. E. β S. E. β S. E. β S. E.

benefit claims -.535 .002 -.305 .005 -.501 .004 -.358 .008 -.430 .002 -.210 .005 -.427 .003 -.375 .009
benefit claims squ. .007 .000 .004 .000 .007 .000 .005 .000 .005 .000 .003 .000 .006 .000 .005 .000
contr. years .011 .002 .004* .004 -.068 .002 -.064 .004
months ill .029 .002 .043 .002 .001* .002 .023 .002
months unempl. -.015 .001 -.003 .001 -.020 .001 -.008 .001
residence east .312 .038 .855 .039 .842 .040 1.24 .043
residence foreign .340 .072 -.868 .149 .558 .079 -1.04 .17
female .402 .038 .854 .040
old–age pension 14.19 .037 10.90 .035 13.49 .034 10.96 .037
constant 85.30 .030 59.65 .074 82.76 .071 63.54 .184 85.80 .027 61.08 .077 83.52 .064 66.61 .203
R2 .075 .521 .050 .501 .063 .456 .039 .459
observations 766,331 209,752 356,276 110,472 766,331 209,752 356,276 110,472

Against the usual conventions, the asterisk (*) denotes that the respective coefficient is not significantly different from zero. All other coefficient are significant at
least on the .99 level. Standard errors are robust.

Table 4.3: Results of the Least Squares Estimations
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for the following reasons: First, this downward–sloping area is corroborated by a

variety of results of different estimation strategies and specifications. Second, the

estimation technique is explicitly applied because of its unbiasedness at the bound-

aries.

By sex (strategy [I]); solid: male, dashed: female. Left panel: unrestricted and unweighted. Right panel: restricted
and unweighted.

By sex (strategy [I]); solid: male, dashed: female. Left panel: unrestricted and weighted. Right panel: restricted
and weighted.

Figure 4.1: Results by Sex

For a robustness check, refer to Figure 4.2. I plot approximate point–wise con-

fidence bands on the 99% level around the original estimate (including males with

at least 25 years of contribution). In the left panel, I use naïve confidence bands

based on standard errors only,10 whereas in the right panel, the confidence bands

follow Härdle et al. (2004, pp.119), see also Section 4.3.3. The confidence interval

in the left panel does not confirm the significance of the downward–sloping leg

yet, because the maximum of the lower confidence band (at the very left bound,

10The naïve confidence bands are given by

mCB(xi) = m(xi) ± zα

r
1

n

X
w(xi) [yi − m(xi)]

2,

where w(xi) denote the kernel weights.
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m[xi = 1] = 64.2) is not larger than the minimum of the upper confidence band

(with m[xi = 12] = 64.9), such that the function m(xi) could also increase between

x = 1 and x = 12. The confidence bands in the right panel, however, are so narrow

that I present only a zoom on the area of x between zero and 20, where I find the

downward–sloping leg (otherwise, the reader could not distinguish the confidence

bands and the original estimate). This version of the confidence bands clearly cor-

roborates the U–shaped relationship. Varying the bandwidth as a further robust-

ness check shows that the globally optimal bandwidth works against the case of

non–monotonicity. Restricting the analysis to the left part of the x distribution and

choosing a new optimal bandwidth for this sub–population considerably shifts the

minimum to the right and increases the fraction of observations on the negative

slope above 11%, even in the weighted and restricted case.

Strategy [I], males only. Solid: original estimate, dashed: approximate confidence bands (on the 99% level). Left
panel: with naïve standard errors. Right panel: with standard errors following Härdle et al. (2004), scaled. (Data
set: weighted and restricted)

Figure 4.2: Approximate Confidence Bands

4.4.3 Results by Birth Cohorts, by Type of Pension, and by Residence

Another possibility to control for increasing life expectancy over time—instead of

weighting the different birth cohorts—is a restriction of the analysis to specific birth

cohorts in the first place. In Figure 4.3, I apply this stratification and partition the

data in two cohorts born between 1921 and 1930 and 1931–1940, respectively. Con-

sidering that deaths occurred between 1994 and 2005, these cohorts are chosen be-

cause their realized age at death of the older cohort is by construction relatively

close to the age at death which can be expected, conditional on reaching retirement

age. The sample is not weighted, but restricted to males with at least 25 years of

contribution, and the U–shaped result survives the stratification. The difference in

the level of longevity between the two cohorts is an artifact of the construction of
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the cohorts and is due to the absence of weighting: In the younger cohort, early

deaths are relatively over–sampled as compared to the older cohort.

Left panel: By birth cohort (unweighted and restricted; strategy [I]); solid: yr. of birth ∈ (1920, 1930], dashed:
yr. of birth ∈ (1930, 1940]. Right panel: By type of pension (weighted and restricted; strategy [I]); solid: old–age
pension, dashed: disability pension. (Data set: unweighted and restricted, weighted and restricted)

By residence (unweighted and restricted; strategy [I]); solid: west, dashed: east, dotted: abroad. (Data set: un-
weighted and restricted, weighted and restricted)

Figure 4.3: Results by Cohorts, Type of Pension, and Residence

The results stratified along the type of pension (see also Figure 4.3) does not

come as a surprise: men who die receiving an old–age pension live longer than

men who die receiving a disability pension. The explanation is two–fold; first,

individuals with a disability pension suffer from a shorter life expectancy as a result

of their respective illness, an illness so severe to prohibit a later retirement into the

regular old–age pension.

Second, an institutional factor shapes this result, because once eligible, disabil-

ity pensions are transformed into old–age pensions, such that an individual receiv-

ing a disability pension first, but reaching the age of 65 will be characterized by

the outcome ’old–age pension’.11 The sign of the respective coefficient in the least

11Under certain circumstances, a pensioner receiving a pension due to a reduction of his earnings
capacity can already be transformed into an old–age pension at the age of 60 (only after an application
of the pensioner).

106



CHAPTER 4 Non–Monotonicity in the Income–Longevity Relationship

squares regressions corroborates that old–age pensioners benefit from higher life

expectancy. Altogether, the U -shape emerges for both groups.

Although the majority of observations live in West Germany, I provide estima-

tion results for East Germany and abroad as well (Figure 4.3). All groups exert

the U -shape, however, to a different degree. The dip is strongest for East Germany,

and least pronounced for those living abroad. Further differences between the three

residence groups are not conclusive; the non–parametric estimates do not disclose

a clear order between all groups, while the signs of the least squares regressions

for pensioners living abroad depend on the respective specifications (though the

coefficients are always significant).

Interestingly, I find in the parametric estimates that people in East Germany

live slightly longer, despite the fact that living standards in East Germany are ce-

teris paribus lower than in West Germany.12 Yet, this finding is compatible e.g. with

von Gaudecker and Scholz (2007), who find that for some income groups, life ex-

pectancy is higher in East Germany. Furthermore, official records (see Statistisches

Bundesamt 2007, p. 54) show that in 2005, remaining life expectancy conditional

on reaching 60 was only slightly higher in the West (20.4 years compared to 19.7

years in the East), and there are birth cohorts whose unconditional life expectancy

at birth in the year was even higher in the East.13 In contrast to population statis-

tics, the population I observe consists of pensioners of the public pension system

and is conditioned on 25 years of work, and since different legislation applied for

the collection of benefit claims in both parts of the country (until reunification), the

observed sub–populations in East and West may differ in their relationship to the

particular total populations. Although benefit claims for men are less dispersed in

East Germany (15.03 in the West, compared to 11.75 in the East), the income gra-

dient as graphed in Figure 4.3 is stronger: there are less income differences, but if

there are differences, their impact on life expectancy is stronger in the East.

4.4.4 Results by Months in Ill–Health

I apply three distinct strategies to identify the impact of health status on the re-

lationship between life–expectancy and benefit claims (see Figure 4.4). First, ap-

plying strategy (I), the uni–variate analysis is stratified along the ill–health dimen-

sion, hence, I estimate the relationship three times, contingent on the outcome of

the stratification variable—namely, months spent in ill–health being equal to zero;

12Average income for men in the years 2002 to 2006 in the East reached only 71.0% to 75.2% of the
income in West Germany, see Statistisches Bundesamt (2007, p. 523).

13E.g. the birth cohort of 1951 and 1952, covering pensioners who also appear in the data I analyze
here. The life expectancy at birth in the Eastern part of Germany was 65.1 years compared to 64.6
years in the West.
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Left panel: Uni–variate (strategy [I]); solid: mts. = 0, dashed: mts. < 6, dotted: mts.≥ 6. Right panel: Multi–
variate (strategy [II]); solid: mts. = 0, dashed: mts. < 6, dotted: mts.≥ 6. (Data set: weighted and restricted)

Figure 4.4: Results by Months in Ill–Health

smaller than six, but strictly positive; and greater or equal than six. The same

groups are constructed for strategy (II).14 Denote benefit claims by x1i, x2i denotes

months in ill–health, x3i denotes months in unemployment, and x4i denotes years

of contribution, and finally, xji is the respective sample average over all xji. Hence,

the three plots in the right panel of Figure 4.4 represent the conditional moments

m1(x1i | x2i = 0, x3i = x3i, x4i = x4i)

m2(x1i | x2i ∈ (0, 6), x3i = x3i, x4i = x4i) (4.12)

m3(x1i | x2i ≥ 6, x3i = x3i, x4i = x4i),

The uni–variate procedure (I) produces little to no difference in the resulting

relationships, and the downward–sloping area for low benefit claims survives, de-

spite the stratification.

The ordering of conditional moments extracted from the array of results (strat-

egy [II]) for three different groups is unique, with individuals with zero months in

ill–health at the bottom, and the group with the longest spell in ill–health at the top.

This is corroborated by strategy (III), which yields either insignificant results for the

influence of ill–health (WLS estimation on the complete data set) or significantly

positive impact (all other specifications), meaning that individuals with rehabilita-

tion spells or months in ill–health actually live longer. This result is explicitly not an

artifact of individuals in bad health being more likely to claim disability pensions

14The three different groups in specification (II) match as closely as possible the groups of specifica-
tion (I); a perfect match, however, is not possible, for the following reason: Applying strategy (I), the
sub–groups are extracted before the estimation, while in strategy (II), the sub–groups are constructed
afterwards, based on a grid of 25 points over each xji. Specifying the sub–groups on the grid after
the estimation may slightly shift the cut–off limits.
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than people in good health, which is not the case (the average number of months

spent in ill–health is 3.2 for individuals with an old–age pension, and only 2.6 for

individuals with a disability pension). Potential explanations for this seemingly

counter–intuitive result are the following: first, means of rehabilitation are actually

effective and extend life–expectancy. Second, disability pensions and times in ill–

health are substitutes, implemented for the same general reason (ill–health), but at

different levels of the outcome. While months in ill–health are by definition a tem-

porary means to improve the situation of ill individuals, the disability pension is

more likely to be ultimate and applied for more severe degrees.15

The latter explanation is compatible with results stratified by the type of pen-

sion (Figure 4.3 and Section 4.4.3), because individuals receiving a disability pen-

sion live shorter as compared to individuals with old–age pensions. The former

explanation is also compatible with results produced of Chapter 3, where I find

that—on average—bad health increases the duration of the benefit spell (while the

benefit claims–gradient is stronger for worse health). However, including health

as explanatory variable in strategy (III) does not alter the U–shape, whereas it van-

ishes in strategy (II).

4.4.5 Results by Months in Unemployment

The procedures (I), (II), and (III) applied to identify the impact of unemployment

on the longevity–benefit claims nexus are the same as proposed in detail in Section

4.4.4. The cut–off limits are the same as well, hence months in unemployment

being zero, smaller than six, and greater or equal than six for strategy [I], and the

conditional moments in strategy [II] are constructed very similar to Equation (4.12),

this time holding x2i constant at its sample average and varying x3i. While strategy

(I) produces again little to no difference for different unemployment groups, the

results following strategy [II] are not as nicely ordered as in the case for ill–health.

If there was no time in unemployment at all, the discovered relationship is indeed

monotonously increasing (which is not true for the groups with strictly positive

unemployment spells).

Strategy (III) discovers a significantly negative impact of unemployment on

longevity, which is in line with studies explicitly analyzing unemployment as ex-

planatory factor of mortality or life–expectancy, such as Gerdtham and Johannes-

son (2003).

15Although, from an institutional point of view, the pension paid due to a reduction of the earnings
capacity is also intended to be temporary—an intention partially contradicted by the relatively large
number of pensioners actually dying while they receive this type of pension, compare Table 4.1.
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Left panel: Uni–variate (strategy [I]); solid: mts. = 0, dashed: mts. < 6, dotted: mts.≥ 6. Right panel: Multi-
variate (strategy [II]); solid: mts. = 0, dashed: mts. < 6, dotted: mts.≥ 6. (Data set: weighted and restricted)

Figure 4.5: Results by Months in Unemployment

4.4.6 Results by Years of Contribution

Again, strategy (I) is not able to find systematic differences in the analyzed base

relationship, stratified by years of contribution to the pension system (the differ-

ent groups are composed as follows: individuals with strictly less than 30 years

of contributions, individuals with between 30 and 40 years, and individuals who

contributed at least 40 years.).

Left panel: Uni–variate (strategy [I]); solid: yrs. < 30, dashed: 30 ≤ yrs. < 40, dotted: yrs.≥ 40. Right panel:
Multi–variate (strategy [II]); solid: yrs. < 30, dashed: 30 ≤ yrs. < 40, dotted: yrs.≥ 40. (Data set: weighted and
restricted)

Figure 4.6: Results by Years of Contribution

Strategy (II) fails to deliver a simple answer with respect to the impact of the

length of the work life: Individuals in the group with the fewest years of contribu-

tion have on average the highest life expectancy, which is consistent with the view

that early retirement (hence, a shorter career) serves as a means of investment in

longevity (see Wolfe 1985 for a theoretical treatment). Yet, the order of the remain-

ing two groups does not perfectly fit in, because the intermediate group enjoys on
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average a strictly lower life expectancy than the group with the most years of contri-

bution. This phenomenon together with the general finding of a non–monotonous

link between benefit claims and longevity gives rise to the theoretical conjecture

proposed in Section 4.5. The three distinct groups for strategy (II) are constructed

by holding x2i and x3i constant at their sample averages and setting the cut–off

levels for x4i as in strategy (I).

The results from strategy (III) are mixed; unweighted least squares finds no

impact (data set restricted to males with at least 25 years of contributions) or a

positive impact (complete data), while the WLS regressions discover a negative

impact, which corroborates the sequence derived from strategy (II), namely that

the group with the fewest years of contribution lives longer than all other groups.

4.5 A Theoretical Conjecture on the Non–Monotonous

Longevity–Income–Relationship

So far, theory has provided little or no explanation for the U–shaped link between

income (in the present analysis measured by pension benefit claims) and life ex-

pectancy. In the following I provide a conjecture which also utilizes the non–

monotonous relationship between life expectancy and the length of the work life

(see Figure 4.3).16

Assume that individual productivity is denoted by a, and that individuals are

paid according to their marginal product. Life time utility depends on consump-

tion (or income) and labor, such that utility maximization yields life time labor

supply L(a). Life time income from labor is therefore Y (a) = aL(a), and assume

that Y (a) is non–decreasing in a (agent monotonicity). Denote age at death by T ,

and let T be a function of (instantaneous) income a and labor supply L(a), such

that T = T [a, L(a]. It is straightforward to assume that T [a, ·] unambiguously in-

creases in its first argument, hence in productivity a, compare e.g. Grossman (2000).

Assume further that T [·, L(a)] decreases in L(a); the results in Figure 4.6 and Table

4.3 support this assumption.17 Then, the derivative of T [·, ·] with respect to a is

dT [·, ·]
da

=
∂T

∂a
+

∂T

∂L

L(a)

a
ǫL,a. (4.13)

The sign of Equation (4.13) is ambiguous since it crucially depends on the mag-
16A further rationale for the U–shape phenomenon I provide in Chapter 2 in a multi–task moral–

hazard framework.
17Furthermore, Ruhm (2000) and Ruhm (2007) justifies this assumption: For aggregate variables he

finds that in times of higher unemployment (hence, in times with less work), mortality declines. Yet,
Johansson (2004) challenges this result and finds a negative effect of hours worked on mortality.
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nitude of the wage elasticity of labor supply ǫL,a. Because of a time constraint,

e.g. due to retirement legislation which does not allow to retire later than a certain

threshold, or due to a ’natural’ upper limit of T [·, ·], the wage elasticity is small (pos-

sibly even negative) for large a. In this case, the first term on the right hand side

of Equation (4.13) dominates (or both terms have the same sign), and dT [·, ·]/da is

positive. If ǫL,a is positive and relatively large for small a, the sign of dT [·, ·]/da is

negative, such that over the whole support of a, a U–shaped age at death function

T [·, ·] emerges. Agent monotonicity, hence dY (a)/da > 0, completes the argument,

because the sign of dT [·, ·]/dY can be directly derived, and the assumed properties

allow for a U–shaped relation between life expectancy and life time income.

This theoretical conjecture is supported by differential results of labor supply

with respect to sex, as men and women differ in wage elasticities—the wage elas-

ticity of women is known to be greater than the one of men.18 A higher elasticity of

labor supply together with a low realization of a yields a large second term on the

right hand side of Equation (4.13), predicting a steeper decrease of life expectancy

in this area. Furthermore, a higher a may not offset the large ǫL,a, such that T [·, ·]
may be decreasing over the whole support of a and hence over Y (a).

The first prediction (a steeper decrease of life expectancy for women with low a

as compared to men) is satisfied for three out of four specifications in Figure 4.1 (all

except of the ’unrestricted and weighted’ specification in the lower left panel), and

even the second prediction (a monotonously decreasing relationship) can be found,

in the ’unrestricted and unweighted’ estimation (upper left panel of Figure 4.1).

4.6 Summary and Outlook

Non–parametric estimation techniques applied to a sample of pensioners receiving

a pension from the German public pension system who died between 1994 and 2005

challenge the perceived monotonicity of the income–longevity–relation. Without

any correction of the selection bias, which results from under–sampling of later–

born individuals with ex ante higher life expectancy, the relationship I observe is

clearly non–monotonous, but U–shaped. If a weighting scheme takes this bias into

account, the downward–sloping area at the left end of the benefit claims distrib-

ution is smaller, but still present. More importantly, this pattern is found for all

stratifications applied to the uni–variate estimation and for all least squares specifi-

cations. The same non–monotonous link is also found for specific birth cohorts,

which are approximations to self-contained cohorts. Applying non–parametric

multi–variate methods, the U–shape vanishes, yet, not in favor of a monotone in-

18See e.g. Heckman (1995) or van Soest (1995).
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creasing function. Confirming the robustness of this result with respect to sub–

groups of the population and the significance levels in the least squares regres-

sions, a confidence band around the downward–sloping area is very narrow and

uniformly decreasing at the low end of the benefit claims distribution. Yet, benefit

claims have quite low explanatory power for life expectancy in the parametric re-

gressions. The fact that the distribution of age at death contingent on benefit claims

is still widespread deserves further research, e.g. via the application of quantile re-

gressions. Furthermore, it has to be analyzed whether the extracted pattern can be

found in other countries as well.

In a conjecture for an explanation for this pattern, I apply the concept of dif-

ferent elasticities of labor supply with respect to wages. As there is a natural up-

per limit to labor supply, the wage elasticity has to decline at the upper limit of

the productivity distribution, independent of the question whether labor supply is

monotonously increasing in wages or not. Beginning at the bottom of the income

distribution, a higher life time income may therefore be caused either by higher

wages or by higher labor supply, and if the latter reduces life expectancy, the ana-

lyzed relationship between life time income and life expectancy may be decreasing

at least for low productivity/income individuals. An elaborate theoretical model

on this phenomenon—including weekly and life–time labor supply decisions—is

an object of my future research, together with a detailed empirical corroboration.
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5.1 Introduction

Declining fertility and increasing longevity have rendered public pension systems

in many OECD countries unsustainable and have triggered substantial reforms of

these systems. One of the officially declared reform objectives is to increase the

average retirement age. Crucial parameters for this endeavor are first the legal

retirement age and secondly the early retirement provisions inherent in the public

pension system. In Germany, e.g., legal retirement age will be gradually increased

from 65 to 67 years over the period 2012 to 2029.

When this reform was enacted, there was vigorous criticism by the trade unions

who claimed that for physically demanding occupations such as roofers it would

be unacceptable to work beyond age 65, and it was emphasized that presently,

labor force participation of males aged 60–65 is still pretty low. Of course, in a

free society nobody can be forced to work. Therefore, in Germany as in any public

pension system workers are allowed to retire up to five years before reaching the

legal retirement age, but then their pension level is cut by 3.6 per cent per year of

early retirement. Similar regulations exist in other OECD countries with discounts

between 4 and 7 per cent per year in the majority of countries (see Figure 5.1).

Taking these early retirement provisions into account, it is argued that the increase

of the legal retirement age amounts to nothing but a cut in the level of retirement

benefits by 7.2 per cent because many workers could not react to the reform by

working longer but had to suffer the early retirement discount instead.

Furthermore, it is well–known that life expectancy after reaching age 60 is posi-

tively correlated with previous earnings (see, e.g. Reil-Held 2000). Thus, workers at

the low end of the earnings distribution are said to be faced with Hobson’s choice:

either they work until legal retirement age and accept an extremely short (expected)

duration of benefits or they retire as early as possible and accept the maximum cut

in the benefit level. Hence it seems that by lowering early retirement discounts

their plight could be eased and the extent of implicit redistribution from the poor

to the rich due to the mentioned correlation could be reduced.

It is the purpose of this paper to examine whether a cut in early retirement

discounts is suitable to reduce the extent of ’unfair’ income redistribution in the

German social security system. To this end we must first develop an appropriate

notion of fairness. It turns out that in the relevant literature reviewed in Section

5.2 there are several quite different concepts of fairness and that the ’right’ notion

of fairness depends upon the objectives pursued in the design of pension systems,

which can range from the pure efficiency goal of achieving a ’distortion–free’ re-

tirement decision to the very ambitious equity goal implicit in maximizing a social

welfare function in the tradition of optimal taxation theory. In Section 5.3, we point
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Figure 5.1: Discounts for Early Retirement in OECD Countries

out the problems attached to both of these ’extreme’ positions and propose a more

modest concept of fairness called ’distributive neutrality’, which is inherent in the

constitution of the German pension system and which says that the rate of return on

total contributions to the pension system should not depend systematically on the

individual’s ability. In Section 5.4, we examine the implications of this concept for

the possibility to lower the extent of redistribution by changing the size of the early

retirement discounts. To this end we explore the relation between lifetime earnings

and the benefit–contribution ratio in a large data set provided by the German social

security administration. Finally, Section 5.5 concludes.

5.2 Concepts of Fairness

5.2.1 Homogeneous Workers: Concepts of Efficiency

There is widespread agreement that social insurance systems should be so designed

as to achieve a given distributive target with the least degree of distortions to in-

dividual decisions on education, labor supply, savings, and other behavior. As an

example, the German Old Age Insurance system is based on a tight tax–benefit

linkage called ’Teilhabe–Äquivalenz’ (fairness within cohorts), a feature which is

explicitly aimed at minimizing labor–supply disincentives. Such efficiency criteria

120



CHAPTER 5 On the Fairness of Early Retirement Provisions

are particularly important in a world of equals, in which distributional concerns

play no role. However, we shall show that in the design of social security systems

there is more than one possible efficiency rule.

5.2.1.1 No Distortion of Work Incentives

A straightforward target is the neutrality of the early retirement provision with re-

spect to the labor supply decision of the worker: the pension system should not

distort the choice of retirement age (Boersch-Supan 2000 and Boersch-Supan 2004).

This implies that net social security wealth, i.e. the present value of all future re-

tirement benefits minus contributions, is not changed when the worker retires one

period later (or earlier). This feature of a pension system is also called ’marginal

fairness’. The normative appeal of marginal fairness is strongest in a world of

equals because in this case equity concerns do not play a role and thus the pure

efficiency goal of an undistorted choice prevails as the single objective. Moreover,

marginal fairness has unambiguous implications only when the length of remain-

ing life is certain because only in this case can the present value of extra retirement

benefits be calculated so that it exactly matches the ’pension costs’ of retiring one

year later.

In theory, the implications of marginal fairness are straightforward: The costs

of retiring one year later are composed of the contributions paid to the pension

system and the forgone benefits during the extra work year. If the length of the

retirement period were known, the additional benefits could be calculated so that

they exactly match this amount in present value. The discount rate to be applied

in this calculation should be the ’market interest rate’, preferably the rate at which

workers can shift their consumption possibilities over time. In the case of a worker

who already disposes of savings which he can adjust to the changing stream of pen-

sion benefits (and contributions), the interest rate on government bonds seems to

be the appropriate one. Matters become more complicated for a worker who has no

savings apart from his social security wealth and who does not want to change his

consumption pattern when he decides to work another year. This person will want

to shift consumption from the retirement period to the present period by borrow-

ing against his pension entitlements, which would require a much higher interest

rate such as the one banks charge for overdraft loans.

In the practice of the German pension system, matters are complicated by the

fact that retirement benefits accrue in proportion to total earnings during work-

ing life. As a consequence, the contributions paid in an extra year of working life

already translate into additional benefits, where the ’rate of return’ equals the im-

plicit rate of return of the pay–as–you–go system, viz. the growth rate of earnings,
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which is considerably smaller than the interest rate. To achieve marginal fairness

of the total return on the sum of contributions and forgone benefits, therefore, the

rate of return on the forgone benefits must be much higher than the interest rate.

5.2.1.2 Minimizing the Burden on Other Generations

Incentive compatibility may be a sensible target in a one–household economy but

it becomes questionable as soon as an infinite sequence of overlapping generations

is considered. A much more convincing objective for this case is the requirement

that the behavior of the retiree does not place a burden on others, in particular

on later generations of tax–payers. With this consideration Ohsmann et al. (2004)

justify the claim that the discount rate used for making present–value calculations

should equal the rate of return of the PAYG system, viz. the growth rate of earnings,

g. Their reasoning says that, as any Euro paid in period t as a contribution to a

PAYG–financed social security scheme yields (1+ g) Euros in additional retirement

benefits in period t + 1—holding everything else constant, the same should be true

of an additional Euro paid or forgone due to postponing retirement by one period.

Furthermore, they argue that the adjustment rate currently in place in Germany of

3.6 per cent per year comes close to this figure.

To assess the validity of this claim, we must make a distinction between two

types of PAYG systems:

a) a pure PAYG system that never holds any fund balances (positive or negative)

but adjusts the contribution rate instantaneously to keep total contributions

and total payouts of retirement benefits in line at every moment in time,

b) a mixed system in which the pension administration were allowed to bor-

row and save on the capital market to smooth short–run fluctuations of the

contribution rate.

In case b), additional contributions and forgone benefits of a person who post-

poned retirement by one period could be accumulated by the fund and used to pay

out the additional claims accruing to that individual over the course of his retire-

ment period. But then it is again the interest rate on the capital market, r, which

is the appropriate rate of return. Clearly, it is questionable if such a system can be

called PAYG and the procedure described here requires that ’additional’ revenues

due to changes in retirement age be distinguished from ’ordinary’ revenues. On the

other hand, it can be argued that this case is relevant for the German situation in

which almost 30 per cent of all pension outlays are financed by subsidies from the

federal budget. Provided that fluctuations in net revenues do not lead to changes
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in the contribution rate but rather adjustments of the state subsidies and indirectly

of government debt, the opportunity cost of paying one Euro in period t is in fact

paying (1 + r) Euro in period t + 1.

In contrast, in a pure PAYG system of type a), a shift of the retirement age of

a particular individual i from period t to t + 1, holding everything else constant,

translates into a cut in the contribution rate in t but an increase in this rate in the

s periods until the death of this individual. Thus it is impossible to leave all other

participants in the system unaffected because it makes all contributors (workers) in

period t better off and all workers in the periods up to t + s worse off, so it affects

participants differently according to their birth year.

Instead of the impossible target of sheltering everybody else from any con-

sequences of individual i’s behavior, a more modest target could be achieved,

viz. keeping the contribution rate and the implicit taxes due to participating in the

PAYG system from rising in a new steady state when all workers staring with a

particular cohort increase their retirement age by one year. This question has been

analyzed by Breyer and Kifmann (2002), and the answer is that the rate of return

must not exceed the growth rate g to keep the long–run contribution rate and im-

plicit tax rate constant. Of course, a number of cohorts in the transition period

benefit from lower contribution and implicit tax rates.

5.2.2 Heterogeneous Workers: Concepts of Welfare Maximization

With inequality in initial endowments of productivity, health or life expectancy,

efficiency is not the only objective in designing a pension system, and equity con-

siderations come into play. The usual procedure chosen in the optimal taxation

literature is to first propose an (Utilitarian) social welfare function and to derive a

first–best allocation, and in a second step to make realistic assumptions on the ob-

servability of distinguishing characteristics and derive a second–best solution and

propose a system of incentives which are suitable to bring about the second–best

allocation in the presence of these informational constraints.

5.2.2.1 Heterogeneity in Productivity and Health

Cremer et al. (2004)1 consider a world in which workers differ in two unobservable

characteristics, productivity and health, whereas life expectancy is still the same for

everybody. Health status is here distinguished by the rate at which disutility from

working increases over the life cycle, with faster growth indicating worse health.

In a first–best solution, consumption is the same for all types, but sick people are

1For a similar model see Sheshinski (2003).
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allowed to retire earlier than healthy ones, and the differences in income are equal-

ized using person–specific lump–sum transfers.

With asymmetric information, when productivity and health are positively cor-

related but unobservable and period income and retirement age are observable,

the desired redistribution from the high–productivity and the healthy to the low–

productivity and ill types can be accomplished by positive marginal taxes both

on period income and on the length of the working life (ibid., p. 2272). By taxing

longer stays in the job (i.e. subsidizing early retirement), the ill type can be induced

to retire earlier whereas the healthy type, who would lose more income from retir-

ing early, can be discouraged from mimicking the ill type and thus, by using this

additional incentive, the self–selection constraint can be relaxed, which means that

the tax rate on period income can be lowered. Interestingly, the same result obtains

if individuals differ in either productivity or health but not both.

According to this result, generous early retirement provisions can be interpreted

as some kind of disability insurance in a world in which health and thus disability

can not be (perfectly) monitored. The result is the more remarkable as it is not

based on any differences in life expectancy in the population.

5.2.2.2 Heterogeneity in Life Expectancy

Another potential source of inequality is life expectancy. This is particularly rele-

vant in the context of social security systems because total retirement benefits de-

pend as much on per–period benefits as they do on the length of the retirement

period, a fact that is often overlooked in the design of these systems.

This point is taken up by Bommier et al. (2005) who assume that length of life

is certain but varies across individuals. The authors consider a benevolent social

planner who maximizes a utilitarian welfare function which is concave in indi-

vidual utilities, which can be justified either with inequality aversion or with risk

aversion with respect to length of life. If length of life were public knowledge,

(first–best) welfare maximization would entail that the long–lived retire later and

consume less per period than the short–lived.

When length of life is private knowledge, a typical optimal taxation situation

occurs in which the social planner can only achieve a second–best optimal allo-

cation in which various pairs of consumption and retirement age are offered in

such a way that the long–lived do not benefit from mimicking the short–lived. The

screening instrument proposed by the authors is a (positive or negative) ’retirement

bonus’ B(z) which depends upon retirement age z and is added to an individual’s

gross earnings. The central result of the paper (ibid., p. 14) states that when disu-

tility from work is linear in the length of the working–life, then B′(z) < 0, i.e. the
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retirement bonus is falling in retirement age, which means that there is an implicit

tax on working more years. The intuition behind the result is that the desired re-

distribution from the long–lived to the short–lived can be accomplished by taxing

continued activity because the long lived have a stronger demand for retirement

consumption and therefore more incentives to work longer.

5.3 Fairness when Income and Life Expectancy are Corre-

lated: The Concept of Distributive Neutrality

The concepts of pure efficiency discussed in Section 5.2.1 are not appropriate in a

world of heterogeneous individuals. On the other hand, the welfare criteria used

in the approaches described in Section 5.2.2 are based on highly controversial nor-

mative foundations. First, individual utilities must be assumed to be measurable

on a cardinal scale and interpersonally comparable. Secondly, a specific functional

form of the social welfare function must be given. Finally, specific policy implica-

tions can only be derived if the functional form of the individual utility functions

is given as well. Thus while these approaches are useful in uncovering the rela-

tionship between certain widely held value judgments concerning equity and the

general design of social security systems, more specific implications on the size of

adjustment rates for early retirement can not be expected from these exercises.

Therefore, in the following we shall propose a more modest concept of ’fairness’

of social security systems, which is consistent with the usual concept of fairness as

distributive neutrality and has the advantage of giving rise to specific propositions

on the ’fair’ size of early retirement discounts.

The principle of ’Teilhabe–Äquivalenz’ underlying the design of the German so-

cial security system is based on the general notion of distributive neutrality: within

a cohort, the expected retirement benefits shall be proportional to total contribu-

tions paid over the working life. The specific way in which this principle is imple-

mented, however, consists in making per period retirement benefits proportional

to total contributions, disregarding the length of the benefit spell. This is innocuous

as long as there is no systematic variation in life expectancy across social groups.

However, it becomes highly questionable when life expectancy is positively cor-

related with income, education and other indicators of social status (Breyer 1997),

and there is ample evidence from many countries that this correlation indeed exists

(for Germany, see, e.g., Reil-Held 2000, von Gaudecker and Scholz 2007).

Given these observations, we postulate the following ’fairness’ criterion:
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Definition: ’Distributive neutrality’ is satisfied in a social security system if the ratio

between total benefits and total contributions does not vary systematically with average

annual earnings.

This criterion is modest insofar as it does not advocate a specific equity norm,

but only reformulates the principle of ’Teilhabe–Äquivalenz’ in such a way as

to leave room for taking certain well–established empirical relationships between

longevity, wages and retirement age into account.

5.4 Distributive Neutrality and Early–Retirement Dis-

counts in the German Pension System

5.4.1 Theory

In this Section we shall examine whether the ideal of distributive neutrality among

different ability groups in the population is met in the German public pension sys-

tem and, if not, whether early–retirement discounts can be an instrument to achieve

this goal. Obviously, for this to be possible, a number of restrictive assumptions

must be met. In particular, the processes governing retirement and death must be

’laws of nature’ linking ability to work and life expectancy to labor productivity,

measured by wages. In other words, we assume that the separation from the labor

force is not a conscious decision following a rational trade–off between cost and

benefits of retirement but is dictated e.g. by insufficient health.2

We first calculate the benefit–contribution ratio of an individual i with labor

productivity ai who retires at age Ei and dies at age Li as follows. Let E0 be the age

at which a worker becomes eligible to early retirement without taking any health

related contingencies into account. After this date, potential future contributions

and benefits are discounted with the real interest rate ρ. At age E0, his accumu-

lated life time income is denoted Y 0
i . According to the benefit formula valid in this

system, annual benefits Bi are proportional to his total (taxable) lifetime income,

Yi, and are subject to a discount rate x for every year of retiring earlier than at age

65. Therefore, if they are discounted to Age E0, they are given by

Bi = bYi [1 − x(65 − Ei)]

Li∫

Ei

e−ρ(t−E0)dt. (5.1)

2Wolfe (1983) and Hurd et al. (2002) find that the lower an individual’s life expectancy, the earlier
he or she will retire.
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On the other hand, total contributions Ci are proportional to lifetime income

and consist of two parts: those contributions which were paid before age E0 and

which are proportional to total income up to this age, Y 0
i , and the discounted value

of future contributions up to the chosen retirement age Ei,

Ci = c


Y 0

i + ai

Ei∫

E0

e−ρ(t−E0)dt


 , (5.2)

where c denotes the contribution rate. We do not discount previous contributions

for two reasons. First, this is consistent with German pension law, which treats all

contributions equally, no matter when they were paid; and secondly we can not ob-

serve the time–path of contributions but only the sum, so we could not implement

discounting in our data set.

Hence the ratio of total benefits and total contributionsfor individual i, ri, is

determined by

ri = Bi/Ci

=
bYi [1 − x(65 − Ei)] e

−ρ[Ei−E0+Li]
(
eρEi − eρLi

)

c
[
ai

(
e−ρ(Ei−E0) − 1

)
− ρY 0

i

] . (5.3)

Distributive neutrality is then satisfied if there is no systematic (monotonous)

relationship between the benefit–contribution ratio r and ability a, while the system

is redistributive in a regressive (progressive) way if r is an increasing (decreasing)

function of a. Observe that by Equation (5.3), the relation between r and a de-

pends upon the value of the early–retirement discount rate x. Now, to examine

the relationship between r and a empirically, we can choose between two different

estimation strategies, which we will call

a) the indirect method and

b) the direct method.

The indirect method is based on postulating the existence of systematic rela-

tionships E(a), L(a), Y (a), and Y 0(a), and estimating these four functions using

our data to be described below. Inserting the estimated functions into Equation

(5.3), we can then synthetically construct the relationship r(a|x). In contrast, the di-

rect method consists in estimating the function r(a|x) directly using (5.3) and then

regressing it on a.
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Preliminary tests show that the direct method gives slightly more reliable re-

sults because the goodness of fit of the regression equations for E(a) and L(a) turns

out to be fairly low, despite the significance of a. In the following we thus present

only the results generated by the direct method of estimation.

5.4.2 Empirical Estimation

5.4.2.1 Data

The variables used in this analysis are taken from a data set on pension discontin-

uations from 1994 to 2005, FDZ-RV (2007), published by the Federation of German

Pension Insurance Institutes (Deutsche Rentenversicherung Bund). It contains a

10% sample of all discontinued public pensions due to the death of the beneficiary,

which amounts to roughly 828,000 observations. However, each observation cor-

responds to a pension, and not to an individual retiree, who can (subsequently

or even simultaneously) benefit from more than one pension. Taking this into ac-

count, we are left with a sample of 209,752 pensioners whose benefits are based

on own contributions.3 The most important variables are the sum of pension ben-

efit claims (in points), the length of the work life, the retirement age, and the age

at death. From the first two variables we construct the average claims earned per

year of work. One point corresponds to contributions based on one year of the av-

erage annual income. Other variables which are contained in the data set have to

be taken with care—they are only reliable when they have been used for the calcu-

lation of benefits, otherwise they are either unreliable or missing. See Table 5.1 for

descriptive statistics of the variables used.

5.4.2.2 Weighting Function

Our sample suffers from a selection bias. Since we observe a death cohort, life

expectancies are biased downwards. In each death cohort, a large variety of birth

cohorts are included, and we know that life expectancy has been increasing with

the year of birth.4 However, this increase is only partially taken into account in

the sample, as especially individuals from younger birth cohorts (whose ex ante

life expectancy should be higher) only appear in the sample if they died relatively

young. Ideally, we would like to observe a birth cohort of which all individuals

have already died; obviously, this is only possible for very old birth cohorts (born

around 1900) in order to get unbiased estimates. However, as life expectancy has

3This number already takes also into account that we excluded observations with missing values
in the variables of importance for our analysis.

4See Chapter 4 for a detailed treatment on the problem of the present selection bias and its solution.
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Descriptive Statistics

all obs. restr. restr., weighted

mean st. dev. mean st. dev. mean st. dev.

retirement age E 58.54 7.53 58.62 5.44 59.07 5.35
age at death L 66.77 8.98 66.48 7.18 67.40 7.13
total points Y 33.47 17.67 44.14 13.23 44.53 13.51

— till E0 = 60, Y0 37.10 27.08 45.95 13.86 45.80 14.00
points per year a 1.10 .73 1.13 .31 1.13 .31

sex = female 31.85% — 0% — 0% —
Based on FDZ-RV (2007). With all observations, n = 209, 752. Restricted to male observations with at
least 25 years of contributions, n = 112, 369.

Table 5.1: Descriptive Statistics

been increasing over time, these very early birth cohorts may not be representative

for more recent cohorts and therefore not suitable for drawing policy conclusions.

Our approach to correcting the selection bias is the following. The selection

that occurs is not based on individual decision making—it is solely a matter of data

selection. Among the later birth cohorts, deaths at young age are over–represented.

The relationship is empirically linear (which corresponds to the usually perceived

increase of life expectancies)5, so a linear weighting function, which decreases with

the birth year, can correct this bias. However, ex ante we cannot be sure about

the slope of weighting function; we only know that the weights have to be linear

and non–negative over the whole support. The parameter of choice is therefore

only the slope, while the intercept serves as a normalizing constant that limits the

range of the potential slopes in order to ensure the non–negativity constraint. If

GBJ denotes the year of birth (normalized to zero for the earliest birth cohort), the

weighting function w takes the following form, with s being the slope parameter:

w(GBJ) = 1 − s · GBJ (5.4)

With the intercept set to one, s can vary between zero (hence, a weight of one for

all birth cohorts) and .0103, which just ensures that the weight for the latest birth

cohort is still positive. The selection criterion for our choice of the slope parame-

ter remains to be determined. We select the weighting function which minimizes

the difference between the weighted average life expectancy in our data and the ex-

5See e.g.Statistisches Bundesamt (2007, p. 54) and Human Mortality Database (2005), and own
calculations.
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ogenously known life expectancy. Yet, the maximum average age at death obtained

with this method (i.e. the one which results from the steepest weighting function)

is still lower than the value of life expectancy observed in population statistics.6

5.4.2.3 Data Requirements

For the construction of our variable ’ability’, we have to observe the years of contri-

bution. Due to a change in legislation, the sample lacks this variable for every pen-

sioner who retired into the old–age pension before 1992. In 1992, the calculation of

pension benefits changed, one reason was the introduction of early retirement dis-

counts, which had not been implemented before. Also before 1992, benefits and the

application for a pension were contingent on the years the applicant contributed to

the pension system, however, we are unable to retrieve this data.

This phenomenon aggravates the selection bias we introduce above: The ear-

liest possible retirement age into an old–age pension in 1992 was 60 for women

(and under certain health–related contingencies) and 63 for men. The latest death

cohort we observe is the one of 2005, which delimits by construction realized life

expectancy of the pensioners in our sample. This explains the relatively low aver-

age life expectancy we observe, although we impose a weighting scheme. Despite

this bias, we continue with our analysis. This is justified on the grounds of the pre-

ceding Chapters; the bias affects as well duration under the benefit spell (Chapter

3) and life expectancy (Chapter 4) only in their level, the shape of the respective

relationships is fairly robust against the selection.

We leave a further possibility of dissolving this bias to future research: A related

data set records living pensioners in the years of our death cohort. For each retire-

ment cohort, we could principally estimate the relationship between the total sum

of benefit claims and years of contribution. Utilizing this relationship, we can infer

from observed benefit claims on the years of contribution which were necessary to

collect these claims in order to replace the missing values. Finally, we can either

compare the so–constructed sample with the one we originally observe and con-

clude whether the results are robust, or we can base the analysis on the constructed

sample in the first place.

5.4.2.4 Regression Results

In principle, more than one definition of retirement and therefore of the benefit spell

can be distinguished. Our variable retirement age E is the age of the first receipt

of any pension based on own contributions, which can be the old–age pension,

6Notice however that the concept of life expectancy in a given year always refers to age–specific
death rates of this year and not to the average age at death of the death cohort of this very year.
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but also disability pensions. This notion is in line with our theoretical approach

because it takes all paths into retirement including disability pensions into account.

Insofar as claiming disability benefits carries some information on the innate ability

(including the health capital) of the individual, this is certainly the superior concept

compared to the alternative of taking the first receipt of an old–age pension as the

age of retirement.

Furthermore, the following procedures were performed with the data. First,

observations on women were excluded. Since ability (or the earnings capacity)

cannot be observed directly, it has to be ensured that the average benefit claims are

a good proxy. In the simplest case, namely when an individual has worked dur-

ing his whole career and contributed to the public pension system, benefit claims

are a linear transformation of income.7 This even holds if the individual under

observations had longer times of education before starting to work or if he or she

raised children. The measure is then only slightly diluted, as claims are increased

by these activities in order to compensate for the loss of regular contributions. The

close relationship between total income and benefit claims, however, is not guaran-

teed once the individual has been self–employed or has worked as a civil servant

for some time in his career. During these times, usually no contributions are paid,

as membership in the public pension system is not mandatory (or even possible)

anymore. We therefore restrict our sample to male pensioners who worked at least

25 years in a job where contributions are mandatory. This sample contains 112,369

observations. Our results differ compared to the ones using the whole sample, but

are robust with respect to the exact choice of the number of years required.

In this data set we do not observe the value of Y 0, which we can construct by

Y 0
i = Yi − ai(Ei − E0). (5.5)

The ability variable a lies in the interval (0, 2.8]. The upper bound is higher than

what could have been achieved by contributions based on work only, in which case

we had amax = 2.15. However, we cannot unambiguously distinguish between

claims earned because of own work or because of times of education, parenting,

and other reasons, which slightly augments the average claims per year of work.

To estimate the relationship between the ration of benefits to contributions and

ability for a given value of the discount x, we assume a polynomial of degree five

to account for possible non–linearity and non–monotinicity:

7Up to a certain income, beyond which contributions (and therefore claims) are capped. The
maximum contributions are based (in 2006) on a monthly gross income of EUR 5250 and are adjusted
on a yearly basis.
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r = ρ0 + ρ1a + ρ2a
2 + ρ3a

3 + ρ4a
4 + ρ5a

5 + µ (5.6)

See Table 5.2 for the estimation results and Figure 5.2 for the respective plotted

functions, with discounts ranging from x = .00 to x = .08, where the fitted ratio–

functions r(a) are ordered from top to bottom with with respect to x, and we find

the ratio with the smallest early retirement discount at the top. At current discounts

of x = .036, the benefit–contribution ratio is an increasing function over the bigger

part of a, hence we find a regressive effect of the pension system.

Estimation Results—Dep. Var.: Benefit–Contribution Ratio

discounts const. a a2 a3 a4 a5 R2

x = .00 6.04∗∗∗ -7.23∗∗ 18.28∗∗ -15.55∗ 6.49∗ -.96 .003
(.24) (2.96) (7.80) (8.33) (3.95) (.68)

x = .02 5.62∗∗∗ -6.33∗∗∗ 16.37∗∗∗ -16.14∗∗∗ 7.65∗∗∗ -1.27∗∗∗ .003
(.14) (1.37) (3.63) (3.90) (1.85) (.32)

x = .036 5.28∗∗∗ -5.62∗∗∗ 14.85∗∗∗ -16.61∗∗∗ 8.57∗∗∗ -1.51∗∗∗ .003
(.15) (1.64) (4.30) (4.56 ) (2.15) (.37)

x = .04 5.19∗∗∗ -5.44∗∗∗ 14.46∗∗∗ -16.73∗∗∗ 8.80∗∗∗ -1.57∗∗∗ .002
(.16) (1.94 (5.08) (5.39) (2.53) (.16)

x = .06 4.76∗∗∗ -4.55 12.56 -17.31∗ 9.96∗∗ -1.88∗∗ >.000
(.29) (3.79) (9.93) (10.53) (4.95) (.85

x = .0694 4.56∗∗∗ -4.13 11.66 -17.59 10.50∗ -2.02∗ >.000
(.36) (4.73) (12.39) (13.14) (6.19) (1.06)

x = .08 4.33∗∗∗ -3.66 10.65 -17.90 11.11 -2.18∗ >.000
(.44) (5.80) (15.22) (16.14) (7.60) (1.30)

Data set includes only male observations with at least 25 years of own contributions, n = 112, 369. ∗∗∗ denotes
significance on the .99 level, ∗∗ on the .95 level, and ∗ on the .90 level. Robust standard errors in parenthesis.

Table 5.2: Direct Estimation Results

5.4.2.5 Achieving Distributional Neutrality

If we want to apply our criterion of distributional neutrality to the different r(a|x)

functions, given that x is a constant, the return functions have to be linearized. We

then compare the linear return functions rlin(a|x) with respect to their slope para-

meter and choose the discounts x that minimize the absolute value of this slope.

As the method of linearization we choose least squares, because it inherently takes

the distribution of ability a into account. By this method, we fit straight lines to
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Figure 5.2: Direct Estimation of the Benefit–Contribution–Ratio as a Function of

Ability

the return functions shown in Figure 5.2 (the direct estimates of r) based on dif-

ferent discount rates. The discount rate that minimizes the slope of rlin turns out

to be .0694. See Figure 5.3, where the original return function r(a|x = .0694) is

compared to the resulting linearized form. In general, the slope of the linearized

forms is decreasing over the choice of discounts. These higher discounts flatten the

benefit–contribution ratio, but at the same time, lower the average r as compared

to the current discounts of x = .036.

Hence, we find that the current discounts of x = .036 are too low to achieve dis-

tributional neutrality. The main reason for this result is the negative relationship

between ability and retirement age. However, this might be a consequence of the

data set we use. The individuals under observation died between 1994 and 2005.

With an average benefit duration of approximately 8 years, many retired between

1986 and 1997, a period in which the federal government allowed the rather exces-

sive use of early retirement schemes. Additionally, these early retirement schemes

were offered mainly by large companies, which are known to pay higher wages

for the same level of qualification. So our measure a does not only capture ability,

but also differences in firm size, economic sector etc., and along these dimensions

possibilities to retire early differed for (otherwise equal) individual workers. We

therefore propose to see our results as an exemplary application of a method to

achieve distributional neutrality within the public pension system, whereas actual

policy advice should be based on more recent data, which allows inferring on the
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Figure 5.3: Neutralizing a Linearized Benefit–Contribution–Ratio with Adequate

Discounts

behavior of future retirees.

Despite the very low R2 we already observe in the estimations, we can interpret

distributional neutrality also statistically; a regression of r at neutral discounts of

6.94% on a alone (without adding a higher polynomial in a) yields an R2 of zero,

and the impact of a is not only zero with respect to its size, but also not significantly

different from zero as well.

5.5 Concluding Remarks

In this paper we discussed several notions of ’fairness’ of early retirement provi-

sions in pay–as–you–go financed public pension systems. We advanced the thesis

that the ’right’ notion of fairness depends upon the objectives pursued in the de-

sign of pension systems, which can range from the pure efficiency goal of achieving

a ’distortion–free’ retirement decision to the very ambitious equity goal implicit in

maximizing a social welfare function in the tradition of optimal taxation theory.

We pointed out the problems attached to both of these ’extreme’ positions and pro-

posed a more modest concept of equity, called ’distributive neutrality’, which is

based on the notion that the rate of return on total contributions to the pension

system should not depend systematically on the individual’s ability.

By applying this concept to the German retirement benefit formula and taking

empirically estimated relationships between average annual income (as a proxy for

ability), life expectancy and retirement age into account, we were able to calculate
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the relationship between average annual income and the benefit–contribution ratio

which is increasing over a wide range of parameter values. Thus distributive neu-

trality is presently violated but instead there is systematic redistribution in favor

of high–ability persons. As this group is not only enjoying higher life expectancy

but—at least according to our data—also retires earlier, lowering early–retirement

discounts, as e. g. proposed by Sheshinski (2003), would in this case exacerbate this

redistribution.

It should be emphasized that our empirical approach is based on the unrealistic

assumption that the choice of retirement age is not already affected by the existing

early–retirement discounts. If this were indeed the case, as could be expected, we

would have to replace the implicitly assumed E(a) function by a relationship of the

form E(a; x). The present data set does not allow estimating such a function as the

discounts were phased–in gradually and thus a corresponding variable would be

perfectly correlated with a time trend. Moreover, different groups of persons were

subject to different values of x, but we did not have this information.
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