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Chapterr 2 

Thee Economics of 
Retirement t 

Thiss chapter presents a theoretical background for the analysis of individual retire-
mentt behaviour. Firstly, in section 2.1, a review is given of the retirement literature 
onn which this study is based. The focus is mainly on Anglo-Saxon literature, not 
onlyy for its richness, but also for its microeconomic approach to individual retire-
mentt behaviour. Next, in section 2.2, a theoretical framework is developed that 
providess the basic premises for the analysis. It starts from a basic consumption-
leisuree framework to understand individual labour supply behaviour. In section 2.3, 
thiss framework is extended to include life cycle considerations, which are relevant 
whenn treating dynamic retirement behaviour. The chapter ends with a theoretical 
dynamicc function for optimal life cycle labour supply. 

2.11 Review of the Literature 

Thee decline in elderly labour force participation that started in the early 1950's, 
inducedd researchers to consider retirement as a special case of labour force partici-
pation.. Bowen and Finigan (1969) presented a review of the literature on declining 
labourr force participation, in which they identified many aspects that later became 
centrall  themes in the retirement literature. These include mandatory retirement, 
preferencess for leisure, health status, eligibility and availability of retirement bene-
fits.fits. Labour supply was treated as the resultant of optimal consumption and savings 
behaviourr and was mainly determined by clear economic factors, such as wage and 
Sociall  Security income. From a similar but theoretical analysis of optimal consump-
tionn and savings, Feldstein (1974) concluded that retirement should be treated as 
aa separate economic decision. Quinn (1977) was the first to treat retirement in 
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isolationn to show that it is different from other labour supply decisions. In addition 
too Social Security benefits, he included health as main determinant of the dichoto-
mouslyy defined labour force status, and found that the interaction between the two 
wass of prime importance. A similar approach was used by Boskin and Hurd (1978), 
whoo estimated a probability model for retirement in which the budget constraint 
(wagess and Social Security benefits) and health were the main determinants. Their 
mainn purpose was to estimate supply side effects of Social Security benefits on early 
retirement.. They found a considerable impact from changes in the budget constraint 
causedd by the Social Security system, and a large positive effect of benefit levels 
onn early retirement. Al l these early models explain retirement as a static labour 
supplyy decision. Parsons (1980) for example, identified causes for the decline in 
malee labour force participation by using a Probit model for the retirement decision, 
evenn with available panel data on wages, benefits, schooling and mortality rates. 
Inn agreement with the earlier results, he found that the availability of (disability) 
Sociall  Security benefits was a prime explanatory factor for retirement. The esti-
mationn results were used to perform time series projections, which represented the 
downwardd trend in post-war participation patterns rather well. Parsons therefore 
concludedd that the decline in labour force participation in the United States was 
mainlyy caused by the increasing generosity of the Social Security system. 

MoreMore attention for life cycle compensation 

Althoughh these static models were able to explain part of the retirement behaviour 
ass a result of Social Security incentives and health conditions, the theoretical life 
cyclee framework in Feldstein (1974) made it clear that current income levels by 
themselvess can not fully explain retirement patterns. Future income opportunities 
appearr to be important as well. Sheshinski (1978) elaborated this idea by investi-
gatingg theoretical implications of changes in age-dependent replacement ratios (the 
ratioo of benefits to wages) for early retirement and savings decisions. He showed 
thatt the replacement ratio had a very pronounced effect on early retirement and 
thatt increases in benefits reduced the need for lifetime savings. This issue was picked 
upp by Crawford and Lilien (1981), who constructed a model for the effect of Social 
Insurancee on individual retirement decisions. They found theoretical arguments for 
earlierr retirement in high replacement ratios and actuarial unfair benefit patterns. 
Thesee theoretical results showed the need for an empirical analysis of the effect of 
lif ee cycle aspects on retirement decisions. 

Withh the inclusion of life cycle explanatory factors in simple probability models, 
retirementt became a truly independent research topic. Burkhauser (1979) modelled 
thee decision to collect pensions instead of earnings, using the difference between 
earlyy and normal pension benefits as explanatory factor. His main result was that 
thee acceptance of pensions depends on the age specific actuarial value of the entire 
pensionn plan and not on payments in any one year. At the same time, Lazear 
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(1979)) extended the retirement literature by giving a theoretical explanation for 
thee question why mandatory retirement exists. Using a life cycle framework for 
incomee patterns, he showed that a payment scheme in which workers receive more 
thann their marginal product when young and less than their marginal product 
whenn old, induce them to work at a higher level of effort. This results in a higher 
marginall  product and a higher wage. Both the worker and the employer prefer 
thiss payment scheme until the employer is no longer willin g to pay the increasing 
differencee between the worker's wage and his or her marginal product. The existence 
off  such a scheme therefore requires mandatory retirement. Burkhauser and Quinn 
(1983)) addressed the issue of raising the age of mandatory retirement and found 
thatt the effect on labour force participation is small. 

Duringg the 1980's, when Social Security benefits became relatively generous, the 
notionn developed that life cycle compensation and particularly eligibility structures 
weree important explanatory factors for retirement behaviour. Much of the retire-
mentt literature became concerned with the impact of Social Security benefit levels, 
privatee pensions and wealth. For instance, Burbridge and Robb (1980) analysed the 
theoreticall  effects of actuarially unfair pension plans on the timing of retirement. 
Thee typical shapes of Social Security and pension plans in the United States, which 
showedd a rise in actuarial value at early ages and a substantial fall at advanced 
ages,, further induced researchers to analyse the effects of life cycle income patterns. 
Ann empirical study by Burkhauser (1980) used market earnings, private pension 
eligibilit yy and the true asset value of Social Security benefits as determinants for 
thee acceptance of Social Security at age 62. He found that not just annual values, 
butt the entire stream of future earnings, summarised in one present value of Social 
Securityy benefits, was a major determinant of early retirement. He concluded that 
thee existing Social Security system induced earlier retirement than when the sys-
temm would have been actuarially fair. Future income was also included in the early 
retirementt model of Gordon and Blinder (1980), who found strong incentives of 
pensionn accrual, but contrary to Burkhauser (1980), only weak effects from Social 
Security. . 

SimpleSimple models for the analysis of economic determinants 

Attemptss to develop models of labour supply that fully incorporated life cycle fac-
tors,, for example by MaCurdy (1981), did not lead to a structural or dynamic 
frameworkk that was tractable enough for an empirical analysis. The focus of the re-
tirementt literature was therefore directed towards the estimation of simple reduced 
formm models that included detailed information on life cycle income patterns. Fields 
andd Mitchell (1984a) used a linear model to regress the retirement age on current 
andd future streams of earnings, private pensions and Social Security benefits, where 
thee structure of pension plans was explicitly incorporated. They found that the 
replacementt rate varied considerably with age and that retirement ages were rather 
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responsivee to anticipated income opportunit ies. They argued that for each retire-
mentt age, there is a separate future benefit stream with a certain value. Individuals 
comparee these so called option values and choose their preferred age of ret irement. 
Comparisonn of revealed preferences for retirement options with their monetary val-
uess provides information about relative preferences for income and leisure. This 
ideaa was worked out in Fields and Mitchell (1984b), where an Ordered Logit model 
wass used to explain the age of retirement. It was found that cutt ing benefits at 
earlyy ages and offering larger rewards for continued employment were the best mea-
suress to delay ret irement. Mitchell and Fields (1984) repeated this analysis with 
discountedd option values from several pensions plans. They found that income op-
portunit iess varied largely between pension plans, and that differences in income 
opportuni t iess significantly affect retirement patterns. Filer and Petri (1988) chal-
lengedd these findings by arguing that earlier retirement points to higher pensions 
insteadd of higher pensions explaining earlier retirement. They used their empirical 
modell  to show that difficul t working conditions induced higher pensions as well as 
earlierr ret irement. For Germany, Börsch-Supan (1993) est imated an option value 
modell  in which the values were explicitly made dependent on Social Security regu-
lations.. He also showed that the structure of retirement programmes is important 
forr the moment of exit from the labour force. 

TheThe role of uncertainty in the retirement decision 

Thee Logit model used by Fields and Mitchell (1984b) is very useful, since it allows 
forr the analysis of mult iple choice alternatives, which in their case concerned sev-
erall  retirement ages with particular option values. A problem with their approach 
iss that uncertainty about real future values can not be included in the model. Di-
amondd and Hausman (1984) argued that unexpected events can seriously disrupt 
thee retirement plans of even far sighted workers. In order to control for uncertainty 
aboutt the health condition and employment opportunit ies, they est imated a haz-
ardd model in which uncertainty is part of the basic decision process. Furthermore, 
theyy introduced multiple choice alternatives in a so called competing risk retire-
mentt model. Their results show strong positive effects of pension values and Social 
Securityy benefits on the probability of retirement. A proport ional hazard model, 
alongg with a Brownian mot ion process, was used by Hausman and Wise (1985) to 
describee the t iming of retirement. Again, strong effects were found for the value 
andd t iming of Social Security benefits. For Denmark, a competing risk model was 
presentedd by Pedersen and Smith (1991) to model retirement not only as a rational 
choicee between opportunit ies, but also as a risk. 

Anderson,, Burkhauser and Quinn (1986) addressed the issue of uncertainty by 
est imat ingg the effect of unanticipated changes in economic circumstances on initial 
ret irementt plans. Their multinomial Logit model for the decision to retire earlier 
orr later than planned showed that unanticipated increases in Social Security wealth 
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andd an unexpected health deterioration both increase the probability of earlier 
retirement.. They argued that this result supports a life cycle theory of rational 
expectations.. A similar study was done by Burtless (1986) who concluded that 
unanticipatedd increases in Social Security benefits were only partly responsible for 
thee strong decline in labour force participation in the U.S. 

CompensationCompensation profiles and uncertainty in a structural framework 

Thee idea that the time dependent composition of early retirement programmes de-
terminess labour participation behaviour, illustrated for instance by Luzadis and 
Mitchelll  (1991), led to more attention for structural models. In addition, it was 
clearr that a lack of information regarding future incentives and circumstances is 
importantt in the decision process of individuals. Retirement was considered more 
andd more to be a dynamic process in which plans change when new information 
becomess available. Although many models were already structural in the sense that 
theyy captured multiple retirement opportunities and constraints, the retirement lit -
eraturee now became more concerned with the structural representation of labour 
supplyy itself. One of the best examples of this approach is the structural and em-
piricall  retirement model by Gustman and Steinmeier (1986), which is based on the 
optimisationn of life time utilit y determined by consumption and leisure. It has been 
onee of the first models that was able to explain the U.S. retirement peaks at age 62 
andd 65, using very detailed life cycle compensation profiles. The model allowed for 
thee prediction of labour supply under policy changes that affect the full compen-
sationn profile. A slightly different model was created by Shaw (1989) to estimate 
lif ee cycle labour supply, accounting for uncertainty towards future realisations of 
exogenouss variables. Both models were a big step towards the structural analysis 
off  retirement decisions, but were yet not flexible enough for general applications. 
Inn their reviews of the retirement literature, Lazear (1986), Hurd (1990) and Quinn 
andd Burkhauser (1990) recognised the need for structural retirement models that 
wouldd not only include life cycle income patterns, but also uncertainty towards the 
futuree decision environment and the values of explanatory factors. 

Aroundd the same time, much more political attention was given to population 
ageing.. Cutler, Poterba, Sheiner and Summers (1990) present a general description 
off  the economic consequences of an ageing society in terms of changes in consump-
tion,, savings, productivity and public expenditures. A treatment of the economic 
consequencess of ageing in Europe can be found in Johnson and Zimmermann (1993), 
whoo edited a series of articles on structure, workings and problems of labour markets 
inn an ageing Europe. Among these articles is a very clear review of the consequences 
off  ageing by Rein and Jacobs (1993). A description of the most salient features of 
labourr force behaviour of elderly men and women in the United States is given by 
Peracchii  and Welch (1994). They analysed aspects such as increasing early retire-
ment,, transitions from full-time to part-time work, and re-entrance to the labour 
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market,, using individual characteristics. 

TheThe appearance of dynamic programming models 

Thee retirement literature reviewed so far shows the need for an analytical framework 
thatt would be able to include the complete structure of earnings and retirement com-
pensation,, as well as uncertainty regarding future opportunities and circumstances. 
Att the same time, it should allow for tractable and flexible empirical applications. 
Startingg with the work of Rust (1989), dynamic programming models seem to pro-
videe a framework in which these demands can be met1. Rust estimated an intertem-
porall  retirement model for the choice between consumption and leisure, depending 
onn income, health status, age, employment status and marital status. The model 
wass computed numerically to deal with the computational complexities that arise 
fromm allowing structural uncertainty, which was represented by a probability space 
overr numerous future opportunities. In order to avoid these computational complex-
ities,, Lumsdaine, Stock and Wise (1990) and Stock and Wise (1990) reduced their 
dynamicc programming approach to option value models. Their models nevertheless 
producedd a good overall fit, except for the pronounced retirement peaks at specific 
ages.. A model in which the dynamic programming structure is fully maintained, is 
thee discrete time discrete state model of job exit behaviour by Berkovec and Stern 
(1991).. Estimation was performed by the method of simulated moments. Although 
theyy showed that dynamic modelling improved the static estimation results, their 
modell  was not able to pick up the pronounced peaks in retirement either. 

Inn the meantime, the dynamic programming framework was used to derive re-
ducedd form models that were easier to estimate. Blau (1994), for instance, derived 
aa discrete time hazard model from a dynamic programming framework to model 
quarterlyy transition rates among different employment states. He argued that his 
approachh produced useful evidence of important dynamic aspects in labour force 
behaviourr at older ages. The link between dynamic programming and retirement 
hazardss was also used by Christensen and Gupta (1994), who analysed the joint re-
tirementt decision of husbands and wives, where the decision of one spouse depends 
onn the decision of the other. 

Still,, attempts were made to take full advantage of the dynamic programming 
frameworkk without the burden of its computational complexity. Daula and Mof-
frttt (1995) used a dynamic programming optimal stopping model for military re-
enlistment,, based on wealth optimisation instead of utility maximisation. By as-
sumingg absorbing retirement from the army, they simplified the dynamic structure 
off  their model, reducing computational difficulties. A further simplification was 
attainedd by summarising future dynamics to one value. They concluded that the 
modell  fit  was not better than that of a comparable option value model, but that 

11 Eckstein and Wolpin (1989) present a theoretical review of specification and estimation issues 
off  discrete dynamic programming models. 
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thee model was able to produce better and more plausible simulations of changes in 
compensationn schedules. The assumption of optimal stopping and a limited inclu-
sionn of future value functions can also be found in Bingley and Lanot (1996), who 
studiedd the effect of company wage policies on individual retirement. 

AA very sophisticated dynamic programming model to analyse the impact of 
Sociall  Security and Medicare on the retirement decision of elderly Americans, is 
presentedd by Rust and Phelan (1997). The model incorporates wage and Social 
Securityy benefit opportunities that depend on age, and allows for uncertainty to-
wardss future values of exogenous variables by means of a stochastic Markov process. 
Yearlyy transitions of marital status, health status, wage and asset income, Social 
Securityy benefits and health expenditures are estimated and used in the dynamic 
retirementt decision. The model is estimated by Maximum Likelihood and is able 
too reproduce the pronounced U.S. retirement peaks at age 62 and 65. Rust and 
Phelann showed that the main advantage of the dynamic programming structure is 
thee ability to measure the effect of changes in uncertain future economic and social 
circumstances,, providing a framework that allows for an intertemporal evaluation of 
opportunities.. Using simplifying assumptions, like absorbing states, (partial) per-
fectt foresight and useful distributional assumptions, dynamic programming models 
havee become computationally tractable and empirically valuable. 

TheThe retirement literature in the Netherlands 

Inn the Netherlands, the study of retirement behaviour arose from the analysis of non-
labourr compensation programmes. For instance, Nieuwenburg and Siegers (1981) 
investigatedd how disability among married people correlated with age, education 
andd the degree of disability of the spouse. Van den Bosch, van Eekelen and Petersen 
(1983)) studied the affordability of the old age pension programme in the presence of 
ann ageing population. And Aarts and de Jong (1990) present an economic analysis 
off  the use of disability programmes, using empirical models for probabilities, motives 
andd preferences. 

Onee of the first studies on Dutch retirement behaviour was performed by Einer-
handd (1985). He estimated a static multinomial Logit model for the choice between 
employment,, unemployment, disability and early retirement, recognising the spe-
cificc structure of exit routes in the Netherlands. He found large differences in the 
choicee of retirement age and exit route, depending on region, schooling and labour 
markett status of the spouse. A similar study was done by Henkens and Siegers 
(1991a),, showing strong positive effects of age, marital status and unemployment 
onn the probability of retirement, and strong negative effects of schooling and the 
numberr of children. Bolweg and Dijkstra (1993) discussed retirement by reviewing 
labourr market conditions and retirement opportunities for elderly workers in three 
mainn sectors in the Netherlands. Unfortunately, none of these studies included 
wagess or benefits. 
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Similarr studies with financial variables found strong effects on retirement de-
cisions.. For instance, Henkens and Siegers (1991b) estimated a retirement Probit 
modell  and found strong effects of the replacement ratio and other household in-
come.. At the same time, the influence of variables such as the number of children, 
labourr market status of the spouse and unemployment, was no longer significant. 
Thee inclusion of age dummies may have captured most of the explanatory power of 
variabless that correlated with age. Woittiez, Lindeboom and Theeuwes (1992) esti-
matedd a four state discrete choice model that included expected benefits and wages, 
underr the implicit assumption that leaving the labour market through unemploy-
mentt or disability was voluntary. They found that each type of benefit income 
wass valued differently and that early retirement income had less of a stigma than 
unemploymentt benefits. But their most important conclusion was that exit routes 
aree substitutes. 

Too express the estimated result that the number of disabled retirees would be 
muchh larger if no early retirement programmes would exist, Ekamper and Henkens 
(1993)) described early retirement and disability schemes as communicating' ves-
sels.sels. Henkens and Siegers (1994) found that a considerable number of interviewed 
employeess and early retirees preferred to continue working until they became eli-
giblee for early retirement benefits. They noted that part of this group would have 
beenn declared disabled if they would not have had the longer term opportunity 
too collect early retirement benefits. To test whether early retirement, disability 
andd unemployment programmes are perfect substitutes, Lindeboom (1996) com-
paredd retirement rates in around 500 companies with and without early retirement 
schemes.. He showed that early retirement schemes have an additional positive effect 
onn retirement, implying that exit routes are no perfect substitutes. 

Thee study by Lindeboom is one of the few studies that paid explicit attention 
too the employer's role in the retirement process. Other examples are Trommel and 
dee Vroom (1991) and De Vroom and Blomsma (1991), who stressed that early re-
tirementt programmes can be used as instruments in company reorganisations. An 
explicitt distinction between "quits" (employee initiated) and "layoffs" (employer 
initiated)) was made by Thio (1995), who estimated a competing risk model for 
labourr force retirement. The results point to duration dependence, different influ-
encess of the labour market history on quits and layoffs, and a meaningful distinction 
betweenn voluntary and involuntary retirement. Henkens (1998) paid attention to 
thee attitude of supervisors with regard to the early retirement decisions of subor-
dinates.. He concluded that most supervisors are not in favour of encouraging older 
employeess to continue working after becoming eligible for early retirement benefits. 
Theyy are hardly influenced by corporate goals, but mainly by the qualities and 
limitationss of the elderly workers they supervise. 

Inn the second part of the 1990's, retirement studies became more and more 
concernedd with the consequences of ageing and the low level of labour force par-
ticipationn of the elderly. These studies tried to provide possible solutions for the 
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expectedd financial and economic problems. General descriptions of Dutch elderly 
labourr force participation with suggestions for policy to increase participation rates 
weree given by Einerhand and Koeman (1999), Keuzenkamp (1999) and Putman, 
Stavenuiterr and Smolenaars (1999). Studies that discussed the economic and finan-
ciall  consequences of ageing, including the affordability of the pension system, are 
forr example Vos, Alessie and Fontein (1997), De Beer and Beetsma (1999), Kennis, 
Meijdamm and Verbon (1997), Beetsma, Bettendorf and Broer (2000) and De Groot, 
Nahuiss and Canton (2000). 

Onee of the solutions that has been proposed for the high retirement rate of 
elderlyy workers is "demotion". With demotion, jobs are adapted to the abilities of 
elderlyy workers in combination with a cut in wages. For instance, Delsen (1996) 
suggestedd to introduce demotion in combination with partial retirement, allowing 
elderlyy workers to work less stressful and enabling them to continue employment. 
Butt he also gave four reasons why demotion and partial retirement could not easily 
bee introduced. The combination of demotion and partial retirement has also been 
suggestedd by Pelle (1997) as an alternative for traditional implicit contracts, which 
makee elderly workers relatively expensive and attractive to lay off. An empirical 
studyy of demotion by Groot (1997) showed that demotion is rare and in most cases 
nott accompanied by a wage cut. Bad health and the threat of a layoff are the most 
importantt reasons for demotion. Also, demotion leads to lower job satisfaction. But 
mostt important, he found that demotion was no incentive for increased employment 
orr postponed retirement. 

Anotherr solution that has been proposed to increase elderly labour force partici-
pation,, is the re-employment of unemployed elderly individuals. Henkens, Sprengers 
andd Tazelaar (1996) described the re-employment probabilities of elderly employ-
ees,, and found that these decreased rapidly after the first year of unemployment. 
Theyy argued that with the current labour market policies, the probability of re-
employmentt of elderly long-term unemployed individuals remains extremely low. 

However,, most attention has been given to changes in Social Security and early 
retirementt benefit programmes to increase elderly labour force participation. In a 
comparisonn between Dutch and American retirement behaviour, Heyma and Thio 
(1994)) already showed the influence of institutions for retirement. Kapteyn and de 
Voss (1997) provide an overview of Social Security and retirement in the Netherlands 
forr the NBER project on international Social Security comparisons. They found 
thatt there exist powerful incentives in the Dutch Social Security system to retire 
early.. Kapteyn and de Vos (1997, 1998) conclude that the dramatic fall in labour 
forcee participation among Dutch elderly males can be explained by the introduction 
off  a number of new arrangements over the past four decades. High replacement rates 
inn combination with high tax rates on labour, provide a powerful incentive to retire 
ass soon as the worker is eligible for early retirement benefits. 

Althoughh Lindeboom (1999a, 1999b) gives additional reasons for the decline 
inn Dutch elderly labour force participation, including increased levels of income, 



24 4 ChapterChapter 2. The Economics of Retirement 

changess in preferences and opportunities for leisure and technological change, he 
pointss out that the most important reason is financial. Elderly labour participa-
tionn can only be increased if all exit routes are simultaneously affected and if the 
relationn between benefit levels and retirement age is made more explicit. He con-
cludess that replacing early retirement by flexible pension schemes would therefore 
increasee the average age of retirement. However, Van Dalen and Henkens (2000) 
believee that flexible pension schemes will not be able to turn the historical trend 
off  earlier retirement and shorter work weeks around. Employees may even retire 
earlier.. They argue that more pressure is put on disability and unemployment pro-
grammes,, while the transition to flexible pension schemes takes long enough for the 
baby-boomm generation not to be affected. Because of a substitution between early 
retirementt and disability programmes and the large number of elderly disabled in 
thee Netherlands, Koning (2000) suggests a number of changes in Dutch disability 
programmes,, based on lessons from the U.S. Social Security Disability Insurance 
system.. The decision to apply for benefits should be made more explicit to the 
employee,, while the determination of permanent disability should become much 
stricter. . 

I tt is clear that for a good assessment of the effectiveness of policy measures to 
increasee elderly labour force participation, a better description of retirement be-
haviourr is needed. Traditional choice models must be adopted to include three im-
portantt aspects: involuntary retirement, dynamic behaviour and uncertainty. Thio 
(1995)) and Heyma (1996) were the first to include all of these issues in a model for 
Dutchh retirement behaviour. Thio estimated a flexible competing risk model, while 
Heymaa used a dynamic programming model. Both studies show that these issues 
matterr in retirement decisions. Uncertainty has also been evaluated by Henkens and 
Tazelaarr (1997), who studied the problem whether retirement intentions by Dutch 
civill  servants were a proximate for true retirement behaviour. They concluded that 
thee discrepancy can not simply be explained by a lack of information about the 
consequencess of retirement at the time intentions are measured. Similar to Heyma 
(1996),, Kerkhofs, Lindeboom and Theeuwes (1999) incorporated involuntary retire-
ment,, dynamic behaviour and uncertainty in their analysis, and in addition used 
differentt measures of health. They again found that alternative exit routes act as 
substitutes,, and that potential income from alternative exit routes affect retire-
mentt decisions. The estimates show strong effects of eligibility conditions for early 
retirementt schemes. 

ConcludingConcluding remarks 

Thee modelling approach in the retirement literature has changed from static re-
ducedd form models to structural dynamic programming models. These models have 
provenn to answer many of the research questions by incorporating the full choice 
process,, the structure of retirement programmes, intertemporal preferences and un-
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certainties.. In addition to the key role of life cycle income profiles, the effect of 
healthh has become increasingly important in the analysis of retirement behaviour. 
Givenn the role of disability programmes in Dutch retirement decisions, as well as 
thee choice between several individual specific retirement programmes in general, a 
structurall  and dynamic modelling framework that incorporates these issues seems 
too be necessary to properly model retirement in the Netherlands. In the remain-
derr of this chapter, a theoretical economic background for retirement behaviour is 
developed,, which enables the construction of such a model. 

2.22 The Consumption-Leisure Framework 

Forr an empirical analysis of retirement behaviour, a theoretical framework is needed 
thatt describes the economic principles behind individual labour supply choices. In 
thiss study, the economics of retirement is based on the standard economic theory 
off  consumer behaviour, where the consumption of leisure time is defined as the 
amountt of time that is not devoted to labour. The theory starts with a rational 
economicc agent that is interested in consumption. To finance consumption, the 
agentt depends on wealth and income that can be obtained through the provision of 
labour.. Each hour that the individual devotes to labour produces a wage that can be 
usedd for consumption. At the same time, it reduces the amount of leisure time. The 
assumptionn of rational economic agents leads to the result that individuals choose 
thee amount of working hours H that optimises a weighted value of consumption 
CC and leisure L, where the weights depend on relative preferences. This weighted 
valuee can be expressed by a utilit y function U(C, L). Since both income and leisure 
aree favoured by consumers, the utility function must be an increasing function in 
bothh arguments, which can be expressed by 

dU(C,L)dU(C,L) dU(C,L) ^ 

dCdC ' ÖL 

Thee utilit y function describes a relation of preferences. The economic relationship 
betweenn consumption and leisure can be expressed by a budget constraint. Ignoring 
taxes,, consumption is the sum of labour income that is obtained from working H 
hourss for wage w, non-wage income that includes benefits, denoted by YB, and 
personall  wealth, denoted by Yo. The budget constraint is thus given by 

CC = wH + YB + y0 = w(T - L) + YB + Y0 (2.1) 

wheree T is the total available time that can be devoted to labour or leisure. The 
budgett constraint summarises all possible combinations of consumption and leisure, 
whilee the utility function attaches a preference value to these combinations. The 
optimisationn problem for the individual is illustrated in figure 2.1, where the line 
ABDEABDE presents the budget constraint, and UQ, U\ and Ui are specific utilit y values. 
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Eachh indifference curve Ui = U(Ci,Li) shows combinations of consumption and 
leisuree that are identical in utilit y value. The non-linear shape is arbitrary. The non-
linearr shape of the budget line however is not. At zero hours of work, consumption 
cann be financed by non-wage income AB, consisting of for example unemployment 
benefitss or private wealth. In the figure, these benefits are proportional to the 
numberr of hours that the individual is unemployed, up to a maximum at D, which 
expressess the regular number of working hours. If non-wage income would only be 
availablee at zero hours of employment, the budget constraint would equal the line 
AE,AE, with a discrete jump AB at full unemployment. 

CONSUMPTION N 

L** A LEISURE 

Figuree 2.1: Budget Constraint and Indifference Curves for Consumption and Leisure 

Sincee it is assumed that economic agents seek to maximise consumption and 
leisure,, with relative preferences summarised by the utilit y function U(Y,L), the 
choicee of the number of working hours is determined by the optimisation of utility . 
Formally,, the labour supply problem is stated as 

maxx U(C,L) (2.2) 

s.t.. C = w(T-L)+YB + Y0 (2.3) 

Thee solution to this problem is found by taking the unique combination of con-
sumptionn and leisure (C*, L*) on the highest utilit y curve U* that just satisfies the 
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budgett constraint (point F in figure 2.1). Since higher utilit y levels are not feasible, 
thee curve must be tangent to the budget constraint2. 

Thee problem in figure 2.1 has a straightforward solution as long as the budget 
constraintt is continuous and the utility function flat enough. If these conditions are 
nott satisfied, corner solutions may result. For example, if preferences for leisure are 
relativelyy high, the slope of the indifference curves is relatively steep. As a conse-
quence,, the indifference curve may no longer be tangent to the budget constraint. 
Figuree 2.2 shows that in that case, the optimal utility level may correspond to zero 
hourss of work. The wage level no longer exceeds the value of leisure, or 

dU*{C\L*)dU*{C\L*)  ,dU*{C*,L*) 
™<—ÖT*™<—ÖT* 1 dc. = » 

Thee wage level w* is called the reservation wage and expresses the value at which 
economicc agents are indifferent between an hour of work and an hour of leisure. It 
iss the minimum wage value that is required to induce individuals to participate in 
labour. . 

However,, there are situations in which the condition w > w* is satisfied, but 
wheree individuals still choose not to work. An example is when extra non-wage 
incomee is available at zero hours of work. This situation is illustrated in figure 2.3, 
wheree point G produces maximum utility . Typical non-wage income sources at zero 
hourss of work or full retirement are early retirement benefits. 

AA third corner solution with zero hours of work may appear when the exact 
valuee of the number of working hours is restricted. This is the case when employees 
aree only allowed to work full-time. The value of retirement may be higher than the 
valuee of working full-time, even when unrestricted employment, i.e. part-time work, 
producess higher utility . Figure 2.4 presents such a situation. The optimal number 
off  working hours at point F is not allowed. Individuals can only choose between a 
regularr work week at point D and zero working hours at point B. Since U\ > UQ, 

22 Formally, the solution is obtained by maximisation of the Lagrangian 

CC = U{C,L)~ X(C - w(T - L) - YB -Y0) 

wheree A is the Lagrange multiplier. Differentiation gives the first order conditions 

dCdC 3L 

Dividingg one by the other eliminates the Lagrange multiplier and produces the economic rate of 
substitutionsubstitution between consumption and leisure 

dU(C*,L*)dU(C*,L*)  ,dU(C*,L*) 
// = XV 

dLdL ' dc 
Byy substitution, the optimal hours of leisure L*  can be expressed in known values of if, T, YQ 
andd Vo- Optimal income C* and maximum utilit y U* then follow from the budget constraint and 
utilit yy function respectively. 
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Figuree 2.2: Non-participation as Optimal Consumption-Leisure Choice 

L** LEISURE 

Figuree 2.3: Non-participation as a Results of Non-Wage (Retirement) Benefits 

CONSUMPTION N 

L** LEISURE 

Figuree 2.4: Hours Restriction in the Consumption-Leisure Choice 
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thee individual prefers retirement, even though an unrestricted choice for part-time 
employmentt would results in a higher utility value, (72 > U\. 

Figuress 2.2 to 2.4 present zero hours of work as different corner solutions to 
thee consumption-leisure problem of rational consumers. Retirement can therefore 
bee considered as a special case in the consumption-leisure framework. It appears 
whenn either the utilit y function or budget constraint changes such that the optimal 
amountt of working hours becomes zero. Situations in which this may happen are 
whenn the amount of non-wage income is raised, for instance by eligibility for retire-
mentt benefits, when preferences for leisure relative to income rise, for example as a 
consequencee of health deterioration, or when wages decline, which may result from 
aa decline in productivity. 

Zeroo hours of work is not a unique representation of retirement. There are sev-
erall  exit routes by which individuals may retire, such as early retirement, disability 
andd unemployed. A choice for one programme or another is not simply the result 
off  choosing the maximum level of non-wage income at zero hours of work, but is 
alsoo determined by relative preferences for leisure in each of these programmes. For 
instance,, disabled individuals may have higher preferences for disability benefits if 
theyy find recognition for their health status and easier access to benefits. The anal-
ysiss in this study therefore compares several retirement opportunities and allows 
utilit yy values to depend on the exit route that is chosen. The consumption-leisure 
choicee with a fixed number of working hours, i.e. full-time work, and a limited num-
berr of available retirement programmes, is summarised in figure 2.5. The available 
choicess k (=1,2,3,4) correspond to consumption levels Ck and leisure equal to Lk. 
Thee corresponding utilit y values Uk are choice dependent and can not be compared 
graphically.. Utilit y value U3 may for example be higher than U2 but still lower than 
utilit yy value Ul. Figure 2.5 just illustrates retirement as a discrete choice within a 
consumption-leisuree framework. However, if choices are indicated by 

.jtt ƒ 1 if alternative k is chosen  ̂ .-, 
\\ 0 otherwise 

thenn a comparison between utility levels becomes possible by formulating the re-
tirementt decision as 

maxx J2 Uk{Ck,Lk)dk (2.5) 
dd k£D 

s.t.. Y, dk = l (2-6) 
keD keD 

wheree D is the set of employment and retirement alternatives. Retirement is thus 
modelledd as the optimal choice between a limited number of bundles that contain 
aa specific amount of consumption and leisure. 
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Figuree 2.5: Retirement as an Optimal Bundle of Consumption and Leisure 

2.33 Ret irement in a Lif e Cycle Context 

Thee analysis so far considered a one period optimisation problem, in which the bud-
gett constraint and utilit y function include present consumption, income and leisure. 
Opportunitiess for work and retirement were only considered when available in the 
presentt period. Labour supply decisions may however be based on preferences for 
futuree consumption and leisure, and determined by future income levels and re-
tirementt opportunities. If working an additional year leads to substantial higher 
retirementt benefits one year later, than postponing retirement is attractive. This 
mechanismm is present when, for example, retirement benefits strictly depend on 
agee dependent eligibility rules. On the other hand, when individuals prefer current 
leisuree over future consumption, they may decide to retire, even if the current con-
sumptionn level is higher than the available benefit levels. Since future opportunities 
andd preferences may influence present decisions, the analysis should be stated in a 
lif ee cycle context. 

Thee general life cycle labour supply model considers period specific bundles of 
consumptionn Ct and leisure Ltt resulting in period specific numbers of working hours 
andd savings St- Savings accumulate in an assets function, given by 

AAtt = {l  + rt)(At-i+St) (2.7) ) 

wheree r( is the interest rate on savings. In addition, future utilit y values are dis-
countedd to reflect time preferences and uncertainty about the time of death. As-
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sumingg discrete time periods t of equally sized intervals, for instance one year, 
andd assuming intertemporal separable utility, the choice between consumption and 
leisuree over the life cycle is given by 

oo o 

maxx Y, (1 + P)~{t'to) m U(CuLt) (2.8) 
CiMCiM t=t0 

s.t.. Ct = wt(T-Lt) + YBt+YQt-St, V*  (2.9) 

AAtt = (l + i - O ^ - x + S t ), V f ( 2 1° ) 

wheree p is the rate of time preference, nt the survival probability in period t condi-
tionall  on survival up to period t, and to the first period under consideration. The 
timee horizon may go up to oo without making the decision period infinitely long, 
sincee r)t equals zero for some t < oo. The assumption of intertemporal separability 
off  utilit y values means that consumption and leisure in period t only affect utilit y in 
periodd t, and not in period s ^ t. It allows utilit y values from several time periods 
too be added in one utilit y function. The solution to problem (2.8 - 2.10) is not as 
straightforwardd as in the one period situation. Since the choice of (Ct,Lt) affects 
futuree values of consumption and leisure, the labour supply problem can not be 
simplifiedd to repetitive one period optimisations. 

Onee simplification that is imputed here, is motivated by a lack of good data on 
consumption,, savings and wealth. The data source used in this study only contains 
financiall  information on earnings. Therefore, it is assumed that present period 
consumptionn can be approximated by present period income, or 

CCtt = wt{T - Lt) + YBt + Yot -St*Yt (2.11) 

Anotherr simplification is the restriction of the problem to a limited number of work 
andd retirement alternatives, similar to equations (2.5 - 2.6). In a discrete life cycle 
contextt and with consumption approximated by income, the labour supply choice 
cann be described by 

oo o 

m a x ^ a + p ) - ' * -1 0 ' **  E Vk{Yf,Lk
t)d

k
u £ d*  = 1, V*  (2.12) 

**  t=t0 k£Dt k£Dt 

with h 

itt _ ƒ 1 if the individual is in state k in period t , , 
11 [ 0 otherwise 

wheree Dt is the choice set in period t that depends on decisions in the past. Choices k 
includee labour opportunities with a fixed number of hours and retirement pathways 
orr exit routes. 
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Thee problem of retirement decisions in a lif e cycle context can be i l lustrated by 
comparingg expected present discounted values (EPDV) of future streams of income 
andd leisure. Both depend on retirement age t and retirement programme k. Fig-
uree 2.6 presents intertemporal budget lines for two alternative retirement routes, 
denotedd by EPDV*( t ), and defined by 

t-lt-l  oo 

EPDV*(<)) = ] T (1 + Pr
{s'to) 77, y s

w + X ] (1 + p)-{s-to) T)S Ys
k(t) (2.14) 

S=toS=to s=t 

wit hh Y, representing income from labour in period s, p the rate of t ime preference 
andd 7)s the survival probabil i ty in period s conditional on survival up to period 
s.s. The expected value of income for alternative 1, EPDV (<), rises smoothly with 
thee age of ret irement t, which points at a constant change in the level of potent ial 
benefits.. Expected income for alternative 2, EPDV (t), lags behind the income 
levell  of alternative 1 until age t^, at which the individual is eligible for some form of 
ret irementt benefits. At that age, expected income jumps significantly and provides 
aa strong incentive to retire. 

EXPECTEDD PRESENT VALUE OF INCOME 

EPDV2(t) ) 

t't'22 t * RETIREMENT AGE 

Figuree 2.6: Optimal Retirement in a Lif e Cycle Context 

However,, the value of retirement at age t does not only depend on expected 
income,, but also on preferences for leisure t ime. The total value of ret irement at 
agee t can be summarised by a so called cumulative utilit y function, denoted by V(t), 
whichh is the sum of all one period util it y values over the lif e cycle, discounted by t ime 



2.3.2.3. Retirement in a Life Cycle Context 33 3 

preferencess and the mortality rate. Figure 2.6 shows two indifference curves, Vl(t) 
andd V2(t), which express constant cumulative utility values for different combina-
tionss of expected income and leisure. Utilit y is higher if more income is obtained or 
moree leisure consumed. Therefore, the indifference curves have higher utilit y values 
iff  located more upwards and to the left, V2(t) > V 1^) . If retirement programme 
22 is not available, for example when eligibility requirements can not be met, opti-
mall  retirement will take place at t\. At that age, maximisation of utilit y subject 
too the intertemporal budget constraint EPDV1^), leads to the expected present 
discountedd income E\ and utilit y value Vl(t*).  With retirement route 2 available, 
retirementt takes place as a corner solution at age t^, with higher expected income 
E*E* 22,, and a higher cumulative utilit y value V2(t*). 

Iff  the valuation of leisure varies between retirement alternatives k, the cumula-
tivee utilit y functions Vk(t) become choice specific and can no longer be compared 
inn one graphically. Still, there is an analytical solution to the retirement problem, 
whichh is found by the maximisation of intertemporal utility , subject to alternative 
specificc budget constraints, as defined in equation (2.12). An important implicit as-
sumptionn in this equation is that future values of Uk(Yt,Lt) are completely known 
too the decision maker. In practice, perfect foresight is not always satisfied, since fu-
turee incomes are uncertain and preferences may be adjusted to changes in personal 
conditions,, such as the health condition. It is therefore assumed that individuals 
usee expectations in evaluating future opportunities. If all relevant available infor-
mationn up to period t is captured by Qt for the period t decision, then the labour 
supplyy decision can be formulated by 

(2.15) ) 

Inn chapter 5, the solution to this problem is given in a statistical framework, en-
ablingg the empirical analysis of retirement decisions. Preliminaries required for this 
analysiss include the availability and processing of data in chapter 3, and the shape 
off  wage and benefit income profiles in chapter 4. 

maxx E ^(l^(l  + p)-(t-t°)Vt J2 Uk{Yt\L\)dk\Qt 

tt = t0 kfD, kfD, 




